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OUTLINE 

a Nature of the challenge 

a Orange-Bmk issues (ref. 1) 

- Pros, cons, assessment 

o Additional SDE issues 

- DOD coordination 

- Scope of SDE 

- Reuse support 

NATURE OF THE CHALLENGE 

The SSDS is a mission support system for: 

o Thousands of operators and decision makers 

o At on-line terminals 

o At many geographical locations 

o Performing complex, hteracting functions 

(I, With imprecisely defined requirements 

o In a dynamic, less-than-predictable environment 

(I, Requiring essentially error-free performance 

It is essential for coordinating the mission 

It  requires significant investments in time, dollars, talent 



SDE Design Considerations 
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ISSUES lD2,S: UNIFORM, NASA-FURNISHED, MANDATED SDE 

PRO. 

a Better aoftware coordination 

- Fewer errors, interface problems 

a Less duplication of effort 

a Conceptual integrity 

- Reinforcement of management approach 

- SDE/user interface 

Controllability 

- Response to problems 

- Technology insertion 

a Better life-cycle support 

- Ability to recompete maintenance 



ISSUES 1,2,9: UNIFORM, NASA-FURNISHED, MANDATED SDE 

CON: 

e Contractor incompatibilities 

- Competitive bias 

r Technology insertion 

- Disincentives to experiment 

Implied SDE warranty 

r SDE size, development risk 

r Breadth of user community 

- Centers, contractors, researchers 

- Levels of expertise 

- Special functions: simulation, test, etc. 

- Large up-front training cost 

ISSUES 1,2,9: UNIFORM, NASA-FURNISHED, MANDIITED SDE 

*Less dupllcatlon *Technology insertion 

econceptuai integrity *Implied SDE warranty 

rControllablllty *SDE size, development risk 

PRO 

*Better s/w coordination 

ASSESSMENT 

CON 

*Contractor lncompatibllltles 

e Go for it - in ways which minimize cons 

- Pre-delivery contractor option to use own SDE 

- SDE modularized for technology insertion 

- Establish levels of warranty 

- Incremental development to reduce risk 



ISSUE 4: PRECEDE SDE DEVELOPMENT WITH DEVELOPMENT OF 

FUNCTIONAL CAPABILITIES, PROTOTYPE, DETAILED SPECS 

PRO 

@Familiar acquisition approach 
I 

ASSESSMENT 

CON 

@Very high schedule risk 

@Provides criteria for 
choosing developer 

a Better to go for early initial capability 

a Use DOD JSSEE Spec as basis for defining requirements 

Run competitive flyoff for production - engineered initial SDE capability 

@Not clear more prototypes 
will add much information 

ISSUE 6 BUILD LAYERED SDE 

 accommodate change, mPerformance penalties 
growth, technology 

a Build layered SDE 

- Use info-hiding to modularize around major sources of change 

a Methodologies (requirements, design, management) 

Mainframes, workstations 

a Networks, peripherals 

Language, operating system? 



MODULARIZING AROUND SOURCES OF CHANGE 

I N  SOFTWARE METHODOLOGY 

e Make minimal assumptions on nature of elements (requireme~lts, desigra, 

code, test, management) 

- Resolvable into separately identifiable items 

o Develop traceabdity tool to track relations between iterns 

Requirements Design 

3 .  -- 

ISSUE 6: AFFILIATE WITH DOD ENVIRONMENT 

@Technical synergy @Not clear which one 

@Less contractor confusion @Schedule mismatches 

ASSESSMENT 

o Propose coordinated, potentially joint SDE 

o Volunteer to develop a pre-1990 initial SDE capability based on JSSEE 
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ISSUE I: FURNISH FULL-UP SDE: 

SOFTWARE, CPU, WORKSTATION, LAN 

I 

I I .Contractor SDE incompatibilities 1 

PRO 

.Fewer coordination 
problems 

ASSESSMENT 

CON 

.Expensive to furnish 

@Technology insertion problems 

Build SDE on standard, portable operating systems 

Support recommended hardware subset(s) 

Allow use of equivalent capabilities 

ISSUE 8: SUPPORT LIBRARY OF REUSABLE COMPONENTS 

ASSESSMENT 

PRO 

.Major source of future 
s/w cost savings 

Go for it - in ways wbich minimize cons 

- Levels of warranty 

- Strong documentation, CM 

- Selective incorporation 

CON 

.Added investment 

.Hidden incompatibilities 

.Component warranties 

aversion control 

.Component pollution 



Building an SDE is in the same ballpark as building SSDS 

- k r g r  complex, but essential 

Worth going for uniform, NASA-furnished, mandated SDE 

- In ways which minimize ~ s k s  

Value of further SDE prototyping unclear 

- Several de facto prototypes exist 

- Vesy high ~chedule risk 

Worth coordinating with DOD 

- JSSEE spec a useful starting point 

Furnish SDE as standard s/w on portable operating system 

- Support but not mandate CPU, LAN, workstation 



KEY ISSUES ADDRESSED 

PROGRAMMATICS 

Uniform, NASA-Furnished, Mandated SDE 

The issue  ra ised  addresses the r e a l i z a t i o n  of SDE c a p a b i l i t i e s .  Should NASA provide 
and require the  use of a  standardized SDE f o r  Space Sta t ion software acquis i t ion?  
Examination of t h i s  i ssue  reveals  considerat ions which require  focused a t t en t ion .  

Uniformity w i l l  y i e ld  fewer in te r face  and coordination problems and w i l l  provide 
conceptual i n t e g r i t y .  These benef i t s ,  however, a r e  a t  the  expense of multi- 
contractor  incompat ib i l i t ies  and t h e i r  combined s t rengths  f o r  technological 
development. 

A mandated, government-furnished SDE provides d i r e c t  control  by NASA f o r  problem 
solut ions ,  evolutionary a s  opposed t o  revolutionary growth (mature expansion), and 
more opportunity for  SDE-related cos t  containments. However, any GFE item bears an 
implied warranty. This needs t o  be addressed by defining l e v e l s  of warranty f o r  
components of the SDE. Another i ssue  is  how a government-furnished SDE would be 
s ized t o  e f f i c i e n t l y  service  the  wide breadth of the  an t i c ipa ted  user  community. 
Here, the  SDE needs t o  be organized t o  be e a s i l y  subsetable t o  specia l ized user  
communities, host  computers (maxis versus work s t a t i o n s ) ,  or  user  exper t i se  l eve l s .  

SDE Operations - Concept 

The scope of SDE appl ica t ion is indeed broad. Each of the  major workpackage con- 
t r a c t o r s  is l i k e l y  t o  have unique, embedded software development methodologies and 
supporting f a c i l i t i e s .  In tu rn ,  t h e i r  subsystem development organizat ion and/or 
subcontractors w i l l  have es tabl ished computer system development t o o l s ,  experience, 
and expectations. Further,  the  u l t imate  users of the Space Sta t ion w i l l  include a 
s ign i f i can t  port ion of small groups or  individuals  i n t e r e s t e d  only i n  t h e i r  experi- 
ment or  production package and not i n  any required supporting software. Effec t ively  
scoping the  range of SDE requirements requires  the  near-term def in i t ion  of how a l l  
users--big and small,  sophis t ica ted  or  naive, experienced o r  novice--may use the 
system. An Operations Concept, addressing how a l l  users  expect t o  use the  system 
during i ts  e n t i r e  l i f e c y c l e ,  has been found extremely useful  i n  es tab l i sh ing  a bas is  
f o r  subsequent hardware/software requirements speci f ica t ion.  

The conclusion reached gave an af f i rmat ive  answer t o  the  issue:  NASA should provide 
and mandate the  use of a  uniform SDE. The government furnished SDE should be ef- 
f ec ted  i n  a manner which mit igates benef i t s  and r i s k s ,  s p e c i f i c a l l y  by es tab l i sh ing  a 
widely accepted SDE Operations Concept. 

Incrementallv Develo~ed 

I f  the SDE is constructed as  a s e t  of funct ional  modules enclosed by a comunications 
s t ruc tu re ,  the  modules can be acquired, inse r t ed ,  and replaced on an incremental 
schedule. The general  driving requirement f o r  module acqu i s i t ion  and inse r t ion  is 
a t  the communications in ter face .  I n i t i a l  p r i o r i t i e s  should be es tabl ished by NASA s o  
t h a t  incremental implementation w i l l  support program requirements as  they become 
needed. Some, indeed, a r e  needed now. 

The SDE must be subsetable,  modularized, and concentr ica l ly  layered t o  a s s i s t  a l l  
mission, management, and communication requirements. This form of s t r u c t u r a l  



d e t a i l  seems most l i k e l y  t o  be  a b l e  t o  achieve t h e  des i r ed  f l e x i b i l j - t y  and 
v e r s a t i l i t y  over t h e  range of s p e c i f i c  SDE ins t ances .  

A s t r a t e g y  f o r  incremental  development is recommended which minimizes the  dependence 
of t he  SDE development schedule on requirements t o  be derived by Space S t a t i o n  Phase 
B con t r ac to r s  : 

Increment 1: OS, DBMS, u t i l i t i e s ,  b a s i c  CM, o f f i c e  automation, and mnagement 
func t ions  

Increment 2: Basic  requirements and design s p e c i f i c a t i o n ,  planning and a n a l y s i s  
support 

Increment 3:  Basic code, u n i t  t e s t ,  i n t e g r a t i o n  and t e s t  support 

Increment 4: Basic  real- t ime OS, DBMS, and u t i l i t i e s  f o r  f l i g h t  and ground 
t a r g e t  computers 

Increment 5 ,  6 ,  ... : User-pr ior i t ized  add i t i ons  and ex tens ions  t o  
t he  above 

This  s t r a t e g y  al lows NASA t o  ge t  an e a r l y  s t a r t  on t h e  po r t ions  of t h e  SDE needed f o r  
i n i t i a l  Space S t a t i o n  program development support .  

SDE SCOPE 

Focus on Products 

No c l e a r l y  super ior  methodology f o r  sof tware design refinement has  emerged, yet many 
have proven use fu l  f o r  unique o r  p a r t i c u l a r  a p p l i c a t i o n  a renas .  For a l l  methodoEo- 
g i e s ,  c e r t a i n  in te rmedia te  products o r  design r ep resen ta t ions  a r e  recognized. Focus- 
ing  upon these  products ,  as d i s t i n c t  from the  methodology o r  process  emjployed i n  
e s t a b l i s h i n g  these  products ,  permits  considerable  methodological f l e x i b i l i t y  and 
al lows f o r  f u t u r e  technology i n s e r t i o n .  Where a  g e n e r a l l y  agreed upon management 
model can be e s t a b l i s h e d ,  t he  SDE m y  support t he  process  d i r e c t l y .  We conclude t h a t  
t he  SDE s h a l l  be nonpresc r ip t ive  of a  s p e c i f i c  requirement o r  design methodology. 

Supporting Software - Reuse 

Complete rebui ld ing  of l a r g e  software systems is  no longer  economically f e a s i b l e ,  
F u l l  advantage must be taken of v i ab le  e x i s t i n g  elements.  Su i t ab l e  reusable  compon- 
e n t s  may be commercially a v a i l a b l e  off  t h e  she l f  (COTS), may r e s i d e  a t  one or  more 
NASA cen te r s ,  o r  may be adaptable  from pas t  con t r ac to r  eEfo r t s .  Making use of such 
elements r equ i r e s  c a r e f u l  i n i t i a l  a t t e n t i o n  t o  t he  framework o r  a r c h i t e c t u r e  of the  
SDE, inc luding  the  d e f i n i t i o n  of app ropr i a t e  i n t e r f a c e s  and t h e  l e v e l s  i n  t h e  h i e r -  
archy. C lea r ly ,  mul t ip le  source languages and/or ob jec t  code bodies should be 
accommodated i n  many in s t ances .  Ce r t a in ly ,  t he  des i r ed  SDE s u b s e t a b i l i t y  considera- 
t i o n s  r e l a t e  t o  t he  kind of s t r u c t u r e  promoting reuse  descr ibed here.  

We conclude t h a t  t he  SDE i n t e r f a c e  and a r c h i t e c t u r a l  d e f i n i t i o n s  should f o s t e r  
so£ tware reuse. 



