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ABSTRACT 

T h i s  paper describes t h e  toolset  of a n  Ada Programming 
S u p p o r t  E m r i r o m e n t  (APSE) b e i n g  developed  a t  North American 
Aircraft O p e r a t i o n s  (NAAO) of Rockwell I n t e r n a t i o n a l .  The 
APSE is r e s i d e n t  on t h r e e  d i f f e r e n t  hosts and must  s u p p o r t  
d e v e l o p n e n t  for t h e  h o s t s  and for embedded targets. T o o l s  
a n d  developed  s o f t w a r e  must  be f r e e l y  p o r t a b l e  between t h e  
h o s t s .  

The too lse t  i n c l u d e s  t h e  u s u a l  edi tors ,  c o m p i l e r s ,  l i n k e r s ,  
debuggers ,  c o n f i g u r a t i o n  managers and  documenta t ion  t o o l s .  
G e n e r a l l y ,  t h e s e  a re  being . suppl ied by t h e  h o s t  computer 
vendors .  Other  t o o l s ,  for  example,  p r e t t y  p r i n t e r ,  c r o s s  
r e f e r e n c e r ,  c o m p i l a t i o n  order t o o l  and management too ls  have  
been  o b t a i n e d  f ran publio-domain sources, are implemented i n  
Ada a n d  a re  being p o r t e d  t o  our h o s t s .  

S e v e r a l  too ls  b e i n g  implemented in-house are of i n t e r e s t ,  
these i n c l u d e  a n  Ada Design Language p r o c e s s o r  based o n  
c o m p i l a b l e  Ada. A S t a n d a l o n e  T e s t  Environment Generator 
f a c i l i t a t e s  t e a t  tool  c o n s t r u c t i o n  and p a r t i a l l y  a u t a n a t e s  
u n i t  l e v e l  t e s t i n g .  A Code Aud i to r /S ta t i c  Analyser  permits 
Ada programs t o  be e v a l u a t e d  a g a i n s t  measures 0.” q u a l i t y .  
An A d a  Comment Box G e n e r a t o r  p a r t i a l l y  a u t o m a t e s  g e n e r a t i o n  
of header comment boxes. 

Rockwell I n t e r n a t i o n a l  North American Aircraft O p e r a t i o n s  ( N A A O )  i s  
c o n s t r u c t i n g  a f a c i l i t y  for t h e  d e v e l o p n e n t  of Ada software. The f a c i l i t y  w i l l  
s u p p o r t  a n  a v i o n i c s  i n t e g r a t i o n  l a b o r a t o r y  where boLh s i m u l a t i o n  and  embedded 
a v i o n i c s  software are t o  be developed.  Ada software d e v e l o p e n t  vi11 occur o n  
three d i f f e r e n t  hosts .  

1. A supermini w i d e l y  used i n  t h e  a e r o s p a c e  and s c i e n t i f i c  cornmunities. 

2.  Another  s u p e r m i n i  no ted  f o r  h i g h  “number c r u n c h i n g ”  horsepower. This 
p r o c e s s o r  model w i l l  s u p p o r t  t h e  s i m u l a t i o n s  and simulation developnent .  0 
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3. A prooessor &signed speoi f ice l ly  fo r  A d a  software development, on w h i c h  
a l l  ay8tea software ha8 been implemented i n  Ada. 

Ea& of the devalopent  hosts  w i l l  interfaoe t o  a user maintenance console t h a t  
supports several of the embedbd avionics processors. h e  maintenance console 
a n  pass data between the  t a rge t  prooesaor memories and t h e  hos ts  and control 
exeoution of the  targets. 

The avionias prooessors are conneoted t o  each other,  various actual  a i r c r a f t  
hardware and the  airnulation host by means of several h igh  speed data busses. 
Software i n  the  avionics processors can be tes ted w i t h  aotual hardware online 
or with hardware simulated by models i n  the simulation host. 

The hosta are t o  be networked w i t h  an Ethernet l i n e  so t h a t  software, 
associated products and developnent too ls  c a n  be eas i ly  transported. 

Roctatorell is constructing an Ada Programming Support Enviroment (APSE) for  the 
developuent f a c i l i t y .  h e  APSE cons is t s  of a s e t  of too ls  whose object ive Is 
t o  suppor t  the production of a vell-organized, s t ructured and maintainable 
software product, i n  a cost e f fec t ive  manner. The APSE i t s e l f  must be 
constructed i n  a cost e f fec t ive  manner, 

The cost  requirement on the APSE d i c t a t e s  t h a t  avai lable  too ls  be used a s  much 
as possible. This reduces t h e  potent ia l  level  of tool integrat ion,  a s  too ls  
implemented i n  i so l a t ion  fran each other generally w i l l  not share common 
interfaces .  h e  in te r face  tha t  is shared by most of the too ls  i s  the Ada 
language, however, and i t s  r ig id  standardization makes assembly of a too lse t  
from disparate  sources feasible .  

This sect ion summarbes t h e  components of the NAAO APSE and ind ica tes  the  
sources frcm which the tools  w i l l  be obtained. Section 3.0, Locally Developed 
APSE Components, describes i n  more de t a i l  sane of t h e  components t h a t  a r e  t o  be 
implemented at NAAO. 

These too ls  support the des ign  and coding phases of t h e  software development 
process. They a re  an Ada Design Language, text and program edi tors ,  compilers 
a n d  assemblers, a l i b r a r y  of primitives and common packages, and l i n k  edi tors .  

