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I '  

1. PURPOSE AND SCOPE 

Th i s  r e p o r t  documents t h e  g e n e r a l  p l a n  f o r  v e r i f i c a t i o n  of t h e  Apollo 

f l i g h t  sof tware.  The p l a n  d e f i n e s  t h e  neces sa ry  s t e p s  f o r  c o n t r o l  and 

v e r i f i c a t i o n  of  t h e  sof tware  t o  be conta ined  i n  t h e  Command Module Computer 

(CMC), LM Guidance Computer (LGC) , and t h e  computer i n  t h e  LM Abort Guidance 

S e c t i o n  (AGS). Inc luded  i n  t h i s  p l a n  are t h e  software development; sof tware  

v e r i f i c a t i o n ;  s imu la t ion  model c o n t r o l ;  sof tware  review, approval ,  and change 

c o n t r o l ;  and r e p r e s e n t a t i v e  schedules .  The gene ra l  p l an  i s  summarized, and 

conclus ions  and recommendations are p re sen ted  i n  Sec t ion  2. 

The scope o f  t h i s  p l a n  i s  l i m i t e d  t o  t h e  e x i s t i n g  Apollo software pro- 

cedures  and status. The AGS sof tware  procedures  d i f f e r  from those  f o r  t h e  

CMC and LGC i n  a minor r e s p e c t  b u t  t h i s  p l an  i s  g e n e r a l  enough so t h a t  it, 

a p p l i e s  t o  a l l  t h r e e  Apollo sof tware  development e f f o r t s .  S p e c i f i c  d i f f e r -  

ences  between t h e  AGS sof tware  development and t h e  CMC and LCC software 

development will be noted on ly  when i t  i s  deemed necessary  f o r  c l a r i f i c a t i o n .  

Software, as  de f ined  i n  t h i s  r e p o r t ,  means on ly  t h e  con ten t s  o f  t h e  

computer which i s  more normally c a l l e d  t h e  computer program. I n  t h e  con tex t  

o f  t h i s  r e p o r t ,  q u a l i f i c a t i o n  means t h a t  i t  has bean demonstrated by t h e  

c o n t r a c t o r  t h a t  t h e  sof tware  meets t h e  requirements  s e t  f o r t h  i n  t h e  spec i-  

f i c a t i o n s  and v e r i f i c a t i o n  means t h a t  it has  been demonstrated independent 

of  t h e  software c o n t r a c t o r  t h a t  t h e  sof tware  meets t h e  requirements  se t  

f o r t h  i n  t h e  s p e c i f i c a t i o n s .  Software devolopment i s  inc luded  i n  t h i s  p l an  

t o  i d e n t i f y  t h e  development procedures  necessary  for  d e l i v e r y  and V e r i f i c a t i o n  

o f  a prbgram. 
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2. SUMMARY AND CONCLUSIONS 

The recommenr3ed sof tware  development and v e r i f i c a t i o n  procedures  are 

given i n  F igure  2-1. Tests, reviews, and approvals  are shown f o r  t h r e e  

software phases: t h e  d e f i n i t i o n  phase, t h e  development phase,  and t h e  

v e r i f i c a t i o n  phase. 

I d e n t i f i e d  i n  t h e  d e f i n i t i o n  phase are  t h e  d e f i n i t i o n  of  requirements ,  

t h e  gene ra t ion  o f  t h e  s p e c i f i c a t i o n s  and equat ions ,  a n d  engineer ing  simula- 

t i o n  t e s t i n g  of t h e s e  equat ions .  The t e s t i n g  t o  be accomplished by MSC and 

by t h e  software c o n t r a c t o r  l e a d s  t o  t h e  approval  (by  t h e  r e spons ib l e  MSC 

d i v i s i o n s )  of t h e  s p e c i f i c a t i o n s  and equat ions .  The formal  approval  by t h e  

MSC Guidance Software Cont ro l  Panel  t a k e s  p l ace  a t  t h e  C r i t i c a l  Design 

Review (CDR).  T h i s  approval  p l a c e s  t h e  software d e f i n i t i o n  documentation 

under con f igu ra t ion  c o n t r o l .  The CDR formally s tar ts  t h o  software develop- 

mental  phase. 

I n  t h e  development phase t h e  computxr programs a r e  developed and t e s t e d ,  

and t h e  v e r i f i c a t i o n  and q u a l i f i c a t i o n  t e s t  p l a n s  a r e  w r i t t e n  and reviewed. 

Reviews are he ld  throughout  t h i s  phase whenever s i g n i f i c a n t  t e s t  p l ans  and 

r e s u l t s  are produced. The f o m l  approval  of  t h e  s a t i f a c t o r y  completion of  

development t e s t i n g  occurs  a t  t he  F i rs t ,  Article Conf igura t ion  Inspec t ion  (FACI). 

The sof tware  i s  p laced  under con f igu ra t ion  c o n t r o l  a t  t h e  FACI. Th i s  review 

starts t h e  forrnal sof tware  q u a l i f i c a t i o n  and v e r i f i c a t i o n  phase. 

A formal  q u a l i f i c a t i o n  ' t e s t  p l an  and an  independent v e r i f i c a t i o n  t e s t  

p l an  w i l l  be prepared f o r  approval  a t  t h e  FACI. Upon s a t i s f a c t o r y  completion 
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of  t h e  q u a l i f i c a t i o n  tests, t h e  sof tware  i s  fo rma l ly  approved and accepted  

0 a t  tho  Customer Acceptance Readiness Review ( C A R R ) ,  P re l imina ry  results 

a v a i l a b l e  from t h e  independent v e r i f i c a t i o n  t es t s  are a l s o  reviewed p r i o r  

t,o t h e  CARR. 

The software, accepted  a t  t h e  CAFtR, i s  t hen  r e l e a s e d  f o r  hard memory 

f a b r i c a t i o n ,  v e r i f i c a t i o n ,  and system t e s t i n g  a t  KSC. The hard memory 

f a b r i c a t i o n  w i l l  be c o n s i s t e n t  w i th  t h e  need d a t e  a t  KSC, Following t h e  

CAM, e r a s a b l e  memory t a p e s  are genera ted  and ver if ied;  t h e  f i n a l  ve r s ion  of 

t h e  s p e c i f i c a t i o n ,  equa t ions  document, and f low diagrams of  t h e  accepted 

sof tware  are publ i shed ,  and t h e  v e r i f i c a t i o n  t e s t i n g  i s  completed. There 

a c t i v i t i e s  w i l l  be reviewed and approved a t  t h e  f i n a l  sof tware  review p r i o r  

t o  t he  F l i g h t  Readiness Review (FRR). C e r t i f i c a t i o n  of t h e  sof tware  f o r  

f l i g h t  i s  given a t  t h e  FRR. 