SDE STRUCTURE 

Furnished a s  Por tab le  Software Package 

The SDE should c o n s i s t  of device-independent ( l oose ly  coupled hardware dependencies) 
func t ions  such t h a t  changes i n  hardware do not have an e f f e c t  on software funct ion-  
a l i t y .  Hardware a v a i l a b i l i t y  should not d r ive  t h e  software requirements,  but some 
well  def ined,  vendor dependent elements may f a c i l i t a t e  widespread use of c u r r e n t l y  
a v a i l a b l e  components. I n  some a r e a s ,  such a s  t a r g e t  machine suppor t ,  requirements 
may d i c t a t e  a hardware component of t he  SDE. 

Vi r tua l i zed  Operating System 

The opera t ing  system which suppor ts  t he  SDE should be device and vendor independent 
i n s o f a r  a s  poss ib le .  As a present  s t a r t i n g  po in t ,  U N I X  appears t o  be the  only can- 
d i d a t e  t h a t  meets t h i s  requirement and should be se l ec t ed .  P reva i l i ng  personal  
computer opera t ing  systems meet t h e  s p i r i t  but not  t h e  l a r g e  machine scope of t h i s  
requirement.  For t he  f u t u r e ,  t h e  SDE can implement o t h e r  hardware-independent 
opera t ing  systems (e.g., CAIS o r  MAPSE f o r  Ada) a s  they  become ava i l ab l e .  

S ingle ,  Subsetable  SDE Host 

The c e n t r a l  i s s u e  of t h e  SDE s t r u c t u r e  is a r c h i t e c t u r e .  Associated subissues  ( incre-  
mental development, choice of modular or  layered ,  ease  of u se r  accommodation) a r e  
f a c e t s  of the  SDE a r c h i t e c t u r e  i s s u e  perceived f u n c t i o n a l l y  as requirements.  

Se l ec t ion  of t h e  subse tab le  func t ions  and i n t e r f a c e s  is  t h e  most c r i t i c a l .  A primary 
c a p a b i l i t y  is  t o  a l low f o r  support of mul t ip le  hos t  t a r g e t s .  These subse tab le  func- 
t i o n s  must a l s o  support ,  by i n t e r f a c e  management, f u l l y  genera l ized  and s p e c i f i c  
func t ions  wi th in  t h e  layered a r c h i t e c t u r e .  A major ob jec t ive  is t o  maximize common- 
a l i t y  of widely used func t ions .  There is a p o t e n t i a l ,  as the  SDE evolves over t i m e ,  
t o  y i e l d  unmanageable i n t e r f ace / func t ion  d i v e r s i f i c a t i o n .  The r e s u l t  is t h a t  i n t e r -  
f aces  could mul t ip ly  and become deeply nes ted ,  thus  d r iv ing  incremental  mainframe 
c o s t s  of ownership f o r  c e r t a i n  l e v e l s  of c a p a b i l i t y .  

The d e f i n i t i o n s  of subse tab le  SDE elements,  i n t e r f a c e  s p e c i f i c a t i o n ,  communications/ 
t a sk ing  network d e f i n i t i o n ,  and management provide the  base l ine  from which t o  pro- 
ceed. P l u g a b i l i t y  a s  t o  func t ion ,  v i a  t h e  s u i t a b l e  i n t e r f a c e s ,  w i l l  r e s u l t  i n  
achiev ing ,  i n t e g r a t i n g ,  and managing a s soc i a t ed  i s s u e s  of p o r t a b i l i t y ,  u s e r  i n t e r -  
f a c e s ,  and mission requirements.  " 

Instrumented f o r  Self-Diagnosis 

A r a t i o n a l  b a s i s  f o r  ex tens ion  o r  improvement of the  SDE can only come from an un- 
derstanding of i ts s t r e n g t h s  and de f i c i enc i e s .  Knowing how t h e  SDE elements a r e  
employed by the  spectrum of u s e r s  throughout t he  l i f e  cyc l e  of each p a r t i c u l a r  s o f t -  
ware de l ive rab le  is a v i t a l  pa r t  of t h i s  understanding. We conclude t h a t  t he  SDE 
should au tomat ica l ly  c o l l e c t  da t a  t h a t  cha rac t e r i ze s  i t s  use throughout t h e  e n t i r e  
development process.  



LANGUAGE PANEL SUMMARY 

This  panel was charged wi th  making recommendations on t h e  va r ious  language i s s u e s  
involved i n  t he  development of Space S ta t ion .  This  charge included t h e  f u l l  s e t  of 
development and use r  languages covering the  e n t i r e  l i f e  cyc le  of development and a l l  
types  of u s e r  app l i ca t ions .  

The s e l e c t i o n  and s t anda rd iza t ion  of languages and i n t e r f a c e s  f o r  t h e  Space S t a t i o n  
program a r e  c r i t i c a l  needs t o  i n s u r e  t h e  success  of t h i s  predominately engineer ing  
a c t i v i t y .  While t h e  Language Panel recognizes  t h a t  t h e  p r o j e c t  l i f e  cyc le  w i l l  re- 
q u i r e  a family of languages f o r  t h e  va r ious  c l a s s e s  of u s e r s  and developers ,  it is  
c r u c i a l  t o  begin making dec i s ions  which w i l l  focus planning e f E o r t s  by l i m i t i n g  t h e  
range of poss ib l e  s e l e c t i o n s .  Requirements f o r  t h e  Space S t a t i o n  information system 
long-term maintenance and evo lu t ion  w i l l  make it imperat ive t h a t  a high-order devel- 
opment language be u t i l i z e d .  It is recommended t h a t  t he  primary high-order language 
f o r  source  code development b e  Ada. (Ada i s  a r e g i s t e r e d  trademark of t h e  Department 
of Defense, Ada J o i n t  Program Off ice . )  I s s u e s  r e l a t e d  t o  t h e  u t i l i z a t i o n  of Ada 
should be addressed a s  soon a s  poss ib le .  These inc lude  developing a t r a n s i t i o n  
s t r a t e g y ,  providing educat ion,  accommodating t h e  u t i l i z a t i o n  of sof tware a l r eady  i n  
ex i s t ence ,  and developing fal l -back opt ions  f o r  high r i s k  a r eas .  One high-r isk a r e a  
is s a t i s f y i n g  the  requirements f o r  run-time support  f o r  t a r g e t  systems, e s p e c i a l l y  
when the  t a r g e t s  are d i s t r i b u t e d .  Requirements f o r  design s p e c i f i c a t i o n  languages o r  
i n t e r f a c e s  t h a t  complement Ada should be determined. 

During i t s  d i scuss ions ,  t h e  panel operated under t h e  b a s i c  assumption t h a t  Space Sta- 
t i o n  is an  engineering a c t i v i t y .  Therefore,  where app ropr i a t e ,  s e l e c t i o n  and s tan-  
da rd i za t ion  of languages and i n t e r f a c e s  should begin cons t r a in ing  t h e  degrees of 
freedom. The s e l e c t i o n  of languages and i n t e r f a c e s  impacts t he  cons t ruc t ion  of a 
Software Development Environment (SDE), which is a s u b s t a n t i a l l y  more c r i t i c a l  com- 
ponent of Space S t a t i o n  software.  

Although t h e r e  were panels  t o  d i scuss  management, s tandards ,  environments, and lan- 
guages, no panel  was s p e c i f i c a l l y  charged wi th  methodology i s sues .  This is of r e a l  
concern, and t h e  language panel t r i e d  t o  address  t h i s  i s s u e  whenever i t  was appropri- 
ate. The panel  a l s o  f e l t  t h a t  methodology should be discussed i n  any f u t u r e  meetings 
on software. 

The panel was ab le  by consensus t o  a r r i v e  a t  a t o t a l  of 11 recommendations. These 
recommendations were discussed i n  t he  open forum, and t h e r e  was f e l t  t o  be reasonable 
agreement of t he  a t t endees  at the  open meeting. 

These recommendations f a l l  i n t o  5 ca t egor i e s .  Recommendation 1 d e a l s  wi th  an impor- 
t a n t  aspec t  of the  whole software development process.  Recommendations 2 ,  3 ,  4, and 
5 dea l  wi th  the  choice of t he  software development language. Recommendations 6 ,  7 
and 8 dea l  with languages at e a r l y  phases of t h e  l i f e  cycle .  Recommendations 9 and 
10 dea l  wi th  use r  languages. The last recommendation says  t h a t  NASA must t r a c k  lan-  
guage technology i n  t h e  fu tu re .  

RECOMMENDATIONS 

1. NASA should avoid premature commitment t o  hardware implementation dec i s ions .  
System and software a r c h i t e c t u r e  should be defined f i r s t .  



2 .  NASA should d e c l a r e  Ada now as t h e  p r e f e r r e d  high-order  language f o r  s o u r c e  code 
development and a d d r e s s  t h e  fo l lowing  i s s u e s  a s  q u i c k l y  as p o s s i b l e  : 

t r a n s i t i o n  s t r a t e g y  
procurement i s s u e s  
i n t e r f a c e s  t o  e x i s t i n g  NASA s o f t w a r e  
development of g u i d e l i n e s  f o r  app ly ing  Ada t o  v a r i o u s  
a p p l i c a t i o n  a r e a s  
development oE a p p r o p r i a t e  run-time suppor t  environments  f o r  
NASA a p p l i c a t i o n s  
e d u c a t i o n  
a l i a i s o n  t o  DoD 
a s e a t  oln t h e  Ada board 
benchmarks f o r  perEormance 
p r o t o t y p i n g  
development of a p p r o p r i a t e  t o o l s  t o  p a r t i t i o n  and a l l o c a t e  
Ada e n t i t i e s  a c r o s s  d i s t r i b u t e d  a p p l i c a t i o n s  
i n t r o d u c t i o n  and u t i l i z a t i o n  of r e u s a b l e  components 
i n v e s t i g a t i o n  of f a l l b a c k  p o s i t i o n  o p t i o n s  Eor h i g h  r i s k  
a r e a s  

3,  The commitment t o  Ada r e q u i r e s  a n  e d u c a t i o n  program i n  s o f t w a r e  e n g i n e e r i n g  
methodologies wi th  Ada, which shou ld  begin  as soon a s  p o s s i b l e .  The e d u c a t i o n  
i n e l ~ l d e s  t h e  s t u d y  of r e l e v a n t  examples. It should cover  m u l t i p l e  l e v e l s  of 
management, a p p l i c a t i o n  programmers, e t c .  

4 ,  NASA must d e f i n e  i t s  requ i rements  f o r  t h e  run-time suppor t  l i b r a r y  and k e r n e l  f o r  
t h e  t a r g e t  sys tems,  i n c l u d i n g  d i s t r i b u t e d  t a r g e t s .  

5 ,  NASA needs t o  d e f i n e  t h e  requirements  f o r  t h e  i n t e r f a c e  t o  t h e  run-time system. 

6 ,  The f i r s t  v e r s i o n  of t h e  SDE should no t  be c o n s t r a i n e d  t o  have a s i n g l e  r e q u i r e -  
ments language,  A 1  e x p e r t  systems language,  o r  p r o t o t y p i n g  language.  

7 ,  NASA should determine t h e  requ i rements  f o r  and s e l e c t  o r  develop requ i rements  and 
d e s i g n  s p e c i f i c a t i o n  languages  o r  i n t e r f a c e s  t h a t  complement t h e  SDE and Ada. 

8, The design language shou ld  be s y n t a c t i c a l l y  and s e m a n t i c a l l y  c o n s i s t e n t  w i t h  t h e  
development language and should have on- l ine  s u p p o r t  f o r  i n t e r f a c e  checks ,  e t c .  

9 ,  For a l l  l e v e l s  of u s e r  i n t e r f a c e s ,  t h e r e  shou ld  be a s e t  of s t a n d a r d s  t o  p rov ide  
commonality a c r o s s  a l l  phases  of t h e  Space S t a t i o n  l i f e  c y c l e .  

10, NASA should i d e n t i f y  a l l  c a t e g o r i e s  of u s e r s  and u s e r  i n t e r f a c e s ,  and q u i c k l y  
proceed w i t h  r a p i d  p r o t o t y p i n g  t o  determine t h e  r e a l  r equ i rements .  

I I ,  S ince  Space S t a t i o n  s o f t w a r e  w i l l  evo lve  over  30 y e a r s ,  NASA should  t r a c k  l an-  
guage technology and a c t  a p p r o p r i a t e l y .  