The object ive of the NAAO Ada Design Language (DL) is t o  provide a means of 
expression f o r  both control flow and data s t ruc ture  and relat ionships .  The Ada 
language i t s e l f  provides an excel lent  means fo r  expressing data s t ruc ture ,  b u t  
some other  means of describing control flow is necessary pr ior  t o  ac tua l ly  
committing a design t o  Ada code. 
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Aooordlngly, the  A d a  DL uses oanpllable Ada t o  represent data s t ruc ture  and a 
traditional Program Design Language ( p a )  t o  represent control flow. The PDL 
stataments are embedded as ooments within the A d a  specif icat ions 80 t h a t  the 
entire Ada DL descr ipt ion is oanpllable. Several too ls  a r e  avai lable  to 
support oonstruotion of Ada DL designs. These include a "TBD" package, the Ada 
DL preprocessor, t h e  prooessor f o r  the t rad i t iona l  Pat and an Ada body part 
genera tor. 

Tbe A d a  DL is  described, along with i ts  use  i n  object  oriented design, i n  more 
d e t a i l  i n  sec t ion  3.1, Ada Design Language. 

Several too ls  support t h e  ed i t ing  of Ada DL, Ada code and documentation fLles. 

2.1.2.1 Editors - Text ed i to r s  a r e  provided f o r  ed i t ing  of docmentation 
and other  non-Ada f i l e s .  These were obtained with the system software on each 
of the hosts. 

2.1.2.2 Bpa Svntax &naU,ye Editors - A syntax sens i t i ve  Editor is  one tha t  
contains the  syntax equations of the ta rge t  language i n  i t s  database. 
Templates a r e  expanded t o  t h e i r  syntac t ic  substructure.  The means e x i s t s  t o  
t raverse  between templates and de le te  templates f o r  optional constructs. 

Two of the three hosts  have Ada syntax sens i t ive  ed i to r s  ava i lab le  f ran the 
system vendor. I n  one of these, i n i t i a l  entry of a f i l e  b e g i n s  w i t h  the 
template [compilation], which by repeated expansion and replacement of 
templates w i t h  t e x t ,  is converted t o  the desired code. The templates have t h e  
same names a s  the  syntax equations fran the Ada LRM. When adding t o  an 
ex is t ing  f i l e ,  i t  is  necessary t o  en ter  the s t a r t i n g  template e .& 
[later-declarative-item], [statement] manually (and one must know what they a re  
ca l led) .  

0 

On the A d a  based host, a construct is  pranpted by entering an i n i t i a l  keyword, 
e.g. "proceduren, nlfn, and requesting t h e  ed i tor  format the f i l e .  It 
i d e n t i f i e s  the construct and expands i t  i n t o  Its components. 

2.1.2.3 Source F o r m a t t e r m  &inLed. - The source formatter reformats 
ex is t ing  Ada source i n t o  a consistent form. The level  of statement indentation 
i s  made proportional t o  the nesting depth. Spaces and l i n e  breaks a r e  added t o  
improve readabi l i ty .  Declarations and l i n e  comments a r e  aligned where 
appropriate. The source formatter was obtained f ran  a public domain source, Is 
wr i t ten  i n  Ada and w i l l  be modified t o  improve funct ional i ty .  On the Ada based 
host ,  the source formatter i s  in tegra l  w i t h  the edi tor .  

Program developnent w i l l  occur i n  d i f fe ren t  environments i n  the developnent 
f a c i l i t y .  Native mode code w i l l  be generated f o r  initial program t e s t ing  and 
f o r  tool implementation. Code w i l l  be generated f o r  the simulation host on 
t h a t  host. Ada wr i t ten  f o r  the simulation host must int .erface with ex is t ing  
FORTRAJJ code. Ada code w i l l  be writ ten f o r  the embedded processors. This code 
m u s t  in te r face  w i t h  ex is t ing  JOVIAL code. 0 
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2.1.3.1 - Each of the  deve lopnen t  hos t s  h a s  a 
V a l i d a t e d  Ada oompiler available fram the system vendor.  Each h a s  a n  
associated library manager for c r e a t i n g  and  m a i n t a i n i n g  Ada program l i b r a r i e s .  

2.1.3.2 dQa a - Cross c o m p i l e r s  for t h e  
embeddad p r o c e s s o r  are available or w i l l  be a v a i l a b l e  for  a l l  our deve lopnen t  
h o s t s ,  a l t h o u g h  none have  been v a l i d a t e d .  For two of t h e  h o s t s ,  t h e  system 
vendor  will be s u p p l y i n g  t h e  cross compi le r .  for the other,  one of s e v e r a l  
possible t h i r d  p a r t y  vendors  w i l l  be selected. 

The d i f f e r e n t  ve.ndors p r o d u c t s  are c u r r e n t l y  b e i n g  e v a l u a t e d .  The selected 
p roduo t  w i l l  hold a v a l i d a t i o n  certif icate or o t h e r w i s e  have  been demons t r a t ed  
t o  c o r r e c t l y  compi le  t h o s e  features required by t h e  a v i o n i c s  software. 

