
BELLCOMM. INC. 

STATUS AND SCHEDULES MONITORING 
OF APOLLO SOFTWARE 

May 31 ,  1965 

W. PII. Keese 
B. H. Liebowitz 
W. J. Martin 
I. D. Nehama 
A. H. Scheinman 

Work performed for Manned Space Flight, National Aeronautics and 
Space Administration, as part of Task 22 under Contract NASw-417. 



BELLCOMM. INC. 

TABLE OF CONTENTS 

ABSTRACT 

INTRODUCTION 

TWO TECHNIQUES FOR MONITORING SOFTWARE DEVELOPMENT 

CONCLUSIONS AND RECOMMENDATIONS 

APPENDIX A - BACKGROUND 

APPENDIX A.l - REAL TIME COMPUTER COMPLEX (RTCC) 

APPENDIX A.2 - ACCEPTANCE CHECKOUT EQUIPMENT (ACE) 

APPENDIX A.3 - SATURN LAUNCH COMPUTER COMPLEX 

APPENDIX A.4 - LAUNCH VEHICLE DIGITAL COMPUTER PRELAUNCH PROGRAMS 

APPENDIX A.5 - LAUNCH VEHICLE DIGITAL COMPUTER INFLIGHT PROGRAMS 

APPENDIX A . 6  - COMPUTATION AND DATA FLOW INTEGRATED SUBSYSTEM 
(CADFISS) 

APPENDIX A.7 - NETWORK ON-SITE COMPUTER PROGRAMMING 

APPENDIX A.8 - CENTRAL INSTRUMENTATION FACILITY - REAL TIME 
DATA DISPLAY SYSTEM 

APPENDIX B 



BELLCOMM, INC. I ’  
ABS TRA C T 

Effective monitoring by the NASA management of the 
status and progress in the development of computer software 
in Apollo requires: (a) A complete and up-ta-date identifi- 
cation of the various computer software systems being devel- 
oped; ( b )  A determination of the critical milestones to be 
monitored; (c) The existence of a mechanism for reporting 
and interpreting status and progress data. 
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A technique (the Systems Identification and Require- 
ments Review, abbr. SIRR) to satisfy the first requirement has 
been applied on a portion of the total software effort in 
Apollo, viz., the real-time computer-based systems for SA-201, 
with encouraging results. It is recommended that the SIRR be 
used in the Apollo Program as a tool by the NASA management 
for control of computer software development. 

The other two requirements have been met. Schedule 
and milestone visibility for computer software have been intro- 
duced into the established NASA reporting system (SARP). 
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STATUS AND SCHEDULES M O N I T O R I N G  OF APOLLO SOFTWARE 

I N T R O D U C T I O N  

An i m p o r t a n t  management f u n c t i o n  f o r  t h e  purpose  
o f  m a i n t a i n i n g  c o n t r o l  and d i r e c t i o n  o f  a complex program i s  
t h e  m o n i t o r i n g  of  i t s  s t a t u s  and c r i t i c a l  m i l e s t o n e s .  The 
p r o d u c t i o n  o f  computer so f tware  (programs)  i n  t h e  Apol lo  
Program i s  a complex e n g i n e e r i n g  a c t i v i t y ,  s imilar  i n  n a t u r e  
t o  t h e  p r o c e s s e s  i n v o l v e d  i n  t h e  development of  t h e  Apollo 
hardware. It was recommended i n  a n  e a r l i e r  r e p o r t "  t h a t ,  
because  o f  t h i s  s i m i l a r i t y ,  c e r t a i n  t e c h n i q u e s  o f  i n f o r m a t i o n  
r e p o r t i n g  t o  management a l r e a d y  i n  u s e  i n  t h e  program f o r  t h e  
c o n t r o l  o f  hardware s h o u l d  b e  e v a l u a t e d  f o r  p o s s i b l e  a p p l i c a -  
t i o n  i n  s o f t w a r e .  

A s  p a r t  o f  t h e  go ing  e f f o r t  on Task  2 2 ,  two such  
t e c h n i q u e s  have been examined i n  d e t a i l  o v e r  t h e  p a s t  t h r e e  
months.  These are: ( a )  t h e  Systems I d e n t i f i c a t i o n  and Requi re-  
ments  Review (SIRR), and ( b )  t h e  Schedu les  and Resources  Pro- 
c e d u r e s  (SARP) r e p o r t i n g  s y s t e m .  

The purpose  o f  this r e p o r t  i s  t o  Telate  t h e  apprcach  
t a k e n  i n  t h i s  a n a l y s i s  and t o  s t a t e  t h e  c o n c l u s i o n s  r eached .**  
Deta i led  r e s u l t s  a re  g i v e n  i n  t h e  Appendix. The work b e i n g  
r e p o r t e d  on i n  t h i s  pape r  i s  concerned p r i m a r i l y  K i t h  a s p e c t s  
o f  performance and s c h e d u l e s  i n  s o f t w a r e  development .  The 
t h i r d  p r i n c i p a l  program element ,  i . e . ,  c o s t ,  has been s p e c i f i -  
c a l l y  exc luded  from c o n s i d e r a t i o n .  However, i n  t h e  b r o a d e r  
e f f o r t  on Task  22 ,  c o n s i d e r a t i o n s  o f  c o s t s  of  computer programs 
and  means f o r  c o n t r ' o l l i n g  c o s t  a re  v e r y  much i n c l u d e d .  

TWO TECHNIQUES FOR M O N I T O R I N G  SOFTWARE DEVELOPMENT 

A.  Systems I d e n t i f i c a t i o n  and Requirements  Review (SIRR) 

Each m i s s i o n  p lanned  f o r  t h e  Apollo Program i s  des igned  
t o  meet a un ique  set  o f  o b j e c t i v e s .  D i f f e r e n t  sys tem c o n f i g u r a t i o n s  

"Management P rocedures  i n  Com u t e r  Pro ramming f o r  Apollo - 
I n t e r i m  Repor t ,  November 3 0 x 5  + 

**One c o n c r e t e  accomplishment o f  t h i s  e f f o r t ,  w i t h  t h e  h e l p f u l  
c o o p e r a t i o n  of NASA p e r s o n n e l  a t  t h e  C e n t e r s  and Headquar t e r s ,  was 
t h e  a d o p t i o n  of t h e  SARP system f o r  r e p o r t i n g  s o f t w a r e  m i l e s t o n e s .  
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( f l i g h t ,  ground,  s u p p o r t ,  e t c . )  w i l l  be  i n v o l v e d  i n  d i f f e r e n t  
m i s s i o n s .  T h i s  a l s o  means d i f f e r e n t  se t s  o f  computer programs 
to per fo rm t h e  v a r i o u s  f u n c t i o n s  r e q u i r e d  i n  t h e  p r e p a r a t i o n  
f o r  and conduct  o f  a m i s s i o n ,  such as  checkout ,  l a u n c h  c o n t r o l ,  
gu idance ,  t r a c k i n g ,  command and c o n t r o l ,  e t c .  

It i s  c h a r a c t e r i s t i c  of such  complex, "one-time" p ro -  
j e c t s  t h a t  ex t r eme ly  r a r e l y ,  i f  e v e r ,  do t h e  p l anned  and a c t u a l  
imp lemen ta t ions  c o i n c i d e  i n  a l l  p a r t i c u l a r s ,  no mater how " w e l l f f  
t h e  p l a n n i n g  i s  c l a imed  t o  have been  done .  There  i s  no r e a s o n  
t o  demand o r  e x p e c t  t h a t  t h e  p a r a l l e l  development o f  a l a r g e  
number of complex computer programs w i l l  d e v i a t e  from t h i s  p a t t e r n .  

Thus,  i n  o r d e r  t o  a s c e r t a i n  t ha t  t h e  s t a t e d  m i s s i o n  
o b j e c t i v e s  w i l l  b e  m e t ,  i t  i s  n e c e s s a r y  f o r  management t o  r e v i e w  
p e r i o d i c a l l y  t h e  p r o g r e s s  of s o f t w a r e  development .  P r a c t i c a l  
c o n s i d e r a t i o n s  o f t e n  d i c t a t e  l i m i t i n g  t h e  scope o f  a s i n g l e  
review t o  a small number of  a s p e c t s  of  the development ,  l e a v i n g  
t h e  coverage  of  o t h e r  a s p e c t s  t o  one or more s e p a r a t e  r e v i e w s .  

One t y p e  o f  r ev iew t h a t  has been used  i n  t h e  Apol lo  
Program w i t h  good r e s u l t s  i s  t h e  SIRR'A. T h i s  t y p e  of  r ev iew 
f o c u s e s  p r i n c i p a l l y  on:  

a )  t h e  i d e n t i f i c a t i o n  o f  t h e  end i t em(s )  b e i n g  developed;  

b )  t h e  d e m o n s t r a t i o n  t h a t  t h e  development of t h e  i d e n t i -  
f i e d  end i t em(s )  i s  

i)  a c c o r d i n g  to wel l - fo rmula t ed  r e q u i r e m e n t s  t h a t  
d e r i v e  l o g i c a l l y  from t h e  s ta ted  m i s s i o n  o b j e c t i v e s ,  
and 

ii) o r d e r l y ,  i . e . ,  under c o n t r o l ;  

c )  i tems ( a )  and ( b )  f o r  a l l  i n t e r f a c e s  between t h e  s y s t e m ( s )  
under  r ev iew and o t h e r  s y s t e m s ,  w i t h  s p e c i a l  emphasis  
on c o n s i s t e n c y  of  r e q u i r e m e n t s .  

*Systems I d e n t i f i c a t i o n  and Requirements  Review, (Memorandum 
f o r  F i l e ) ,  C .  A .  Bidgood, J u l y  29, 1 9 6 4 .  

Assessment of  S a t u r n  I B  Launch Complex Systems I d e n t i f i c a t i o n  
and Requi rements  Review, (Memorandum f o r  F i l e ) ,  L .  G .  Mi l l e r ,  
H. E.  S t ephens ,  November 2 0 ,  1 9 6 4 .  
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It h a r d l y  needs  ment ioning  t h a t  o t h e r  a s p e c t s  o f  
program development ,  such  as t e c h n i c a l  and a d m i n i s t r a t i v e  
r e s p o n s i b i l i t i e s ,  c o s t s ,  s c h e d u l e s ,  e t c . ,  may be added t o  t h e  
above l i s t .  

The d e t a i l s  of s e t t i n g  up a SIRR w i l l  n o t  be gone i n t o  
here ,  e x c e p t  t o  emphasize one o r  two a s p e c t s  on which t h e  p r a c -  
t i c a l  " success"  o f  most r ev iews  seems t o  b e  p a r t i c u l a r l y  s e n s i -  
t i v e .  F i r s t ,  t h e  scope  of the  S I R R  must i n c l u d e  on ly  t h o s e  i tems 
o r  a c t i v i t i e s  which are r e l a t e d  s t r o n g l y  i n  some way o r  o t h e r ,  
e . g . ,  p h y s i c a l  i n t e r c o n n e c t i o n s ,  f u n c t i o n a l  i n t e r d e p e n d e n c e ,  
s i m u l t a n e i t y  o f  o p e r a t i o n  i n  accompl ish ing  a s i n g l e  m i s s i o n  
f u n c t i o n ,  e t c .  Second, t h e  f requency  o f  h o l d i n g  SIRR's must b e  
s o  chosen  as  t o  y i e l d  t h e  maximum u s a b l e  i n f o r m a t i o n  ( i t  i s  
i m p o s s i b l e  t o  g i v e  a more s p e c i f i c  r u l e ) .  I n  g e n e r a l ,  a SIRR 
w i t h  emphasis  on s o f t w a r e  should be he ld  " immediately"  f o l l o w i n g  
t h e  i s s u e  of  t h e  SOFTWARE PERFORMANCE SPECIFICATIONS, and " imme-  
d i a t e l y "  p r e c e d i n g  t h e  a c t i v i t y  o f  ACCEPTANCE TESTING. 

In-House SIRR o f  Sof tware  f o r  SA-201 

I n  o r d e r  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  a SIRR as a 
t o o l  i n  t h e  management o f  s o f t w a r e  i n  Apol lo ,  i t  was d e c i d e d  t o  
s i m u l a t e  such  a r ev iew i n  Bellcomm by pe r fo rming  t h e  f o l l o w i n g  
a c t i v i t i e s :  

( a )  S e l e c t  a n  Apollo mis s ion  ( o r  a phase  i n  a m i s s i o n )  
w i t h  w e l l - e s t a b l i s h e d  o b j e c t i v e s  and o p e r a t i o n a l  
r e q u i r e m e n t s ,  and focus  t h e  SIRR on t h e  i n f o r m a t i o n  
p r o c e s s i n g  s y s t e m s  be ing  developed  f o r  t h a t  m i s s i o n .  

( b )  P r e p a r e  a . l i s t  o f  t h e  o b j e c t i v e s  o f  t h e  rev iew and 
a s p e c t s  o f  s o f t w a r e  development and p r o d u c t i o n  t o  be  
covered  i n  t h e  rev iew.  

( c )  Conduct t h e  rev iew in-house b y  c o l l e c t i n g  t h e  i n f o r -  
mat ion  needed t o  respond t o  ( b )  from a l l  a v a i l a b l e  
s o u r c e s ,  i . e .  pub l i shed  documents,  and c o n t a c t s  w i t h  
t h e  p e r s o n n e l  a t  t h e  NASA C e n t e r s  r e s p o n s i b l e  f o r  t h e  
development o f  t h e  i d e n t i f i e d  s y s t e m s .  

( d )  E v a l u a t e  t h e  r e s u l t s  o f  t h e  SIRR. 

The m i s s i o n  chosen was SA-201; i n  p a r t i c u l a r ,  t h a t  
p o r t i o n  of SA-201 d e l i m i t e d  b y  t h e  s t a r t  o f  p r e p a r a t i o n  f o r  
l a u n c h  a t  Launch Complex 34 and t h e  end of  l aunch  v e h i c l e  
g u i d a n c e  o p e r a t i o n s .  ( F o r  a b r i e f  d e s c r i p t i o n  o f  t h e  o b j e c t i v e s  
and o p e r a t i o n a l  p r o f i l e  o f  SA-201, see F i g u r e  1, Appendix A ) .  
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The f o l l o w i n g  i s  a l i s t  of t h e  o n - l i n e  s o f t w a r e  
s y s t e m s  r e q u i r e d  f o r  SA-201: 

MSC 
1. Real T i m e  Computer Complex 
2 .  ACE-S/C, Checkout 

- 

MSFC 
1. S a t u r n  Launch Computer Complex 
2 .  S a t u r n  Guidance Computer 

a .  P r e l a u n c h  
b .  I n - F l i g h t  

GSFC 
1. Network S t a t u s  T e s t i n g  (CADFISS) 
2 .  On S i t e  P r o c e s s i n g  

KSC 
1. C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y ,  R e a l - T i m e  
- 

Data Reduc t ion  and D i s p l a y  

The r ev iew c o n c e n t r a t e d  on t h e  f o l l o w i n g  a s p e c t s  o f  
development for e a c h  s y s t e m :  

A .  I d e n t i f i c a t i o n  of R e s p o n s i b i l i t i e s  

Requirements  and I n t e r f a c e s  
Implementa t ion  
Opera t  i o n  
Documentation 

B .  Implementa t ion  of t h e  System 

F u n c t i o n a l  Requirements 
System I n t e r f a c e s  
C o n s t r a i n t s  
So f tware  Performance S p e c i f i c a t i o n s  
End Items 
Schedu les  and Cur ren t  S t a t u s  
Documentation 

Detai led r e s u l t s  are g iven  i n  Appendix A .  
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B. Schedules and Resources Procedures (SARP) 

The SARP chart reporting system provides a means for 
NASA Headquarters to monitor the progress of engineering tasks 
within the Apollo Project. These charts, see figure below, 
present in a calendar-like form the schedule status of key 
milestones and activities within the project. Triangles and 
arrows are used to show the expected completion date of an 
event or activity. Each month this estimate is updated and 
changes in status Eflected in the chart. A new estimate is 
indicated by the addition of a new triangle or arrow with an 
X in it (see figure below, line 2). Once the Center involved 
or OMSF has approved the schedule change, the X is replaced by 
the number of total changes (see figure below, line 3). The 
addition of triangles and arrows gives an indication of the 
changing status of the milestones. The status of activities 
which exist over a significant period of time is shown by a 
bar in the charts, this bar stretching over a period of time 
from the beginning to the end of the activity. Monthly progress 
is shown by shading in the'bar (i.e., if the current date is 
May 1965 and progress on the activity is such that its status 
is that which was anticipated for May of 1965, the bar will be 
shaded only to April). 

The status of the production of computer software can 
be monitored via the SARP chart system. A set of milestones 
appropriate to the wide range of software systems being developed 
for Apollo has been determined, and is shown in Appendix B. From 
this set a subset of four milestones are selected as appropriate 
for reporting by the Field Centers to NASA Headquarters. These 

schedule 

Typical SARP Entry 
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m i l e s t o n e s  are: 

(1) System Performance Requirements  Document A v a i l a b l e  

The comple t ion  o f  a document g e n e r a t e d  by t h e  
NASA C e n t e r s  d e s c r i b i n g  t o  t h e  c o n t r a c t o r  t h e  
j o b  t o  be done by t h e  computer based s y s t e m s  
as it a f f e c t s  computer programming. 