For subsequent f l i g h t s ,  where some changes are t o  b e  made i n  t h e  f i x e d  

memory, t h e  above cyc le  i s  repea ted  w i t h  t ho  t e s t i n g  reduced i n  accordance 

w i t h  t h e  magnitude of  t h e  change. If ,  a t  t h e  CDR, t h e  f i x e d  memory from a 

previous  f l i g h t  i s  approved f o r  a subsequent f l i g h t ,  t h e  cyc l e  i s  reduced, 

and o n l y  f l i g h t  p e c u l i a r  t e s t i n g  and t h e  sof tware  gene ra t ion  and v e r i f i , c a t i o n  

a c t i v i t i e s ,  shown a f te r  t h e  CARR i n  F igure  2-1 are necessary.  These pro- 

cedures  are p a r t i c u l a r l y  a p p l i c a b l e  t o  t h e  AGS. 

'l'h fo l lowing  itorno are idan  t i f i e d  a s  improvements, changes, o r  uddi-  

t i o n s  r equ i r ed  i n  e x i s t i n g  Apollo sof tware  procedures .  

a .  A complete sof tware  s p e c i f i c a t i o n ,  i nc lud ing  a se t  of  crew pro- 

cedures  c o n s i s t e n t  wi th  program des ign  and i n t e r f a c e  d e f i n i t i o n ,  
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must be inc luded  i n  t h e  software document,ation as approved a t  t h e  

CDR. 

b. The r e s p o n s i b l e  MSC d i v i s i o n s  must i n s u r e  t h a t  s u f f i c i e n t  enpineer-  

i n g  t e s t s  are accomplished and reviewed t o  enable  them t o  a c t i v e l y  

approve t h e  sof tware  s p e c i f i c a t i o n s  and equa t ions  a t  t h e  CDR and 

t o  provide t h e i r  r equ i r ed  i n p u t s  t o  sof tware  t e s t  planning.  

c .  A master  model o f  the  s p a c o c r a f t s ,  environment and i n t e r p r e t i v e  

computer s imu la to r s  must be developed and c o n t r o l l e d  f o r  s imula tor  

des ign  and v e r i f i c a t i o n  f u n c t i o n s .  The models a t  each f a c i l i t y  

used i n  sof tware  s imu la t ions  must be c o n s i s t e n t  w i th  t h e  master 

model, documented, and a c t i v e l y  approved. 

d .  Associated t es t s  such a s  systems i n t e g r a t i o n ,  s imula ted  f l i g h t ,  

and crew procedure t e s t s  cil.thout<h nol; ti pr,rt of' f o r m l  in- l ino  

oof ' t ,wctrrr  v o r . i l ' J . c t ~ t , l o r ~  dv pwv.l.do .imp(.~rt,~\~~t., ntldl l;.i.oIml. If(~s\,i.n~; arid 

any anomalies  e f f e c t i n g  sof tware  must bs  r epo r t ed  t o  t h e  Guidance 

Software Cont ro l  Panel .  

e .  The r e spons ib l e  MSC d i v i s i o n s  must v e r i f y  t,hat crew procedures ,  

o p e r a t i o n a l  t a r g e t i n g ,  and r e a l  time mission t a r g e t i n g  are con- 

s i s t e n t  wi th  t h e  software.  

f .  Conf igura t ion  c o n t r o l  of a p p l i c a b l e  mission program func t ions ,  

as determined by MSC, must be maintained from mission t o  mission.  

Th i s  i nc ludes  changes t o  any instructAon o r  conatan t  rolnt,ed t o  

the  p e c u l i a r  f u n c t i o n .  

e .  S p e c i a l  emphasis must be plnced i n  d e f i n i n g  perfoxmnnce des ign  

requirements .  
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3 .  SOFTWARE: DEWLOFTLENT 

Independent v e r i f i c a t i o n  o f  a computer program r e q u i r e s  ample time 

fo l lowing  program coding t o  thoroughly t e s t  t h e  performance. I n  Apollo, 

as i n  most rea l  s i t u a t i o n s ,  e f f i c i e n c y  and economy o f  v e r i f i c a t i o n  demand 

t h a t  t h e  program development be c o n t r o l l e d  and documentod i n  accordance 

wi th  t h e  needs o f  t e s t i r , g  as well as thoso  of  programing. Therefore, it 

i s  necessary  t o  i d e n t i f y  t h e  program development procedures ,  c o n s i s t e n t  

w i th  p r e s e n t  Apollo sof tware  phi losophy,  which a r e  necessary  f o r  d e l i v e r y  

of a program t h a t  can be v e r i f i e d  i n  the  time a v a i l a b l e .  

3 . 1  SOURCE DATA 

F l i g h t  program development r e q u i r e s  d a t a  sources  t h a t  e x p l i c i t l y  

dof ine  t h e  c o n s t r a i n t s  and roauircments .  The d u t n  .CIOIYPT?RR Amnlnvpd n r n  

documentation. Those sources  provide .the b a s i s  f o r  t h e  gene ra t ion  of 

t h e  Software Design S p e c i f i c a t i o n s  ( f o r  t h e  primary systaus, t h e  Guidance 

System Opera t ions  Plan,  and f o r  t h e  Abort, Guidance System, R s o r b s  of 

des ign  r e p o r t s ) .  The Software Design S p e c i f i c a t i o n  (SDS) i s  a c o n f i g u r a t i o n  

c o n t r o l l e d  document and r e q u i r e s  MSC a m r o v a l  f o r  a n v  modi f i  nnt . inn .s  d11n 

3 .2  SOFTWARE DESIGN SPECIFICATION 

The key t o  succoss fu l  devol.opment; o f  f l i g h b  eoft,w,sr*e i s  i t s  s p e c i f i -  

c a t i o n .  The coq ten t s  of t h e  SDS w i l l  ho d iscussed  i n  t h i s  s e c t i o n .  



. .  . .  

Th le SDS should cont  a i n  a l l  r e  quirem mts  f o r  p r  ogram modes, f u n c t i  ons  , 
@ i n t e r f a c e s ,  t h e  equa t ions  and l o g i c  t o  be programed t o  sat isfy t h e  r equ i r e-  

ments, and an  o p e r a t i o n s  manual f o r  e x e r c i s i n g  tho program t o  sa t i s fy  t h e  

requirements ,  The SDS should s p e c i f y  k inds  of d i s p l a y s ,  t h e i r  u n i t s ,  and 

number of d i g i t s .  When t h e  SDS is  d r a f t e d  by t h e  aoftware c o n t r a c t o r ,  it 

i s  t o  be d i e t r i b u t e d  t o  a11 concerned div i s ians  of MSG. The d i v i s i o n s  a r e  

respons ib le  f o r  t h e  review o f  t h e  SDS and f o r  t h e  v e r i f i c a t i o n  t h a t  t h e  

program, designed t o  s a t i s f y  t h e  requirnment,s and c o n s t r a i n t s  of  t h e  SDS 

and implemented through Lho equa t ions  contained i n  it, will satisfy t he i r  

needs. The SDS will include a l l  p e r t i n e n t  d a t a  on cons t an t s  inc luding  t h e i r  

s c a l i n g  and u n i t s  a long  w i t h  range o f  v a l i d i t y  of cons t an t s .  I n  a d d i t i o n ,  

the accuracy of computation i s  r equ i r ed .  The end product  of t h e  review will 

be formal s ignof f  of  t h e  SDS a t . t h e  d i v i s i o n a l  level. of MSC. The SDS becomes 

a conf igu ra t ion  c o n t r o l l e d  document as ds sc r ibed  i n  S e c t i o n  7 of t h i s  r epor t .  

