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PREFACE 

The Space S t a t i o n  Software Working Group, an ad hoc NASA committee, 
sponsored workshop f o r  NASA software persons at t h e  Langley Research 
Center, August 20-21, 1984, t o  d i s c u s s  a sof tware development environ- 
ment and o t h e r  sof tware i s s u e s  needing a t t e n t i o n  du r ing  t h e  planning and 
d e f i n i t i o n  s t a g e s  of t h e  Space S t a t i o n  Program. 

a 

During t h e  workshop, t h e  twenty p a r t i c i p a n t s  formed t h r e e  working groups 
t o  d e l i b e r a t e  on management and a c q u i s i t i o n  of software,  so f tware  
development environments, and so f tware  methodology and technology. Con- 
sensus was reached on seven major recommendations r e l a t i v e  t o  so f tware ,  
and t h e s e  were subsequently made t o  t h e  Space S t a t i o n  Program. In addi- 
t i o n ,  21  i s s u e s  were r a i s e d  a t  t h e  workshop and l a t e r  r e f ined  by t h e  
p a r t i c i p a n t s .  

These proceedings p re sen t  t h e s e  i s s u e s  as well  as recommendations on how 
t o  address  them. The i s s u e s  f a l l  i n t o  t h e  fol lowing f i v e  c a t e g o r i e s :  
sof tware management, sof tware development environment, sof tware s t a n -  
da rds ,  information systems support  f o r  space s t a t i o n  so f tware  develop- 
ers, and a f u t u r e  sof tware advisory board f o r  t he  Space S t a t i o n  Program. 

Also included,  as background information,  a r e  p r e s e n t a t i o n s  which were 
given on t h e  S h u t t l e  Software Production F a c i l i t y  and on Software Tech- 
nology wi th in  NASA. 
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- 1. INTRODUCTION 

This r epor t  summarizes the  results of a workshop he ld  a t  t h e  NASA Lang- 
l e y  Research Center  on August 20-21, 1984, on t h e  t o p i c  "Space S t a t i o n  
Software Development Environment ." This  workshop was sponsored by the  
Space S t a t i o n  Software Working Group (SWWG) f o r  NASA sof tware  special- 
ists t o  consider  what is needed t o  support  space s t a t i o n  sof tware  
development. The SWWG i s  an ad hoc committee under t h e  Data Management 
Working Group of t he  NASA Headquarters Space S t a t i o n  Technology S tee r ing  
Committee. The SWWG was formed t o  focus on sof tware i s s u e s  of impor- 
tance t o  the  space s t a t i o n ,  e s p e c i a l l y  dur ing  t h e  ear ly  planning and 
development phases . 
The workshop had f o u r  ob jec t ives :  

To cons ider  t h e  s ta te  of technology of sof tware  development 
environments appropr i a t e  t o  the  space s t a t i o n  

To d e l i b e r a t e  on i s s u e s  of s tandards ,  d e l i v e r a b l e s ,  i n t e g r a t i o n ,  
and c o n t r o l  of cont rac ted  sof tware  

To l e a r n  from pas t  NASA experience 

To recommend sof tware  research  d i r e c t i o n s  and s p e c i f i c  a c t  ions f o r  
space s t a t i o n  dec i s ion  makers. 

The c a l l  f o r  p a r t i c i p a t i o n  i n  t h e  workshop went t o  a l l  members of t h e  
SWWG and t o  t h e  d i r e c t o r s  of a l l  t h e  NASA Centers. Attendees were 
requested t o  submit one page pos i t i on  s ta tements  on " lessons learned" 
from previous NASA sof tware  p r o j e c t s  and on one of the  fol lowing top ic s :  

Software Technology 

- Available o r  requi red  f o r  s;,:ce s t a t i o n  
- Space s t a t i o n  requirements versus  

- Technology opt ions  expected i n  1987 
software technology a v a i l a b l e  

Software Standards t o  impose o r  t o  provide 

- Environment f o r  development of sof tware 
- Common t o o l s  and program l i b r a r i e s  
-. Met hod0 logy - Document a t  Ion 

Contract ing I s s u e s  

- What should t h e  Government provide (GFE)? - What d e l i v e r a b l e s  should be requi red?  



NASA Management of Software Acqu i s i t i on  

- Control of con t r ac t ed  development - I n t e g r a t i o n  and t e s t i n g  i s s u e s  
- Database/data cap tu re  r e l a t e d  t o  sof tware development 
- Management and d e c i s i o n  support  s y s  terns - Software maintenance s t r a t e g y  

Wenty  p a r t i c i p a n t s  came from e i g h t  NASA c e n t e r s  and f c u r  Headquarters 
o f f i c e s .  P o s i t i o n  s t a t emen t s  w e r e  submitted by 19 people on l e s sons  
l ea rned  from p a s t  NASA p r o j e c t s  and on sof tware development issues .  
These p o s i t i o n  s t a t emen t s  were used du r ing  t h e  workshop t o  s t i m u l a t e  
d i scuss ion  and f o c u s  on i s sues .  Some of t h e s e  s t a t emen t s  w i l l  be incor-  
porated i n t o  t h e  experimental  NASA Software Information System being 
developed by t h e  NASA Of f i ce  of t h e  Chief Engineer and a c c e s s i b l e  
through RECON. 

During t h e  opening s e s s i o n ,  James Raney r epor t ed  on t h e  JSC Space Sta- 
t i o n  Information System (SSIS) concept,  Susan Voigt presented a list of 
software development environment (SDE) elements ,  and Frank McGarry d i s -  
cussed sof tware technology wi th in  NASA and t h e  state of p r a c t i c e  versus  
the  s ta te  of t h e  art .  

Three working groups were formed t o  i d e n t i f y  i s s u e s  and t o  develop 
recommendations: 

Management and Acqu i s i t i on  of Software (John McLeod, c h a i r )  

Software Development Environment (Frank McGarry, c h a i r )  

Methodology and Technology (Dana Hall, c h a i r )  

Twenty-one i s s u e s  and a s s o c i a t e d  recommendations were i d e n t i f i e d  by 
these 3 groups. These are included i n  t h e  f i v e  s e c t i o n s  of t h e s e  
proceedings under t h e  t o p i c s :  Software Management, Software Development 
Environment, Software Standards,  Information Systems, and t h e  Future  
Role of t he  SWWG. 

The f i n a l  s e s s i o n  of t he  workshop was a plenary s e s s i o n  where t h e  work- 
i n g  groups reported on t h e i r  results. Seve ra l  i s s u e s  r a i s e d  were con- 
s i d e r e d  very important by t h e  p a r t i c i p a n t s  and t h e r e  was consensus t h a t  
t hese  should be brought t o  t h e  a t t e n t i o n  of t h e  Space S t a t i o n  Program 
Of f i ce  (Code S i n  NASA Headquarters) as soon as poss ib l e .  

MAJOR PROGRAMMATIC RECOMMENDATIONS: 

P1 There should be a person i n  l e v e l  A ( t h e  headquarters  Space S t a t i o 3  
O f f i c e ) ,  c o w i z a n t  of software requirements and developments f o r  
t he  space s t a t i o n ,  who can provide programmatic guidance, budget 
formulat ion,  and po l i cy  on a l l  space s t a t i o n  sof tware matters, as 
w e l l  as t o  a s s u r e  t h a t  a sof tware management p l an  is develDped and 
impiemented. 
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P2 

P3 

P4 

The Software Working Group (SWWG) should be given o f f i c i a l  s t a t u s  
as  ar! i n t e r c e n t e r  advisory group t o  t h e  space s t a t i o n  sof tware 
manage r. 

A space s t a t i o n  sof tware management p l a n  should be developed as 
soon as poss ib l e .  A s p e c i a l  i n t e r e s t  group has  been e s t a b l i s h e d  
w i t h i n  t h e  SWWG t h a t  w i l l  create a recommended d r a f t  of t h e  needed 
sof tware management plan.  

The r e l a t i o n s h i p  of t h e  Technical and Management Information System 
(TMIS) ( a l s o  kr:own as t h e  Management Communication and Data System) 
t o  t h e  space s t a t i o n  so f tware  development environment should be 
determined, i nc lud ing  t h e  c o r r e l a t i o n  between t h e  two and how they 
are t o  i n t e r a c t .  

MAJOR TECHNICAL RECOMMENDATIONS : 

TI 

T2 

T3 

A space s t a t i o n  Software Development Environment (SDE) i s  needed 
very soon t o  support  both Phase B and Phase C/D c o n t r a c t i n g  a c t i v i -  
ties. (The SDE would c o n s i s t  of computer-aided t o o l s  f o r  develop- 
i n g  compatible sof tware f o r  t h e  space s t a t i o n  p r o j e c t . )  It should 
be  def ined and modeled as soon as poss ib l e .  

A s t r a t e g y  f o r  s e l e c t i n g  the  space s t a t i o n  sof tware language(s) 
should be determined, i nc lud ing  e v a l u a t i o n  and s e l e c t  i on  cr i ter ia ,  
s tudy  of t h e  relevance of Ada, and i d e n t i f i c a t i o n  of o t h e r  candi- 
d a t e  languages. 

Requirements d e f i r d t i o n  and a n a l y s i s  should be under way f o r  t h e  
SDE, t h e  TMIS, and t h e  Space S t a t i o n  Information System. These 
systems are i n t e r r e l a t e d ,  and i t  i s  imperat ive t h a t  t h e r e  be regu- 
l a r  communication among the  v a r i o u s  system planners  and developers  
t o  a s s u r e  t h a t  good so f tware  eng inee r ing  p r a c t i c e s  are used and 
d u p l i c a t i o n  e f f o r t s  are minimized o r  e l imina ted .  

3 



2. OPENING SESSION - ---- 
Following t h e  i n t r o d u c t i o n  of a l l  t h e  p a r t i c i p a n t s  and a b r i e f  discus-  
s i o n  of t h e  o b j e c t i v e s  and format of t h e  workshop, s e v e r a l  p r e s e n t a t i o n s  
were made t o  provide background f o r  t h e  workshop d e l i b e r a t i o n s  

2.1. Plans f o r  Space S t a t i o n  Information System 

James L. Raney, Johnson Space Center,  discussed t h e  c u r r e n t  concept of 
t h e  Space S t a t i o n  Information System (SSIS), see Figure 1. The SS'IS 
c o n s i s t s  of a network wi th  a v a r i e t y  of processor  nodes a t t ached .  Each 
node has one o r  more s t anda rd  processing u n i t s  (SPU), one o r  more 
u n i v e r s a l  workstat ions (UWS), and a p p l i c a t i o n  subsystems. The c o r e  SSIS 
software includes t h e  network o p e r a t i n g  system, t h e  u s e r  i n t e r f a c e ,  and 
common support  software.  He d i sp layed  a schedule  f o r  t h e  so f tware  
development environment (SDE) which shows t h e  SDE being developed i n  
p a r a l l e l  with t h e  d e f i n i t i o n  s tudy  c o n t r a c t s  and a v a i l a b l e  p r i o r  t o  
a p p l i c a t i o n  sof tware development. 

-- 

2.2. Lessons Learned From t h e  S h u t t l e  Software Development - -  
Over the lar: decade, much experience has been gained wi th  the  S h u t t l e  
sof tware at JSC, and J i m  Raney o f f e r e d  t o  d e s c r i b e  some l e s sons  learned.  
H e  described the cu r ren t  S h u t t l e  Software Production F a c i l i t y  (SPF) .  
H i s  s l i d e s  are included in Appendix A. 

2.3. Elements of a Software Development Environment -- -- 
Susan Voigt, LaRC, l ed  a d i s c u s s i o n  on t h e  con ten t s  of a sof tware 
management plan,  t h e  gene r i c  e lements  of a sof tware development environ- 
ment, and t o o l  c h a r a c t e r i s t i c s  and cons ide ra t ions .  The Nat ional  Bureau 
of Standards Spec ia l  P u b l i c a t i o n  500-78: NBS Programming Environment 
Workshop Report, June 1981, w a s  c i t e d  as a good r e fe rence .  The NBS 
workshop r epor t  d e f i n e s  s e v e r a l  l e v e l s  of t o o l  environments from "Fig 
Leaf" t o  "Spacesuit", and these  were used t o  s t i m u l a t e  d i scuss ions .  
Several  modif icat ions t o  t h e  l ist  of elements of a so f tware  development 
environment were made by p a r t i c i p a n t s  and t h e s e  are r e f l e c t e d  i n  t h e  
s e c t i o n  of t h i s  document on Software Development Environment 'Issues. 

2.4. Software Technology Within NASA -- -- 
Frank McGarry, Goddard Space F l i g h t  Center,  discussed sof tware technol- 
ogy wi th in  NASA, c o n t r a s t i n g  t h e  state of t h e  p r a c t i c e  w i t h  t h e  s ta te  of 
t h e  art.  H i s  s l i d e s  a r e  included i n  Appendix B. H i s  po in t  was t h a t  it 
t akes  a long t i n e  t o  move technology from t h e  i d e a  s t a g e  t o  r e a l  prac- 
t i ce  and one must be e e l e c t i v e  i n  choosing the r igh t  p r a c t i c e s  f o r  t h e  
r i g h t  problems. 
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N85 -206910 
- 3. WORKING GROUPS 

The workshop p a r t i c i p a n t s  divided i n t o  t h r e e  working groups t o  d e l i -  
b e r a t e  on s p e c i f i c  t op ic s .  

3.1. Management and Acquis i t ion of Software -- -- 
Group One was c a l l e d  Management and Acqu i s i t i on  of Software. John 
McLeod, JPL, was t h e  l e a d e r  and members were Joe  Hennessy, John Wolfs- 
berger ,  Ken Wallgren, B i l l  Wilson, Joe  Bishop, and Bob Carlson. They 
were tasked t o  cons ide r  i s s u e s  r e l a t e d  t o  a so f tware  management p l an ,  
c o n t r a c t  requirements,  NASA c o n t r o l ,  i n t e g r a t i o n  and t e s t i n g ,  government 
s t a f f i n g ,  and the  r o l e  of t he  SWWG. 

-- 3.2. Software Development Environment 

Group Two was c a l l e d  t h e  Software Development Environment Group. Frank 
McGarry, GSFC, was t h e  l e a d e r  and members were Rob Nelson, Dave Cal- 
l ende r ,  Rhoda Hornstein,  Tam Purer ,  Art Zygielbaum, and Susan Voigt. 
They were tasked t o  c o n s i d e r  i s s u e s  r e l a t e d  t o  t h e  d e f i n i t i o n  and provi- 
sion of a s t anda rd  environment f o r  space s t a t i o n  sof tware development, 
t h e  appropr i a t e  languagt!(s), and what (or how much) t h e  government 
should provide t o  t h e  c o n t r a c t o r s  

- 3.3.  _- 
Group Three was c a l l e d  the  Methodology and Technology Group. Dana Ha l l ,  
Headquarters Code D,  was the l e a d e r  and members were Dolly Perkins ,  J i m  
Raney, Ai Fang, .Joel Wakeland, and Sharon Beskenis. They were tasked t o  
cons ide r  t he  i s s u e s  r e l a t e d  t o  s t anda rds ,  new technology, q u a l i t y  
assurance,  v e r i f i c a t i o n  and v a l i d a t i o n ,  conf igu ra t ion  management, termi- 
nology, t r a i n i n g ,  and methods. 

Methodology - and Technohgy 

The d e l i b e r a t i o n s  of t h e  t h r e e  working groups r e s u l t e d  in t he  major 
recommendations given i n  t h e  I n t r o d u c t i o n  as w e l l  as i n  some more 
s p e c i f i c  issves and recommendations which have been subsequently r e f ined  
by workshop p a r t i c i p a n t s  and comprise t h e  remainder of t h e s e  proceed- 
ings.  Associated with each i s s u e  s ta tement  is ttie name of t h e  i n d i v i -  
dua l  who was r e spons ib l e  f o r  t h e  t ex t  expl;,ning the  i s s u e  and t h e  
recommendations. 

- 4. SOFThARE MANAGEMENT ISSUES 

- -  4 . 1 .  Software Management Planning, 

BACKGROUND : 

NMI 2410.6,  which e b t a b l i s h e s  sof tware management p o l i c y  f o r  NASA f l i g h t  
p r o j e c t s ,  is c u r r e n t l y  inapproor l a t e  f o r  an undertaking of t h e  Space 
S t a t i o n ' s  scope and du ra t ion .  Revisions t o  make NMI 2410.6 more 

6 



comprehensive and provide planning p o l i c y  appropr i a t e  t o  Headquarters 
programs ,?s well as  Centcr  p r o j e c t s  are bef-ig performed by t h e  NASA 
Software Management and Assurance Program. J n f o r t u n a t e l y  , t h i s  revised 
po l i cy  w i l l  not be approved e a r l y  enough t o  off ic ' . . i l ly  1mpa:t space sta- 
t i o n  a c t i v i t i e s  i n  FY85. J P L  has been devel.>ping a space s t a t i o n  
sof tware management plan,  but t h a t  p l an  has  no o f f i c i a l  s t a t u s .  