LANGUAGE ISSUES FOR SPACE STATION 

P r o f e s s o r  V i c t o r  Basi l i  began by rev iewing  t h e  e s s e n t i a l  c o n s i d e r a t i o n s  and i n i t i a l  
recommendations of 1984 workshop ( r e f .  1 )  g i v e n  i n  t h e  next t h r e e  f i g u r e s ,  He com- 
mented t h a t  language was t o  be cons idered  as a n o t a t i o n  and t o o l  f o r  s u p p o r t i n g  

. a p p l i c a t i o n  domains . phases  of t h e  l i f e  c y c l e  . methods 

i n  such a  way t h a t  it s a t i s f i e s  c r i t e r i a  of e a s e  of u s e ,  r e a d a b i l i t y ,  e f f i c i e n c y ,  
m o d i f i a b i l i t y ,  p o r t a b i l i t y ,  low c o s t ,  e t c .  

There fore  we need t o  ( 1 )  c a t e g o r i z e  a p p l i c a t i o n s ,  e.g. f l i g h t  s o f t w a r e ,  suppor t  
sys tems,  and o p e r a t i o n s ,  (2 )  c a t e g o r i z e  phases  of t h e  l i f e  c y c l e ,  e.g. r e q u i r e m e n t s ,  
d e s i g n ,  code,  and t e s t ,  and (3)  d e l i n e a t e  methodologies  and recommend languages  o r  
c r i t e r i a  f o r  s e l e c t i n g  a fami ly  o r  s e t  of languages  f o r  use  i n  Space S t a t i o n .  

One of t h e  concerns  i n  choosing languages  is  t h a t  because  t h e y  a r e  an  i n t e g r a l  p a r t  
of t h e  so f tware  development environment ,  t h e  d e c i s i o n s  on languages  cannot be made 
independent  of t h e  d e c i s i o n s  about  t h a t  environment.  I n  t u r n ,  t h e  environment w i l l  
and should be i n f l u e n c e d  and c o n s t r a i n e d  by t h e  methodolog ica l  and t ec 'hno log ica l  
i s s u e s  dec ided  upon f o r  Space S t a t i o n .  These methodological  i s s u e s  w i l l  c e r t a i n l y  be 
i n f l u e n c e d  by t h e  management and s t a n d a r d i z a t i o n  i s s u e s .  

Environment 

Management and S t a n d a r d i z a t i o n  



ESSENTIAL CONSIDERATIONS 

REQU I REMENTS 

HAVE DEFINED CANDIDATE LANGUAGES FOR OPERATION 

NEED STUDY FOR DEVELOPMENT 

2 ,  USE OF LANGUAGES 

COBOL, FORTRAN, HAL/S PRIMARY 

Cu PASCAL, PL/1. SOME GAINS 

3, SOFTWARE HERITAGE AND REUSABILITY 

LONG LIFE OF SPACE STATION-SPACE TRANSPORTATION 

SYSTEM ' 

Li I EVOLUTION OF LANGUAGES 

STRATEGY FOR CHANGING LANGUAGES OVER TIME 

b I  GEiNERAL AND SPECIAL PURPOSE LANGUAGES 

HOW MANY LANGUAGES ARE NECESSARY? 

HOW DO WE HANDLE A MULTIPLICITY OF LANGUAGES? 

6 STANDARD1 ZAT I ON 

SHOULD THE LANGUAGE DEFINITION BE STANDARDIZED? 



ESSENTIAL CONSIDERATIONS 

7 ,  ASSEMBLY LANGUAGE 

HOW MUCH, IF ANY, ASSEMBLY LANGUAGE SHOULD BE 

ALLOWED? 

WHAT IS THE EFFECT OF LANGUAGE SELECTION ON 

9, MULTI-LINGUAL ENVIRONMENTS 

HOW ARE LANGUAGES CHOSEN TO BE COMPATIBLE WITH 

10, DISTRIBUTED PROCESSING 
HOW WILL THE LANGUAGE SUPPORT DISTRIBUTED PROCESSING? 

11, TRANSPORTAB I LI TY 

12, LESSONS LEARNED 

HOW DO WE MAKE USE OF THE DATA ON LESSONS LEARNED 

ABOUT SOFTWARE MANAGE~IENT? 



INITIAL RECOMMENDATIONS FOR PANEL CONSIDERATION 

I, REVISIT "HIGH ORDER LANGUAGE" C\!HITE PAPER (AUDREY DOROFEE) 

2, USE ANSI STANDARDS 

3 COLLECT DATA ABOUT DEVELOPMENT TO DETERMINE 

EVOLUTIONARY APPLICATIONS 

4, ESTABLI SH GENERIC REQUIREMENTS OF TOOLS 

5 STANDARDIZE ON LANGUAGE - STUDY ADA 

6, USE OF ASSEMBLY LANGUAGE SHOULD BE MINIMIZED 

7 EVALUATE ADVANTAGES AND DI SADVANTAGES OF A CANDIDATE 

SET OF LANGUAGES 

8, EVALUATE DISTRIBUTED PROCESSING MACHINES WITH RESPECT 

TO LANGUAGES AND TOOLS 

Q 8 EVALUATE LANGUAGES FOR REQUIREMENTS AND SPEC1 FI CATION* 

DESIGN* AND SPECIAL APPLICATIONS 



Bas i 
t h e  
v a r i  

.li proposed t h a t  
r equ i rements  Eor 
.ous languages  i n t  

t h e  panel  proceed by (1) g e n e r a t i n g  a s e t  of g o a l s  based upon 
Space S t a t i o n ,  ( 2 )  r e f i n i n g  (and d e f i n i n g )  t h o s e  golals f o r  t h e  
o a s e t  oE technology q u e s t i o n s  t h a t  shou ld  be answered,  and (3)  

s e l e c t i n g  languages  o r  g i v i n g  s e l e c t i o n  c r i t e r i a  based upon t h e  answers t o  t h e s e  
q u e s t i o n s .  

Sample g o a l  a r e a s  inc lude  t h e o r e t i c a l ,  t e c h n i c a l ,  methodological ,  p o l i t i c a l ,  manage- 
ment, and a p p l i c a t i o n  o r i e n t e d  i s s u e s .  Sample q u e s t i o n s  i n  t h e s e  a r e a s  (adap ted  Erom 
q u e s t i o n s  posed by Susan Gerhar t  on Pro log)  a r e :  

Theory: 

. Is t h e  language w e l l  d e f i n e d ?  

. What a r e  t h e  f u n c t i o n a l  c a p a b i l i t i e s  of t h e  language and i t s  l i m i t a t i o n s ?  

Technology: 

. How s t a b l e  is  t h e  technology behind t h e  language d e s i g n ,  t h e  compiler  
des ign?  

. Are t h e r e  p roduc t ion  q u a l i t y  compi le r s  o r  i n t e r p r e t e r s ?  

. Are t h e r e  performance i s s u e s  t h a t  need t o  be addressed?  

. Are t h e r e  adequa te  development environments? 

. How does t h e  technology behind t h e  language compare wi th  t h e  technology 
behind o t h e r  languages  i n  i t s  c l a s s ?  

. What k inds  of t o o l s  e x i s t ?  

. Is t h e r e  c o n t r o l  of t h e  d e f i n i t i o n  of t h e  language? 

Methodology: 

. What methodologies  does t h e  language s u p p o r t ?  

. Can t h e  language be combined o r  i n t e r f a c e d  w i t h  o t h e r  languages  and 
s y s  terns? 

. W i l L  t h e  programs i n  t h e  language make use  of e x i s t i n g  s o f t w a r e  
i n  o t h e r  languages?  

How a r e  t h e  u s u a l  d e s i r a b l e  p r o p e r t i e s  of programs, such  a s  c o r r e c t n e s s ,  
r o b u s t n e s s ,  e f E i c i e n c y ,  m o d i f i a b i l i t y ,  e t c . ,  addressed  i n  t h e  language? 

. Can t h e  language be i n t e g r a t e d  w i t h  o t h e r  phase languages  a c r o s s  t h e  
e n t i r e  l i f e  c y c l e ?  



Now a r e  o the r  technologies  supported by t h e  language, e.g. t r anspo r t -  
a b i l i t y ,  d i s t r i b u t e d  processing,  p ro to typing ,  e t c .  

Appl ica t ions :  

What a p p l i c a t i o n  a r e a s  does t h e  language address? 

What a p p l i c a t i o n  l i b r a r i e s  e x i s t ?  

What a p p l i c a t i o n  a r e a s  have used t h e  language? 

Management : 

How does one manage (p l an ,  c o n t r o l ,  d i r e c t )  p r o j e c t s  i n  t h e  language? 

Can modern sof tware engineer ing p r a c t i c e s  be brought t o  bear  on p r o j e c t s  
i n  t h e  language? 

. What is involved i n  t h e  t r a i n i n g  of personnel  i n  t h e  language? 

Evaluat ion:  

Are t h e r e  marketing and t echn ica l  p r o j e c t i o n s  f o r  t he  language? 

Kow does one become p r o f i c i e n t  i n  t he  language? 

What eva lua t ions  o r  case s t u d i e s  have been done, and what a r e  t h e  
concerns and b e n e f i t s  they point  out?  

Soc i a l ,  P o l i t i c a l ,  H i s t o r i c a l :  

Is t h e  language p o l i t i c a l l y  sound? 

What con t rove r s i e s  has it gone through? 

What is  the  ex t en t  oE i t s  use? 



RATIONALE FOR RECOXMENDATIONS 

1. Recommendation : 

NASA should  avoid  premature commitment t o  hardware implementat ion d e c i s i o n s .  System 
and sof tware  a r c h i t e c t u r e  shou ld  be d e f i n e d  f i r s t .  

Rat i o n a l e  : 

A r e c u r r i n g  problem w i t h  l a r g e  sys tems ,  p a r t i c u l a r l y  t h o s e  w i t h  a long development 
c y c l e ,  is t h a t  t h e  hardware is s e l e c t e d  ( o r  mandated) b e f o r e  t h e  system a r c h i t e c t u r e  
i s  designed.  As a  r e s u l t ,  t h e  s o f t w a r e  a r c h i t e c t u r e  is o v e r c o n s t r a i n e d ,  memory and 
performance become s e r i o u s  c o n s t r a i n t s  as t h e  requ i rements  e v o l v e ,  and t h e  hardware 
i s  o b s o l e t e  b e f o r e  t h e  sys tem i s  o p e r a t i o n a l .  

By de lay ing  s e l e c t i o n  of t h e  hardware u n t i l  the  sys tem and s o f t w a r e  a r c h i t e c t u r e  i s  
unders tood ,  NASA can make i n t e l l i g e n t  e n g i n e e r i n g  t r a d e - o f f s  between hardware and 
sof tware .  System and sof tware  a r c h i t e c t u r e  shou ld  a l l o w  

. e a r l y  p r o t o t y p i n g  u s i n g  a v a i l a b l e  hardware o r  emula t ion ,  

. use  of t h e  most advanced hardware a v a i l a b l e  when it is  t ime 
t o  commit , and 

. replacement of t h i s  hardware l a t e r  w i t h  minimum impact.  

This  recommendation complements t h e  SDE panel  recommendation t h a t  t h e  SDE s u p p o r t  
m u l t i p l e  t a r g e t s .  It does not  c o n f l i c t  w i t h  t h e  a g g r e s s i v e  a d o p t i o n  of s t a n d a r d s ;  
r a t h e r ,  i t  s e r v e s  t o  focus  on a d o p t i o n  of s t a n d a r d s  a t  t h e  a p p r o p r i a t e  l e v e l  ( e . g . ,  
bus s t a n d a r d s  and p r o t o c o l s ) .  It is a l s o  c o n s i s t e n t  w i t h  t h e  cho ice  of Ada a s  t h e  
implementat ion language,  provided t h a t  p o r t a b i l i t y  g u i d e l i n e s  a r e  developed and 
s t r e s s e d .  

