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ABSTRACT 
""-> 

This  r e p o r t  conc ludes  t h a t  computer  programming i s  a d e s c r i b-  
able ,  o r d e r l y  p r o c e s s  h a v i n g  a d e t e r m i n a b l e ,  p r ed i c t ab l e  end 
p r o d u c t ,  I t  i s  s u s c e p t i b l e  t o  c l o s e  management c o n t r o l  a t  t h e  
NASA c e n t e r  l e v e l  f o r  t h e  purpose  o f  d e l i v e r i n g  u s a b l e  programs 
on s c h e d u l e  w i t h i n  estimated c o s t s ,  

A s e t  o f  management f u n c t i o n s  and p r o c e d u r e s  i s  proposed ,  
which are s u b m i t t e d  a t  t h i s  time as t e n t a t i v e  recommendations,  
and which w i l l  e n s u r e  c o n t r o l  o v e r  procurement  and p r o d u c t i o n  
of computer programs f o r  Apol lo ,  I t  i s  recommended t h a t :  

1, A mechanism be e s t a b l i s h e d  f o r  t h e  i d e n t i f i c a t i o n  
o f  computer  progratnming end items, and the  r e p o r t i n g  
of m i l e s t o n e  i n f o r m a t i o n  be made t o  s p e c i f i e d  l e v e l s  
of  management 

2 ,  The c o n t r a c t  b e  used as t h e  p r i n c i p a l  i n s t r u m e n t  
of NASA c o n t r o l  o f  procurement  and p r o d u c t i o n  of 
computer programs;  s tandard  c o n t r a c t u a l  c l a u s e s  
b e  deve loped  t o  a s s u r e  adherence  t o  d e l i v e r y  c o s t s ,  
documenta t ion  and p r o d u c t i o n  r e q u i r e m e n t s ,  

' 3 0  The f u n c t i o n  of q u a l i t y  c o n t r o l  o f  computer  programs 
be  implemented a t  t h e  NASA c e n t e r  l e v e l ,  Groups o f  
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  b e  formed a t  t h e  
c e n t e r s  and h e a d q u a r t e r s  t o  p r o v i d e  a s o u r c e , o f  
programming e x p e r t i s e  t o  managemento 

4 ,  Managers a t  a l l  l e v e l s  of P r o j e c t  Apol lo  b e  made aware 
of the  computer programming p r o c e s s  s o  as t o  b e t t e r  
u n d e r s t a n d  t h e  r e q u i r e m e n t s  and c o s t s  i n v o l v e d ,  

5,, P e r t i n e n t  s t a t i s t i c s  re la ted  t o  t h e  p r o d u c t i o n  o f  
computer  programs b e  c o l l e c t e d  and p r o c e s s e d  t o  
p r o v i d e  c r i t e r i a  f o p  measur ing  c o n t r a c t o r  performance  
and e s t i m a t i n g  e x p e c t e d  c o s t s , ,  

These p roposa l s  will be examined and deve loped  i n  d e p t h ,  and 
f i n a l  recommendations made i n  f o r t h c o m i n g  r e p o r t s ,  
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MANAGEMENT PROCEDURES I N  COMPUTER PROGRAMMING FOR APOLLO 

INTERIM REPORT 

1 a 0 INTRODUCTION 

T h i s  i s  t h e  f irst  r e p o r t  on Task 22 u n d e r t a k e n  by Bellcomm a t  . 
t he  r e q u e s t  of the  D i r e c t o r  of t h e  Apol lo  Program f o r  t h e  pu rpose  
of s t u d y i n g , ,  d e v e l o p i n g  and recommending management p r o c e d u r e s  
i n  computer programming f o r  Apol lo ,  

The c o n d i t i o n s  which gave r i s e  t o  t h i s  task can be summarized 
as f o l l o w s  : 

The u t i l i z a t i o n  o f  computers  i n  t h e  Apol lo  Program -- c o n s i d e r-  
i n g  a l l  t h e  t e c h n i c a l  u s e s ,  i a e o ,  r e a l- t i m e  and o f f - l i n e ,  t.0 
which t h e y  will be p u t  -- r e p r e s e n t s  a twenty-  t o  f i f t y - f o l d  
i n c r e a s e  compared t o  t h e  p r e v i o u s  manned space f l i g h t  programs 
t h a t  will have been unde r t aken  by N A S A , ,  Expe r i ence  from similar 
s i t u a t i o n s  i n d i c a t e s ,  w i t h o u t  e x c e p t i o n ,  t h a t  t h e  e f f e c t s  on 
c o s t s ,  manpower and management r e s o u r c e s  a s s o c i a t e d  w i t h  t h e  p r o-  
d u c t i o n  o f  t h e  n e c e s s a r y  computer programs will be g r e a t e r  by a 
f a c t o r  o f  two t o  f i v e  compared t o  the  c o r r e s p o n d i n g  e f f e c t s  
a s s o c i a t e d  w i t h  computer hardware 

One of t h e  more s e r i o u s  problems c r e a t e d  by  t h e  d r a s t i c  i n -  
c r e a s e s  i n  computer usage  i n  the  Apol lo  Program i s  t h e  problem 
of  t e c h n i c , a l  management of computer programming, T h a t  NASA i s  
n o t  a l o n e  I n  f a c i n g  t h i s  problem i s  a t t e s t e d  by the  v a s t  amount 

i n d u s t r y + *  The u n d e r l y i n g  c a u s e  seems t o  be t h a t ,  w h i l e  t h e  
management c a p a b i l i t y  a v a i l a b l e  in t h e s e  a g e n c i e s  and i n d u s t r i a l  
o r g a n i z a t i o n s  i s  d e r i v e d  from l o n g  e x p e r i e n c e  w i t h  hardware 
sys t ems ,  t h e  e x p e r i e n c e  w i t h  computer “ s o f t w a r e ”  has been r e l a -  
t i v e l y  small, 

/ o f  l i t e r a t u r e  on t h e  s u b j e c t  from s o u r c e s  i n  government and 

* A b i b l i o g r a p h y  o f  a r t i c l e s  and  books d i s c u s s i n g  problems 
a s s o c i a t e d  w i t h  computer programming and programmers i s  g i v e n  
a t  t h e  end of t h i s  r e p o r t ,  

I-  . .”””-.- 
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S e v e r a l  f a c t o r s  c o n t r i b u t e  i n  compoundlng t h e  problems a s s o-  
c i a t ed  w i t h  computer  programming i n  Apol lo ,  One f a c t o r  i s  t h e  
s i z e  .of the e f f o r t  i n v o l v e d .  I t  has been estimated t h a t  a 
t o t a l  of  more t h a n  f i v e  m i l l i o n  machine l anguage  i n s t r u c t i o n s  
will hqve t o  be produced ,  Another  f a c t o r  i s  t h a t  r e s p o n s i b i l i t y  
f o r  computer  programs i n  Apol lo  i s  apread  o v e r  f o u r  NASA Space  
F l i g h t  C e n t e r s :  GSFC, K S C ,  MSC and MSFC, E i g h t e e n  o p e r a t i o n a J *  
programming systems a s s o c i a t e d  w i th  t h e s e  C e n t e r s  have  been 
i d e n t i f i e d  ( see  Table l ) ,  These programs do n o t  c o n s t i t u t e  
comple te  sys tems  by t h e m s e l v e s ,  b u t  are i n t e n d e d  t o  p e r f o r m  
c e r t a i n  f u n c t i o n s  i n  c o n j u n c t i o n  w i t h  o t h e r  s y s t e m s  f o r  t h e  
accomplishment  of a m i s s i o n .  The s p e c i f i c a t i o n  of r e q u i r e m e n t s  
f o r  these programs,  p e r h a p s  t h e  most. i m p o r t a n t  i n i t i a l  s t e p  i n  
tlfe p r o c e s s ,  i s  t h e  r e s p o n s i b i l i t y  o.f t h e  "ul t imate u s e r "  -- i n  
g e n e r a l ,  n o t  a n  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  -- i n  the  
C e n t e r .  

It i s  t h e  t h e s i s  of t h i s  r e p o r t  t h a t  the  problems o f  t e c h n i c a l  
management of computer  programming can be s o l v e d ,  and t h a t  work- 
i n g ,  well- documented programs can b e  d e l i v e r e d  on time w i t h i n  
estimated c o s t s ;  tha t  management t o o l s  u s e f u l  a t  t h e  p r o j e c t  
l e v e l  i n  t h e  C e n t e r s  can  be deve loped  a n d  imp1emented . to  i n s u r e  
c o n t r o l  o v e r  p r o d u c t i o n  of  computer  programs;  and t ha t  . ' informa- 
t i o n  r e p o r t i n g  schemes can b e  establ ished s o  that ma,nagement 
a t  a11 l e v e l s  i n  NASA can be made aware o f ,  and r e a c ' t  t o  problems 
r e l a t ed  t o  computer  programming, 

The r e p o r t  i n c l u d e s  a b road  d i s c u s s i o n  of t h e  major  o r d e r e d  
a c t i v i t i e s  and e l e m e n t s  of t h e  computer  programming process  
i n v o l v e d  i n  a l a r g e - s c a l e  programming e f f o r t ,  s u c h  as will be  
r e q u i r e d  i n  A p o l l o , '  From t h i s  b road  t r e a t m e n t ,  a number o f  
t e n t a t i v e  c o n c l u s i o n s  are  drawn c o n c e r n i n g  the t y p e  o f  manage- 
ment p r o c e d u r e s  needed,  and means of implement ing  them i n  t h e  
NASA environment .  The c o n c e p t  of  q u a l i t y  c o n t r o l  i n  program- 
ming i s  a l s o  i n t r o d u c e d ,  Some i m p o r t a n t  management f u n c t i o n s  
a re  d e s c r i b e d  i n  terms o f  a h y p o t h e t i c a l  o r g a n i z a t i o n  s t r u c t u r e  
f o r  p u r p o s e s  of i l l u s t r a t i o n  on, ly,  and are n o t  i n t e n d e d  t o  be 
f i n a l  recommendations a t  t h i s  time, 

The t e n t a t i v e  c o n c l u s i o n s  p r e s e n t e d  i n  t h i s  r e p o r t  will be 
examined i n  d e t a i l  i n  t h e  c o n t i n u i n g  e f f o r t  on t h i s  t a sk ,  and 
recommendations will be made i n  a se r i e s  of f o r t h c o m i n g  r e p o r t s ,  

* F o r  d e f i n i t i o n s  of some o f  t h e  s p e c i a l  terms used i n  
t h i s  r e p o r t ,  see t h e  GLOSSARY, 

1 , o  2 
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2.0 PROBLEMS I N  DEVELOPING COMPUTER PROGRAMS 

I n  t h i s  s e c t i o n ,  f i v e  b a s i c  problems o f  program development ,  
t y p i c a l  of a l l  large programming e f f o r t s ,  are d iscussed  i n  re= 
l a t i o n  t o  the  symptoms 'by which they m a n i f e s t  themse lves ,  Many 
symptoms can b e  caused  by more t h a n  one o f  the  b a s i c  problems;  
there  i s  n o t  n e c e s s a r i l y  a one- for- one cor respondence  between 
b a s i c  problems,  symptoms, and s o l u t i o n s ,  

2 . 1  Lack o f  D e f i n i t i v e  Requirements  

A c r i t i c a l  problem which has been found i n  t h e  p r e p a r a t i o n  o f  
computer programs i s '  t h e  l a c k  o f  d e f i n i t i v e  r e q u i r e m e n t s  i n  t h e  
procurement  o f  computer  programming systems, T h i s  r e s u l t s  I n  
p o o r  performance  and h igh  c o s t ,  and i n  g e n e r a l  makes i t  very  
d i f f i c u l t  t o  o b t a i n  o r  g i v e  s a t i s f a c t o r y  pe r fo rmance ,  Some 
symptoms t h a t  ar ise due t o  the  l a c k  o f  d e f i n i t i v e  r e q u i r e m e n t s  
are: n o t  knowing the  d e s i r e d  form o r  c o n t e n t  o f  t h e  f i n a l  
d e l i v e r a b l e  p r o d u c t ;  t h e  I n a b i l i t y  o f  t h e  c o n t r a c t o r  t o  maln- 
t a i n  and i n  many cases t o  d e v e l o p  a r e a l i s t i c  p h y s i c a l  and f i s c a l  
s c h e d u l e ;  s l i p p e d  s c h e d u l e s  and o v e r r u n s ;  t h e  f a i l u r e  o f  t h e  
f i n a l  s y s t e m  t o  f u n c t i o n  p r o p e r l y  o r  even a t  a l l ;  t h e  l a c k  o f  
c o n t r o l  o v e r  the  c o n t r a c t o r  by t h e  c o n t r a c t i n g  agency;  t h e  need 

@ t o  p u r c h a s e  a d d i t i o n a l  equipment  a t  t h e  l a s t  minute  due t o  an  
u n d e r e s t i m a t i o n  o f  the  s i z e  o f  the  f i n a l  computer program; and 
a m i s i n t e r p r e t a t i o n  of  p o o r l y  d e f i n e d  r e q u i r e m e n t s  r e s u l t i n g  I n  
a computer sys tem t h a t  s u c c e s s f u l l y  s o l v e s  t h e  wrong problem,  

2 , 2  Complex I n t e r f a c e  o f  Elements  

A c r i t i c a l  problem,  e spec i a l l y  i n  r e a l  time systems, i s  t h e  
complex i n t e r f a c e  o f  t h e  v a r i o u s  e l e m e n t s  making up t h e  t o t a l  
system, These e l e m e n t s  are  p e r s o n n e l ,  computer  programs, com- 
p u t e r s  ,, s t o r a g e  d e v i c e s ,  communications d e v i c e s ,  o u t p u t  d i s p l a y s ,  
an i n p u t  d e v i c e s ,  If these  i n t e r f a c e s  are n o t  o r  canno t  b e  
a d A u a t e l y  descr?ibed , s u c h  problems a r i s e  as :  an  i n c o m p l e t e  
o r  I n o p e r a b l e  f i n a l  s y s t e m ;  t h e ' i n a b i l i t y  t o  d e v e l o p  o r  main- 
t a i n  a r e a l i s t i c  program i m p l e m e n t a t i o n  s c h e d u l e ;  b i c k ' e r i n g  
between t h e  c o n t r a c t o r s  as t o  t h e i r  r e s p o n s i b i l i t i e s ;  d i f f i -  
c u l t i e s  i n  c a l c u l a t i n g  economic t r a d e o f f s  between e l e m e n t s  
when changes  become n e c e s s a r y ;  r edundan t  e f f o r t ' a m o n n  con- - 
t r a c t o r s ;  c o m p l e t e l y  
o r  p r o p e r  a c c e p t a n c e  
i n t eg ra t ed  e l e m e n t s .  

m i s s i n g  e l e m e n t s ;  and l a c k  o f  comple te  
t e s t s  f o r  check ing  t h e  t o t a l  system o f  

. ,  . . I . , . 
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2 . 3  I n a d e q u a t e  . Q u a l i t y  

Another  major  problem tha t  sometimes o c c u r s ,  even i f  t h e  re-  
q u i r e m e n t s  and e lement  i n t e r f a c e s  are well d e f i n e d ,  i s  
i n a d e q u a t e  q u a l i t y  of the  p r o d u c t ,  The q u a l i t y  of  a computer  
program can be  measured by i t s  a b i l i t y  t o :  s o l v e  t h e  problem 
i n  a r e a s o n a b l e  time; be u n d e r s t o o d ;  be changed;  and be main- 
t a i n e d .  T h i s  lack of  q u a l i t y  m a n i f e s t s  i t s e l f  as:  programs ~ 

t h a t  f a i l  t o  o p e r a t e  p r o p e r l y  due t o  i n a d e q u a t e  programming 
and checkou t  t e c h n i q u e s ;  poor documenta t ion ;  changes t h a t  
are d i f f i c u l t  and c o s t l y  t o  make; d e l i v e r i e s  t h a t  are unspec i-  
f i e d  and hence  d i f f i c u l t  t o  e f f e c t ;  and maintenance  t ha t  i s  
d i f  f i C U l t  * 

2 . 4  I n a d e q u a t e  Unders tand ing  of t h e  Programming P r o c e s s e s  

One o f  the  b a s i c  problems i s  t h e  l a c k  o f  u n d e r s t a n d i n g  o f  t h e  
programming p r o c e s s e s  by the'  cus tomer ,  c o n t r a c t o r  p e r s o n n e l ,  
and  the programming p r o f e s s i o n ,  T h i s  l a c k  of' u n d e r s t a n d i n g  
r e s u l t s  i n :  i n a d e q u a t e  d e f i n i t i o n  of programming tasks ,  
r e s u l t i n g  i n  missed s c h e d u l e s  and e x c e s s i v e  implementa t ion  
c o s t s ;  systems t h a t  do n o t  make optjmurn use  of  t h e  computer;  
computer programming a c t i v i t i e s  t h a t  are on t h e  s c h e d u l e ' s  
most c r i t i c a l  p a t h s ;  and t h e  d e s i g n  o f  i n f l e x i b l e  programs 
which c a n n o t  b e n e f i t  from a chang ing  t e c h n o l o g y ,  r e s u l t i n g  
i n  the i n a b i l i t y  t o  take advantage of  major p o t e n t i a l  c o s t  
s a v i n g s .  

I n a d e q u a t e  Unders tand ing  o f  t h e  Cost Elements  

Another  g e n e r a l  problem w i t h  r e s p e c t ' t o  o v e r a l l  c o s t s  i s  t h e  
l ack  o f  u n d e r s t a n d i n g  o f  t h e  cost; e l e m e n t s  i n  computer  program 
development by cus tomer ,  c o n t r a c t o r  p e r s o n n e l ,  and t h e  program- 
ming p r o f e s s i o n .  Th i s  r e s u l t s  i n :  e x c e s s i v e  c o s t s ,  by n o t  
u s i n g  desirable programming techniques ;  procurement  problems 
i n  wr i t ing  c o n t r a c t s ;  e x t e n d e d  s c h e d u l e s ;  and u n d e r e s t i m a t i o n  
o.f---costs by n o t  r e c o g n i z i n g  a l l  t h e  items t h a t  go i n t o  making 
up a comple ted ,  checked- out computer  program, 
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3.0 MANAQEMENT TOOLS FOR COMPUTER PROGRAMMING 

T h i s  s e c t i o n  descr ibes  s e v e r a l  management t o o l s  t h a t  can be 
used  t o  c o n t r o l  t h e  programming p r o c e s s  s o  as t o  a v o i d  t h e  
problems d i s c u s s e d  i n  s e c t i o n  2.0.  

3 , 1  D e s c r i p t i o n  o f  t h e  Computer Programming P r o c e s s  

To a c h i e v e  s u c c e s s f u l  i m p l e m e n t a t i o n  o f  computer  programs,  a 
thorough  u n d e r s t a n d i n g  of  t h e  computer programniing p r o c e s s  i s  
e s s e n t i a l .  T h i s  d o e s  n o t  n e c e s s a r i l y  have  t o  be an  unders tand-  
i n g  of the d e t a i l s  o f  the  p r o c e s s  b u t  r a the r  one of i t s  g e n e r a l  
n a t u r e  and how a l l  system e l e m e n t s  i n t e r a c t  w i t h  each  o t h e r , ,  To 
h e l p  d e s c r i b e  t h i s  p r o c e s s ,  a d e t a i l e d  Computer Program Produc- 
t i o n  A c t i v i t y  Char t  has been deve loped  which shows t h e  p h a s e s ,  
major m i l e s t o n e s ,  and a c t i v i t i e s  of problem a n a l y s i s ,  d e s i g n ,  
i m p l e m e n t a t i o n ,  and t e s t .  The pre l iminary  c h a r t  i s  shown i n  
f i g u r e  1 and d i s c u s s e d  i n  s e c t i o n  3 .  10  4 ,  and can  be used  as a 
p l a n n i n g  t o o l  d u r i n g  t h e  early phases of problem p l a n n i n g  and 
a n a l y s i s .  Although major  p o r t i o n s  o f  t h i s  c h a r t  h o l d  t r u e  f o r  
t h e  d e s i g n  o f  any computer  program, i t  i s  o r i e n t e d  toward t h e  
large  p r o c e s s  c o n t r o l  a c t i v i t y  such  as found i n  P r o j e c t  Apol lo .  
The r e m a i n d e r  of  t h i s  s e c t i o n  deals  wi th  some g e n e r a l  Ideas 
w i t h  r e s p e c t  t o  t h e  computer programming p r o c e s s .  