( 2 )  So f tware  System Performance and P r e l i m i n a r y  Des ign  
S p e c i f i c a t i o n s  Document Complete 

The comple t ion  of a document by t h e  c o n t r a c t o r  
d e s c r i b i n g  t h e  way i n  which he p l a n s  t o  do t h e  
j o b  s p e c i f i e d  by t h e  s y s t e m  per formance  r e q u i r e -  
ment s document. 

( 3 )  O p e r a t i o n a l  So f tware  Subsystem Programs Coding and 
Debugging 

The p e r i o d  o f  time d u r i n g  which t h e  o p e r a t i o n a l  
s y s t e m  i s  coded and debugged. T h i s  a c t i v i t y  
t e r m i n a t e s  i n  t h e  m i l e s t o n e  "debugging complete  ." 
A t  t h i s  t i m e ,  i n t e g r a t i o n  of t h e  program packages 
can b e g i n .  

( 4 )  O p e r a t i o n a l  So f tware  Subsystem Acceptance T e s t i n g  
C omp 1 e t e 

The p o i n t  i n  t ime when t h e  NASA Cen te r  has ag reed  
t h a t  t h e  accep tance  t e s t i n g  o f  t h e  o p e r a t i o n a l  
s o f t w a r e  subsystem has been s u c c e s s f u l l y  completed.  

CONCLUSIONS AND RECOMMENDATIONS 

Two t e c h n i q u e s  f o r  mon i to r ing  by  management o f  t h e  
s t a t u s  and c r i t i c a l  m i l e s t o n e s  of  computer s o f t w a r e  development 
i n  Apol lo  were e v a l u a t e d .  

1. The SIRR 

The e f f e c t i v e n e s s  of  one o f  t h e s e  t e c h n i q u e s ,  t h e  
Systems I d e n t i f i c a t i o n  and Requirements  Review (SIRR) , was 
t e s t e d  by c o n d u c t i n g  a n  in-house r ev iew of  t h e  o n - l i n e  s o f t w a r e  
i n  SA-201. When t h e  n e c e s s a r y  a l lowances  are  made f o r  t h e  f a c t  
t h a t  i t  was a s i m u l a t e d  rev iew,  t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  
o b j e c t i v e s  of a SI'RR can  be r e a l i z e d  i n  p r a c t i c e .  For  example,  
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p a r t l y  as a r e s u l t  o f  t h i s  e f f o r t ,  some s i x t y  ( 6 0 )  d i f f e r e n t  
s o f t w a r e  sys tems have been i d e n t i f i e d  (see Appendix B )  t o  be 
a t  v a r i o u s  s tages  of development i n  Apol lo ,  compared t o  seven-  
t e e n  ( 1 7 )  b e f o r e  t h e  r e v i e w  was made. 
p a r t i a l l y  e x p l a i n a b l e  by t h e  f a c t  t h a t  t h i s  was t h e  f i rs t  
t i m e  t h a t  such  a task  had been unde r t aken  by NASA Headquar t e r s .  
The i m p o r t a n t  p o i n t  i s  t h a t  end items and r e q u i r e m e n t s  can  be 
i d e n t i f i e d  v i a  t h e  SIRR. It i s  by no means c l e a r  t h a t  a SIRR 
need be a f o r m a l  e v e n t  w i t h  management p e r s o n a l l y  p a r t i c i p a t i n g .  
S i n c e  t h e  SIRR i s  n o t  i n t e n d e d  t o  b e  a dec is ion-making  mechanism, 
t h e  n e c e s s a r y  a c t i v i t i e s  can  be c a r r i e d  o u t  by t h e  s p e c i a l i s t s  
i n  t h e  management-support s t a f f  - i n  t h e  c a s e  o f  computer-based 
sys t ems ,  by i n f o r m a t i o n  p r o c e s s i n g  s p e c i a l i s t s .  It i s  recommended 
t h a t  a SIRR o f  t h e  computer-based p o r t i o n s  o f  t h e  ground opera-  
t i o n s  s u p p o r t  and o t h e r  r e l a t e d  sys t ems  f o r  SA-201 b e  a u t h o r i z e d  
and conducted  p r i o r  t o  t h e  i n i t i a t i o n  o f  a c c e p t a n c e  t e s t i n g .  

T h i s  r e s u l t  i s  only  

2 .  The SARP System 

A s  p a r t  o f  t h e  e f f o r t  t o  i n t r o d u c e  s o f t w a r e  i n  t h e  SARP 
sys tem,  v i s i t s  were made t o  v a r i o u s  NASA Cen te r  o r g a n i z a t i o n s  
i n v o l v e d  i n  t h e  p r o d u c t i o n  o f  t h e  i d e n t i f i e d  s o f t w a r e  sys tems 
t o  d e t e r m i n e  t h e  a p p r o p r i a t e n e s s  o f  t h e  v a r i o u s  m i l e s t o n e s  t o  
t h e i r  programs.  S e v e r a l  problem areas became e v i d e n t  as a r e s u l t  
o f  these  d i s c u s s i o n s .  Problems a r i s e  from t h e  d i f f i c u l t y  o f  
d e p i c t i n g ,  w i t h  a few m i l e s t o n e s ,  t h e  s t a t u s  o f  a complex t a sk  
w i t h  many p a r a l l e l  i n t e r r e l a t e d  a c t i v i t i e s .  S p e c i f i c  m a n i f e s t a -  
t i o n s  o f  t h i s  problem are :  

a .  D i f f i c u l t y  i n  choos ing  a m i l e s t o n e  r e p r e s e n t i n g  t h e  
end d a t e  of what may be  a c o n t i n u i n g  a c t i v i t y .  Outputs  of  
c e r t a i n  a c t i v i t i e s  ( s u c h  as g e n e r a t i o n  o f  r e q u i r e m e n t s  documents) 
may b e  a v a i l a b l e  b e f o r e  comple t ion  of  t h e  a c t i v i t y .  T h e r e f o r e ,  
s i g n i f i c a n t  p r o g r e s s  w i t h i n  a n  a c t i v i t y  may be d i f f i c u l t  t o  
i d e n t i f y  u s i n g  a s i n g l e  m i l e s t o n e .  I f  t h e  t a s k  i s  fragmented 
s u f f i c i e n t l y  t o  i d e n t i f y  p a r t i a l  comple t ion ,  t h e  number o f  
m i l e s t o n e s  moni tored  by MSF may  i n c r e a s e  g r e a t l y .  

b .  Mi l e s tone  "bunching." The m i l e s t o n e s  i d e n t i f i e d  f o r  
SARP c h a r t  r e p o r t i n g  may bunch i n  t i m e  l e a v i n g  gaps f o r  which 
t h e r e  are no major  m i l e s t o n e s .  

c .  D i f f i c u l t y  of de t e rmin ing  r e l a t i o n s h i p s  between 
e v e n t s  on t h e  SARP c h a r t s  t he reby  o b s c u r i n g ,  i n  many c a s e s ,  t h e  
c a u s e  o f  s c h e d u l e  s l i p p a g e s .  

d .  Lack of d e f i n i t i v e  s t a n d a r d s  i n d i c a t i n g  t h e  comple t ion  
of m i l e s t o n e  e v e n t .  I n  l i e u  of s t a n d a r d s ,  agreements  between 
MSF and  Cen te r  p e r s o n n e l  as t o  t h e  meaning of  "event  completed" 
are r e q u i r e d .  
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e .  Lack of s t a n d a r d s  f o r  measur ing  t h e  p r o g r e s s  o f  
an  a c t i v i t y .  The movement o f  t h e  shaded p o r t i o n  of  t h e  bar  i n  
t h e  SARP c h a r t s  p r o v i d e  a n  i n d i c a t i o n  o f  p r o g r e s s  which may b e  
i n t e r p r e t e d  d i f f e r e n t l y  b y  d i f f e r e n t  peop le  f o r  d i f f e r e n t  
a c t i v i t i e s .  

These problems t e n d  to minimize t h e  u s e f u l n e s s  o f  t h e  
SARP c h a r t s  by  maximizing t h e  need for c a r e f u l  e v a l u a t i o n  o f  t h e  
i n f o r m a t i o n  c o n t a i n e d  t h e r e i n .  T h i s  problem i s  i n h e r e n t  i n  any 
sys tem t h a t  a t t e m p t s  t o  d e p i c t  t h e  s t a t u s  o f  a complex a c t i v i t y  
w h i l e  keeping  t h e  number of m i l e s t o n e s  a t  a manageable l e v e l .  
The need f o r  w e l l  d e f i n e d  measures  of  programming p r o g r e s s  and 
new methods of r e p o r t i n g  a r e  e v i d e n t .  S t u d i e s  a re  r e q u i r e d  i n  
t h i s  area.  D e s p i t e  t h e s e  problem a r e a s  i t  i s  f e l t  t h a t  i n c l u -  
s i o n  o f  t h e  m i l e s t o n e s  mentioned i n  t h i s  r e p o r t  w i l l  g r e a t l y  
enhance computer programming schedu le  v i s i b i l i t y  a t  MSF, and 
enhance o v e r a l l  management c o n t r o l  i n  P r o j e c t  Apol lo .  

B .  H .  x e b o w i t z  

I .  D .  Nehama 

WMK 
BHL 

1031-WJM-amh 
I D N  
AHS 

% A .  H .  Scheinman 
/ 

At tached :  
Appendix A 
Appendix B 0 
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A. 

APPENDIX A 

BACKGROUND 

Brief Mission Description 

Apollo flight mission SA-201 is the first mission on 
Saturn IB of the L/V-CSM development type. A Block I configura- 
tion will be used on the spacecraft with a mission programmer 
in the CM to generate a pre-programmed set of commands to achieve 
the flight objectives. There will not be a guidance computer 
in the CM for this flight. Water landing and CM recovery are 
planned. 

A partial list of flight-specific information follows: 

Mission Ob j ect ives : 

Launch Vehicle development. 

S-IVB and IU checkout. 

Compatibility and structural integrity of the 
CSM and S-IVB during boost. 

Verification of CSM Systems operation (reaction 
control system, stabilization control system, 
service module propulsion system, environmental 
control system, electric power system, and com- 
munications system). 

Heat shield verification at approximately 29,000 fps 
with (a) maximum heat rate and ( b )  maximum heat load. 

Vehicle Configuration: 

CSM [Block I]: Air frame 009. 

LEM, not included. 

LV: 201, consists of S-IB, S-IVB, IU [includes 
Launch Vehicle Digital Computer (LVDC) for guidance 
and monitoring function]. 
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Abridged Miss ion  P r o f i l e :  

Powered f l i g h t  of l a u n c h  v e h i c l e  ( n o n - o r b i t a l  
s u p e r c i r c u l a r  e n t r y  l l lob- type"  t r a j e c t o r y ) .  

CSM/S-IVB s e p a r a t i o n .  

U t i l i z e  s e r v i c e  module p r o p u l s i o n  s y s t e m  t o  
a, :hieve d e s i r e d  e n t r y  c o n d i t i o n s  for maximum 
heat  r a t e .  

Computer-based Systems: 

The o n l y  computer-based s y s t e m  i n  t h e  space  
v e h i c l e  i s  t h e  LVDC i n  t h e  I U .  Fo r  SA-201 
a l l  o t h e r  such  s y s t e m s  are i n  v a r i o u s  ground 
s u p p o r t  f a c i l i t i e s ,  which i n c l u d e  t h e  f o l l o w i n g  
"on- l ine"  s y s t e m s :  

i. 

ii. 

iii. 

i v .  

v .  

I n  
o f  

Launch Complex 34 

Launch Veh ic l e  Checkout and  Launch C o n t r o l  

MSO B u i l d i n g  

Acceptance Checkout Equipment ( A C E )  f o r  CSM 

C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  

Miss ion  Con t ro l  Cen te r  

Real T i m e  Computer Complex 

Goddard Space F l i g h t  C e n t e r  

Manned Space F l i g h t  Network 
Network On-Site 

F i g u r e  1 an  a b b r e v i a t e d  o p e r a t i o n a l  p r o f i l e  
t h e  major  computer-based s y s t e m s  reviewed 

here i s  shown superimposed on t h e  m i s s i o n  p r o f i l e  
of t h e  SA-201 space v e h i c l e .  
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APPENDIX A . l  

REAL TIME COMPUTER COMPLEX (RTCC) 

Identification of Project Responsibility 

A. Prime Responsibility 

The responsibility for providing a data processing 
capability to the IMCC for simulation, training and the analysis 
and display of data during a mission rests with the Manned Space- 
craft Center. The implementation of requirements for this Real 
Time Computer Complex is the responsibility of Mission Analysis 
and Planning Branch of MSC. 
testing of the RTCC resides with the Flight Support Division 
of MSC. 

The resporsibility for integrated 

B. Requirements and Interface Responsibility 

Specific requirements for a mission come from various 
divisions at MSC. These include Flight Crew Support Division 
for spacecraft operations and simulation input, Crew Systems 
for biomedical and environmental inputs, Flight Operations for 
Trajectory, abort and LES inputs; in short most if not all 
operAating divisions contribute inputs. These inputs take the 
form o f  memorandum specifications, operation handbooks or 
analyses of particular facets of the mission. The coordination 
of these inputs and the writing of a set of mission independent 
requirements is done by the Mission Analysis and Planning Division. 
These represent general software requirements and may be found 
in document PHO-TR-120 V o l  11, Computer programming requirements. 
Mission dependent requirements such as the S-IB Programming are 
also generated by this division. 

The interface between the RTCC and the Launch 
Trajectory Data System (LTDS) is administered by the Mission 
Analysis Division by memo and coordination meetings between 
this Division and the Astrionics Division of MSFC (who are 
responsible for implementation), and IBM. General software 
requirements may be found in PHO-TR 120-Vol I. 

There also exists an interface between Goddard and 
the RTCC concerning inputs needed t o  reflect the status of 
the radar network used for tracking. The Data Operations 
Branch at Goddard and the Flight Support Division, MSC, have 
Coordinated on this aspect of data inputs. The inputs are in 
PHO-TR 120. See Figure 2. 
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C .  I d e n t i f i c a t i o n  o f  t h e  User 

The u s e r  o f  t h e  RTCC i s  t h e  Miss ion  D i r e c t o r  and h i s  
s t a f f  i n  t h e  Miss ion  O p e r a t i n g  C o n t r o l  Room ( M O C R ) ,  where t h e  data  
p r o c e s s e d  by  t h e  RTCC i s  d i s p l a y e d .  
a re  t h e  r ange  t r a c k i n g  s t a t i o n s  t h a t  a re  f u r n i s h e d  ephemer is  da ta  
needed f o r  a c q u i s i t i o n  o f  t h e  v e h i c l e  d u r i n g  f l i g h t .  

O the r  i m p o r t a n t  s econdary  u s e r s  

Implementa t ion  of  t h e  System 

A .  F u n c t i o n a l  Requirements 

The Real T i m e  Computing Complex r e c e i v e s  t r a c k i n g  data  
from t h e  Ground O p e r a t i o n a l  Support  System (GOSS) and p r o c e s s e s  i t  
on computers  t o  meet t h e  f o l l o w i n g  r e q u i r e m e n t s  

(1) Prov ide  t h e  Miss ions  O p e r a t i o n  D i r e c t o r  and 
h i s  s t a f f  v i a  d i s p l a y s  w i t h  s e l e c t e d  i n f o r m a t i o n  
on t h e  s t a t u s  o f  t h e  m i s s i o n  and i t s  a s s o c i a t e d  
subsys tems d u r i n g  t h e  l i f e  o f  t h e  m i s s i o n .  

( 2 )  P rov ide  v e h i c l e  a c q u i s i t i o n  data t o  s i t e s  f o r  

( 3 )  Rece ive  and p r o c e s s  t e l e m e t r y  f o r  a n a l y s i s  

p r o p e r  t r a c k i n g  o f  s p a c e c r a f t .  

d u r i n g  and a f t e r  a m i s s i o n .  

( 4 )  P rov ide  t h e  necessa ry  da ta  p r o c e s s i n g  t o  
g e n e r a t e  d i s p l a y s  t o  s u p p o r t  s i m u l a t i o n ,  check- 
o u t  and t r a i n i n g .  

B .  D e s c r i p t i o n  of RTCC S y s t e m  

The RTCC r e c e i v e s  i t  t e l eme t ry  and t r a j e c t o r y  
i n f o r m a t i o n  from t h e  Launch T r a j e c t o r y  System (LTDS) a t  KSC. 
T h i s  i n f o r m a t i o n  i s  r e c e i v e d  b y  t h e  Communications P r o c e s s o r  ( C P )  
which a c t s  as t h e  s w i t c h i n g  computer f o r  t h e  R T C C .  It  i n  t u r n  
f eeds  i t  t o  7094 computers th rough a s y s t e m  s e l e c t o r  u n i t .  Here 
t h e  i n f o r m a t i o n  i s  p rocessed  and  f ed  back t h r u  t h e  CP t o  t h e  
Miss ion  O p e r a t i n g  C o n t r o l  Room for d i s p l a y  o r  back t o  t h e  s i t e s  
i n  t h e  form of ephemer is  data  for a c q u i s i t i o n  pu rposes  ( s e e  F i g  3 ) .  