2 .  Recommendat ion :  

NASA should  d e c l a r e  Ada now a s  t h e  p r e f e r r e d  high-order  language f o r  source  code 
development and a d d r e s s  t h e  fo l lowing  i s s u e s  as q u i c k l y  as p o s s i b l e :  

. t r a n s i t i o n  s t r a t e g y  

. procurement i s s u e s  

. i n t e r f a c e s  t o  e x i s t i n g  NASA s o f t w a r e  

. development of g u i d e l i n e s  f o r  app ly ing  Ada t o  v a r i o u s  
a p p l i c a t i o n  a r e a s  

. development of a p p r o p r i a t e  run-time suppor t  environments  f o r  
NASA a p p l i c a t i o n s  

. e d u c a t i o n  

. a l i a i s o n  t o  DoD 



a  s e a t  on t h e  Ada board 

benchmarks f o r  performance 

p r o t o t y p i n g  

development of a p p r o p r i a t e  t o o l s  t o  p a r t i t i o n  and a l l o c a t e  
Ada e n t i t i e s  a c r o s s  d i s t r i b u t e d  a p p l i c a t i o n s  

i n t r o d u c t i o n  and u t i l i z a t i o n  of r e u s a b l e  components 

i n v e s t i g a t i o n  of f a l l b a c k  p o s i t i o n  o p t i o n s  f o r  h i g h  r i s k  
a r e a s  

R a t i o n a l e :  

Many a s p e c t s  of Space S t a t i o n  s o f t w a r e  would be s i rnpler  i f  i t  were a l l  w r i t t e n  i n  a 
s i n g l e  programming language: compi le r s ,  suppor t  t o o l s ,  t r a i n i n g ,  so f tware  r e u s a b i l -  
i t y ,  maintenance.  Such uniEormity  i s  of course  not  comple te ly  r e a l i z a b l e ,  f o r  no 
s i n g l e  language would be a p p r o p r i a t e  i n  e v e r y  c a s e ,  and NASA a l r e a d y  h a s  s o f t w a r e  i n  
s e v e r a l  languages .  N e v e r t h e l e s s ,  s e l e c t i n g  one high-order  language as t h e  p r e f e r r e d  
language f o r  new sof tware  and s u p p o r t i n g  t h i s  cho ice  wi th  t h e  SDE and t r a i n i n g  would 
f o c u s  t h e  Space S t a t i o n  s o f t w a r e  e f f o r t  and f o s t e r  t h e  aforement ioned b e n e f i t s  of 
commonality. C a l l i n g  t h i s  s e l e c t i o n  a p r e f e r e n c e  i n s t e a d  of a  requirement  would 
l e a v e  room f o r  NASA t o  a l l o w  t h e  u s e  of o t h e r  languages  when it is  more a p p r o p r i a t e ,  
whi le  f i r m l y  e s t a b l i s h i n g  t h e  d i r e c t i o n  of NASA's economic and o r g a n i z a t i o n a l  
s u p p o r t .  

I f  a  s i n g l e  high-order  language is t o  be p r e f e r r e d ,  i t  shou ld  be e v a l u a t e d  accord ing  
t o  s e v e r a l  c r i t e r i a  o u t l i n e d  e l sewhere .  One of t h e s e  c r i t e r i a  i s  suppor t  f o r  modern 
s o f t w a r e  e n g i n e e r i n g  methods. It would c e r t a i n l y  be a  mis take f o r  NASA t o  p r e f e r  a 
language t h a t  d i d  n o t  suppor t  t h e s e  methods, £ o r  such a language would i n e v i t a b l y  
t end  t o  impede t h e i r  use .  A h igh-order  language s u p p o r t i n g  a b s t r a c t i o n ,  informati-on 
h i d i n g ,  communicating s e q u e n t i a l  p r o c e s s e s ,  and s i m i l a r  concep t s  would be a welcome 
improvement over  o l d e r  languages  t h a t  do n o t  a d e q u a t e l y  suppor t  t h e s e  methods. 

A f t e r  reviewing t h e  a l t e r n a t i v e s ,  t h e  pane l  concluded t h a t  Ada is t h e  language show- 
i n g  t h e  g r e a t e s t  p o t e n t i a l  i n  t h i s  r egard .  Ada's s t r o n g  d a t a  t y p i n g ,  packages ,  
g e n e r i c s ,  and over load ing  suppor t  a b s t r a c t i o n  and i n f o r m a t i o n  h i d i n g .  The e x c e p t i o n  
hand l ing  c a p a b i l i t y  s u p p o r t s  t h e  r e p o r t i n g  and hand l ing  of e r r o r s  and u n l i k e l y  s i t u -  
a t i o n s  i n  a  roanner c o n s i s t e n t  w i t h  a b s t r a c t i o n .  Tasking s u p p o r t s  communicating 
s e q u e n t i a l  p r o c e s s e s  a t  a  h i g h e r  l e v e l  (analogous t o  procedure  c a l l )  t h a n  o t h e r  syn- 
c h r o n i z a t i o n  mechanisms, such a s  semaphores. A r i t h m e t i c  i s  w e l l  d e f i n e d  and s u p p o r t s  
e f f i c i e n t  f ixed-po in t  o p e r a t i o n s .  R e p r e s e n t a t i o n  c l a u s e s  suppor t  i n t e r r u p t  h a n d l i n g ,  
hardware inpu t -ou tpu t  i n t e r f a c e s ,  and s i m i l a r  implementation-dependent m a t t e r s .  
S e p a r a t e  compi la t ion  s u p p o r t s  e f f i c i e n t  s o f t w a r e  development and d i s t r i b u t i o n .  
Although Ada is a l a r g e  and complex language,  i t s  f e a t u r e s  a r e  u s e f u l .  

Unl ike  most languages  s u p p o r t i n g  modern s o f t w a r e  e n g i n e e r i n g  methods, Ada i s  no t  a  
product of t h e  academic community, w i t h  in formal  suppor t  and u n c o n t r o l l e d  changes;  
nor  is  i t  a  p r o p r i e t a r y  language w i t h  l i m i t e d  a v a i l a b i l i t y .  Ada is  a  government and 
ANSI s t a n d a r d ,  and as such it is  s t a b l e  and suppor ted .  Th is  suppor t  i s  r a p i d l y  grow- 
ing .  More and more compi le r s  and programming environments  f o r  v a r i o u s  h o s t  and 
t a r g e t  machines a r e  coming on to  t h e  market.  A p p l i c a t i o n s  a r e  a l s o  being w r i t t e n  i n  
Ada. (The cjompany of  one panel  member has  a l r e a d y  g e n e r a t e d  more t h a n  one m i l l i o n  



l i n e s  of Ada code.) Resources support ing Ada a p p l i c a t i o n  developments a r e  a l r eady  i n  
t he  range of one ha l f  b i l l i o n  d o l l a r s  per  year.  The research  community has taken a 
g r e a t  i n t e r e s t  i n  Ada and d i s t r i b u t e d  systems, program des ign ,  program va l ida t ion ,  
and o the r  a r e a s  app l i cab le  t o  Space S ta t ion .  By s e l e c t i n g  Ada, NASA can c a p i t a l i z e  
on t h i s  s u b s t a n t i a l  investment and begin t o  inf luence  the  course of fu tu re  Ada work. 

I f  NASA is t o  choose Ada, it should do so now, so  t h a t  a c t i v i t i e s  dependent on t h i s  
choice can begin. NASA and con t r ac to r s  need time f o r  educat ion,  planning, and the  
s p e c i f i c a t i o n  of Ada-related requirements.  Ada vendors need time t o  become aware of 
t h e  new market provided by Space S t a t i o n  and t o  adapt  compilers and run-time support  
packages t o  Space S t a t i o n  requirements.  NASA must a l s o  address  the s e r i e s  of i s s u e s  
enumerated i n  t h i s  recommendation, which a r e  d iscussed  below. 

The f i r s t  t h ing  NASA must do is t o  formulate a s t r a t e g y  f o r  t he  t r a n s i t i o n  t o  Ada. 
Natura l ly ,  t h e s e  p lans  w i l l  involve t h e  management, s t anda rds ,  and SDE i s s u e s  con- 
s ide red  by the o the r  panels .  In  p a r t i c u l a r ,  t h e  SDE must inc lude  a f u l l  s e t  of 
sof tware development t o o l s  compatible wi th  Ada. 

Procurement i s s u e s  must be addressed,  inc luding  

. development of Ada compilers and run-time packages f o r  new 
environments 

. con t r ac tua l  o b l i g a t i o n  t o  use Ada and the  SDE -- who w i l l  bear  
t he  r i s k s ?  

. con t r ac tua l  o b l i g a t i o n  t o  use Ada proper ly  -- how can the  use of 
appropr ia te  sof tware engineering methods be guaranteed? 

. waivers -- when is another  language p re fe rab le  f o r  new soEtware? 

. procurement of off-the-shelf sof tware -- should it too  be 
w r i t t e n  i n  Ada, i n  case NASA should have t o  take  over its 
maintenance? How would t h i s  a f f e c t  i ts  cos t  and a v a i l a b i l i t y ?  

NASA must decide how t o  apply i t s  l a r g e  base of e x i s t i n g  software t o  Space S t a t i o n :  

- NASA could cont inue t o  use  stand-alone sof tware ,  a s  long a s  
maintenance c o s t s  were not excessive.  

- Other sof tware could be used d i r e c t l y  w i th in  an Ada environment, 
i f  s u i t a b l e  implementations of the  " in t e r f ace"  pragma e x i s t e d  i n  
t h a t  environment. NASA would probably have t o  fund the  development 
of Ada i n t e r f a c e s  t o  HALIS and any o t h e r  NASA-specific languages. 
Perhaps it would be b e t t e r  t o  r ewr i t e  such software i n  Ada: 
t h i s  would o f t e n  be s t r a igh t fo rward ,  t h e  r e s u l t i n g  Ada code 
would be much more po r t ab l e ,  and it might even be economical 
i f  the  software had t o  be changed anyway. 

- Software t h a t  is not  d i r e c t l y  reusable  may conta in  the  only e x i s t i n g  
documentation f o r  a lgori thms app l i cab le  t o  Space S ta t ion .  
Important a lgori thms t h a t  would be d i f f i c u l t  t o  re-derive 
should not be l o s t ;  Ada o r  an  Ada-based PDL would be an i d e a l  
medium f o r  preserving and documenting them, a s  we l l  a s  us ing  them. 



A cavea t  i s  i n  o r d e r ,  however: Most o l d e r  s o f t w a r e  was developed wi thou t  b e n e f i t  of 
concepts  t h a t  enhqnce r e u s a b i l i t y  and e a s e  of change,  such as a b s t r a c t i o n ,  informa- 
t i o n  h i d i n g ,  and even good documentation.  Consequent ly ,  t h e  s t r a t e g i e s  no ted  above 
may prove d i f f i c u l t .  Old s o f t w a r e  shou ld  be e v a l u a t e d  and adap ted  u s i n g  t h e  same 
c r i t e r i a  a p p l i e d  t o  new sof tware ;  t o  do o t h e r w i s e  would d e f e a t  much of t h e  purpose of 
u s i n g  Ada and would prolong r e u s a b i l i t y ,  p o r t a b i l i t y ,  and m a i n t a i n a b i l i t y  problems 
i n t o  t h e  2 1 s t  c e n t u r y .  

T r a i n i n g  i n  t h e  p roper  use  of Ada i s  of such importance t h a t  t h e  pane l  made a separ-  
a t e  recommendation i n  t h i s  a r e a  ( s e e  recommendation 3 ) .  

Any major Ada u s e r  shou ld  have c l o s e  t i e s  w i t h  t h e  Ada community a t  l a r g e .  Con- 
s e q u e n t l y ,  NASA should  e s t a b l i s h  a l i a i s o n  w i t h  DoD and t h e  Ada J o i n t  Program O f f i c e .  
Fur thermore,  any agency committing such  a n  impor tan t  and v i s i b l e  p r o j e c t  t o  Ada de- 
s e r v e s  a  vo ice  i n  Ada's f u t u r e  development. T h e r e f o r e ,  NASA should  seek  a  s e a t  on 
t h e  Ada board.  

C u r r e n t l y ,  Ada compilers  a r e  v a l i d a t e d  by t h e  DoD w i t h  r e s p e c t  t o  c o r r e c t n e s s  only;  
t h e y  do n o t  have t o  pass  any performance benchmarks. Since  performance w i l l  be a 
major i s s u e  i n  many Space S t a t i o n  a p p l i c a t i o n s ,  NASA should  i n i t i a t e  o r  j o i n t l y  
sponsor  a  benchmarking a c t i v i t y  f o r  e v a l u a t i o n  of Ada compilers  and suppor t  l i b r a r -  
i e s .  It should t e s t  t h e  performance of Ada programs i n  d i s t r i b u t e d  systems and high- 
speed rea l - t ime  systems as w e l l  a s  i n  more r o u t i n e  c o n t e x t s .  Such benchmarks w i l l  
a l s o  h e l p  t o  i d e n t i f y  h igh- r i sk  a r e a s  needing a t t e n t i o n .  