The recommended Space S t a t i o n  Software Management P l a n  w i l l  have t o  
guide and c o n t r o l  a wide v a r i e t y  of a c t i v i t i e s  i nvo lv ing  o rgan iza t ions  
a t  va r ious  l e v e l s  of management hierarchy.  Many of t h e  management 
i s s u e s  addressed by t h e  p l an  and many of t he  mechanisms and procedures 
t h a t  w i l l  have t o  be implemented t o  execlrte t h e  p l a n  w i l l  be d i f f i c u l t  
t o  resolve and w i l l  r e q u i r e  lenqthy coord ina t ion  av? t r i a l  per iods.  

ISSUE: ( B i l l  Wilson) 

HOW I S  THE SPACE STATION SOFTWARE MANAGEMELT PLAN TO BE DEVELOPED? 

ESSENTIAL CONSTDERATIONS: 

The scope, d u r a t i o n ,  and number of o rgan iza t ions  t h s t  w i l l  be involved 
i n  space s t a t J 4 3 n  sof tware a c t i v i t i e s  n e c e s s i t a t e  t h e  e a r l y  a v a i l a b i l i t y  
of po l i cy ,  s t anda rds ,  and management procedures t o  ensure a c q u i s i t i o n  of 
compatible and maintainable  software.  

There nosr is no i n d i v i d u a l  o r  o rgan iza t ion  with the  d i r e c t  
i t y  t o  produce t h e  needed plan. 

r r s p o n a i b i l -  

RECOMMENDATIONS : 

(1 )  An ind iv idua l  w i th in  t h e  Space S t a t i o n  Program Of f i ce  should be 
appointed t o  be r e spons ib l e  f o r  ensu r ing  t h a t  a sof tware a c q u i s i -  
t i o n  management plan is developed t o  provide guidance t o  par- 
t i c i p a t i n g  Organizations.  

a l l  

( 2 )  An i n t e r c e n t e r  working group sh f . a ld  be e s t a b l i s h e d  immediately t o  
develop t h t  needed p l an  in i i m e  € o r  i t  t o  be implemented i n  con- 
j u n c t i o n  wi th  phase B con t r ac t s .  

(3) The planning a c t i v i t y  should use e x i s t i n g  NASA software management 
and a c q u i s i t i o n  guidance and the  products  of r e l a t e d  ongoing 
a c t i v i t i e s  as a b a s i s  f o r  developing t h e  needed plan.  

(4) The plan and a s soc ia t ed  planning materials should oe captured and 
maintained wi th in  an automated information management c a p a b i l i t y .  

ISSUE: ( B i l l  Wilson) 

HOW I S  THE SPACE STATION SOFT'IARE MANAGEMENT PLAN TO BE IYPLEXENTED AT 
EACH MANAGEMENT LEVEL AND BY CONTl;.tCTORS? 
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ESSENTIAL CONSIDERATIONS: 

Software management planning must begin immediately so t h a t  t he  needed 
management c a p a b i l i t y  w i l l  be i n  p l ace  t o  a f f e c t  t h e  i n i t i a l  so f tware  
a c q u i s i t i o n  a c t i v i t i e s .  P r o c r a s t 4 n a t i o n  w i l l  r e s u l t  i n  a s i t u a t i o n  
extremely d i f f i c u l t  t o  reconci le .  

dECOMMENDATIONS : 

The following sof tware management cons ide ra t ions  should be immediately 
addressed by one or more wlrrrking groups i n  p a r a l l e l  and i n  c l o s e  coordi-  
na t ion  w i  t h  t he  recommended planning group: 

* I n t e r n a t i o n a l  and DoD p a r t i c i p a t i o n  * Definitionfidentification of c e n t e r  SMP c o n t r o l s f c o n t a c t  p o i n t s  
* Def in i t i on  of TMISIMCDS c a p a b i l i t i e s  and schedules  
* Hierarchy of conf igu ra t ion  management and c o n t r o l s  * Software s a f e t y ,  r e l i a b i l i t y  and q u a l i t y  management 1c assurance 
* Total  system i n t e g r a t i o n  planning, management and c o n t r o l  
* Def in i t i on  of t h e  r o l e  and func t ion  of t h e  sof tware development 

environment 

ISSUE: (James L. Raney) 

POW CAN THE WHOLE NASA STAFF BE BROUGHT UP TO DATE ON THE STATE @F TECH- 
NOLOGY OF SOFTWARE AND SOFTWARE MANAGEMENT PRACTICES? MORE SPECIFI- 
CALLY, HOW CAN THE FOLLOWING BE ACCOMPLISHED: 

(1) EDUCATING UPPER MANAGEMENT? 

( 2 )  IDEhTZFICATION OF MiNIMAL CURRICULUM FOR TRAINING AT ALL LEVELS, 
FROM TYE WORKING LEVEL TO HIGHEST NASA MANAGEMENT? 

( 3 )  TRAINING FOR THE SDE (SOFTWARE DEVELOPMENT ENVIRONMENT)? 

ESSENTIAL CONSIDERATIONS: 

The NASA s t a f f  must realize t h e  importance of embedded so f tware  i n  
f u t u r e  programs and develop an understanding of software management and 
acqu i s i t i on .  NASA must e s t a b l i s h  an environment f o r  sof tware develop- 
ment and s t i c k  wi th  i t ,  improving i t  u n i v e r s a l l y  as t h e  s ta te  of t h e  a r t  
permits. Recognizing the importance of documenting sof tware p r o j e c t s  
from t h e i r  i ncep t ion  t o  t h e i r  re t i rement  w i l l  enable  a c t i v e  p r o j e c t s  t o  
i d e n t i f y  and s a t i s f y  real requirements and al low fol lowing p r o j e c t s  t o  
p r o f i t  from p a s t  "lessons learned". 

NASA, as a whole, must adopt improved p r a c t i c e s  f o r  i d e n t i f y i n g  and 
t r ack ing  t h e  s ta te  of t he  art  i n  software and sof tware manhgement. NASA 
management must be educated and persuaded by an aggres s ive  t r a i n i n g  and 
advocacy program t o  adopt t h i s  pos i t i on .  E f f o r t s  c u r r e n t l y  i n  p rogres s  
i n  the Chief Engineer 's  Of f i ce  and o t h e r  areas of NASA w i l l  c o n t r i b u t e  
t o  so lv ine  t h i s  problem. 
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RECOMMENDATIONS : 

( 1  ) A NASA-sponsored sof Ware management t o o l s  and prac t ices database 
and information r e t r i e v a l  system i s  being designed and cons t ruc t ed  
under t h e  ausp ices  of t h e  Chief Engineer 's  Of f i ce ,  namely t h e  NSIS 
(NASA Software Information System). There should be e s t a b l i s h e d  
w i t h i n  t h e  c h a r t e r  of t h a t  system t h e  r e s p o n s i b i l i t y  t o  provide 
NASA-wide t r a i n i n g  and advocacy programs f o r  sof tware and manage- 
ment of software.  There should be a KASA-wide mandate t o  support  
and p a r t i c i p a t e  i n  t h e  NSIS, p a r t i c u l a r l y  i n  its role i n  providing 
a means of keeping NASA management and s t a f f  up t o  d a t e  on t h e  
s t a t e  of t h e  art  i n  sof tware technology and management p r a c t i c e s .  
Each Center  should e s t a b l i s h  a f u n c t i o n  t o  s p e c i f i c a l l y  i n t e r f a c e  
wi th  t h e  NSTS both f o r  r e c e i p t  of c u r r e n t  sof tware-related informa- 
t i o n  and f o r  i npu t  of "lessons learned" i n t o  t h e  NSIS. This  same 
f u n c t i o n  can i n t e r a c t  with t h e  NSIS t r a i n i n g  program and l o c a l  
Center employee development f u n c t i o n s  t o  make t h e  necessary t r a i n -  
i n g  a v a i l a b l e  and useful .  

(2)  The Space S t a t i o n  Program should e s t a b l i s h  procedures and i d e n t i f y  
key p o i n t s  (such as formal reviews) for c a p t u r i n g  a p p r o p r i a t e  "les- 
sons learned" d a t a  f o r  i n c l u s i o n  i n  t h e  NSIS database.  

4.2. Independent V e r i f i c a t i o n  and Va l ida t ion  (IVbV) -- -- - 

BACKGROUND : 

Experience has  proven t h a t  an IV6V team, a p p r o p r i a t e l y  supported wi th  
s t anda rds ,  g u i d e l i n e s ,  and t o o l s ,  can perform valuable  services during 
t h e  requirel lents ,  des ign ,  and t e s t i n g  phases ,  ensu r ing  t h a t  t h e  as-bui l t  
sof tware s a t i s f i e s  t h e  requirements. Th i s  second engiticering s t a f f ,  an 
e n t i t y  s e p a r a t e  frum the main development s t a f f ,  i s  almost a n e c e s s i t y  
given s i t u a t i o n s  of new technology, high r i s k ,  and eng inee r ing  not  done 
before.  Each of t h e s e  c r i te r ia  f i t s  t h e  Space S ta t ion .  

ISSUE: (Dana H a l l )  

USES OF INDEPENDENT VERIFICATION AND VALIDATION ( I V 6 V )  I N  SPACE STATION 
SOFTWARE ACQUISITION 

(1) WHAT ELEMENTS OF SPACE STATION SOFTWARE WILL BENEFIT FROM AN 
INDEPENDENT SECOND ENGINEERING OPINION? 

( 2 )  HOW SHOULD THAT IVdV SUPPORT BE MECHANIZED, I.E., CONTRACTING 
METHOD, TOOL SUPPORT, NASA ROLE, ETC.? 

( 3 )  WHAT SHOULD BE THE RELATIONSHIP OF THE I V C V  SUPPORT EFFORT TO THE 
CREATION AND THEN USE OF THE SOFTWARE DEVELOPMENT ENVIRONMENT? 
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ESSENTIAL, CONSIDERATIONS: 

During t h e  requirements process ,  t h e  I V & V  team can r eeva lua te  require-  
ments f o r  completeness and c l a r i t y  befbre  ' telopment invo lv ing  those  
requirements proceeds. Changing requirements.  a n i f e s t e d  du r ing  l a t e r  
s t a g e s  of t h e  l i f e  cyc le ,  are one of t h e  &.or d r i v e r s  t h a t  i n c r e a s e  
development cosc and de lay  completion. The IV&V team can demonstrate 
t r a c e a b i l i t y  of each sof tware requirement back t o  a sys t em and user 
requirement. Another important e a r l y  l i f e  cyc le  t a s k  i s  to  c l o s e l y  
examine test plans to  e n s u r e  t h a t  a p r a c t i c a l  way has been i d e n t i f i e d  
f o r  t e s t i n g  every requirement. 

During t h e  design phase, t h e  I V & V  team can use t h e  r e s u l t s  of p ro to types  
and simulations t o  h e l p  i d e n t i f y  sound des ign  approaches and v e r i f y  t h a t  
t h e  evolving design s a t i s f i e s  t h e  requirements. Prototypes of t h e  GSFC 
Transportable  Applicat ions Executive,  f o r  example, enabled r e s o l u t i o n  of 
user i n t e r f a c e  and p o r t a b i l i t y  issues which y i e lded  a c l e a n e r  implemen- 
t a t  ion. Each design document should be sub jec t ed  t o  independent review 
p r i o r  t o  release f o r  coding. 

P r i o r  t o  and du r ing  tes t ing ,  the  IVCV team, as a n  independent group, can 
v a l i d a t e  the  system v i a  test plan development, test des igns ,  conduct of 
tests, and eva lua t ion  of tes t  results. The I V & V  s t a f f  can p a r t i c i p a t e  
i n  requirements,  design,  and code reviews and in spec t ions .  These pro- 
cedures have been found t o  be very e f f e c t i v e  and inexpensive i n  e a r l y  
d e t e c t i o n  of e r r o r s .  The inspect ior .  process  used on s e v e r a l  ARC pro- 
jects ,  f o r  example, has inc reased  p r o d u c t i v i t y  2.5 times, decreased 
t e s t i n g  t i m e  60%, and reduced maintenance problems 40 p e r  cent.  Perhaps 
most important ly ,  experience shows t h a t  acceptance tests should be per- 
formed by an independent dedicated test group. 

RECOMMENDATIONS : 

( 1 )  The space s t a t i o n  d e f i n i t i o n  e f f o r t s  should address  the  r o l e  and 
means f o r  independent v e r i f i c a t i o n  and v a l i d a t i o n  i n  t h e  sof tware 
a c q u i s i t i o n  process. That support  should be planned t o  b u i l d  up i n  
p a r a l l e l  d t h  t h e  development team. 

( 2 )  The Software Development Environment must provide t h e  s t anda rds ,  
guidance, and t o o l s  needed t o  support  t h e  TVCV funct ions.  These 
include in spec t ion  procedures,  requirements a n a l y s i s  a i d s ,  require-  
ments  t r a c e a b i l i t y  t o q l s ,  prototyping and s imula t ion  c a p a b i l i t i e s ,  
d a t a  inpu t  gene ra to r s ,  and automatic  tes t  d a t a  r educ t ion  too l s .  
Note t h a t  a i d s  such as these  are i d e n t i c a l  t o  those  needed by t h e  
main sof tware development team. 

10 



-- 4 . 3 .  Qual i ty  Assurance & Configurat ion Management 

BACKGROUND : 

NASA Qua l i ty  Assurance o r g a n i z a t i o n ’ s  p a r t i c i p a t i o n  i n  so f tware  systems 
OR previous space programs has  been very minimal due t o  l ack  of r o l e  
d e f i n i t i o n  and a l l o c a t i o n  of experienced manpower resources.  To provide 
e f f e c t i v e  o rgan iza t ion  p a r t i c i p a t i o n ,  r o l e  d e f i n i t i o n  must be e s t a b -  
l i s h e d  e a r l y  i n  t h e  Space S t a t i o n  Program with prime c o n s i d e r a t i o n  t o  
e s t a b l i s h i n g  r e s p o n s i b i l i t i e s  and t a s k s  t h a t  do not  d u p l i c a t e  o t h e r  NASA 
organ iza t ions  or c o n t r a c t o r  p a r t i c i p a t i o n .  Manpower w i t h  sof tware sys- 
t e m  experience must  be made a v  ‘ l a b l e  and t r a i n i n g  programs i n s t i t u t e d  
a t  each NASA Center. 

In space s t a t i o n  so f tware  development, many people w i l l  be developing a 
series of products,  each of  which b u i l d s  on previous products ,  and a l l  
of which are c o n s t a n t l y  undergoing change. A change to  any one product 
must be evaluated f o r  i ts impact on t h e  sof tware developed thus  f a r .  
Mul t ip l e  ve r s ions  of t h e s e  products  must be maintained. The configura- 
t i o n  management d i s c i p l i n e  must be r igo rous  i n  o r d e r  t o  keep cons t an t  
t r a c k  of a l l  t h e  so f tware  p roduc t s  being developed and t o  ensu re  t h a t  
a l l  personnel are werking towards t h e  same goal.  A l l  of t h e  a s s o c i a t e d  
documentation, tes t  p l ans ,  and test  s u i t e s  should a l s o  he c o n t r o l l e d  as 
they change and grow with t h e  i n d i v i d u a l  p roduc t s  and t h e  system as a 
who le. 

ISSUES: (Kent Castle - J L R )  

(1) WHAT IS THE ROLE OF NASA QUALITY ASSURANCE ORGANIZATIONS I N  F 1 c E  
STATION SOFTWARE ACQUISITION MANAGEMENT? 

(2)  I F  SKILLS DO NOT EXIST AT ALL LOCATIONS, WHAT IS THE TRAINING AND 
PREPARATION TASK? 

ESSENTIAL CONSIDERATIONS: 

NASA Quali t y  Assurance o rgan iza t ions  must provide product assurance 
t a s k s  f o r  sof tware systems as i n t e g r a l  p a r t s  of so f tware  requirements,  
design,  implementation, test  and o p e r a t i o n a l  phases. A c t i v i t i e s  and 
t a s k s  are t o  ensu re  t h e  s a f e t y ,  r e l i a b i l i t y  and q u a l i t y  of t h e  sof tware 
through the  establ ishment  of requirements and c r i te r ia ,  a n a l y s i s ,  
reviews, a u d i t s ,  i n spec t ions  and assessments. Organizat ion personnel 
must be i n t i m a t e l y  knowledgeable of both the  so f tware  and t o t a l  system 
design and operat  ions. 