The o p e r a t i o n a l  programs t h a t  per form t h e  p r o c e s s i n g  
d e s c r i b e d  above a r e  of  two t y p e s  w i t h  a t h i r d  t y p e  c a l l e d  an 
e x e c u t i v e .  The f i r s t  two t y p e s  a r e  p r o c e s s o r s  and s u p e r v i s o r s .  
A p r o c e s s o r  i s  a m i s s i o n  independent  program t h a t  per forms a 
s p e c i f i c  f u n c t i o n  such  as a d e t e r m i n a t i o n  o f  b a s i c  pa rame te r s  such  
as apogee ,  p e r i g e e  o r  i n c l i n a t i o n  t o  t h e  e q u a t o r .  The s u p e r v i s o r  
i s  a program t h a t  d e f i n e s  which o f  t h e  many p r o c e s s o r s  a r e  t o  b e  
u s e d  and t h e  o r d e r  i n  which they  a r e  used .  These s u p e r v i s o r s  a r e  
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m i s s i o n  dependent  s i n c e  t h e y  r e f l e c t  impu t s  and p r o c e s s i n g  f o r  a 
p a r t i c u l a r  m i s s i o n  p r o f i l e .  The t h i r d  t y p e ,  t h e  e x e c u t i v e  i s  
m i s s i o n  independen t  and h a n d l e s  t h e  i n p u t i n g  and o u t p u t i n g  o f  
data t o  t h e  p r o c e s s o r s .  It i s  t h e  i n t e r a c t i o n  o f  t h e  p r o c e s s o r s  
unde r  s u p e r v i s o r  c o n t r o l  t h a t  performs a l l  data p r o c e s s i n g  f o r  a 
m i s  s i o n .  

The RTCC computers  i n t e r f a c e  on ly  w i t h  t h e  Miss ion  Opera- 
t i n g  C o n t r o l  Room f o r  t r a n s m i s s i o n  o f  i t s  o u t p u t s  f o r  d i s p l a y  o r  w i t h  
t h e  LTDS f o r  r e c e i v i n g  i n p u t s  o r  t o  s end  ephemer is  d a t a  t o  s i t e s .  

C .  C o n s t r a i n t s  

The Miss ion  A n a l y s i s  D i v i s i o n  must r e c e i v e  t i m e l y  
m i s s i o n  s p e c i f i c  i n f o r m a t i o n  from a l l  MSC d i v i s i o n s  t o  be  
s e r v e d  by t h e  RTCC i n  o r d e r  t o  produce t h e  r e q u i r e m e n t s  f o r  
s o f t w a r e  s u p e r v i s o r s .  Any delay i n  t h e  r e c e i p t  o f  such  
i n f o r m a t i o n  w i l l  r e s u l t  i n  t h e  co r re spond ing  s l i p p a g e  o f  
s u p e r v i s o r y  program s c h e d u l e s .  

D .  So f tware  S p e c i f i c a t i o n s  

The 2 0 1  d e t a i l  s o f t w a r e  s p e c i f i c a t i o n s  r e q u i r e d  f o r  
m i s s i o n  independent  p r o c e s s o r  programs a re  g e n e r a t e d  under  t h e  
d i r e c t i o n  of t h e  Miss ion  Ana lys i s  D i v i s i o n  a t  MSC by IBM. These 
a re  p u b l i s h e d  b y  IBM as program d e s c r i p t i o n s  and s i g n e d  o f f  by t h e  
Miss ion  A n a l y s i s  D i v i s i o n .  

There a re  no d e t a i l e d  s o f t w a r e  s p e c i f i c a t i o n s  f o r  t h e  
m i s s i o n  dependent  programs s i n c e  t h e  needed r e q u i r e m e n t s  have n o t  
been p u b l i s h e d .  

E.  End Items, -Mi les tones  and Schedu les  

The end i tems f o r  2 0 1  p r o c e s s o r s  c o n s i s t  o f  documenta- 
t i o n  and t h e  o p e r a t i n g  programs. The documenta t ion  may b e  found 
i n  t h e  IBM Programmer Working Books V o l  11, w i t h  t h e  o p e r a t i n g  
programs b e i n g  k e p t  a t  t h e  RTCC i n s t a l l a t i o n .  

Schedu les  and Mi le s tones  a r e  n o t  a v a i l a b l e  due t o  t h e  
n o n - a v a i l a b i l i t y  of t h e  miss ion  s p e c i f i c  r e q u i r e m e n t s .  

F. S t a t u s  and Schedules  

A r e a l i s t i c  s c h e d u l e  g i v i n g  da t e s  f o r  comple t ion  o f  2 0 1  
s u p e r v i s o r s  i s  a t t a c h e d .  (See F i g u r e  4) It i s  based on a da t e  
two months p r i o r  t o  when t h e  RTCC w i l l  be  needed f o r  2 0 1 .  



BELLCOMM, INC. - 6 -  

APPENDIX A. 2 

ACCEPTANCE CHECKOUT EQUIPMENT (ACE) 

Identification of Project Responsibility 

A. Prime Responsibility 

The Manned Spacecraft Center has the responsibility for 
the advanced checkout system that provides for the assurance of 
systems using computers and test equipment. 

The Apollo Space Project Office (ASPO) at MSC has been 
designated as the MSC unit with overall responsibility for the 
Project. 

"It (responsibility) includes ground computer, all 
ground displays -- processing and transmitting checkout infor- 
mation." This statement may be found in NASA document, Check- 
out Policy and Directives for ACE-S/C Implementation dated 
March, 1964. 

B. Requirements and Interfaces 

The inputs for the programming requirements come from 
a series of documents that have been generated for MSC-ASP0 by 
North American Aviation. They include the following types: 

1. Checkout Process Specification which establishes 
basic configuration requirements, sequences, stimuli 
measurements and limits. 

2. Program Requirement Pracess Specifications that 
specify general data processing requirements. 

The inputs for these NAA documents come from MIT for 

The result is a general software requirements 
G&N information or from Florida Operations concerned with GSE. 
(See Figure 5) 
document entitled, "Apollo Spacecraft Programming Requirements 
Definition" Technical Document No. 5C, MSC Florida Operations, 
March 3, 1964. 

C. Identification of the User 

The ultimate user of ACE station is the test conductor 
and the test engineers engaged in testing out the spacecraft for 
a mission. 
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Implementation of the System 

A. Functional Requirements 

The Acceptance Checkout System is the computer check- 
out of S/C systems through control of S/C servicing equipment 
to meet the following requirements: 

1. Provide for the generation of command and stimuli 
by computer to the S/C and GSE for test purposes. 

2. Provide for the processing by computer of the 
measurement and response from the S/C and GSE. 

3. Provide the necessary associated equipment at a 
Ground Station under computer control for display 
of the processed S/C generated data. 

B. Description of the ACE System 

An ACE station consists of two Control Data 160-~ 
computers with associated ancillary gear, called the uplink 
and downlink computers. The uplink gives command and stimuli 
to test a S/C subsystem. 
measurement and/or response from the subsystem, processes it, 
to drive test engineer CRT displays o r  record it for further 
reduct ion. 

The down-link receives the resulting 

The two computers share a common memory that acquires 
and transmits data throu h bi-directional Data Transmission and 
Verification Units (DTVC 7 and Data Acquisition and Decommunication 
Equipment (DADE). 
acquired data from the down-link computer. 

Provisions are made f o r  storing on tape drives 

The uplink computer controls the sending of commands 
that can activate equipment or send stimuli to operating equip- 
ment. It sequences the tests as required by the computer or 
as initiated by the test engineer at a control console through 
the Communications Unit Executor (CUE) to the computer. These 
computer requests are processed utilizing information from the test 
tape and become test sequences that determine which subsystem 
receives stimuli. These sequences are formatted, verified and 
transmitted by the DT'VC that relays the command via hard line 
or RF Telemetry to the subsystem being tested. 

The downlink computer receives telemetry from the 
tested spacecraft subsystem or spacecraft-vicinity test equip- 
ment through hardline or RF receivers. These data flow through 
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a v ideo  d i s t r i b u t i o n  u n i t  and a r e  t h e n  decommutated (by  t h e  DADE) 
and checked p r i o r  to send ing  to t h e  computer memory. Once p ro -  
cessed  t h e  downlink computer t a k e s  t h e  a c q u i r e d  i n f o r m a t i o n  e t c . ,  
from memory and t r a n s m i t s  i t  to t h e  IYTVC where it i s  v e r i f i e d  f o r  
t r a n s m i s s i o n  to t h e  D i g i t a l  Communications and Con t ro l  Uni t  
(DCCU) f o r  fcrmatt ing to t h e  symbol g e n e r a t o r .  The symbol g e n e r a t o r  
c r e a t e s  t h e  i n p u t s  for CRT d i s p l a y s  that  a r e  used by the t e s t  en- 
g i n e e r  i n  de t e rmin ing  s t a t u s  of t h e  subsystem under  t e s t .  
F i g u r e  6 )  

( S e e  

The ACE o p e r a t i o n a l  so f tware  i s  broken down i n t o  t h r e e  
g e n e r a l  c l a s s e s  of programs: Uplink, f o r  p r o c e s s i n g  commands 
and s t i m u l i ;  downlink, f o r  p r o c e s s i n g  t h e  measurement o r  r e s p o n s e  
f r o m  a S/C system be ing  t e s t e d ;  and t e s t  d i a g n o s t i c s ,  used for 
hardware and l i n e  a s s u r a n c e .  A l l  t h e s e  programs a r e  m i s s i o n  
independ.ent .  I n  a d d i t i o n  t e s t  r equ i r emen t s  a r e  needed which 
a r e  wholly m i s s i o n  dependent .  This  i s  data which d e f i n e s  t h e  
p a r t i c u l a r  system, i t s  i n p u t s  and o u t p u t s ,  t o l e r a n c e s ,  t y p e  and 
l o c a t i o n  of t e s t ,  e t c .  This i n f o r m a t i o n  i s  p repa red  and assembled 
for computer u s e .  The combinat ion of t h e  o p e r a t i o n a l  programs 
p l u s  t h e  test r e q u i r e m e n t s  i s  t h e  s o f t w a r e  needed for t h e  ACE 
computers .  

C. C o n s t r a i n t s  

A m i s s i o n  s p e c i f i c  program i s  assembled by p r o p e r l y  
sequencing  t h e  o p e r a t i o n a l  programs. It i s  a b s o l u t e l y  e s s e n t i a l  
to r e c e i v e  t i m e l y  t e s t  r equ i r emen t s  f r o m  t h e  a p p r o p r i a t e  c o n t r a c t o r s  
to e n a b l e  t h e  n e c e s s a r y  sequencing of t h e  o p e r a t i o n a l  programs 
and to p r o v i d e  needed t e s t  d a t a  as i n p u t s  to t h e  o p e r a t i o n a l  pro-  
grams. F a i l u r e  to r e c e i v e  t h i s  i n f o r m a t i o n  on t ime  w i l l  r e s u l t  i n  
s l i p p a g e  of t h e  scheduled  so f tware  comple t ion  d a t e .  

D. Sof tware  S p e c i f i c a t i o n s  

The r e s p o n s i b i l i t y  for s o f t w a r e  was d e l e g a t e d  to 
MSC-F/O. The implementa t ion  of t h e  s o f t w a r e  for a l l  ACE s i t e s  
NAA, AMR, e t c . ,  was c o n t r a c t e d  to t h e  Apollo Support  Group of 
G.E. 

The G.E. group has  produced s e v e r a l  documents r e l a t i n g  
to s o f t w a r e  s p e c i T i c a t i o n s .  The more g e n e r a l  and complete i s  
t h e  
NASw-410, March 2 3 ,  1964. This  g i v e s  f l o w  char t s  and d e s c r i p -  
t i o n s  of t h e  v a r i o u s  t y p e s  of programs a l o n g  w i t h  i t s  r e l a t i o n  
t o  o t h e r  ACE equipment.  

11  Computer Programriling P l a n  ACE-S/C Ground S t a t i o n s  J' c o n t r a c t  
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A more d e t a i l e d  s p e c i f i c a t i o n  and d e s c r i p t i o n  has 
been produced f o r  t h e  A C E  #1 s t a t i o n  a t  N A A .  Al though hardware 
o r i e n t e d ,  t h e  f low of data  w i t h i n  A C E  i s  b e t b e r  d e s c r i b e d .  

E .  End Items, Mi le s tones  and  Schedu les  

I n  d e f i n i n g  t h e  end items i t  must b e  p o i n t e d  o u t  t h a t  
t h e  f i r s t  ACE s t a t i o n  i s  o p e r a t i n g  a t  N A A .  Hence, t h e  end items 
f o r  t h i s  i n s t a l l a t i o n  are  i d e n t i f i a b l e .  They  c o n s i s t  o f  t h e  run-  
n i n g  programs p l u s  documenta t ion .  A l i s t  of t h e  programs may b e  
found i n  MSC document; PG/O-1062-64, dated November 2 ,  1 9 6 4 .  
M i l e s t o n e s  and s c h e d u l e s  f o r  t h i s  i n s t a l l a t i o n  have been d e t a i l e d  
i n  t h e  Computer Programming Plan.  

A s  f a r  as A C E  ARM #1 no end i t e m ,  m i l e s t o n e  o r  s chedu le  
i n f o r m a t i o n  on s o f t w a r e  i s  a v a i l a b l e .  

F.  S t a t u s  and Schedu les  

The s t a t u s  o f  ACE programs can b e  summed up as f o l l o w s  
f o r  2 0 1 :  

I f  t h e  ACE programs c u r r e n t l y  b e i n g  used  a t  A C E  #1 N A A  
a re  used  a t  ACE AMR #1, t h e n  it  can  be s a id  t h a t  t h e  AMR s o f t -  
ware i s  f i n i s h e d .  There  i s  no i n d i c a t i o n  t h a t  t h i s  w i l l  no t  
b e  t h e  c a s e .  

There are  n o . s c h e d u l e s  f o r  A C E  AMR #1 a v a i l a b l e .  Hence, 
no judgment can b e  made f o r  t h i s  phase of t h e  p r o j e c t .  
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SATURN LAUNCH COMPUTER COMPLEX 

I d e n t i f i c a t i o n  of P r o j e c t  R e s p o n s i b i l i t i e s  

A. Prime R e s p o n s i b i l i t i e s  

The task of checkout  and countdown of the l a u n c h  
v e h i c l e  i s  done by t he  A s t r i o n i c s  Labora to ry  a t  MSFC. T h i s  
o r g a n i z a t i o n  i s  r e s p o n s i b l e  for t h e  p l a n n i n g ,  implementa t ion  
and t e s t i n g  of t h e s e  programs. 

B. Requirements and I n t e r f a c e s  -- 
The g e n e r a l  task. simply evolved and i s  no t  s e t  f o p t h  

i n  any p a r t i c u l a r  document. 

The g e n e r a l  r equ i r emen t s  a r e  g e n e r a t e d  i n  v a r i o u s  
working committees or groups  which a r e  made up on a very  
mixed basis; some members w - i l l  be f r o m  LVO, some f r o m  o t h e r  
o r g a n i z a t i o n s  i n  MSFC, e t c .  A t  l e a s t  one member of each  such  
group w i l l  be a systems eng inee r  f r o m  A s t r i o n i c s .  The o u t p u t  
from t h e s e  groups  r e a c h e s  t h e  rest of  A s t r i o n i c s  th rough  
v a r i o u s  n o t e s  and memoranda, not be ing  c o l l e c t e d  i n  any s i n g l e  
document. 

The only i n t e r - s y s t e m  i n t e r f a c e  i s  w i t h  ACE, and t h e  
Apol lo  Launch Veh ic l e  I n t e r f a c e  Pane l  i s  i n  charge  of t h i s  
i n t e r f a c e .  Minutes of p a n e l  meet ings i n  f a c t  d e s c r i b e  t h e  
i n t e r f a c e  which w i l l  e v e n t u a l l y  e x i s t  between SLCC and ACE. 
However, t h e  201 i n t e r f a c e  i s  d e s c r i b e d  o n l y  in an inter- 
n a l  n o t e  of A s t r i o n i c s  which i s  n o t  y e t  t i t l e d  or p u b l i s h e d .  

C.  I d e n t i f i c a t i o n  of  Opera tor  and User 

A c t i v a t i o n  of these programs t a k e s  p l a c e  a t  KSC, 
where p e o p l e  f rom A s t r i o n i c s  and LVO w i l l  j o i n t l y  unde r t ake  
t h e  a c t i v a t i o n .  

The programs w i l l  be ope ra t ed  by Launch Veh ic l e  
O p e r a t i o n s .  Maintenance w i l l  be done p a r t l y  by LVO peop le  
and p a r t l y  by A s t r i o n i c s  people  i n  accordance  wi th  a n  a g r e e -  
ment between KSC and MSFC d e s c r i b e d  i n  t h e  KSC rnemo c a l l e d  
Master Tape Changes a t  t h e  Launch S i t e " .  11  
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The user of these programs (and of their operators) is 
the LaLnch Control Director. 

Implementation of the System 

A. Functional Requirements 

This complex conducts a checkout and countdown of the 
launch vehicle including the Instrument Unit. 
tests and displays results. 