Ada's suppor t  f o r  a b s t r a c t i o n  and i n f o r m a t i o n  h i d i n g  makes it e s p e c i a l l y  good f o r  
r a p i d  p ro to typ ing .  Once a d e s i g n  h a s  been produced i n  t h e  form of a c o l l e c t i o n  of 
Ada package s p e c i f i c a t i o n s  ( w i t h  a s s o c i a t e d  s e m a n t i c s ) ,  t h e  component packages can be 
implemented i n  p a r a l l e l ,  each  wi thout  r e g a r d  f o r  how t h e  o t h e r s  are implemented. 
Such a  p r o t o t y p e  can then  be t ransformed i n t o  a  f i n i s h e d  product  by independen t ly  
changing t h e  implementat ions  of each  of i t s  components. With t h e  i n t e r f a c e  pragma o r  
a s p e c i a l  i n t e r f a c e  package,  t h e  SDE might a l s o  suppor t  t h e  r a p i d  implementat ion of 
a n  Ada package u s i n g  a  s e p a r a t e  program, perhaps  i n  a  ve ry  h i g h  l e v e l  language (e .g . ,  
P r o l o g ) .  NASA shou ld  u s e  e a r l y  p r o t o t y p i n g  t o  i n v e s t i g a t e  a p p l i c a t i o n  a r e a s  such  as 
f a u l t - t o l e r a n t  and d i s t r i b u t e d  systems. Th is  would h e l p  determine how w e l l  Ada sup- 
p o r t s  t h e s e  a p p l i c a t i o n s  and would consequen t ly  reduce t h e  p r e s e n t  u n c e r t a i n t y  i n  
t h i s  r egard .  

The use  of Ada i n  d i s t r i b u t e d  sys tems ,  i n c l u d i n g  t h e  need f o r  t o o l s  t o  a l l o c a t e  Ada 
e n t i t i e s  a c r o s s  such  systems,  is addressed  f u r t h e r  i n  recommendations 4 and 5 .  

Space S t a t i o n  a p p l i c a t i o n s  shou ld  s h a r e  t h e  same s o f t w a r e  wherever p o s s i b l e .  Re- 
u s a b l e  s o f t w a r e  can reduce t h e  c o s t  of s o f t w a r e  requ i rements  s p e c i f i c a t i o n ,  decom- 
p o s i t i o n ,  and d e s i g n  (because  i t  is o f t e n  e a s i e r  t o  recognize  what i s  needed t h a n  t o  
d e f i n e  i t ) ,  coding and t e s t i n g  (because  n e i t h e r  i s  needed i n  o r d e r  t o  use  a n  
e x i s t i n g ,  t e s t e d  implementa t ion) ,  and maintenance (because  changes t o  one r e u s a b l e  
module a r e  cheaper  t h a n  changes t o  s e v e r a l  n e a r l y  i d e n t i c a l  ones ) .  Ada is a n  
e x c e l l e n t  t o o l  f o r  s u p p o r t i n g  r e u s a b i l i t y ,  s i n c e  r e u s a b i l i t y  i s  d i r e c t l y  r e l a t e d  t o  
a b s t r a c t i o n  and in format ion  h i d i n g .  However, i t  is no t r i v i a l  matter t o  d e s i g n  
a b s t r a c t i o n s  t h a t  a r e  amenable t o  r e u s e .  To suppor t  r e u s a b l e  s o f t w a r e ,  NASA should  

develop o r  adopt a taxonomy of s o f t w a r e  a b s t r a c t i o n s ,  

i d e n t i f y  s p e c i f i c  r e u s a b l e  a b s t r a c t i o n s ,  



. develop a l i b r a r y  oE Ada package s p e c i f i c a t i o n s  f o r  t h e s e  
a b s t r a c t i o n s ,  ca ta logued  accord ing  t o  t h e  aforement ioned taxonoziy 
( s o  t h a t  p r o j e c t s  can f i n d  packages u s e f u l  t o  them) 

. develop a p r o t o t y p e  package body f o r  each l i b r a r y  package 
( s o  t h a t  p r o j e c t s  can t e s t  code t h a t  u s e s  t h e s e  packages) ,  

. p u b l i c i z e  t h e  l i b r a r y  and encourage -- perhaps  even reward -- 
t h e  use  of i t s  packages ,  

. develop e f f i c i e n t  package bod ies  f o r  each  l i b r a r y  package 
( s o  t h a t  p r o j e c t s  can t e s t  t h e i r  p roduc t s  f o r  perEormance and 
r e l e a s e  them),  and 

. d e v i s e  a p l a n  f o r  adding t o  t h i s  s o f t w a r e  l i b r a r y .  

The SDE should  suppor t  t h e  use  of r e u s a b l e  components from t h i s  l i b r a r y  and t h e  
s e a r c h  of t h e  l i b r a r y  c a t a l o g  f o r  components of i n t e r e s t .  I n  a d d i t i o n ,  it shou ld  
a l l o w  t h e  l i b r a r y  t o  c o n t a i n  more than  one implementat ion v e r s i o n  of a s i n g l e  Ada 
package,  s o  t h a t  u s e r s  can s e l e c t  from implementat ions  op t imized  i n  d i f f e r e n t  ways 
(e.g. ,  e x e c u t i o n  speed v e r s u s  memory r e q u i r e d ) .  

The cho ice  of Ada i s  not  wi thou t  r i s k ,  a l t h o u g h  much of it is i n  a r e a s  t h a t  w i l l  be 
r i s k y  whether Ada i s  used o r  n o t .  I n  p a r t i c u l a r ,  i n  some q u a r t e r s  t h e r e  i s  uncer- 
t a i n t y  about  (1) t h e  a p p l i c a b i l i t y  of Ada t o  d i s t r i b u t e d ,  f a u l t - t o l e r a n t ,  and hard  
rea l - t ime  sys tems ,  (2 )  t h e  e f E i c i e n c y  of Ada run-time suppor t  environments and of 
code g e n e r a t e d  by Ada compi le r s ,  e s p e c i a l l y  f o r  t a s k i n g  i n  rea l - t ime  and d i s t r i b u t e d  
systems,  and (3) t h e  development of good Ada implementat ions  Eor t h e  p a r t i c u l a r  
machine a r c h i t e c t u r e s  t h a t  might be used f o r  Space S t a t i o n .  

P r o t o t y p i n g ,  benchmarking, and work on run-time suppor t  environments  shou ld  r e s o l v e  
t h e  f i r s t  two i s s u e s .  Postponement of hardware s e l e c t i o n  and t h e  e v e n t u a l  use  of 
off - the-shelf  machine a r c h i t e c t u r e s  shou ld  minimize t h e  last  problem, by reduc ing  t h e  
chance t h a t  an  unexpec ted ly  d i f f i c u l t  a r c h i t e c t u r e  w i l l  be s e l e c t e d  wich i n s u f f i c i e n t  
t ime t o  produce a good implementat ion f o r  i t .  N e v e r t h e l e s s ,  a t  l e a s t  u n t i l  t h e s e  
problems have been put  t o  r e s t ,  f a l l b a c k  p o l i c i e s  should  be e s t a b l i s h e d  i n  each of 
t h e s e  problem a r e a s .  

3 .  Recommendation: 

The commitment t o  Ada r e q u i r e s  an  e d u c a t i o n  program i n  s o f t w a r e  e n g i n e e r i n g  method- 
o l o g i e s  w i t h  Ada, which shou ld  beg in  a s  soon as p o s s i b l e .  The e d u c a t i o n  i n c l u d e s  t h e  
s t u d y  of r e l e v a n t  examples. It should cover  m u l t i p l e  l e v e l s  of management, a p p l i -  
c a t i o n  programmers, e t c .  

Rat i o n a l e :  

The r a t i o n a l e  behind t h i s  recommendation may be p e r c e i v e d  from t h r e e  p e r s p e c t i v e s :  
systems e n g i n e e r i n g ,  methodology, and language.  

From a systems e n g i n e e r i n g  p e r s p e c t i v e ,  Space S t a t i o n  s o f t w a r e  is j u s t  one impor tan t  
p a r t  of a complex system. Sof tware  management, development,  a c q u i s i t i o n ,  and evolu-  
t i o n  a r e  a l l  s u b o r d i n a t e  t o  a t o t a l  sys tems e n g i n e e r i n g  a c t i v i t y  r e q u i r i n g  management 
and technology t r a d e - o f f s .  These t r a d e - o f f s  are c o n s t r a i n e d  by p r a c t i c e s ,  



o b l i g a t i o n s ,  and requirements at t h e  p r o j e c t ,  systems, subsystems, and i n s t i t u t i o n a l  
l e v e l s .  To make i n t e l l i g e n t  dec i s ions  a t  a l l  l e v e l s  of management and engineer ing ,  
NASA personnel need t o  understand, t o  d i f f e r e n t  degrees and from d i f f e r e n t  perspec- 
t i v e s ,  t he  programming and engineering c a p a b i l i t i e s  and l i m i t a t i o n s  of Ada, and t h e  
management imp l i ca t ions  of us ing  Ada. 

For example, i f  it went uncorrected,  t h e  myth t h a t  Ada is inhe ren t ly  i neEf i c i en t  
could d i s t o r t  eva lua t ions  of t rade-of fs  between hardware and software,  o r  between Ada 
and some o the r  programming language. A s  a more p o s i t i v e  example, an  understanding of 
how Ada and t h e  technique of information h id ing  can support a b s t r a c t  i n t e r f a c e s  t b  

hardware would make t h e  s t r a t e g y  of postponing hardware s e l e c t i o n  appear much more 
p r a c t i c a l ,  

- .  . '1 

From the methodological perspec t ive ,  Ada is  more than  a mere programming language. 
It embodies and suppor ts  modern software engineering concepts ,  such as r i c h  d a t a  
s t r u c t u r e s ,  d a t a  a b s t r a c t i o n ,  information h id ing ,  modular packaging, except ion 
handl ing,  and communicating sequen t i a l  processes .  It has f ea tu re s  t h a t  enforce d is -  
c i p l i n e d  engineer ing ,  such a s  s t rong  typing. It ( o r  a d e r i v a t i v e )  can be used a s  a 
high-level program and system design language. It is t o  be used i n  conjunct ion wi th  
an Ada Programming Support Environment comprising powerful t o o l s  f o r  sof tware devel- 
opment. Together,  t hese  form a system support ing modern software engineering 
methods. To ensure t h a t  developers  and c o n t r a c t o r s  t ake  f u l l  advantage of t h e s e  
methods and Ada's support f o r  them, NASA personnel must themselves understand them. 

I 

Although t h e  aforementioned software engineering concepts a r e  wel l  knowa i n  t h e  Qca- 
demic and research  communities, they have not  pene t ra ted  t h e  software community a t  
l a r g e  t o  any g r e a t  degree. Consequently, many software p ro fe s s iona l s  w i l l  come t o  
t he  Space S t a t i o n  p ro j ec t  without experience i n  applying these  concepts ,  and some- 
t imes without even a b a s i c  understanding of them. Therefore,  NASA w i l l  need a 
t r a i n i n g  program t h a t  provides 

- good deEin i t ions  of t hese  concepts ,  - ,  

- examples of t h e i r  use ,  and .,:J, . , 

- p r a c t i c e  i n  applying them t o  program des ign  and ... - , . .  - , .  . . . ,  - . . .. - 
implementation wi th  Ada. I : ,  , , ...+ . 

The shor tage  of p ro fe s s iona l s  t r a i n e d  i n  t hese  methods extends t o  t he  educa t ion  and 
t r a i n i n g  community i t s e l f ,  so NASA should e s t a b l i s h  a q u a l i t y  assurance program t o  
guide and a u d i t  t h i s  t r a i n i n g .  