3 0  1.1 Unders tand ing  t h e  P r o c e s s  

I n  o r d e r  t o  u n d e r s t a n d  t h e  computer  programming p r o c e s s  i t  i s  
n e c e s s a r y  t o  d i s p e l  some b a s i c  m i s u n d e r s t a n d i n g s  abou t  i t s  n a t u r e ,  
F i r s t  of a l l ,  I t  i s  n e i t h e r  m y s t e r i o u s  n o r  l l a r t i s t i c " ,  Rather i t  
i s  d e s c r i b a b l e ,  o r d e r l y ,  and p r e d i c t a b l e  and t h e r e f o r e  s u s c e p t l b l e  
t o  c l o s e  management c o n t r o l ,  Second,  i t  c o n s i s t s  of  e l e m e n t s  which 
have a c lose  cor respondence  t o  t he  p r o c e s s e s  i n v o l v e d  i n  hardware 
development ,  a l t h o u g h  t h e r e  arc  s eve ra l  areas where there  a re  
marked d i f f e r e n c e s  which the  manager m u s t  u n d e r s t a n d .  T h i r d ,  a 
program once w r i t t e n  i s  n e v e r  g e n e r a l  p u r p o s e ,  and t h e  computer ,  
w h i l e  u n d e r  t h e  d i r e c t i o n  o f  t h a t  program, i s  i t s e l f  n o t  g e n e r a l  

s p e c i f i e d  f u n c t i o n .  Nei ther  i s  t h e  program comple te ly  f l e x i b l e  
once  i t  i s  w r i t t e n ;  changes  t o  the  program may r e q u i r e  as much 
time and e x p e n d i t u r e  as  changes t o  hardware e ' lements .  Each change 
must be e v a l u a t e d  i n d i v i d u a l l y , ,  w i t h  a c a r e f u l  l l e n g i n e e r l n g l t  
a n a l y s i s  based on a thorough knowledge o f  t h e  s o f t w a r e  and 
a s s o c i a t e d  hardware systems i n  o r d e r  t o  g e n e r a t e  ineaningful  c o s t  
and'  s c h e d u l e  estimates 

I p u r p o s e ,  It i s  p e r f o r m i n g  a d e t a i l e d ,  t h o u g h t  Q u t ,  and f u l l y  

'"\ 

e 
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O f  a J1  the  p o i n t s  concerned w i t h  computer  programming, t h e  
l i m i t a t i o n s  of  f l e x i b i l i t y  are t h e  most c r i t i c a l  and leas t  
g e n e r a l l y  u n d e r s t o o d  a s p e c t  of t h e  p r o c e s s ,  The common p r a c t i c e  
i s  t o  t r e a t  programming as a n  a d j u n c t  t o  sys tem development t h a t  
can  be  c a l l e d  i n  from time t o  time, a f t e r  a problem has d e v e l o p e d ,  
i n  hopes o f  a q u i c k  cure. The lead times required  i n  s u c h  c a s e s  
are  o f t e n  s u f f i c i e n t l y  large t o  r e n d e r  Cpmpwter programming ' 

t h e  p a c i n g  item. With t h e .  p r e s e n t  day  undersLand ing  of the 
programming p r o c e s s  , computer  programming s h o u l d  on ly  rarely 
be on t h e  c r i t i c a l  p a t h  on any p r o j e c t ,  When i t  Is ,  t h e  most 
l i k e l y  r e a s o n  i s  t h e  lack of  p a r t i c i p a t i o n  of i n f o r m a t i o n  p r o c e s s-  
i n g  p e r s o n n e l  d u r i n g  t h e  p r o j e c t  d e f i n i t i o n  phase  o r  t h e  i s o l a -  
t i o n  of i n f o r m a t i o n  p r o c e s s i n g  p e r s o n n e l  from d a i l y  p a r t i c i p a t i o n  
i n  o v e r a l l  p r o j e c t  t e c h n i c a l  and management problem s o l v i n g .  

F i n a l l y ,  a number of i m p o r t a n t  s teps  i n  t h e  computer  programming 
p r o c e s s  s h o u l d  be  accompl ished p r i o r  t o  t h e  w r i t i n g  o f  any code ;  a n  
example i s  the g e n e r a t i o n  of d e s i g n  s p e c i f i c a t i o n s ,  o r  even t h e  
s e l e c t i o n  o f  t h e  computer i t s e l f .  I n  f a c t ,  t h e r e  i s  much t o  be 
g a i n e d  by t h i s  early p a r t i c i p a t i o n ,  i n  t h a t  problems c a n  be  
i d e n t i f i e d  s o o n e r  and common programming r e q u i r e m e n t s  can  be 
r e c o g n i z e d  and p lanned  f o r ,  t h u s  s a v i n g  i n  o v e r a l l  time and 
c o s t ,  

0 3.1: 2 The Elements  o f  a Programming System 

There are  f o u r  b a s i c ,  i n t e r r e l a t e d  e l e m e n t s  of e v e r y  program- 
ming system: a u t i l i t y  system, a s u p p o r t  system, t h e  o p e r a t i o n a l  
system, and a data base. T r a d i t i o n a l l y ,  t h e  u s e r  of a computer  

system per fo rms  the  j o b  tha t  the u s e r  wants  done ,  as f o r  example 
t h e  g e n e r a t i o n  of  a p a y r o l l ,  the  c a l c u l a t i o n  of  a t r a j e c t o r y ,  
o r  t h e  v e c t o r i n g  o f  a n  a i r c r a f t .  The da ta  base c o n t a i n s  t h a t  
s t a t i c  o r  dynamic i n f o r m a t i o n  s u p p l i e d  t o  t h e  program, s u c h  as 
i n d i v i d u a l  s a l a r y  data and income tax exempt ions ,  l aunch  s i t e  
c o o r d i n a t e s ,  o r  a i r c r a f t  per formance  parameters, However, t h e  
u t i l i t y  and s u p p o r t  systems may r e p r e s e n t  as g rea t  an  i n v e s t -  
ment as t h e  o p e r a t i o n a l  sys tem and s h o u l d  r e c e i v e  as much a t t e n -  
t i o n  by t h e  cus tomer  as t h e  o p e r a t i o n a l  sys tem,  Figure 1 shows 
t h a t  t h e  analysis ,  d e s i g n ,  and p r o d u c t i o n  o f  t h e  u t i l i t y  and 
s u p p o r t  programs a re  s e p a r a t e -a n d  d i s t i n c t  p r o c e s s e s  from t h e  
o p e r a t i o n a l  programs,  I t  a lso shows how t e s t i n g  i s  t i e d  i n t o  
e a c h  o f  t h e  sys tems  and how t h e  three  systems are  i n t e r r e l a t e d  
d u r i n g  t h e  implementa t ion  phase. 

- '.''.has been i n t e r e s t e d  i n  on ly  t h e  l a t t e r  two, The o p e r a t i o n a l  

The u t i l i t y  system i n c l u d e s  a l l  t h o s e  t o o l s  n e c e s s a r y  t o  gener-  
a t e  o p e r a t i o n a l  and s u p p o r t  programs.  These a re  c o m p i l e r s ,  
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assemblers, tape l o a d i n g  and main tenance  r o u t i n e s ,  sub-program 
t e s t  and debugging t o o l s ,  and program u p d a t e  t o o l s ,  If, these  
can be s t a n d a r d i z e d  f o r  u s e  a c r o s s  many o p e r a t i o n a l  programs,  
smaller  c o s t s  would a c o r u e  t o  each o p e r a t i o n a l  program, While 
c e r t a i n  changes  may be r e q u i r e d  f o r  each o p e r a t i o n a l  program, 
t he '  p o t e n t i a l  f o r  s i g n i f i c a n t  d o l l a r  s a v i n g s  by s t a n d a r d i z a t i o n  
i s  e x t r e m e l y  h igh ,  a f a c t  which i s  o f t e n  o v e r l o o k e d  b y  inexpe-  
r i e n c e d  p e r s o n n e l .  

S u p p o r t  programs i n c l u d e  s i m u l a t i o n ,  data r e c o r d i n g ,  data raduc- 
t i o n  and a n a l y s i s ,  and a d a p t a t i o n  m a n i p u l a t i o n  programs. These 
programs are r e q u i r e d  as a ids  i n  the p r o d u c t i o n  o f  t h e  o p e r a t i o n a l  
computer  program whenever t h i s  program i n v o l v e s  l a rge  volumes o f  
i n p u t s  and o u t p u t s  o r  where the re  i s  s i g n i f i c a n t  i n t e r a c t i o n  be= 
tween p e r s o n n e l  i n  t h e  system, the  computer ,  and o t h e r  e l e m e n t s  
o f  t h e  p h y s i c a l  env i ronment ,  One o f  t h e  bas ic  a t t r i b u t e s  o f  a 
computer  program i n  a command and c o n t r o l  system i s  i t s  capa-  
b i l i t y  f o r  h a n d l i n g  large  volumes of data which o c c u r  i n  a 
dynamica l ly  chang ing  envi ronment .  While i t  i s  p o s s i b l e  t o  hand- 
g e n e r a t e  data f o r  t e s t i n g  small p ieces  of t h e  program sys tem,  i t  
becomes i m p o s s i b l e  t o  hand-enerate t h e  large volumes of da ta  
which are n e c e s s a r y  t o  check o u t  t h e  c r i t i c a l  f ea tu res  o f  t h e  
o p e r a t i o n a l  program system, A da ta  g e n e r a t i o n  c a p a b i 1 i t y . l . n  the 
s u p p o r t  program system i s  a t e c h n i q u e  by which a computer  can b e  
used  t o  g e n e r a t e  requi red  checkou t  data,  However, t h e  checkout  
o f  o p e r a t i o n a l  programs i s  only  one o f  t h e  r e q u i r e m e n t s  f o r  eas i ly  
spec i f ' i ab le  and producible  volumes of data. A d d i t i o n a l  r e q u i r e -  
ments  a re  l e v i e d  by t h e  s y s t e m  i n t e g r a t i o n  engineer ' ,  who i s  re-  
s p o n s i b l e  f o r  e f f e c t i n g  i n t e r f a c e  t e s t i n g  and t h e  i n t e r c o n n e c t i o n  
of  p h y s i c a l  components i n t o  an o p e r a t i n g  c o n f i g u r a t i o n .  I n  t e s t-  
i n g  an o u t p u t  communication l i n e ,  f o r  example, t h e  c a p a b i l i t y  
will be needed f o r  g e n e r a t i n g  a l l  t h e  c lasses  of i n f o r m a t i o n  a t  t h e  
r a t e  and f requency  wi th  which t h e y  must be t r a n s m i t t e d ,  Q u i t e  
o f t e n  t h e  o n l y  r e a s o n a b l e  approaah  is t o  u s e  computer- genera ted  
da ta ,  

Another  r e q u i r e m e n t  f o r  computer- genera ted  s i m u l a t i o n  da ta  is 
system e x e r c i s i n g  f o r  t r a i n i n g  and e v a l u a t i o n , . p u r p o s e s ,  I n  o r d e r  
f o r  t r a i n i n g  and  e v a l u a t i o n  t o  be e f f e c t i v e ,  t h e  e x a c t  c h a r a c-  
t e r i s t i c s  o f  t h e  system i n p u t s  must b e  known s o ' t h e y  can  be used 
f o r  t h e  d e f i n i t i o n  of the  c o n d i t i o n s  o f  system o p e r a t i o n ,  b o t h  
i n i t i a l l y  and d u r i n g  t h e  com l e t e  time s p a n  of t h e  system e x e r c i s e o  

It must be p o a s i b l e  t o  c o n t r  i 1 these i n p u t s  so tha t  c e r t a i n  a s p e c t s  
of system o p e r a t i o n  are s tyessed ,  e i t h e r  f o r  t h e  p u r p o s e  of t r a i n -  
i n g  o r  e v a l u a t i o n ,  
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I n  o r d e r  t o  e v a l u a t e  the system o r  t o  p r o v i d e  feedback  on per"i 
formance,  c e r t a i n  a s p e c t s  o f  system o p e r a t i o n  must be r e c o r d e d ,  
Record ing  r e q u i r e m e n t s  v a r y ,  depending  upon the  use  of t h e  data 
t o  be r e c o r d e d .  D i f f e r e n t  l e v e l s  of  d e t a i l ,  f o r  example,  are re= 
q u i r e d  f o r  program o r  equipment debugging and f o r  per formance  
e v a l u a t i o n  o r  d e b r i e f i n g ,  T h e r e f o r e  , a f l e x i b l e  r e c o r d i n g  ' capa-  
b i l i t y  must be  p r o v i d e d  which c o v e r s  the t o t a l  r a n g e  of r e q u i r e-  
ments f o r  r e c o r d i n g ,  I 

C l o s e l y  a l l i e d  w i t h .  t h e  r e c o r d i n g  f u n c t i o n  i s  t h e  r equ i remen t  f o r  
data r e d u c t i o n  and a n a l y s i s .  Computers have t h e  c a p a b i l i t y  f o r  
p e r f o r m i n g  o p e r a t i o n s  i n  microseconds ;  they can  g e n e r a t e  v a s t  
q u a n t i t i e s  o f  data which must be f o r m a t t e d  and aggregated i n  
some fashion t o  be comprehens ib le ,  These data r e d u c t i o n  and 
a n a l y s i s  r e q u i r e m e n t s  c o v e r  a number of  areas i n  t h e  system from 
the computer program t e s t  a c t i v i t y  c l e a r  t h rough  t h e  e v a l u a t i o n  
o f  problems o r  d e f i c i e n c i e s  i n  the  o p e r a t i o n a l  system, 

If a11 r e q u i r e m e n t s  f o r  d a t a  g e n e r a t i o n ,  r e c o r d i n g ,  r e d u c t i o n  
and a n a l y s i s  are  c l e a r l y  s p e c i f i e d  a t  the b e g i n n i n g  of a p r o j e c t ,  
a program system, which will s a t i s f y  the  needs of a l l  i n t e r e s t e d  
p a r t i e s ,  can b e  produced by a s i n g l e  group.  This  will r e s u l t  i n  
s i g n i f i c a n t  s a v i n g s  o f  c o s t  o v e r  and above tha t  i f  each  i n d i v i d u a l  

and i n t e r f a c e s  w i t h  t h e  o p e r a t l o n a l  program sys t em and w i t h  t h e  
hardware will be r educed ,  which will s i g n i f i c a n t l y  a l l e v i a t e  t h e  
problem of management c o n t r o l  o f  computer programming, 

The a d a p t a t i o n  program o f  t h e  s u p p o r t  sys t em m a n i p u l a t e s  i n p u t  
data  s u p p l i e d  by t h e  use,r  i n t o  a form a c c e p t a b l e  t o  an opera-  
t i o n a l  system.. Q u i t e  o f t e n  t h i s  program i s  composed o f  t r a n s -  
f o r m a t i o n  and f o r m a t t i n g  r o u t i n e s  which may be used i n  a number 
of d i f f e r e n t  o p e r a t i o n a l  systems. , If a l i b r a r y  o f  t h e s e .  r o u t i n e s  
i s  m a i n t a i n e d ,  i t  may be p o s s i b l e  t o  r e a l i z e  c o s t  and s c h e d u l e  
improvements by making these r o u t i n e s  a v a i l a b l e  t o  any  i n t e r e s t e d  

0 pa r ty  g e n e r a t e d  h i s  own system. Fur the rmore ,  problems o f  c o n t r o l  

, u s e r ,  

The data  base e lement  i s  the  s u b s t a n t i v e  i n f o r m a t i o n  (da t a )  and 
documen ta t ion  n e c e s s a r y  f o r  system o p e r a t i o n ,  The purpose  o f  t h e  
data base i s  t o  a s s u r e  an  o r d e r l y  and e f f e c t i v e  development o f  the 
system by p r o v i d i n g  an  up- to- date  body of a u t h o r i t a t i v e  informa-  
t i o n .  The documenta t ion  encompasses a l l  system r e q u i r e m e n t s ,  
per formance  s p e c i f i c a t i o n s ,  and d e s i g n  documents,  which can be 
m a i n t a i n e d  by c o n f i g u r a t i o n  management p r o c e d u r e s ,  The raw i n -  
f o r m a t i o n  data  i s  o f t e n  prepared by t h e  s u p p o r t  system t o  produce  
i n p u t s  compa t ib l e  w i t h  t h e  d.ata base s t r u c t u r e s  T h i s  s t r u c t u r e  
i s  o r g a n i z e d  t o  f a c i l i t a t e  i n t e r p r o g r a m  and man/rnachine 
communications . 
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Types  OS Computer Programming P r o j e c t s  

Computer programs can b e  c a t e g o r i z e d  i n  terms of': s c i e n t i f i c ,  
a d m i n i s t r a t i v e ,  and p r o c e s s  c o n t r o l  t y p e s ,  S c i e n t i f i c  com- 
p u t e r  programming i s  used t o  s u p p o r t  s c i e n t i f i c  o r  e n g i n e e r i n g  
p r o j e c t s  where some t y p e  of  n u m e r i c a l  a n a l y s i s  o r  o t h e r  mathe- 
matics i s  r e q u i r e d .  Programs w r i t t e n  f o r  t h i s  purpose  may b e ,  
needed f o r  a s i n g l e ,  one- time u s e  o r  may be used  r e p e t i t i v e l y ,  
If they  a re  f o r  one- time use, t h e  most d i r e c t  programming 

., approach shou ld  be  used t o  minimize t h e  t ime. of t h e  programmer. 
If t h e  program i s  t o  be used more t h a n  j u s t  a few times, t h e  
q u e s t i o n  of  e f f i c i e n c y  o f  o p e r a t i o n  s h o u l d  be ra i sed  b e c a u s e  
t he r e  i s  a n  economic break- even p o i n t  i n  t h e  t r a d e o f f  between, 
man h o u r s  t o  w r i t e  t h e  program and computer  time needed t o  run  
i t .  A t i g h t l y  w r i t t e n  program d e s i g n e d  f o r  f r e q u e n t  u s e  s h o u l d  
be well documented and s t o r e d  i n  a l i b r a r y  where i t  can  be main- 
t a i n e d  and e a s i l y  r e t r i e v e d  f o r  p o s s i b l e  u s e ,  T r a d i t i o n a l l y ,  
s c i e n t i f i c  programs t e n d  t o  b e  m a t h e m a t i c a l  i n  n a t u r e  and re- 
q u i r e  a u t i l i t y  system based on a l anguage  s u c h  as t h e  Formula 
T r a n s l a t o r  (FORTRAN) o r  t he  I n t e r n a t i o n a l  A l g o r i t h m i c  Language , 

(ALGOL) ,  which can  ea s i ly  express mathematical r e l a t i o n s  I 

Process c o n t r o l  computer  programs a re  those which must sense and 
r e a c t  t o  e n v i r o n m e n t a l  s % . i  m u l i  Such programs are  some- 
times c a l l e d  real- time programs because  t hey  must s e n s e  and 
respond  t o  e n v i r o n m e n t a l  changes as t h e y  o c c u r .  Command and 
c o n t r o l  systems s u c h  as t h e  Semi-Automatic Ground Environment  
System ( S A G E ) ,  t h e  proposed FAA N a t i o n a l  Aerospace  System (NAS) 
and t h e  Real-Time Computing Complex ( R T C C )  are examples o f  s u c h  
systems. They are c h a r a c t e r i z e d  by a combina t ion  o f  mathe- 
m a t i c a l  and a d m i n i s t r a t i v e  data processing under  the  c o n t r o l  
of a n  e x e c u t i v e  system which m o n i t o r s  time and o c c u r r e n c e s  i n  
t h e  envi ronment  and c a l l s  up t h e  p r o p e r  program f o r  each s e t  of 
e n v i r o n m e n t a l  c o n d i t i o n s .  O f  t h e  t h r e e  t y p e s  o f  computer pro-  
grams, p r o c e s s  c o n t r o l  programs are t h e  most complex and c o s t l y  
t o  produce .  Fur the rmore ,  t h e  time r e q u i r e d  f o r  a n  a d e q u a t e  
system a n a l y s i s  i s  u s u a l l y  s i g n i f i c a n t ,  whi le  t h e  l a c k  o f  s u c h  
a n a l y s i s  i s  u s u a l l y  c o s t l y  i f  n o t  d i s a s t r o u s  t o  sys tem 

" -  I 



. , .. . .  . . . . . . . . . . . . . . . . . . . 

BELLCOMM, INC. 

i 

i m p l e m e n t a t i o n ,  The l anguage  n e c e s s a r y  f o r  p r o c e s s  c o n t r o l  
programming must c o n t a i n  b o t h  mathemat ica l  and a d m i n i s t r a t i v e  
c a p a b i l i t y  as well as t h e  a b i l i t y  f o r  t h e  t y p e s  of l o g i c a P e x -  
p r e s s i o n s  n e c e s s a r y  f o r  computer  program d e c i s i o n  making, An 
example of  s u c h  a l anguage  i s  t h e  Naval E l e c t r o n i c  Labor'atory 
I n t e r n a t i o n a l  A l g e b r a i c  Compiler  ( N E L I A C ) ,  

3.1.4 The Phases of Problem S o l u t i o ?  

1. D e f i n i t i o n  of System Requirements  - 
During t h i s  p h a s e ,  the g e n e r a l  per formance  c r i t e r i a  are e s t a b-  
l i s h e d ;  t h e  s y s t e m  f u n c t i o n s  and s u b f u n c t i o n s  and t h o s e  which 
are  c r i t i c a l  are  i d e n t i f i e d ;  c r i t i c a l  e n g i n e e r i n g  components 
are i d e n t i f i e d ;  and  t h e  s y s t e m  r e q u i r e m e n t  s p e c i f i c a t i o n s  a re  
p roduced ,  F i g u r e  1, sheet  1, d e p i c t s  t h e s e  s e v e r a l  a c t i v i t i e s .  

2 .  , D e f i n i t i o n  of Performance S p e c i f l c a t i o n s  - 
During t h i s  phase,  f u n c t i o n a l  a n a l y s i s  a n d  d e s i g n  i s  performed;  
equipment  and f a c i l i t y  capab l . l i t i e s ,  sys tem t im ing  requirements,  and 
u t i l i t y  and s u p p o r t  system r e q u i r e m e n t s  a re  e s t a b l i s h e d ;  and t h e  
performance  s p e c i f i c a t i o n s  documents a r e  produced.  These a c t i v i -  
t ies  a re  d e p i c t e d  i n ' f i g u r e  1, shee t  2 ,  

- 3 .  Development o f  Program Design 

Dur ing t h i s  p h a s e ,  t h e  i n d i v i d u a l  programs a r e  d e s i g n e d  t o  a l e v e l  
which will permit de t a i l ed  flow-diagramming, and the  program de-  
s i g n  documents a re  produced.  F i g u r e  l , shee t  3 ,  shows t h e  l n t e r -  
r e l a t i o n s h i p s  of these a c t i v i t i e s .  