2.1.3.3 J(mfAL Processor Cross - This c o m p i l e r  w i l l  
t r a n s l a t e  JOVIAL t o  the  object code of t h e  a v i o r i c s  processor. The object f i l e  
format w i l l  be compatible w i t h  t h a t  g e n e r a t e d  by t h e  A d a  compilers f o r  t h e  
avionics prooessors. It w i l l  be possible  fo r  J O V I A L  t o  ca l l  Ada and v i c e  v e r a a  
w i t h o u t  t h e  u s e  of i n t e r f a c e  r o u t i n e s  when t h e  parameter t y p e s  have  a n a l o g u e s  
i n  both languages. The JOVIAL cross compiler w i l l  be o b t a i n e d  from t h e  Ada 
cross compiler vendor.  

2.1.3.4 Processor Cross - These assemblers w i l l  run on t h e  
h o s t s  and  g e n e r a t e  a v i o n l c s  p r o c e s s o r  o b j e c t  code. The object  f i l e  formats 
w i l l  be compatible w i t h  t h a t  gene ra t ed  by t h e  Ada compilers for t h e  a v i o n i c s  
proce ssors. The Ada cross compiler vendors  each have  compatble c r o s s  
assembler a a v a i l  able. 

2.1.3.5 XQ& FORTRAN e - The n a t i v e  mode FORTRAN compi l e r  on 
t h e  s i m u l a t i o n  h o s t  w i l l  g e n e r a t e  o b j e c t  f i l e s  compatible w i t h  those of t h a t  
h o s t ' s  Ada canpi ler .  Such a compi le r  is a v a i l a b l e  fran t h e  system vendor.  

2-1.4 -&Primitives 

The l i b r a r y  of p r i m i t i v e s  and common packages  w i l l  be a c o l l e c t i o n  of commonly 
used f u n c t i o n s  i n  t h e  areas of n a v i g a t i o n ,  weapons d e l i v e r y  and math  f u n c t i o n s .  
I n i t i a l l y ,  a s e t  of p r i m i t i v e s  w i l l  be i d e n t i f i e d  for i n c l u s i o n  i n  t h e  l i b r a r y  
and implemented when t h e y  are  f i rs t  needed, A d d i t i o n a l  p r i m i t i v e s  w i l l  be 
developed  as  t h e  need for them is i d e n t i f i e d .  

Some t y p e  of "browser" u t i l i t y  t h a t  w i l l  e n a b l e  t h e  p o t e n t i a l  u s e r  t o  
i n t e l l i g e n t l y  search t h e  l i b r a r y  is be ing  p lanned .  

2.1 .5  Linb Editors 

The l i n k e r s  i n  t h e  APSE s h a l l  have t h e  means t o  de t e rmine  t h a t  a l l  modules 
dependent  on a module t h a t  h a s  been recompiled have  a l so  been r ecompi l ed ,  or 
t h a t  o t h e r w i s e  t h e  full set  of object modules i n v o l v e d  i n  t h e  l i n k  e d i t  i s  i n  a 
consi st en t sta te. 

2.1.5.1 && Link Editors - These l i n k e r s  w i l l  l i n k  ob jec t  f i l e s  produced by 
t h e  h o s t a '  n a t i v e  mode Ada compilers t o  produce a n  image e x e c u t a b l e  on t h e  
hos t .  Ea& h o s t  system vendor h a s  a u e e n t e d  i t s  l i n k  ed i to r  t o  p rov ide  t h e  

0 
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r e q u i r e d  cons i s t ency  ohecking. 

2.1.5.2 &&&a Pracessor _Cross Linker- These l i n k e r s  w i l l  generate 
e x e c u t a b l e  a v i o n i o s  p rooesso r  images from o b j e o t  f i l e s  produced by the  Ada 
cross compiler, the JOVIAL cross compi le r  and t h e  a v i o n i c s  p rocesso r  c r o s s  
assembler. Ihe a v i o n i c s  processor images CBN be executed  i n t e r p r e t i v e l y  by 
s i m u l a t o r s  o n  t h e  h o s t  or downloaded t o  a n  a v i o n i c s  processor .  

The A d a  environments  on t h e  hos t s  w i l l  be i n t e g r a t e d  w i t h  t h e  symbolic  
debuggers  provided  w i t h  t h e  h o s t s '  operating systems. Symbolic debuggers  w i l l  
be procured for t h e  a v i o n i c s  p r o c e s s o r s  which w i l l  s u p p o r t  s t a n d a r d  debugging 
o p e r a t i o n s  wi thou t  i n c u r r i n g  a d d i t i o n a l  overhead i n  t h e  target. A t o o l  w i l l  
exist t o  create a n  environment  i n  which to  tes t  Ada compi la t ion  units i n  a 
s t anda lone  mode. 

A data bus moni tor  w i l l  suppor t  the c a p t u r e  and d i s p l a y  of  selected b u s  d a t a  
and t h e  s i m u l a t i o n  of bus t r ansmiss ions  t o  f a c i l i t a t e  i n t e g r a t i o n  tes t ing.  

The developnent  h o s t  w i l l  have t h e  s i m u l a t i o n  and s u p p o r t  t o o l s  necessary  t o  
e x e c u t e  t h e  a v i o n i c s  s o f t w a r e  in a n  i n t e g r a t e d  mode w i t h  t h e  a c t u a l  o r  
simulated aircraft hardware or i n  a so f tware  e n v i r o m e n t  only.  This i n c l u d e s  a 
host s i m u l a t o r  designed t o  exeoute  f l igh t  so f tware  i n  n a t i v e  code suppor ted  by 
e n v i r o m e n t  programs and I/O s imula ted  i n  sof tware .  The h o s t s  w i l l  have t a r g e t  
p rocesso r  s i m u l a t i o n  i n c l u d i n g  inpu t /ou tpu t  and i n t e r r u p t  s imula t ion .  