For example, t h e  important concepts of a b s t r a c t i o n ,  information h id ing ,  and com- 
municating sequen t i a l  processes  can be b r i e f l y  def ined and r e l a t e d  t o  Ada a s  fol lows:  

- Abst rac t ion  suppor ts  t h e  o rde r ly  decomposition of a sof tware 
system i n t o  components t h a t  can be understood s o l e l y  by r e fe rence  
t o  t h e i r  I n t e r f a c e  s p e c i f i c a t i o n s ,  which inc lude  black-box 
desc r ip t ions  of t h e  a s soc i a t ed  behavior; implementation 
d e t a i l s  a r e  suppressed. I n  a d d i t i o n  t o  f a c i l i t a t i n g  t h e  
program design process ,  t h i s  enhances software r e u s a b i l i t y ,  
s i n c e  each a b s t r a c t i o n  is  a p o t e n t i a l l y  reusable  design. Each 
of Ada's compilation u n i t s  (package, t a s k ,  subprogram, and 
gener ic )  suppor ts  a kind of abs t r ac t ion .  

- Information h id ing  emphasizes t h e  importance of conceal ing t h e  
d e t a i l s  of t he  implementation of an a b s t r a c t i o n .  Because these  



d e t a i l s  a r e  h idden ,  u s e r s  of t h e  a b s t r a c t i o n  cannot  make 
unwarranted assumptions  about t h e  implementat ion;  t h i s  makes it 
e a s i e r  t o  change t h e  implementat ion wi thou t  a f f e c t i n g  t h e  s o f t w a r e  
t h a t  u s e s  i t .  In format ion  h i d i n g  i n v o l v e s  d e s i g n i n g  t h e  
a b s t r a c t i o n s  used t o  b u i l d  a  sys tem s o  t h a t  e a c h  a s p e c t  of t h e  
sys tem t h a t  is judged l i k e l y  t o  change i s  hidden behind a s i n g l e  
a b s t r a c t  i o n ;  by a n t i c i p a t i n g  changes ,  i t  makes t h o s e  changes 
e a s i e r .  Ada's packages,  v i s i b i l i t y  r u l e s ,  and p r i v a t e  t y p e s  
s u p p o r t  i n f o r m a t i o n  h i d i n g .  

- Communicating s e q u e n t i a l  p r o c e s s e s  (CSP9s) a l l o w  t h e  decomposi t ion 
of a  system i n t o  t a s k s  t h a t  l o g i c a l l y  run  i n  p a r a l l e l ,  
o c c a s i o n a l l y  communicating w i t h  one a n o t h e r .  Complex real-time 
systems can be b u i l t  u s i n g  CSP9s,  and d i s t r i b u t e d  systems can 
be implemented by a s s i g n i n g  CSP's t o  d i f f e r e n t  p r o c e s s o r s ;  
however, many more mundane problems a l s o  have n a t u r a l  s o l u t i o n s  
i n v o l v i n g  CSP9s. Ada's t a s k s  suppor t  communicating s e q u e n t i a l  
p rocesses .  

Viewed s imply a s  a  r i c h  language,  Ada can e i t h e r  be a p p l i e d  p r o p e r l y  t o  s o l v e  complex 
problems, o r  it can be misused t o  complicate  s o l u t i o n s .  A programmer exper ienced  
w i t h  conven t iona l  languages  may be tempted t o  u s e  Ada as a  conven t iona l  language w i t h  
new syn tax .  Th is  mode of a p p l i c a t i o n  would be most u n f o r t u n a t e ,  f o r  it would d e f e a t  
t h e  fundamental  purpose of Ada's e x i s t e n c e ,  which is  t o  f o s t e r  t h e  use  of methods 
mentioned above. To f u l l y  e x p l o i r  Ada's many f e a t u r e s ,  programmers ( b o t h  NASA per-  
s o n n e l  and c o n t r a c t o r s )  need t r a i n i n g  on i t s  proper  usage.  

The s t u d y  of r e l e v a n t  examples w i l l  be an  impor tan t  p a r t  of a l l  t h i s  t r a i n i n g ,  
Obviously ,  examples of Ada programs w i l l  be r e l e v a n t  i n  t h i s  case .  However, bad Ada 
p r o g r a m  should  no t  be used a s  examples -- o t h e r  t h a n  examples of what no t  t o  do. 
U n f o r t u n a t e l y ,  t h e r e  is  a  r e a l  danger  h e r e :  some books on Ada u t t e r l y  f a i l  t o  a d d r e s s  
t h e  so f tware  e n g i n e e r i n g  p r i n c i p l e s  t h a t  Ada was developed t o  s u p p o r t ,  and i n s t e a d  
t e a c h  l i t t l e  more t h a n  mechanical  t r a n s l a t i o n  of bad programs i n  o t h e r  languages  i n t o  
bad programs i n  Ada. 

On t h e  o t h e r  hand, some of t h e  b e s t  and most r e l e v a n t  examples may not  even use  Ada, 
Examples of good s o f t w a r e  e n g i n e e r i n g  methods a r e  r a r e ,  and f u l l y  worked o u t  examples 
of systems of reasonab le  s i z e  a r e  rarer s t i l l .  Some of t h e s e  may use  o t h e r  lan-  
guages ,  but  they  w i l l  n e v e r t h e l e s s  be worthy of s t u d y  by t h o s e  invo lved  i n  s o f t w a r e  
d e s i g n ,  f o r  it  is  t h e  method of decomposing s o f t w a r e  i n t o  modules and d e f i n i n g  t h e  
i n t e r f a c e s  of t h o s e  modules -- t h e  s o f t w a r e  a r c h i t e c t u r e  of t h e  sys tem -- t h a t  i s  the 
most important  a s p e c t  of an  example. A good a r c h i t e c t u r e  w i l l  be v a l i d  r e g a r d l e s s  of 
t h e  implementat ion language,  and i t  w i l l  be easy  t o  map i n t o  Ada. 

NASA should  s e a r c h  t h e  l i t e r a t u r e  f o r  examples of good s o f t w a r e  d e s i g n  a p p l i c a b l e  t o  
t h e  use  of Ada b e f o r e  t r y i n g  t o  develop them i n  house o r  under c o n t r a c t .  Even i f  an  
example is  not  f u l l y  implemented, it may s t i l l  c o n t a i n  u s e f u l  m a t e r i a l .  

A t  t h i s  t ime t h e  pool of t r a i n e d  Ada p r o f e s s i o n a l s ,  p a r t i c u l a r l y  l e a d  d e s i g n e r s ,  i s  
v e r y  small. The t y p i c a l  t r a i n i n g  t ime f o r  a  l e a d  d e s i g n e r  may be as much as a  y e a r .  
NASA must r a p i d l y  s e l e c t  o r  develop t r a i n i n g  methods t h a t  w i l l  e n s u r e  a s u f f i c i e n t  
supp ly  of t r a i n e d  p r o f e s s i o n a l s  f o r  t h e  Space S t a t i o n  program. T r a i n i n g  may prove t o  
be t h e  l a r g e s t  s t a r t u p  c o s t  of t h e  t r a n s i t i o n  t o  Ada. The d u r a t i o n  and s u c c e s s  of 
t h i s  t r a i n i n g  w i l l  have a  s t r o n g  e f f e c t  on t h e  long  s o f t w a r e  l i f e  c y c l e  p r o j e c t e d  f o r  
Space S t a t i o n .  



4 ,  Recommenciat ion:  

NASA must d e f i n e  i t s  requirements  f o r  t h e  run-time suppor t  l i b r a r y  and k e r n e l  Eor t h e  
t a r g e t  sys tems,  i n c l u d i n g  d i s t r i b u t e d  t a r g e t s .  

Rat i o n a l e :  

To d e r i v e  t h e  maximum b e n e f i t s  from t h e  cho ice  of Ada a s  t h e  p r e f e r r e d  h i g h  o r d e r  
language f o r  source  code development, NASA should move q u i c k l y  t o  determine and 
c a t a l o g  i t s  requ i rements  f o r  t h e  run-time suppor t  environment of t a r g e t  p r o c e s s o r s  t o  
be embedded w i t h i n  t h e  a p p l i c a t i o n s  needed f o r  t h e  Space S t a t i o n  program (e .g . ,  
h i g h l y  data--dr iven a p p l i c a t i o n s  v e r s u s  c r i t i c a l ,  r ea l - t ime  a p p l i c a t i o n s ) .  Although 
such r e q i ~ i r e m e n t s  a r e  no t  unique t o  NASA, t h e  pane l  f e e l s  t h a t  

t h e  development schedu le  f o r  t h e  Space S t a t i o n  program p l u s  

. t h e  l a c k  of an  a p p r o p r i a t e  c a t a l o g  of requ i rements  f o r  t h e  
run-time suppor t  environment of p r o c e s s o r s  embedded i n  l a r g e ,  
complex, d i s t r i b u t e d  a p p l i c a t i o n s  

shou ld  cause  NASA t o  q u i c k l y  t a k e  a l e a d i n g  r o l e  i n  d e f i n i n g  such requ i rements .  

The run-time suppor t  environment (RTSE) p rov ides  r e s o u r c e  management and o t h e r  s e r -  
v i c e s  t o  t h e  o b j e c t  code modules of t h e  a p p l i c a t i o n  programs. Th is  suppor t  i s  t y p i -  
c a l l y  provided by a run-time k e r n e l ,  which s e p a r a t e s  bo th  t h e  a p p l i c a t i o n  modules and 
t h e  run-time l i b r a r y  modules from t h e  ba re  t a r g e t  p r o c e s s o r .  The k e r n e l  c o n t a i n s  a  
minimal s e t  of f u n c t i o n s  t h a t  a r e  used f r e q u e n t l y  and must be execu ted  s e q u e n t i a l l y .  

The run-time l i b r a r y  may be d i v i d e d  i n t o  a b a s i c  l i b r a r y  s e t  and an  extended l i b r a r y  
s e t .  The b a s i c  l i b r a r y  c o n t a i n s  modules t h a t  p rov ide  s e r v i c e s  t o  t h e  o b j e c t  code 
modules produced by a h o s t  Ada Programming Support  Environment (APSE) f o r  a  broad 
c l a s s  of a p p l i c a t i o n s .  The f u l l  s e t  of b a s i c  l i b r a r y  modules need n o t  be p r e s e n t  on 
all t a r g e t  p r o c e s s o r s .  For example, i f  t h e  a p p l i c a t i o n  program o b j e c t s  a s s i g n e d  t o  a  
g iven  t a r g e t  p rocessor  do no t  r e q u i r e  Ada's t a s k i n g  o r  heap management, t h e n  t h e  
b a s i c  l i b r a r y  modules r e s p o n s i b l e  f o r  t h o s e  f a c i l i t i e s  may be omi t t ed  from t h e  run- 
t ime environment.  

The extended l i b r a r y  c o n t a i n s  modules t h a t  may be used t o  suppor t  APSE-produced ob- 
j e c t  code i n  s p e c i f i c  a p p l i c a t i o n s  having requ i rements  beyond t h o s e  addressed  i n  t h e  
Ada Language Reference Manual ( r e f .  3) .  For example, many a p p l i c a t i o n s  would b e n e f i t  
from a run-time "monitor" t h a t  g a t h e r s  and r e p o r t s  performance s t a t i s t i c s  and f a c i l i -  
t a t e s  remote d i a g n o s t i c s  and r e c o n f i g u r a t i o n .  Other  modules might suppor t  mul t i -  
l e v e l  s e c u r i t y  and a c c e s s  c o n t r o l ,  o r  t r a n s a c t i o n s  w i t h  n e s t e d  a tomic a c t i o n s .  A l l  
such  modules could  be t r a n s p a r e n t  at t h e  Ada s o u r c e  code l e v e l  and t h u s  f a c i l i t a t e  
t h e  c o s t  e f f e c t i v e  u t i l i z a t i o n  of r e u s a b l e  components a c r o s s  a  b roader  spectrum of 
a p p l i c a t i o n s .  

C l e a r l y ,  r e g a r d l e s s  of t h e  e f f i c i e n c y  and r e l i a b i l i t y  of t h e  o b j e c t  code produced by 
a  h o s t  APSE, t h e  performance and r e l i a b i l i t y  of t h e  e x e c u t i n g  program a r e  dependent 
on t h e  run-time k e r n e l  and l i b r a r y .  