The Space S t a t i o n  Work Package s t r u c t u r e  has  e s t a b l i s h e d  sof tware de f ln -  
i t i o n  each NASA Center  and t h e  product assurance requirement docu- 
ment d e f i n e s  r e l a t e d  o r g a n i z a t i o n a l  sof tware requirements. Specif  i c  
sof tware a c t i v i t i e s  and t a s k s  should be documented in NASA Center organ- 
i z a t i o n  plans and exchanged f o r  inter-Center  review. Software system 
t r a i n i n g  programs must be made a v a i l a b l e  for o r g a n i z a t i o n a l  personnel a t  
each Center.  

for 
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RECOMMENDATIONS : 

(1)  The r o l e  of each NASA Center  Qual i ty  Assurance organi.:ation rela- 
t i v e  t o  sof tware should be documented i n  o r g a n i z a t i o n a l  p l ans  and 
submitted t o  t h e  Center  Space S t a t i o n  P r o j e c t  O f f i c e  f o r  approval. 
The p l an  should inc lude  t h e  fol lowing a c t i v i t i e s  and t a s k s  as a 
mi D- mum: 

( a)  requirements development p a r t  i c i p a t  i o n  
( b )  development p l an  e v a l u a t i o n  
( c )  requirements/change r q c e s t  e v a l u a t i o n  
(d )  prel iminary hazards  ana lyses  
( e  ) hardware/sof tware hazards ana lyses  
( f )  hardware/ so f  Lware i n t e r a c t i o n  ana lyses  
(g) requirements t r a c e a b i l i t y  
(h )  independent code assurance ana lyses  
(I miles tone review support  
(1 )  tes t  program e v a l u a t i o n / t e s t  w i tnes s ing  
( k )  code evaluationlwalk-throuqhs 
( 1 )  discrepancy r epor t s /wa ive r s /use r  no te  assessment 
(m) end i t e m  d e l i v e r y  coverage 

(2 )  Each Center  Q u a l i t y  Assurance o rgan iza t ion  should a c q u i r e  manpower 
with required sof tware s k i l l s  and i n s t i t u t e  so f tware  systems t r a i n -  
i ng  programs. The t r a i n i n g  courses  under development by t h e  NASA 
Office of t h e  Chief Engineer should be given s e r i o u s  cons ide ra t ion  
a s  a i d s  i n  proper  s t a f f  preparat ion.  

ISSU'.S: (qharon Reskenis) 

WHAT LEkEI. OF COIwlGURATION CONTROL IS NEEDED? HOW DO WE GUARANTEE WE 
HAVE CONFIGURATION CONTROL AND TO WHAT LEVEL IS NASA INVOLVED? 

ESSENTIAL CONSIDERATIONS: 

Since t h e  space s t a t i o n  sof tware s u p p l i e r s  w i l l  be spread a c r o s s  t h e  
country,  a very s t r i n g e n t  conf igu ra t ion  c o n t r o l  methodology w i l l  need t o  
be enforce0 so tha '  c m f i g u r a t i o n  c o n t r o l  is guaranteed. The system 
must he f l e x i b l e  'Dough, however, t o  permit developers  t o  c o r r e c t  and 
modify t h e i r  pr'wrams in-house u n t i l  t hey  are s a t i s f i e d  t h a t  t h e  pro- 
grams work ar * d i n g  t o  des ign  s p e c i f i c a t i o n s  u s i n g  t h e i r  own test data .  
A t  t he  point when t h e  module f i r s t  e n t e r s  a sys t em b u i l d ,  i t  should be 
basel ine? f o r  con t ro l .  When a problem i s  found i n  a module included i n  
a system m i l d ,  t h e  programmer should be given t h e  f l e x i b i l i t y  t o  
c o r r e c t  and test t h e  code informally u n t i l  t h e  problem is  solved. A t  
th '  ?oint, ,  t he  sof tware conf igu ra t ion  should be updated f o r  t h e  next 
I , . i i  Id. 
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Several  ques t ions  arise such as who is r e spons ib l e  f o r  providing and 
maintaining the  c o n f i g u r a t i o n  c o n t r o l  system. Where w i l l  t h e  configura- 
t i o n  con t ro l  system r e s i d e  and how w i l l  s u p p l i e r s  access i t ?  What 
mechanism w i l l  be used t o  e n t e t  o r  update  code and documents i n t o  t h e  
system? How w i l l  management monitor what is going on? These important 
ques t ions  mr1s t be answered IWEDIATELY. 

RECOMMENDATIONS : 

The core space s t a t i o n  d a t a  system and SDE should u t i l i z e  t h e  most 
s t r i n g e n t  conf igu ra t ion  c o n t r o l  d i s c i p l i n e ,  and t h e  automated con- 
f i g u r a t i o n  c o n t r o l  system should r e s i d e  i n  TMIS/bDE under t h e  con- 
t r o l  of  a s i n g l e  Configurat ion Control  manager. A l l  developers  
should have access v i a  networks t o  t h e  conf igu ra t ion  c o n t r o l l e d  
code, documentation, and test s u i t e s  impacting t h e i r  t a sks .  

The JSC Space S t a t i o n  Program Of f i ce  should gene ra t e  t h e  configura- 
t i o n  c o n t r o l  p l an  before  t h e  work of t h e  s e p a r a t e  c o n t r a c t o r s  o r  
producers is begun. A l l  of t h e  products  t o  be c o n t r o l l e d  should be 
i d e n t i f i e d  a t  t h i s  p o i n t ,  i.e., major subsystem names, and provi- 
sions f o r  unique i d e n t i f i c a t i o n  and c o n t r o l  of each source module 
and each system c r e a t e d  f o r  test  and i n t e g r a t i o n  must be made. The 
products  t h a t  w i l l  serve as a base l ine  f o r  t h e  next phase of 
development must be determined. 

Configurat ion c o n t r o l  t r a i n i n g  must be provided t o  managers and 
developers  so t h a t  everyone w i l l  understand t h e  mechanisms f o r  
admit t ing,  access ing  and modifying t h e  documents and code t h a t  w i l l  
be adminis tered by t h e  conf igu ra t ion  c o n t r o l  system. The t r a i n i n g  
time must be included i n  t h e  scheduling. 

A proposed mechanism f o r  i n i t i a l l y  e n t e r i n g  documentation o r  code 
i n t o  t h e  c o n f i g u r a t i o n  c o n t r o l  (CC) system would be t h e  following: 

Documentation should fo l low t h e  format guide s p e c i f i e d  f o r  a l l  
documents. A review of t h e  document t o  be submitted t o  t h e  
conf igu ra t ion  c o n t r o l  system must be held wi th  t h e  NASA tech- 
nical  monitor and r e p r e s e n t a t i v e s  of a l l  products a f f e c t e d  by 
t h e  product whose documentation is being reviewed. Once t h e  
document is approved by t h e  review committee and signed o f f  by 
t h e  a p p r o p r i a t e  t e c h n i c a l  t a s k  o r  test  l e a d e r ,  t h e  configura- 
t i o n  c o n t r o l  manager can approve i n c l u s i o n  of t h e  document in 
t h e  CC system. 

- The developer  must have a requirements document f o r  h i s  sub- 
system r e s i d e n t  i n  t h e  CC l i b r a r y  be fo re  t h e  i n t e r f a c e  docu- 
ment can 5e w r i t t e n .  The i n t e r f a c e  document must r e s i d e  in 
t h e  CC l i b r a r y  before  a design document can be w r i t t e n ,  
reviewed and included in t h e  l i b r a r y .  The i n t e r f a c e  and 
design documents should be l i v i n g  documents t h a t  become more 
d e t a i l e d  wi th  t h e  f u n c t i o n a l  decomposition of t h e  product i n t o  
modules. 
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- Once a developer ' s  des ign  document has  been approved and 
included i n  t h e  CC l i b r a r y ,  t h e  source  code f o r  t h e  product is 
e l i g i b l e  f o r  admission i n  t h e  l i b r a r y .  Once t h e  developer  has  
performed in-house t e s t i n g  and has  had code walkthroughs t h a t  
have been s igned  o f f  by t h e  t e c h n i c a l  t a s k  l e a d e r ,  t h e  CC 
manager can p l ace  t h e  code under t h e  conf igu ra t ion  c o n t r o l  
system. 

The bottom l i n e  is  t h a t  good sof tware engineer ing  p r a c t i c e s  
be a v i t a l  p a r t  of t he  conf igu ra t ion  c o n t r o l  process.  

should 

( 5 )  A Conf igura t ion  Cont ro l  Board (CCB) composed of t h e  sof tware  pro- 
j e c t  manager, t h e  conf igu ra t ion  c o n t r o l  manager, sof tware  t e c h n i c a l  
t a s k  l e a d e r s ,  sof tware test l e a d e r s ,  and QA r e p r e s e n t a t i v e s  should 
c o n t r o l  how changes t o  products  are handled. The sof tware  p r o j e c t  
manager a s  chairman of t h e  CCR has t h e  f i n a l  approval  a u t h o r i t y .  A 
t y p i c a l  s c e n a r i o  might be t h e  fol lowing:  

A Modif icat ion Request (MR) is  f i l l e d  ou t  by a developer  o r  
tester. The a f f e c t e d  subsystem/document is i d e n t i f i e d ,  t h e  
n a t u r e  of t h e  problem i s  d e t a i l e d ,  t h e  p r i o r i t y  i s  ass igned ,  
and t h e  impact of t h e  problem and t h e  consequence i f  no t  
co r rec t ed  are determined. The CCB reviews t h e  MR t o  concur 
wi th  or a d j u s t  t h e  p r i o r i t y ,  etc., and select t h e  due d a t e  f o r  
r e s o l u t i o n  of t h e  MR. These dec i s ions  are based on feedback 
from t h e  a f f e c t e d  CCB members who may have had t o  check wi th  
t h e  a c t u a l  developers  andfor  testers t o  determine t h e  scope of 
t h e  problem. Next t h e  MR is  assigned t o  t h e  appropr i a t e  
developer  o r  tester f o r  a proposed so lu t ion .  I f  t h e  s o l u t i o n  
is approved by the  CCR, t h e  a f f e c t e d ' c o d e  o r  document can be 
checked o u t  by the  assigned developer  or tester € o r  modifica- 
t i o n  and checked back i n t o  t h e  conf igu ra t ion  c o n t r o l  system 
when t h e  necessary  changes are complete. I f  t h e  change is not  
complete a week before  t h e  due d a t e ,  a warning f l a g  should be 
i ssued  by t h e  conf igu ra t ion  c o n t r o l  system and a n o t i c e  should 
be s e n t  t o  t h e  CCB members and t h e  person ass igned  t o  f i x  t h e  
problem so t h a t  an a l t e r n a t e  s t r a t e g y  can be chosen, i f  t h e  
dead l ine  won't be met. A red f l a g  should be r a i s e d  i f  t h e  MR 
is unresolved by t h e  due da te .  

(6) The conf igu ra t ion  c o n t r o l  system should provide planning and con- 
t ingency opt ions.  What happens i f  a p i ece  of sof tware  is not  
de l ive red  t o  t h e  CC l i b r a r y  i n  time f o r  t h e  next  phase o r  b u i l d  ... 
what a l t e r n a t e  s t r a t e g y  can be used, i f  any? Flags and schedul ing  
ou tpu t s  should be provided t o  i n d i c a t e  t h e  p r o j e c t  s t a t u s .  

( 7 )  The bu i lds  o r  makes should be designed so t h a t  system dependencies 
can be ind ica t ed .  I n  t h i s  manner, a l l  modules a f f e c t e d  by a change 
i n  a p a r t i c u l a r  p iece  of sof tware w i l l  au tomat i ca l iy  be r e b u i l t .  
Bui lds  f o r  d i f f e r e n t  versit-ios o r  test cases  can also be spec i f i ed .  
This  eliminates human e r r o r s  such as not  recompiling a module us ing  
t h e  changed code o r  fo rge t t : ng  t u  fnc lude  t h e  appropr l a t e  d a t a  i n  a 
t es t  s u i t e .  Recompilation 0;' the cat i re  system i s  a l s o  prevented 
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wi th  proper  b u i l d  c a p a b i l i t i e s  such as t h e  U N I X  makes and bu i lds .  

4.4. Avoiding Major Software Problems --- on t h e  Space S t a t i o n  -- __I 

BACKGROUND: 

A c l a s s i c a l  sof tware d i s a s t e r  is one where t h e  time t o  develop t h e  
sof tware was a t  least twice what was o r i g i n a l l y  es t imated and the  c o s t  
a t  least a f a c t o r  of t h r e e  over  t h e  o r i g i n a l  estimate. The term 
"at least ' '  is s t r e s s e d .  

Soft'dare is more imp9rtant t o  Space S t a t i o n  than t o  any previous,  
major NASA pro jec t .  As Jack Garman (JSC) s t a t e d ,  "software is t h e  g lue  
t h a t  holds Space S t a t i o n  together." There are many f a c t o r s  i n  t h e  
embryonic Space S t a t i o n  P ro jec t  t h a t  i n d i c a t e  t h a t  t h e  c u r r e n t  Space 
S t a t i o n  P r o j e c t  mode w i l l  l e a d  t o  a c l a s s i c a l  so f tware  d i s a s t e r  i n  t h e  
next f i v e  t o  t e n  years .  

ISSUE: (E. D. Ca l l ende r )  

SPACE STATION SOFTWARE - A CLASSICAL DISASTER I N  THE MAKING 

ESSENTIAL CONSIDERATIONS : 

The primary t e c h n i c a l  i n d i c a t o r  of a classical  so f tware  d i s a s t e r  is 
t h e  attempt to  u s e  new technology t o  do  new th ings ,  For Space S t a t i o n  
XASA is proposing to:  

(1) Do t h e  SE&I. NASA d id  not do t h a t  on Shu t t l e .  

( 2 )  Define and enforce use of a Software Development Environment. 

(3 )  Use a new language - Ada. There is no backup language defined. 

(4) Create a long-term commercially v i a b l e  environment f o r  i ndus t ry .  
is not j u s t  a "put I t  t o g e t h e r  and f l y  i t  once pro- Space 

j ec t . "  
S t a t i o n  

( 5 )  Develop software f o r  u se / evo lu t ion  over  a p ro jec t ed  30 year  l i f e  
span. This  is longer  than any e x i s t i n g  sof tware product has e v e r  
ope r a t ed  ! 

The t e c h n i c a l  i n d i c a t o r s  are compounded by the  fo l lowing  c l a s s i c a l  
sof tware management errors: 

(1) Lack of sof tware requirements, 

( 2 )  No software management p l an ,  

15 



( 3 )  

(4) 

Li t t l e  p r o j e c t  management a t t e n t i o n  t o  sof tware,  

An imposed p r o j e c t  schedule  and budget based upon no f i r m  
requ i  ret..,:nt s. 

so f tware  

Following t h e  c u r r e n t  NASA approach t o  sof tware f o r  Space S t a t i o n ,  t h e  
only quest ion i s  t h e  e x t e n t  of t h e  d i s a s t e r .  W i l l  t h e  schedule  over- 
run he a f a c t o r  of 2 o r  3 o r  ? W i l l  t h e  c o s t  overrun be a f a c t o r  of 3 
or 4 o r  ? 

RECOMMENDATIONS: 

Formulate a sof tware management p l an  immediately and e s t a b l i s h  
management r e s p o n s i b i l i t y  i n  t h e  l e v e l  A program o f f i c e .  

sof tware 

- 5. SOFTWARE DEVELOPMENT ENVIRONMENT ISSUES 

BACKGROUND : N 8 5 - 2  0 6 9' I 
Good software eng inee r ing  p r a c t i c z  includes t h e  use  of support  t o o l s  and 
a methodology t h a t  t oge the r  form t h e  essence of a s o f t k s r e  development 
environment (SDE). Although the  gene ra t ion  of a SDE f o r  space s t a t i o n  
sof tware seems l i k e  a l o g i c a l  s t e p  t o  t ake ,  t h e r e  may be many l o g i c a l ,  
v a l i d  reasons f o r  not having NASA i t s e l f  a t tempt  t o  d e f i n e  such a func- 
t i o n a l  e n t i t y .  There may a l s o  be v a l i d  reasons f o r  not d e f i n i n g  a s i n g l e  
( o r  small set )  SDE a t  a l l ,  even by major vendors supplying space s t a t i o n  
sof tware t o  NASA. 

ISSUE : (Frank McGarry) 

SHOULD A UNIFORM NASA SDE FOR SPACE STATION BE DEFINED AND DEVELOPED? 

ESSZNTIAL, CONSIDERATIONS: 

(1) The development of space s t a t i o n  so f tware  w i l l  be h igh ly  d i s t r i -  
buted. There w i l l  not  be a l o c a l i z e d ,  s i n g l e  c o n t r a c t o r  o r  group 
r e spons ib l e  f o r  t h e  complete set of required sof tware.  Major por- 
t i o n s  of t h e  sof tware w i l l  be managed by va r ious  c e n t e r s  as opposed 
t o  being l o c a i i z e d  a t  a s i n g l e  NASA cen te r .  