2.2.1 WSvmbolicDebunners 

These t o o l s ,  used f o r  debugging n a t i v e  mode programs on t h e  h o s t s ,  s u p p o r t s  
examinat ion  and d e p o s i t ,  s e t t i n g  of b reakpo in t s  and watchpoin ts ,  stepllse 
execu t ion  and trace, all referenced t o  Ada source  s t a t e m e n t s  or d e c l a r a t i o n s .  
The debuggers  are p a r t  of t h e  h o s t  system vendors '  so f tware  suppor t  packages, 
but  each h a s  been modi f ied  t o  suppor t  t a s k i n g  and o t h e r  unique features of t h e  
Ada language.  

2.2.2 BvionicsProcessorlnterfaceandDebunner 

These t o o l s  s u p p o r t s  downline l o a d  of  execu tab le  images t o  t h e  a v i o n i c s  
p rocesso r s ,  execu t ion  c o n t r o l  of t h e  a v i o n i c s  p r o c e s s o r s  and t r a n s m i t t a l  Of 
s t a t u s  in fo rma t ion  back t o  t h e  hos t s .  Symbolic debugging i s  suppor ted  frcm the 
h o s t s .  Symbol t a b l e  informat ion  is mainta ined  in t h e  h o s t s  and n o t  downloaded 
t o  t h e  a v i o n i c s  p rocesso r s .  Target debugger suppor t  is provided by a l l  the Ada 
c r o s s  compiler  vendors ,  but a d d i t i o n a l  i n t e r f a c i n g  t o  s u p p o r t  N A A O '  s part icular  
test  e n v i r o m e n t  w i l l  be required. 

2.2.3 -Environment Iienerator 

This t o o l  de t e rmines  t h e  i n p u t s ,  o u t p u t s  and e x t e r n a l  e n t r y  p o i n t s  o f  a se t  o f  
Ada programs under t e s t .  The t o o l  p r a n p t s  t h e  u s e r  for i n p u t s ,  e x e c u t e s  one of 
t h e  specified programs and d i s p l a y s  t h e  ou tpu t s .  Pre-canned f u n c t i o n s  can  be 
specif ied f o r  t h e  i n p u t s  and t h e  program executed  r e p e a t e d l y  w i t h  v a r i a t i o n  of 
a n  independent  v a r i a b l e ,  such as time. Outputs  can be p l o t t e d  a g a i n s t  i n p u t s  
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o r  the independent var iable ,  

The Standalone Teat Environment Generator w i l l  be implemented in-house a t  N A A O ,  
aud I S  de8Wlbed i n  more d e t a i l  i n  a subsequent section. 

The bus monitor w i l l  interface with the various data busses i n  the  avionics 
int*WauOn laboratory and perform the following functions. The bus monitor 
W i l l  be 1mPlemented by augmenting ex is t ing  capabi l i t i es .  

Generate real time displays of seleoted bus data. 
Generate p ro f i l e s  of bus data by message type and subtype .  
Generate simulated bus  data f o r  test stimulation. 

202.5 HsULAvionicsProcessor- 

Simulators f o r  the avionics processors w i l l  be avai lable  t o  support t h e  t e s t ing  
of avionics processor images t h a t  would otherwise require  the actual  hardware. 
A conventional simulator w i l l  i n te rpre t  executable images down t o  the 
in s t ruc t ion  f i e l d  level .  A f a s t e r  simulator i n  which t h e  A d a  code is compiled 
i n t o  procedure calls on the host t ha t  duplicate the computations of t h e  
avionics processors without actual ly  in te rpre t ing  a t  the b i t  l eve l  is a l so  
being acquired. Both of t h e s e  a r e  avai lable  f ran  the Ada cros.1 compiler 
vendors. 

A simulator is being implemented i n  Ada inhouse tha t  w i l l  be capable of 
concurrently s imulat ing several  avionics processors, w i t h  interprocessor 
oommunica t ions implemented a s  t ransfers  through common memory buffers. 

2.2.6 

The documentation generators w i l l  construct data dic t ionar ies  fran sets of Ada 
programs. They w i l l  construct t r ee s  of c a l l s  and context references (WITH'S). 
A header comment box generator w i l l  summarize t h a t  information i n  the program 
headers t ha t  c a n  be extracted automatically fran the program source. These 
processors w i l l  accept a list of f i l e s ,  or scan  a l i n k  ed i to r  command f i l e  and 
process the sources f o r  all the i n p u t  modules f o r  t h e  l i n k i n g  of the executable 
image. A report formatter/word processor w i l l  be avai lable  f o r  general 
do cum en t p r  e pa ra t ion.  

2.2.6.1 Dictionarv Generator - This tool scans a set  of Ada program 
source f i l e s  and records the full  context of declarations,  recognizing Ada 
scope and v i s i b i l i t y  rules. It generates a data dictionary wi th  locat ions of 
declarat ions,  s e t  references and use references i n  a format compatible with 
required docmentation. This will be Implemented by augnenting public domain 
software, implemented i n  Ada. 