(I) The review process  employed must i nc lude  s tudy  of t h e  equat ions  t e s t i n g  

performed a t  t h e  c o n t r a c t o r ' s  f a c i l i t y  and any a d d i t i o n a l  engineer ing  s t u d i e s  

deemed necessary  by t h e  d i v i s i o n  t o  confirm performance. 

1i'oll.ow:i.t~g progrnrn ( . o r ~ ~ ~ f : ~ l ~ ~ ~ l , ~ ( ~ ~ , l  conLro1, t h o  propnrr~L-l.c.rr~ 01.' \,ho i ' inal 

SDS begirm. This  docunlcnl; w i l l  upda.te tho approved v e r s i o n  wi th  only  changes 

approved s ince  'the e a r l i e r  document underwent con f igu ra t ion  c o n t r o l  A com- 

p l e t e  s e t  of f low c h a r t s  c o n s i s t e n t  w i th  tho  f l i g h t  program and a program 

l i s t i n g  must  be inc luded ,  a long  wi th  definitA.ons of  program v a r i a b l e s  and 

cons tan ts ,  so t h a t  tho  f i n a l  document r e p r e s e n t s  a full d e f i n i t i o n ,  i n  

s tandard  engineer ing  language, of  the  con ten t s  of  t h e  f l i g h t  program and t h e  

mechanism f o r  i t s  use ,  i nc lud ing  t h e  c o n s t r a i n t s  and requirements  t o  which 

it  has been designed.  
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3 . 3  PROGRAM DEVELOPMENT AND DEVELOPMENT TESTING 

The development and t e s t i n g  of a f l i g h t  program by ,t;he sof tware  

c o n t r a c t o r  covers  t h r e e  phases of work: (1) t h e  equa t ions  development 

and a n a l y s i s  phase,  (2)  t h e  program development and i n t e g r a t i o n  phase, 

and ( 3 )  t h e  q u a l i f i c a t i o n  phase. 

The fo l lowing  d e s c r i p t i o n s  o f  t e s t i n g  performed during t h e s e  t h r e e  

phases a r e  t h e  minimum a l lowable  requi rements  f o r  t e s t i n g .  A software ' 

c o n t r a c t o r  has  t h e  o p t i o n  t o  breakdown t h e  t e s t i n g  t o  f u r t h e r  sub- levels  

w i th in  a given phase b u t  each new l e v e l  def ined  must be reviewed and 

approved by MSC. P o s i t i v e  c o n t r o l  procedures  wi.11 be exe rc i sed  through 

conf igu ra t ion  c o n t r o l  o f  t e s t  p l a n s  subsequent  t o  approval  of t ho  SDS a t  

t h e  CDR. 

3.3.1 Equat ions Davelopment and Analysi3 

Th i s  phase covers  t h e  deve1.opmun.t and a n a l y s i s  of  t h e  equat ions  

necessary  t o  meet t h e  software r squi remants .  Th i s  t e s t i n g  must be do.cu- 

rnarltod nnd reviewed a t  t h o  CDR p r i o r  ,to ripproving tho SIX. 

3.3.2 Program Development and I n t e g r n t i o n  

During t h i s  phase t h e  major programs wi th  t h e i r  suppor t ing  r o u t i n e s  

and sub rou t ines  a r e  coded and t e s t e d  on a n  i n d i v i d u d  b a s i s .  Following 

s a t i s f a c t o r y  completion of . th is  t e s t i n g  t h e  program elements  a r e  i n t e g r a t e d  

t o g e t h e r  and t e s t e d  i n  sequence t o  i n s u r e  s a t i s f a c t o r y  performance through 

t h e  v a r i o u s  miss ion  phases.  Test p l a n s  f o r  t h i s  phase will be reviewed 

and approved by MSC. The r e s u l t s  will bo documented, reviewed, and 

approved by MSC p r i o r  t o  p l ac ing  tho  program undor c o n f i c u r a t i o n  c o n t r o l ,  
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3 . 3 . 3  Q u a l i f i c a t i o n  

This phase q u a l i f i e s  t h e  program f o r  d e l i v e r y  hy t h e  c o n t r a c t o r .  

The q u a l i f i c a t i o n  t e s t  p l an  i s  genera ted  by the c o n t r a c t o r  dur ing  t h e  

poriod o f  program developnant.  Tho q u a l i f i c a t i o n  Lost plan .La roviowod 

fo rma l ly  and approved by MSC t o  insure i t s  t e s t i n g  o f  a l l  mandatory 

miss ion  func t ions .  The r e s u l t s  will be documented, reviewed, and 

approved a t  t h e  CARR p r i o r  t o  program r e l e a s e .  All t e s t s  must be per-  

formed on t h e  assembly o f  t h e  program t o  be flown and must be executed 

i n  accordance wi th  procedures  de f ined  i n  t h e  operakLons manual. 
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4. SOFTWARE VERIFICATION PROCEDURES 

Th i s  s e c t i o n  d e s c r i b e s  t h e  procedures  used t o  v e r i f y  t h a t  t h e  Apollo 

guidance sof tware  r ep re sen ted  by t h e  f ina l  ro loased  f l i g h t  program meets 

t h e  software requirements  de f ined  by t h e  s p e c i f i c a t i o n ,  The v e r i f i c a t i o n  

i s  accomplished by t e s t i n g  t h e  f l i g h t  program independent o f ,  b u t  c l o s e l y  

coord ina ted  wi th ,  the  . t e s t i ng  performed by t h e  sof tware  c o n t r a c t o r .  Tho 

f l i g h t  program i s  v e r i f i e d  a g a i n s t  t h e  requirements  def ined  by t h e  SDS 

f o r  both a range of  miss ions  and a l s o  f o r  any s p e c i f i c  miss ions  t h a t  may 

be defined.  The t e s t i n g  i s  performed by engineer ing  s imu la t ions ,  b i t -  

by- bit s imu la t ions ,  and hybr id  s imu la to r s .  Those s imu la to r s  and t h e i r  

a p p l i c a b i l i t y  arc3 desc r ibed  i n  Sect ior l  5 .  