(2 )  There w i l l  be major f u n c t i o n a l  d i f f e r e n c e s  between major components 
of t h e  sof tware which may c a l l  f o r  completely s e p a r a t e  types  of 
support  development environments. The types  of so f tware  t o  be 
developed include:  

1. real-time f l i g h t  sof tware 
2. 
3. ground command and c o n t r o l  sof tware 
4. I n t e g r a t i o n  and tes t  software 
5. 

ground d a t a  processing so f tware  (non real-t ime) 

s imulat ion/mode l i n g  so f tware  
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6 .  customer ( u s e r )  a p p l i c a t i o n  ( d a t a  r educ t ion )  sof tware 

(3)  C l a s s i c a l l y ,  NASA has t o l d  c o n t r a c t o r s  what sof tware products  are 
needed, not how t o  develop them. NASA normally does not supply 
t o o l s  o r  de f ine  components of development environments. Posaibly 
a NASA defined sof tware environment should be designed t o  support  
NASA managersldevelopers only--not con t r ac to r s .  Vendors may do a 
much more e f f e c t i v e  j o b  of d e f i n i n g  t h e i r  own software development 
environments opt imal ly  tuned t o  support  t h e i r  own s p e c i f i c  e f f o r t s .  

(4) The lifetime of t h e  space s t a t i o n  support  w i l l  p o t e n t i a l l y  exceed 
30 years. I f  a s i n g l e  NASA SDE is def ined ,  t h e r e  would be a possi-  
b i l i t y  of s t i f l i n g  t h e  i n f u s i o n  of new technology t o  addres s  
s p e c i f i c  concerns in t h e  l a te r  yea r s  of support .  ( I .e . ,  a s t anda rd  
environment would have the p o t e n t i a l  of growing s t agnan t  .) 

RECOMMENDATIONS : 

Although t h e r e  are p o t e n t i a l l y  many d i f f i c u l t i e s  w i th  d e f i n i n g  R s t an -  
dard NASA software environment, t he  working group f e e l s  t he  p o t e n t i a l  
advantages f a r  outweigh t h e  d i f f i c u l t i e s .  

NASA should def i n e ,  des ign ,  and gene ra t e  two well-defined so f tware  
development environments: 

(1) A SDE c c n s i s t i n g  of t h e  t o o l s ,  languages,  d a t a  bases ,  etc., t o  sup- 
po r t  t h e  so f tware  developers  and t h e i r  managers; s u b s e t s  of t h e  
environment could be used t o  address  the s p e c i f i c  f u n c t i o n a l  
sof tware being developed (i.e., f l i g h t  VS. ground, e t c . )  

(2)  A SDE management environment t h a t  w i l l  support  t he  NASA software 
managers who are re spons ib l e  p r i m a r i l y  f o r  a c q u i r i n g  so f tware  from 
vendors 

The f i r s t  environment would c o n s i s t  of t h e  fol lowing f u n c t i o n a l  capabi l -  
i t i es :  

1. Mail, telecommunications support  
(e.g., e d i t o r s ,  f i l e  systems, communications aids, . . . )  

2. Technical management/control a i d s  
(e.g., c o s t  models, p r o j e c t  management systems, b u i l d  p l a n s )  

3. Data base support  
( f i l e  management, r e t r i e v a l ,  c o n t r o l ,  e t c . )  

4. Modeling/simulator a i d s  
( a r c h i t e c t u r e  models, t e s t i n g  a i d s )  

5 .  Prototyping a i d s  
( f o r  requirements,  specs, man/machine i n t e r f a c e  s t u d i e s )  
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6. Documentation p repa ra t ion  a i d s  

7. Requirements s p e c i f i c a t i o n  v a l i d a t i o n  and a n a l y s i s  a i d  

8. Design s p e c i f i c a t i o n s  a i d s  
(PDL ana lyze r s ,  d a t a  d i c t i o n a r y ,  e t c . )  

9. Code c o n s t r u c t i o n  and c o n t r o l  a i d s  
(compilers ,  c r o s s  compilers,  l i n k  e d i t o r s ,  change c o n t r o l ,  ...) 

10. Program a n a l y s i s l t e s  t i n g  and i n t e g r a t i o n  
(pa th  cove rage / t e s t  g e n e r a t o r s ,  etc. 

11. Metrics 
( q u a l i t y  measures, complexity measures, cost and r e l i a b i l i t y  
measures 1 

12. Man-machine i n t e r f a c e  support  
( i n t e r f a c e  and use of t he  environment, he lp ,  t u t o r i a l ,  e t c . )  

The second environment would con ta in  those  a i d s  required only by t h e  
NASA manager r e spons ib l e  f o r  requirement s / a c q u i s i  t ion/acceptance . The 
c a p a b i l i t i e s  would inc lude  such f u n c t i o n a l  areas as  o u t l i n e d  above: 

1. Same 
2. More heav i ly  d i r e c t e d  toward schedules  /planning/pms/pert  
3. Same 
4. Minimal o r  none 
5 .  Minimal o r  none 
ti. Same 
7. Same 
8. Minimal o r  none 
9 .  Minimal o r  none 

10. Minimal o r  none 
11. Same 
12. Same f u n c t i o n a l  need 

ISSUE : ( Susan Voigt ) 

HOW MUCH OF THE SPACE STATION SOFTWARE DEVELOPMENT ENVIRONMENT SHOULD BE 
FURNISHED B” NASA? 

ESSEYTIAL, CONSIDERATIONS: 

Many ( i f  not a l l )  major aerospace companies and sof tware houses have 
developed one o r  more SDEs f o r  use in-house. Recent reviews of I R & D  
a c t i v i t i e s  i n  s e v e r a l  companies c e r t a i n l y  bear  t h i s  ocit. There a r e  some 
software engineer ing workstat ion products  now on t h e  market which can be 
considered t o  be turn-key sof tware development environments. 
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Within NASA, no SDE has evolved, although elements exis t  a t  s e v e r a l  NASA 
Centers.  No sys tem has been i d e n t i f i e d  as appropr i a t e  f o r  NASA o r  Space 
S t a t i o n  use. Howe. 'r ,  given t h e  premise t h a t  a space s t a t i o n  SDE i s  
d e s i r a b l e ,  t he  q u e s t i o n  is ,  how much of i t  should NASA provide. 

The b e n e f i t s  of a s i n g l e  SDE f o r  Space S t a t i o n  inc lude  sav ings  i n  time 
and money dur ing  t h e  development phase, as w e l l  as commonality of t h e  
sof tware which g r e a t l y  enhances the a b i l i t y  t o  maintain t h e  system ove r  
a long l i f e t i m e .  The SDE would provide common e d i t o r s ,  compilers.  and 
u t i l i t i e s .  The format of t h e  sof tware could be s t a n d a r d ,  making reviews 
and i n t e g r a t i o n  much easier. For example, t es t  r e p e a t a b i l i t y  would 
enhance 8 )  3tem i n t e g r a t i o n  a c t i v i t i e s .  A NASA-furnished language pro- 
c e s s o r ,  f o r  use by a l l  s9f tware developers ,  i n c r e a s e s  t h e  p r o b a b i l i t y  of 
having a coimon language used a t  manufacturing, experiment and payloF 
f a c i l i t i e s  as w e l l  as a t  t he  launch s i t e  and on o r b i t .  The t r a n s f e r  ( 

a p p l i c a t i o n  programs and SDE t o o l s  from one l o c a t i o n  t o  another  w i l  
g r e a t l y  reduce t h e  o v e r a l l  c o s t  of development. 

A major drawbwk t o  r e q u i r i n g  t h e  use of t h e  NASA o f f i c i a l  SDE is t h a t  
comp *.ries have inves t ed  much i n  t h e i r  own environments,  they have t h e i r  
peopLe t r a i n e d  t o  use  them (not  t h e  NASA SDE), and they have t o o l s  t h a t  
f i t  t h e i r  methodology and way of c r e a t i n g  sof tware.  Pe rmi t t i ng  com- 
panies  t o  use t h e i r  own development environment would provide t h e  b e s t  
s chedu le l cos t  (e.g., planning c y c l e s  would be s h o r t e r ,  t r a i n i n g  mini- 
mized, and t h e  r i s k  f o r  i n t e g r a t i o n  and tes t  schedules  would be reduced 
w i t h i n  the s p e c i f i c  subsystem involved).  

A NASA SDE would probably include vendor p r o p r i e t a r y  products ,  s i n c e  i t  
would be c o s t l y  and time-consuming t o  develop a n  e n t i r e  SDE f o r  space 
s t a t i o n .  This imp l i e s  legal arrangements t o  permit c i t a t i o n  of vendor 
products  i n  s p e c i f i c a t i o n s  and p rov i s ion  of sof tware t o  c o n t r a c t o r s  f o r  
use under the space s t : . t i on  development c o n t r a c t s .  Arrangements would 
need t o  be made with t h e  vendors ( o r  s u p p l i e r s )  of SDE software t o  
e s t a b l i s h  who has  r e s p o n s i b i l i t y  f o r  support  and maintenance. I f  
changes ard necessary,  who is  re spons ib l e?  I f  d e l i v e r y  of a space sta- 
t i o n  sof tware product is  l a t e ,  can t h e  blame be placed on t h e  poor per- 
formance of t he  SDE suppl ied by t h e  government? 

RECOMMENDATIONS : 

(1) NASA should perform SDE requirements a n a l y s i s ,  des ign ,  and develop- 
ment, and make these  requirements and the  SDE so f tware  a v a i l a b l e  t o  
c o n t r a c t o r s  and NASA managers. 

(2 )  Negotiat ions wi th  sof tware t o o l  vendors should begin soon a f t e r  t h e  
NASA space s t a t i o n  SDE i s  s p e c i f i e d ,  so t h a t  development nped on ly  
proceed on t h e  elements of t he  environment t h a t  do not e x i s t .  
These nego t i a t ione  should c l a r i f y  the  r e s p o n s i b i l i t i e s  f o r  so f tware  
c o r r e c t i o n ,  maintenance and enhancement, and a l s o  e s t a b l i s h  provi- 
s i o n  f o r  d i s t r i b u t i o n  of t h e  SDE with t h e s e  vendor-supplied ele- 
ments t o  NASA s i tes  and space s t a t i o n  c o n t r a c t o r  si tes as well. 
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(3) The use of t h e  o f f i c i a l  NASA SDE by c o n t r a c t o r s  is o p t i o n a l  a t  
own s i t e s ,  but  mandatory a t  NASA i n s t a l l a t i o n s  ( f o r  sof tware t h e i r  

acceptance and f o r  i n t e g r a t i o n  and test). 

(4) Space s t a t i o n  c o n t r a c t o r d e v e l o p e d  sof tware products  must be compa- 
t i b l e  w i th  and r e s i d e  wi th in  t h e  NASA SnE. This  requirement should 
be included i n  each c o n t r a c t  f o r  space e t a t i o n  sof tware,  and demon- 
s t r a t e d  upon d e l i v e r y  of t h e  sof tware as p a r t  of t h e  acceptance 
c r i  teria. 

( 5 )  The NASA SDE should be provided t o  every NASA Center  with space 
s t a t i o n  sof tware management r e s p o n s i b i l i t y  and should be used by 
t h e  NASA managers i n  support  of t h e  sof tware development, i n t eg re -  
t i o n ,  test ,  and con t ro l .  

ISSUE; (E. D. Ca l l enAor )  

THE IMPACT OF ;.)E ON CONTRACTORS 

ESSENTIAL CONSIDERATIONS: 

GZven t h a t  t h e  Space S t a t i o n  P r o j e c t  mandates t h a t  a l l  con t r ac to r -  
developed sof tware e i t h e r  s h a l l  be developed w i  t h i n  t h e  sof tware 
develcpment environment (SDE) o r  s h a l l ,  as a f i r s t  s t e p  i n  i n t e g r a -  
t i o n  and sof tware acceptance,  execute  and be documented wi th iq  t h e  
SDE, t h e r e  w i l l  c l e a r l y  be an impact upon space a t a t i o n  con t r ac to r s .  
Ultimately the  impact w i l l  be assessed bj; those c m t r < i c t o r s  who wish t o  
bid on space s t a t i o n  software.  I n  t h e  material below, a f e r  of t h e  
obvious i s s u e s  r e l a t i v e  t o  t h i s  t o p i c  are ou t l ined .  It i s  assumed 
t h a t  t he  SDE has a very p o s i t i v e  impact upon so f tware  developbent and 
tes t  . 
The potential  p o s i t i v e  impacts are: 

(1 )  The time and c o s t s  fqr development and subsequent maintenance 
of a p a r t i c u l a r  piece oL software w i l l  be reduced when compared t o  
a nonsupportive c o n t r a c t o r  environment. 

(2) The c o n t r a c t o r  w i l l  have a good se t  of requirements f o r  t h e  format 
and con ten t  of t h e  documentation f o r  t h e  software.  

The p o t e n t i a l  nega t ive  impacts are: 

( 1 ) Contractor  t r a i n i n g  coa ts . 
(2 )  Problems with acceptance of t h e  SDE by c o n t r a c t o r  personnel.  

( 3 )  Lack of a b i l i t y  t o  use  c o n t r a c t o r  unique methods and t o o l s .  

(4) P o s s i b i l i t y  of c o n t r a c t o r  blaming i n t e g r a t i o n  o r  acceptance test  
problems on SDE, p a r t i c u l a r l y  i f  con f igu ra t ion  c o n t r o l  of SDE l a  
l a x ,  causing potent ia l .  l e g a l  and c o n t r a c t i n g  problems. 
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RECOMMENDATION : 

This is an issue on which we should r eques t  major feedback from t h e  
indus t ry  r ep resen ta t ives .  We should also ask  f o r  i n d u s t r y  experience on 
the  use of p a r t i c u l a r  SDEs. 

ISSUE: (R. W. Nelson) 

WHAT IS THE DEVELOPMENT APPROACH TO THE SOFTd4RE DEVELOPMENT ENVIRON- 
MENT? 

ESSENTIAL CONSIDERATIONS : 

Software Development Environments f o r  major so f tware  development e f f o r t s  
such as the Space S h u t t l e  on-board so f tware  system have taken many years  
t o  develop i n  o r d e r  t o  provide f u l l y  f u n c t i o n a l  support .  SDEs f o r  pos- 
s i b l e  space s r ' t i o n  languages such as Ada are c u r r e n t l y  i n  t h e i r  
infancy. Many t echno log ica l ly  advanced t o o l s  u s ing  g r a p h i c a l  u s e r  
i n t e r f a c e s  and dec i s ion  support  systems are being developed e s p e c i a l l y  
i n  prototype form. These t o o l s  sre g e n e r a l l y  addres s ing  po r t ions  of t h e  
software development environment r a t h e r  than t o t a l  l i f e - cyc le  support  . 
Tota l ly  i n t e g r a t e d  sof tware development environments w i l l  be necessary 
t o  r e a l i z e  t h e  h i g h e s t  p r o d u c t i v i t y  goals of t h e  Space S t a t i o n  Program. 

RECOMMENDATIONS : 

The incep t ion  of t h e  design and development of t h e  Software Development 
Environment f o r  Space S t a t i o n  must begin as soon as p o s s i b l e  i n  o r d e r  t o  
achieve a t o t a l l y  i n t e g r a t e d  environment. Since a l l  func t ions  probably 
w i l l  not be required t o  t h e  same degree of urgency, i t  is recommended 
t'hat a l i s t  of des i r ed  f i nc t iona l  c a p a b i l l t i e s  be generated and p r i o r i -  
t i zed .  In  o r d e r  t o  quickly demonstrate t he  concept of a t o t a l l y  
i n t e g r a t e d  software development environment and t o  e v a l u a t e  a l t e r n a t i v e  
technologies ,  a prototype (or model) should be developed. The prototype 
system w i l l  i n s u r e  t h a t  only proven and f u l l y  evaluated support  t o o l s  
w i l l  be made a v a i l a b l e  i n  t h e  space s t a t i o n  Software Development 
Environment. Based upon experience w i t h  t h e  p ro to type ,  t he  Sof tware 
DevelQpment Environment can be f u l l y  s p e c i f i e d .  The f u l l  environment 
can be developed incremental ly  according t o  t h e  list of p r i o r i t i z e d  
f u n c t i o n a l  c a p a b i l i t i e s .  

ISSUE: (Tom Purer)  

HOW SHOULD THE MAINTENANCE AN!) EVCLUTION OF THE SOFTWARE DEVELOPMENT 
ENVIROEENT BE CONTROLLED OVER THE 30 YEAR LIFETIME? 