4 ,  Program Implementa t ion  - UII) 

The i m p l e m e n t a t i o n  phase c o n s i s t s  o f  t h e  a c t i v i t i e s  t h a t  make up 
t h e  p r o d u c t i o n  and s u b s y s t e m  t e s t i n g  of computer programs, I t  
I n c l u d e s  such s teps  as:  d e t a i l e d  a n a l y s i s  and 'tleoign of i n d i -  
v i d u a l  o p e r a t i o n a l ,  u t i l i t y  and s u p p o r t  computer programs;  
cod ing ,  a s sembly ,  t e s t  and documenta t ion  of i n d i v i d u a l  computer 
programs;  t h e  p r o d u c t i o n  and t e s t  o f  o p e r a t i o n a l  p o s i t i o n  hand-  
books;  t h e  development o r  t h e  da ta  base; t h e  checkou t  of' computer 
program subsys tems ;  the  s i m u l a t e d  envi ronment  tes ts ;  and t h e  
a c c e p t a n c e  t e s t s  o f  t he  u t i l i t y ,  o p e r a t i o n a l  and s u p p o r t  computer  
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programs.  Figure 1, sheet  3 ,  i l l u s t r a t e s  how t h e  s e v e r a l  
a c t i v i t i e s  of t h i s  p h a s e  are i n t e r d e p e n d e n t  and r e l a t ed  t o  
the o u t p u t s  of t h e  program d e s i g n  development phase,  

.I 5. System I n t e g r a t i o n  
The s y s t e m  i n t e g r a t i o n  phase  i n v o l v e s  t h e  i n t e g r a t i o n  of hard-  
ware, s o f t w a r e ,  and o p e r a t i n g  p e r s o n n e l  i n  t h e  r e a l  ope ra t ing  
envi ronment  and the  check ing  o u t  of t h e  t o t a l  system. Dur ing 
t h i s  phase,  t h e  s o f t w a r e  c o n t r a c t o r  will p r o v i d e  s u p p o r t  and 
will be r e s p o n s i b l e  f o r  program c o r r e c t i o n s  o r  m o d i f i c a t i o n s ,  
ma in tenance  o f  the  b a s e l i n e  documenta t ion ,  and t h e  u p d a t i n g  o f  
a l l  documents ,  f low-diaerams,  e t c .  n o t  i n c l u d e d  i n  the  b a s e l i n e .  
These a c t i v i t i e s  a re  shown i n  f i g u r e  1, shee t  4 .  

6 ,  Program Maintenance - 
T h i s  phase, s k e t c h e d  i n  f i g u r e  1, sheet  4 ,  i n v o l v e s  t h e  main- 
t e n a n c e  of t h e  computer  program system a f t e r  d e l i v e r y  t o  t h e  
cus tomer .  

Adequate time and e f f o r t  must b e  s p e n t  i n  e a c h  phase  so that  t h e  
i n f o r m a t i o n  and documents produced by t h a t  phase a r e  comple te .  
If t h i s  i s  n o t  done,  e a c h  s u c c e e d i n g  phase  will suffer  from i n s u f "  @ f i c i c n t  i n f o r m a t i o n  and p o o r  p l a n n i n g ,  The major m i l e s t o n e  docu- 
ments  which are  t h e  i n p u t s  a n d  o u t p u t s  of  each phase a re  shown i n  
f i g u r e  1, The I d e n t i f i c a t i o n  of a d d i t i o n a l  m i l e s t o n e s  a s s o c i a t e d  
w i t h  each p h a s e , i s  b e i n g  c o n t i n u e d ,  T h i s  i n f o r m a t i o n  will be 
i n c l u d e d  i n  t h e  f i n a l  r e p o r t .  

3 . 1 .  
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The p a r t i c i p a t i o n  of 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  d u r i n g  
t h e  p l a n n i n g  phase of a task  leads t o  a good t e c h n i c a l  p r o d u c t  
when a d e q u a t e  emphasis i s  p l a c e d  on the s o f t w a r e  a t  a n  ea r ly  
s t age ,  t h u s  h e l p i n g  t o  c l iminatc  sot't;wn~*e as the  pacing i tem. 
The 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 h o u l d  b e  b r o u g h t  i n t o  a 
p r o j e c t  d u r i n g  t h e  e a r l y  phases of t h e  d e f i n i t i o n  o f  system 
r e q u i r e m e n t s ,  S p e c i f i c  recommendations f o r  h i s  r e s p o n s i b i l i t i e s  0 will be d e f i n e d  i n  t h e  f i n a l  r e p o r t ,  

The general  r e s p o n s i b i l i t i e s  of 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 p e c i a l i s t s  s h o u l d  i n c l u d e :  t h e  i d e n t l f i c a t i o n  o f  s o f t w a r e-  
hardware i n t e r f a c e s ;  the  i n i t i a l  p o r t i o n s  o f  t h e  s o f t w a r e  system 
b a s e l i n e  documenta t ion ;  t h e  i n i t i a l  s o f t w a r e  c o s t  e s t i m a t e  and 
d e l i v e r y  s c h e d u l e ;  t h e  i n v e s t i g a t i o n  and recommendation of com- 
p u t e r  hardware r e q u i r e m e n t s ;  t h e  s e l e c t i o n  o f  software c o n t r a c t  
c l a u s e s ;  the  i d e n t i f i c a t i o n  of  so f tware- hardware  and software- 
s o f t w a r e  c o n t r a c t o r  l i a i s o n ;  program language s e l e c t i o n  f o r  t h e  
p r o d u c t i o n  of' t h e  s o f t w a r e  system; i d e n t i f i c a t i o n  of t h e  system 
s i m u l a t i o n  and da ta  r e d u c t i o n  r e q u i r e m e n t s ;  s e l e c t i o n  of t h e  
p r o c e d u r e s  and s t a n d a r d s  f o r  i n c l u s i o n  i n  t h e  s o f t w a r e  c o n t r a c t ;  
i d e n t i f i c a t i o n  of t h e  s o f t w a r e  system r e q u i r e m e n t s ;  and i n t e g r a t i o n  
of t h e  s o f t w a r e  d e s i g n  i n t o  t h e  o v e r a l l  task  p l a n ,  

2 ,  The S o f t w a r e  System Baseline - 
The s o f t w a r e  system base l ine  i s  composed o f  documents  w h i c h  
d e f i n e  the  r e q u i r e m e n t s  l e v i e d  upon t h e  o p e r a t i o n a l  s o f t w a r e  sys- 
tem, B a s e l i n e s  may b e  e s t a b l i s h e d  f o r  a l l  software systems, 
i n c l u d i n g  t h e  u t i l i t y  and s u p p o r t  s y s t e m s ,  The b a s e l i n e  documen- 
t a t i o n  p r o v i d e s  t h e  cus tomer  as  wel l  as t h e  c o n t r a c t o r  w i t h  t h e  
c r i t e r i a  f o r  e v a l u a t i n g  the  p r o g r e s s  o f  t h e  s o f t w a r e  system d u r i n g  
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i t s  v a r i o u s  p h a s e s  of development ,  As t h e  soi'tware system 
pr 'ogresses ,  a d d i t i o n a l  and more d e t a i l e d  documents will b e  
added t o  t h e  b a s e l i n e .  

U s u a l l y  the  I n i t i a l  software system b a s e l i n e  i s  cornposed 
of  the  p r e l i m i n a r y  s o f t w a r e  systems r e q u i r e m e n t s  s p e c i f f c a -  
t i o n .  T h i s  document c o n t a i n s  a g e n e r a l  p r o s e  d e s c r i p t i o n  o f  . 
t h e  s o f t w a r e  sys tem;  t h e  v a r i o u s  hardware t o  b e  employed; whlch 
major  f u n c t i o n s  are t o  be implemented by hardware, which b y  
software,, dnd which by manual a c t i v i t i e s ;  and any r e s t r i c t i o n s  
and l i m i t a t i o n s  o f  t h e  sys tem.  

From t h e  systems r e q u i r e m e n t s  docurcent t h e  i n i t i a l  software 
performance  s p e c i f i c a t i o n s  documents a re  d e r i v e d ,  These docu-  
ments  r e p r e s e n t  a l o g i c a l  g r o u p i n g  of the f u n c t i o n s  t o  b e  per-  
formed by t h e  s y s t e m  i n t o  t h o s e  areas s imilar  i n  n a t u r e  DX' 
p u r p o s e ,  and i s  t h e  basis  f o r  t h e  program d e s i g n  s p e c i f i c a t i o n  
documents.  They a re  p r e p a r e d  by t h e  i n f o r m a t i o n  p rocess in ;?  
s p e c i a l i s t  r e s p o n s i b l e  f o r  the  a n a l y s i s  of  t h e  o p e r a t i o n a l  
s o f t w a r e  system, 

The p r o d u c t i o n  and maintenance  o f  t,he base l ine  documents canrlot 
be over- emphasized s i n c e  t h e y  w i l l . b e  r e f l e c t e d  i n  the  opera-  
t i o n a l  s o f t w a r e  system, Also t h e y  p r o v i d e  rnanagemnt w i t h  con-  @ t r o l  o v e r  t h e  programming p r o c e s s ,  S p e c i f i c  examples will be 
deve loped  o f  documents t ha t  are  t o  b e  produced i n  e a c h  phase  o f  
t h e  problem s o l u t i o n  a long  w i t h  an o u t l i n e  o f  t he  c o n t e n t s  of 
these documents ,  These documents will c o n s t i t u t e  t h e  base1i.m. 

- 3 .  P l a n n i n g ,  Sc 'hedulinE,  and  C o s t  EstirnatinG 

Throughout  the  development of  a sof tware system, t o o l s  which 
assist  i n  p l a n n i n g ,  s c h e d u l i n g ,  and c o s t  e s t i m a t i n g  can  b e  v c r y  
u s e f u l  and are of pr ime i m p o r t a n c e ,  Guidelines f o r  t h e  formula- 
t i o n  of s u c h  t o o l s  are  b e i n g  d e v e l o p e d ,  These t o o l s  i n c l u d e  
g e n e r a l  program f low c h a r t s ,  c h e c k l i s t s ,  and i m p l e m e n t a t i o n  pro-  
c e d u r e s  and s t a n d a r d s ,  Sample c h e c k l i s t s  a r e  i n c l u d e d  i n  the 
Appendix. 

The c o s t  e s t i m a t i o n  p r o c e s s  can  b e  improved b y  t h e  i d e n t i f i c a -  
t i o n  of key c o s t  elements i n  t h e  programming p r o c e s s .  Data 
d e r i v e d  from pas t  programming e f f o r t s  c a n  s e r v e  as t h e  basis  
f o r  c o s t  p r e d i c t i o n  i n  p r e s e n t  o r  f u t u r e  p r o j e c t s .  G u i d e l i n e n  
f o r  c o s t  e s t i m a t i o n  s h o u l d  be made a v a i l a b l e  t o  a l l  a p p r o p r i a t e  
NASA p e r s o n n e l  and t o  c o n t r a c t o r s  as needed.  To d e v e l o p  these 
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g u i d e l i n e s  p e r t i n e n t  s t a t i s t i c s  r e l a t e d  t o  t he  programming 
p r o c e s s  w i l l  be i d e n t i f i e d  and data will be  c o l l e c t e d ,  Prc- 
12minary i n v e s t i g a t i o n  I n  t h i s  area i n d i c a t e s  the! followLrlf3 
s t a t L s t i c s  would b e  u s e f u l  i n  t h e  c o s t  c s t i m a t i o n  process’ :  
o d i s t r i b u t i o n  of do l l a r s  s p e n t  per  working  i n s t r u c t i o n  pro-  
duced;  t h e  c o s t  per  i n s t r u c t i o n  changed f o r  var ious .  t y p e s  o f  
programming e f f o r t s ;  debug r u n s  p e r  program checkou t ;  how-s 
o f  computer  time u t i l i z e d  f o r  checkout  pe r  working i n s t r u c -  
t i o n ;  t o t a l  c o s t s  of‘ v a r i o u s  programming e f f o r t s ;  pages of 
documenta t ion  pe r  number of i n s t r u c t i o n s ;  number of  working 
i n s t r u c t i o n s  w r i t t e n  per man month; t o t a l  time debugging 
v s ,  time s p e n t  cod ing  f o r  d i f f e r e n t  s i z e  programming e f f o r t s ,  
Al though t h e  use of a l l  s t a t i s t i c s  gathered would have  t o  
be tempered by t h e  r e a l i t i e s  of t h e  p a r t i c u l a r  programming 
j o b s  from which t h e y  were d e r i v e d ,  g u i d e l i n e s  can  b e  de- 
ve loped  t o  h e l p  t k p r o g r a m  manager,augment h i s  i n t u i t i o n  
d u r i n g  t h e  c o s t  e s t i m a t i n g  p r o c e s s ,  

The c o m p l e x i t i e s  and dependenc ies  of  a l a r g e  s o f t w a r e  system 
r e q u i r e  an  e f f e c t i v e  s c h e d u l i n g  and m o n i t o r i n g  t o o l .  Severa l  
t o o l s  s u c h  as t h e  Program E v a l u a t i o n  ancl’Revlew Technique  
(PERT) and c o n f i g u r a t i o n  m ~ n b g e m ~ n t . ‘ w h i ~ h . . h a v o : t ) e e ~ . ; u s e d  S U C -  
c e s s f u l l y  i n  large  hardware p r o j e c t s  a re  b e i n g  e v a l u a t e d  
and c e r t a i n  of these  will be recommended ror a11 s o f t w a r e  
deve lopment ,  As o f  now, PERT has shown s e v e r a l  d i s t i n c t  
a d v a n t a g e s ,  s p e c i f i c a l l y  i t s  a b i l i t y  t o  r e f l e c t  t h e  complex 
i n t e r a c t i o n s  t h a t  o c c u r  i n  the  larec. systemo, The implementa-  
t i o n  phase o f  t h e  Computer Program P r o d u c t i o n  A c t i v i t y  Chart 
i n  f i g u r e  1 i s  an epample of  t h e  i n t e r a c t i o n s  t h a t  o c c u r  du r ing  
t h e  programming a c t i v i t y ,  PERT can,  and has,  b e e n  s u c c e s s f u l l y  
used  t o  p l a n  and moni to r  t h i s  t y p e  o f  a c t i v i t y ,  A p p l i c a t i o n  
of  t h i s  t e c h n i q u e  t o  computer program d e s i g n  and implementa-  
t i o n  wil‘l b e  e x p l o r e d  f u r t h e r ,  

‘ . 3 , 2 . ?  neve10 ment of  Prof=-Production P r o c e d u r e s  
- & c r  an  . . U I I I I I U V t ” ”  



L 1, Programming P r o c e d u r e s  and S t a n d a r d s  

The a p p l i c a t i o n  of p r o c e d u r e s  and s t a n d a r d s  d u r i n g  t h e  e n t i r e  
programming phase assures the  cus tomer  t h a t  the  c o n t r a c t  re-  
q u i r e m e n t s  arc b e i n g  f u l f i l l e d .  These p r o c e d u r e s  and s t and -  
d a r d a  p r o v i d e  a means t o  a c h i e v e  u n i f o r m i t y  w i t h i n  t h e  Sy: j t em,  
f a c i l i t a t e  s t a t u s / p r o g r e s s  r e p o r t i n g ,  i n c r e a s e  s c h e d u l i n g  
a c c u r a c y ,  and  allow easier  i n t e r c h a n g e  of' p e r s o n n e l .  The 
t y p e s  o f  p r o c e d u r e s  and s t a n d a r d s  that  shou ld  b e  deve loped  f o r  
t h e  NASA env i ronment  arc b e i n g  s t u d i e d  a long  w i t h  a c t u a l  p r o-  
c e d u r e s  and s t a n d a r d s  t h a t  have been u s e d  s u c c e s s f u l l y  i n  
s o f t w a r e  development .  P rocedures  t h a t  will be  e s t a b l i s h e d  
t o  g u i d e  t h e  pragrlamming d u r i n g  t h e  v a r i o u s  a s p e c t s  o f  t h e  
work p e r t a i n ,  to!pro@;ram d e s i g n ; ,  flow-diagramming3 .. .: . .  
c o d i n g ;  desk check ing ;  program assembly and m o d i f i c a t i o n s ;  
t e s t  data  p r e p a r a t i o n ,  c h e c k o u t ,  and t e s t i n g ;  and documenta- 
t i o n .  

-.- A .  Program Design 
E x p e r i e n c e  i n  computer  program development  c o n s i s t e n t l y  p o i n t s  
t o  s t r o n g  a d v a n t a g e s  of p r o c e d u r e s  c o n c e r n i n g  m o d u l a r i t y  i n  
program d e s i g n .  T h i s  means t h a t  large  computer  programs are  
made up ' o f  small ,  f u n c t i o n a l  modules o r  subprograms,  each 0 of which r e p r e s e n t s  a d i s t i n c t  l o g i c  e n t i t y .  Each subpro-  
gram s h o u l d  have a s i n g l e ,  o r  at; most two o r  th ree  c l o s e l y  
r e l a t ed  e n t r y  p o i n t s ,  There i s  no s e t  upper  llmit on the  
s i z e  of  such  modules,  a l though  subprograms l a r g e r i n  s i z e  
t h a n  two o r  th ree- hundred  s o u r c e  program s t a t e m e n t s  s h o u l d  
be a v o i d e d  u n l e s s  s p e c i f i c a l l y  J u s t i f i e d  by t h e  l o g i c  s t r u c -  
t u r e  o f  t h e  program, The r e q u i r e m e n t s  on program m o d u l a r i t y  
are  t h a t  e a c h  subprogram must:  r e p r e s e n t  a d i s t i n c t  f u n c t i o n a l  
e n t i t y  i n  t h e  program l o g i c ;  be r e a d i l y  comprehens ib le  a$ a 
u n i t  t o  o t h e r  cod ing  p e r s o n n e l ;  have  a l l  i n t e r f a c e s  w i t h  
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other  subprograms minimal  and e x p l i c i t l y  i d e n t i f i e d ;  
be  c o m p i l a b l e  as a separate e n t i t y ;  be amendable t o  
m o d i f i c a t i o n  w i t h o u t  n e c e s s i t a t i n g  a s s o c i a t e d  changes  
i n  o t h e r  subprograms unless i t  1s t h e  i n t e r f a c e  w i t h  
a n o t h e r  subprogram which i s  b e i n g  modi f i ed ;  b e  sepa- 
r a t e l y  documented; and permit s e q u e n t i a l  c o n s o l i d a t i o n  
of groups  of  subprograms i n t o  working program packages ,  
The a d v a n t a g e s  o f  program des ign  m o d u l a r i t y  a re  tha t  i t :  
e n a b l e s  s e v e r a l  programmers t o  work s i m u l t a n e o u s l y  i n  
development of large programs,  each subprogram b e i n g  
coded by one programmer; makes p o s s i b l e  o r d e r l y  c o n s o l i-  
d a t i o n  t e s t i n g  o f  large programs;  and eases modi f i ca-  
t i o n s  of  large programs,  p a r t i c u l a r l y  when management 
c o n f i g u r a t i o n  c o n t r o l  p r o c e d u r e s  a re  e s t a b l i s h e d  i n  
c o n j u n c t i o n  w i t h  program m o d u l a r i t y ,  

Another  area of program d e s i g n ,  c l o s e l y  re la ted  t o  modu- 
l a r i t y  b u t  a l s o  i n t r i n s i c  t o  program c o s t i n g ,  i n  which 
p r o c e d u r e s  are  a p p r o p r i a t e ,  c o n c e r n s  an econqmic b a l a n c e  
b e i n g  ach ieved  between computer  opera t ing  time, program 
s t o r a g e  r e q u i r e m e n t s  ( t o t a l  program and data s t r u c t u r e s  
s i z e ) ,  and program implementa t ion  ( p e r s o n n e l )  c o s t s ,  
Exper ience  has i n d i c a t e d  that except i n  r a re  c a s e s ,  program 

o p e r a t i n g  time t h e  l eas t  i m p o r t a n t  of these three con- 
s i d e r a t i o n s .  O n l y  i n  cases of v e r y  o f t e n  e x e c u t e d  subpro-  
grams o r  u n u s u a l  real-time s i t u a t i o n s  i s  t h e  program 
implementa t ion  c o s t  of  t r i c k y ,  o p t i m a l  ( o p e r a t i n g  time) 
cod ing  j u s t i f i e d ;  i n  a l l  o t h e r  cases, such  t r i c k y  c o d i n g  
i s  t o  be avoided and s t r a i g h t f o r w a r d  c o d i n g  s t r u c t u r e s  
be  u s e d ,  And on ly  i n  cases where many n e a r l y  i d e n t i c a l  
computing systems are  t o  b e  purchased ,  o r  where t h e  t o t a l  
s i z e  a n d / o r  weight of  t h e  computer i s  c r i t i c a l ,  i s  the  
program implementa t ion  c o s t  of t r i c k y ,  o p t i m a l  (program 
s t o r a g e  usage)  cod ing  j u s t i f i e d ;  i n  o t h e r  c a s e s  t h e  hard-  
ware cos t  of a d d i t i o n a l  pl'ogram s t o r e  c a p a c i t y  i s  u s u a l l y  
less t h a n  t h e  a d d i t i o n a l  program implementa t ion  c o s t s  which 
would otherwise be r e q u i r e d ,  If these  c o n s i d e r a t i o n s  are  
i g n o r e d ,  savings i n  c o s t  r e s u l t i n g  from c o d i n g  o p t i m i z a t i o n  
i s  v e r y  ap t  t o  be  much smaller t h a n  the  i n c r e a s e d  c o d i n g  
c o s t s  of' s u c h  o p t i m i z a t i o n  and hence n o t  j u s t i f i a b l e ,  

0 implementa t ion  c o s t s  are t h e  most i m p o r t a n t  and computer  

a 3 , 2 , 2  3 
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B ,  - Flow D i a g r a m i n g  