It gj-ves program 

The configuration is shown in Figure 7. The computer 
sends discretes t o  the launch vehicle through the ESE equipment 
and sends data to the Saturn guidance computer through a data 
line into that computer. 
same line, discretes back f rom the ESC equipment and can scan 
any data from the ground digital data acquisition system. 
Using these facilities it must administer tests as directed 
by the ESC control switchers and the keyboard units associated 
with the display consoles'and display the results (and any other 
information requested) on display units. 

It receives data back through this 

These requirements are described in the Astrionics 
document 
System Programs ' I .  

I I  Preliminary Specifications f o r  the Saturn IB Operating 

B. System Interfaces 

The specifications f o r  the interface with ACE are 
generally given in minutes of meetings of the Apollo Launch 
Interface Panel. For mission 231 flights these are summarized 
in an untitled Astrionics internal memo by Ludie Richard. 

There are no other inter-system interfaces. 

C. Constraints 

Requirements f o r  the ACE interface are now in hand. 
The organization of the program is such that these did not materially 
hold up any part of the program. 

While all other requirements are essentially specified 
in-house, this specification has required inputs from various 
other organizations, The programming organization has tended, 
insofar. as possible, to localize these dependencies to the 
plugging in of parameters. Insofar as inputs have been required 
on things such as order of test sequence, which cannot be 
plugged in quite so simply, the information is on hand at this time 
and appears in the specifications mentioned under E. 
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D. Miss ion  Dependence 

The programming e f f o r t  has  been des igned  to l o c a l i z e  
t h e  m i s s i o n  dependencies  i n s o f a r  as p o s s i b l e .  More t h a n  h a l f  
of t h e  e f f o r t  w i l l  have been put  i n  on a n  o p e r a t i n g  s y s t e m  
( a l t h o u  h t h i s  w i l l  comprise less t h a n  l/3 of t h e  i n s t r u c t i o n s  
w r i t t e n  7 which i s  e s s e n t i a l l y  mis s ion  independen t .  
of t h e  e f f o r t  w i l l  be devoted t o  t e s t  programs which are l a u n c h  
v e h i c l e  dependent ,  a l t h o u g h  most of them may span  s e v e r a l  
v e h i c l e s .  

The remainder  

These programs are a l l  c r i t i c a l  i n  t h e  s e n s e  t h a t  
t h e  m i s s i o n  could n o t  proceed ,  o r  would s u f f e r  a compromise 
of o b j e c t i v e s ,  w i thou t  them. They a r e  ( m a i n l y )  a l l  used f o r  
t h e  f i r s t  t i m e  i n  m i s s i o n  201. 

E. So f tware  Requirements S p e c i f i c a t i o n s  

These have been s p l i t  i n t o  two p a r t s  i n  t h i s  e f f o r t :  
r e q u i r e m e n t s  f o r  the o p e r a t i n g  system, and t h o s e  for t h e  t es t  
programs. Requirements for t h e  o p e r a t i n g  system were roughly  
s e t  i n  t h e  A s t r i o n i c s  document " P r e l i m i n a r y  S p e c i f i c a t i o n s  for 
t h e  S a t u r n  I B  Opera t ing  Sys tem Programs". Exact s p e c i f i c a t i o n  
w i l l  occur  i n a n i c a t i o n s  for the  Opera t ing  
System Programs f o r  the S a t u r n  IB- Computer Conplex" which 
must t h e n  r e c e i v e  A s t r i o n i c s  a p p r o v a l .  Th i s  document does e x i s t ,  
and has been approved i n  t h e  main b u t  s e n t  back for some 
c l a r i f i c a t i o n s .  A document d e s c r i b i n g  r equ i r emen t s  f o r  t h e  
t e s t  programs w i l l  be submi t ted  by IBM f o r  A s t r i o n i c s  a p p r o v a l  
i n  Janua ry  1964. 

F. I d e n t i f i c a t i o n  of End I t ems ,  M i l e s t o n e s  and Schedules  --- 
The s e t  of end i tems  h a s  been d e f i n e d  and schedu les  of 

m i l e s t o n e s  have been set. (See F i g u r e  8 )  However, t h e s e  d o  
no t  a p p e a r  i n  any o f f i c i a l  document. There i s  no f o r m a l  m i l e -  
s t o n e  e i t h e r  of IBM t u r n o v e r  to A s t r i o n i c s  or A s t r i o n i c s  
t u r n o v e r  to LVO. 

G. S t a t u s  and Schedules  
I 

These a r e  summarrized i n  F i g u r e  8. The only c r i t i c a l  
i t e m  a t  t h i s  t ime  i s  t h e  scheduled d e l i v e r y  of t h e  f i r s t  com- 
p u t e r  and i t s  a s s o c i a t e d  u t i l i t y  r o u t i n e s  i n  Janua ry  1965. T h i s  
i s  n e c e s s a r y  f o r  t h e  beginning  of a r a t h e r  t i g h t  debugging 
Schedule .  Any a r p r e c i a b l e  s l i p p a g e  h e r e  (and  t h e  debugging of 
such  a n  o p e r a t i n g  system could prove  very  d i f f i c u l t )  would s l i p  
t h e  beg inn ing  of LVO o p e r a t i o n  i n  J u l y  1965. 
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APPENDIX A.4 

LAUNCH VEHICLE DIGITAL COMPUTER PRE-LAUNCH PROGRAMS 

Identification of Project Responsibilities 

A. Prime Responsibilities 

Checkout of the launch vehicle Instrument Unit 
Guidance and Control system is assigned to Astrionics Labora- 
t o r y  at MSFC. This particular task is split off from the 
rest of the testing of the launch vehicle (done by the SLCC) 
in that most of these tests are done by the Launch Vehicle 
Digital Computer itself, rather than bj the RCA-11OAs used 
in SLCC. While the same organization is responsible for 
planning, implementation, and testing of both efforts, the 
personnel directly involved in the two are different. 

B. Reauirements and Interfaces 

Responsibility for setting requirements rests with 
Astrionics Laboratory although IBM (Owego) plays a large part 
in their actual generation. No document exists defining 
requirements at the general level. 

General interface requirements are defined in-house 
in Astrionics, and set forth in the functional requirements 
document*. The only computer system with which this interfaces 
is with the SLCC, an in-house interface. No one in particular 
is in charge of the interface. 

C. Identification of Operator and User 

These programs are activated and maintained by 
Astrionics and will be operated by LVO at KSC. This operation 
is indirect, however, for they are actually operated by the 
SLCC without direct human intervention. 

The user is the launch director, for the results 
of these programs ultimately contribute to the SLCC displays 
which indicate the condition of the launch vehicle. 

*See Functional Requirements (next page). 
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Implementat ion o f  t h e  System 

A .  F u n c t i o n a l  Requirements 

These programs t e s t  and e x e r c i s e  t h e  gu idance  and 
c o n t r o l  system, i n c l u d i n g  t h e  LVDC i t s e l f ,  upon i n s t r u c t i o n  
f rom t h e  SLCC, r e t u r n i n g  r e s u l t s  t o  t h e  SLCC. I n p u t  f r o m  
t h e  SLCC and I U  and a l l  o u t p u t  a r e  th rough  a s p e c i a l  ha rd -  
ware u n i t .  See f i g u r e  9. 

I n  p a r t i c u l a r ,  " I n  c o n j u n c t i o n  wi th  t h e  l aunch  computer,  
t h e s e  r o u t i n e s  s h a l l  p r o v i d e  t h e  f o l l o w i n g  c a p a b i l i t i e s :  

1. O p e r a t i o n a l  checkout  of t h e  LVDC; 

2. O p e r a t i o n a l  checkout  of t h e  LVDA; 

3. O p e r a t i o n a l  checkout  of t h e  s w i t c h  s e l e c t o r  - 
LVDA i n t e r f a c e ;  

4. O p e r a t i o n a l  checkout  of t h e  CIU-LVDA i n t e r f a c e ;  

5. O p e r a t i o n a l  checkout  of t h e  a c c e l e r o m e t e r  and 

6.  O p e r a t i o n a l  checkout  of t h e  v e h i c l e  d i s c r e t e s ;  

gimbal  a n g l e  p r o c e s s i n g  f e a t u r e ;  

7. Operat ionalcheckout  of the LVDA-PCM i n t e r f a c e . " *  

*Taken f r o m  " S p e c i f i c a t i o n  for SA-201 Launch Veh ic l e  D i g i t a l  
Computer P re - l aunch  Programs", A s t r i o n i c s ,  R-ASTR-NDF. 

B. System I n t e r f a c e s  

These i n t e r f a c e s  a r e  a l l  handled  by hardware,  s o  t h a t  
no programming s p e c i f i c a t i o n s  would be r e l e v a n t ,  save t h a t  one 
r o u t i n e  must  be a b l e  to i n t e r p r e t  i n s t r u c t i o n s  r e c e i v e d  f rom 
t h e  SLCC. P a r t i c u l a r  s p e c i f i c a t i o n s  a r e  n o t  g i v e n  i n  t h e  m i s -  
s i o n  r e q u i r e m e n t s  document, b u t  a r e  expec ted  i n  t h e  for thcoming 
e x a c t  s p e c i f i c a t i o n  document ( s e e  E ) .  They a r e  g e n e r a t e d  
by t h e  LVDC programmers f o r  t h e i r  own convenience .  

C.  C o n s t r a i n t s  

No p a r t i c u l a r  r e s t r a i n t s  e x i s t  on t h e s e  programs be- 
c a u s e  of i n f o r m a t i o n  i n t e r f a c e s .  However, t h e  f a c t  t h a t  t h e y  
s i t  i n  memory a long  w i t h  t h e  i n - f l i g h t  r o u t i n e s  means t h a t  
t h e y  must  be t e s t e d  almost  a s  c a r e f u l l y  a s  t h e s e .  This means 
t h a t  any change a f t e r  t h e  programs a r e  checked o u t  would r e s u l t  
i n  a n o t h e r  l o n g  checkout  p e r i o d .  It i s  u n l i k e l y ,  however, 
t h a t  any nominal change i n  the  m i s s i o n  would r e f l e c t  i t s e l f  
i n  any change i n  t h e s e  programs. 
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These programs a r e  q u i t e  independent  of t h e  m i s s i o n .  
I n  g e n e r a l ,  o n l y  a sma l l  p o r t i o n  of them c o u l d  be a f f e c t e d  
by any change i n  the m i s s i o n  which d i d  n o t  a f f e c t  t h e  ha rd -  
ware of t h e  guidance  and c o n t r o l  system. Even t h i s  small 
p o r t i o n  would n o t  be a f f e c t e d  u n l e s s  t h e r e  were a major  
change i n  t h e  s t r u c t u r e  of t h e  o r b i t a l  programs.  

All of the programs i n  t h i s  e f f o r t  a r e  new, and 
a l l  a r e  c r i t i c a l  to t h e  success  of t h e  m i s s i o n .  

E. Requirements S p e c i f i c a t i o n s  

D e t a i l e d  s p e c i f i c a t i o n s  do e x i s t  i n  an  IBM working 
document c a l l e d  " D e t a i l e d  Flow & D e s c r i p t i o n s  , SA-201 LVDC 
P re - l aunch  Programs". T h i s  document shc u l d  be i s s u e d  a s  
o f f i c i a l  s h o r t l y .  No p u b l i c a t i o n  d a t e  can y e t  be o b t a i n e d .  

F. I d e n t i f i c a t i o n  o f  End I t ems ,  M i l e s t o n e s ,  & Schedules  

End i t ems  a r e  f u l l y  i d e n t i f i e d  i n  t h e  r equ i r emen t s  
s p e c i f i c a t i o n .  M i l e s t o n e s  and s c h e d u l e s  e x i s t .  See F i g u r e  9. 

The coding ,  debugging and checkout  o f  t h e s e  p r o -  
grams r e q u i r e  s u p p o r t  programs of s i z e  and complexi ty  which 
dwarf t h o s e  o f  t h e  o p e r a t i o n a l  programs. These c o n s i s t  o f  
t h e  a s semble r  and open l o o p  s i m u l a t o r .  These a r e  a l r e a d y  
done, however. They a r e  e s s e n t i a l l y  mis s ion  independent  and 
w i l l  n o t  need to be c o n s i d e r e d  f o r  subsequent  m i s s i o n s .  

G. S t a t u s  and' Schedules  

These a r e  summarized i n  F i g u r e  10. The e f f o r t  seems 
to be i n  good shape .  

T h i s  e f f o r t  i s  c h a r a c t e r i z e d  by t h e  f a c t  t h a t  t h e  
o p e r a t i n g  programs are q u i t e  smal l  ( a b o u t  5,000 i n s t r u c t i o n s )  
b u t  q u i t e  c r i t i c a l .  This  i s  r e f l e c t e d  i n  a checkout  p e r i o d  
which i s  ve ry  long  i n  r e l a t i o n  t o  t h e  coding p e r i o d ,  a 
s i t u a t i o n  which cou ld  abso rb  some s l i p p a g e .  
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APPENDIX A . 5  

LAUNCH VEHICLE DIGITAL COMPUTER IN-FLIGHT PROGRAMS 

I d e n t i f i c a t i o n  o f  P r o j e c t  R e s D o n s i b i l i t i e s  

A .  P r i m e  R e s p o n s i b i l i t i e s  

The gu idance  and c o n t r o l  programs i n  t h e  Launch V e h i c l e  
D i g i t a l  Computer ( L V D C )  are  done under  t h e  c o n t r o l  o f  A s t r i o n i c s  
Labora to ry  a t  MSFC. T h i s  l a b o r a t o r y  i s  r e s p o n s i b l e  f o r  t h e  
p l a n n i n g ,  imp lemen ta t ion ,  and t e s t i n g  o f  t h e  programs.  

B. Requirements  and I n t e r f a c e s  

A s t r i o n i c s  i s  r e s p o n s i b l e  f o r  s e t t i n g  t h e  r e q u i r e m e n t s ,  
b u t  t h e y  r e q u i r e  i n p u t s  from t h e  Aero-Astrodynamics and Pro- 
p u l s i o n  and V e h i c l e  Eng inee r ing  L a b o r a t o r i e s  t o  do t h i s  i n  p r o p e r  
d e t a i l .  No g e n e r a l  r equ i r emen t s  document e x i s t s .  

There were no o f f i c i a l  documents which s p e l l e d  o u t  
who would p r o v i d e  them w i t h  what i n f o r m a t i o n ,  or when. 

T h i s  s y s t e m  of  programs does  n o t  i n t e r f a c e  w i t h  any 
o t h e r  s o f t w a r e  sys tem,  s a v e  t h a t  i t  w i l l  b e  i n i t i a t e d  by  t h e  
p r e l a u n c h  s y s t e m  and must r e c e i v e  r e q u e s t s  and send  answers  
t h r o u g h  t e l e m e t r y .  No i n t e r f a c e  documents e x i s t .  

C .  I d e n t i f i c a t i o n  of User 

A s t r i o n i c s  a c t i v a t e s  and m a i n t a i n s  t hese  programs. 
They are ' o p e r a t e d '  by LVO, but t h i s  ' o p e r a t i o n '  c o n s i s t s  
o n l y  of t u r n i n g  them on: a n  i r r e v e r s i b l e  p r o c e s s .  

Implementa t ion  o f  t h e  System 

A .  F u n c t i o n a l  Requirements 

These programs guide  and c o n t r o l  t h e  l aunch  v e h i c l e .  
They s t e e r  t h e  v e h i c l e  and watch f o r  a f i x e d  v e l o c i t y .  When 
t h i s  v e l o c i t y  i s  a t t a i n e d ,  t hey  i s s u e  a d i s c r e t e  which causes  
SIVB c u t o f f .  A f i n a l  c o r r e c t i o n  i n  a t t i t u d e  i s  made, and a 
d i s c r e t e  i s  i s s u e d  t o  t h e  s p a c e c r a f t ,  n o t i f y i n g  i t  t h a t  i t  
can uncage i t s  g y r o s  and begin  i t s  own t i m i n g  p r o c e s s e s .  While 
i n  o r b i t ,  t h e  sys tem must a l s o  answer any r e q u e s t s  from t h e  
d i g i t a l  command sys tem.  A l l  i n p u t - o u t p u t  i s  th rough  a s p e c i a l  
hardware  u n i t .  See F i g u r e  9. 
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A mission definition document was completed only 
in October 1964. This was done jointly by IBM and Astrionics, 
but Astrionics bears the responsibility. It is an informal 
collection of papers called the "Mission Definition Document.'' 

B. System Interfaces 

These programs have none. The only interface is with 
the instrument unit and telemetry, and this is by a special 
hardware unit. No document exists on any software ramifications. 

C. Constraints 

There are no constraints caused by system interfaces. 

the extreme criticality of these programs requires that 
However, there is an extreme timing constraint on information 
input: 
they undergo a checkout period of approximately six months. Even 
slight changes (e.g., the value of a constant) might make it 
necessary to go through an appreciable part of this again. 

D. Mission Dependence 

These programs are written specifically for mission 201. 
However, it is likely that a large part of them may be adapted 
for other missions. 

E. Requirements Specifications 

Astrionics expects to complete "SA-201 Equation Defining 
Document" about December 15, 1964. This is to be a complete 
requirements specification, despite its title. 

F. Identificat'ion of End Items, Milestones, and Schedules 

These are all done. See Figure 11. They are not 
collected in any official document. 