The fol lowing phases of  sof tware v o r i f i c a t i o n  a r e  shown i n  t h e  f low 

c h a r t  i n  Figure 4-1: 

Test requirements  de te rmina t ion  

Test planning 

Modif ica t ion  and v a l i d a t i o n  o f  s imu la to r s  

Test a n a l y s i s  and r o s u l t s  summary 

l+.l VERIFICATION TEST PLANNING 

T e s t  requirements  i n  v e r i f i c a t i o n  t e s t i n g  are e s t a b l i s h e d  by t h e  

fol lowing inpu t s :  

Program s p e c i f i c a t i o n ,  equat ions ,  and ope ra t ing  procedures  

0 Reference t r a j e c t o r i e s  

6 F l i g h t  p l ans  d e f i n i n g  guidance programs' u t i l i z a t i o n  

T e s t  requirements  ( i nc lud ing  eva lua t ion  c r i t e r i a )  de f ined  by 
r e spons ib l e  MSC d i v i s i o n s  

Equation performance d a t a  obta ined  from engineor ing  s imula t ion  
r e s u l t s  
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. Hardware and system d i s p e r s i o n s  de f ined  i n  t h e  s imula t ion  master 
model 

9 Test requi rements  f o r  margina l  t e s t i n g  

The t e s t  p lanning  phase begins  w i t h  MSC gene ra t ing  a p re l imina ry  

l i s t  of  t h e  t e s t s  planned f o r  each f a c i l i t y .  Th i s  l i s t  i s  coordinated 

wi th  t h e  s imu la t ion  f a c i l i t i e s  t h a t  will perform t h e  tes ts .  Each f a c i l i t y  

w i l l  p repare  t e s t  p l a n s  d e f i n i n g  i n  d e t a i l  t h e  fo l lowing  informat ion  on 

t h e  runs  t o  be performed: 

9 Run d e s c r j p t i o n  

Objec t ive  

Simulat ion i n t e r v a l  

F l i g h t  program sequencing 

F l i g h t  program r o u t i n e s  exe rc i sed  

Run e v a l u a t i o n  c r i t e r i a  

S imula t ion  i n i t i a l  c o n d i t i o n s  

Simulat ion ou tpu t  requirement,s 

Astronaut  o r  up l ink  proceduros 

R u n  p r i o r i t y  

A master p lan  which def ined  a l l  independent v e r i f i c a t i o n  t e s t i n g  t o  

be performed on t h e  f l i g h t  program i s  then  clovelopad bnsed on t h e  coor- 

d ina t ed  l i s t .  An o u t l i n e  of t h e  c o n t e n t s  of  t h e  t e s t  p l an  i s  given i n  

Table4-1.  Th i s  t e s t  p l an  con ta ins  r e f e r e n c e s  t o  a l l  documentation 

d e f i n i n g  requirements  f o r  t e s t i n g  and s imula t ion .  A d i s c u s s i o n  of t h e  

t e s t i n g  inc ludes  a summary o f  t h e  t e s t i n g  planned, r e f e rence  t o  prev ious  

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

inc luded ,  and a comparison wi th  t h e  q u a l i f i c a t i o n  t e s t i n g  planned by t h e  

sof tware  c o n t r a c t o r .  Ground d e s  f o r  t e s t i n g  p r i o r i t y  will a lso  be 

e s t a b l i s h e d ,  
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The core  of t h e  v e r i f i c a t i o n  t e s t  p l an  i s  t h e  t e s t  spec i f ica tXons  

t h a t  d e f i n e  t h e  t e s t ,  ou tpu t  requirement's, and eva lua t ion  c r i . t e r i a .  A 

s e p a r a t e  s p e c i f i c a t i o n  i s  prepared f o r  each tes t  provid ing  t h e  informat ion  

shown i n  t h e  o u t l i n e .  The t e s t  p l an  documentation i n c l u d e s  t e s t  procedures  

and t e s t  r e s u l t s  prepared by e.nch f a c i l i t y  porforming t h e  t e s t s .  

The v e r i f i c a t i o n  t e s t  p l an  will be fo rma l ly  reviewed and approved 

by tho  Guidance Software Cont ro l  Panel  a t  tho  FACI. Tho review and 

approval  of t h e  softwRre c o n t r a c t o r  quel:I,f'ication .Lest pLnrl w l l l  be held  

a t  the same t ime.  

4.2 VERIFICATION FACILITIES PREPARATION 

The first s t e p  i n  v e r i f i c a t i o n  t e s t i n g  i s  *to modify, checkout,  and 

v a l i d a t e  t h e  s imu la t ion  f a c i l i t i e s  t o  be used. Th i s  procedure will be 

b s e d  upon approved s imula t ion  model d a t a  de f ined  by the s imula t ion  master 

model (Sec t ion  6 ) .  A document d e s c r i b i n g  ,the s imu la t ion  models and con- 

t a i n i n g  t h e  r e s u l t s  of t h o  v a l i d a t i o n  of t h e  s imula t ion  mod.els will be 

prepared and submit ted f o r  review by each s imula t ion  f a c i l i t y .  

V e r i f i c a t i o n  t e s t  preparat, ion w i l l  a l s o  inc lude  development o r  modi- 

f i c a t i o n  of s imu la t ion  output  e d i t i n g  and a n a l y s i s  programs. Initialization 

o f  t h e  s imula t ion  runs 1rlcludc:s .i.ni.tinl:i.~Tclti.on of  t h e  fl.i.ght, propnm nnd 

t h e  s imula t ion  of t h e  environment e x t e r n a l  t o  the  f l i g h t  program. A review 

of t h e  f a c i l i t y  t e s t  plans and of  t he  faci1.it.y s imu la t ion  d e s c r i p t i o n  

documents w i l l  t hen  be held. t o  i n s u r e  c o m p a t i b i l i t y  wi th  t h e  requirements  

o f  t h e  master  verif ' ,icat;ion tost plan anc'l mnst,er airnulation model. Subss- 

quent t o  v a l i d a t i o n  o f  t he  s imu la to r  models and p r i o r  t o  s t a r t ,  o f  formal  

t e s t i n g ,  the  s i .mulators  will u ~ d e r g o  conf igu ra t ion  c o n t r o l .  
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4 . 3  VERIFICATION TESTING 

Formal v e r i f i c a t i o n  test ; ing and sof-tware c o n t r a c t o r  q u a l i f i c a t i o n  

t e s t i n g  will begin a t  t he  time t h e  f l i g h t  program undergoes con f igu ra t ion  

c o n t r o l .  Tho v e r i f i c a t i o n  t e s t i n g ,  unlike Lhe qua l i f i ca , t ion  .t,ust;ing, 

w i l l  cont inue  a f t e r  r e l e a s e  i s  approved a t  t h e  Cugtnmor Acceptance 

Readiness Review (CARR) . 

Subsequent t o  program r e l e a s e ,  t h e  remainder of  t h e  v e r i f i c a t i o n  

t e s t i n g  i s  performed on t h e  releasod f l i g h t  program. Any changes t o  t h e  

f l i g h t  program a f te r  conf igu ra t ion  c o n t r o l  a re  considered f o r  t h e i r  

impact on t h e  v e r i f i c a t i o n  t e s t i n g  a s  well as on t h e  q u a l i f i c a t i o n  t e s t i n g .  

F l i g h t  program anoln3liesencounterad dur ing  v e r i f i c a t i o n  t e s t i n g  a r e  

r epo r t ed  promptly v i a  d iscrepancy  r e p o r t s  prepared by t h e  t e s t i n g  f s c i l -  

i t i e s ,  and a r e  i n v e s t i g a t e d  thoroughly.  Tho cause and r e s o l u t i o n  of 

t h e  problems a r e  racorded by the CSCP. 