ESSENTIAL CONSIDERATIONS: 

Maintenance is one of t h e  major sof tware c o s t s ,  and as such, i t  should 
be a prime design d r i v e r  f o r  t he  Space S t a t i o n  Information System 
(SSIS). The  a b i l i t y  t o  upgrade hardt, technology without a major 
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impact t o  e x i s t i n g  so f tware  systems is r e f e r r e d  t o  as technology t r ans -  
parency. Sof tware maintenance is d i r e c t l y  r e l a t e d  t o  technology t r ans -  
parency, s i n c e  t h e  sof tware o rgan iza t ion  or s t r u c t u r e  t h a t  promotes 
easy maintenance a l s o  enhances t h e  degree of so f tware  independence from 
t h e  hardware. With the  magnitude of t h e  Space S t a t i o n  Program and i t s  
expected long l i f e ,  i t  is hard t o  v i s u a l i z e  t h e  s t a r t  of t h i s  program 
without technology t ransparency as a major design goa l  f o r  SSIS 
software.  

having 

Technology t ransparency as it  relates t o  maintenance is found i n  t h e  
o v e r a l l  sof tware s t r u c t u r e .  The ease of sof tware maintenance is r e l a t e d  
t o  t h e  type of s t r u c t u r e  used t o  develop t h e  system. I f  t h e  development 
approach is one t h a t  i nc ludes  both l a y e r s  and small modules with c l e a r l y  
def ined i n t e r f a c e s ,  t h e  problems a s s o c i a t e d  w i t h  maintenance are kep t  t o  
a udnimum. A l a y e r  approach is not new; i t  was born wi th  the  f i r s t  gen- 
e r a t i o n  of machines. Hwever ,  t h e s e  e a r l y  machines g e n e r a l l y  had on ly  
one l a y e r ,  and we r e f e r r e d  t o  t h a t  l a y e r  as t h e  machine language l e v e l .  
Modem computers rrsually have 5 l a y e r s  or l eve l s .  The f i v e  l a y e r s  are: 

First l a y e r  . . . .. . Microprogramming l a y e r  

Second layer .  . . . . Machine language 

Third l a y e r  . . . . .. Operat ing system l e v e l  

Fourth layer. .  .. .. Higher Order Languages 

F i f t h  l a y e r  . ..... User I n t e r f a c e  Languages 

The s e l e c t i o n  of t h e  f i v e  l e v e l s  +.s somewhat a r b i t r a r y ,  but  i t  s e r v e s  a 
purpose i n  p re sen t ing  t h e  concept of technology t ransparency and i t s  
r e l a t i o n s h i p  t o  software.  The f i r s t  l e v e l  c o n s i s t s  of microprograms 
t h a t  are executed d i r e c t l y  by the  hardware. The microprograms in t h e  
f i r s t  l e v e l  are used t o  decode t h e  machine language i n s t r u c t i o n s  i n  t h e  
second l eve l .  The t h i r d  l e v e l ,  t h e  o p e r a t i n g  system, is g e n e r a l l y  writ- 
t e n  i n  an assembly language and t r a n s l a t e d  by an assembler t o  a of 
machine lcnguage i n s t r u c t i o n s .  The ope ra t ing  system is a c o l l e c t i o n  of 
program modules t h a t  c c n t r o l  t h e  resources  of t he  machine. These 
resources  include main s t o r a g e ,  secondary s t o r a g e ,  1/0 devices ,  and 
f l l e s .  The fou r th  l e v e l  c o n s i s t s  of programs w r i t t e n  i n  languages 
designed t o  be used by a p p l i c a t i o n  programmers. Such languages are 
c a l l e d  by many names inc lud ing  high l e v e l  languages and problem-oriented 
languages. L i t e r a l l y  hundreds of d i f f e r e n t  ones e x i s t .  A f e w  of t h e  
b e t t e r  known ones are: FORTRAN, COBOL, PASCAL, B A S I C ,  HAL/S, and ADA. 
The f i f t h  level, the  u s e r  i n t e r f a c e  l e v e l ,  is or i en ted  t o  t h e  u s e r  and 
d e f i n e s  how the u s e r  i n t e r f a c e s  wi th  t h e  machine. This  may be done w i t h  
a set  of c r y p t i c  codes, commands, menus, prompts, o r  a mouse-type de- 
vice.  The user i n t e r f a c e  could also Include a very high l e v e l  language 
and even n voice r ecogn i t ion  device t o  c o n t r o l  t h e  lower l e v e l s  w i th in  
t h e  machine. With a c l e a r l y  dezined i n t e r f a c e  between t h e  l a y e r s ,  i t  is 
poss ib l e  r ep lace  layers when t h e  technology of those l a y e r s  becomes 
obsolete .  I n  o t h e r  words, t he  u s e r  i n t e r f a c e  prog+ams, ope ra t ing  

set 

t o  
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systems, 
t h e  rest of t h e  system. 

or t h e  microprocessor could be replaced w i t h  minimal impact on 

RECOMMENDATIONS : 

The s e l e c t i o n  of t h e  microprocessor and o p e r s t l n g  s y s t e m  i s  of c r i t i c a l  
importance. A microprocessor should not be s e l e c t e d  because of unique 
requirements,  but r a t h e r  i t  should be based on a widely used " i n d u s t r i a l  
standard" microprocessor. When a manufacturer upgrades a widely used 
mlcroprocessor,  i t  is f a r  less l i k e l y  t h a t  t he  next gene ra t ion  w i l l  be 
incompatible with t h e  old. The i n t e r f a c e  between t h e  next gene ra t ion  
microprocessors and l e v e l  one, i . e . ,  t h e  microcode, shoul; remain rela- 
t i v e l y  constant.  I f  t h e  next gene ra t ion  microprocessors are not upward 
compatible, changes t o  t h e  microcode could he implemented t o  maintain 
the  compa t ib i l i t y  w i t h  the  upper l a y e r s .  

The s e l e c t i o n  of t h e  ope ra t ing  s y s t e m  p r e s e n t s  d i f f e r e n t  types of prob- 
lems. With t h e  s e l e c t i o n  of an " i n d u s t r i a l  standard" o r  one supp l i ed  by 
t h e  computer manufacturer,  one g e n e r a l l y  does not buy the  source code o r  
t h e  r i g h t  t o  maintain t h e  ope ra t ing  system. Without t h e  source code o r  
maintenance agreement, one can be locked i n t o  an ope ra t ing  s y s t e m  t h a t  
cannot be modified to  support  unique requirements. Also, t h e  computer 
manufacturer may decide t o  upgrade h i s  syrtem i n  a manner t h a t  i s  incorn- 
p a t i b l e  with your e x i s t i n g  sys tem,  l eav ing  you w i t h  an o l d ,  outdated,  
and non-maintained o p e r a t i n g  system. The dec i s ion  t o  b u i l d  a unique 
ope ra t ing  system i s  a l s o  f u l l  of problems; f o r  example, t he  c o s t  of 
bu i ld ing  and maintaining a n  ope ra t ing  system over  t h e  l i f e t i m e  of t h e  
Space S t a t i o n  w i l l  be enormous. 

To maintain an ope ra t ing  system or o t h e r  l e v e l s  of so f tware  f o r  twenty 
o r  more years has never been done. I f  t h i s  is t o  be a goa l  of t h e  Space 
S t a t i o n  Information System, then m a i n t a i n a b i l i t y  must be b u i l t  i n t o  t h e  
system from the  s tar t .  One way t o  h e l p  i n s u r e  t h a t  t he  sof tware can be 
maintained i s  t o  c r e a t e  sof tware us ing  a modular and s t n i e t u r e d  
approach. The modules must be w e l l  documented and small, w i t h  the  
i n t e r f a c e s  c l e a r l y  def ined.  

Application programs loca ted  i n  t h e  f o u r t h  and f i f t h  l a y e r s  must be 
i n s u l a t e d  from t h e  e f f e c t s  of changes made t o  the  d a t a ,  t h e i r  organiza- 
t i o n ,  and the  phys ica l  devices  on which they a re  s to red .  The term ' d a t a  
independence' is o f t e n  used as one of t h e  a t t r i b u t e s  of a d a t a  base. 
One must consider  t h e  use  of a d a t a  base and its r e l a t i o n s h i p  t o  t h e  
a p p l i c a t i o n  programs o r  be faced with numerous changes t o  t h e  appl ica-  
t fxi  programs becadse of changes t o  t h e  hardware. 
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6. SOFlWARE STANDARDS ISSUES - 

6.1. Need f o r  Common Terminology -- --_I__ 

BACKGROUND : 

Terminology has always been a problem when d i s c u s s i n g  so f tware  wi th  
people from d i f f e r e n t  work s i t u a t i o n s  and backgrounds. This  problem 
is v e r y  l i k e l y  due t o  t h e  r e l a t i v e l y  young age of t he  computer/software 
industry.  People i n  d i f f e r e n t  pa r?s  4 t h e  country (and va r ious  com- 
panies)  began t o  put "tags" on c e r t a i n  p r a c t i c e s  t h a t  became common 
terminolom to t h a t  group, but  c e r t a i n l y  not C O ~ G : ~  throughout 
t h e  software community. A s  l i t e r a t u r e  about t h e  indua t rv  began t o  
be .;ublished, terminology began t o  become more cominon. However, 
even tcday t h e r e  exist considerable  d i f f e r e n c e s  of opinion as t o  what 
many "common" terms r e a l l y  mean. Working d e f i n i t i o n s  of some cnmmon 
terms s t i l l  mean d i f f e r e n t  t h ings  t o  d i f f e r e n t  sof tware people. 

ISSUES:  (Joel Wakeland) 

NEED FOR COMMON SOFTWARE TERMINOLOGY 

(1) DOES THE E X I S T I N G  SPACE STATION LEXICON COVER SOFTWARE? 

(2 )  1: THE COVERAGE ADEQUATE? 

( 3 )  SHOULD THERE BE A S P E C I A L  SOFTWARE LEXICON? 

(4) WHO SHOULD BE RESPONSIBLE FOR A SOFTWARE LEXICON? 

ESSENTIAL CONSIDERATIONS: 

This phenomenon of common terms having d i f f e r e n t  meanings t o  d i f f e r e n t  
i nd iv idua l s  has been observed numerous times i n  sof tware meetings 
t h a t  have taken p l ace  t o  date .  I t  is, of course,  most p reva len t  wher 
software people from d i f f e r e n t  Centers  meet t o  d i s c u s s  sof tware i s s u e s  
because of t h e i r  d ive r se  backgrounds. The only real solutions t o  
t h i s  problem are time and continued communication w i t h i n  the 
software community. However, u n t i l  t h i s  happens, a concerted e f f o r t  
should be made t o  s t anda rd ize  t h e  key sof tware terminology. 

RECOMMENDATIONS: 

A concerted e f f o r t  should be made t o  s t anda rd ize  key so f tware  
terminology as i t  relates t o  t h e  Space Statlor, .  The document con ta in ing  
t h i s  terminology should be included as  p a r t  of all software RFP 
packages. P o t e n t i a l  c o n t r a c t o r s  should be required t o  use  t h i s  
terminology i n  their  proposals  as w e l l  a s  in subsequent documentation. 
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The e x i s t i n g  Space S t a t i o n  Lexicon ( I s s u e  1 ,  September 1 4 ,  1984)  does 
not  address the  i s s u e  of sof tware terminology. It should! There are 
two poss ib l e  approaches. One is t o  have a set of so f tware  terminology 
d e f i n i t i o n s  as a s e p a r a t e  s e c t i o n .  The o t h e r  i s  to  have t h e  so f tware  
d e f i n i t i o n s  mixed i n  with t h e  o t h e r  d e f i n i t i o n s .  The former is con- 
s ide red  t o  be t h e  p r e f e r r e d  method. 

The r e s p o n s i b i l i t y  of developing a space s t a t i o n  sof tware l ex icon  would 
b e s t  r e s i d e  wi th  a group of i n d i v i d u a l s  t h a t  make up a composite of t h e  
sof tware community wi th in  NASA. The obvious candidate  wi th  t h e  correct 
set of q u a l i f i c a t i o n s  i s  t h e  SWWG. However, i t  is u n l i k e l y  t h a t  t hose  
on the SWWG have t h e  time t o  t a k e  on t h i s  task.  The most v i a b l e  
a l t e r n a t i v e  could be a support  c o n t r a c t o r  under t h e  d i r e c t i o n  of  someone 
from Headquarters. Here t h e  most l i k e l y  cand ida te  i s  probably someone 
i n  t h e  Of f i ce  of t h e  Chief Engineer. 

6.2. P r o j e c t  D i r e c t i v e s  

BACKGROUND : 

-- 

I n  previous NASA space programs, not only have t h e  va r ious  NASA Centers  
developed t h e i r  own so f tware  p r o j e c t  p r a c t i c e s l s t a n d a r d s ,  but  i n d i v i d u a l  
e f f o r t s  have a l s o  been made a t  each Center  on t h e  same NASA program. To 
c o n t r o l  c o s t  of ownership f o r  NASA, t h e  Space S t a t i o n  Program must 
e s t a b l i s h  and en fo rce  a s i n g l e  set of sof tware d i r e c t i v e s  across t h e  
p ro jec t .  

Software f o r  t h e  Space S t a t i o n  Program w i l l  o r i g i n a t e  i n  t h r e e  ways, 
namely: (1) from adap ta t ion  of e x i s t i n g  owned sof tware,  (2 )  from 
a c q u i s i t i o n  of e x i s t i n g  commercial sof tware,  and (3)  from development of 
new software.  A minimum set of sof tware eng inee r ing  s t a n d a r d s / p r a c t i c e s  
must be e s t a b l i s h e d  and enforced a c r o s s  t h e  e n t i r e  p r o j e c t  t o  ensu re  
t h a t  t he  end result of i n t e g r a t i n g  a l l  t h i s  s o f t v a r e  is a cos t -  
e f f e c t i v e ,  easy-to-operate space e x p l o r a t i o n / u t i l i z a t i o n  system. 

ISSUE: (James L. Raney) 

WHAT IS THE MINIMUM SET OF SOFTWARE PROJECT PRACTICES/STANDARDS? 

ESSENTIAL CONSIDERATIONS: 

The j o i n t  " lessons learned" of t he  SWWG must be combined i n t o  one common 
d i r e c t i v e  s p e c i f y i n g  t h e  minimum set  of sof tware eng inee r ing  p r a c t i c e s /  
s t anda rds  t o  be app l i ed  t o  a l l  sof tware,  both developed in-house o r  by 
c o n t r a c t  and purchased "off-the-shelf" f o r  t h e  Space S t a t i o n  Program. 
The complete set of such d i r e c t i v e s  muat be appl ied by each Center  i n  
t h e  preparat ion and u t i l i z a t i o n  of t h e i r  Software Management Plan f o r  
t he  Space S t a t i o n  Program, 
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RECOMMENDATIONS: 

The Spa. e S t a t i o n  Program O f f i c e  must prepare and en fo rce  a sof tware 
management d i r e c t i v e ,  s u b j e c t  t o  SWWG approval ,  t h a t  provides  t h e  f o l -  
lowing: 

(1)  A common software engineer ing methodology, including:  

a. Cri t ical  l i f e - c y c l e  e v e n t s  
b. Documentation s t anda rds  ( i d e n t i t y  and c o n t e n t s )  
c. S t ruc tu red  so f tware  on ly  
d. A set  of accep tab le  languages 
e. Coding and naming s t anda rds  
f .  Common support  sof tware t o o l  set 
g. Software development p l ans  
h. Transportable  s t anda rd  format d a t a  f i l e s  
(Note: The Software Management and Assurance e f f o r t  of t h e  
Chief Engineer 's  O f f i c e  is re spons ib l e  f o r  items a, b & g. 
The Space S t a t i o n  Level B Program O f f i c e  is re spons ib l e  
f o r  a l l  t h e  o the r s . )  

( 2 )  A l l  p r a c t i c e s / s t a n d a r d s  must be i n  p l a c e  by end of FY85. 

(3)  The p r a c t i c e s / s t a n d a r d s  should apply t o  a l l  tes t  beds. 

(4) The p r a c t i c e s / s t a n d a r d s  must address  e x i s t i n g  hardware/sof mare 
systems, such as Space S h u t t l e  and communications satel l i tes  t h a t  
must i n t e r f a c e  w i t h  t h e  space s t a t i o n .  

( 5 )  The p r a c t i c e s / s t a n d a r d s  must address  t h e  requirements f o r  s e c u r i t y  
of d a t a  t o  be handled by t h e  Space S t a t i o n  Information System, 
inc lud ing  such va r ious  a s p e c t s  as i n t e r n a t i o n a l ,  i n t e r - co rpora t e ,  
p o l i t i c a l ,  and defense requirements. 

-- 6.3. Software Technology - and P o r t a b i l i t y  

BACKGROVND: 

The des igne r s  of space s t a t i o n  sof tware are faced w i t h  a p l e t h o r a  of 
e x i s t i n g  sof tware t o o l s  and technologies  -- and i d e a s  as y e t  un rea l i zed  -- from which t o  choose t o  support  an i n t e r n a l l v  compatible,  c o n s i s t e n t ,  
i n t e g r a t e d ,  and maintainaole system. Past development e f f o r t s  g ive  
r e c u r r i n g  lessons:  incompatible t o o l s  i n c r e a s e  the  complexity of t h e  
job ;  t o o l s  which work w e l l  i n  prototype ( i . e . ,  l i m i t e d )  environments do 
not t r a n s f e r  w e l l  t o  o p e r a t i o n a l  environments; a useful-looking t o o l  may 
not be mature enough f o r  widespread use ;  a t o o l  may be t i g h t l y  coupled 
with a p a r t i c u l a r  environment and w i l l  not  ea s i ly  t r a n s f e r ;  methodolo- 
gies are not chosen e a r l y  enough, or are not enforced uniformly; 
developers do not have adequate experience us ing  chosen technologies .  
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ISSUES: (Dolly Pe rk ins )  

(1) WHAT CRITERIA SHOULI, BE USED TO SELECT SSIS SOFTWARE TECHNOLOGY 
(E.G., SOFTWARE ENGINEERING METHODS AND PRACTICES: STANDARDS FOR 
PORTABILITY; PROGRAMMING LANGUAGE; WHETHER TO IMPOSE AN INSTRUCTION 
SET ARCHITECTURE; DATA DRIVEN VS. DATA EMBEDDED SOFTWARE) 

(2 )  WHAT CRITERIA SHOULD BE USED FOR TECHNOLOGY CHANGEOVER? 