The p rocedures  f o r  flow-diagramming should d e f i n e  t h e  amount 
of d e t a i l  w i t h i n  each l e v e l ,  segmenta t ion  of' l o g i c ,  and s t a n-  
dards on a subprogram basis ,  I Flow-diagramming s t a n d a r d s  i n c l u d e  
e x p J a n a t i o n s  o f :  level. of d e t a i l ,  w i t h  examples,  f o r  the over-  
a l l  flow diagram which c h a r t s  t h e  major  program areas and i n t e r -  
subprogram r e l a t i o n s h i p s ;  l e v e l  o f  d e t a i l ,  w i t h  examples, of the 
flow diagrams which expand each major  program area i n t o  s u f f i -  
cknt de ta i l  t o  a l low coding;  i d e n t i f i c a t i o n  and c o n t r o l  informa-  
t i o n ;  p a p e r  s i z e ,  margins ,  and page numbering; r u l e s  fo r  number 
of b l o c k s  per page, number o f  pages per program, and range  f o r  
number of i n s t r u c t i o n s  per  page; alphanumeric l a b e l i n g  scheme 
f o r  each block/page/program; and r u l e s  f o r  f u r t h e r  e l a b o r a t i o n  
of  formulas and unksual  l o g i c ,  I 

- C. Program Coding 

Program cvding Cons i s t s  o f  t h e  t r a n s l a t i o n  o r  t h e  f low-diagram(s)  
i n t o  a cod ing  language,  Coding p r o c e d u r e s  and s t a n d a r d s  shou ld  
emphasize good coding t e c h n i q u e s ,  l i s t i n g  f o r m a t s ,  and documenta- 
t i o n ,  I n  a d d i t i o n  t o  t he  assemble r /compi le r  r e s t r i c t i o n s ,  coding 
s t a n d a r d s  i n c l u d e :  program and page i d e n t i f i c a t i o n  schemes; 
machine s e t u p  e x p l a n a t i o n s  i n  t h e  l i s t i n g  documenta t ion;  r u l e s  0 f o r  subprogram c a l l i n g  sequences  2nd n e s t i n g  h i e r a r c h i e s ;  f o r-  
mats of buffers/tables/temporary s to rage ;  assignment of program 
and data item symbology; use of  good programming t e c h n i q u e s  
( i r e r ,  never  assuming t h e  s t a t u s  of t h e  requirPd l n l t i a l  env i ron-  
ment, r e s e t t i n g  loops  p r i o r  t o  i t e r a t i o n s ,  and a v o i d i n g  t r i c k y  
c o d i n g ) ;  and p r o v i d i n g  adequa te  comments i n  t h e  l i s t i n g  on l i n e s  
of coding f o r  each flow-diagram area,  f o r  c a l l i n g  sequences ,  and 
f o r  any unusual  communications r e q u i r e d ,  

D ,  Program Desk Checkinp; - 
Desk checking i s  a manual review of' program l o g i c  w i t h  i t e r a t i o n s  
through t h e  program u s i n g  data  samples, Procedures  and s t a n d a r d s  
f o r  program desk check ing  shou ld  i n c l u d e :  checks f o r  c l e r i c a l  
errors, miss ing  e l e m e n t s ,  and l e g i b i l i t y ;  i t e r a t i o n s  of  a minimum 
number of data samples thro'ugh t h e  program; and rev iews  by super-  
visor/programmer. 

E ,  Program Assembly and Mod i f i ca t i on  

Procedures  f o r  program assembly and m o d i f i c a t i o n  s u p p l y  ru les  which 
p e r t a i n  to :  program re- assembly ( c o m p i l a t i o n )  ve r sus  m o d i f i c a t i o n  
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(patches)  dur ing  various s t a g e s  of checkout  and t e s t i n g ;  cor-  
r e c t i o n  c a r d  fo rmat ;  and c o n t r o l  of system mater ia ls ,  

Program assembly and m o d i f i c a t i o n  s t a n d a r d s  i n c l u d e :  r u l e s  t o  
d e t e r m i n e  a re-assembly o r  p a t c h  u t i l i z a t i o n ;  s p e c i f i c a t i o n  
of r e p o s i t o r y  f o r  c u r r e n t  master l i s t i n g s ,  c o p i e s  of c o r r e c t o r s ,  
tapes,  e t c , ;  d e l i n e a t i o n  o f  c o r r e c t i o n  c a r d  f o r m a t ;  and machin,e 
s e t u p  and o p e r a t i o n  i n s t r u c t i o n s ,  

- F ,  Program T e s t i n g  
Procedures  and s t a n d a r d s  f o r  program t e s t i n g  s h o u l d  i n c l u d e :  
d e l i n e a t i o n  of t h e  several  stages of program t e s t i n g  and t h e  
r e q u i r e m e n t s  f o r  each ;  d a t a  s e l e c t i o n ,  t e s t i n g ,  an,d r e - t e s t i n g  
t e c h n i q u e s , t o  uncover  and c o m e c t  p rogram/ log ic  e r r o r s ;  d e s i g n  
and p r o d u c t i o n  o f  data i n p u t s ;  t e s t  deck s t r u c t u r e ;  machine 
s e t u p  and o p e r a t i n g  i n s t r u c t l o v s ;  p r e p a r a t i o n  of  t e s t  p l a n s  and 
t e s t  r e su l t s ;  and o t h e r  documenta t ion  if' requ i red ,  

- G ,  Documenting 

Procedures  and s t a n d a r d s  f o r  s o f t w a r e  documenta t ion  are: d e t a i l e d  
i n  s e c t i o n  3 . 2 0 3 0  

2 C o n f i g u r a t i o n  Management - 
I t  i s  i m p o r t a n t  t o  have  a formal s e t  o f  p r o c e d u r e s  by which a 
uni fo rm system of  c o n f i g u r a t i o n  i d e n t i f i c a t i o n ,  c o n t r o l ,  and  
a c c o u n t i n g  i s  e s t a b l i s h e d  and m a i n t a i n e d ,  The f o l l o w i n g  s e c t i o n  
d e f i n e s  some o f  t h e  'terms o f  c o n f i g u r a t i o n s  management and o u t l i n e s  
t e c h n i q u e s  t h a t  have been u s e d  f o r  t h e  c o n t r o l  of large  software 
systems 

C o n f i g u r a t i o n  management i s  composed of t h r ee  major .  f u n c t i o n s : .  
c o n f i g u r a t i o n  i d e n t i f i c a t i o n  i s  t h e  d e f i n i t i o n  o f  t h e  c o n t r a c t  
and f u n c t i o n a l  end items which comprise  t h e  b a s e l i n e  f o r  subse-  
q u e n t  c o n f i g u r a t i o n  c o n t r o l  and a c c o u n t i n g ;  c o n f i g u r a t i o n  c o n t r o l  
Is t h e  p r o c e s s  by which proposed changes  t o  t h e  e s t a b l i s h e d  base- 
l i n e  a re  f o r m a l l y  e v a l u a t e d ,  c o o r d i n a t e d ,  and  approved o r  d i sap-  
proved;  and c o n f i g u r a t i o n  a c c o u n t i n g  i s  t h e  p r o c e s s  o f  r e p o r t i n g  
and documenting changes  made t o  c o n t r a c t  end itehns i n  o r d e r  t o  
maintain a c u r r e n t  s t a t u s  of  t h e  e s t a b l i s h e d  b a s e l i n e ,  

C o n f i g u r a t i o n  management procedures  will rl iaintain ef[ec$i, le con- 
t r o l  o v e r  changes t o  s o f t w a r e  systems and t h e i r  e l e m e n t s ,  These 
p rocedures  will .also i n s u r e  t h a t  a l l  proposed changes  t o  t h e  s o f t -  
ware system will be rev iewed  t o  d e t e r m i n e  any  i n t e y f a c e s  o r  s y s -  
tems impact .  D e c i s i o n s  c o n c e r n i n g  pr 'oposed changes will be 
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d i s s e m i n a t e d  t o  a l l  a g e n c i e s  af fected by each  change I n  a 
manner t o  permit t ime ly  i m p l e m e n t a t i o n ,  Subsequent t o  a p p r o v a l  
of  a b a s e l i n e  change,  t h e  change will b e  i n c o r p o r a t e d  I n  re- ' 

v l s e d  b a s e l i n e  documenta t ion  and the implementa t ion  status o f  
the change will be moni tored  v i a  c o n f i g u r a t i o n  a c c o u n t i n g  pro-  
cedures 

There  are  s e v e r a l  p o s s i b l e  r e a s o n s  f o r  o r i g i n a t i n g  computer  , 

program change p r o p o s a l s ,  s u c h  as sys tem r e q u i r e m e n t s  changes ,  
s y s t e m  hardware changes ,  program e r r o r s  o r  d e s i g n  f'lnws uncovered 
d u r i n g  t e s t i n g ,  and u p d a t i n g  o f  documents which have  become i n -  
a c c u r a t e  o r  o b s o l e t e ,  

It i s  the  r e s p o n s i b i l i t y  o f  t h e  c o n t r a c t o r ,  i n  c o o p e r a t i o n  wi th  
a s s o c i a t e  c o n t r a c t o r s ,  t o  i n s u r e  t h a t  e v e r y  d e l i v e r a b l e  item of  
t h e  c o n t r a c t  f o r  which t h e  c o n t r a c t o r  has r e s p o n s i b i l i t y  i s  
a c c u r a t e l y  and c o m p l e t e l y  d e s c r i b e d  i n  t h e  b a s e l i n e  documentam 
t i o n  and f u r t h e r ,  t h a t  t h e  s t a t u s  o f  each item b e  . r e a d i l y  
d e t e r m i n e d  a t  any time, Other  s p e c i f i c  r e s p o n s i b i l i t i e s ' i n  
t h e  areas of  c o n f i g u r a t i o n  i d e n t i f i c a t i o n ,  c o n t r o l ,  and accoun t-  
i n g  s h o u l d  b e :  

- A ,  C o n f i g u r a t i o n  I d e n t i f i c a t i o n  

(1) M a i n t a i n  c o n f i g u r a t i o n  i d e n t i f i c a t i o n  dooumenta- 

( 2 )  D e l i v e r  p e r i o d i c a l l y  t o  t h e  cus tomer  a ' l i s t i n g  

t i o n  t o  r e f l e c t  t h e  s t a t u s  o f  a l l  c o n t r a c t  end items, .' 

whlch r e f l e c t s  t h e  approved c o n f i g u r a t i o n  of a l l  i t e m s ' f o r  which 
a b a s e l i n e  has been es tab l i shed ,  

(1) Prepare f o r  cus tomer  c o n s i d e r a t i o n  computer  pro-  
gram change recommendations ( C P C R )  f o r , a n y  item on which a change 
i s  deemed n e c e s s a r y ,  The CPCR i s  used t o  recommend t o  t h e  cus-  
tomer changes  beyond the  s c o p e  of the  base l ine ' , spec iE ica t ions ,  

( 2 )  P r e p a r e  f o r  cus tomer  c o n s i d e r a t i o n  computer pro-  
gram change p r o p o s a l  (CPCP) forms on a l l  changes related t o  t h e  
computer program b a s e l i n e  docurnentat ion f o r  which t h e  c o n t r a c t o r  
has r e s p o n s i b i l i t y ,  The CPCP c o n t a i n s  more de t a i l ed  i n f o r m a t i o n  
on t h e  change t h a n  t h e  CPCR and can r e s u l t  from a C P C R ,  

( 3 )  I n s u r e  t h a t  
p r i o r  t o  t h e  s u b m i s s i o n  o f  a CPCP t h e  

i m p l i c a t i o n s  o f  the  change have been e x p l o r e d  w i t h  a s s o c i a t e  
c o n t r a c t o r s  t o  t h e  fu l les t  

e x t e n t  p o s s i b l e .  

i '  

I 
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( 4 )  P rov ide  c o o r d i n a t i o n  and a s s i s t a n c e  i n  r e s p o n s e  
t o  requests f o r  review of e n g i n e e r i n g  change p r o p o s a l s  (ECP)  
contemplated  by o t h e r  a g e n c i e s  o r  COntraCtOrS, 

changes will have a n  impact  upon t h e  c o n t r a c t o r ' s  r e s p o n s i b i l i t i e s ,  
( 5 )  Review. ECPs and submit  comments if t h e  proposed 

- C o n f i g u r a t i o n  Account ing 

(1) The c o n t r a c t o r  shou ld  m a i n t a i n  and d e l i v e r  p e r i -  
o d i c a l l y  t o  t h e  cus tomer  a s t a t u s  r e p o r t  of computer program change 
recommendation and computer change p r o p o s a l s  showing status i n-  
c l u d f n g  implementa t ion  of  a l l  CPCRs ,and CPCPs s u b m i t t e d  by t h e  
c o n t r a c t o r ,  

( 2 )  The customer has t h e  r e s p o n s i b i l i t y  t o  f u r n i s h  
t.0 t h e  c o n t r a c t o r  the  i n i t i a l  documenta t ion  which c o n s t i t u t e s  
t h e  b a s e l i n e ,  The customer shou ld  e s t a b l i s h  and m a i n t a i n  a 
change c b n t r o l  board ( c h a i r e d  by t h e  cus tomer)  f o r  e v a l u a t i n g  
CPCPS, CPCRs ,  and c o n t r a c t o r  c o n f i g u r a t i o n  a c c o u n t i n g  r e p o r t s ,  

The documenta t ion  r e q u i r e m e n t s  o f  computer programming a r e  
c l o s e l y  r e l a t e d  t o  t h e  v e r y  n a t u r e  of t h e  p r o c e s s  i t s e l f  and 
are  bo th  v a r i e d  and s p e c i f i c  i n  o b j e c t i v e s  and t y p e .  To a s s u r e  
t h a t  t h e  documenta t ion  r e q u i r e m e n t s  a r e  met dynamical ly  d u r i n g  
the  s e v e r a l  phases  of  t h e  programming p r o c e s s  d i s c u s s e d  i n  
s e c t i o n  3 e 1 0 4 J  documentat ion p rocedures  and s tandards  a r e  
n e c e s s a r y ,  T h i s  s e c t i o n  s u g g e s t s  documents t o  be covered by 
such p r o c e d u r e s ,  

1. Documentation R e l a t e d  t o  Program Requirements 

D e f i n i t i o n  o f  Sof tware  Requirements  

I n  t h e  f i r s t  p h a s e  of computer program d e f i n i t i o n  and implementa- 
t i o n ,  s e v e r a l  documents will b e  produced w i t h  t h e  a s s i s t a n c e  of 
an 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 ,  The p r e l i m i n a r y  s o f t w a r e  
sys tem 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  d i s c u s s e d  i n  s e c t i o n  3 .1 .4  i s  
t h e  major  m i l e s t o n e  document o f  t h i s  p h a s e ,  

I ,  
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B ,  Sof tware  Pcrcormancc ""U" 2 c c : L f i c a t i o n s  
"I- 

The i n i t i a l  s o f t w a r e  per formance  s p e c i f i c a t i o n s  i s  t h e  maj.or 
m i l e s t o n e  document of t h e  second phase  o f  program d e f i n i t i o n  and 
$mplementat ion d i s c u s s e d  i n  s e c t i o n  3 . 1 . 4 .  

C ,  Development o f  Pr=m Des ign  - "." 
Documents t o  be produced and added t o  t h e  s o f t w a r e  b a s e l i n e  
docum,entat ion d u r i n g  t h e  s o r t w a r e  d e s i g n  phase i n c l u d e  t h c  f o l -  
lowing,  as a p p r o p r i a t e ,  f o r  each  o f  t h e  u t i l i t y ,  o p e r a t i o n a l ,  and 
s u p p o r t  program sys terns : 

(1) Computer W ~ p ~ ~ ; , . - ~ ~ ~ ~ r n  ] l e a n  S p e c i f i c a t i o n s  
-111 "I 

T h i s  document d e s c r i b e s  t h e  p roposed  program system d e s i g n ,  I t  
s h o u l d  b e  s u b j e c t  t o  a p p r o v a l  b e f o r e  a major p o r t i o n  o f  t h e  pro-  
gram development p r o c e s s  i s  begun,  T h i s  proposed program d e s i g n  
s p e c i f i c a t i o n  shou ld  c o n t a i n  s e c t i o n s  on:  o p e r a t i o n  r e q u i r e m e n t s ,  
envi ronment  r e q u i r e m e n t s ,  program d e s i g n  m o d u l a r i t y ,  t h e  assembly 
system, data  base ,, man-machine i n t e r f a c e s ,  o p e r a t i n g  p r o c e d u r e s ,  
a u t o m a t i c  ma in tenance ,  t h e  u t i . 1 i t . y  's:ystGd, . c ' o ~ s o : ~ ; i ~ ~ ' B t I . o n  
t e s t i n g ,  a d a p t a t i o n  p r o c e d u r e s  and a c c e p t a n c e  and i n t e g r a t i o n  t e s t  
r e s p o n s i b i l i t i e s ,  

( 2 )  B a s i c  P r o ~ r a m r n i n p . , L a . n ~ ~ a ~  Manual ".."Y- 3"" 

I n  a l m o s t  a l l  computer  systems, a n  assembler i s  needed t o  e n a b l e  
machine t r a n s l a t A o n  of' c o d i n c  .from a symbol i c  .form ( c a l l e d  " s o u r c e  
l anguage" )  used b y  p~o~~~rammc.r~.;  i n t o  t h e  a b s o l u t e  numeric  form used  
by t h e  machine ,  I f  s u c h  iin assembler does n o t  a l ready e x i s t  f o r  
a computer t o  b e  u s e d ,  one must b e  deve loped ,  p r i o r  t o  c o d i n g  t h e  
o p e r a t i o n a l  program, as  par t  o f  b a s i c  procramming t o o l s .  Such 
an  assembler s h o u l d  p r e f e r a b l y  i n v o l v e  a machine-language t r a n s -  
l a t o r  w i t h  macro c a p a b i l i t y  and a da t a  s t r u c t u r e s  assembly  f e a t u r e .  
A b a s i c  programming 1anKuag;e manual s h o u l d  t h e n  b e  prepared de-  
s c r i b i n g  t h e  assembler 's  I n p u t  l anguage ,  i n c l u d i n g  a p p r o p r i a t e  
g e n e r a l  pu rpose  p rob lem- or ien ted  programming l anguage  s t a t e m e n t s  
as well as t h e  b a s i c  machine o rde r  s t r u c t u r e ,  If more t h a n  one 
computer b e  i n v o l v e d ,  say f o r  t h e  u t i l i t y  s y s t e m  and s u p p o r t  p ro-  
grams s s e p a r a t e  b a s i c  prograrnruinyl; I.anf:uafr,e manuals  shou1.d be  p r o-  
v i d e d  f o r  e a c h  computer .  

Machine-Prokram I n t e r f a c e s  S p e c i f i c a t i o n s  
-."-."..""I '."".U."'."" """"....l.." 