2.2.6.2 m- - Generator - This u t i l i t y  does a s c a n  of a s e t  
of Ada source programs. For subprograms i t  constructs t r e e s  of calls and 
called-by references. For packages, i t  oonstructs t r e e s  of context clause 
(WI'IH statement) references. The generated repor t s  a r e  i n  a format compatible 
w i t h  required documentation. This tool will also be obtained by augnenting a n  
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existing publ io  domain program. 

2.2.6.3 Header Comment B Q X m  - This t oo l  scans t h e  source of an Ada 
compilation u n i t  f o r  t h a t  information which is  requ i r ed  t o  be i n  t h e  header 
comment box, such as i n p u t s  and outputs ,  subprogrms ca l l ed  and called-by, 
imported d a t a  structures and rou t ines ,  and o t h e r  r e sources  used. It c r e a t e s  a 
new header comment box or updates t h e  ex i s t i t l g  one. This t o o l  i s  being 
implemented in-house i n  Ada and i s  described i n  more de t a i l  i n  a subsequent 
sect ion.  

2.2.6.4 &.Q,QLL Formatter - These u t i l i t i e s  process a f i l o  of t e x t  w i t h  
inteP8per8ed fo rma t t ing  commands. They perform word processing func t ions  such 
as r i g h t  margln alignment,  i nden ta t ion ,  assignment of heading nuubers, t a b l a  of 
con ten t s  gene ra t ion  and o the r s .  Several  of these are already i n s t a l l e d  i n  o w  
f a c i l i t y ,  from various sources.  They are t h e  most widely used support  tools i n  
t h e  l abora to ry .  

202.7 SuDDorf 

These t o o l s  support  t h e  adherence t o  software s tandards and t h e  con t ro l l ed  
maintenance of source and documentation Pi lea .  

2.2.7.1 lzpde Q - The code a u d i t o r  scans t h e  source for 
an Ada compilation u n i t  and generates  a r e p o r t  of a r e a s  of non-conformancb t o  
software standards,  a s  spec i f i ed  i n  t he  Ada S t y l e  Guide  t h a t  was developed 
j o i n t l y  by seve ra l  Rockwell d iv i s ions .  

2.2.7.2 Confinuration Control Svstem - The configurat ion con t ro l  sys teu i  w i l l  
c r e a t e  and maintain l i b r a r i e s  of control led f i l e s ,  which c a n  be Ada DL s c w c e .  
program source,  documentation cr any o the r  t ex tua l  material. It w i l l  t r ack  
changes by a s s o c i a t i n g  t h e m  w i t h  re t r ieva l  and replacement of l i b r a r y  elements. 
It w i l l  monitor access  and be a b l e  t o  generate  a h i s t o r i c a l  record of t h e  
accesses  t o  each element i n  a l i b r a r y .  Each h o s t  h a s  such software a v a i l a b l e  
frun t h e  system vendor.  

The following s e c t i o n s  deacribc i n  more d e t a i l  some of t h e  t o o l s  t h a t  a r e  k i n g  
lnplemented in-house a t  NAAO.  Of' p a r t i c u l a r  i n t e r e s t  a r e  the  following. 

1 .  Ada Design Language processor,  t h a t  w i l l  permit embedd ing  a t r a d i t i o n a l  PI ; i  
w i t h i n  compilable Ada s p e c i f i c a t i o n s .  

2. Standalone Test Environment Ce:ierator, t h a t  w i l l  d e t e r m i n e  t h e  i n p u t s  and 
ou tpu t s  of a program u n d e r  tist, then generate  i n p u t  va lues ,  execute t h e  
program and capture  and display the outputs .  

3 .  Cade AuOitor/Static Analy3er, which w i l l  permit Ada programs t o  be checked 
f o r  conformity w i t h  3uf twdr .e  s tandards,  and be evaluated a g a i n s t  va r ious  
measures of qual i t y  . 



4. Ada Header Comment Box Generator, which w i l l  a u t o m a t e  c o l l e c t i o n  of some of 
the  information required t o  be i n  t h e  h e a d e r  comment box of program units. 

3.1 MaDesirm- 

Traditioaal PDLs, l i k e  those w i d e l y  used  i n  t h e  oomputing community o v e r  t h e  
past deoade are good a t  desoribing c o n t r o l  f l a t ,  b u t  poo:. a t  d e s c r i b i n g  
s t r U O t L U . e ,  h i e r a r a h y ,  data r e l a t i o n s h i p s  a n d  i n t e r f a c e s .  

A d a  spec i f ica t ions  are good a t  d e s c r i b i n g  these t h i n g s ,  bu t  do n o t  d e s c r i b e  
c o n t r o l  flow. Use of c o m p i l a b l e  Ada to  describe c o n t r o l  f low is  awknard, a t  
best, because  i t  does not p e r m i t  s p e c i f i c a t i o n  of deta i l  to  be deferred. 

The i d e a  Of u s i n g  c o m p i l a b l e  A d a  as a d e s i g n  language  i s  gaining a c c e p t a n c e  
because i t  specifies a t  d e s i g n  time what t h e  software p r o d u c t  w i l l  l o o k  l i k e .  
1.e. the A d a  specs are a form of % o n t r a c t n  f o r  t h e  software t h a t  13 t o  be 
imp1 emented. 