(3 )  HOW CAN WE MAKE TECHNOLOGY CHANGE TRANSPARENT? 

(4) HOW DO WE KEEP CVRRENT I N  TEXHNOLOGY? 

ESSENTIAL CONSIDERATIONS : 

Experience h a s  shown that upgrades t o  technology -- both hardware and 
sof tware - are g e n e r a l l y  d i f f i c u l t  u n l e s s  t h e  system a r c h i t e c t u r e  was 
d e l i b e r a t e l y  designed t o  accommodate them. Typ ica l ly ,  t h e  p r a c t i c a l  
r e s u l t  of not  planning f o r  technology change is e i t h e r  high reengineer- 
i n g  c o s t  t o  upgrade t h e  outdated system components or hard dec i s ions  t o  
keep obso le t e  pa r t s .  

However technologies  are chosen, valuable  experience can be gained if 
prototyping of system elements  is poss ib l e .  Prototyping can provide 
i n s i g h t  i n t o  sof tware i n t e r f a c e  a r c h i t e c t u r e s  and design,  d a t a  base 
i s s u e s ,  system ope ra t ion ,  system performance and human-computer i n t e r a c -  
t i ons .  Rapid and inexpensive experimentat ion al lows concepts and 
requirements t o  be i n v e s t i g a t e d ,  v a l i d a t e d ,  and reviewed before  imple- 
mentation. 

RECOMMENDATIONS : 

(1)  The NASA Software Working Group should develop a p o s i t i o n  paper t o  
d e f i n e  c r i te r ia  f o r  choosing a p p r o p r i a t e  technologies  and f o r  
determining when technology change should t a k e  place.  

( 2 )  The primary means f o r  accomplishing technology t rsnsparency should 
be through c a r e f u l  l a y e r i n g  of system elements. The i n t e r f a c e s  
between t h e  l a y e r s  should be well-defined and r igo rous ly  maintained 
throughout t h e  system's l i f e .  With such p o r t a b l e  i n t e r f a c e s ,  the 
component parts ( t h e  i n t e r n a l s  of t h e  l a y e r s )  can be replaced o r  
modified without a f f e c t i n g  any of t h e  surrounding layr,rs. 

Choice of breakpolnts  between layers i s  c r i t i c a l  -- they should be 
wel l - isolated with c l e a n  sepa ra t ions .  Divis ions between po r tdb le  
( i n  concept o r  code) and pori-portable elements are obvious candi- 
d a t e s  f o r  l a y e r  separ;tions. ( I n  any event ,  non-portable code 
should always be i s o l a t e d . )  I n t e r f a c e s  t o  ope ra t ing  system ser- 
vices are a l s o  candidates  -- we should be a b l e  t o  change o p e r a t i n g  
s y s  tern and machines. 

( 3 )  Standards and methodologies f o r  so f tware  a r c h i t e c t u r e  should 
include procedures for c r e a t i n g  po r t ab le  and reusable  software.  

27 



(4) Inpu t s  from experienced and knowledgeable people are c r i t i c a l  t o  
making 3uccess fu l  choices .  In o r d e r  t o  keep c u r r e n t  with technol- 
ogy, people should be r o t a t e d  among c e n t e r s  and/or each c e n t e r  
should e s t a b l i s h  a technology t r a c k i n g / i n f u s i o n  o rgan iza t ion .  

ISSUE: (Chuck Lawson - AZ) 

APPLICABILITY AND METHODOLOGY OF PORTABILITY AND TRAVSFERABILITY FOR THE 
SPACE STATION 

ESSENTIAL CONSIDERATIONS: 

I n  t y p i c a l  p r o j e c t s  with about 10 y e a r  d u r a t i o n s  i t  is commonly assumed 
t h a t  sof tware w i l l  no t  be moved a c r o s s  d i f f e r e n t  machines du r ing  i ts  
l i f e t i m e  and t h u s  p o r t a b i l i t y  i s  commonly not  considered. When i t  hap- 
pens t h a t  sof tware must be moved t h i s  is t y p i c a l l y  very d i s r u p t i v e  and 
expensive . 
With a p ro jec t ed  time span of 30 yea r s  f o r  the space s t a t i o n  i t  mst be 
assumed t h a t  sof tware developed on one machine w i l l  l i k e l y  be moved t o  
o t h e r  machines, w i t h  perhaps s i g n i f i c a n t l y  d i f f e r e n t  a r c h i t e c t u r e s ,  dur- 
ing the  l i f e  of t h e  p r o j e c t .  A s  a r e s u l t ,  cons ide ra t ion  should be given 
t o  p o r t a b i l i t y  and t r a n s f e r a b i l i t y  of a l l  sof tware developed as a p a r t  
of t he  Space S t a t i o n  P ro jec t .  

P o r t a b i l i t y  concerns are not d i s t i n c t  from language and methodology 
quest ions.  P o r t a b i l i t y  is one i s s u e  i n  t h e  choice of a programming 
language and d a t a  f i l e  s t r u c t u r e s .  A sof tware development methodology 
must take p o r t a b i l i t y  i n t o  account.  

The b a s i c  p r i n c i p l e  of p o r t a b i l i t y  is t o  e x p r e s s  t h e  source d e s c r i p t i o n  
of a computing process  a t  as high a l e v e l  as p o s s i b l e  s u b j e c t  t o  t h e  
a v a i l a b i l i t y  of processors  t h a t  can transform t h a t  high l e v e l  desc r ip -  
t i o n  t o  execu tab le  code on t h e  r e l evan t  t a r g e t  machines, some of which 
may not be known a t  t he  time t h e  source d e s c r i p t i o n  is being w r i t t e n .  
Data f i l e s  must a l s o  be designed t o  f a c i l i t a t e  t h e i r  t r a n s f e r  between 
d i f f e r e n t  systems. 

Since t r ans fo rma t ion  p rocesso r s  are complex and expensive,  and g e n e r a l l y  
more so when t h e  source d e s c r i p t i o n  l e v e l  is h ighe r ,  t h e r e  are t r ade -  
o f f s  t h a t  must be facea.  

RECOMMENDATIONS : 

Tradeoffs should be made on a wide range of opt ions a v a i l a b l e  in choos- 
ing ( o r  i nven t ing )  t h e  source d e s c r i p t i o n  language and i t s  a s s o c i a t e d  
t ransformation processors.  Some examples are: 

(a) Use an ANSI s tandardized source language such as FORTRAN o r  Ada. 
Then processors  (compilers) and programming environments a r e  rela- 
t i v e l )  economically a v a i l a b l e  in t h e  ,..drketplace. A drawback is 
t h e  f i x e d  domain of expres s ion  allowed by an e x t e r n a l l y  
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standardized language. 

( b )  Use of an ex tens ion  of an ANSI s tandardiz( :d  language with a supple- 
mentary preprocessor  t o  t ransform the  extended language t o  t h e  
s t anda rd  language. The extended language cuuld,  f o r  example, be a 
design language o r  a s p e c i f i c a t i o n  language. Some of t h e  exten- 
s i o n s  could be f o r  t h e  s p e c i f i c  purpose of a i d i n g  p o r t a b i l i t y .  

( c )  Crea t ion  and support  of a unique NASA language and set of proces- 
sors .  Th i s  approach provides  the  greatest p o t e n t i a l  t o  achieve t h e  
language of one 's  dreams but i s  very expensive t o  support  ove r  t h e  
long haul. 

S p e c i f i c  support  must be provided t o  programmers who are expected t o  
compose po r t ab le  source d e s c r i p t i o n s  of software.  Th i s  support  must 
i nc lude  courses ,  manuals, sof tware t o o l s  f o r  checking p o r t a b i l i t y ,  etc. 
It must be remembered t h a t  programmers are not a c c u s t m e d  t o  being t o l d  
t h a t  p o r t a b i l i t y  is one c f  t h e i r  goals. 

- -  6.4. Languages 

BACKGROUND : 

There a r e  b a s i c a l l y  4 groups of languages which t h e  SDE should support .  
They are languages f o r  rec ..rements and spec i f i ca tLon  (such as PSL/PSA), 
f o r  design (such as PDL), f o r  development (such as HAL/S) and f o r  spe- 
c i a l  a p p l i c a t i o n s  (such as GOAL). Only t h e  languages f o r  development 
w i l l  be addressed here.  On t h e  languages f o r  development, t h e  fol lowing 
i s s u e s  need be considered: 

1 . Requirements 
2. Usage 
3. Heri tage o r  r e u s a b i l i t y  
4. Evolut ion 
5 .  General 6 s p e c i a l  purpose languages 
6. S t anda rd iza t ion  
7. Assembly language 

9 .  Mul t i l i ngua l  environments 
10. D i s t r ibu ted  processing 
11 . Transport  a b i l i t y  
12. Lessons learned 

8 .  Tools 

ISSUE: (Ed Ng and I r e n e  Fa lkens t e in  - AZ) 

LANGUAGES FOR SOFTWARE DEVELOPMENT 
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ESSENTIAL CONSIDERATIONS: 

1. Requirements 

The Space S t a t i o n  Opera t iom Working Group ponsored a s tudy  on high 
o rde r  languages f o r  space s t a t i o n  and ground support  operat ions.  ("High 
Order Languages", 2nd Level White Paper, Space S t a t  i on  Operat ions Work- 
i n g  Group, J u l y  1983. Study l e a d e r :  Audrey Dorofee, NASA K S C . )  I n  t h e  
s tudy  high-level requirements f o r  t h e  space s t a t i o n  ope ra t ions  have been 
compiled, comparison cri teria have been def ined,  and cand ida te  languages 
have been described. A similar a n a l y s i s  of requirements is necessary 
f o r  the development s ide .  Some of t h e  f i n d i n g s  of t h e  referenced s tudy  
are app l i cab le  t o  development. 

2. Use of Languages 

I n  1979 t h e  Software S tanda rd iza t ion  Subcommittee of t h e  NASA I n t e r -  
c e n t e r  Committee on ADP i s sued  a r epor t  which i w l u d e d  a survey of 
language use wi th in  t h e  NASA family. ("Report of t h e  Software Standard- 
i z a t i o n  Committee", NASA I n t e r c e n t e r  Committee on ADP, June 1979.) The 
f ind ings ,  not s u r p r i s i n g l y ,  i nd ica t ed  t h a t  COB'JL, FORTRAN and HAL/S were 
t h e  t h r e e  main high-order ' languages of predominant use w i t h i n  NASA. Dur- 
i n g  the 5 yea r s  s i n c e ,  t he  languages C, PASCAL and PL/ l  have probably 
made some gains  i n  NASA usage, but  t he re  is no sign of a s i g n i f i c a n t  
gain.  

3 .  Software Heritage and Reusab i l i t y  

Since t h e  Space S t a t i o n  Program a n t i c i p a t e s  a 3-decade l i f e  c y c l e ,  w i t h  
a t  least 1 decade of coexis tence with the Space Transpor t a t ion  System 
(STS), sof tware h e r i t a g e  is required o r  d e s i r e d  both w i t h i n  Space Sta- 
t i o n  and between the trJo p r o j e c t s .  The long l i f e  of t h e  Program imposes 
s i g n i f i c a n t  chal lenges on t h e  evo lu t ion  of t h e  sof tware.  

4. Evolut ion of Languages 

High-order langv?ges have been i n  existence f o r  about 3 decades. During 
t h i s  period they evolved very s lowly,  with breakthroughs few and f a r  
betweel?. The well-known breakthroughs inc lude  t h e  a b s t r a c t  i on  of 
expressions i n  t h e  50's (exemplified by FORTRAN), t h e  a b s t r a c t i o n  of 
c o n t r o l  s t r u c t u r e s  i n  t h e  60's  (exemplified by ALGOL), and t h e  abs t r ac -  
tion of d a t a  s t r u c t u r e s  in t h e  7 0 ' s  (exemplified by PASCAL and Ada). 
Languages a l s o  t ake  a long time t o  be s t anda rd ized  (Ada the  major excep- 
t i o n )  and t o  mature. Moreover, even a f t e r  s t a n d a r d i z a t i o n ,  non-standard 
implementations abound i n  p rac t i ce .  The impl i ca t ion  t o  Space S t a t i o n  is 
t h a t  f l e x i b i l i t y  is an important f a c t o r  i n  t h e  planning. Th i s  
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f l e x i b i l i t y  i nc ludes  t h e  c o n s t r u c t i o n  of a s t r a t e g y  and b r idg ing  tech- 
nology f o r  l i n k i n g  t h e  p a s t  t o  t h e  f u t u r e .  One immediate example may be 
an Ada t r a n s i t i o n  s t r a t e g y  which assumes the  p re sen t  use of FORTRAN and 
HALIS with proper p repa ra t ion  t o  adopt Ada a t  t he  a p p r o p r i a t e  time. 

5 .  General and Spec ia l  Purpose Languages 

The s e l e c t i o n  between s p e c i a l  pur?ose languages and gene ra l  purpose 
languages I s  a very c o n t r o v e r s i a l  i s s u e  as o ld  as computer languages and 
w i l l  not be addressed i n  d e t a i l  here.  The r e l a t i o n  of t h i s  topic t o  
space The so f tware  needs 
of the space s t a t i o n  cover a broad range of a p p l i c a t i o n  areas, from 
real-time on-board t o  ground support  t o  s imula t ion  modeling t o  s p e c i a l  
app l i ca t ions  suck as GOAL. Each of t h e s e  a p p l i c a t i o n s  areas has s p e c i a l  
d a t a  processing requirements and t h e  need f o r  p a r t i c u l a r  language 
f ea tu res .  Can t h e r e  be one language gene ra l  enough t o  meet t h e  requlre-  
mente not only t h e  ground and on-board systems but a l s o  t h e  s p e c i a l  
applicatAons? I f  so, what i n e f f i c i e n c y  c o s t s  does t h i s  i n c u r  and how b i g  
and complex is t h i s  g e n e r a l  purpose language? I f  n o t ,  then where can t h e  
boundary reasonably be drawn and how many s p e c i a l  purpose languages 
should be supported (as i n i t i a l  compiler / tool  costs and long-term 
maintenance c o s t s  may i n c r e a s e  s u b s t a n t i a l l y  wi th  m u l t i p l e  languages and 
environments)? This issue i n t e r r e l a t e s  with s t a n d a r d i z a t i o n ,  support  
t o o l s ,  and multi-languages i s s u e s ,  and should be addressed in t h a t  con- 
t ex t .  

s t a t i o n  i s s u e s  on languages is very r e l evan t .  

cf 

6. S tanda rd iza t ion  

The advaniages of language s t a n d a r d i z a t i o n  inc lude  t r a n s p o r t a b i l i t y ,  
uniform t r a i n i n g ,  ease of communication, sof tware s h a r i n g ,  and r educ t ion  
i n  redundant e f f o r t .  On the  o t h e r  haqd, language s t anda rds  tend t o  st i -  
f l e  growth and v e r s a t i l i t y ,  and tend t o  in t roduce  cons ide rab le  language 
c o n t r o l  e f f o r t .  NASA's HALIS and DoD Ada e f f o r t s  are experiencing both 
the  advantages and disadvantages.  