The coding, debugging and checkout of these programs 
require support programs of size and complexity which dwarf 
those of the operational programs. These consist of an assembler 
and both open and closed loop simulators. The first two of these 
are done, and there is no reason to doubt the schedule on the 
third. 
and are very similar to programs which IBM has done in the past. 
They will be usable for missions subsequent to 201. 

These support programs are essentially mission independent, 
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G .  S t a t u s  and Schedu les  

These are shown i n  F i g u r e  11. They a p p e a r  t o  be i n  
good shape.  T h i s  e f f o r t  i s  c h a r a c t e r i z e d  by  an  ex t r eme ly  long  
debug t i m e ,  as compared t o  coding .  The c r i t i c a l i t y  of  t h e  
programs demands t h a t  t h e y  b e  t e s t e d  d u r i n g  a l l  t h e  t i m e  a v a i l a b l e  
f o r  i t ,  b u t  t h i s  a c t u a l l y  allows a g r e a t  dea l  of f l e x  i n  s c h e d u l e ,  
which t h e y  a p p a r e n t l y  w i l l  no t  need .  

I I 

I 
I ~ 

I 
1 
I 
I 
I 
I 
I 
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APPENDIX A.6 

COMPUTATION AND DATA FLOW INTEGRATED SUBSYSTEM (CADFISS) 

Identification of Project Responsibilities 

A. Prime Responsibility 

Goddard Space Flight Center is responsible for the 
testing of the tracking network equipment to determine its 
status and operational readiness to support a mission. This 
responsibility is delegated in the "Management Plan for the 
Manned Space Flight Network" of  February 5, 1963, forwarded 
by Dr. Seamans to Dr. Goett on March 11, 1963. The Responsibility 
for the implementation of. the computer programs required lies 
with the Manned Flight Operations Division, specifically under 
the direction of the CADFISS Test Director, Mr. W. I. Adams. 

B. Requirements and Interfaces 

1. Reauirement s 

It is the responsibility of the NASA Centers to 
generate appropriate requirements documents for 
GSFC to perform its function of implementing the 
instrumentation f o r  the Manned Space Flight Net- 
work. These documents also provide the broad 
requirements for CADFISS testing of the network. 
CADFISS requirements are generated from a variety 
of sources in addition to the NASA Center require- 
ments documentation. The general procedure for 
generation of requirements and GSFC response thereto 
is discussed below followed by specific remarks 
pertinent to the computer programs for CADFISS. 

MSC generates an Apollo/Saturn Program Instrumenta- 
tion Requirements Document (PIRD). PIRD defines 
the instrumentation requirements for the Ground 
Operational Support System (GOSS) for Project 
Apollo. It includes all of the Engineering require- 
ments on the Manned Space Flight Network which is 
a subset of GOSS. The requirements in a PIRD are 
oriented towards an entire vehicle program (such 
as the Saturn IB program, for example). 



BELLCOMM. I N C .  - 20 - 

PIRD must be approved by the Associate Director 
of MSC and forwarded to OMSF for validation and 
finally to GSFC via OTDA for action. A PIRD for 
Saturn IB (dated April 10, 1964) has been issued 
and approved by MSC. This document was validated 
by OMSF and forwarded to OTDA in September 1964. 
MSC will also furnish an Apollo/Saturn Data 
Acquisition Plan (DAP). DAP defines the require- 
ments for real-time data for a specific flight 
and is distributed to all elements of GOSS. A 
DAP is issued approximately one to two months 
prior to the scheduled mission launch date, hence 
none is available for flight 201 at the present 
time. 

MSFC generates an Engineering Instrumentation 
Requirements Document (EIRD). EIRD defines the 
instrumentation requirements for engineering 
evaluation of launch vehicle R&D flights. An 
EIRD is written f o r  a launch vehicle program or 
for a segment of a program if it has a unique set 
of requirements (for example, Saturn I/Block 11). 

EIRD must be approved by the Director, Saturn 
Systems Office of MSFC and forwarded to OMSF for 
validation before being forwarded to GSFC via 
OTDA for action. An initial issue of the Saturn IB 
EIRD has been published and forwarded to OMSF 
(July 1964). It was forwarded officially to OTDA 
on September 1, 1964. MSFC also furnishes a Data 
Acquisition Requirements Document (DARD). A DARD 
is issued for each individual flight after the 
detailed flight mission has been established. 
GSFC requirements are included in a separate section. 
The document includes detailed flight specific 
instrumentation requirements not covered in the 
EIRD. A DARD is issued approximately two months 
prior to the scheduled mission launch date, therefore 
none is available for flight 201 at the present time. 

GSFC responds to the general requirements (PIRD and 
EIRD) with a Data Systems Development Plan which is 
forwarded to OTDA. It is more than a specific 
reply to the PIRD and EIRD and contains much unrelated 
information (fiscal, for example). OTDA has the 
responsibility f o r  generating a Ground Instrumenta- 
tion Support Plan (GISP) to meet the requirements 
of the NASA Centers. These documents have not yet 
been issued for Saturn IB. 
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GSFC requirements for CADFISS computer programming 
are not called out specifically in the MSC-MSFC 
requirements documents since these are implementation 
requirements and are directed more to the efforts 
of the Network Engineering branch and Network 
Operations branch at GSFC. 
of the CADFISS Test Director to derive computer 
program requirements from all of the above docu- 
ments. Computer programming requirements also 
originate within GSFC. For example, requirements 
may be originated by the Network Engineering branch 
or Network Operations branch. Since CADFISS is 
equipment oriented, it is often necessary to obtain 
considerable information from contractors from which 
programming requirements are derived. 

It is the responsibility 

In all cases, requirements must be coordinated by 
the CADFISS Test Director (W. I. Adams). These 
requirements are documented in a CADFISS Engineering 
Request (CER). A CER is written for each new test 
to be implemented or when tests are to be modified. 

Shortly before launch date for a mission, usually 
two-three weeks, a Network Operations Plan is 
published by the Network Operations group at GSFC. 
This document specifies the equipment to be used 
for support of the mission. At this time a mission 
specific CADFISS test program can be assembled by 
incorporating appropriate tests for the equipment 
specified. 

2. Interfaces 

The interface for PIRD between GSFC and MSC is 
administered by the Flight Control Division of 
MSC. The Division Chief is J. D. Hodge. All 
corrections and/or changes to the requirements 
document must be coordinated by this division. 

The interface for EIRD between GSFC and MSFC is 
administered by R-AERO-FP, MSFC. Changes and/or 
corrections to this document are coordinated by 
G. R. Emanuel and D. R. Haynes of R-AERO-FP, MSFC. 

a. Identification of the User 

The ultimate user of the output of the CADFISS 
test procedure is the Network Controller at 
IMCC. 



BELLCOMM, I N C .  - 22 - 

Implementation of the System 

A. Functional Requirements 

The CADFISS system provides a measure of how well the 
remote site subsystems are functioning and a determination of 
whether the sites are properly integrated to the central com- 
puter. Since the tests are run at GSFC, it is necessary that 
IMCC check the integrity of the data flow to the IMCC computers 
prior to launch. It is necessary for the CADFISS tests to be 
conducted as close to launch as possible because of the tendency 
for electronic equipment to drift off calibration after being 
peaked for the support of a mission. 

The system must provide the capability for testing 
individual items of equipment or group of equipment forming 
subsystems at the site for diagnostic testing when required. 
It is therefore necessary for the computer to identify the test 
to be made. A specific time is allowed for each test to be 
completed. Some of the functions that must be performed are 
1) verification of the data flow paths between the sites and 
the central computer, 2) verification of radar orientation, 
alignment and calibration, 3 )  verification of acquisition aid 
orientation, alignment and calibration, 4 )  tests of telemetry 
subsystems, 5) tests of' impact predictor, ground guidance, 
and remote site computers. 

B. System Description 

The GSFC real-time computer complex within which the 
CADFISS programs are designed to operate is shown in Figure 12. 
The complex consists of a triplex arrangement of IBM 7094 
computers each of which has associated with it the equipment 
indicated in the figure and a data communications channel to 
provide the required timing and data subchannels. The tests 
will be run on two of the computers. One of the computers 
will be "on-line" and powered by commercial power, while the 
other will function as a back-up and will be powered by a 
diesel generating system. The system is made up of individual 
tests under the control of a master program (CADMON). 

The computer sends a cue message via teletype (see 
Figure 1 3 )  to each of the sites participating in the test. 
This cue message functions as a "start-of-test" indicator and 
also serves to inform the site personnel of the test being 
executed. The site responds by transmitting the required 
data to the computer at GSFC via teletype. The computer com- 
pares the data received with expected values prestored in 
memory. 
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I n  o r d e r  t o  s u p p o r t  a s p e c i f i c  m i s s i o n ,  i t  i s  n e c e s s a r y  
t o  know t h e  equipment t o  be used and t h e n  t o  s e l e c t  t h e  appro-  
p r i a t e  t e s t s  and assemble them on a magne t i c  t a p e .  The equip-  
ment r e q u i r e d  t o  s u p p o r t  t h e  m i s s i o n  i s  s p e c i f i e d  i n  a Network 
O p e r a t i o n s  P l a n  g e n e r a t e d  by GSFC u s u a l l y  two- three  weeks b e f o r e  
t h e  m i s s i o n .  The assembly p r o c e s s  r e q u i r e s  a minimal t i m e  f o r  
p r e p a r a t i o n ,  one day b e i n g  s u f f i c i e n t  i f  a l l  r e q u i r e d  t e s t  
programs are  a v a i l a b l e .  There a p p a r e n t l y  i s  no t e s t i n g  p rocedure  
f o r  t h e  f i n a l  assembled  program s i n c e  a l l  o f  t h e  i n d i v i d u a l  t e s t  
modules o f  which it  i s  composed have p r e v i o u s l y  been checked.  
Thus,  t h e  f i n a l  assembled program as an  e n t i t y  may b e  p l a c e d  
i n  o p e r a t i o n  u n t e s t e d .  

The t o t a l  number o f  words w r i t t e n  f o r  t h e  CADFISS 
Test sys tem i s  approx ima te ly  6 5 , 0 0 0 .  The a c t u a l  program r e q u i r e d  
t o  s u p p o r t  a m i s s i o n  w i l l  b e  a s u b s e t  o f  t h i s  program and i s  
dependent  on t h e  equipment t o  b e  used  on s i t e  f o r  t h a t  m i s s i o n .  

Tes t  s e l e c t i o n ,  t e s t  s equence ,  and t e s t  p a r a m e t e r s  
a r e  s p e c i f i e d  by t h e  CADFISS Tes t  D i r e c t o r .  These a r e  i n s e r t e d  
i n t o  t h e  i n p u t  g e n e r a t o r  program ( C A D G E N )  i n  t h e  form o f  punched 
c a r d s .  CADGEN c o n v e r t s ,  expands,  and o r g a n i z e s  t hese  t e s t  r e q u i r e -  
ments  t o  t h e  form r e q u i r e d  b y  t h e  mon i to r  and a n a l y s i s  program 
( C A D M O N )  and p r e p a r e s  a t e s t  module magnet ic  t a p e  and a l i s t i n g  
o f  t h e  t e s t s  w i t h  a l l  p e r t i n e n t  i n f o r m a t i o n .  The CADMON program 
i s  l o a d e d  i n t o  c o r e  by CADLOD and t h e n  CADMON s t a r t s  t h e  t e s t  
p r o c e d u r e  u s i n g  t h e  t e s t  module magnet ic  t ape  f o r  s e l e c t i o n  
and sequenc ing  i n f o r m a t i o n .  The CADOUT program g e n e r a t e s  
p e r i o d i c  o n - l i n e  p r i n t e d  r e p o r t s  which are  used  by t h e  CADFISS 
t e s t  d i r e c t o r  t o  mon i to r  t e s t  p r o g r e s s .  

C .  System I n t e r f a c e s  

1. Equipment 

GSFC has complete c o n t r o l  and a u t h o r i t y  o v e r  t h e  
equipment i n t e r f a c e s .  Equipment i n t e r f a c e s  i n c l u d e  
o n - s i t e  equipment such  as C-Band and S-Band radar ,  
DCS, PCM, and t h e  da t a  p r o c e s s o r s ,  and i n  a d d i t i o n  
t h e  l aunch  moni tor  subsys tem.  

The i n d i v i d u a l  t e s t s  which make up CADFISS a re  
equipment o r i e n t e d  and a re  w r i t t e n  t o  s a t i s f y  t h e  
i n t e r f a c e  r equ i r emen t s .  

2 .  GSFC-MSC Test I n t e r f a c e  

GSFC i s  r e s p o n s i b l e  for t h e  CADFISS t e s t s  t o  
de t e rmine  t h e  o p e r a t i o n a l  s t a t u s  o f  a l l  network 
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s u p p o r t i n g  sys tems.  T h i s  i n c l u d e s  equipment 
l o c a t e d  a t  t h e  remote s i t e s  and a t  t h e  l aunch  area.  
When t h e  t e s t s  a r e  completed and o p e r a t i o n a l  
i n t e g r i t y  a s s u r e d ,  t h e  network c o n t r o l  i s  t h e n  
re leased t o  I M C C .  A d a t a  f low t e s t  i s  t h e n  r u n  
from t h e  I M C C  computer complex t o  check t h e  i n t e g -  
r i t y  o f  t h e  da t a  f low from t h e  l a u n c h  and remote  
s i t e s  t o  t h e  o p e r a t i o n a l  computers  a t  t h e  I M C C .  
The Network C o n t r o l l e r  a t  I M C C  can  re lease i n d i -  
v i d u a l  m a l f u n c t i o n i n g  s t a t i o n s  t o  t h e  CADFISS 
t e s t  d i r e c t o r  a t  GSFC as r e q u i r e d .  If t h i s  s h o u l d  
happen,  t h e  CADFISS t e s t  d i r e c t o r  w i l l  pe r form t h e  
r e q u i r e d  t e s t s  and when a g a i n  o p e r a t i o n a l  r e t u r n  
t h e  s t a t i o n  t o  t h e  Network C o n t r o l l e r  who w i l l  
t h e n  d i r e c t  t h a t  a da ta  f low t e s t  from I M C C  t o  
t h a t  s t a t i o n  b e  made. 

D .  C o n s t r a i n t s  

The e n t i r e  CADFISS programming e f f o r t  from t h e  p l a n n i n g  
t o  imp lemen ta t ion  i s  a GSFC r e s p o n s i b i l i t y .  The on ly  c o n s t r a i n t s  
t h e r e f o r e ,  are  t h e  need t o  have a d e t a i l e d  knowledge of  equip-  
ment t o  be  used  i n  a m i s s i o n  i n  s u f f i c i e n t  t i m e  b e f o r e  t h e  
m i s s i o n  t o  e n a b l e  w r i t i n g  t e s t  programs.  F o r  f l i g h t  2 0 1  s i n c e  
it i s  expec ted  t h a t  no new o n - s i t e  equipment w i l l  be  i n t r o d u c e d  
a l l  r e q u i r e d  t e s t  programs a r e  assumed t o  b e  comple te .  

E .  So f tware  Requirements  

Sof tware  r equ i r emen t s  documenta t ion  c o n s i s t s  o f  
CADFISS E n g i n e e r i n g  Reques ts  ( C E R ) .  A CER i s  w r i t t e n  f o r  each  
new t e s t  t o  b e  implemented or when t e s t s  are t o  b e  mod i f i ed .  

F.  End Items and Schedules  

The end i tems f o r  a s p e c i f i c  m i s s i o n  c o n s i s t  o f  a 
T e s t  Module Magnet ic  Tape and a l i s t i n g  o f  t h e  t e s t s  w i t h  a l l  
p e r t i n e n t  i n f o r m a t i o n .  T h e s e  a r e  i n  a d d i t i o n  t o  t h e  o p e r a t i o n a l  
programs which a re  n o t  mis s ion  o r i e n t e d .  

These i tems are n o t  s p e c i f i c a l l y  s c h e d u l e d .  T h e y  are 
p r e p a r e d  as soon as t h e  necessa ry  i n f o r m a t i o n  i s  a v a i l a b l e .  
T h i s  i n f o r m a t i o n  i s  p rov ided  by t h e  Network Opera t ions  P l a n  
which i s  p u b l i s h e d  two- th ree  weeks b e f o r e  l aunch .  

G .  C u r r e n t  S t a t u s  of P r o j e c t  

The CADFISS t e s t  s y s t e m  i s  now o p e r a t i o n a l .  I n  o r d e r  
t o  s u p p o r t  a p a r t i c u l a r  m i s s i o n ,  i t  i s  n e c e s s a r y  t o  know what 
equipment  w i l l  b e  used and t o  assemble a f l i g h t  s p e c i f i c  CADFISS 
t e s t  program t o  t e s t  t h a t  equipment,  as d e s c r i b e d  above.  There 
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has a t  t h i s  t i m e  been no c o n s i d e r a t i o n  o f  f l i g h t  2 0 1  p e r  s e ,  
b u t  i n  a d i s c u s s i o n  ( v i a  t e l e p h o n e )  of t h i s  f l i g h t  and t h e  
s i t e s  i n v o l v e d  w i t h  t h e  CADFISS t e s t  d i r e c t o r  ( W .  I .  Adams) 
it appears t h a t  a l l  r e q u i r e d  t e s t  programs have been  w r i t t e n .  
A minimal  amount o f  t i m e  i s  r e q u i r e d  t o  assemble t h e  CADFISS 
program. Mr. Adams i n d i c a t e d  t h a t  t h i s  can be done i n  as 
l i t t l e  as a few days  b e f o r e  launch .  
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APPENDIX A . 7  

NETWORK ON-SITE COMPUTER PROGRAMMING 

I d e n t i f i c a t i o n  of P r o j e c t  R e s p o n s i b i l i t i e s  

A .  P r i m e  R e s p o n s i b i l i t y  
# 

Goddard Space F l i g h t  Cen te r  i s  r e s p o n s i b l e  f o r  a l l  
Network On-Site Computer Programming t a s k s .  