Traditional PDLs are coming t o  be regarded a s  a decade o l d  technology 
l i t t l e  more t h a n  a n  improvement o n  flowcharts. 

t h a t  i s  

The NAAO A d a  Design Language combines couip i lab le  Ada w i t h  Reconfigurable Design 
Language ( R D L ) ,  a t r a d i t i o n a l  PDL wi th  a n  Ada-like s y n t a x ,  t o  o b t a i n  t h e  
b e n e f i t s  of each. RDL was implemented a t  a n o t h e r  Roche l l  d i v i s i o n  i n  Ada a n d  
c a n  be i n s t a l l e d  o n  any host w i t h  a v a l i d a t e d  A d a  compi le r .  Aside fran t h e  
s y n t a x  change t o  make i t  more Ada-like,  i t  is  similar i n  a p y a a r a n c e  and 
capab i l i t i e s  t o  a commercial ly  a v a i l a b l e  PDL wide ly  used i n  t h e  computing 
community for  over a decade. 

0 

Use of this d e s i g n  language  c o n s i s t s  of t h e  f o l l o w i n g  steps.  

1 .  D e s c r i p t i o n  of t h e  s t ruc ture ,  o p e r a t i o n  and i n t e r f a c e s  o f  a d e s i g n  u s i n g  
Ada s p e c i f i c a t i o n s .  

2 .  C o n s t r u c t i o n  of t h e  Ada bodies, s t a r t i n g  w i t h  t h e  s p e c i f i c a t i o n s ,  t h e n  w i t h  
further d e v e l o p n e n t .  

3. D e s c r i p t i o n  of t h e  c o n t r o l  flow w i t h i n  u n i t s ,  u s i n g  RDL s t a t e m e n t s  i n  
s p e c i a l l y  marked comments. 

3 .1 .1 .1  DevelDunent nf Asia S D e c a C a m i  - The d e s i g n  language  u s e r  first 
i d e n t i f i e s  t h e  o b j e o t s  t o  be implemented. These s u g g e s t  t h e  t o p  l e v e l  package 
s t r u c t u r e  of t h e  d e s i g n .  m e n ,  t h e  a c t i o n 8  t o  be performed o n  these o b j e c t s  
a r e  i d e n t i f i e d ,  t hese  suggest t h e  procedures and  f u n c t i o n s  these packages w i l l  
s u p p o r t .  

E x t e r n a l l y  v i s i b l e  data  s t r u c t u r e s  a re  i d e n t i f i e d ,  t h e n  Ada t y p e s  a n d  o b j e c t s  
a r e  d e f i n e d  t o  r e p r e s e n t  these. P a r a l l e l  e v e n t  streams suggest c r e a t i o n  of 
t a sks  t o  suppor t  then .  Textua l  comments a r e  added t o  f u r t h e r  e x p l a i n  t h e  
purpose of t h e  c o n s t r u c t s  so d e f i n e d .  
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3.1 *1.2 bevalorment Pt Ma BmlUa - men, usin& an Ada body part builder,body 
parts for the spalfioations are areated. D a b  s t ruotures  not t o  be v i s i b l e  
external ly  are defined within the  bodies of the packages and subprograms. Use 
of the avai lab le  'TBD" package permits the  uer  t o  defer assigning spec i f i c  
t y p e s  t o  Ada objeota. 

3.1.1.3 BpL - h e  control flow w i t h i n  the 
subprogram bodies is now deaigned and specif ied w i t h  RDL procedures. The RDL 
statements are enalosed i n  apeaial ly  marked Ada aomments t o  keep the  en t i r e  

can be made by the RDL. Use of RDL permits the ex is t ing  RDL rrocessor to  be 
used t o  generate data d ic t ionar ies  and ca l l i ng  t rees .  

Large designa may require several  i t e r a t i o n s  of t h i s  process before the design 
i s  oomplete. 'Ihe completed design cons is t s  of A d a  specs with embedded textual  
comments and Ada bodies with embedded RDL procedures and comments. 

design descr ipt ion compilable. Referen- t o  data defined i n  the pure  A d a  par t  

3.1.2 BdaDesl.nnLannuaneUtilities 

Several too ls  and u t i l i t i e s  are avai lable  t o  a s s i s t  i n  the generation of hda DL 
desar i ptions. 

3.1.2.1 Paclcana - This TBD package, whioh is public domain software, 
provides t y p e s ,  objects ,  function3 and a procedure which can be referenced in a 
design when the actual type of the object or subprogram parameter is not known. 
TBD v a l u e s  for the  quant i t ies  i n  package SYSTEM, such as maximum integer ,  
m a l l e s t  f ixed point de l ta ,  etc. are a l s o  defined. A 3  a des ign  i s  evolved, t h e  
TBD quan t i t i e s  a r e  replaced w i t h  the actual  objects. A l l  names i n  the package 
contain the  substring "TBD" so they can  be located w i t h  an ed i to r  search. 

0 

3.1.2.2 &?&Partoeneratar- This tool generates a body part fran an Ada 
specif icat ion.  It is  avai lable  a s  a primitive on the Ada based developnent 
host, and also f ran a public domain source for  any processor w i t h  a validated 
Ada compiler. 

3.1.2.3 RL - plis u t i l i t y ,  which w l l l  1 imp lemen ted  
in-house, 8caw t h e  Ada Design Language descr ipt ions and records a l l  the type, 
objeat,  subprogram and task specif icat ions.  It ex t r ac t s  the RDL procedures 
fran t h e  A d a  bodies and generates RDL declarat ions for the objects  declared in 
the  A d a  and referenced i n  the RDL. It formats the RDL i n t o  a form acceptable 
t o  the RDL processor and s u h n i t s  i t  f o r  generation of an RDL report .  