I n  a d d i t l o n  t o  t h e  computer  i n s t r u c t i o n  r e p e r t o i r e ,  t h e  bas ic  i n-  
f o r m a t i o n  requi red  f o r  program development  i n c l u d e s  cornple te ,  
d e t a i l e d  s p e c i  f i . c n t i o n = ;  o f  t h o s e  p;r'oul)s o f  i n s t r u c t i o n s ,  and 

3 .2 .3 ,  
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a l l  c o n s t r a i n t s  t h e r e o n ,  m c e s s a r y  f o r  program c o n t r o l  of  a l l  
p e r i p h e r a l  equipment ,  i n p u t- o u t p u t  equipment ,  d i s p l a y s ,  keys  
( c o n t r o l  p u s h- b u t t o n s ) ,  e t c ,  

Man-Machine I n t e r f a c e s  S p e c i f i c a t i o n  - 
A comple te ,  de t a i l ed  s p e c i f i c a t i o n  of a11 man-machine i n t e r f a c e s  
i s  n e c e s s a r y  i n  o rde r  t h a t  a l l  i n p u t  and oul;put p r o c e s s i n g  f u n c-  
t i o n s  of t h e  o p e r a t f o n a l  program can be p r o p e r l y  implemented,  
The man-machine i n t e r f a c e s  s p e c i f i c a t i o n  s h o u l d  s p e c i f y  a11 manual 
c o n t r o l  f u n c t i o n s ,  i n p u t  keying f u n c t i o n s ,  t y p e- i n s ,  p r i n t - o u t s ,  
d i s p l a y s ,  and e x t e r n a l  communications from machine-to-man, t o  b e  
provided f o r  by the o p e r a t i o n a l  program, Details  c o n c e r n i n g  the  
cod ing  o f  these  f u n c t i o n s  arid s t a n d a r d  programming t e c h n i q u e s  
t o  b e  f o l l o w e d  s h a l l  be  i n c l u d e d  i n  t h i s  document, 

2 ,  Documentat ion Related t o  Program Implementa t ion  - 
A ,  I n d i v i d u a l  Subprograms Coding D e s c r i p t i o n s  - 

The u n d e r l y i n g  ph i losophy  of computer  program documenta t ion  re- 
q u i r e m e n t s  i s  that  a computer program i s  i n  e s s e n c e  n o t  a deck 
of punched c a r d s  n o r  a magnet ic  t a p e  b u t  a s e t  of s p e c i f i c  docu- 
ments ,  S p e c i f i c  m a n i f e s t a t i o n s  o f  a program i n  machine- readable  
form ( c a r d s  o r  t a p e s )  f o l l ow  as a n a t u r a l  consequence o f  t h i s  
documenta t ion ,  n o t  v i ce  v e r s a ,  

Documentation i s  required o f  eac :~  subprogram f o r  f i v e  p u r p o s e s :  
t o  s p e c i f y  t h e  end p r o d u c t  ( t h e  subprogram i t s e l f ) ;  t o  p r o v i d e  
a sui table  basis f o r  program c o n s o l i d a t i o n ,  i r , t e g r a t i o n ,  and 
system a c c e p t a n c e  t e s t l n g s ;  t o  p r o v i d e  a s u i t a b l e  b a s i s  f o r  
l o g i c  e v a l u a t i o l :  o f  the program; t o  p r o v i d e  a s u i t a b l e  basis  
f o r  program rnalntenance and rnodif lcat ions;  ar,d p r o v i d e  i n s t r u c-  
t i o n s  f o r  p r o p e r  use o r  Upera t lon  o r  t h e  subprogram, 

The docurnentat ion r e q u i r e d  of each subprogram s h o u l d  be i n  t h r e e  
forms:  cod ing  s p e c i f i c a t i o n s ,  flow c h a r t s ,  and subprogram 
l i s t i n g s .  P r o c e d u r e s  and s t a n d a r d s  cod ing  s p e c i f i c a t i o n s  and 
flow char t s  will be  desc r ibed  more comple te ly  i n  t h e  f i n a l  r e p o r t ,  

I 
B. S e l f - s u f f i c i e n c y  o f  the Program L i s t i n a ;  

The concep t  o f  s e l f - s u f f i c i e n c y  of' t h e  program l i s t i n g  d i s c u s s e d  
i n  t h i s  p a r a g r a p h  was deve loped  p r i m a r i l y  b y  Dr, William H ,  
Wattenburg of t h e  U n i v e r s i t y  of C a l i f o r n i a  (Berke ley)  under  t h e  
t i t l e  " S i n g l e  Document Method o f  Program Documentat ion" ,  T h i s  
t echn ique  has been used s u c c e s s f u l l y  a t  t h e  U n i v e r s i t y  o f  
C a l i f o r n i a ;  i t s  a p p l i c a b i l i t y  t o  P r o j e c t  A p o l l o  computer  
programming i s  u n d e r  i n v e s t i g a t i o n ,  
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The compiler- produced l i s t i n g  of each program module (subpro-  
gram) is  the  most fundamental  and impor t an t  o f  a l l  computer 
program documents, It is t h e  most c u r r e n t  and d e t a i l e d  desc r lp -  
t i o n  of the  program as i t  a c t u a l l y  ex i s t s ,  regardless o f  any 
e r r o r s  o r  o v e r s i g h t s  which might bt? t h e  c a s e  i n  t h e  subprogram 
des ign .  It  r e p r e s e n t s  t h e  a c t u a l  subprogram w i t h  an accuracy  
f a r  more dependable  than  that of  any human-produced documenta- 
t i o n ;  i t s  accuracy  i s  l imi ted  only  by t h e  machine and compi l e r '  
r e l i a b i l i t y ,  

As a document, t h e  compiler- produced l i s t i n g  i s  d i r e c t e d  t o  
cod ing- or ien ted  p e r s o n n e l :  t h e  subprogram code r s ;  c o n s o l i d a t i o n ,  
accep tance ,  ,-and i n t e g r a t i o n  t e s t  teams p e r s o n n e l ;  and t h o s e  
responsible f o r  program maintenance and m o d i f i c a t i o n ,  Expe- 
rience has i n d i c a t e d  t h a t  i n  s p i t e  of  c l o s e l y  c o n t r o l l e d  program 
l i b r a r y  p rocedures ,  the  l i s t i n g  o f t e n  becomes p h y s i c a l l y  sepa-  
rated from the  o t h e r  forms of  documentat ion ( d e s i g n  s p t c : i f l c a -  
t i o n ,  f low c h a r t s ,  and data base d e s c r i p t i o n s )  o f  t h e  subpro-  
grams, and t h a t  i t  Is o f t e n  the  on ly  immediate ly  a v a i l a b l e  
subprogram d e s c r i p t i o n  from which t e s t  team and program main- 
tenance p e r s o n n e l  can work, For  these r e a s o n s ,  i t  i s  e s s e n t i a l  
t h a t  the compiler- produced l i s t i n g  of  each subprogram b e  a self" 
s u f f i c i e n t  document f o r  cod ing- or ien ted  p e r s o n n e l ,  and that i t  
a t  a l l  times be  k e p t  updated whenever program m o d i f i c a t i o n s  o r  
"patches"  be  made, When, a t  t h e  end of program implementat ion 0 and checkout a c t i v i t i e s ,  t h e  program b a s e l l n e  documentat ion i s  
updated ,  the computer-produced l i s t i n g s  o f  each  subprogram 
serve8 as t h e  on ly  re l i ab l e  basis f o r  v a l i d a t i n g  such  upda t ing .  

These c o n s i d e r a t i o n s  , p l a c e  t h e  f o l l o w i n g  r equ i r emen t s  on genera-  
t i o n  and maintenance o f  the  computer-produced l i s t i n g  of each 
subprogram: 

(1) I t  mus t  c o n t a i n ,  i n  the  form o f  a s e r i e s  o f  
many comment c a r d s ,  a complete d e s c r i p t i o n ,  i n  t e x t  form, of the  
system c o n t e x t  and o v e r a l l  l o g i c  s t r u c t u r e  of t h e  subprogram., 
such t e x t  s p e c i f y i n g  t h e  i d e n t i f i c a t i o n  and code r  o f  the  sub-  
program, t h e  r o l e  o f  t h e  subprogram i n  t h e  o v e r a l l  program, the  
f u n c t i o n s  of  the  subprogram, t h e  subprogram's  o p e r a t i n g  environ-  
ment ( i n p u t s ,  o u t p u t s ,  data s t r u c t u r e s ,  and i n t e r f a c e s  w i t h  o t h e r  
subprograms and wi th  ha rdware ) ,  t h e  overa l l  l o g i c  s t r u c t u r e  of 
the subprogram, and a l l  des ign  and coding  I d i o s y n c r a s i e s  o f  t h e  
subprogram. 

( 2 )  S u f f i c i e n t  comments must  b e  made th roughout  the  
subprogram coding t o  r e l a t e  t h e  coding t o  the  o v e r a l l  l o g i c  
s t r u c t u r e o  
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( 3 )  I t  must  be c o n s t a n t l y  updated,  b o t h  i n  cod ing  
and commentary, whenever changes o r  p a t c h e s  a re  made t o  t h e  
subprogram, Th i s  last  r e q u i r e m e n t  n e c e s s i t a t e s  r e c o m p i l a t i o n  
as t h e  c h i e f  means of Subprogram m o d i f i c a t i o n ,  t h a t  temporary 
p a t c h e s  t o  t h e  program be made on ly  i n  emergency s i t u a t i o n s ,  and 
t h a t  such  p a t c h e s  n e v e r  be a l lowed t o  accumula te  w i t h o u t  co r -  
r e s p p n d i n g  s o u r c e  l anguage  m o d i f i c a t i o n s  and r e c o m p i l a t i o n s '  t o  
g e n e r a t e  c u r r e n t ,  updated  v e r s i o n s  o f  the compiler- produced 
l i s t i n g ,  

C.  S u b p r o g r a m ~ I n t e r r e l a t i o n s h i p s  D e s c r i p t i o n s  - 
I n  a d d i t i o n  t o  t h e  i n d i v i d u a l  program c o d i n g  d e s c r i p t i o n  docu- 
ments ,  s e v e r a l  documents d e s c r i b i n g  t h e  subprogram I n t e r r e l a t i o n -  
s h i p s  and c o d i n g  p r o c e d u r e s  are a p p r o p r i a t e  o u t p u t s  o f  program 
implemen ta t ion  a c t i v i t i e s  These are a, s p e c i a l l z e d  programming 
language  manual,  a - u t i l i t y  sya tem s p e c i f i c a t i o n ,  a s u p p o r t  s y s t e m  
s p e c i f i c a t i o n ,  a program c o n s o l i d a t i o n  tes ts  s p e c i f i c a t i o n ,  a 
data  base s t r u c t u r e s  s p e c i f i c a t i o n ,  a c c e p t a n c e  and i n t e g r a t i o n  
t e s t s  s p e c i f i c a t i o n s ,  and a system u s e r ' s  manual,  These docu- 
ments are d e t a i l e d  e x p a n s i o p s  of' c o r r e s p o n d i n g  s e c t i o n s  of t h e  
computer program system d e s i g n  speci f ica t lons :documents ,  b u t l  are 
w r i t t e n  d u r i n g  program implemen ta t ion  and d e s c r i b e  c o d i n g  de t a i l s  
r a t h e r  t h a n  g e n e r a l  d e s i g n  p r o p o s a l s .  

D. P r o g r e s s  Repor t s  

P r o g r e s s  r e p o r t s  are e x t r e m e l y  i m p o r t a n t  d u r i n g  t h e  lmplementa- 
t i o n  of  a p r o j e c t -w i t h  many complex i n t e r f a c e s ,  P rocedures  and  
s t a n d a r d s  f o r  t h e  form and c o n t e n t  of, p r o g r e s s  r e p o r t s  t ha t  have 
proven  s u c c e s s f u l  i n  large s o f t w a r e  p r o j e c t s  ' a r e  b e i n g  s t u d i e d .  
A recommendation will be made i n  t h e  f i n a l  r e p o r t .  I n  g e n e r a l ,  
t h e  progress r e p o r t  s h o u l d  c o n t a i n  a d & t a i l e d ' o u t l i n e  of t h e , . .  
work accompl ished  s i n c e  t h e  p r e v i o u s  r e p o r t  a n d ' s h o u l d  a l so  con;; 
t a i n  a p r o g n o s i s  o f  the  work t h a t  i s  e x p e c t e d  t o  be accompl ished  
d u r i n g  the n e x t  r e p o r t  pe r iodb  . T h e  p r o g r e s s  r e p o r t  s h o u l d  i n c l u d e  
a d e s c r i p t i o n  o f  any problem areas tha t  have been  d e t e c t e d  as well 
as recommended s o l u t i o n s ,  The p rog res s  r e p o r t  s h o u l d  be p r e p a r e d  
by t h e  c o n t r a c t o r  and submi t t ed  t o  t h e  cus tomer  on a p e r i o d i c  basis. 

3 9 2 , 4  S o f t w a r e  Tes t ing l  

Several s t a g e s  o f  s o f t w a r e  t e s t i n g  a re  i n v o l v e d  i n  t h e  computer  
programming p r o c e s s :  subprogram u n i t  t e s t i n g ;  subprogram package 
( , c o n s o l i d a t i o n )  t e s t i n g ;  program a c c e p t a n c e  t e s t i n g ;  software- 
hardware i n t e g r a t i o n  t e s t i n g ;  s i m u l a t e d  system envi ronment  tes t-  
ing ;  and l i v e  sys t em e n v i r o n m e n t . . '  t e s t l n g ,  P r o c e d u r e s  and s tan-  
dards f o r  each  o f  t h e s e  t e s t i n g  s t a g e s  will b e  d i s c u s s e d  i n  t h e  
f i n a l  r e p o r t  . 
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From t h e  p o i n t  of view of  the  c u s t o m e r - c o n t r a c t o r  r e l a t i o n s h i p ,  
t h e  moot i m p o r t a n t  o f  these t e s t i n g  s t a g e s  i s  program a c c e p t a n c e  
t e s t i n g ,  The a c c e p t a n c e  t e s t  v e r i f i e s  t o  t h e  cus tomer  t h a t  t h e  
program r e q u i r e m e n t s  have been s a t i s f i e d  and p r o v i d e s  a t e s t  
v e h i c l e  f o r  t h e  c o n t r a c t o r .  I n  p r e p a r a t i o n  f o r  t h e  a c c e p t a n c e  
t e s t ,  a t e s t  p l a n  document i s  r e q u i r e d  which o u t l i n e s  the  func-  
t i o n  t o  b e  t es ted  a l o n g  w i t h  t h e  t e s t  c o n t e n t  ( i n p u t s ,  expec. ted 
o u t p u t s ,  e t c , ) ,  and any s p e c i a l  programs n e c e s s a r y  f o r  deve lop=  
i n g  and p e r f o r m i n g  the  a c c e p t a n c e  t e s t ,  Acceptance t e s t i n g  can 
be d i v i d e d  i n t o  a number of tes ts  which p r o v i d e  p r o g r e s s  s t a t u s  
a t  s p e c i f i e d  m i l e s t o n e s  and a l l o w s  t e s t i n g  a t  t h e  program, sub-  
system, and s y s t e m  l e v e l s ,  I n  any e v e n t ,  a f i n a l  system t e s t  i s  
n e c e s s a r y  f o r  f o r m a l ,  s i g n - b f f  a c c e p t a n c e ,  

I .  . 
The de t a i l ed  p r e p a r a t i o n  of  i h e  t es t s  r e q u i r e s  t h e  a v a i l a b i l i t y  
of  these documents:  p r e l i m i n a r y  s o f t w a r e  s y s t e m  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 ,  i n i t i a l  s o f t w a r e  performance  s p e c i f i c a t i o n s ,  
program d e s i g n  s p e c i f i c a t i o n s ,  a c c e p t a n c e  t e s t  p l a n ,  and 
system user ' s  manuals ,  Areas t o  b e  i n v e s t i g a t e d  i n c l u d e :  
d e t e r m i n a t i o n  i f  t h e  cus tomer ,  t h e  s o f t w a r e , c o n t r a c t o r ,  o r  some 
separate c o n t r a c t o r  o r  agency s h o u l d  p r e p a r e  t h e  t e s t s  f o r  t h e  
s u p p o r t ,  u t i l i t y ,  and o p e r a t i o n a l  programs;  d e t e r m i n a t i o n  i f  t h e  
t e s t  p r e p a r a t i o n  agency r e q u i r e s  s p e c i a l  s i m u l a t i o n ,  data r e c o r d-  
i n g ,  and da ta  r e d u c t i o n  programs 40 g e n e r a t e , a n d  e v a l u a t e  t h e  
t e s t  data  resul t s ;  d e t e r m i n a t i o n  of  s u f f i c i e n t  i n f o r m a t i o n  t o  
b e g i n  and comple te  p r e p a r a t i o n ;  d e t e r m i n a t i o n  of l e v e l  and degree 
o f  c u s t o m e r / c o n t r a c t o r  c o n c u r r e n c e ;  d e t e r m i n a t i o n  o f  t h e  d e g r e e  
of  t e s t i n g  r e q u i r e d  t o  d e m o n s t r a t e  system c a p a c i t y  ( o v e r l o a d ) ,  
t i m i n g  t h r e s h o l d s  , ( r e s u l t i n g  d e g r a d a t i o n ) ,  and t h e  number and 
k i n d s  of i l l e g a l  user r eques t s ;  and d e l e g a t i o n  of t h e  a n a l y s i s  
and e v a l u a t i o n  t o  d e t e r m i n e  a c c e p t a n c e ,  

The a c c e p t a n c e  t e s t  p l a n  s h o u l d  be r o u t e d  i n  d ra f t  form t o  
c u s t o m e r / c o n t r a c t o r  f o r  p o s s i b l e  m o d i f i c a t i o n s  and . f i n a l l y  f o r  
a c o n c u r r e n c e  s i g n- o f f  o f  t h e  p l a h ,  S e c t i o n s  $0 be i n c l u d e d  i n  
t h e  t e s t  p l a n  a r e :  s c o p e ,  o b j e c t i v e  of  t h e  t e s t ;  i n t e r f a c e  w i t h  
t o t a l  a c c e p t a n c e  t e s t i n g ;  f u n c t i o n s  ( f r o m  t h e  performance  s p e c i-  
f i c a t i o n s )  t o  b e  d e m o n s t r a t e d ;  d e l i n e a t i o n  o f  i n p u t s ;  expec ted  
o u t p u t s ;  c h e c k l i s t  and a c t u a l  o u t p u t s  ( p o s s i b l y  w i t h  t o l e r a n c e s )  
t o  p r o v i d e  a s c o r i n g  ( r a t i n g ) ,  and recommendat ions/conclus ions  
t o  d e t e r m i n e  r e t e s t i n g  o r  a c c e p t a n c e ,  

,. . :; 

3 . 2 . 4 ,  
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3 . 3 .  Writ inp:  of C o n t r a c t s  . -  

I 3 0  

The s o f t w a r e  c o n t r a c t  shou ld  be used by NASA as the  b a s i c  
v e h i c l e  t o  s p e c i f y  and e n f o r c e  p o l i c i e s ,  p r o c e d u r e s  and stan- 
d a r d s .  S i n c e  t h e  i n p u t s ,  o u t p u t s  and a c t i v i t i e s  o f  the  v a r i o u s  
phases of t h e  program p r o d u c t i o n  p r o c e s s  are i d e n t i f i a b l e ,  each  
phasc. can  be c o n t r a c t e d  separately o r  a c o n t r a c t  can b e  l e t  f o r  
the  e n t i r e  p r o c e s s o  A t t e n t i o n  should be g i v e n  t o  t h e  develop-  
ment of  c h e c k p o i n t s  where c o n t r a c t  t e r m i n a t i o n  can c o n v e n i e n t l y  
o c c u r  i f  u n s a t i s f a c t o r y  work i s  b e i n g  done by t h e  c o n t r a c t o r .  

3 . 3 . 1 .  C o n t r a c t  .Clauses - 
The s e l e c t i o n  .of c o n t r a c t  clauses will v a r y  w i t h  t h e  t y p e  of 
c o n t r a c t ;  c o s t  p l u s  f i x e d  fee (CPFF), c o s t  p l u s  i n c e n t i v e .  f e e  
(CPIF) ,  f i x e d  p r i c e  ( F P ) ,  and time and m a t e r i a l s  (TdLM) Areas 
o f  c o n t r a c t  clauses under  i n v e s t i g a t i o n  i n c l u d e :  

1, Customer Furn i shed  Items - -11 

T h i s  c l a u s e  shou ld  d e f i n e  a l l  i t e m s  o t h e r  t h a n  documenta t ion  
which t h e  cus tomer  will f u r n i s h  t h e  c o n t r a c t o r ,  Such i t e m s  may 
i n c l u d e  o f f i c e  s p a c e ,  o f f i c e  S u p p l i e s J  computer time, EAM sup-  
p o r t  , e t c ,  

2 ,  B a s e l i n e  Documentation 
I 

T h l s  c l a u s e  shou ld  d e f i n e  by document number t h e  documents which 
c o n s t i t u t e  the s o f t w a r e  system b a s e l i n e ,  as produced by t h e  
cus tomer  

Implementa t ion  P rocedures  and S t a n d a r d s  

T h i s  c l a u s e  s h o u l d  s p e c i f y  t h e  p r o c e d u r e s  and s t a n d a r d s ,  a s  d i s -  
cussed  i n  s e c t i o n  3 . 2 ,  t o  which t h e  c o n t r a c t o r  will a d h e r e  d u r i n g  
t h e  implemen ta t ion  phase ,  

I 4 ,  P l a n n i n g ,  S c h e d u l i n g  and P r o g r e s s  RepoL-tInq - 
T h i s  c l a u s e  shou ld  require  t h a t  a d e t a i l e d  p l a n  and s c h e d u l e  b e  
d e l i v e r e d  by t h e  c o n t r a c t o r  t o  t h e  customer a t  a s p e c i f i e d  d a t e  
e a r l y  i n  the  c o n t r a c t , ,  Any nrede te rmined  m i l e s t o n e s  and asso-  
c i a t ed  s c h e d u l e s  r e q u i r e d  by  t h e  cus tomer  s h o u l d  be i n d i c a t e d ,  
Any s p e c i f i c  p l a n n i n g  and s c h e d u l i n g  t o o l s  r e q u i r e d  ( s u c h  as PERT) 
shou ld  be  i n d i c a t e d ,  A p r o g r e s s  r e p o r t i n g  t e c h n i q u e  a l o n g  w i t h  

3.3, - 30.3 .1  
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a r e p o r t i n g  p e r i o d  s h o u l d  be s p e c i f i e d ,  P r o g r e s s  r e p o r t s  r e=  
q u i r e m e n t s  and  p r o c e d u r e s  are d i s c u s s e d  i n  s e c t i o n  3 . 2 0 3 ,  
Techniques  f o r  modify ing t h e  master p l a n  and s c h e d u l e  s h o u l d  
a l so  be shown. 

- 5. D e l i v e r a b l e  Items 

T h i s  c l a u s e  s h o u l d  s p e c i f y  t h e  items which t h e  c o n t r a c t o r  must 
d e l i v e r  t o  t h e  cus tomer .  Two l e v e l s  of' d e l i v e r a b l e  items s h o u l d  
be spec i f i ed :  t h o s e  items a s s o c i a t e d  wi th  the  o p e r a t i o n a l ,  sup-  
p o r t  and u t i l i t y  sys tems  which mus t  conform t o  t h e  s t a n d a r d s  sup-  
p l i e d  by the cus tomer ;  and t h o s e  programs t h a t  are i n c i d e n t a l  t o  
development o f  t h e  p r imary  s o f t w a r e  sys tem,  and r e q u i r e  a d i f -  
fe ren t  t y p e  and l e v e l  o f  documenta t ion ,  

6 ,  C o n t r a c t  Reviews - 
The c l a u s e  s h o u l d  s p e c i f y  tha t  a rev iew of t h e  c o n t r a c t o r ' s  pe r-  
formance will o c c u r  a t  t h e  end of each  c h e c k p o i n t  Of  t he  S o f t-  
ware system development and that  c o n t i n u a t i o n  of  t h e  c o n t r a c t  
may depend on c o n t r a c t o r  performance.  