7 Assembly Language 

Assembly language is s t i l l  a necessary e v i l ,  but  should be kept  t o  an 
absolute  minimum. For s p e c i a l  ca ses  i t  g i v e s  the  programmer almost com- 
p l e t e  c o n t r o l  over  what i n s t r u c t i o n s  the  computer w i l l  execu te ,  and how 
and when t h e  computer w i l l  execute an i n s t r u c t i o n .  Disadvantages t o  
assembly languages a r e  well-known: 

- reduced p r o d u c t i v i t y  ( 3  t o  5 t i m 5 . l  less on average)  

- many compilers generate  more e f f i c i e n t  machine language code 
than t h e  average assembly language programmer can write 
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e s p e c i a l l y  on l a r g e  a p p l i c a t  ions 

- assembly language is d e t a i l e d  and e r r o r s  are more Zrequent 
and ha rde r  t o  f i n d  

- assembly language is not self-documenting, and t h e  
documentation is l e f t  up t o  t h e  programmer 

- assembly language programs are hard t o  read and comprehend 

- assembly language is a non-structured language 

- maintenance is d i f f i c u l t  

- =ew t o o l s  e x i s t  f o r  d e t e c t i n g  e r r o r s  i n  assembly language 
programs 

- assembly language programs are d i f f i c u l -  i n  terms of 
a t tempting t o  do V & V 

- assembly language is machine end o p e r a t i n g  system dependent,  
which makes i t  d i f f i c u l t  t o  t r a n s p o r t  

- assemoly language is c o s t l y  t o  write, debug, and maintain 

8. Tools 

The u s e  of t o o l s  can a i d  i n  t h e  development and management of sof tware 
f o r  Space S t a t i o n ,  by reducing t h e  c o s t  and time t o  develop and manage 
software.  The s e l e c t i o n  of t h e  t o o l s  t o  be used i s  important ,  s i n c e  t h e  
s e l e c t i o n  of incompatible t o o l s  can add t o  the  complexity of the 
software and the  time needed t o  develop the software.  Some t o o l s  are 
more language and environment independent, while o t h e r s  a r e  dependent on 
a s p e c i f i c  language and/or sof tware development en+ ronment. Some t o o l s  
can be used f o r  developing sof tware on the  h o s t ,  while  o t h e r s  are 
designed p r i m a r i l y  f o r  developing sof tware on t a r g e t  mechines. 

9 .  Mult i l ink,Jal  Environments 

In  developing sof tware f o r  Space S t a t i o n ,  r o e t  l i k e l y  s e v e r a l  pragram- 
ming languages w i l l  be used. R e a l i s t i c a l l y ,  no one language is optimal 
f o r  a l l  a p p l i c a t i o n s  on a l l  machines ( h o s t  and t a r g e t ) .  Also, some 
machines (and ope ra t ing  systems) are only compatible with c e r t a i n  
languages o r  a given ve r s ion  of a language. I n  s e l e c t i n f l  t h e  language 
f o r  an a p p l i c a t i o n  ( o r  module) one needs t o  cons ide r  memory (space)  
and/or time ( e f f i c i e n c y )  c o n s t r a i n t s ,  m a i n t a i n a b i l i t y  ( a v a i l a b t l i c y  of 
programmers with knowledge i n  a given language and ease of 
programming/debugging), as well as which language(s)  a r e  compatible with 
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the  sof tware/hardware/network a r c h i t e c t - l r e  t o  be used. 

10. D i s t  r i  buted Processing 

A t  p r e s e n t ,  f o u r  l e v e l s  of d i s t r i b u t i o n  can be perceived,  v i z . ,  a t  t h e  
Agency l e v e l ,  a t  t he  Center l e v e l ,  a t  the system l e v e l ,  and a t  t h e  u s e r  
l e v e l .  It is a n t i c i p a t e d  t h a t  Space S t a t i o n  P r o j e c t  a c t i v i t i e s  w i l l  
involve n a t i o n a l  and l o c a l  networking, w i l l  use d i s t r i b u t e d  system 
a r c h i t e c t u r e s ,  both on board and f o r  ground suppor t ,  and will wi tness  
nea r -un ive r sa i  u s e r  ownership of i n t e l l i g e n t  workstat ions.  A l l  t h i s  has  
s i g n i f i c a n t  imp l i ca t ions  t o  t h e  s e l e c t i o n  and e v o l u t i o n  of ?rogramming 
languages. 

?or t h e  user level, advanta7es and disadvantsges  of d i b t r i b u t e d  process- 
i n g  are: 

Advantages -- 
- l o c a l  user has access t o  own d a t a ,  and can update  d a t a  immediately 

- b e t t e r  d a t a  s e c u r i t y  because l o c a l  u s e r s  do  not  have immediate 
access  t o  d a t a  a t  o t h e r  l o c a t i o n s  

- host  computer has t o  do l i t t l e  e d i t i n g  of d a t a  which is r a s t l y  done 
by t h e  l o c a l  computers 

- d i s t r i b u t e d  processing system i s  o f t e n  less expensive than  a ten- 
t r a l i z e d  sys tem of similar p3wer 

- t h e  l o c a l  system can func t ion  even i f  the  h o s t  machine goes down 

- hos t  has l i t t l e  o r  no e f f e c t  on response time and throughput 

- l o c a l  users have more f l e x i b i l i t y  i n  us ing  t h e  l o c a l  computer as 
they r equ i r e  

- improved l e v e l  of s e r v i c e  and response t o  l o c a l  needs 

Disadvantages -- 
- d i s t r i b u t e d  processing i s  i n  i t s  infancy,  and t h e r e  are not many 

experiences o r  e x p e r t s  

- h ighe r  r i s k  t h a t  t h e  d a t a  w i l l  be def ined and used d i f f e r e n t l y  a t  
each l o c a t i o n ,  t h u s  making a c e n t r a l i z e d  d a t a  base not u s e f u l ,  and 
sna r ing  of d a t a  meaningless 

- l o c a l  computerr o f t e n  have t o  be programmed i n  a lower-level 
language than the  h o s t  machine because of time, memory, End pe r fo r -  
mance c o n s t r a i n t s  
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- t h e  l o c a l  machine o f t e n  has language c o n s t r a i n t s ,  e.g., must be 
programmed i n  a s p e c i f i c  language, o r  t h e  num5er of l e v e l s  of  sub- 
rou t ines  ( o r  programs) t h a t  can be performed (o r  c a l l e d )  w i th in  a 
giver, module ( a p p l i c a t i o n )  is  l imi t ed  

11. T r a n s p o r t a b i l i t y  

T h i s  i s s u e ,  discussed elsewhere i n  these  proceedings,  has  s i g n i f  i c a n t  
imp l i ca t ions  on t h e  choice of languages. 

12. Lessons Learned 

The NASA Of f i ce  of Chief Engineer now sponsors an a c t i v i t y  t o  g a t h e r  and 
organize d a t a  on l e s sons  learned about sof tware management w i t h i n  t h e  
NASA f a m i l y .  Tnough the a c t i v i t y  i n i t i a l l y  emphapizes only t h e  manage- 
ment a spec t s ,  i t  may e i t h e r  grow t o  inc lude  more eng inee r ing  informa- 
t i o n ,  o r  may c a t a l y z e  a p a r a l l e l  a c t i v i t y  t o  g a t h e r  and organize 
engineer ing information,  which is  a l s o  important t o  managers. 

RECOMMENDATIONS : 

(1 )  On requirements,  w e  should r e v i s i t  the  a n a l y s i s  presented by the  
Space S t a t i o n  Operations Working Grodp, and decide i f  w e  should 
gene ra l i ze  or extend t h a t  s tridy. ("High Order Languages", 2nd Leve 1 
White Paper, Space S t a t i o n  Operations Working Group, J u l y  1983. 
Study l eade r :  Audrey Dorofee, NASA KSC.) 

(2) On s t anda rd iza t ion ,  NASA should promote t h e  use of ANSI s t anda rds ,  
avoiding d i a l e c t a l  p r o l i f e r a t i o n .  

(3) On language use,  we should c o l l e c t  d a t a  about t h e  development of 
STS t o  determine evo lu t iona ry  a p p l i c a t i o n s  A t  t h e  same time, 
a n a l y s i s  should be performed t o  p r o j e c t  r evo lu t iona ry  app l i ca t ions .  - 
On t o o l s ,  we should e s t a b l i s h  t h e  gene r i c  requirements of t o o l s  and 
determine a v a i l a b i l i t y .  3u ide l ines  need t o  be e s t a b l i s h e d  f o r  t h e  
s e l e c t i o n  and assessment of t oo l s .  Owing t o  t h e  long l i f e  cyc le  of 
Space S t a t i o n ,  t o o l s  cannot be e n t i r e l v  l e f t  up t o  t h e  choice of 
t he  c o n t r a c t o r s  because c e r t a i n  t o o l s  (such as conf igu ra t ion  
managesent) have impact on t h e  long-term maintenance a c t i v i t y .  

(4) 

( 5 )  NASA cannot a i f o r d  t o  leave mult i - lanwage i s s u e s  f o r  c o n t r a c t o r s '  
choice. There is a l s o  a long-term maintenance implicat jon.  Por- 
t u n a t e l y  he re  w e  are s t a r t i n g  with a small list well-known t o  NASA, 
vIz., FORTRAN, COBOL, HAL/S, C ,  PASCAL, PL/1, and Ada. AE f o r  Ada, 
i t  is  t o o  b ig  i movement f o r  NASA t o  ignore.  JSC is c u r r e n t l y  per- 
forming an e v a l u a t i o n  of Ada f o r  space s t a t i o n  a p p l i c a b i l i t y .  It i s  
d e s i r a b l e  t o  have another  (or more) o r g a n i z a t l o n ( s )  perform an 
assurance func t ion  and t o  plan a t r a n s i t i o n  s t r a t e g y  as a comple- 
mentary func t ion  t o  JSC. 
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(6) Assembly language should on ly  be used i f  t h e  a p p l i c a t i o n  ( o r  
module) cannot be w r i t t e n  i n  a recommended high-level language. 
J u s t i f i c a t i o n  must be documented before  assembly language can be 
used. The j u s t i f i c a t i o n  must con ta in  t h e  software/hardware/network 
and/or performance o r  o t h e r  t e c h n i c a l  c o n s t r a i n t ( s )  e x i s t i n g  t h a t  
warrant t h e  use of assembly language. Such c o n s t r a i n t s  include: 

- c r i t i c a l  t imefspace Cons t r a in t s  

- e f f i c i e n c y  c o n s t r a i n t s  w i th in  a given module(s) 

- d i s k  c o n t r o l l e r  i n t e r f a c e  

- s p e c i a l  110 i n t e r f a c e s  

- block search and t r a n s f e r  

- t a s k  d i spa tch ing  

- context switching;, etc. 

( 7 )  A l i s t  of languages used on recent  NASA space missions needs t o  be 
compiled. Each language l i s t e d  needs t o  be evaluated and i ts  
advantages and disadvantages descr ibed.  Spec ia l  cons ide ra t ion  
should be placed on t h e  fol lowing cr i ter ia :  

- p r o d u c t i v i t y  

- m a i n t a i n a b i l i t y  (amount of e r r o r s ,  t ypes  of e r r o r s ,  time 
and c o s t  of maintenance, e t c . )  

- s e l f  -documenting 

- use of computer r e sources  (t ime and c o s t )  

- performance 

- t r a n s p o r t a b i l i t y  

- r e l i a b i  i i t y  

- a p p l i c a t i o n s  used on 

- Tardware used on (Compatibi l i ty)  

- problems with t h e  language 

- compa t ib i l i t y  with a v a r i e t y  of environments 

- c o m p a t i b i l i t y  with o t h e r  langcages 
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An eva lua t ion  of d i s t r i b u t e d  processf machines should be made. 
The e v a l u a t i o n  should inc lude  the  guage and t o o l s  t h a t  can be 
used on t h a t  machine t o  develop so f tda re .  L imi t a t ions  of each 
language and o p e r a t i n g  system need t o  be i d e n t i f i e d .  A l ist  of 
computer languages and d e s i r a b l e  language c h a r a c t e r i s t i c s  needs t o  
be made a v a i l a b l e .  The t y p e s  of computers and ope ra t ing  sys t ems  
shoula a l low for t h e  use of s t r u c t u r e d  languages,  p r e f e r a b l y  high- 
l e v e l  languages. The types  of computers should have minimum space 
(memory) and performance c o n s t r a i n t s .  Applicat ions should be 
evaluated t o  determine how many a p p l i c a t i o n s  would be b e t t e r  per- 
formed on a d i s t r i b u t e d  processing system. 

Three o t h e r  papers are needed t o  addres s  t h e  o t h e r  t y p e s  of 
languages: l.e., the  languages f o r  requirements and s p e c i f i c a t i o n ,  
€or des ign ,  and for s p e c i a l  a p p l i c a t i o n s .  

6.5. Documentation - -- 

BACKGROUND: 

Software i s  defined as documentation p l u s  code. I n  l i n e  v i t h  t h i s  
d e f i n i t i o n ,  experience shows t h a t  a minimum set  of documcntation should 
be required f o r  each p i ece  of so f tware  t o  be developed i n  space s t a t i o n  
r e l a t e d  p ro jec t s .  The l e v e l  of  d e t a i l  f o r  each requfred document may be 
based on p r . ) j ec t  needs, p r o j e c t  s i ze ,  p r o j e c t  c o s t ,  e x t e n t  of e f f o r t ,  
f u t u r e  usa:,e and a p p l i c a t i o n ,  or o t h e r  f a c t o r s .  Documentation r equ i r e -  
ments should be s p e c i f i e d  i n  t h e  sof tware management plan and i n  t h e  
s t a t emen t s  of work s igned by t h e  con t r ac to r .  

ISSUES: ( A i  Fang) 

( 1 )  WHAT IS THE CRITICAL, M I N I M A L  SET OF DOCUMENTATION AND WHAT LEVEL 
OF DETAIL SHOULD BE SPECIFIED? 

(2 )  DO THE CRITICAL SET OF DOCUMEhTS AND LEVEL OF DETAIL VARY WITH 
SOFTWARE CATEGORY? 

( 3 )  WAT ACCEPTANCE CRITERIA ARE NEEDED? 

ESSENTIAL CONSIDERATIONS: 

The number of required documents v a r i e s  w i th  t h e  category (i.e., c r i t i -  
c a l i t y )  of the  sof tware.  An excess  w i l l  raise cost and may not be 
necessary. However, t o  prevent t h e  occurrence of missing o r  inadequate 
documentation, the p r o j e c t  manager should i d e n t i f y ,  by t i t l e  and func- 
t i o n ,  bas i c  documents I n  t h e  sof tware management p l an  t o  govern t h e  
software s p e c i f i c a t i o n  inc lud ing  requirements,  des ign ,  development, 
t e s t i n g  (methods, test  d a t a ,  t es t  cases, test r e s u l t s ) ,  i n t e r f a c e ,  v a l i -  
da t ion ,  i n t e g r a t i o n ,  v e r i f i c a t i o n ,  maintenance, ope ra t ion ,  etc. 
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Emphasis must be placed on keeping documentation c u r r e n t  w i t h  t h e  code. 
Uocuments generated should be easy  t o  read,  understandable ,  and con- 
venient  t o  use. Major acceptance cr i ter ia  may be: 

a )  Accuracy: The generated documents must conta in  no s i g n i f i c a n t  

b)  Adequacy: The generated documents must present  adequate 
e r r o r  and must meet t h e  requirements and 

d e s c r i p t i o n  of  t h e  needed information. 

Both accuracy and adequacy should be checked and confirmed. Any modifi- 
c a t i o n  of documentation must be approv2d. It is  convenient t o  g e n e r a t e  
documents on e l e c t r o n i c  media, and i t  is easier t o  maintzin c c n t r o l  and 
t o  update i f  a l l  s i g n i f i c a n t  documentation d a t a  are s t o r e d  in a d a t a  
base. 

RECOMMENDATIONS : 

The minimum set of  documentation f o r  each major component of sof tware  
is : 

Operat ions Concept Document 
Software A c q u i s i t i o n  Management P lan  
Software Requirements Spec 
General Design Specs ( i n c l u d e s  a r c h i t e c t u r e  and h igh  

l e v e l  i n t e r f a c e s )  
Requirements T r a c e a b i l i t y  Matrices 
Test Plans 
Test Specs ( inc ludes  procedures,  d a t a ,  and a n a l y s i s )  
Data S t r u c t u r e  Specs 
User's Manual 
f n t e r f  ace Specs 
De t a i l e d  Component Specs 
Test Resul t s  

7. INFORMATION SYSTEMS ISSUES - 

BACKGROUND: 
R85 -20693 

A Space S t a t i o n  Project-wide mechanism to document, c o n t r o l ,  and dissem- 
i n a t e  program des ign  d a t a  requi red  by subsystem implementation e f f o r t s  
is needed. I n  e v a l u a t i n g  sof tware  requirements  a t  t h e  subsystem imple- 
mentation l e v e l ,  each sof tware  e f fo r t  should be requi red  t o  develop and 
maintain a l ist  and schedule  of  sup by 
o t h e r  elements i n  t h e  Space S t a t i o n  P r o j e c t .  A p ro jec t - leve l  scheme t o  
coord ina te  and t r a c k  these  needs is e s s e n t i a l  t o  t h e  success  of t h e s e  
c o n t r i b u t i n g  subsystems. A project-wide information s y s t e a  should pro- 
vide t h e  response information v i a  a computerized mechanism, providing a 
s i n g l e  c o n t r o l l e d  source f o r  a l l  such data .  Such information may range 
i n  content  from documentation t o  a c t u a l  d a t a  base sets used d i r e c t l y  as 

Ling da ta 'needs  t o  be provided 
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an inpu t  t o  t h e  subsystem software (i.e., from des ign  documentation t o  
te lemetry d e f i n i t i o n  f i l e s ,  etc.)  Th i s  information system w i l l  l i k e l y  
c o n s i s t  of a l a r g e  body of gene ra l  u se  space s ta t ion  des ign  d a t a  as w e l l  
a s  a range of s p e c i f i c  d a t a  developed i n  d i r e c t  response t o  i d e n t i f i e d  
subsystem needs. 