For  v e r i f i c a t i o n  purposes,  a s tandard  e r a s a b l e  l o a d  will bo def ined  

a t  t he  CARF1. 

4 .  I!  VERIFICATION TEST RESULTS IXICUMENTATION 

A t  completion o f  t h e  t e s t s ing ,  a summary and a n a l y s i s  o f  test, r e s u l t s  

i s  prepared by each s imula t ion  f a c i l i t y .  The fornlat of t h e  t e s t  results 

document i s  s p e c i f i e d  i n  the  mas ter  v e r i f i c a t i o n  t e s t  p lan .  The t e s t  

rescltr; documents will. -i.danf,iCy wlmt,hor t x s t a  hrivo passed o r  f c i l o d  

eva lua t ion  c r i t e r i a .  khxepLions o r  anomalies nnl;ed du r ing  t h e  t e s t i n g  

will be noted and workaround procedures ,  as a p p l i c a b l e ,  will be i d e n t i f i e d .  



Guidance Software Cont ro l  Panel p r i o r  t o  the  F l i g h t  Readiness Review. 
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TABLE 4-1. OUTLINE MASTER TEST PLAN 

1. Purpose and Scope 

2.  Applicable  Documentation 

. Software Design S p e c i f i c a t i o n  

. Mission D e f i n i t i o n s  

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

. F l i g h t  Program Performance Requirements and C o n s t r a i n t s  

S imula tor  C a p a b i l i t i e s  Documents 

3 .  Discussion of  Tes t ing  

Swnmary o f  Tes t ing  f o r  each Simula tor  

Comparison wi th  Software Con t r ac to r  Tes t ing  

9 Previous T e s t i n g  t h a t  i s  Applicable  

Areas of  Tas t ing  no t  Included 

Tes t ing  P r i o r i t y  

@ 4 ,  T e s t  S p e c i f i c a t i o n s  

Run Desc r ip t ion  

Ob jec t ive  

S imula t ion  I n t e r v a l  

. F l i g h t  Program Sequencing 

Routines Exerc ised  

T e s t  Evalua t ion  Criteria 

Output Requirements 

- F a c i l i t y  Used 

0 T e s t  P r i o r i t y  

5. Documentation and Schedule 

Schedule of Tes t ing  and Documentation 

* D e f i n i t i o n  of  Contents  and Format o f  Documents 



5. SOFTWAN3 VERIFICATION TESTING 

Software v e r i f i c a t i o n  i s  accomplished by employing f l i g h t  sof tware  

s imu la t ions  t o  o b t a i n  t h e  d a t a  needed t o  meet t h e  v e r i f i c a t i o n  t e s t  r equ i r e-  

ments. The t h r e e  types  of  s imu la to r s  r equ i r ed  are: (1) engineer ing  simu- 

l a t o r s ,  (2)  hybr id  s imu la to r s ,  and (3 )  i n t e r p r e t i v e  computer s imula t ions .  

A d e s c r i p t i o n  of  t h e  s imu la to r s  r equ i r ed  f o r  v e r i f i c a t i o n ,  and a s s o c i a t e d  

t e s t s  t h a t  suppor t  t h e  v e r i f i c a t i o n  proceva a r e  s p e c i f i e d  i n  t h i s  s e c t i o n .  

The procedures  t o  be fol lowed i n  t h e  v e r i f i c a t i o n  and c o n t r o l  o f  t h e  hard- 

wire memory ropes  and e r a s a b l e  memory t a p e s  are also descr ibed  i n  t h i s  

s e c t i o n .  

5 . 1  ENGINEERING SIMULATORS 

Engineering s imu la to r s  d u p l i c a t e  sof tware  equa t ions  b u t  a r e  independent 

of  t h e  c h a r a c t e r i s t i c s  of  t h e  real  computer. They cover  a broad range o f  

p o s s i b i l i t i e s  from a simple open loop  s imu la t ion  of one s e t  of  equat ions  t o  

a f u l l  mission c losed  loop  s imu la t ion  and a r e  e x t e n s i v e l y  used i n  equat ion  

and t r a j e c t o r y  des ign  and i n  sof tware  v e r i f i c a t i o n .  These s imu la t ions  have 

t h e  advantage of  being completed ear ly  i n  t h e  sof tware  development cyc le ,  

fo l lowing  t h e  equa t ions  d e f i n i t i o n ,  They are s u i t a b l e  f o r  broad paramet r ic  

s t u d i e s  t o  determine t h e  realm o f  accep tah i l i t i y  of  t h e  equat ions .  

A well  designed engineer ing  s imu la to r  can determine if' t h e  equat ions  

are s a t i s f a c t o r y ,  bu t  normally t h i s  does n o t  mean t h e  f l i g h t  sof tware can 

perform as well  as t h e  s imu la t ions  i n d i c a t e .  Tho f l i g h t  computer i s  more 

r e s t r i c t i v e  than  t h e  s c i e n t i f i c  computers. 



I n t e r p r e t i v e  computer s imu la to r s  are a l l  d i g i t a l  programs t h a t  are 

e x a c t  l o g i c a l  r e p r e s e n t a t i o n s  oi' t h e  f l i g h t  computer. They s imula te  t h e  

f l i g h t  computer on a s c i e n t i f i c  d i g i t a l  computer and execute t h e  f l i g h t  

programs wi thout  mod i f i ca t ion  on t h o  s imula t ing  computer. They a r e  used 

i n  conjunct ion  wi th  F l i g h t  S imula to r s  (FS) which are mathematical models 

of t h e  s p a c e c r a f t  dynamics and environments t h a t  i n t e r f a c e  wi th  t h e  f l i g h t  

computer. The ICs can be used t o  examine the  con ten t s  o f  registers  and 

i n s t r u c t i o n s  a t  a l l  o r  s e l e c t e d  s t e p s  of  f l i g h t  program execut ion .  These 

simulators are t h e  o n l y  ava i ab le  t o o l  f o r  t h i s  microscopic analysis of 

t h e  sof tware  ope ra t ion .  

I n  combination w i t h  F l i g h t  S imula tor ,  a complete mission o r  any p a r t  

o f  t h e  tnission, can bo simulated and t h e  ou tpu t  and i n t e r n a l  ope ra t ion  

o f  t h e  sof tware  checked. 

The ICs-FS will be used t o  v e r i f y  t h a t  t h e  software s a t i s f i e s  t he  

approved requirements  f o r  t h e  nominal mission and f o r  s e l e c t e d  per turba-  

t i o n s .  The i s suance  of  a l l  d i s c r e t e s  and o t h e r  o u t p u t s  w i l l  be checked 

0 
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f o r  proper  t iming,  p o l a r i t y  as  de f ined  by s p e c i f i c a t i o n ,  magnitude, and 

frequency, i nc lud in8  a l l  s p e c i f i e d  l e v e l s  of r e a c t i o n .  A l l  f a i l u r e s  t h e  

computer is t o  monitor  w i l l  be induced t o  cause t h e  computer t o  t a k e  

a l t e r n a t e  a c t i o n s .  

a 

Any known o r  suspec ted  software anomalies  will be i n v e s t i g a t e d ,  

microscopica l ly ,  on t h e  ICs-FS by employing t h e  ICs features of  program 

t r a c e ,  i l l e g a l  i n s t r u c t i o n  d e t e c t i o n ,  overf low d e t e c t i o n ,  e t c .  