3.1.2.4 BpL Prooesaor - The RDL processor, cur ren t ly  i n s t a l l ed  on two of our 
hosta, generatea a formatted report  from an RDL description. It a l s o  produces 
a data diotionary and c a l l i n g  t r e e s  fo r  the segments (subprograms). 

3.2 

Traditionally,  u n i t  level  tes t ing  is done by implementing special  purpose data 
generators and data monitors, l inking everything together,  running the  progracr 
under t e s t ,  then analyaing the data. The next rout ine requi res  new data 
generators and monltora. 
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The Standalone T e s t  E n v i r o m e n t  Generator (STEQ) being d e v e l o p e d  a t  NAAO w i l l  
a O t  a8 d a b  g e n e r a t o r  and monitor for a large class of subprograms a n d  w i l l  
partially a u t u u a t e  the un i t  test proceas .  

A un i t  t o  be t e s t e d  i n c l u d e s  a subprogram and i t s  dependent  u n i t s .  They a re  
first compiled c l e a n l y .  

'he STEU w i l l  s o a n  t h e  unit u n d e r  test, i d e n t i f l  t h e  calling p a r a m e t e r s ,  t h e n  
d e t e r m i n e  t h o s e  o b d e o t s  d e c l a r e d  a t  a higher scope t h a t  are u s e d  b u t  n o t  set  
( i n p u t s )  and set  b u t  n o t  used  ( o u t p u t s ) .  It w i l l  detect those t h a t  are b o t h  
set a n d  u s e d ,  as these could be i n p u t s ,  o u t p u t s ,  both or n e i t h e r .  

The S a  w i l l  p r a n p t  the tester f o r  t h e  names of i n p u t s  and o u t p u t s  n o t  
i d e n t i f i e d  i n  t h e  s c a n ,  It w i l l  t h e n  g e n e r a t e  a n  Ada shell t h a t  s u p p l i e s  t h e  
program's  i n p u t s  a n d  captures i t s  o u t p u t s .  This w i l l  be compiled and  l i n k e d  
w i t h  the program under  test. S t u b s  w i l l  be p r o v i d e d  f o r  subprogram t h a t  a r e  
n o t  provided .  

The STMI w i l l  t h e n  p r a n p t  fo r  t h e  v a l u e s  of t h e  i d e n t i f i e d  i n p u t s  and pass them 
t o  t h e  target program. It w i l l  e x e c u t e  t he  progrsin under  t e s t ,  t h e n  d i s p l a y  
t h e  v a l u e s  f o r  the i d e n t i f i e d  o u t p u t s .  E x c e p t i o n s  r e t u r n e d  fran t h e  t a rge t  
program w i l l  be i d e n t i f i e d .  F a c i l i t y  t o  g e n e r a t e  a n  e x c e p t i o n  f r a n  a s t u b  w i l l  
a lso be s u p p o r t e d .  

An OUT parameter fran a s t u b  is regarded as a n  i n p u t .  

A command l a n g u a g e  w i l l  be provided  f o r  r e p e a t e d l y  e x e c u t i n g  t h e  program u n d e r  
t e s t  while v a r y i n g  t h e  v a l u e s  f o r  selected i n p u t s .  The command language w i l l  
be a s u b s e t  of Ada. P l o t t i n g  and data  r e d u c t i o n  features are t o  be provided .  

The purpose  of t h i s  t o o l  is t o  s u p p o r t  t h e  enforcement  of software s t a n d a r d s  
and  good programming practices.  It w i l l  gather s ta t i s t ics  t h a t  may be 
i n d i c a t i v e  of t h e  use or non-use of these s t a n d a r d s  and prac t ices  and  p r e p a r e  a 
report t h a t  m i g h t  serve a s  t h e  s t a r t i n g  p o i n t  f o r  a code rev iew or s t r u c t u r e d  
walkthrough.  The code a u d i t o r  w i l l  g a t h e r  t h e  following t y p e s  of s t a t i s t i c s .  

1 .  The amount of commentary r e l a t i v e  t o  t h e  amount of code w i l l  be d e t e r m i n e d .  
T e x t u a l  comments w i l l  be d i s t i n g u i s h e d  fran d e l i m i t i n g  comments ( b l a n k  
l i n e 3  and  l i n e s  of dashes, e tc . ) .  O f  c o u r s e ,  i t  w i l l  be u n a b l e  t o  
d i s t i n g u i s h  a u s e f u l  comment f r a n  something like "-- Mary had a l i t t l e  
lamb". 

2.  Measures of program complexi ty  w i l l  be developed ,  such as  nimber  of nodes 
i n  a program's  directed graph, t h e n  s t a t i s t i c s  w i l l  be developed  from our 
e x p e r i e n c e  w i t h  implementing and  m a i n t a i n i n g  these programs r e l a t i v e  t o  
t h e i r  measured complexi ty .  

It is  g e n e r a l l y  regarded t h a t  o v e r l y  complex program u n i t s  c a u s e  
main tenance  problems. However, s imp le r  programs mean more program u n i t s  
e r e  n e c e s s a r y ,  and t h i s  complicates t h e  i n t e g r a t i o n  process. 
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3 . 4  

The nmber of s u b t y p e s  8nd derived t y p e s  d e f i n e d  a n d  t h e i r  f r e q u e c c y  of 
r e f e r e n o e  versw the irequenay of r e f e r e n c e  of t h e  p r e d e f i n e d  t y p e s ,  Use 
of s u b t y p e s  r n d  derived types makes better w e  of t h e  s t r o n g  t y p i n g  
features of A d a .  