Another impor tan t  r eason  why NASA should  beg in  q u i c k l y  t o  d e f i n e  i t s  requ i rements  is 
t h e  complexity spectrum of implementing RTSE" shown below: 



. Single "stand-alone" embedded processor  t o  support 

- subse ts  of Ada 
- f u l l  Ada 

. Multiprocessor  a p p l i c a t i o n s ,  which support  t h e  p a r t i t i o n i n g  
and a l l o c a t i o n  of o b j e c t s  w i th in  t h e  Ada programs f o r  execut ion i n  
t a r g e t  environments implemented with 

- shared memory 
- shared bus 
- "n l eve l "  redundancy 
- combinations of t he  preceding 

. Dis t r ibu ted  network a p p l i c a t i o n s ,  which support t h e  
p a r t i t i o n i n g  and a l l o c a t i o n  of o b j e c t s  w i th in  t h e  Ada programs 
among geographica l ly  s epa ra t e  processing resources  f o r  execut ion.  
Such implementations may inc lude  

- Local a r e a  networks composed of s i n g l e  processor  
nodes and mul t iprocessor  c l u s t e r s  

- Remote a r e a  networks of l o c a l  a r e a  networks, s i n g l e  
processor  nodes and mul t iprocessor  c l u s t e r s .  

Ada was designed t o  serve  a s  a "common language f o r  programming l a r g e  s c a l e  and r e a l  
time systems" (Foreword, r e f .  3 ) .  The o b j e c t s  of an Ada program can be d i s t r i b u t e d  
"whenever an implementation can de t ec t  t h a t  t h e  same e f f e c t  can be guaranteed" a s  f o r  
execut ion  by a s i n g l e  processor  (Sec t ion  9 ,  r e f .  3 ) .  However, t he  cu r r en t  implemen- 
t a t i o n s  of Ada compilers and environments respond only t o  the  requirements f o r  a 
Minimal t o o l  s e t  (MAPSE). Those requirements address  a s i n g l e ,  stand-alone t a r g e t  
processor ,  and t h e r e f o r e  only t h e  s imples t  RTSE on t h e  complexity s ca l e .  Spec i f i -  
c a l l y ,  t h e  MAPSE does not r equ i r e  t h e  t o o l s  needed f o r  

. al lowing the  software engineer  t o  scan the  Ada source code 
and i d e n t i f y  which program o b j e c t s  should be a l l o c a t e d  
t o  which t a r g e t  resources and then 

. bui ld ing  t h e  load modules of a p p l i c a t i o n  code and, 
poss ib ly ,  run-time l i b r a r y  modules t o  be exported t o  t he  va r ious  
t a r g e t  processors .  

( I t  should a l s o  be noted t h a t  such t o o l s  have not been c rea t ed  i n  t h e  HAL/s environ- 
ment o r  i n  o the r  environments t h a t  were not  designed t o  support l a r g e ,  complex d is -  
t r i b u t e d  app l i ca t ions . )  The cons t ruc t ion  of such t o o l s  a s  a necessary p a r t  of t he  
Space S t a t i o n  program's Software Development Environment is  dependent upon an under- 
s tanding  of NASA's requirements f o r  a ca t a log  of f e a t u r e s  and opt ions  f o r  t h e  run- 
time ke rne l  and run-time l i b r a r y .  

5. Recommendation: 

NASA needs t o  def ine  t h e  requirements f o r  t h e  i n t e r f a c e  t o  t h e  run-time system. 



Rat ional-e : 

Whereas recommendation 4 addressed  t h e  need f o r  NASA t o  beg in  d e f i n i n g  i t s  spectrum 
of requiremerits  f o r  t h e  f u n c t i o n a l i t y ,  performance,  and r e l i a b i l i t y  of t h e  run-time 
suppor t  environments needed f o r  t h e  Space S t a t i o n  program, t h i s  recommendation 
Eocuses s p e c i - f i c a l l y  on t h e  requ i rements  f o r  t h e  i n t e r f a c e  oE t h e  o b j e c t  code of t h e  
a p p l i c a t i o n  programs t o  t h e  run-time k e r n e l  and run-time l i b r a r y .  

A major g o a l  of t h e  Space S t a t i o n  program i s  t o  suppor t  technology t r a n s p a r e n c y .  The 
economics of t h i r t y  o r  more y e a r s  oE Space S t a t i o n  e v o l u t i o n ,  opera t ion ,  and mainten- 
ance w i l l  r e q u i r e  t h a t  d i v e r s e  i n s t r u c t i o n  s e t  a r c h i t e c t u r e s  ( I S A ' s )  c o e x i s t  i n  t h e  
t a r g e t  environment.  Some of t h e s e  ISA's  w i l l  p a r t i c i p a t e  i n  subsystem a c t i v i t i e s  
t h a t  provide an i n t e g r a t e d ,  end-to-end i n f o r m a t i o n  system from e a r t h  s t a t i o n s ,  
through e n t i t i e s  i n  v a r i o u s  e a r t h  o r b i t s ,  t o  a permanent p resence  on t h e  moon. Some 
of them w i l l  p a r t i c i p a t e  i n  subsystems t h a t  must o p e r a t e  c o n t i n u o u s l y  d u r i n g  diag-  
n o s t i c s ,  r e p a i r ,  expansion,  r econEigura t ion ,  s o f t w a r e  and hardware u p d a t e s ,  and o t h e r  
system a c t i v i t i e s .  Thus, t h e  a b i l i t y  t o  map t h e  o b j e c t  code modules of a p p l i c a t i o n s  
programs t o  an  i n t e r f a c e  model of a v i r t u a l  Ada machine is  h i g h l y  d e s i r a b l e .  

Hiding machine dependencies  a s  much as p o s s i b l e  ( c o n s i s t e n t  w i t h  NASA's requ i rements  
f o r  RTSE f u n c t i o n a l i t y ,  performance,  and r e l i a b i l i t y )  and e n c a p s u l a t i n g  code t h a t  
must be machine dependent w i l l  enhance t h e  t r a n s p o r t a b i l i t y ,  r e u s a b i l i t y ,  and i n t e r -  
o p e r a b i l i t y  of Ada source  code modules and t h u s  h e l p  c o n t r o l  t h e  c o s t s  of s o f t w a r e  
ownership and inc rementa l  development. 

Organized,  i n t e r n a t i o n a l  working g roups  a r e  now a d d r e s s i n g  t h e s e  i n t e r f a c e  i s s u e s ,  
NASA should  t ake  a l e a d i n g  r o l e  i n  advancing t h i s  work. 

6.  Recommendation: 

The f i r s t  v e r s i o n  of t h e  SDE should n o t  be c o n s t r a i n e d  t o  have a s i n g l e  requ i rements  
language,  A 1  e x p e r t  systems language,  o r  p r o t o t y p i n g  language.  

Rat i o n a l e  : 

There a r e  a  number of requirements  methodologies ,  l anguages ,  and t o o l s  t h a t  might be 
of use Eor Space S t a t i o n  s o f t w a r e  development. The pane l  cons idered  whether NASA 
should s e l e c t  a p r e f e r r e d  o r  s t a n d a r d  s e t  of r equ i rements  l anguages ,  t o  f a c i l i t a t e  
communication among space s t a t i o n  p a r t i c i p a n t s  and c o n t r a c t o r s .  However, t h e  p a n e l  
decided n o t  t o  recommend t h i s  because 

- Space S t a t i o n  needs i n  t h i s  r e g a r d  are n o t  y e t  w e l l  d e f i n e d ;  

- requiirements methodologies ,  l anguages ,  and t o o l s  have n o t  y e t  
reached t h e  degree  of m a t u r i t y  r e q u i r e d  f o r  s e l e c t i n g  s t a n d a r d s ;  
and 

- F t  is  not  c l e a r  t h a t  any of t h e  c u r r e n t l y  a v a i l a b l e  i t ems  i s  
adequate  f o r  Space S t a t i o n  needs.  

S i m i l a r  c o n s i d e r a t i o n s  make it premature t o  s e l e c t  o t h e r  s p e c i a l i z e d  l anguages ,  such  
a s  e x p e r t  sys tem languages  and p r o t o t y p i n g  languages .  



However, because a l l  t h e s e  t y p e s  of development a i d s  have p o t e n t i a l  f o r  improving t h e  
p r o d u c t i v i t y  of t h e  s o f t w a r e  and system l i f e  c y c l e ,  t h e i r  use  shou ld  be e x p l o r e d ,  
For t h i s  purpose ,  t h e  SDE should  i n i t i a l l y  o f f e r  a s e l e c t i o n  of languages  of each  
type .  Many of t h e  c r i t e r i a  f o r  language s e l e c t i o n  g i v e n  e l sewhere  shoul-d be a p p l i e d  
t o  t h e  e v a l u a t i o n  of t h e s e  languages .  [See a l s o  recommendation 7.1 

7 .  Recommendation: 

NASA should  determine t h e  requirements  f o r ,  and s e l e c t  o r  develop requ i rements  and 
d e s i g n  s p e c i f i c a t i o n  languages  o r  i n t e r f a c e s  t h a t  complement t h e  SDE and Ada, 

Rat i o n a l e  : 

The s p e c i f i c a t i o n  of bo th  sys tem and s o f t w a r e  requ i rements  and d e s i g n s  f o r  a sys tem 
a s  complex as t h e  Space S t a t i o n  is  a major under tak ing  t h a t  i s  c r u c i a l  t o  sys tem 
s u c c e s s  o r  f a i l u r e .  P rev ious  programs at NASA and e l sewhere  have i d e n t i f i e d  r e q u i r e -  
ments s p e c i f i c a t i o n  i n  p a r t i c u l a r  as an  ex t remely  d i f f i c u l t  a c t i v i t y  i n  t h e  sys tem 
l i f e  cyc le .  It o f t e n  has  been c h a r a c t e r i z e d  as a c h a o t i c  decision-making p r o c e s s  
exacerba ted  by a l a c k  of adequa te  methods, l anguages ,  n o t a t i o n s ,  and t o o l s .  Research 
and development e f f o r t s  over  a decade o r  more have r e s u l t e d  i n  a number of approaches  
and t o o l s ,  some of which have merit f o r  t h e  Space S t a t i o n  e f E o r t .  

The pane l  c o n s i d e r e d  whether  NASA should  s imply r e l y  on e x i s t i n g  languages  and t o o l s  
t o  meet Space S t a t i o n  needs.  The panel  d i d  recommend t h a t  s e v e r a l  of t h e s e  a i d s  
shou ld  be p a r t  oE t h e  i n i t i a l  SDE [ s e e  recommendation 61. 

However, t h e  magnitude of t h e  Space S t a t i o n  under tak ing  and t h e  b e n e f i t s  of good re- 
qu i rements  and d e s i g n  s p e c i f i c a t i o n  a i d s  a rgue  s t r o n g l y  f o r  a focused ,  e a r l y  e f f o r t  
t o  d e f i n e  and t h e n  a c q u i r e  a s e t  of t o o l s  t a i l o r e d  t o  meet t h e  s p e c i f i c  needs of t h e  
Space S t a t i o n  program. The pane l  e x p e c t s  t h a t  many of t h e s e  t o o l s  w i l l  be cornmer- 
c i a l l y  a v a i l a b l e ,  but  some may have t o  be developed. NASA's g o a l  should be a s e t  of 
s t a n d a r d i z a b l e  requ i rements  languages  and i n t e r f a c e s  t h a t  can be used t o  f a c i l i t a t e  
communication among a l l  Space S t a t i o n  p a r t i c i p a n t s .  

Tf Ada i s  t o  be t h e  pr imary s o f t w a r e  implementat ion language,  t h e n  any requirementls 
and des ign  methods e v e n t u a l l y  adopted shou ld  be c o n s i s t e n t  w i t h  t h e  use  of Ada, 
(Recommendation 8 a d d r e s s e s  program d e s i g n  languages  i n  more d e t a i l . )  S i m i l a r l y ,  SDE 
suppor t  f o r  t h e s e  methods is  c r u c i a l  i f  they  a r e  t o  be used e f f i c i e n t l y  and i n  a 
d i s c i p l i n e d  manner. 

8. Recommendation : 

The d e s i g n  language should be s y n t a c t i c a l l y  and s e m a n t i c a l l y  c o n s i s t e n t  w i t h  t h e  
development language and shou ld  have on- l ine  s u p p o r t  f o r  i n t e r f a c e  checks ,  e t c .  

Rat i o n a l e  : 

The use  of a program d e s i g n  language (PDL) is  a recognized  component of good s o f t w a r e  
e n g i n e e r i n g  p r a c t i c e .  A common excuse  f o r  avo id ing  t h e  p r a c t i c e  is t h a t ,  a s  the  
s o f t w a r e  e v o l v e s ,  t h e  PDL is an added c o s t  and o f t e n  becomes i n c o n s i s t e n t  wi th  the  
code. 