I n  o r d e r  t o  achieve  t h e  c a p a b i l i t y  t o  mic roscop ica l ly  examine t h e  

a c t i o n  of t h e  s imula ted  computer, t h e  ICs-FS i s  u s u a l l y  slower than  rea l  

time. Therefore ,  it may be more economical t o  employ o t h e r  t e s t  fac i l-  

i t i e s  t h a t  ope ra t e  i n  rea l  time f o r  t hose  v e r i f i c a t i o n  tests t h a t  r e q u i r e  

s e v e r a l  runs  t o  determine t h e  e f f e c t  of  parameter  v a r i a t i o n s  and where 

d e t a i l e d  knowledge of  t h e  computer ope ra t ion  i s  no t  neuded. 

0 5 . 3  KYBFUD SIMULATORS 

I n  t h i s  r e p o r t  a hybr id  s imu la to r  refers t o  a s imu la t ion  t h a t  con ta ins  

a real f l i g h t  computer and o p e r a t e s  i n  rea l  time. I t  i s  a f l i g h t  s imu la to r  

composed of gene ra l  purpose ana log  and d i g i t a l  computors, guidance and 

c o n t r o l  subsystem hardware, s p e c i a l  purpose hardware and i n t e r f a c e  equip-  

ment, and a crew s t a t i o n  mockup wi th  app ropr i a t e  d i s p l a y s  and c o n t r o l s .  

The hybrid s imu la to r s  have t h e  c a p a b i l i t y  t o  v o r i f y  t h e  hardware-hardware 

and hardware-software f u n c t i o n a l  i n t e r f a c e s  as  we l l  as  t h e  o v e r a l l  G&C 

equipment c o m p a t i b i l i t y  w i t h  crew procedures ,  v i s i b i l i t y ,  and loisslion t ime 

l i n e .  They will be used i n  t h e  software development and q u a l i f i c a t i o n  

t e s t i n g  and as p a r t  of  t h e  independent v e r i f i c a t i o n  t e s t i n g ,  S p e c i f i c a l l y ,  
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there s h a l l  be a hybrid s imula t ion  of t h e  -Primam G&C a c t i v e  nhases of 

independent hybr id  s imula t ion  of a l l  t h e  G&C i 'unctions for each mission 

a s  p a r t  of t h e  v e r i f i c a t i o n  a c t i v i t y  f o r  each miss ion,  Tl~is v e r i f i c a t i o n  

a c t i v i t y  will be a const ra int ;  t o  rope manufacture. 

5 . I C  RSSOCLATED TESTS 

In the overall  Apol.1~ testzing there  a re  a nunibcr GI.' .Lest sequences 

t h a t  employ t h e  f l i g h t  software and t h e s e  tes ts  should be reviewed a s  Dart 

i n t o , t h e  CSM and LM, a r e  accompl.ishcd u t  thc? spacacraf't c o n t r a c t o r ' s  

fac i1 . j . t i . e~ .  These t e s t s  urc accomp3.i:;hed wi th  hybr id  sirnulators and v t L h  

t h e  a c t u a l  s p a c e c r a f t .  

5 . 4 . 1  System I n t e r r a t i o n  Te:;ts 

A t  t h e  Kennedy Space Center ( K g )  t h e  s p a c e c r a f t  with the G&N 

system i s  sub jec ted  t o  m u l t i p l e  tests. Inc luded a r e  vacuum chctmber t e s t s  

and a series of' simulated f l i . g h C  t e s t s .  These te:;t;s oTf:LciaI.ly w 2 r . l . Q  

t h e  i n t e r f a c e  between t h e  sof tware  &nd t h e  s p a c e c r a f t .  A broad s e r i e s  

oi' tesi;s a r c  performed, most ol' which exercise t h e  sol'l:.wnre t o  some dctGmee. 

The sof tware  will have been e x t e n s i v e l y  v e r i f i e d  pr ior  t o  t h i s  t ime.  This 

w i l l ,  however, be the Tirst mating of the  sof tware  wlth the a c t u a l  ACE 

equipment. The plans  f o r  these tes ts  a r e  reviewed and a d d i t i o n s  and 



I .  

changes t o  t h e  p l an  a r e  recommended. Any anomalies  t h a t  appear  dur ing  t h e  

tests which could be a sof tware  problem will be r epor t ed  t o  t h e  Guidance 

Software Cont ro l  Panel  and d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  anomaly w i l l  t hen  

be ass igned  t o  t h e  a p p r o p r i a t e  v e r i f i c a t i o n  f a c i l i t y .  

5.4.2 Astronaut  Procedure Tes t a  

During the  sof tware  development cyc l e  t h e  crew procedures  will be 

def ined  and inc luded  i n  t h e  sof tware  s p e c i f i c a t i o n ,  These s p e c i f i e d  

procedures  will be v e r i f i e d  on t h e  ICs-FS and hybr id  s imu la t ions ,  I n  

a d d i t i o n ,  t h e r e  will be t e s t i n g  of crew procedures  i n  t h e  mission simu- 

l a t o r s  a t  MSC and KSC. These s imu la to r s  do n o t  con ta in  a r ea l  computer 

bu t  have an  ICs. There will be a g r e a t  d e a l  of  s tudy  o f  procedures  on 

t h e s e  s imula tors ,  and t h e  r e s u l t s  can be expected t o  provide d a t a  usof111 

i n  extending and adding confidence t o  t h e  i n - l i n e  v e r i f i c a t i o n  e f f o r t .  

Th i s  also ho lds  f o r  o t h e r  a s t r o n a u t  procedure t e s t s  t o  be performed a t  

MIT, N U ,  and GAEC. The abbrevia ted  crow check l i s t  must be reviewed 

by t h e  GSCP and recommendations made t o  i n s u r e  t h a t  i t  i s  c o n s i s t e n t  w i th  

t h e  s p e c i f i c a t i o n  procedures .  T h i s  check l i s t  should se rve  as t h e  nominal 

set  of  crew procedures  i n  v e r i f i c a t i o n .  A s e r i e s  o f  t e s t s  are performed 

t o  i n s u r e  c o m p a t i b i l i t y  between t h e  IiTCC t a r g e t i n g  and t h e  onboard f l i g h t  

program. The ICs-FS and hybr id  s lmu la to r s  are used dur ing  t h i s  t e s t i n g  

and t h e  d a t a  provided i s  a s i g n i f i c a n t  p a r t  of t h e  v e r i f i c a t i o n  of the 

f l i g h t  program. Astronaut  procedures  a t  NAA and GAEC must be part o f  t h e  

v e r i f i c a t i o n  f o r  manned software.  Discrepancy r e p o r t s  will be provided 

f o r  a l l  anomalies found dur ing  manned t e s t i n g .  
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I 5.5 FLIGHT FIXED AND ERASABLE MEMORY VERIFICATION 