The r e s p o n s i b i l i t y  for t h e  imp lemen ta t ion  of  t h e  
computer programs r e q u i r e d  l i e s  w i t h  t h e  Data Systems D i v i s i o n  
under  t h e  d i r e c t i o n  of M r .  S .  S .  L e c h t e r  a t  t h e  p r e s e n t  t i m e .  
However, t h e  r e s p o n s i b i l i t y  i s  b e i n g  t r a n s f e r r e d  t o  t h e  Manned 
F l i g h t  O p e r a t i o n s  Divis io’n under t h e  d i r e c t i o n  o f  M r .  W .  H .  
Wood. The t r a n s f e r  i s  b e i n g  e f f e c t e d  a t  t h e  p r e s e n t  t i m e .  
The Manned F l i g h t  Opera t ions  D i v i s i o n  w i l l  be  r e s p o n s i b l e  f o r  
implement ing  t h e  programs f o r  m i s s i o n s  subsequent  t o  GT 3 .  

B .  Requirements  and I n t e r f a c e s  -- 

1. Requirements  

The g e n e r a l  framework f o r  r e q u i r e m e n t s  g e n e r a t i o n  
d i s c u s s e d  above Appendix A . 6  a p p l i e s  t o  t h e  
r e q u i r e m e n t s  for o n - s i t e  computer programming. 
S p e c i f i c  r equ i r emen t s  for t h i s  t a s k  are f u r n i s h e d  
i n  a n  Appendix t o  t h e  P I R D .  The P I R D  of  A p r i l  
1 9 6 4  i n d i c a t e d  t h a t  t h e  Appendix f o r  Remote S i t e  
Computer r equ i r emen t s  w i l l  be  p rov ided  i n  a l a t e r  
r e v i s i o n .  M r .  D .  Owen o f  t h e  F l i g h t  C o n t r o l  D i v i s i o n ,  
MSC has  i n f o r m a l l y  i n d i c a t e d  t h a t  t h i s  Appendix w i l l  
b e  i n c l u d e d  i n  t h e  J a n u a r y  1965 r e v i s i o n  o f  t h e  
P I R D .  

There  i s  e x t e n s i v e  communication on a r e l a t i v e l y  
i n f o r m a l  b a s i s  with F l i g h t  C o n t r o l  D i v i s i o n ,  MSC 
for c o r r e c t i o n s ,  changes or a d d i t i o n a l  i n f o r m a t i o n  
as  r e q u i r e d .  Requirements o b t a i n e d  i n  t h i s  manner 
are  f o r m a l i z e d  by memorandum from t h e  F l i g h t  C o n t r o l  
D i v i s i o n ,  MSC and forwarded  t o  GSFC v i a  t h e  I M C C  
program o f f i c e ,  Mr. H .  E .  Clements ,  Manager. About 
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t h r e e  weeks t o  t w o  months b e f o r e  t h e  l a u n c h  date  
MSC fo rwards  a Data A c q u i s i t i o n  P l a n  (DAP) t o  GSFC 
v i a  OTDA. The DAP i n c l u d e s  s p e c i f i c  data as t o  
p a r a m e t e r s  t o  b e  d i s p l a y e d  on t h e  v a r i o u s  meters 
and e v e n t  l i g h t s  a t  t h e  computer a s s o c i a t e d  c o n s o l e s .  
T h i s  e n a b l e s  t h e  g e n e r a t i o n  o f  a s p e c i f i c  p a p e r  t a p e  
f o r  e a c h  s i t e  having  a computer .  

2 .  I n t e r f a c e  

Requirements  i n t e r f a c e  between GSFC and MSC i s  
a d m i n i s t e r e d  b y  t h e  F l i g h t  C o n t r o l  D i v i s i o n ,  MSC. 
The D i v i s i o n  Chief i s  M r .  J .  D .  Hodge. All c o r r e c -  
t i o n s  and/or  changes t o  t h e  r e q u i r e m e n t s  document 
must be c o o r d i n a t e d  by t h i s  d i v i s i o n .  

C .  I d e n t i f i c a t i o n  o f  t h e  User 

The u l t i m a t e  u s e r  o f  t h e  computer o u t p u t  i s  t h e  m i s s i o n  
F l i g h t  D i r e c t o r .  

Implementa t ion  o f  t h e  System 

A. F u n c t i o n a l  Requirements 

The sys tem f u n c t i o n s  t o  r e c e i v e  t e l e m e t r y  data  and t o  
s e l e c t ,  c o n v e r t ,  fo rma t ,  arld t r a n s m i t  t h i s  data i n  n e a r  r e a l -  
t ime i n  t e l e t y p e  form. T h i s  t r a n s m i s s i o n  must b e  compa t ib l e  
w i t h  t h e  e x i s t i n g  communications c i r c u i t s  a t  t h e  s i t e  which may 
be  two k i l o b i t / s e c o n d  data  c i r c u i t s  or t e l e t y p e  ( 6 0  and 1 0 0  wpm). 
The s y s t e m  must a u t o m a t i c a l l y  g e n e r a t e  and t r a n s m i t  messages 
upon r e q u e s t  from t h e  f l i g h t  c o n t r o l  p e r s o n n e l .  These messages 
c o n s i s t  o f  data  from t h e  PCM ground s t a t i o n .  The messages sha l l  
i n c l u d e  t h e  n e c e s s a r y  d i r e c t i n g  codes ,  message i d e n t i f i c a t i o n ,  
s t a t i o n  i d e n t i f i c a t i o n ,  a t ime t a g ,  and t h e  encoded da ta .  These 
messages are  t r a n s m i t t e d  t o  t h e  RTCC a t  t h e  I M C C .  

The sys tem must b e  capab le  o f  d r i v i n g  d i s p l a y s  a t  
a s s o c i a t e d  c o n s o l e s .  These d i s p l a y s  c o n s i s t  of  meters and even t  
l i g h t s .  

B .  System I n t e r f a c e s  

The computer has t h e  f o l l o w i n g  equipment i n t e r f a c e s :  

1. PCM ground equipment 

2 .  T e l e t y p e  t r a n s m i s s i o n  equipment 

3.  Four  c o n t r o l  c o n s o l e s .  

A d d i t i o n a l  i n t e r f a c e s  may be  i d e n t i f i e d  i n  t h e  nex t  P I R D  r e v i s i o n ,  
J anua ry  1965 .  
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C .  C o n s t r a i n t s  

The programs for t h e  o n - s i t e  computers  r e q u i r e d  f o r  
s u p p o r t  o f  Gemini are  o p e r a t i o n a l .  
f i l l  t h e  1 6 ~  c o r e  memory of t h e  UN1218. 
a d d i t i o n a l  r e q u i r e m e n t s  for t h e  s u p p o r t  o f  f l i g h t  2 0 1  w i l l  
r e q u i r e  a l a r g e r  c o r e  memory and comple te  program r e w r i t e .  

These programs comple t e ly  
T h e r e f o r e ,  any 

D .  Software-Requirements  S p e c i f i c a t i o n s  

There a re  no o f f i c i a l  s o f t w a r e  r e q u i r e m e n t s  s p e c i f i c a -  
t i o n s  g e n e r a t e d .  The programming group i s  small [about  e i g h t  
p e o p l e ]  and s p e c i f i c a t i o n s  a r e  g e n e r a t e d  on a ve ry  i n f o r m a l  
" in-house" basis .  

E .  I d e n t i f i c a t i o n  o f  End I tems and Schedu les  

A pape r  t ape  i s  g e n e r a t e d  f o r  each  remote  s i t e  hav ing  
a computer .  The machine i s  loaded  b y  a pape r  t a p e  reader  under  
c o n t r o l  o f  a n  Input-Output  c o n s o l e .  

T h i s  t ape  must be g e n e r a t e d  and a v a i l a b l e  o n - s i t e  a 
minimum of  abou t  two weeks p r i o r  t o  l aunch .  

F .  C u r r e n t  S t a t u s  of  P r e J e c t  

The re  has been no computer programming e f f o r t  d i r e c t e d  
t o  t h e  S a t u r n  I B  program up t o  t h e  p r e s e n t  t i m e .  
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APPENDIX A . 8  

CENTRAL INSTRUMENTATION FACILITY - 
REAL TIME DATA DISPLAY SYSTEM 

I d e n t i f i c a t i o n  o f  P r o j e c t  R e s p o n s i b i l i t i e s  

A .  P r i m e  R e s p o n s i b i l i t y  

The KSC A s s i s t a n t  D i r e c t o r  f o r  I n s t r u m e n t a t i o n ,  
K .  S e n d l e r ,  h a s  p r imary  r e s p o n s i b i l i t y  f o r  t h e  Real T i m e  Di sp lay  
System as p a r t  o f  h i s  o v e r a l l  r e s p o n s i b i l i t y  t o  p r o v i d e  g e n e r a l  
s u p p o r t  f o r  l aunch  o p e r a t i o n s .  

The s p e c i f i c  r e s . p o n s i b i l i t y  f o r  t h e  imp lemen ta t ion  of  
t h e  computer r e l a t e d  i tems l i e s  w i t h  t h e  Data A c q u i s i t i o n  and 
Systems A n a l y s i s  D i v i s i o n ,  R .  H .  Bruns ,  Ch ie f .  

B.  Requirements  and I n t e r f a c e s  

The C . I .F .  i s  a f a c i l i t y  o f  many and d i v e r s e  f u n c t i o n s .  
Wi th in  t h e  scope  o f  computer f u n c t i o n s  t h e  C . I .F .  p r o v i d e s  
c o m p u t a t i o n a l  s u p p o r t  f o r  a l l  NASA C e n t e r s  and NASA c o n t r a c t o r s  
w h i l e  a t  KSC, and a real-t ime data  r e d u c t i o n  and d i s p l a y  capa- 
b i l i t y .  I n  t h e s e  areas t h e  C . I .F .  a p p a r e n t l y  p roceeds  i n  a 
l o o s e  manner f rom r e q u i r e m e n t s  g e n e r a t e d  as  a r e s u l t  of  i n t e r -  
c e n t e r  ag reemen t s .  There a re  no o f f i c i a l  r e q u i r e m e n t s  documents 
g e n e r a t e d .  I n  g e n e r a l  any r equ i r emen t s  f o r  KSC must b e  sub-  
m i t t e d  t o  and approved by t h e  p r o j e c t  o f f i c e  headed by  Col .  R .  A .  
P e t r o n e ,  A s s i s t a n t  D i r e c t o r  f o r  Program Management. 

C .  I d e n t i f i c a t i o n  of t h e  User 

Launch V e h i c l e  T e s t  Conductor 

Implementa t ion  o f  t h e  System 

A .  F u n c t i o n a l  Requirements 
- 

The R e a l - T i m e  Data, Reduct ion and Di sp lay  System 
F i g u r e  1 4  fo rma t s  and d i s p l a y s  computer p rocessed  t e l e m e t r y  
i n f o r m a t i o n ,  radar in fo rma t ion ,  weather  i n f o r m a t i o n ,  and TV 
i n f o r m a t i o n  from onboard and ground cameras .  
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The GE 635 computer,  which f u n c t i o n s  a s  p a r t  of 
t h i s  system, must mon i to r  up t o  3000 t e l e m e t r y  measurements 
which i t  r e c e i v e s  from t h e  launch  v e h i c l e  and s p a c e c r a f t  v i a  
t h e  Data c o r e  sys tem.  The computer t h e n  f o r m a t s  and s t o r e s  
t h e s e  data on t h e  sys tem magnet ic  t a p e s ,  and s t o r e s  t h e  data 
f o r  t h e  l a s t  1 0 0 0  seconds  on 3 magnet ic  drums which a re  t h e  
sys tem mass s t o r a g e  f i l e s .  

S imul t aneous ly  w i t h  t h e  data i n p u t  and s t o r a g e ,  t h e  
computer must a c c e p t  r e q u e s t s  f o r  d i s p l a y ,  r e t r i e v e  t h e  d e s i r e d  
da ta ,  c o n v e r t  da ta  t o  a p p r o p r i a t e  e n g i n e e r i n g  u n i t s ,  format  
da ta  f o r  d i s p l a y ,  and o u t p u t  t h e  d a t a  t o  t h e  b u f f e r  d i s t r i b u t o r  
i n  t h e  data d i s p l a y  s y s t e m .  

The b u f f e r / d i s t r i b u t o r  c h a n n e l s  t h e  data t o  t h e  p r o p e r  
d i s p l a y .  The da t a  i s  t h e n  conve r t ed  by a da ta  f o r m a t o r  and 
c o n v e r t e r  c i r c u i t  i n t o  a v i d e o  f o r m a t .  The  c o n v e r t e r  refreshes 
t h e  d a t a  a t  a 3 0  frame p e r  second r a t e  f o r  d i s p l a y  on mon i to r s  
l o c a t e d  i n  t h e  l aunch  c o n t r o l  c e n t e r .  

B .  Svstem I n t e r f a c e s  

The major  i n t e r f a c e  i s  w i t h  t h e  t e l e m e t r y  sys tems 
o f  t h e  v e h i c l e .  It i s  t h e  f u n c t i o n  of  t h e  Da taco re  system t o  
s a t i s f y  t h e  i n t e r f a c e  r e q u i r e m e n t s  by a c c e p t i n g  t h e  t e l e m e t r y  
and c o n v e r t i n g  i t  t o  a form a c c e p t a b l e  t o  t h e  computer sys tem.  
The word must c o n t a i n  t h e  i d e n t i t y  o f  t h e  measurement and i t s  
magni tude .  The maximum r a t e  of t r a n s m i s s i o n  from Da taco re  i s  
2 5 0 , 0 0 0  words/second. 

The i n t e r f a c e  r e q u i r e m e n t s  between t h e  computer and 
t h e  Data Disp lay  System a r e  s a t i s f i e d  by t h e  b u f f e r  c i r c u i t  and 
t h e  data f o r m a t o r  and c o n v e r t e r  c i r c u i t .  

C .  C o n s t r a i n t s  

The sys tem i s  c o n s t r a i n e d  by t h e  3000 measurement 
c a p a b i l i t y  o f  t h e  Da taco re  system which t r a n s m i t s  data  t o  t h e  
computer .  The computer must be a b l e  t o  f o r m a t ,  b l o c k  and s t o r e  
1 0 0 0  seconds  of da ta  r e c e i v e d  a t  an  ave rage  r a t e  of  432,000 
b i t s / s e c o n d .  I n f o r m a t i o n  must b e  s t o r e d  w i t h  t h e  data  t o  e n a b l e  
ma in tenance  of a n  a c c u r a t e  t ime c o r r e l a t i o n .  T h i s  da t a  must be 
d i s p l a y e d  on r e q u e s t .  

D .  So f tware  Requirements S p e c i f i c a t i o n  

The Request  For  Quote  o f  A p r i l  1 9 6 4  e n t i t l e d  "Computer 
Complex f o r  t h e  C . I . F . ,  M I L A ,  Cape Kennedy, F l o r i d a " ,  s e r v e s  as 
t h e  s o f t w a r e  r e q u i r e m e n t s  document. There a p p e a r s  to b e  no 
o t h e r  s o f t w a r e  r e q u i r e m e n t s  documentat ion.  
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E.  End Items and Schedules  

The end items f o r  t h e  real-time programs are a p p r o p r i a t e  
documenta t ion  and a n  a c c e p t a b l e  o p e r a t i n g  program. The end items 
a p p a r e n t l y  are  n o t  d e l i n e a t e d  i n  a more s p e c i f i c  manner. There 
are no fo rma l  a c c e p t a n c e  p l a n s .  

The c o n t r a c t u a l  d e l i v e r y  d a t e  f o r  t h e  computer and t h e  
r e q u i r e d  programs i s  March 15 ,  1965.  Mr. G r i f f i n  o f  t h e  Data 
A c q u i s i t i o n  and A n a l y s i s  D i v i s i o n  i n d i c a t e d  t h a t  t h e  real- t ime 
t e l e m e t r y  m o n i t o r i n g  sys tem of t h e  C . I . F .  w i l l  be o p e r a t i o n a l  
i n  J u n e  1965 .  H e  does  n o t  have any r e q u i r e m e n t s  as y e t  f o r  
f l i g h t  2 0 1  p e r  se b u t  p o i n t e d  o u t  t ha t  t h i s  sys t em i s  n o t  
m i s s i o n  o r i e n t e d  and t h e  C.I .F.  will b e  ready t o  s u p p o r t  f l i g h t  
2 0 1  as l o n g  as t h e  C.I.F. measurement c a p a b i l i t y  i s  n o t  exceeded .  