Checkpo in t s  f o r  c o n t r a c t  r ev iews  a re  b e i n g  i n v e s t i g a t e d ,  and a 
recommendation will b e  made i n  t h e  f i n a l  r e p o r t ,  

Acceptance Tests 

T h i s  c l a u s e  s h o u l d  s p e c i f y  t h e  p r o c e d u r e s  and s t a n d a r d s  t o  b e  
employed f o r  t h e  a c c e p t a n c e  tests; t h e  o r g a n i z a t i o n  r e s p o n s i b l e  
f o r  d e v e l o p i n g  and programming t h e  a c c e p t a n c e  t e s t s ;  t h e  c o n t e n t  
of t h e  a c c e p t a n c e  t e s t s ;  and t h e  t ime t h e  a c c e p t a n c e  t e s t s  are 
t o  b e  r u n .  

8. M l l e s t o n e  Dates - - 

c i f v  t h e  tvDe of c o n t r a c t ,  the  c o s t s ,  and 
_ _  _ _  _.." ""(3 i f  a CPIF c o n t r a c t  

i s  n e g o t i a t e d .  

10, Change C o n t r o l  
Iu 

C o n t r a c t  c l a u s e s  s h o u l d  b e  developed t o  c o v e r  t h e  c o s t i n g  ( I n  
terms of schedule  and d o l l a r s )  and a p p r o v a l  o f  t h e  s o f t w a r e  system 

t 

, , I .  
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i. changes ,  The c o n t r a c t  c l a u s e s  will depend upon t h e  t y p e  of 
c o n t r a c t ,  It i s  o b v i o u s  t ha t  a change i n  s c o p e  i n  a f i x e d  
p r ice  c o n t r a c t  c o u l d  n e c e s s i t a t e  a r e n e g o t i a t i o n  o f  the  con- 
t r a c t  w h i l e  a change i n  a CPFF c o n t r a c t  c o u l d  b e  much less 
f o r m a l ,  

3 . 3 , ~  Phases of  t h e  Programming P r o c e s s  a n d . t h e  C o n t r a c t  0 .  ' 

The v a r i o u s  phases o f  t h e  programming p r o c e s s  d i s c u s s e d  i n  
s e c t i o n  3.1,4 can b e  c o n t r a c t e d  s e p a r a t e l y  o r  c o l l e c t i v e l y ,  
The t y p e  o f  c o n t r a c t  and c o n t r a c t  c l a u s e s ,  a s s o c i a t e d  w i t h  
each phase, i s  d i s c u s s e d :  

- 1, D e f i n i t i o n  o f  System Requirements  

I n  t h i s  phase, t h e  b a s i c  a c t i v i t i e s  are  I d e n t i f i c a t i o n  o f  t h e  
problem t o  b e  s o l v e d ,  s e l e c t i o n  o f  a sound t e c h n i c a l  s o l u t i o n ,  
and c o n c i s e  documenta t ion  o f  t h e  s o l u t i o n ,  

C o n t r a c t  c l a u s e s ,  as o u t l i n e d  i n  s e c t i o n  3 0 3 Q 1 ,  on p l a n n i n g ,  
s ch e d u l i n  e;, progress  r e p o r t i n g ,  d e l i v e r a b l e  Items, and 

documenta t ion  s t a n d a r d s  s h o u l d  b e  i n c l u d e d  i n  t h i s  phase, 

2. D e f i n i t i o n  o f  Performance S p e c i f i c a t i o n s  - 
The problems i n v o l v e d  i n  t h i s  phase are  i n t e g r a t i o n  o f  t h e  
equipment  and f a c i l i t i e s  I n t o  system d e s i g n  and t h e  specl f ica ,  
t i o n s  of u t i l i t y  and s u p p o r t  system r e q u i r e m e n t s ,  

A CPIF  o r  CPFF c o n t r a c t  can  be  e f f e c t i v e  d u r i n g  t h i s  phase. 
C o n t r a c t  clauses t h a t  s h o u l d  b e  i n c l u d e d  a r e  concerned w i t h  
d e l i v e r a b l e  items, base l ine  documenta t ion ,  and c o n f i g u r a t i o n  
c o n t r o l ,  

3. 
3 .  Development of  Program Design 

The most common problems encoun te red  are i n v o l v e d  w i t h  s o f t w a r e-  
hardware i n t e r f a c e s ,  software-software i n t e r f a c e s ,  and definition of 
sys tem environment ,  

The CPIF o r  FP c o n t r a c t  can  be e f f e c t i v e  d u r i n g  t h i s  phase, Con- 
t r a c t  c l a u s e s  t h a t  shou ld  be i n c l u d e d  a re  c o n f i g u r a t i o n  c o n t r o l ,  
customer f u r n i s h e d  items, b a s e l i n e  documenta t ion ,  implementa t ion  
p rocedures  and s t a n d a r d s ,  p l a n n i n g ,  s c h e d u l i n g  and p r o g r e s s  
r e p o r t i n g ,  and d e l i v e r a b l e  i tems.  
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4 ,  Program Implementa t ion .- 

The b a s i c  problems that  o c c u r  d u r i n g  t h i s  phase are:  poor  docu- 
mentation; poor  programming p r a c t i c e s ;  l a c k  o f  a d e q u a t e  t e s t i n g ;  
i ncomple t e  a c c e p t a n c e  tests;  d u p l i c a t i o n ;  s l i p p e d  s c h e d u l e s ;  and 
i n e f f i c i e n t  computer p rograms D 

A f i x e d  fee c o n t r a c t  can  be used ve ry  e f f e c t i v e l y  and it shou ld  
c o n t a i n  s t r o n g  c l a u s e s  on: documenta t ion ;  implementa t ion  pro-  
cedure s  and s t a n d a r d s ;  a c c e p t a n c e  t e s t l n g ;  and change c o n t r o l .  

5*  Systems I n t e R r a t i o n  
II 

The problems encoun te r ed  i n v o l v e :  inadequaem l i v e  env i ronmen ta l  
t es t  p l a n s ;  some e lement  of  t h e  system n o t  b e i n g  a v a i l a b l e ;  v a r i o u s  
e l emen t s  of t h e  sys tem n o t  i n t e r f a c i n g  p r o p e r l y ;  poor  a c c e p t a n c e  
phase checkout ;  and Inadequa t e  t r a i n i n g  o f  o p e r a t i n g  p e r s o n n e l ,  

A c o s t  p l u s  f i x e d  fee  o r  c o s t  p l u s  i n c e n t i v e  f e e  c o n t r a c t  would 
seem a p p r o p r i a t e  f o r  t h i s  phase s i n c e  i t  i s  d i f f i c u l t  t o  e s t i m a t e  
the number and complex i ty  of t h e  problems t h a t  might  a r i s e ,  

The c o n t r a c t  c l a u s e  that  i s  most i m p o r t a n t  I n v o l v e s  t h e  u p d a t i n g  
and maintenance of b a s e l i n e  documenta t ion ,  

- 6. Program Maintenance 

Requirements  f o r  con t inued  program maintenance u s u a l l y  cannot  be 
p r e- s p e c i f i e d ;  hence a time and materials c o n t r a c t  f o r  computer  
programmers shou ld  f i t  t h i s  phase,  The most i m p o r t a n t  c o n t r a c t  
c l a u s e s  i n v o l v e  b a s e l i n e  documenta t ion ,  program and o p e r a t i n g  
documenta t ion ,  change c o n t r o l  and a c c e p t a n c e  t e s t i n g ,  

I '  
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3 @  4 MONITORING AND CONTROL BY MANAGEMENT 

1 n t r o d u c t . i o n  

Q u i t e  d i s t i n c t  from t h e  s u p e r v i s i o n  on c o n t r a c t o r s  e x e r c i s e d  
by t h e  C e n t e r  o r g a n i z a t i o n s  d i r e c t l y  r e s p o n s i b l e  f o r  implementa-  
t i o n  of' programming, the  management a t  t h e  C e n t e r s  and Ilead- 
q u a r t e r s  need t o  moni to r  t h e  o v e r a l l  programming e f r o r t s  expended 
w i t h i n  t h e i r  a u t h o r i t y ,  T h i s  s e c t i o n  deals  w i t h  a number of 
management- support f u n c t i o n s  required ' for  th is  purpose .  The 
e f f e c t i v e n e s s  o f  t h e  group o f  p e o p l e  p e r f o r m i n g  s u c h  f u n c t i o n s  
depends t o  a c o n s i d e r a b l e  e x t e n t  on t h e  p o s i . t i o n  of t h e  group 
i n  t h e  o r g a n i z a t i o n a l  h i e r a r c h y ,  To i l lus t ra te  t h i s  p o i n t ,  t h e  
management- support f u n c t i o n s  a re  d e s c r i b e d  below i n  t h e  frame- 
work o f  assumed o r g a n i z a t i o n s  a t  t h e  v a r i o u s  NASA l eve l s .  The 
main emphasis  i s  on t h e  n a t u r e  o f  t h e  r e s p o n s i b i l i t i e s  o f  these 
g roups  r a t h e r  t h a n  t h e i r  a u t h o r i t y ,  a l t h o u g h  t h i s  l a t t e r  q u e s t i o n  
must b e  reso lved  when i t  i s  d e c i d e d  t o  implement these  f u n c t i o n s ,  

3,14,2 Management-Support F u n c t i o n s  and O r g a n i z a t i o n s  

- 1, A Q u a l i t y  Assurance  Group 
Each programming c o n t r a c t  which i s  l e t  o r  programming j o b  done 
s h o u l d  be moni to red  by members of a q u a l i t y  a s s u r a n c e  g roup .  
Such a group would n o t  on ly  assure the  cus tomer  t h a t  h e  does g e t  
t he  q u a l i t y  t h a t  t h e  j o b  r e q u i r e s ,  b u t  would a l s o  make i t  eas ie r  
f o r  t h e  programming c o n t r a c t o r  t o  s u p p l y  t ha t  q u a l i t y :  i t  g i v e s  
h i m  a j u s t i f i c a t i o n  f o r  t a k i n g  t h e  time and t r o u b l e  t o  make t h e  
c a p i t a l  i n v e s t m e n t ' o f  b u i l d i n g  p r o p e r  q u a l i t y  i n  t h e  programs,  
whereas he might  n o t  r e c o g n i z e  a mandate t o  do  so  i f  t h e  q u a l i t y  
of  t h e  programs were n o t  b e i n g  d i r e c t l y  assessed. 

A ,  The Need f o r  Q u a l i t y  Assurance  i n  S o f t w a r e  - Development 

The q u a l l t y  o f  a computer program i s  measured b y :  t h e  c a  a b i l i t  
of t he  program t o  do  t h e  j o b  f o r  which i t  was in tended ;+  
u n d e r s t a n d a b i l i t y  o f  t h e  program; t h e  c h a n g e a b i l i t g  of t h e  p ro-  
gram as determined b y  t h e  ease in which t h e  program can  be modi- 
f i e d  t o  meet changing r e q u i r e m e n t s ;  and t h e  m a i n t a i n a b i l i t y  
as d e t e r m i n e d  by t h e  e a s e  of  upkeep  of t h c  program, 

The w e i g h t i n g  of  the  above a t t r i b u t e s  i n  a t t e m p t i n g  an assess- 
ment of  any i n d i v i d u a l  j o b  s h o u l d ,  of  c o u r s e ,  b e  a f u n c t i o n  of 
t h e  o b j e c t i v e s  f o r  t h a t  job . ,  For example,  t h e  o p e r a t i o n a l  
programs o f  P r o j e c t  Apo l lo  can be r e a s o n a b l y  e x p e c t e d  t o  be  
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under c o n s t a n t  m o d i f i c a t i o n  due t o  t h e  chang ing  ne'eds o f  a 
mul t i- miss ion  research and development e f f o r t ;  hence  t h e  a t t r i -  
b u t e s  of c h a n g e a b i l i t y  and m a i n t i n a b i l i t y  s h o u l d  b e  h e a v i l y  
weighted. 

A great deal of J a t i t u d e  i s  p o s s i b l e  i n  t h e  amount O F  e f f o r t  
t a k e n  t o  i n s u r e , , ' t h a t  t h e  computer program will be s a t i s f a c t o r y ,  
and i t  i s  d i f f i c u l t  t o  d e c i d e  just how much s h o u l d  b e  , expec ted .  
I n  f a c t ,  t he  c o n t r a c t o r  who makes a s p e c i a l  e f f o r t  t o  do  a 
r e a l l y  wor thwhi le  j o b ,  which may s a v e  c o n s i d e r a b l e  amount 
o f  time and money i n  t h e  l o n g  r u n ,  may a t  f i r s t  a p p e a r  t o  have  
done a slow and e x p e n s i v e  j o b ,  I n c r e a s e d  q u a l i t y  assuritrlcc 
a c t i v l t y  d u r i n g  t h e  c o u r s e  o f  programming development co r respond-  
i n g l y  i n c r e a s e s  t h e  p r o b a b i l i t y  of s a t i s f a c t o r y  c o m p l e t i o n ,  ' 

B.  
L 

R e s p o n s i b i l i t i e s  of  t h e  Group 

(1) M o n i t o r i n g  

I n  o r d e r  t o  a c h i e v e  a q u a l i t y  p r o g r a m , . i t  i s  ne ,cessa ry  t o  c l o s e l y  
a d h e r e  t o  s t a n d a r d s  r e p r e s e n t i n g  good programming p r a c t i c e s ,  One 
hundred p e r c e n t  c o n f i d e n c e  i n  programs c a n n o t  b e  o b t a i n e d  th rough  
t e s t i n g  a l o n e .  Moni to r ing  t h r o u g h o u t  t h e  programming p r o c e s s  t o  
i n s u r e  t h a t  p r o p e r  p r o c e d u r e s  and s tandards  a re  f o l l o w e d  i s  neces-  
sary a n d  s h o u l d  be  t h e  main r e s p o n s i b i l i t y  o f  the  q u a l i t y  as- 
s u r a n c e  group.  The most i m p o r t a n t  s t a n d a r d s  t o  b e  moni to red  a re  
t h o s e  concerned  wi th  documenta t ion ,  m o d u l a r i t y , .  programming con- 
v e n t i o n s ,  coding p r a c t i c e s  and languages u s c d ,  

: ( 2 )  Testinrz; 

The q u a l i t y  a s s u r a n c e  group s h o u l d  acirninistor  oui t : tb le  t e s t i n g  
p r a c t i c e s  and i n s u r e  t h e  p r o c u r c m n t  o f  t e a t  and suppor' t  p r o-  
grams ( i n c l u d i n g  s i l n u l a t o r s )  n e c e s s a r y  t o  c e r t i f y  t h a t  the 
programs a d e q u a t e l y  meet s p e c i f i c a t i o n s ,  The group s h o u l d  a l s o  
c r i t i q u e  the  a c c e p t a n c e  t e s t  p l a n s  i f  t h e y  a r e  prepared  by t h e  
program development c o n t r a c t o r ,  

! 

c. S t a f f i n &  

The t e c h n i c a l  s t a f f  of  t h e  Group s h o u l d  c o n t a i n  t h r ee  t y p e s  of  
peTple :  systems a n a l y s t s ,  programmers, and c l e r i c a l  p e r s o n n e l ,  

The sys tems a n a l y s t s  would be  p r i m a r i l y  r e s p o n s i b l e  f o r  d e c i d i n g  
j u s t  what degree of e f f o r t  mus t  be expended on q u a l i t y  f o r  the  
p a r t i c u l a r  programming j o b  ,and t o  assist i n  d e t e r m i n i n g  a con- 
c o m i t a n t  s e t  o f  s t a n d a r d s  t o  which t h e  programming p r o c e s s  s h o u l d  

P 
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conform. They s h o u l d  b e  familiar  w i t h  a11 l e v e l s  o f  data  pro-  
c e s s i n g  and s h o u l d  p l a y  a d i r e c t  r o l e  i n  the p l a n n i n g  p h a s e s  
of the  programming p r o c e s s ,  and t h e i r  a p p r o v a l  s h o u l d  be re- 
q u i r e d  on t h e  f i n a l  program system d e s i g n ,  

There must be a t e s . t i n g  S ta f f  c o n s i s t i n g  of  p e r s o n n e l  who a re  
a c q u a i n t e d  w i t h  t h e  needs  of  t h e  cus tomer  and w i t h  t h e  e n t i r e  
programming e f f o r t ,  They s h o u l d  b e  e x p e r i e n c e d  programmers 
familiar w i t h  t h e  i n t e n t  of t h e  p r o g r a m s . i n s p e c t e d  and adept  a t  
p e r c e p t i o n  o f  p o s s i b l e  t r o u b l e  areas ,  

F i n a l l y ,  t h e  c l e r i c a l  s t a f f  would i n s p e c t  a l l  s o u r c e  programs,  
flow c h a r t s ,  e t c ,  t o  make s u r e  t h a t  t h e y  do adhere t o  t h e  s t a n-  
dards,, I d e a l l y ,  t h i s  f u n c t i o n  s h o u l d  b e  au tomated ;  

I 
D ,  Independence  o f  t h e  Group 

I n  o r d e r  f o r  t h e  q u a l i t y  a s s u r a n c e  group t o  be ab'le t o  s u c c e s s-  
f u l l y  f u l f i l l  i t s  m o n i t o r i n g  f u n c t i o n ,  i t  mus t  n o t , b e  under  t h e  
command o f  the  i m p l e m e n t a t i o n  group.  They s h o u l d  , r e p o r t  h i g h  
enough up i n  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  t o  be independen t  
of a l l  who are  d i r e c t l y  concerned w i t h  t h e  i m p l e m e n t a t i o n  of 
t h e  programs.  I n  p a r t i c u l a r ,  i f  t h e  pro'gramming i s  b e i n g  done 
by a c o n t r a c t o r  t h e n  t h e  q u a l i t y  a s s u r a n c e  group s h o u l d  n o t  work 
f o r  t h a t  same c o n t r a c t o r 6  

The group would d e r i v e  i t s  a u t h o r i t y  from the f a c t  t h a t  no 
c o n t r a c t  end item may b e  a c c e p t e d  w i t h o u t  h a v i n g  i t s  a p p r o v a l ,  

T h i s  i s  a s t a f f  of  t e c h n i c a l l y  e x p e r i e n c e d  p e m o n n e l  t o  advise  
and ass i s t  t h e  d i r e c t o r  o f  each  NASA c e n t e r  i n  t he  o v e r a l l  manage- 
ment of  t h o s e  a s p e c t s  o f  P r o j e c t  Apol lo  r e l a t e d  t o  computer 
programming. 

Thb r e s p o n s i b i l i t i e s  o f  t h i s  Group would i n c l u d e :  c o o r d i n a t i o n  
of' the  v a r i o u s  computer programming a c t i v i t i e s  w i t h i n  a c e n t e r ;  
r e s o l u t i o n  o f  i n t e r f a c e  problems between t h e  v a r i o u s  e f f o r t s ;  
r u n n i n g  i n t b a c e n t e r  r e q u i r e m e n t s  r ev iews  ; a t t e n d i n g  and c r i -  
t i q u i n g  , d e s i g n  rev iews  o f  t h e  proeramming e f f o r t s ;  p r e p a r a t i o n  
and t r a n s m i s s i o n  o f  s c h e d u l e ,  r e q u i r e m e n t s ,  m i l e s t o n e ,  and 
s t a t u s  i n f o r m a t i o n  t o  headquarters;  p a r t i c i p a t i o n  i n  i n t e r c e n t e r  
r equ i rements  r ev iew;  t e c h n i c a l  c o n s u l t a t i o n  i n  t h e  procurement  
of computer hardware and s o f t w a r e  w i t h i n  t h e  c e n t , e r ;  g a t h e r i n g  
and d i s s e m i n a t i n g  of  corrlputcr programminll; per 'formance s t a t i s t i c s  

3 . 4 , 2  3 
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b o t h  w i t h i n  t h e  c e n t e r  and t h r o u g h o u t  P r o j e c t  A p o l l o ;  and d i s-  
s e m i n a t i n g  i n f o r m a t i o n  concern ing  t h e  a v a i l a b i l i t y  of' s u p p o r t  
and u t i l i t y  programs. 