The v e r i f i c a t i o n  e f f o r t  d i scussed  p rev ious ly  l e a d s  t o  v e r i f i c a t i o n  

o f  t h e  f l i g h t  f i x e d  memory, us ing  a nominal s e t  of e r a s a b l e  memory con- 

s t a n t s ,  so t h a t  t h e  f l i g h t  f i x e d  memory can be manuf'actured. The sof tware  

v e r i f i c a t i o n  a l s o  inc luded  t h e  c e r t i f i c a t i o n  o f  f l i g h t  f i x e d  memory and t h o  

gene ra t ion  and v e r i f i c a t i o n  of  t h e  t a p e s  t o  be used t o  l oad  t h e  e r a s a b l e  

memory. The f low diagram of t h o  product ion  and vorificat,I.on o f  f l i gh l ,  

f i x e d  memory and those  t a p e s  i s  shown in Figure  5.1 and 5 .2 ,  

5.5.1 F l i g h t  Fixed Memory C e r t i f i c a t i o n  

Once t h e  c o n t e n t s  of  t h e  f l i g h t  f i x e d  memory a r e  approved, procedures  

a r o  followed t o  i n s u r e  t h a t  t h e  approved program, d e l i v e r e d  by t h e  sof tware  

c o n t r a c t o r ,  i s  i d e n t i c a l ,  b i t  f o r  b i t ,  t o  t h e  manufactured f l i g h t  f i x e d  

memory. There will be a f o r m a l  acceptance and c e r t i f i c a t i o n  of  t h e  f l i g h t  

f i x e d  memory by MSC. A t  t h e  acceptance tests, t h e  con ten t s  o f  t h e  manu- 

f a c t u r e d  f l i g h t  f i x e d  memory must be compared wi th  tho  MSC approved config-  

u r a t i o n  of  t h e  f l i g h t  f i x e d  memory software.  

5 . 5 . 2  Erasab le  Load and Tam Generat ion 

The va lues  of  t h e  c o n s t a n t s  t o  be used f o r  t h e  e r a s a b l e  l oad  will be 

genera ted  by MSC d i v i s i o n s  and t h e  sof tware  Cont rac tor ,  and tho  v e r i f i c a t i o n  

w i l l  bo performed by MSC and/or t h e  software c o n t r a c t o r .  Review and 

approval  by t h e  GSCP i s  r equ i r ed  p r i o r  t o  r e l e a s i n g  t h e  e r a s a b l e  l oad  f o r  

manufacturing the t apes .  These t a p e s  w i l l  be used a t  KSC f o r  loading  t h e  

computer memory, 
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6. SIMULATION MODEL CONTmL 

The f l i g h t  programs are  developed and t e s t e d  a g a i n s t  models o f  t h e  

guidance and v e h i c l e  hardware. These r e q u i r e  c o n t r o l  t o  i n s u r e  software 

f i d e l i t y  t o  t h e  p h y s i c a l  environment, and cons i s t ency  from one model t o  

ano the r .  To t h i s  end, s e p a r a t e  a c t i v i t i e s  may be de f ined  t o  provide  a 

master model w i th  maximum f i d e l i t y  and approved f a c i l i t y  models adequate  

f o r  t he  t e s t i n g  to  be performod i n  l i n e  wLth program v e r i f i c a t i o n .  

6.1 SIMULATION MASTER MODEL 

A best  a v a i l a b l e  modo1 of t h e  s p a c e c r a f t  must be developed, docu- 

mented, and maintained f o r  s imula tor  des ign  and v a l i d a t i o n  func t ions .  

For  any spacecraf t /miss ion  combination, t h i s  model must be v e r i f i e d  and 

approved by t h e  r e spons ib l e  d i v i s i o n s  of MSC. Q u a l i f i c a t i o n  t e s t i n g  by 

t h e  c o n t r a c t o r  and v e r i f i c a t i o n  t e s t i n g  p o r f o r r r d  independent ly must be 

executed on a simulator v a l i d a t e d  a g a i n s t  a n  npprovod, conf igura t ion-  

c o n t r o l l e d  mas ter  model. Pre l iminary  models may be employed f o r  develop- 

ment t e s t i n g  and engineer ing  s t u d i e s ,  but  i s  mandatory t h a t  t he  b e s t  

a v a i l a b l e  d a t a  be used i n  t h e  sof tware  v e r i f i c a t i o n  and q u a l i f i c a t i o n .  

A r e q u e s t  f o r  c l a r i f i c a t i o n  o f ,  o r  R change t o ,  any elemerlt o f  t h e  master 

Eodel may be i n i t i a t e d  by any d i v i s i o n  of  MSC, t e s t i n g  f a c i l i t y ,  sof tware 

o r  hardware c o n t r a c t o r  which   nay r e q u i r e  it. The models incorpora ted  

should inc lude  t o l e r a n c e s  where a p p l i c a b l e .  

It  shall be t h e  r e s p o n s i b i l i t y  of  t h e  agency supplying t h e  hardware 

t o  NASA t o  d e f i n e  t h e  master mode1,for  t h a t  hardware and t o  decide on t h e  

n e c e s s i t y  f o r  changes. The supplying agency s h a l l  t a k e  t h e  i n i t i a t i v e  t o  
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review changes t o  t h e i r  equipment f o r  e f f e c t  on t h e  s imu la t ion  master 

0 model and inform t h e  MSG and des igna ted  us ing  agenc ie s  when changes a r e  

r equ i r ed .  Changes t o  a simulati .on master model will be eva lua ted  by the 

Guidance Software Cont ro l  Panel  t o  determine t h e  impact on v a l i d i t y  of  

v e r i f i c a t i o n  a c t i v i t y  completed o r  i n  p rog res s  and t h e  e f f e c t  on c o s t  

and schedule t o  make a change i n  t h e  f a c i l i t y  modasl. 

6.2 SIMULATION FACILITY MODELS 

Each using agency s h a l l  determine the e x t e n t  t o  which tho  va r ious  

s imu la t ion  master models are t o  be s imula ted  i n  t h e i r  f a c i l i t y .  P r i o r  

t o  t h e  performance of  q u a l i f i c a t i o n  o r  v e r i f i c a t i o n  t e s t i n g ,  each f a c i l i t y  

whose s imula tor  i s  t o  he i n  l i n e  wi th  the  r e l e a s e  of  t h e  f l i g h t  program 

must submit f o r  MSG review and approval  a d e s c r i p t i o n  of tho  s imula t ion  

models employed and t h e  r e s u l t s  of t h e  v e r i f i c a t i o n  of  t ho  s imula t ion  

models a g a i n s t  t h e  master model. 

Any changes i n  math models subsequent t o  t h i s  must be r epo r t ed  t o  

MSC f o r  review and approval  as they  occur  and t h e  f i n a l  con f igu ra t ion  

summarized wi th  a r e p o r t  on t h e  r e s u l t s  of t h o  v e r i f i c a t i o n  si.mul.ations. 