F .  C u r r e n t  S t a t u s  

The e f f o r t  o f  GE i s  c l o s e l y  moni tored  by  c o g n i z a n t  C . I .F .  
p e r s o n n e l  t h rough  i n f o r m a l  monthly m e e t i n g s .  It  i s  t h e i r  o p i n i o n  
t h a t  t h e  GE e f f o r t  i s  p roceed ing  s a t i s f a c t o r i l y  and the re  i s  no 
i n d i c a t i o n  a t  p r e s e n t  t h a t  t hey  w i l l  n o t  meet t h e i r  c o n t r a c t u a l l y  
s c h e d u l e d  d e l i v e r y  da t e .  Genera l  E l e c t r i c  has a w e l l  d e f i n e d  
b u t  i n f o r m a l  imp lemen ta t ion  p l a n ,  and cod ing  has begun. 
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I964 I965 

I .  P r e l i m i n a r y  Spec C o m p l e t e  I 
2 .  U s e r s  Document C o m p l e t e  - S t a r t  C o d i n g  

3 .  C o d i n g  C o m p l e t e  - S t a r t  Debug 

IC. Debug C o m p l e t e  

3 .  G e n e r a l  F l o w  C h a r t s  

7 .  LVO O p e r a t i o n  

- - -  

2 .  A s s e m b l e r  C o m p l e t e  

SCHEDULE S A -  201 * 
FIGURE 8 S A T U R N  LAUNCH COMPUTER COMPLEX 

* T h i s  C h a r t  By A s t r i o n i c s  L a b o r a t o r y  

( A s  o f  O c t o b e r  1 9 6 4 )  
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FIGURE 12 G O O D A R D  S P A C E  FLIGHT CENTER COMPUTER COMPLEX 
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APPENDIX B 

Computer Program Development M i l e s t o n e s  

I n  any programming p r o c e s s ,  s e v e r a l  end  items and 
e v e n t s  are i d e n t i f i e d  which might  s e r v e  as m i l e s t o n e s  f o r  
s c h e d u l i n g  and p r o g r e s s  mon i to r ing  of  s p e c i f i c  programming 
t a s k s .  Once f o r  a s p e c i f i c  task t h e  a p p r o p r i a t e  m i l e s t o n e  
e v e n t s  are - i d e n t i f i e d ,  c l o s e  management c o n t r o l  can b e  a f f e c t e d  
of t h e  p r o j e c t .  T h i s  s e c t i o n  d e s i g n a t e s  which t y p e s  of pro-  
gramming m i l e s t o n e  e v e n t s  are a p p r o p r i a t e  for such  m o n i t o r i n g  
and d i s c u s s e s  c r i t e r i a  f o r  d e f i n i n g  comple t ion  of  m i l e s t o n e  
e v e n t s  i n  p r o g r e s s  r e p o r t i n g .  

B1.O Some Sugges t ed  Mi le s tones  

e v e n t s  can be  moni tored  by the customer ( N A S A  c e n t e r s )  i n  o r d e r  
t o  a c h i e v e  c l o s e  management c o n t r o l  of  t h e  programming p r o c e s s .  
S e v e r a l  such  m i l e s t o n e  even t s  which migh t  be a p p l i c a b l e  t o  spe- 
c i f i c  programming tasks a r e  d e s c r i b e d  below. The sequence o f  
these e v e n t s  i s  shown i n  t h e  a t t a c h e d  f i g u r e .  

S e v e r a l  de t a i l e d  s o f t w a r e  development m i l e s t o n e  

T h i s  l i s t  of mi l e s tone  e v e n t s  must ,  of c o u r s e ,  b e  
t a i l o r e d  t o  each  s p e c i f i c  programming task .  F o r  l ess  complex 
programming tasks  t h a n  tha t  o f  t h e  example snown i n  t h e  at-  
tached f i g u r e ,  s e v e r a l  of these e v e n t s  may n o t  b e  a p p r o p r i a t e  
and/or  may b e  merged f o r  convenience.  kience, t h i s  l i s t  can 
bes t  s e r v e  only  as a g e n e r a l  g u i d e l i n e  f o r  d e f i n i n g  m i l e s t o n e  
e v e n t s .  

Sof tware  S y s t e m  Design Requirements  Document Complete 

(1) Sys tem Performance Requirements Document A v a i l a b l e  

“ne s y s t e m  performance r equ i r emen t s  i s  a document or 
s e t  of documents which d e f i n e s  t he  o v e r a l l  s y s t e m  f u n c t i o n s  
which s h a l l  b e  implemented by  t h e  computer-based s y s t e m  under  
development.  It d e s c r i b e s  t h e  o p e r a t i o n a l  c a p a b i l i t y ,  f u n c t i o n a l  
o b j e c t i v e s ,  p n y s i c a l  l i m i t a t i o n s ,  and o t h e r  i d i o s y n c r z s i e s  o f  t h e  
s y s t e m  r e q u i r e m e n t s ,  and i t  d i s t i n g u i s h e s  between which s y s t e m  
f u n c t i o n s  s h a l l  b e  implemented i n  hardware, which i n  s o f t w a r e ,  
and which manual ly .  It r e p r e s e n t s  a d e l i v e r a b l e  end i t e m  of t h e  
programming p r o c e s s .  I t  i s  t h e  NASA C e n t e r ’ s  r e s p o n s i b i l i t y  t o  
a s s u r e  t h a t  t hese  r equ i r emen t s  become a v a i l a b l e  t o  t h e  program 
development c o n t r a c t  or 

The s o f t w a r e  s y s t e m  d e s i g n  r equ i r emen t s  i s  a document 
o r  s e t  of  documents d e t a i l i n g  t h e  tasks  of  s o f t w a r e  development 
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or m o d i f i c a t i o n s  t o  e x i s t i n g  s o f t w a r e  r e q u i r e d  t o  pe r fo rm 
t h e  s y s t e m  f u n c t i o n s  which a r e  t o  be  implemented b y  computer 
progranuning. I t  i s  an e x t e n s i o n  o f  t h e  s y s t e m  performance 
r e q u i r e m e n t s  document of  (1) above, r e l a t i n g  s t r i c t l y  t o  t h e  
computer  programs and p e r s o n n e l  ( o p e r a t o r )  p o s i t i o n  r e q u i r e -  
ments of  t n e  computer-baseu s y s t e m .  when n o t  i n c o r p o r a t e d  
as p a r t  of t h e  sys t em performance r e q u i r e m e n t s  document o f  
(1) above,  i t  r e p r e s e n t s  a s e p a r a t e  d e l i v e r a b l e  end i t e m  o f  
t h e  p r o g r a m i n g  p r o c e s s .  

( 3 )  Sof tware  Sys ten  Performance and P r e l i m i n a r y  Design 
Spe c i  f i c a t  i ons ilo cumen t C omp l e  t e 

Tne s o f t w a r e  system n e r f o r n a n c e  and p r e l i m i n a r y  
d e s i g n  s p e c i f i c a t i o n s  i s  a aocument or s e t  of  documents v h i c h  
c o n t a i n s  t h e  t e c h n i c a l  performance s p e c i f i c a t i o n s  , r e q u i r e -  
ments ,  f a c t o r s ,  p l a n s ,  and p rocedures  n e c e s s a r y  t o  p e r m i t  de- 
s i g n  and implemen ta t ion  of t h e  s o f t w a r e  subsys tems.  I t  c o n t a i n s  
i a e n t i f i c a t i o n  of t h e  o p e r a t i o n a l  s o f t v a r e  subsys tem f u n c t i o n s  , 
u t i l i t y  and s u p p o r t  s o f t w a r e  su3system r e q u i r e m e n t s ,  da ta  base 
r e q u i r e m e n t s ,  s o f t w a r e  t e s t i n g  r e q u i r e m e n t s  , ana what e x i s t i n g  
s o f t w a r e  subsys tems ( i f  any)  can b e  a o d i f i e d  toward  these  goa ls .  
i t  r e p r e s e n t s  a d e l i v e r a b l e  end i tem of  t n e  programming u r o c e s s .  

( 4 )  Computer Hardware C h a r a c t e r i s t i c s  Frozen  

I jefore  d e t a i l e d  s o f t w a r e  d e s i g n  can b e  done, t h e  
computer  hardware c h a r a c t e r i s t i c s  must b e  s p e c i f i e d ,  f i x e d ,  and 
a v a i l a b l e  t o  t h e  s o f t w a r e  develonment c o n t r a c t o r .  T h i s  e v e n t  
does  n o t  n e c e s s a r i l y  r e p r e s e n t  a d e l i v e r a b l e  end item, o u t  i t  
i s  c r i t i c a l  t o  s o f t w a r e  des ign .  

( 5 )  U t i l i t y ,  S u p p o r t ,  and O p e r a t i o n a l  $;oftware S u b s y s t e m  
Design Spe c i  f i c a t i o n s  Documents Complete 

The s o f t w a r e  subsystems d e s i g n  s p e c i f i c a t i o n s  are 
docunients or se ts  o f  documents, one f o r  each  of t h e  u t i l i t y ,  
s u p p o r t ,  and o p e r a t i o n a l  s o f t w a r e  subsys tems as a p p r o p r i a t e ,  
which c o n t a i n  t h e  d e t a i l e d  d e s i g n  o f  t he  subprograms t o  
compr ise  t n e  subsys tem,  t h e  s p e c i f i c  s u b f u n c t i o n s  t o  b e  p e r -  
formed by each  i n d i v i d u a l  subprogram, and t h e  i n p u t s ,  o u t p u t s ,  
i n t e r f a c e s ,  and l o g i c  s t r u c t u r e  o f  each .  These documents re- 
p r e s e n t  d e l i v e r a b l e  end items o f  t h e  programming p r o c e s s .  

( 6 )  U t i l i t y ,  Suppor t ,  and O p e r a t i o n a l  So f tware  Subsystems 
Coding and Documentation Complete 

Separate programming m i l e s t o n e s  e v e n t s  shou ld  b e  
mon i to red  f o r  t h e  coding  and documenta t ion  comple t ion  of  each  
of  t h e  u t i l i t y ,  s u p p o r t ,  and o p e r a t i o n a l  s o f t w a r e  subsystems.  
I f  a p p r o p r i a t e ,  t h e  o p e r a t i o n a l  s o f t w a r e  subsys tem may b e  coded, 
documented, and program t e s t e d  i n  two or more groups o r  packages 
o f  subprograms;  where t h i s  i s  t h e  c a s e ,  t n e  comple t ions  o f  each  
package c o u l d  b e  moni tored  as separate m i l e s t o n e  e v e n t s .  The 
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s e t s  of subprogram documents o f  each subsys tem are  d e l i v e r a b l e  
end i tems. 

( 7 )  U t i l i t y  and Suppor t  Sof tware  Subsystem T e s t i n g  
ComDlete 

Two programming m i l e s t o n e  e v e n t s ,  n o t  r e p r e s e n t i n g  
d e l i v e r a b l e  end i tems,  are t h e  comple t ion  o f  b o t h  p i ecemea l  
program debugging  and subsys tem o v e r a l l  t e s t i n g  o f  t h e  u t i l i t y  
and s a p p o r t  s o f t w a r e  subsystems.  These e v e n t s  deno te  t h e  
a v a i l a b i l i t y  o f  t hese  two so f tware  subsystems f o r  u se  i n  
checkout  of the  o p e r a t i o n a l  s o f t w a r e  subsys tem and are c r i t i c a l  
e v e n t s  i n  t h e  programming p rocess .  

( 8 )  O p e r a t i o n a l  So f tware  Subsystem Programs Debugging 
Complete 

T h i s  i s  a m i l e s t o n e  e v e n t ,  n o t  r e p r e s e n t i n g  a 
d e l i v e r a b l e  end i tem,  which d e n o t e s  comple t ion  o f  i n d i v i d u a l  
subprograms debugging o f  t n e  o p e r a t i o n a l  s o f t w a r e  subsys tem 
and t h e  a v a i l a b i l i t y  of t h o s e  subprograms f o r  s i m u l a t e d  
envi ronment  t e s t i n g  as a group.  I f  the  o p e r a t i o n a l  s o f t w a r e  
subsys t em i s  b e i n g  developed  i n  packages ,  separa te  sucn  mile- 
s t o n e  e v e n t s  cou ld  be monitored f o r  each  package. 

( 9 )  O p e r a t i o n a l  So f tware  Subsystem S imula t ed  Environ-  
ment T e s t i n g  Complete 

T h i s  i s  a m i l e s t o n e  e v e n t ,  n o t  r e p r e s e n t i n q  a 
d e l i v e r a b l e  end i t e m ,  d e s i g n a t i n e  comple t ion  o f  t e s t i n g ,  i n  a 
s i m u l a t e d  envi ronment ,  of t h e  o p e r a t i o n a l  s o f t w a r e  subsys tem 
as a n  i n t e g r a t e d  group of subproprams. I f  t h e  o p e r a t i o n a l  s o f t -  
ware s u b s j s t e m  i s  b e i n g  developed i n  packages ,  separate  such  
m i l e s t o n e  e v e n t s  cou ld  b e  monitored f o r  each package.  

(10) U t i l i t y ,  S u p p o r t ,  and O p e r a t i o n a l  So f tware  Subsystems 
Acceptance Test Sp e c i f i c a t i o n s  Document Complete 

These t h r e e  mi l e s tone  e v e n t s  are the  comple t ion  o f  
t h e  a c c e p t a n c e  t e s t  p l a n s  documents f o r  t h e  u t i l i t y ,  s u p p o r t ,  
and o p e r a t i o n a l  so f tware  subsystems.  Sof tware  subsys tem 
a c c e p t a n c e  t e s t  p l a n s  d e s c r i b e  i n  d e t a i l  t h e  t e s t i n g  r e q u i r e -  
ments which must be s a t i s f i e d  f o r  o f f i c i a l  "buy-off" o r  ac- 
c e p t a n c e  of t h e  s 9 f t w a r e  subsystem by t h e  customer ( N A S A  C e n t e r )  
and  release of the program development c o n t r a c t o r  from r e s p o n s i -  
b i l i t i e s  f o r  implementa t ion  e f f o r t s  on t h e  subsystem. These accep t -  
ance  t e s t  p l a n s  are d e l i v e r a b l e  end items i n  t h e  programming p r o c e s s .  
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(11) P e r s o n n e l  P o s i t i o n s  Handbooks and User's Manual 
Document Complete 

The p e r s o n n e l  p o s i t i o n  handbooks and u s e r ' s  manual,  
i f  a p p r o p r i a t e ,  i s  a d e l i v e r a b l e  end  i tem document o r  s e t  of 
documents prepared f o r  each  t y p e  of o p e r a t o r  p o s i t i o n  i n  t h e  
s y s t e m  and p r o v i d e s  a l l  n e c e s s a r y  i n f o r m a t i o n  of  t h e  performance 
of t h a t  p o s i t i o n .  I t  i s  p r i m a r i l y  a complete  r e f e r e n c e  document 
s u i t a b l e  as a p e r s o n n e l  t r a i n i n g  manual, and i s  des igned  t o  
meet t h e  needs  of t h e  o p e r a t o r  conso le  s t a t i o n s  h a v i n g  computer- 
g e n e r a t e d  d i s p l a y s ,  manual swi t ch  a c t i o n s ,  and /o r  e x t e r n a l  
communication c a p a b i l i t i e s .  

( 1 2 )  U t i l i t y ,  S u p p o r t ,  and O p e r a t i o n a l  So f tware  
Subsystems Acceptance T e s t i n c  Complete 

These are th ree  m i l e s t o n e  e v e n t s ,  one f o r  each  of 
t h e  u t i l i t y ,  s u p p o r t ,  and o p e r a t i o n a l  s o f t w a r e  subsys t ems ,  
d e n o t i n g  t h e  comple t ion  of  accep tance  t e s t i n g  as d e f i n e d  i n  t h e  
a c c e p t a n c e  t e s t  p l a n  documents o f  each  subsystem. These m i l e -  
s t o n e  e v e n t s  r e p r e s e n t  d e l i v e r a b l e  end i tems of t h e  programming 
p r o c e s s  i n  the s e n s e  t h a t  t h e y  represent accep tance  o r  " d e l i v e r y "  
of  t h e  subsys tems by o r  t o  t h e  N A S A  Center .  

( 1 3 )  User's I n s t a l l a t i o n  Equipment and F a c i l i t i e s  A v a i l a b l e  

The a v a i l a b i l i t y  of a l l  equipment and f a c i l i t i e s  a t  
t he  u s e r ' s  i n s t a l l a t i o n  i s  a mi l e s tone  e v e n t  which i s  c r i t i c a l  
f o r  sys t em i n t e g r a t i o n  of t h e  o v e r a l l  hardware-sof tware-  
envi ronment  - p e r s o n n e l  s y s t e m .  I f  t h e  s o f t w a r e  i s  t o  b e  
i n t e g r a t e d  i n  s e v e r a l  d i f f e r e n t  u s e r ' s  i n s t a l l a t i o n s ,  separa te  
such  m i l e s t o n e  e v e n t s  shou ld  be moni tored  f o r  each .  A s  p a r t  
o f  t h e  programming p r o c e s s ,  such m i l e s t o n e  e v e n t s  do n o t  
r e p r e s e n t  d e l i v e r a b l e  end items. 