ISSUE: ( Joe  Hennessy) 

HOW IS SOFTWARE INFORMATION FLOW TO BE SUPPORTED, CONTROLLED, AND 
MANAGED? 

RECOMMENDATION: 

A c e n t r a l i z e d  computer d a t a  base should be e s t a b l i s h e d  t o  log 
implementation-level d a t a  needs and t h e  formal response d a t a  t o  those  
needs. The c e n t r a l i z e d  d a t a  base should inc lude  t h e  fol lowing f e a t u r e s  
and c a p a b i l i t i e s :  

--what information i s  needed, and when, t o  implement each 

--automated index and information l i b r a r y  
- - access ib i l i t y  t o  permit technology t r a n s f e r  t o  i n d u s t r y  
--capabili ty t o ' i n t e g r a t e  and inco rpora t e  r e l a t e d  

subsystem element 

d a t a  bases and s e r v i c e  

ISSUE: (Susan Voigt)  

WdAT IS THE RELATIONSHIP BETWEEN THE SDE AND THE MANAGEMENT AND COMMUNI- 
CATION DATA SYSTEM? 

BACKGROUND: 

The Technical and Management Information System (TMIS), formerly known 
as the  Management and Communication Data System (MCDS), w i l l  be imple- 
mented by NASA t o  support  i ts  Space S t a t i o n  Program. TMIS w i l l  be a 
program-wide e l e c t r o n i c  information s y s t e q  for SSP management and sys- 
tems engineer ing,  s e rv ing  both NASA organ iza t ions  and c o n t r a c t o r s .  

"MIS w i l l  be implexented pr imari ly  with off-the-shelf hardware and 
sof tware,  as a d i s t r i b u t e d  network of d a t a  processing nodes and i n t e l l i -  
gent work s t a t i o n s  s c a t t e r e d  throughout NASA. The f i r s t  phase w i l l  pro- 
vide an ea r ly  b a s i c  o p e r a t i o n a l  c a p a b i l i t y ;  phase 2, ready f o r  u s e  i n  
mid-1986, w i l l  i n c r e a s e  t h e  f u n c t i o n a l i t y  and i n t e g r a t i o n .  

The o b j e c t i v e s  of TMIS are: 

a )  Provide an e l e c t r o n i c  means of d a t a  communications ( p r o j e c t  manage- 
ment d a t a ,  engineer ing d a t a ,  CAD drawings, t e x t ,  eng inee r ing  and 
business  g raph ic s ,  p r e s e n t a t i o n s ,  conferencing,  mail, e t c )  between 
a l l  elements of t h e  Space S t a t i o n  Program (SSP). 
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Implement c o n t r o l l e d  d a t a  bases and d a t a  interchange mechanisms 
which w i l l  e s t a b l i s h  an e f  f ec t ive l r educed  paper  environment f o r  t h e  
management and i n t e g r a t i o n  of t h e  program. 

Provide program management, con f igu ra t ion  c o n t r o l ,  s e c u r i t y  and 
o t h e r  management/analysis and support  t o o l s  required by t h e  pro- 
gram. 

Provide these  s e r v i c e s  du r ing  a l l  phases of t h e  SSP so t h a t  they 
support  t h e  sys t em des ign ,  i n t e g r a t i o n ,  tes t ,  and ope ra t ions ,  and 
so t h a t  d u p l i c a t i o n  of c a p a b i l i t y  between t e c h n i c a l  and management 
a c t i v i t i e s  i s  minimized. 

The major func t ions  of TM'TS w i l l  be: 

a) Management of Program Information (budgets,  schedules ,  resource 
t r a c k i n g ,  conf igu ra t ion  c o n t r o l  , document a t  ion,  problem and 
action-item management) 

b) Communications (documentation disseminat ion and interchange,  elec- 
t r o n i c  m a i l ,  o f f i c e  automation, interchange of eng inee r ing  drawings 
and d a t a ,  conference support  and p r e s e n t a t i o n  in t e rchange )  

c)  Engineering Data and Technical Computation Support (SE&I, 
CADICAMICAE, eng inee r ing  databases ,  engineer ing drawings l i b r a r y ,  
engineer ing a n a l y s i s  t o o l s )  

ESSENTIAL CONSIDERATIONS: 

The TMIS is  intended t o  support  t he  engineer ing and management of t h e  
Space S t a t i o n  Program. TMIS requirements are being developed by t h e  
Level B Space S t a t i o n  Of f i ce  and they w i l l  sponsor i ts  implementation. 
The software development environment (SDE), descr ibed elsewhere i n  t h i s  
document, w i l l  support  t h e  s p e c i f i c  needs of t h e  sof tware developers.  
Many of t he  f a c i l i t ! e s  t o  be i n  t h e  TMIS w i l l  be r equ i r ed  by t h e  
software development teams, and wherever p o s s i b l e ,  t h e  SDE u s e r s  should 
use  tho TMIS f o r  communication and sof tware p r o j e c t  management. Details 
of t he  i n t e r f a c e  and cooperat ion between t h e  TMIS and t h e  SDE should be 
determined and documented p r i o r  t o  s e l e c t i o n  of an SDE development con- 
t t a c t  or. 

RECOMMENDATION : 

Once t h e  SDE has been b e t t e r  de f ined ,  i t  should be discussed w i t h  t h e  
Level B "MIS developers  t o  e s t a b l i s h  the  i n t e r f a c e  between SDE and TMIS 
and t h e  support  f a c i l i t i e s  t o  be provided by TMIS. 

Some of t h e  TMIS f a c i l i t i e s  are a l s o  c a l l e d  f o r  i n  t h e  SDE (and hence 
shoittd be provided by thc TMIS t o  avoid d u p l i c a t i o n  of e f f o r t ) .  These 
include 

Data Management of software information,  documentation, code, t e s t  
d a t a ,  e t c .  
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Document Management and D i s  t r i b u  t i ,m 

Management Analysis  

Teleconferencing 

Technical Workstat ions 

Commun ica t ions  

8 .  FUTURE OF THE SWWG ISSUE - ------ 

ISSUE : (John McLeod) N85-2069.4 
WHAT SHOULD BE THE FUTUF.E ROLE OF THE SPACE STATION SOFTWARE WORKING 
GROUP? 

BACKGROUND : 

The Space S t a t i o n  Software Working Group (SWWG) was begun i n  1983 as a 
subcommittee of t he  Data Management Working Group. Its purpose has  been 
t o  i d e n t i f y  software i s s u e s  r e l a t e d  t o  Space S t a t i o n  and provide advice 
t o  the  Space S t a t i o n  Technology S t e e r i n g  Committee on so f tware  t e c h n i c a l  
and management concerns. Now t h a t  t h e  Space S t a t i o n  Program has  been 
formally s t a r t e d ,  many of t h e  o t h e r  advisory committees t h a t  were s i m i -  
l a r  i n  func t ion  t o  t h e  SWWG have phased down t h e i r  a c t i v i t i e s  o r  have 
been absorbed i n t o  t h e  formal program s t r u c t u r e .  The SWWG, i n  c o n t r a s t ,  
has become more a c t i v e  and has  served t o  h i g h l i g h t  sof tware i s s u e s  such 
as sof tware management, programming languages,  development environments, 
u s e r  c o n t r o l  languages, e t c .  

The SWWG is t h e  only group s p e c i f i c a l l y  addressing sof tware i s s u e s  
r e l a t e d  t o  the Space S t a t i o n .  It b r i n g s  toge the r  sof tware e x p e r t i s e  and 
experience from a l l  NASA cen te r s .  The members p r e s e n t l y  serve on an 
informal  b a s i s ;  t h e i r  SWWG a c t i v i t i e s  are not part of t h e i r  j o b  respon- 
s i b i l i t i e s .  A s  t h e  Space S t a t i o n  Program develops,  i t  w i l l  t a k e  more 
and more e f f o r t  on t h e  p a r t  of t h e  SWWG members t o  adequately e v a l u a t e  
sof tware i s s u e s  and make recommendations t o  Program management. The 
time has come t o  e v a l u a t e  what r o l e  t h e  SWWG should have i n  t h e  Space 
S t a t i o n  Program, what resources  w i l l  be required t o  f u l f i l l  t h e  r o l e ,  
and how t h e s e  r e sources  can be supp l i ed .  

RECOMMENDATIONS : 

The SWWG should have a formal r o l e  i n  the  Space S t a t i o n  Program. 
Software is so c r i t i c a l  t o  t h e  success  of t h e  Program t h a t  w e  can- 
not  a f f o r d  t o  ignore sof tware i s s u e s  u n t i l  w e  have problems. 

The SWWG could s e r v e  as the  primary t e c h n i c a l  resource f o r  t h e  
Level A and B sof tware managers. 
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(3) The membership in t h e  SWWG should be s t a b i l i z e d  so t h a t  long-term 
software i s s u e s  can be considered i n  l i g h t  of a shared experience 
base and t o  avoid having t o  c o n s t a n t l y  f a m i l i a r i z e  new members w i t h  
p a s t  h i s t o r y  before  i s s u e s  can be addressed. 

(4) Adequate funding should be provided so t h a t  members of t h e  SWWG can 
spend t h e  time required t o  e v a l u a t e  t h e  so f tware  i s s u e s  t h a t  arise 
without compromising t h e i r  normal j o b  func t ions .  
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APPENDIX A 

SHUTTLE SOFTWARE PRODUCTION FACILITY 
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Appendix A 

SPF HARDWARE OVERVIEW SPF HARDWARE OVERVIEW 

SPF PROCESS OVERVIEW 
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Appendix A 

SIRWIRY - CPU: 28 MIPS, 64 MB - IIASD: 152 GB - TAPE DRiVES: 43 - PHINTERS: 41,000 LYH (1REHOTE) - TERMINALS: 58 IBCAL, 369 REMOTE 

TERMINALS - 54 LOCAL TERMINALS 
o "RED" NOOH (21 ) 
o "BLACK" ROOM (13) - JbY REHOTF. TERHINALS 
o JSC (74) 
o IIiH (139) 
o FORD AEROSPACE AND COMMUN1CATIONS CORY. (62) 
o COtII'IITER SCIEHCE COPH. ( I S )  
o INIEHtIKTRICS INCORPOHATED (2)  
n KSC ( 1 3 )  
n COI)DARU ( 2 )  
o HAMHALL (2)  
t i  RARHIOS ( 6 )  
o MCDAC ( 1 1 )  
n HUNTINGTON REACH ( 4 )  
o RO(:KWELI. INTEHNATIONAL/UOVNEY (32) 
o HITRE ( I )  

HOST PROCESSORS 
- 3033-UI6 ( 1 RED ROOM, 1 Bl;.'W :;OOM) 

o 16 C1IANNCI.S 
o 1 1  MEGABYTES 
o 6 HIPS 

- 1 0 R I - K l 2  I 1  IIIACK ROOM) 
o 16 CllANNt.LS 
o 32 HECAIIYIES 
o 14 HIPS 

SPF SOFTWARE 

SOFTWARE PRODUCTION F A C I L l T i  CONSISTS OF A NUMBER OF TOOL.. 
( C O W R C I A L  AND CUSTOMIZED) 

THESE TOOLS SUPPORT A NUMBER OF FUNCTIONS 

- SOFTWARE DEVEMPIENT 

- INTEGRATION 

- SIMULATION 

- ANALYSIS 

- OPERATING SYSTEH 

- DATA BASE 

- HISSION RECONFIGURATION 

- OPS PLANNING 

- W A G E I N T  

DETAILED PRESENTATION WILL DlSCUSS THESE SETS OF TOOLS EXCEPT FOR 
THOSE WHICH PERVADE CLL FUNCTIONS (OPERATING SYSTEH, DATA BASE, AHD 
HANAGEIZENT) 
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I I 
OP€RATING DATA BASE 

X ) f I W * R E  
VtHlCLE 
MISSION 

COhFICURATION 
UANAGLUENT 
PAYLOADS 

SYSTEM - SIMULATION 
. V a l  SOFTWARE PRODUCTION I 

FACILITY * y v s  

FCOS 

3 P S  PLAN 

YlruuW RLCONnWlKlN 
M T A  COCLEClION I *CONFIGURATION CONlROl 

‘REVIEW SIAIUS 
SCHEDULING 
IUPLEUtNlAlIW STATUS 
If SI S14fUS 

*DATA SECUWllV 

UANACCUENI SYSIEU 

SOFTWARE OVERVIEW 

PMF I 
n 

‘- 
SOFTWARE DEVELOPYE#T ( FSW/SPF 1 
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APPENDIX B 

S @ F I ’ W M E  TECHNOLOGY WITHIN NASA 
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0 

0 

V A S A  SOFTWARE TECHNOLOGY 

t. ime 
A t = time lag for technology transfer 
A G = Gap between SOP and SOA 
A p = Variance in P r a c t i c e  of Software Technology 

48 



Appendix B 

L 

- 

- 

further disseminalion 
and use 

ex loratory use 

transfer to 
other hosts 

development & 
prototyping 

basic research 

an a enhancement 

- 

U N I X  Technology Maturation Time 

. 3  years 

8 years 

2 
years -- I 

4 years 

.5 
years 

(See  ref. 1)  

I I 1 
1975 igau 1983 

I I 
1965 1970 
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- 
- 

cummertialization 

implementation of 
bf’ttPr version - 

rrplurator! enhmwmenl use & 
- 

dvselopmental research 
& protolypinf - 

basic. ressarch 

S R E l  Trtlhnolog? Maturation Time 

years D 1 Lir 
i- ----- 

4 years 

5 years 

I 1 

2 
years 

4 

S~nalltalk-80 Technology Maturation Time 

4 years 

marketing 
and sale 

prepara lion 
for release 

further 

development & 
pro totyping 

> 5 years 
----I 

I 

> 5 years basic research I 
I I 

1965 1970 
I 

1980 
I 

1975 
I 

1985 
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8 -  
7 -  
6 -  
5 -  
4 -  
3 -  
2 -  
1 -  
0 

Measuring Impact Of  Sof h a r e  Technology 

8-  

7 -  MAX 
6 -  

M A X  6 -  

AVG 4 -  
3 -  

MIN 3.6 2 -  
1 -  1.9 

6.3 

3.4 
4.7 MlN 

2.7 

II 

Some Experiences 
a t  

NASA/GSFC 

PRODUCTIVITY VARIATION (SLOC/HOURI~ 

BY PROJECT 
(ALL CHARGES) 

12 
11 
10 

BY PERSON 
(PROGRAMMER ONLY) 

4 

- 
LARGE PROJECT 

10 

7 *I 

SllrlALL PROJECT 

6 

2 
1 

- 0  
LARGEr OJECT SMALL PROJECT 

PEOPLE ARE THE MOST IMPORTANT METHODOLOGY 

'A LARGE PROJECT IS GREATER THAN 20K SLOC. 
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COMPARISON OF COST MODELS 

ACTUAL 
EFFORT 

PERCENTAGE OF ERROR IN PREDICTION 

PROJECT (MM) PRICES3 TECOLOTE SEL COCOMO 

79 +65 +8 -4 

96 + 30 +6  -25 

40 + 65 +6  - 8  

98 i 74 0 +3  

116 + 123 + 36 + 35 

91 +52 + 14 - 12 

99 + I27 +7 + 36 

- - - 106 

SOMETIMES, SOME MODELS WORK WELL 

- 6  

-22 

+ 93 

- 2  

- 3  

- 14 
+ 14 
- 24 

+53 

+ 16 

PREDICTING RELIABILITY 
(MUSA MAXIMUM LIKFLIHOOD METHOD) 

PROJECT A "[ 100 h 
PROJECT B 
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A LOOK AT IVbV METHODOLOGY 
(BASED ON RESULTS FROM 3 EXPERIMENTS) 

MAX --- --------- 
AVO 

Y, 2 -  

P 
ua 
I 
5 MIN 

1.2 

. 
2.0 

1.6 
2 

0 s 
n 
w 

0 COST INCREASED 0 MORE ERRORS FOUND EARLY 

4r M A X  

Y, 

E 

ua 
K 
0 
K 

0 RELIABILITY NOT IMPROVED 0 ERROR CORRECTION COST NOT DIFFERENT 

a IF YOU MULTIPLY ERRORS FOUND EARLY BY A LATENCY 
FACTOR, IV&V LOONS GOOD 

0 IF YOU EXAMINE ALL MEASURES, IV&V LOOKS BAD 
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WHAT HAS BEEN SUCCESSFUL IN ONE ENVlRONMENl? 

- 
BENEFIT 

What's the  o 
1. At is BIG ! 
2. Define where we are  (SOP) before going someplace new ! 
3. Not, al l  'New Technology' is 'SOA' ! 
4. Define is.sues/problems before choosing 'SOA' ! 

(Right practices for r ight  problems) 
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