3 0  NASA H e a d q u a r t e r s  Programmlna GrSE 
I 

A s t a f f , o r g a n i z a t i o n  a t  N A S A  h e a d q u a r t e r s  would assist  t h e  ' , 

D i r e c t o r  of t h e  Apol lo  Program i n  areas i n v o l v i n g  computer  p ro-  
gramming, 

A ,  A d m i n i s t r a t i v e  and M o n i t o r i n g  F u n c t i o n s  
I 

S p e c i f i c  f u n c t i o n s  i n c l u d e  m o n i t o r i n g  computer  programming a c t i o n  
items r e s u l t i n g  from computer programming s t a t u s  and r e q u i r e m e n t  
r e v i e w s ;  m o n i t o r i n g  computer programming m i l e s t o n e s * ;  e l imina t ing  
i n t e r c e n t e r  d u p l i c a t i o n  of computer  programming e f f o r t ;  determln- 
i n g  possible widespread  use of s u p p o r t  programs which have  been 
w r i t t e n  d u r i n g  t h e  c o u r s e  of development a t  Q c e n t e r ;  s e r v i n g  
as an a d v i s o r y  ,body' t o  c e n t e r s  i n  programming areas and s e t t i n g  
up ad hoc commit tees  t o  examine problem areas as r e q u i r e d ;  i n =  
ve s t i ga t l ng  t h e  a d v f s a b i l i t y  of NASA-wide s t a n d a r d s ;  e s t a b l i s h -  
i n g  p o l i c y  w i t h  regard t o  computer  programming procurement  and 
c o n t r o l ;  m a i n t a i n i n g  l ia ison w i t h  t h e  N A S A  Automatic  Data Pro- 
c e s s i n g  ( A D P )  committee;  p r e p a r i n g  p e r i o d i c  r e p o r t s  on t h e  
s ta tus  of t h e  computer  programmlng e f f o r t  f o r  t he  D i r e c t o r ;  and 
c o l l e c t i n g  and process i t - ,g  c o s t  and ,per formance  s t a t i s t i c s  r e l a t ed  
t o  comple ted  computer  programming e f f o r t s .  These s t a t i s t i c s  will 
be uscd  i n  t h e  development of performance .  c r i t e r i a  .for s p e c i f y i n g  
and' measur ing  c o n t r a c t o r  pepf'ormanpe and e s t i m a t i n g  e x p e c t e d  
c o o t s  ( S e c t i o n  3 0 2 , . l ,  p a r a g r a p h  3 #  d i s c u s s e s  cxamplcs o f  t h e  
t y p e s  'of s t a t i s t i c s  t h a t  would b e  c o l l e c t e d ) ,  

- B ,  Computer Pr>o@;ram Status and  Hequircments  Reviews 
LI 

I n  o rde r  t o  m a i n t a i n  c o n t r o l  and d i r e c t i o n  o f  t h e  programming 
e f f b r t ,  management s h o u l d  b e  c o n t i n u o u s l y  in fo rmed  on t h e  pro-  
gramming s t a t u s ,  P e r i o d i c  reviews s h o u l d  be s c h e d u l e d ,  organ-  
i z e d ,  and c o o r d i n a t e d  by t h e  headquarters programming group,  

* T h i s  f u n c t i o n  would i n c l u d e  t h e  s e t t i n g  of  s t anda rds  f o r  
t h e  d e f i n i t i o n  o f  m i l e s t o n e s  and t h e  i n c l u s i o n  o f  these  rnile- 
s t o n e s  i n  t h e , p r e s e n t l y  e x i s t i n g  NASA management c o n t r o l  s t r u c t u r e ,  
i . e o s  S c h e d u l e s  and Resources  Procedures  ( S A R P )  c h a r t s ,  
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g i v e n  by t h e  v a r i o u s  c e n t e r s ,  and s h o u l d  be a t t e n d e d  by t h e  key 
h e a d q u a r t e r s  and c e n t e r  p e r s o n n e l  who are  a b l e  t o  i d e n t i f y  and 
? v a l u a t e  problems,  p r o v i d e  gu idance  and d i r e c t i o n ,  and i n i t i a t e  
a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  when required, The rev iews  s h o u l d  
be he ld  a t  the  d i s c r e t i o n  of t h e  NASA h e a d q u a r t e r s  programming 
group i n  advance o f  t h e  o c c u r r e n c e  of  major  m i s s i o n  m i l e s t o n e s ,  
wi th  a ’ f i n a l  r ev iew i n  advance of  t h e  m i s s l o n ,  T h i s  would, 
h o p e f u l l y ,  e n a b l e  any errors o f  o m i s s i o n  o r  commission t o  b e  
d e t e c t e d  and c o r r e c t i v e  a c t i o n  i n i t i a t e , d  f a r  enough i n  advance 
so  t ha t  s c h e d u l e s  will b e  minimal ly  a f f e c t e d ,  The programming 
rev iew s h o u l d  accompl i sh  t h e  f o l l o w i n g  o b j e c t i v e s :  e n a b l e  
management a t t e n t i o n  t o  be  d i r e c t e d  t o  i m p o r t a n t  problem areas; 
s p o t l i g h t  s y s t e m  i n t e r f a c e s  and p o s s i b l e  i n t e g r a t i o n  problems;  
p r o v i d e  a summary o f  programming development s t a t u s ;  e v a l u a t e  
the development s t a t u s  w i t h  r e s p e c t  t o  s c h e d u l e  m i l e s t o n e s ;  
r ev iew major  ‘ e x p e n d i t u r e s ;  evaluate  the adequacy o f  coverage  
of programming developments  ( i e e o ,  t h a t  a l l  n e c e s s a r y  p r o g r ; l w  
are under  development , p a r t i c u l a r l y  where programs a re  deve loped  
and t e s ted  on machines o t h e r  t h a n  t h o s e  on which t h e y  will 
u l t i m a t e l y  r u n ) ;  assess any  program c r i t i c a l i t y  t o  d e t e r m i n e  
if s p e c i a l  t e c h n i q u e s  o r  p o s s i b l y  p a r a l l e l  developments  r n - ~  be 
requi red  bo i n s u r e  t h e  s a t i s f a c t o r y  completSon’ o f  especially 
c r i t i c a l  programs; improve u n d e r s t u r l d i n g  01’ system o b j e c t i v e s  
and improve cornmunication among p a r t i c i p a n t s ;  e v a l u a t e  meri t  
and e f f e c t i v e n e s s  of  t h e  o v e r a l l  o p e r a t i o n ;  and p r o v i d e  t r a i n -  
i n g  and i n f o r m a t i o n  f o r  p r o j e c t  p a r t i c i p a n t s  whose involvement  
l i e s  i n  o t h e r ‘ a r e a s ,  b u t  who may b e  a f f e c t e d  by t h e  programming 
e f f o r t  

Example o f  a n  I n t e a r a t e a  k ~ l a g o m e n t  S t r u c t u r e  

D e s c r i p t i o n s  o f  o r g a n i z a t i o n  p r o c e d u r e s  and f u n c t i o n s  r e l a t ed  
t o  the  problem o f  managing computer programming have been g i v e n ,  
I n  t h i s  s e c t i o n ,  a n  example o f  how these  methods can  be a p p l i e d  
t o  t h e  Apol lo  p r o j e c t  i s  p r e s e n t e d ,  The example d e p i c t s  the  
o r g a n i z a t i o n s  r e q u i r e d  f o r  t h e  m o n i t o r i n g  and c o n t r o l  o f  computer  
programming, the  f u n c t i o n s  of these o r g a n i z a t i o n s ,  t h e  r e p o r t i n g  
r e q u i r e m e n t s ,  and t h e  i n t e r r e l a t i o n s  among these g roups ,  T h i s  
example i s  a model on which f u r t h e r  s t u d y  can b e  based ;  i t  i s  n o t  
meant t o  i m p l y  a d e f i n i t i v e  recommendation a t  t h i s  t ime, 

The s e t t i n g  up of  new o r g a n i z a t i o n s  and p e r s o n n e l  w i t h i n  e x i s t -  
i n g  o r g a n i z a t i o n s  s h o u l d  n o t  o b s c u r e  t h e  b a s i c  premise t h a t  
computer programming can b e s t  b e  managed from t h e  l o c a l  l e v e l  
and t h a t  d i r e c t ,  we l l- def ined  c u s t o m e r- c o n t r a c t o r  communications 
i s  t h e  major  adminis t ra t ive  requ i rwnen t  i n  t h e  p r o d u c t i o n  of 
working computer programs 

- 
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F i g u r e  2 i n d l c a t e s  an  assumed o r g a n i z a t i o n a l  s e t u p  i n  a NASA 
Center and the  r e l a t i o n s h i p  b e t w e e n e t h a t  C e n t e r  and NASA Head- 
q u a r t e r s .  The example i s  modeled a l o n g  t h e  l i n e s  o f  MSC w i t h  no 
i m p l i c a t i o n  t h a t  MSC e i t h e r  needs  o r  i s  more amenable t o  t h i s  
t y p e  of o r g a n i z a t i o n a l  s t r u c t u r e  than  any o t h e r  c e n t e r .  The 
s o l i d  l i n e s  i n d i c a t e  o r g a n i z a t i o n s  a lready i n  e x i s t e n c e ;  t h e  
d o t t e d  l i n e s  i n d i c a t e  a d d i t i o n a l  o r g a n i z a t i o n s  and l i n e s  of  com- 
munica t ion ,  

For c l a r i t y ,  the example d e p i c t s  a s i t u a t i o n  i n  which two pro-  
gramming s u b c o n t r a c t o r s  are b e i n g  moni tored  by t h e  q u a l i t y  
a.ssurance group,  I n  a c t u a l i t y ,  t he  q u a l i t y  a s s u r a n c e  group 
would moni tor  a l l  computer programming e f f o r t s  w i t h i n  t h e  C e n t e r  
t ha t  are  d e s i g n a t e d  f o r  t h i s  degree o f  c o n t r o l ,  

The terms D i r e c t o r a t e ,  D i v i s i o n  and Programming Branch d e s c r i b e  
v a r i o u s  l e v e l s  o f  o r g a n i z a t i o n  w i t h i n  t h e  NASA C e n t e r ,  Pro-  
gramming Branch i s  t h e  o r g a n i z a t i o n  t ha t  sets r e q u i r e m e n t s  f o r  
and moni to r s  the  o u t p u t s  o f  t he  programming s u b c o n t r a c t o r ,  T h i s  
t y p e  of o r g a n i z a t i o n  i s  n o t  always c a l l e d  o u t  f o r m a l l y  as a 
s e p a r a t e  e n t i t y ,  b u t  f o r  t h e  purpose  o f  t h i s  i l l u s t r a t i o n  t h i s  
will be c o n s i d e r e d  the  c a s e D  The prime r e s p o n s i b i l i t y  f o r  com- 
p u t e r  programming management and c o n t r o l  p r e s e n t l y  l i e s  i n  the  
programming b ranch ,  T h i s  s f t u a t i o n  would n o t  b'e changed by t h e  
d e p i c t e d  management s t r u c t u r e .  The p r o g r a m i n g  b r a n c h  would b e  
assisted by t h e  q u a l i t y  a s s u r a n c e  group as a moni to r  on computer 
programming q u a l i t y ,  and  by t h e  computer programming o f f i c e  i n  
t h e  task o f  r e l a t i n g  t h e  p a r t i c u l a r  compu t ing  j o b  i n  hand t o  t h e  
Apol lo  system. The C e n t e r  p r o j e c t  o f f i c e  would i n s u r e  t h a t  
there  i s  no d u p l i c a t i o n  o f  e f f o r t  i n  t h e  C e n t e r  and would pro-  
v i d e  a p a t h  o f  communication o f  i n f o r m a t i o n  from t h e  C e n t e r  t o  
NASA H e a d q u a r t e r s ,  A l l  c o n t a c t  w i t h  t h e  c o n t r a c t o r  would b e  
handled  through t h e  programming b ranch ,  

An o u t l i n e  of  management and computer program implementa t ion  
r e s p o n s i b i l i t i e s  f o r  the  o r g a n i z a t i o n s  d e p i c t e d  i n  f i gu re  2 i s  
g iven  i n  f i g u r e  3 0  The O r g a n i z a t i o n s  d e s c r i b e d  are: t h e  pro-  
gramming branch;  t h e  c o n t r a c t o r ;  t h e  q u a l i t y  a s s u r a n c e  group;  
the  cen te rwlde  Computer proeramming o f f i c e ;  aqd t h e  h e a d q u a r t e r s  
programming group.  
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.4,0 CONCLUSIONS 

Computer programs are n o t  u n l i k e  hardware i n  t ha t  t h e y  r e p r e-  
s e n t  t h e  d e l i v e r a b l e  end items o f  a p r o c e s s  which can be well 
d e f i n e d .  It f o l l o w s  t h a t  programs can and s h o u l d  be s u b j e c t e d  
t o  t h e  s m e  d e g r e e  of management c o n t r o l  as are  hardware items. 

The problems of  e f f e c t i v e  management c o n t r o l  of computer program- 
ming i n  t h e  Apo1.10 P r o j e c t  a re  i n t e n s i f i e d  f o r  two reasons ' :  a )  
compared t o  p r e v i o u s  NASA p r o j e c t s  computer  u t i l l z a t i o n  i n  Apollo 
will i n c r e a s e  d r a s t i c a l l y ,  p o s s i b l y  by a f a c t o r  o f  f i f t y ;  and 
b )  the management e x p e r i e n c e  b u i l t - u p  w i t h i n  NASA i s  d e r i v e d  
most ly  from hardware p r o j e c t s ,  

What t o o l s  are n e c e s s a r y  f o r  s o l v i n g  t h e  problems of management 
of computer programming i s  known, The m a j o r i t y  of  them have  been 
used s u c c e s s f u l l y  on hardware, and i t  i s  p r i m a r i l y  a matter of 
a d a p t i n g  them t o  t h e  programming s i t u a t i o n  i n  Apollo.  Only v e r y  
few r e q u i r e  t o  be  developed e s p e c i a l l y ,  I n  b o t h  c a s e s ,  t h e  t a s k s  
can  be accompl ished i n  a r e a s o n a b l e  time, because  t h e  n a t u r e  of  
t h e  programming p r o c e s s  i s  u n d e r s t o o d ,  

A number o f  s p e c i f i c  c o n c l u s i o n s  can b e  drawn a t  t h i s  time: 

1, 

20 

3 0  

The c o n t r a c t  Zhould be  t h e  p r i n c i p a l  i n s t r u m e n t  of  
c o n t r o l  o v e r  procurement  and development of computer 
programs o S t a n d a r d  c o n t r a c t u a l  c l a u s e s  s h o u l d  b e  
deve loped  t o  cover  requirements fo r :  p r o p e r  documen- 
t a t i o n ;  adherence  t o  program s t a n d a r d s  i n  t h e  area 
of  cod lng ,  f low c h a r t i n g ,  program v e r i f i c a t i o n ;  c o s t s ,  
s c h e d u l e s  and r e q u i r e m e n t s ;  methods of  payment; and 
a c c e p t a n c e  t e s t i n g .  

An e x p l a n a t i o n  o f  t h e  programming p r o c e s s  s h o u l d  be 
made t o  managers a t  a l l  l e v e l s  o f  t h e  Apol lo  P r o j e c ;  
so t ha t  t h e y  can b e t t e r  u n d e r s t a n d  t h e  need f o r  ~" 

p l a n n i n g ,  r equ i rement  i d e n t i f i c a t i o n ,  C o n f i g u r a t i o n  
management, and c o s t s  as t h e y  p e r t a i n  t o  computer  
programming, 

Cri ter ia  f o r  measurfng c o n t r a c t o r  performance  and 
e v a l u a t i n g  pj-oposals musc b e  deve loped ,  E s s e n t i a l  
t o  t h i s  pul 'pose i s  t h e  c o l l e c t i o n  o f  p e r t i n e n t  
s t a t i s t i c s  on a l l  programming e f f o r t s ,  

:I 
. .  . . 
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5 . 0  FUTURE EFFORT 

The main e f f o r t  i n  t h  e Bel l  comm s t u d y  will b e  d i r e c t e d  towards 
the development i n  d e p t h  of  means of implemen ta t lon  o f  t h e  b a s i c  
concep t s  s e t  f o r t h  i n  t h i s  i n t e r i m  r e p o r t ,  The r e s u l t s  will b e  
i n c o r p o r a t e d  i n  deta i led recommendations c o v e r i n g  each  major  area 
of t h e  programming p r o c e s s o  

To i n s u r e  tha t  these recommendations:  a )  meet immediate needs  
o v e r  the  r a n g e  of  a p p l i . c a t i o n  o f  computer programming i n  P r o j e c t  
Apollo;  b )  can  b.e p u t  I n t o  e f f e c t  i n  t h e  s h o r t e s t  p o s s i b l e  time 
c o n s i s t e n t  wi th  b a s i c  N A S A  p o l i c y  and o b j e c t i v e s ;  i t  i s  i n t e n d e d  
that : 

1, Close  c o n t a c t  will bo m a i n t a i n e d  w i t h  p e r s o n n e l  a t  
the  N A S A  c e n t e r s  who are concerned  w i t h  computer 
programming f o r  a broad  exchange of ideas and i n f o r -  
mat ion ,  

2 ,  Recommendations most su i t ab l e  f o r  immediate implementa-  
t i o n  will be chosen and p r e s e n t e d  f o r  c o n s i d e r a t i o n .  
Reports  d e s c r i b i n g  s p e c i f i c  recommendations will b e  
p u b l i s h e d  as completed.  
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A GLOSSARY 

of D e f i n i t i o n s  of Some Terms and Symbols, 
P e r t a i n i n g  t o  P r o j e c t  Apol lo  Computer Programming, 

Used i n  T h i s  I n t e r i m  Repor t :  

C o n f i g u r a t i o n :  The comple te  t e c h n i c a l  d e s c r i p t i o n  r e q u i r e d  t o  
f a b r i c a t e ,  t e s t ,  a c c e p t ,  o p e r a t e ,  m a i n t a i n  dnd l o g i s-  
t i c a l l y  s u p p o r t  systems, equipment ,  and /o r  s o f t w a r e .  

C o n f i g u r a t i o n  Accountinq:  Act o f  r e p o r t i n g  and documenting 
changes made to 'systems/equipment/software subse-  
q u e n t  t o  t h e  e s t a b l i s h m e n t  o f  a b a s e l i n e  cor i f igura-  
t l o n  I n  o r d e r  t o  m a i n t a i n  a c o n f i g u r a t i o n  S ~ F I ~ U S .  

C o n f i g u r a t i o n  C o n t r o l :  Systematic e v a l u a t i o n ,  c o o r d i n a t i o n ,  and 
approva l  o r  d i s a p p r o v a l  o f  p r o p o s e d -c h a n g e s  t o  any 
b a s e l i n e .  

C o n f i g u r a t i o n  I d e n t i f i c a t i o n :  The t e c h n i c a l  documenta t ion  de- 
f i n i n g  t h e  a p p r o v e d ' c o n f i g u r a t i o n  of sys tems/equipment /  
software under  d e s i g n ,  implementa t ion ,  t e s t ,  and 
maintenance  

0 C o n f i g u r a t i o n  Management l a e n e r a 1  D e f i n i t i o n ) :  The formal set  of 
p r o c e d u r a l  c o n c e p t s  uy which :. un i fo rm system o f  con- 
f i g u r a t i o n  i d e n t i f q c a t i o n ,  c o n c r o l ,  and a c c o u n t i n g  i s  
e s t a b l i s h e d  and maintained f o r  a l l  NASA sys tems/equlp-  
n e n t / s o f t w a r e  and components t h e r e o f  . 

C o n t r a c t  End Item: A ' d e l i v e r a b l e  item r e s u l t i n g  from t h e  program- 
ming p r o c e s s ;  an a rb i t r a ry  d e s i g n a t i o n  f o r  t h e  p o r t i o n s  
of a system/equipment/software i d e n t i f i c a t i o n  as a r e s u l t  
of a f o r m a l  f u n c t i o n a l  a n a l y s i s :  I t  i s  a f u n c t i o n a l  
e n t i t y  p h y s l c a l l y  r e l a t ed  a n d .  s e l e c t e d .  f o r  t h e  purpose  
of system development,  procurement ,  a n d . l o g i s t i c s ,  

C o n t r a c t o r :  F o r  t h e  purpose  o f  t h i s  i n t e r i m  r e p o r t ,  " c o n t r a c t o r n  
I s  d e f i n e d . t o  be an  o r g a n i z a t i o n  pe r fo rminE s e r v i c e s  
undti '  c o n t r a c t  t o  NASA. 

Customer: F o r  t h e  purpose  o f  t h i s  i n t e r i m  r e p o r t ,  ttcI:stomer'l 
ineans t h e  N A S A  agency immediately r e s p o n s i b l e  f o r  t h e  
programming task.  
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On- line: D e s c r i p t i v e  of a system and o f  t h e  pe r i phe ra l  equ ip-  
ment o r  d e v i c e s  i n  a sys tem i n  which t h e  o p e r a t i o n  of  
such  equipment  i s  u n d e r  c o n t r o l  of  t h e  c e n t r a l  p roces-  
s i n g  u n i t ,  and i n  which i n f o r m a t i o n  r e f l e c t i n g  c u r r e n t  
envi ronment  i s  i n t r o d u c e d  d i r e c t l y  i n t o  t h e  main f l o w  
of t h e  data p r o c e s s i n g ,  

O p e r a t i o n a l  Program: The p r imary  computer  program of a par- 
t i c u l a r  system o r  m i s s i o n ,  e x c l u s i v e  of u t i l i t y  and 
s u p p o r t  computer  s o f t w a r e ,  which o p e r a t e s  i n  r e a l  
time and /o r  i n  d i r e c t  s u p p o r t  o f  t h e  s y s t e m  func-  
t i o n s  o r  m i s s i o n  and i n  d i r e c t  r e l a t i o n s h i p  t o  t h e  
s y s t e m  o r  m i s s i o n  env i ronment .  

PERT: Program E v a l u a t i o n  and Review Technique ,  - 
Practices:  O f f i c i a l  agreements  on t h e  p r o c e d u r e s  and s t a n d a r d s  

which s h a l l  a p p l y  i n  a g i v e n  p r o j e c t  o r  a c t i v i t y .  

Procedure :  A fo rmal  i n s t r u c t i o n ,  c a r r y i n g  management a p p r o v a l ,  
. g o v e r n i n g  and p r e s c r i b i n g  t h e  means by which p e r s o n n e l  
are  t o  o p e r a t e  t o  accompl i sh  an  o b j e c t i v e  o r  programming 
p r o c e s s  

iieal-Time Pro  rams: Computer programs which o p e r a t e  without;  s i g -  
&*' de lay ,  and i n  s o  c l o s e  a r e l a t i o n  t o  t h e  s o u r c e  

of  i n p u t  data as t o  make p o s s i b l e  t h e  immediate and 
d i r e c t  use o f  r e s u l t s  f o r  p roces s  c o n t r o l  and o t h e r  
s i m u l t a n e o u s  m o n i t o r i n g  p u r p o s e s .  