These d i f f i c u l t i e s  can be overcome i f  t h e  PDL is  c o n s i s t e n t  wi th  t h e  development lan-  
guage because t h e  PDL is embedded i n  t h e  implementat ion.  A s  such a s o f t w a r e  s t r u c -  
t u r e  e v o l v e s ,  t h e  PDL is  main ta ined  n a t u r a l l y .  F u r t h e r ,  d e s i g n s  u s i n g  such a PDL can 
be checked f o r  semant ic  cons i s tency .  

Given Ada" f a c i l i t i e s  f o r  s t r u c t u r i n g  soEtware,  t h e  use  of a n  Ada-compatible PDL 
would a l l o w  semant ic  c o n s i s t e n c y  t o  be mainta ined throughout  t h e  s o f t w a r e  implemen- 
t a t i o n .  The SDE should  t h e r e f o r e  suppor t  t h e  u s e  oE an  Ada-based PDL. The IEEE i s  
c u r r e n t l y  completing a s t a n d a r d  f o r  t h e  use  of Ada as a PDL; NASA should  i n v e s t i g a t e  
whether  t h i s  s t a n d a r d  is a p p r o p r i a t e .  

I n  c a s e s  where Ada i s  not used a s  an  implementat ion language,  an  e x p l i c i t  d e c i s i o n  
should be made whether t o  use  Ada a s  a PDL o r  t o  use  a PDL c o n s i s t e n t  w i t h  t h e  imple- 
menta t ion  language.  I n  f a c t ,  t h i s  d e c i s i o n  shou ld  be cons idered  i n  t h e  t r ade-of f  
a n a l y s i s  l e a d i n g  t o  s e l e c t i o n  of a language o t h e r  t h a n  Ada f o r  a p a r t i c u l a r  
a p p l i c a t i o n .  

9. Recommendation: 

For a l l  l e v e l s  of u s e r  i n t e r f a c e s ,  t h e r e  shou ld  be a s e t  of s t a n d a r d s  t o  p rov ide  
commonality a c r o s s  a l l  phases  of t h e  Space S t a t i o n  l i f e  c y c l e .  

Rat i o n a l e  : 

The need f o r  a s e t  of s t a n d a r d s  f o r  u s e r  i n t e r f a c e s  is d r i v e n  by t h e  fo l lowing  
c o n s i d e r a t i o n s :  

- t h e  long l i f e  c y c l e  of t h e  Space S t a t i o n  and i t s  s u p p o r t  sys tems 
and environments ,  

- t h e  c o n s t a n t l y  changing and growing s e t  oE u s e r s ,  

- t h e  use  of common o r  government f u r n i s h e d  suppor t  sys tems and 
environments ,  

- t h e  need t o  minimize program c o s t s ,  i n c l u d i n g  s o f t w a r e ,  t r a i n i n g ,  
and customer c o s t s ,  

- t h e  h i g h  degree  of commonality i n  t h e  f u n c t i o n s  performed by 
v a r i o u s  t y p e s  and groups  of u s e r s ,  and 

- t h e  h i g h  degree  of c o o r d i n a t i o n  and i n t e g r a t i o n  of a c t i v i t i e s  
and p roduc t s  r e q u i r e d  throughout  t h e  program. 

A s e t  of s t a n d a r d s  f o r  u s e r  i n t e r f a c e s  ( i . e . ,  methods and l anguages )  w i l l  

- permit  u s e r s  t o  migra te  among s i t e s  and a c r o s s  suppor t  sys tems and 
environments  wi thou t  t h e  need f o r  e x t e n s i v e  r e t r a i n i n g ,  

- provide a g r e a t e r  degree  of p o r t a b i l i t y  and r e u s a b i l i t y  of u s e r  
g e n e r a t e d  procedures  and programs, 



- d e c r e a s e  communications, c o o r d i n a t i o n ,  and d a t a  exchange problems 
among u s e r  g roups ,  

- provide a c e n t r a l  c o r e  t o  which unique u s e r  i n t e r f a c e  requ i rements  
can be added, and 

- minimize t h e  amount and c o s t  of u s e r  i n t e r f a c e  s o f t w a r e ,  documents, 
t o o l s ,  and t r a i n i n g .  

10. Recommendat ion: 

NASA should i d e n t i f y  a l l  c a t e g o r i e s  of u s e r s  and u s e r  i n t e r f a c e s ,  and q u i c k l y  proceed 
wi th  r a p i d  p r o t o t y p i n g  t o  determine t h e  r e a l  r equ i rements .  

Rat i o n a l e  : 

User i n t e r f a c e s  a r e  an  e s s e n t i a l  p a r t  oE any suppor t  sys tem,  environment ,  or t o o l .  
The d e f i n i t i o n  and des ign  of u s e r  i n t e r f a c e s  come e a r l y  i n  t h e  l i f e  c y c l e  of s u p p o r t  
sys tems ,  environments ,  and t o o l s .  I f  t h e r e  is  t o  be a set oE s t a n d a r d s  f o r  Space 
S t a t i o n  u s e r  i n t e r f a c e s  ( a s  i n  recommendation 9 ) ,  a l l  u s e r  c a t e g o r i e s  must be i d e n t i -  
f i e d ,  and t h e i r  i n t e r f a c e  requ i rements  must be d e f i n e d  and ana lyzed  t o  d e r i v e  t h a t  
s e t  of s t a n d a r d s .  

To be of maximum b e n e f i t  t o  t h e  program, t h e s e  s t a n d a r d s  must be ready i n  t ime t o  be 
a p p l i e d  t o  t h e  work t h a t  h a s  a l r e a d y  begun on common and government f u r n i s h e d  suppor t  
sys tems and environments .  These sys tems and environments  w i l l  n o t  on ly  have t h e F r  
own u s e r  i n t e r f a c e s ,  they  w i l l  a l s o  suppor t  t h e  development of s o f t w a r e ,  t o o l s ,  and 
systems having s t i l l  more u s e r  i n t e r f a c e s .  It is t h e r e f o r e  i m p e r a t i v e  t h a t  u s e r s  and 
u s e r  i n t e r f a c e  requ i rements  be i d e n t i f i e d  as soon a s  p o s s i b l e .  

Rapid p r o t o t y p i n g  would probably  be t h e  most v i a b l e  method l e a d i n g  t o  t h e  d e f i n i t i o n  
of i n t e r f a c e  requ i rements  and t h e  d e r i v a t i o n  of s t a n d a r d s ,  

S i n c e  Space S t a t i o n  s o f t w a r e  w i l l  evo lve  over  30 y e a r s ,  NASA should  trac 'k language 
technology and a c t  a p p r o p r i a t e l y ,  

Rat i o n a l e  : 

T h i r t y  y e a r s  is  an unprecedented l i f e t i m e  f o r  s o f t w a r e .  No p r o j e c t  of such d u r a t i o n  
should i g n o r e  t h e  advance of r e l e v a n t  technology.  Developments i n  s o f t w a r e  tech-  
nology over  t h e  p a s t  t h i r t y  y e a r s  -- e s p e c i a l l y  t h o s e  of t h e  p a s t  decade -- presage  
even g r e a t e r  changes d u r i n g  t h e  next  t h i r t y .  

Some phases  of t h e  s o f t w a r e  l i f e  c y c l e  do n o t  have good language suppor t  a t  t h i s  
t ime.  The requ i rements  d e f i n i t i o n  phase is a c a s e  i n  p o i n t ;  shou ld  b e t t e r  language 
suppor t  emerge f o r  requirements  d e f i n i t i o n ,  NASA and t h e  Space S t a t i o n  p r o j e c t  would 
s u r e l y  b e n e f i t  Erom it. S i m i l a r  r eason ing  a p p l i e s  t o  a s p e c t s  of s o f t w a r e  o u t s i d e  the 
t r a d i t i o n a l  l i f e  c y c l e ,  such  as p r o t o t y p i n g .  

On t h e  o t h e r  hand, o b s t r a c t i o n  and i n f o r m a t i o n  h i d i n g  w i l l  i n  any even t  con t inue  to 
be fundamental  p r i n c i p l e s  f o r  s t r u c t u r i n g  s o f t w a r e .  Th is  g e n e r a l i t y  i s  i m p o r t a n t ,  
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because i t  suppor t s  t h e  decomposition of a sof tware engineer ing  problem i n t o  sub- 
problems t h a t  can be implemented independent ly ,  each i n  t h e  most app rop r i a t e  lan-  
guage, For  i n s t a n c e ,  it  should even tua l ly  be a s t r a igh t fo rward  mat te r  t o  implement 
an Ada package spec iE ica t ion  a s  a program i n  a f i f t h -gene ra t i on  a r t i f i c i a l  i n t e l l i g -  
ence language, This  s o r t  of f l e x i b i l i t y  should a l s o  be a goa l  of t h i s  SDE, 

Languages evolve t o  support  sof tware  technology and consequently s e rve  a s  i n d i c a t o r s  
of t he  s t a c e  of t h a t  technology. NASA needs t o  t r a c k  a l l  sof tware technology; t rack-  
i ng  language technology is  an important subse t  of such a c t i v i t y .  



SOFTWARE STANDARDS PANEL SLJMMARY 

The unique and chal lenging na ture  of the  Space S t a t i o n  Program r e q u i r e s  t h a t  sof tware  
s tandards  be e f f e c t i v e l y  used t o  con t ro l  c o s t s ,  f a c i l i t a t e  enhancements and ensure 
s a f e t y .  The Software Standards Panel i d e n t i f i e d  and developed recommendations i n  
fou r  a r e a s  t o  he lp  t h e  Space S t a t i o n  Program achieve these  ob jec t ives .  The a r e a s  i n  
which recommendations a r e  o f f e red  a r e  pol icy ,  o rganiza t ion ,  process  and candida te  
sof tware s tandards  f o r  t he  Space S t a t i o n  Program. The consensus process  employed by 
the  panel involved: 

A. I n i t i a l  survey of gene ra l  sof tware s tandards  i s s u e s .  

B. Analysis of t he  s p e c i f i c  sof tware s tandards  i s s u e s  s t a t e d  i n  re ference  1. 

C. Restatement of i s s u e s  and d i scuss ion  i n  open panel sess ion .  

D. cot is iderat ion of a l t e r n a t e  recommendations. 

E. Development, p re sen ta t ion  and d iscuss ion  of s p e c i f i c  recommendations i n  open 
panel sess ion .  

A l is t  of t he  recommendations a r r i v e d  a t  i n  t he  above manner is given i n  t h e  Eollow- 
ing sec t ion .  The panel d id  not a t tempt  t o  recommend t h e  s e l e c t i o n  of s p e c i f i c  s o f t -  
ware s tandards ,  but d id  recommend t h a t  NASA move a t  once t o  a c t  on t h e  s e l e c t i o n  of 
s tandards  i n  s p e c i f i c  a r eas .  A minor i ty  of the  s tandards  panel ,  a s  we l l  a s  l a r g e  
number of audience p a r t i c i p a n t s ,  took the  p o s i t i o n  t h a t  cu r r en t  sof tware s tandards  
have grown i n t o  a r e a s  t h a t  a r e  not cons i s t en t  with the  t r a d i t i o n a l  concept of s tan-  
dards.  I n  o the r  words, t h e  cu r r en t  d e f i n i t i o n  (usage and implementation) has  been 
bent f a r  beyond a  u se fu l  d e f i n i t i o n  of "s tandards".  A c r i t i c a l  re-examination of 
s tandards ,  a t  t h i s  t ime, would be i n  order .  

RECOMMENDAT IONS 

The Software Standards Panel recommends t h a t  t h e  Space S t a t i o n  Program Off ice  t a k e  
t h e  fol lowing ac t ions :  

1. E s t a b l i s h  a  Program pol icy  support ing software s tandards .  

2. Es t ab l i sh  an o rgan iza t iona l  s t r u c t u r e  t o  support sof tware s tandards  a t  each l e v e l  
w i th in  t h e  Space S t a t i o n  Program. 

3 .  Cap i t a l i ze  on e x i s t i n g  software s t a n d a r d s . t o  meet Program requirements.  

4. E s t a b l i s h  software s tandards  e a r l y  i n  spec iEic  candidate  a r e a s .  