For subprOgra1~8,  t h e  nunber  of parameters passed v e r s u s  t h e  d i r e c t  
r e f e r e n o e s  t o  objects declared a t  a higher soope (global v a r i a b l e s ) .  Use 
of global r e f e r e n c e s  i s  regarded by same as  p r o d u c i n g  h a r d e r  t o  read code.  

Stat is t ics  on i d e n t i f i e r  l e n g t h  w i l l  be gathered. Average l e n g t h ,  
d i s t r i b u t i o n  of l e n g t h s  and  f r e q u e n c y  of r e f e r e n c e  of v a r i o u s  l e n g t h s  w i l l  
be recorded. These s t a t i s t i o s  w i l l  be g a t h e r e d  for v a r i o u s  c l a s s e s  of 
i d e n t i f i e r s ,  e.g. scalars, r e o o r d  components,  FOR l o o p  i n d e c e s ,  subprogram 
formal parameters, eto. Use of o v e r l y  s h o r t  i d e n t i f i e r  names i s  r e g a r d e d  
a s  a poor p r a c t i c e ,  b u t  i t  i s  n o t  clear t h a t  longer is always better. 

Use of PRAGMAs, p a r t i c u l a r y  PRAGMA SUPPRESS, w i l l  be recorded and 
s m n a r i z e d .  

Placement  of more t h a n  o n e  t y p e  or object d e c l a r a t i o n  o n  a l i n e ,  or mor-e 
t h a n  o n e  e x e c u t a b l e  s t a t e m e n t  on a l i n e  w i l l  be Slagged. Code so  w r i t t e n  
i s  l i k e l y  t o  be harder to  read. 

Types and objects  declared b u t  n o t  r e f e r e n c e d ,  ob jec ts  declared a t  a h i g h e r  
scope t h a n  n e c e s s a r y  and u n i n i t i a l i z e d  ob jec ts  w i l l  be flagged. 

The number of d e c l a r a t i o n s  and  e x e c u t a b l e  s t a t e m e n t s  fo r  each subprograrrj 
w i l l  be recorded. These v a l u e s  w i l l  be p r o v i d e d  both  i n c l u d i n g  a n d  
e x c l u d i n g  n e s t e d  subprograms. The maximum n e s t i n g  d e p t h  for  c o n t r o l  
s t r u c t u r e s ,  subprograms and t a s k s  w i l l  a l s o  be d e t e r m i n e d  f o r  each program 
unit. 

The nwnber of GOTOs and jump target labels (<<LABEL>>, n o t  LABEL:) will be 
counted ,  and a mea~ure of t h e  "branching complexity" of a routine will be 
de te rmined .  

Unlabelled blocks and loops w i l l  be flagged. Use of these labels o f t e n  
p r o v i d e s  a v d u a b l e  form of commentary. 

D e c l a r a t i o n  of typed  c o n s t a n t s  vs .  u n i v e r s a l  n u n b e r s  w i l l  be flagged when 
appropriate .  Use of  a DELTA o ther  t h a n  a power of 2 fo r  f i x e d  p o i n t  t y p e s  
w i l l  be detected. Use of a r a d i x  other  t h a n  2 ,  8 ,  10  or 16  w i l l  a l s o  be 
flagged. 

Software s t a n d a r d s  a t  NAAO specifl t h a t  each c o m p i l a t i o n  unit be headed  by a 
comment box t h a t  c o n t a i n s  d e t a i l e d  i n f o r m a t i o n  aborlt t h e  u n i t .  

Among o t h e r  t h i n g s  i t  is required t h a t  t h e  comment box l i s t  a l l  s e t s  and 
r e f e r e n c e s  t o  global v a r i a b l e s  (ob jec ts  d e c l a r e d  a t  a higher scope), a l l  
subprograms and  tasks c a l l e d ,  task e n t r i e s ,  e x c e p t i o n s  g e n e r a t e d  ( o t h e r  t h a n  
t h e  usual Ada e x c e p t i o n s )  and e x c e p t i o n s  h a n d l e d ,  and a l l  packages, tasks and 
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subprograms defined internal ly .  

The header ocmment box generator w i l l  detect  the presenoe of these features a n d  
Create t h e  part of the  header oomment box t h a t  desaribes them. If already 
Present, t he  exlot ing comment box w i l l  be revised. 

Gathering t h i s  information fo r  the  oomment box !.ti a tedious t a s k  which 
implmentercc do without enthuaiam, and t h u s  without a t t en t ion  t o  correctness 
and de ta i l .  FVequently the information is ignored when i t  is  needed (say, by a 
tiger team ca l led  i n  t o  f i x  a high-priority problem) because i t  is asamed t o  
be incor rec t  an6 out of date. Automating i t s  generation shoulJ great ly  
increase i t s  r e l i a b i l i t y  and usefulness. 

The A d a  develoment enviroment descr ibed  here meets most of the needs of our 
current  and near fu ture  developnent requirements. The object ives  of a cost  
ef fec t ive  APSE implementation and a ve r sa t i l e  developnent environment a r e  
expected t o  be satisfied. 
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