SARP: Schedu le  and Resources  P r o c e d u r e s .  
u__ 

Sof tware :  The t o t a l i t y  o f  computer  programs a n d  ro t l t i ncz  ur,c:d t;o 
e x t e n d  t h e  c a p a b i l i t i e s  of cornputc.r81; 

S t a n d a r d :  Uniform e n g i n e e r i n g  and t e c h n i c a l  c r i t e r i a  t o  which 
items, materials,  p r o c e s s e s ,  methods,  d e s i g n ,  and  
e n g i n e e r i n g  p r a c t i c e s  s h a l l  conform, 

,, i 
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APPENDIX 

1.0 CHECKLIST FOR SOFTWARE-HARDWARE INTERFACES 

T h i s  c h e c k l i s t  will c o n t a i n  a l i s t  OL’ such  p o t e n t i a l  i n t e r -  
f a c e  areas as:  

1,1 Computer Per iphera ls  

What p e r i p h e r a l  d e v i c e s  are  a s s o c i a t e d  w i t h  the  computer  t o  be 
used?  Are the re  a n y  s p e c i a l  o r  unusua l  d e v i c e s  f o r  t h i s  a p p l i -  
c a t i o n ?  Is i t  a mul t i- computer  complex? Is there  da t a  t r a n s f e r  
between computers?  

1 , 2  Communication Equipment 

Are t h e r e  any d i s p l a y  d e v i c e s ,  keyboard c o n s o l e s ,  radar s e t s ,  
e l e c t r o n i c  o r  manual s w i t c h i n g  d e v i c e s ,  a s s o c i a t e d  wi th  t h e  com- 
p u t e r ?  What a r e  t h e  data f o r m a t s  and r a t e s  o f  t r a n s f e r ?  

2 , O  CHECKLIST FOR PROGRAM LANGUAGE SELECTION 

T h i s  c h e c k l i s t  will c o v e r  such areas as: 

0 2 , 1  Program S i z e  1 , imi t a t ions  

Will t h e  program language ( c o m p i l e r  c ) r  assembler) process p r o-  
grams o f  t h e  s i z e  estimated f o r  t h i s  a p p l i c a t i o n ?  

2 , 2  Computer S t o r a g e  

Is t h e  c o m p u t e r s s  p r imary  ( c o r e  memory) and secondary  ( d i s k ,  
t a p e s ,  drums, e t c . )  s t o r a g e  s u f f i c i e n t  f o r  e f f e c t i v e  o p e r a t i o n  
o f  t h e  c o m p i l e r  o r  a s s e m b l e r ?  

2 . 3 Programmer T r a i n i n @ ;  

Is programmer r e - t r a i n i n g  n e c e s s a r y ?  If s o ,  how l o n g  will i t  
take? 

. 2 , 4  Programming A p p l i c a t i o n s  

What i s  t h e  a p p l i c a t i o n ?  S c i e n t i f i c ,  b u s i n e s s ,  command and con- 
t s o l ,  o r  a combinat ion?  

Al . .O  - A 2 . 4  
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D e l i v e r y  Schedu l e  

Is t h e  s o f t w a r e  t h e  p a c i n g  i tem? Will the  programming 
language s h o r t e n  t h e  d e l i v e r y  s c h e d u l e ?  

2 , 6  Documentation Requirements  

Will t h e  l anguage  f a c i l i t a t e  f low diagramming o r  program 
documenta t ion?  

Program Complexity 

Are t h e  programs t o  b e  produced o f  a complex n a t u r e ?  Will t h e  
l anguage  p r o v i d e  f o r  t h i s  comp lex i t y?  

2 . 8  Compiler o r  Assembler A v a i l a b i l i t y  and R e l i a b i l i t y  

Is i t  b e i n g  used  on t h e  o b j e c t  computer? How l o n g ?  How frDc- 
q u e n t l y  a r e  e r r o r s  d e t e c t e d ?  

ProEram L i b r a r y  

Is t h e r e  a program l i b r a r y  a v a i l a b l e ?  Docs i t  c o n t a i n  t h e  t y p e  
o f  l i b r a r y  r o u t i r l e s  r e q u i r e d  i n  t h i s  t a s k ?  How wel l  a re  t h e s e  
r o u t i n e s  documented? How long  h a s  t h e  l i b r a r y  been u s e d ?  

3.0 PROGRAM DESIGN CHECKLIST 

T h i s  c h e c k l i s t ,  will i n d i c a t e  t h e  areas which s h o u l d  b e  c o n s i d e r e d  
d u r i n g  t h e  d e s i g n  , p h a s e ,  Fo r  e x a m p l c :  

Have a l l  program hardware i n t e r f a c e s  been r e s o l v e d ?  Have a l l  
i n t e r f a c e s  w i t h  communication d e v i c e s  been r e s o l v e d ?  Have a l l  
I n t e r f a c e s  w i t h  other '  programs been r e s o l v e d ?  Does t h e  program 
s a t i s f y  a l l  of' i t s  f u n c t i o n a l  r e q u i r e m e n t s ?  .Have  t h e  economic 
t r a d e o f f s  been assessed? 

4 0 PROGRAM IMPLEMENTATION CHECKLIST 

T h i s  c h e c k l i s t  will c o n t a i n  s u g g e s t e d  g u i d e l i n e s  f o r  program 
i m p l e m e n t a t i o n ,  For  example:  

Review t h e  program d e s i g n  f o r  comple teness ;  p roduce  t h e  program 
t r a n s f e r  document;  f l o w  d iagram t h e  program; pe r fo rm program 
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* codes wi th  l i b e r a l  comments; pe r fo rm d e s k  c h e c k i n g  of produced 
code;  a n a l y s i s  of program code f o r  comple ten3ss ;  g e n e r a t e  pro-  
gram t e s t  plan;  perform program t e s t i n g ;  produce  f i n a l  program 
documenta t ion;  v e r i f y  program's  c o r r e c t  o p e r a t i o n ;  and i n t e f l r a t e  
program i n t o  t h e  system f o r  sys tem t e s t s ,  
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Programming 
Cdritrac t o r  Computer furpfS2. NASA Office . _ .  _ _ .  Remarks 

Opera t ional  
Computer 
Program 

IBM 7094 
(One of two 
duplexed 
machines) 

~ ~~ 

To perform those 
computations re- 
quired  t o  assis-t- 
t h e  f l i g h t  con- 
t r o l l e r s  i n  the - 
MSCC dur ing  an 
opera t iona l  
mission 

Lynwo.od Dunseith-; P l i g h t  
Operations D i r e c t o r a t e  (FOD) 
Mission Plannlng & --Atts-lysis 
Divis ion ,  Real Tfme--Program 
Devaopment Branch 

BlY Houston 
Operat ion 
140 program- 
me- 

Est imated 
Computer 
i n s t r u c -  
t i o n s  
700K 

~~ 

I I 
I 1 

~~ ~~~~ 

Univac 490 
(one of '  two 
duplexed 
machines ) 

Communica- 
t i o n s  
Processor  

Message checking 
and data rou t ing  
wi th in  the  MSCC 

Univac F l i g h t  Support Divis ion  Univac 
Dave Myles; Head, Operatlonal 
Ground Communication Group 

I I 

1 I 
Data 
Reduction. 

To be 
aetermined 

Off- line recording 
and data reduct ion  
f o r  Apollo mission 

Mission Analysis  Division 
Computations and Analysls 
Divis ion  

I I 
I I 

~~ ~ 

MIT Apollo 
Guidance 
Computer 

Apollo Spacecraft; 
Guidance 

Spacecraf t  
Guidance 
Control  

Guidance and Contro l  Division MIT 
Robert C .  Duncan 
Jack Funk 

ACE - S/C 
Checkout 

CDC 1606 
(10  i n s t a l -  
l a t i o n s  
2 computers 
each)  

To provide auto- 
matic checkout 
of Spacecraf t ,  
LEM, G&N Computer 
by computer con- 
t r o l l e d  t es t  
equipment 

~ ~~~ 

Rolf Lanzkron 
ACE Spacecraf t  P r o j e c t  Office 
Operat ional  Programs t o  b e  
run  a t  KSC, R&D e f f o r t  (pro- 
grams) a t  Houston. 
Programming a t  GE Daytona 

General 
E l e c t r i c  
Daytona 
Beach 

Each commte- 
i n s t a l l a t i n  
c o n s i s t s  of 
one U p l W  srri 
one Downlini.: 
computer. 
I n s t a l l a U m  
as fo l lows  
4-Kennedy 
3-N.Arnerkan 

2-Grumman 
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N a m e  of' 
Computer 
.Program Computer 

S a t u r n  

t e r  2nd Ad- Frograms 
dance  Compu- Guldance 
S a t u r n  Gui- 

vanced S.G.C 
( ISX ) 

Saturn  
V e h i c l e  
Sys t ens  

I Cneckcout 

OPERATIONAL PROGRAMS FOR APOLLO 
GEORGE C.'MARSHALL SPACE-FLTGHT CENTER 

Purpose  NASA O f f i c e  

G & hJ o f  
Launch 
V e h i c l e  

~ 

C o n t r o l  cf 
Fre leunci i  
Automatic: 
Checkout o f  
S a t u r n  Lzunch 
V e k i c l e ;  X c n i t o r  
c o u ~ t c i o ~ ~ z  

KoKitor  Count- 
down a::G Launch 
f o r  T e c h i c a l  
backup c.f RSC 
L ~ L U I C ~  C s n t r o l  

k s t r i o n i c s  Labs. - Guidance 
and ContrGl Systems 3 i v .  
v. Kac" 

Astrio::ics Labs. - Guidance 
and Ccnkro l .  Systems Div. 
C .  1:. Srzreal-ingen 
2.  T u r n e r  

Conputer Lz5. - Zata 
S y s t e m  Enginee- ing  
Office 
J .  T. ? e l d e r  

Programming 
C o n t r a c t o r  

I SI4 
G .  Hudson 
T .  Woodsel 

Remarks 

I n c l u d e s  
Launch 
I n f a  exchange 
F a c i l i t y  
Burroughs  
computer  
normal ly  used  
f o r  o f f l i n e  
date 
p r o c e s s i n g  



;, Program 

I 
Realtime 
Data Re- 
d u c t i o n  
and D i sp l ay  
Programs 
(CIF)  

ACE S/C 
Checkout 

S a t u r n  
Veh ic l e  
System 
Checkout 

Computer 

C o n t r a c t  
i n  
Procure-  
ment 

CDC 
160 G 

RCA 
1 1 0  A 

Purpose 

Receive  and s t o r e .  
data from launch  
v e h i c l e  and space-  
c r a f t  v i a  telemetr 
R e t r i e v e  data and 
conve r t  from t e l e -  
metry measurements 
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  
f o r  d i s p l a y ,  on 
r e q u e s t .  

Checkout o f  
S p a c e c r a f t  w i l l  
r u n  a t  KSC;  
developed a t  MSC 
See MSC chart  f o r  
f u r t h e r  informa-  
t i o n .  

Launch v e h i c l e  
Checkout a t  VAB 
and on pad. 
Developed a t  
MSFC. See MSFC 
c h a r t  f o r  f u r t h e r  
In fo rma t ion .  

NASA O f f i c e  
Programming 
C o n t r a c t o r  

D r .  Rudolf Bruns 
Chief of Data A c q u i s i t i o n  
and. Data A n a l y s i s  Dvis ion 

Not y e t  
Determined 

Remarks 



Name of 
Computer 
Program 

Network 
S t a t u s  
T e s t i n g  
( CADFISS) 

Network 
Uni f ied  
S-Band 
Q u a l i f i -  
c z t i o n  
Program 

Computer Purpose 

IBM 7091 

7094 

'094 

Perform a u t  omat ed network 
s t a t u s  tests,  i n  realtime, 
of a l l  major  subsystems of 
t h e  manned s p a c e f l i g h t  ne t-  
work t r a c k i n g  si tes t o  
determine t h e i r  a b i l i t y  and 
r e a d i n e s s  t o  suppor t  Apollo 
mi s s ions .  
Also used t o  assist i n  i n -  

s t a l l a t i o r .  2nd acceptance 
phases  of new equipment o r  
m o d i f i c a t i o n  t o  e x i s t i n g  
equipment. 

Computer o r i e n t e d  tests and 
computat ions  programs re- 
q u i r e d  f o r  o r b i t a l  man-rated 
q u a l i f i c a t i o n  o f  u n i f i e d  
S-Band t r a c k i n g  network. 

Provide realtime f l i g h t  con- 
t r o l  data du r ing  a l l- phases  
D f  Apollo unmanned miss ions  
snd s i m u l a t i o n s .  Inc ludes  
3rograms t o  n o n i t o r  launch,  
? v a l u a t e  a b o r t  a l t e r n a t i v e s ,  
m b i t  p r e d i c t i o n / c o r r e c t i o n ,  
e t c .  

NASA Office 
Programming 
Con t r ac to r  Remarks 

*W. Adam 

L 
*J . J . Donegan 

i 
I 

V .  Packard 1 

- 

IBM - Goddard Real 
time Programming 
Div is ion  

Ross Peavg-, . 

Bethesda, Maryland 

IBM 

:BM 

I I 
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Approx. 
100 K 
I n s t r u c t i o n s  
for  GT 3 

PpDQX -7 - 

0 K I n s t .  
sed f o r  
a r l y  Apollo 
l i g h t s  only  

3prox. 
IO K I n s t .  
)r Apol lo  



<-GODDARD SPACE FLIGHT CENTER' 
. . .  

. .  

Programming 
NASA O f  fi.ce Con t r ac to r  R e m a r k s :  .. . .I. .. 1. .- Purpose 

To g i v e  con t inu ing  e v a l u a t i o n  
o f  t h e  performance o f  t h e  
t r a c k i n g  equipments and 
ma in t a in  miss ion i n t e g r i t y  o f  
t h e  manned s p a c e f l i g h t  networl 
d u r i n g  a l l  phases o f  manned 
and unmanned Apollo Miss ions  

. ~. 
. . .  t 

" 

" 

" 

1 
? 

i 

Real4  tme 
'Network: 
Performanct 
MIjnit o r  
Program 

*C.  Packard Approx 8 0 ~  
I n s t .  

f o r  GT 3 

IBM - Goddard Real 
time Programming 
Div is ion  

Ross Peavy , 
Bethesda,Maryland 

~ 

Approx 23K 
I n s t .  

f o r  GT 3 

Pos t  F l igh l  
R e p o r t e r  
Program 

7094 Non- realtime program t o  pro-  
vide  p o s t  f l i g h t  a n a l y s i s  
and e v a l u a t i o n  o f  miss ion  
data f o r  Apollo unmanned 
o r b i t a l  miss ions  

*L. Woldorff IBM 

Remot e 
S i t e  
Computer 
PFogruns 

P r e s e n t  
s i tes ,  
UNIVAC 
1218 
A l l  o t h e r s  
under 
Procuremer 

~~ 

Generate computer programs 
t o  enable  remote s i t e  com- 
p u t e r s  t o  r e c e i v e  t h e  telem- 
e t r y  Segments o f  t h e  u n i f i e d  
S-Band t r ansmis s ion  from 
s p a c e c r a f t ,  t o  decode, re- 
format,  and t r ansmi t  t h i s  
data t o  t h e  c e n t r a l  computers 

*P. Pashby IBM 

Communicag; 
t i o n s  
P roces s ing  
Programs 

Yessage checking and au to-  
n a t i c  data swi tch ing  

9pprox. 13K 
I n s t .  

UN 490 V.  S te l te r  . 

D iv i s ion  Chief 
Communications 
D i v i s i o n  

Programs -Complete 
1 6  GSFC Program- 
mers 
1 Univac. Pro- 
grammer. 
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Name of 
Computer 
Program Computer 

Misce l-  
l aneous  i DDP- 2 4 

OPERATIONAL PROGRAMS F O R  APOLLO 
GODDARD S P A C E  F L I G H T  CENTER 

Although used p r i n c i p a l l y  
f o r  s i m u l a t i o n s ,  it may be 
used i n  Apol lo  f o r  t r a n s-  
l a t i n g  and r e fo rma t ing  
a c q u i s i t i o n  data i n  real-  
time . 

Programming 
NASA O f f i c e  C o n t r a c t o r  

-1 
Remarks 

*These programs a r e  under  the  cognizance o f  t h e  T rack ing  and Data Systems D i r e c t o r a t e ,  
Manned F l i g h t  Ope ra t i ons  D i v i s i o n ,  Data Ope ra t i ons  Branch. J .  J .  Donegan i s  c h i e f  
of  Data Ope ra t i ons  Branch.  The r e s p o n s i b l e  i n d i v i d u a l  i s  shown. 
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E S T A B L I S H  

P E R F O R M A N C E  
G E N E R A L  

C R I T E R I A  - 
P R E P A R E  

P R E L I M I N A R Y  
P L A N S  

R E V I E W  
O F  

P R E L I M I N A R Y  
P L A N W  I N O  

S T U D I E S  

- 
F U H C T  I O N S ,  S U E -  
I D E N T I F Y  S Y S T E M  

F U N C T I O N S  A N D  b 
C R I T I C A L  F U N C T I O N S  

- - 
I N I T I A L  I D E N T I F I C A T I O N  

Y O F  S O F T W A R E  
R E ~ U I R E M E N T S  

E A S E D  O H  I S T A T E  O F  A R T  I 



PHASE 1 ;  DEFlNlT 

PHASE 101 

MAJOR M I 1  

, ? 

SH 

. . C E  
A 

I D E N T I F Y  A N D  S E L E C T  M O S T  

b C O S T - P E R F O R M A N C E  . C O H F I G U R A T I O N  D E S I (  

r 

P E R F O R ,  
S Y S T l  

E V A L U A T E  P R O M I S I N G  A N D  S Y .  

O F  A H D  A D J U S T  D O C U U E  

C O U P O N E N T S  F O R  
P E R F O R H A H C E  

A N D  R E Q U I R E M E N T S  
E F F O R T  

7 S T E M  I D E N T I F Y  

. : C T  I ON8 E N O l H E E R l N i l  

a v o -  C R I T I C A L  A L T E R H A T I Y E S  



DEFINITION 0 F SYSTEM SOFTWARE REQUIREMENTS 

PHASE 1 OBJECTIVE: A Study Phase  Leading to Deflnltlons Of 
System Functions and a Distinction Between 
Which Functions Shall  be Implemented in 
Hardware and  Whlch in Software and Which Manually. 

MAJOR MILESTONE: The System Performance and System Design Documents and  
t h e  Preliminary Software System Requirement Specification. 

\ I  I 
P R E L I M I N A R Y  

D E V E L O P  

S O F T W A R E  
D E S  I O N  

6 

1 

D E V E L O P  
P R E L I M I N A R Y  

S O F T W A R E  
D E S  I O N  

6 

S O f  
O C  

P A (  

S O f  
O C  

P A (  

MAJOR M I L E S T O N E  
T E S T  F U N C T I O N  



I R E Q U I R E M E N T S  1 F A C I L I T I E S  

A P R E L I M I N h R Y  
D E S I O N  

H A R D W A R E  

P A C K A G E  
D E S  I O N  

P R E P A R E  
D E S  I GN 

V A L I D A T I O N  
P L A N  e V E R I F I C A T I O N  A N D  . b 

c 

S O F T W A R E  
D E S I G N  

. 

P A C K A G E  

4 

V E R I F I C A T I O N  
D E S  I G N  

V A L I D A T I O N  
A N D  

P L A N  

P R E L I M I N A R Y  
S O F T W A R E  S Y S T E M  

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  

(") R E V I E W  O F  A P P R O V A L  (-) 2 D O C U M E N T  M A J O R  M I L E S T O N E  
D O C U M E N T  

1 
F I G U R E  1 

. .  





PHASE 2; 

?is, 

I 
, .  

DEFINITION OF SOFTWARE PERFORMANCE S F  

PHASE 2 OBJECTIVE: A Systems Analysis Phase Defining The 
lnterrelatlons Between Software-Hardw; 
and The I nterdependencles Between 
Software-Software. 

MAJOR MILESTONE: The lnltial Software Performance Spec1 



- 
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PHASE 3; DEVELOPMENT OF PROGRAM DESIGN 

PHASE 3 OBJECTIVE: Deslgn of The Software COYWII: 

MAJOR MILESTONES: The Soflware Design Speclllcatlons, The 
PIOblIY 

I t s1  ?LIU 

Sollware Test Speclflcalionr Documents, and 
The Equipmenl Opllons Speclllcatlons. 
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PHASE 4; PROGRAM IMPLEMENTATION 

PHASE 4 OBJECTIVE: lmplementatlon of The Software. 

MAJOR MILESTONES: Data Base Speclflcations: Acceptance Ter t  
Speclflcatlons: Operator Posltlon Handbooks; 
COmPl8llOn of Acceptance Tests of Tne 
Operatlonal, Utlllty, and Support Programs; 
Modlflcatlon of Computer Programs Pcr!Test 
Results. 

FIGURE 1 SHEET 3 



PHASE 5; SYSTEM INTEGRATION 

PHASE 5 OBJECTIVE: Integration of The Software, Hardware, and 
Personnel Into a Worklng System. 

MAJOR MILESTONE: Successful Satisfaction of Llne Envlronment 
Tests. 

O P E R A T I O N A L  
E Q U  1 P M E N T  

F A C I L I T I E S  
A N 0  

A V A I L A B L E  
i 

L I V E  
E N V I R O N M E N T  

T E S T  
P L A N S  

I T E S T  1 L I V E  E N V I R O N M E N T  

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I : I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



j PHASE 6 ;  

1 PHASE 6 OBJECTIVE: 

, l  i MAJOR MILESTONE: 
i 
i 
i 

PROGRAM MAINTENANCE 

Program Mamtenance to Meet Changing User 
Requirements. 

Turn  Over Tested System To Users. 

T E D  S Y S T E M  11-4 O P E R A T I N O  M A I N T A I N  C O M P U T E R  
P R O G R A M S  

'1 - 



HEADQUARTERS 
PROGRAMMING 

GROUP 

CENTER DIRECTORATE 

4 
*"..O ther 

Centers 
c 

*** 
**** 

I""--"-"~"-- 
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