( 1 4 )  S ta r t  and Completion of O v e r a l l  Hardware - Sof tware  - 
h v i r o n m e n t  - Personne l  sy stem I n t e g r a t i o n  Tes t s  

The i n t e g r a t i o n  of t h e  o p e r a t i o n a l  and s u p p o r t  s o f t -  
ware subsys t ems ,  s y s t e m  hardware, e x t e r n a l  envi ronment ,  and 
o p e r a t o r  p e r s o n n e l  i n t o  a t o t a l  working s y s t e m  and t h e  t e s t i n g  
of t h a t  t o t a l  s y s t e m  i s  a major a c t i v i t y  of  t he  programminp 
p r o c e s s  b e f o r e  t h e  s y s t e m  becomes f u l l y  o p e r a t i o n a l  o r  t h e  
m i s s i o n  i s  flown. Both t h e  s t a r t  and comple t ion  of such  
t e s t i n g  shou ld  b e  monitored as separate m i l e s t o n e  e v e n t s .  
Such e v e n t s  do n o t  r e p r e s e n t  d e l i v e r a b l e  end items of t h e  
programming p r o c e s s .  



- 5 -  

(15) F i n a l  I n s e r t i o n  of System Parameters 

The s o f t w a r e  s y s t e m  data  base r e q u i r e m e n t s  are 
r e p r e s e n t e d  i n  m i l e s t o n e  e v e n t s  ( 3 )  and ( 5 )  l i s t e d  above,  and 
implemen ta t ion  of  t h e  data base i n  compute r - access ib l e  form i s  
r e p r e s e n t e d  i n  m i l e s t o n e  e v e n t  ( 8 )  l i s t e d  above. However, f i n a l  
d e l i v e r y  of  t h e  e x a c t  s y s t e m  parameter numer ics  t o  b e  used  i n  
f i n a l  s y s t e m  use  o r  a c t u a l  miss ion  f l i p h t  i s  an  a d d i t i o n a l  
d i s t i n c t  m i l e s t o n e  e v e n t  c r i t i c a l  f o r  s y s t e m  use .  S i n c e  such  
numer ics  may come from N A S A  C e n t e r s  o t h e r  t h a n  t h a t  r e s p o n s i b l e  
f o r  t h e  p a r t i c u l a r  sys tem i n s t a l l a t i o n ,  t h i s  m i l e s t o n e  e v e n t  
r e p r e s e n t s  a d e l i v e r a b l e  end i tem.  

(16) O p e r a t i o n a l  So f tware  Subsystem and A l l  Documents 
Updated per  Test R e s u l t s  

A f i n a l  m i l e s t o n e  even t  t o  be moni tored  f o r  t h e  
o p e r a t i o n a l  s o f t w a r e  s u b s y s t e m  is  t h e  comple t ion  of  a l l  modi- 
f i c a t i o n s  t o  t h e  s o f t w a r e  s u b s y s t e m  and p r e v i o u s l y  d e l i v e r e d  
subsys tem documents as are r e q u i r e d  as a r e s u l t  o f  s o f t w a r e  
m a l f u n c t i o n s  and o v e r s i g h t s  which were exposed d u r i n g  t h e  
softwax-e subsys tem and o v e r a l l  s y s t e m  t e s t i n g .  I n s o f a r  as 
e s t a b l i s h e d  c o n f i g u r a t i o n  manapement p rocedures  i n v o l v e  
documented change o r d e r s ,  t n e s e  u p d a t i n g  m i l e s t o n e  e v e n t s  
r e p r e s e n t  d e l i v e r a b l e  end items i n  the propramming p r o c e s s .  

B2.0 Moni to r ing  and R e p o r t i n g  Mi le s tones  

N A S A  f o r  r e p o r t i n g  s t a t u s  and p r o g r e s s  on development a c t i v i t i e s :  
PERT (Program E v a l u a t i o n  and Rev iew Technique)  and SARP (Schedu les  
and  Review Procedure )  . Both of these  t o o l s  a r e  a p p l i c a b l e  t o  
s o f t w a r e  development management, b u t  each  has c e r t a i n  weaknesses.  
SARP i s  b e t t e r  s u i t e d  f o r  h i g h - l e v e l  s t a t u s  mon i to r ing  where 
summar iza t ion  i s  needed of  t he  s t a t u s  of uncompleted tasks .  How- 
e v e r ,  PERT i s  b e t t e r  s u i t e d  f o r  d e t a i l e d  s o f t w a r e  development 
m o n i t o r i n g  and manapement c o n t r o l ,  s i n c e  i t  p e r m i t s  g r a p h i c a l  
p r e s e n t a t i o n  of s t a t u s  of  s e v e r a l  a c t i v i t i e s  i n  p a r a l l e l  which 
i s  much t h e  c a s e  of computer propram cod ing  and debugging ,  and 
i t  i s  b e t t e r  t h a n  SARP f o r  r e p o r t i n g  s t a t u s  of a c t i v i t i e s  which 
are e s s e n t i a l l y  m o d i f i c a t i o n s  t o  e x i s t i n g  s y s t e m s .  The f i g u r e  
a t t a c h e d  can be used  as a p a t t e r n  f o r  s o f t w a r e  PERT c h a r t s .  

A t  t h e  p r e s e n t  t i m e ,  two t o o l s  are  b e i n g  used th roughou t  

The d i s c u s s i o n s  of t h i s  s e c t i o n ,  on t h e  o t h e r  hand,  
are o r i e n t e d  toward SARP as a r e p o r t i n g  t o o l ,  i . e . ,  m i l e s t o n e s  
( c l e a r l y  d e f i n a b l e  p o i n t s  i n  time d u r i n g  t h e  development a c t i v i t i e s )  
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are emphased and n o t  t h e  a c t i v i t i e s  t hemse lves .  Care must be 
e x e r c i s e d  i n  i d e n t i f y i n g  t h o s e  such  m i l e s t o n e s  which are 
a p p r o p r i a t e  t o  s p e c i f i c  s o f t w a r e  d e s i g n  and procurement  t asks  . 
There a p p e a r  t o  be two classes  of s o f t w a r e  p r o j e c t s  p e r t a i n i n g  
t o  Apollo:  t h o s e  which i n v o l v e  e s s e n t i a l l y  new s o f t w a r e  
development ,  and t h o s e  which envolve  e s s e n t i a l l y  minor mod- 
i f i c a t i o n s  t o  e x i s t i n g  o r  p r e v i o u s l y  deve loped  computer program 
s y s t e m s .  SARP m i l e s t o n e s  f o r  t h e  new s o f t w a r e  p r o j e c t s  s h o u l d  
where p o s s i b l e  b e  p a t t e r n e d  a f t e r  t h e  " g e n e r a l i z e d "  m i l e s t o n e s  
d iscussec l  above ,  F o r  t h e  m o d i f i c a t i o n s  t y p e  s o f t w a r e  p r o j e c t s ,  
however, n o t  a l l  of  these  are a p p r o p r i a t e ,  a l t h o u g h  c e r t a i n  
c r i t i c a l  stares are s t i l l  invo lved :  

(1) S p e c i f i c a t i o n s  o f  t h e  s y s t e m  (new o r  mod i f i ed )  i n  

( 2 )  S p e c i f i c a t i o n s  of  t h e  r e q u i r e d  s o f t w a r e  m o d i f i c a t i o n s .  

which t h e  modi f ied  software i s  r e q u i r e d .  

( 3 )  Implementa t ion  o f  t h e  s o f t w a r e  m o d i f i c a t i o n s  ( c o d i n g ,  
debugging,  documentinp) . 

( 4 )  Checkout and accep tance  of t h e  modi f ied  s o f t w a r e .  

For  e s s e n t i a l l y  new s o f t w a r e  development t asks ,  t h e  
f o l l o w i n g  m i l e s t o n e  i d e n t i f i c a t i o n  d i s c u s s i o n  a p p l i e s  : 

O f  t h e  s i x t e e n  ( 1 6 )  t y p e s  o f  s o f t w a r e  m i l e s t o n e  e v e n t s  
l i s t e d  above as a p p r o p r i a t e  f o r  cus tomer  ( N A S A  C e n t e r )  m o n i t o r i n g  
of t h e  programming p r o c e s s ,  s i x  ( 6 )  are of  s u f f i c i e n t  c r i t i c a l i t y  
i n  t h e  programming p r o c e s s  t o  b e  monitored by N A S A  h e a d q u a r t e r s  
and t o  be  s u b j e c t e d  t o  p r o g r e s s  r e p o r t i n g  t o  NASA h e a d q u a r t e r s  
by t h e  N A S A  c e n t e r s  r e s p o n s i b l e  f o r  each  s p e c i f i c  programminp 
t a s k .  These s i x  are: 

(1) S y s t e m  Performance Requirements Document A v a i l a b l e  

The comple t ion  of  a document g e n e r a t e d  by  t h e  N A S A  
C e n t e r s  d e s c r i b i n g  t o  t h e  c o n t r a c t o r  t h e  j o b  t o  be 
done by t h e  computer based s y s t e m s  as it  a f f e c t s  
computer programming. T h i s  m i l e s t o n e  e v e n t  repre-  
s e n t s  a d e l i v e r a b l e  end i tem of  t h e  computer propramming 
p r o c e s s .  (See B1.O (1) above.)  

( 2 )  Sof tware  Sys tem Performance and P r e l i m i n a r y  Design 
S p e c i f i c a t i o n s  Document Complete. 

The comple t ion  of a document by  t he  c o n t r a c t o r  
d e s c r i b i n g  t h e  way i n  which he p l a n s  t o  do t h e  
j o b  s p e c i f i e d  by  t h e  s y s t e m  performance r e q u i r e -  
ments document. T h i s  m i l e s t o n e  e v e n t  r e p r e s e n t s  
a d e l i v e r a o l e  end item o f  t h e  computer programming 
p r o c e s s .  (See B1.O ( 3 )  above.)  



O p e r a t i o n a l  Sof tware  S u b s y s t e m  Programs DebugpinR 
tomDlete  

The p o i n t  i n  time when c o d i n g  and debugging of  
the  o p e r a t i o n a l  so f tware  subsys tem i s  complete  
on subprogram b a s i s .  A t  t h i s  t i m e ,  i n t e g r a t i o n  
of  t h e  program packages can begin .  T h i s  m i l e s t o n e  
e v e n t  does  n o t  r e p r e s e n t  a d e l i v e r a b l e  end i tem of 
t h e  computer proEramming p r o c e s s .  (See B1.0 ( 8 )  above. ) 

O p e r a t i o n a l  Sof tware  S u b s y s t e m  Simulated Environment 
T e s t i n g  Complete 

The p o i n t  i n  t i m e  when t h e  subprograms have been 
i n t e g r a t e d  and tested a s  a complete  program. T h i s  
i s  t h e  t i m e  when t h e  c o n t r a c t o r  f e e l s  t h e  o p e r a t i o n a l  
s o f t w a r e  subsystem i s  ready f o r  accep tance  t e s t i n p .  
Th i s  m i l e s t o n e  even t  does n o t  r e p r e s e n t  a d e l i v e r a b l e  
end i t e m  o f  t h e  computer programming p r o c e s s .  (See 
B1.0 ( 9 )  above.)  

O p e r a t i o n a l  Sof tware  Subsys t em Acceptance T e s t i n E  Complete 

The p o i n t  i n  time when t h e  NASA Center  has acreed t h a t  
t h e  a c c e p t a n c e  t e s t i n p  of t h e  o p e r a t i o n a l  s o f t w a r e  
s y s t e m  has been s u c c e s s f u l l y  completed.  T h i s  mi l e s tone  
e v e n t  r e p r e s e n t s  a d e l i v e r a b l e  end i t e m  o f  the  computer 
programming p r o c e s s  i n  t h e  s e n s e  t h a t  i t  r e p r e s e n t s  
accep tance  o r  " d e l i v e r y "  of t h e  program by o r  t o  t he  
customer.  (See B1.0 ( 1 2 )  above.)  

Completion of  O v e r a l l  Sys tem I n t e g r a t i o n  T e s t i n g  

Completion of o v e r a l l  s y s t e m  o p e r a t i o n a l  t e s t i n g  i n  
which t h e  so f tware  i s  i n t e g r a t e d  a s  p a r t  of t h e  
o v e r a l l  system i n  which i t  o p e r a t e s .  Upon t h e  
comple t ion  of t e s t i n g  t h e  s y s t e m  i s  c o n s i d e r e d  
a v a i l a b l e  f o r  u s e .  T h i s  m i l e s t o n e  even t  does n o t  
r e p r e s e n t  a d e l i v e r a b l e  end i t e m  of t h e  computer 
programming p r o c e s s .  (See B1.0 ( 1 4 )  above . )  

B3.0 Cri te r ia  For  Repor t ing  Milestone Achievement 

R e p o r t i n g  p r o g r e s s  on such  programming m i l e s t o n e  
e v e n t s  f o r  mon i to r ing  i s  m i s l e a d i n p  wi thou t  s u c c i n c t  agreements  
on d e f i n i t i o n s  of what c o n s t i t u t e s  achievement of each  t y p e  
Of m i l e s t o n e  e v e n t .  The f o l l o w i n g  d e f i n i t i o n s  cou ld  be used 
t o  t h i s  end:  
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A s o f t w a r e  document shou ld  be c o n s i d e r e d  complete  
on ly  when i t  has  been reviewed by t h e  cus tomer  
( N A S A  C e n t e r )  , approved,  p u b l i s h e d ,  and i s  
a v a i l a b l e  

A set  o f  s o f t w a r e  documents s h o u l d  be c o n s i d e r e d  
complete  on ly  when t h e  complete  l i s t  i d e n t i -  
f y i n g  t h e  documents which comprise  the s e t  has 
been agreed upon by t h e  cus tomer  ( N A S A  C e n t e r )  
and e a c h  document of  t h a t  l i s t  i s  complete  by 
t h e  above c r i t e r i o n  of  comple t ion .  

A s o f t w a r e  subsys tem ( s e t  of subprograms)  s h o u l d  be 
c o n s i d e r e d  t o  have been comnle t e ly  coded when 
t h e  complete  l i s t  i d e n t i f y i n g  t h e  subprograms 
has  been f o r m u l a t e d  by t h e  c o n t r a c t o r  and 
agreed upon by t h e  cus tomer  ( N A S A  C e n t e r ) ,  and 
e a c h  subprogram t h u s  i d e n t i f i e d  h a s  been 
comple t e ly  coded, key  punched, assembled wi thou t  
f a t a l  d i a g n o s t i c s ,  and documented. 

A s o f t w a r e  subsys tem ( s e t  of subprograms)  s h o u l d  be 
c o n s i d e r e d  t o  have been comple te ly  (p iece-  
meal) programs debugged when, i n  t h e  judgment 
of  t h e  c o n t r a c t o r ,  e a c h  subprogram of t h e  
agreed-upon l i s t  of subprograms of  t h e  sub- 
s y s t e m  i s  ready f o r  o v e r a l l  subsys tem s i m u l a t e d  
environment  t e s t i n  g . 

A s o f t w a r e  s u b s y s t e m  s h o u l d  be c o n s i d e r e d  comple t e ly  
o v e r a l l  t es ted  ( o r  s i m u l a t e d  - environment  t e s t e d )  
when, a f t e r  t h e  subsys tem has been comple t e ly  
( p i e c e m e a l )  program debugged, t h e  cus tomer  
( N A S A  C e n t e r )  and c o n t r a c t o r  concur  t h a t  the 
s i m u l a t e d  environment  t e s t  o b j e c t i v e s  have been 
s a t i s f i e d  

A s o f t w a r e  subsystem s h o u l d  be c o n s i d e r e d  comple t e ly  
accep tance  t e s t ed  when, a f t e r  comple t ion  of t he  
subsys tem simulated-environment  t e s t  i n a  and 
a f t e r  t h e  subsystem accep tance  t e s t  p l a n s  docu- 
ments have been comple ted ,  t h e  cus tomer  ( N A S A  
C e n t e r )  and c o n t r a c t o r  concur  t h a t  t h e  accep tance  
t e s t  o b j e c t i v e s  have been f u l l y  s a t i s f i e d .  

A programming t a s k  o r  computer-based s y s t e m  shou ld  
be c o n s i d e r e d  comple t e ly  i n t e g r a t e d  t e s t e d  
when, a f t e r  each subsys tem has been comple te ly  
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accep tance  t e s t e d  and  t h e  s y s t e m  i n t e g r a t i o n  
t e s t  p l a n s  documents have been comple ted ,  t h e  
cus tomer  ( N A S A  C e n t e r )  and t h e  c o n t r a c t o r  
concur  t h a t  the hardware-sof tware-environment-  
p e r s o n n e l  sys t em i n t e g r a t i o n  t es t  o b j e c t i v e s  have 
been f u l l y  s a t i s f i e d .  

A s o f t w a r e  subsys tem and a l l  documents s h o u l d  be 
c o n s i d e r e d  comple t e ly  updated  when a l l  change 
o r d e r s  p e r t a i n i n g  t o  s o f t w a r e  e r r o r s  and d e s i g n  
o v e r s i g h t s  which have become m a n i f e s t  d u r i n g  
t e s t i n g  have been completed i n  accordance  w i t h  
e s t a b  li she d c onf i g u r a t  i on manage men t p r  oce du re  s . 
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