I n  cases where an i n t e r p r e t i v e  computm system i s  being used i n s t e a d  

of  a hardware guidance computer A s e r i e s  of  t e s t s  must; be conducted on t h e  

ICs and a hardware computer and t h e  r e s u l t s  submit ted w i t h .  t h e  f a c i l i t y  

models p r i o r  t o  t h e  performance of t h e  q u a l i f i c a t i o n  o r  v e r i f i c a t i o n  

t e s t i n g .  
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7. SOFTWARE REVIEW, APPROVAL, AND CONTROL 

T h i s  s e c t i o n  d e f i n e s  t h e  MSC conf igu ra t ion  management procedures  used 

t o  c o n t r o l  t h e  development and v e r i f i c a t i o n  of  the Apollo f l i g h t  sof tware.  

Software approval  procedures ,  change c o n t r o l  procedures  and reviews he ld  

dur ing  the sof tware  development and v e r i f i c a t i o n  p roces s  are descr ibed .  

Conf igura t ion  c o n t r o l  of  t h e  Software Design S p e c i f i c a t i o n  and of  t h e  

f l i g h t  program i s  def ined .  

The formal  rev iews  descr ibed  i n  t h i s  s e c t i o n  are those  t h a t  a r e  

nominally r equ i r ed .  The GSCP may ochadule addi t i .ona1  forom1 reviewa a s  

deemed necessary ,  

7.1 CONFIGURATION MANAGEMENT 

The r e s p o n s i b i l i t y  f o r  management o f  t h e  Apollo f l i g h t  sof tware  i s  

e 
de f ined  w i t h i n  MSC. The r e spons ib l e  MSC organ iza t ion  i s  t h e  source of  

in format ion  and provides  d i r e c t i o n  t o  t h e  software c o n t r a c t o r s  as shown 

i n  F igure  7-1. Various MSC d i v i s i o n s  a r e  ass igned  t h e  r e s p o n s i b i l i t y  of 

reviewing and approving va r ious  a s p e c t s  o f  t h e  sof tware  development and 

v e r i f i c a t i o n ,  These d i v i s i o n s  provide review and approval  of  t h e  sof tware  

and are the source of software requirements .  

The Guidance Software Cont ro l  Panel  (GSCP) has t h e  o v e r a l l  respon- 

s i b i l i t y  of  provid ing  o f f i c i a l  c e r t i f i c a t i o n  f o r  f l i g h t  of  t h e  f l i g h t  

sof tware .  Th i s  pane l ,  made up of  r e p r e s e n t a t i v e s  o f  v a r i o u s  MSC d i v i s i o n s ,  

coo rd ina t e s  the a c t i v i t i e s  of t h e s e  d i v i s i o n s .  

7.1.1 Software Approval Procedures  

The r e spons ib l e  MSC d i v i s i o n s  review and g ive  a c t i v e  approval  of 

sof tware  requirements ,  t h e  Software Design S p e c i f i c a t i o n  (SDS) sof tware  
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t e s t  p l ans ,  and sof tware  t e s t  r e s u l t s ,  These reviews w i l l  i nc lude  per- 

forming the  necessary  analyses and s in ;u la t ion  s t u d i e s  t o  i nnure  t h a t  

sof tware  requi rements  have been adequa te ly  de f ined  and t h a t  adequate  

t e s t i n g ,  which demonst ra tes  that t h e  sof tware  meets t h e  requirements ,  

has been performed. 

The Guidance Sofbwnro Cont ro l  I'anel providae f o m l  c e r t i f i c a t i o n  

of t h e  Apollo f l i g h t  sof tware .  Tho a r e a s  of  r e s p o n s i b i l i t y  of  t h e  panel  

i nc lude  t h e  fol lowing:  

. Approve' sof tware  requi rements  

I Approve program s p e c i f i c a t i o n s  

. Approve sof tware  t e s t  p l a n s  

. Approve sof tware  changes 

. Approve adequacy of sof tware  t e s t i n g  

. C e r t i f y  f l i g h t  r e a d i n e s s  o f  Apollo f l i g h t  sof tware 

Conf igura t ion  c o n h o l  of the  computer programs i s  exe rc i sed  by 

c o n t r o l l i n g  t h e  SDS dur ing  t h e  sof tware  development phase and tho  SDS and 

program l i s t i n g  dur ing  t h e  software q u a l i f i c a t i o n  and v e r i f i c a t i o n  phases.  

Any change t o  t h e  approved SDS must be approvod by t h e  GSCP us ing  tho 

change c o n t r o l  procedures  de f ined  i n  Sec t ion  7 . 1 . 2 .  T h i s  i n c l u d e s  changes 

t o  equat ions ,  c o n s t a n t s ,  program des ign ,  ope ra t ing  procedures ,  and program 

i n t e r f a c e s .  

Any change t o  t h e  con f igu ra t ion  c o n t r o l l e d  program a f t e r  t h e  FACI' 

review must be approved by t h e  GSCP, i nc lud ing  c h m g e s  t o  any memory c e l l .  

Conf igura t ion  c o n t r o l  of a p p l i c a b l e  program func t ions ,  as  determined by 

MSC, should be maintained from miss ion  t o  mission.  Th i s  i n c l u d e s  changes 

t o  any i n s t r u c t i o n  o r  cons t an t  r e l a t ed  .to t h e  p a r t i c u l a r  f u n c t i o n .  
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7 .1 .2  Software Change Cont ro l  Procedures  

Procedures  t o  c o n t r o l  program changes a r e  shown i n  Figure 7-2. 

These procedures  are r e l a t e d  t o  t h e  o v e r a l l  sof tware  development and 

v e r i f i c a t i o n  procedures .  When a sof tware  change i s  i n i t i a t e d  a f t e r  t h e  

program and/or SDS have become c o n f i g u r a t i o n  c o n t r o l l e d ,  t h e  s t e p s  o f  

these change procedures  a r e  completed before  r e t u r n i n g  t o  the normal 

procedures .  The number o f  s t e p s  o f  t h e  change procedures  completed 

depends on t h e  phase of the development and v e r i f i c a t i o n  that t h e  change 

i s  i n i t i a t e d ,  (F igure  7-2) 

Software changes can be i n i t i a t e d  by t h e  sof tware  c o n t r a c t o r  o r  

by MSC. The sof tware  change con be t h e  resu1. t  of requirement o r  sof tware  

mod i f i ca t ion .  Af t e r  a n  a n a l y s i s  o f  t h e  change by t h e  software c o n t r a c t o r ,  

a d e s c r i p t i o n  o f  t h e  change, t h e  impact o f  t h e  change, and t h e  t e s t i n g  

r equ i r ed  t o  eva lua t e  t h e  change i s  presented  f o r  MSC review. If t h e  change 

i s  approved, a change d i r e c t i v e  i s  i s s u e d ,  The change i s  then  implemented 

and t e s t e d  by t h e  sof tware  c o n t r a c t o r ,  and t h e  r o s u l t s  a re  prepared i n  

document form f o r  MSC review and approva l ,  Change t o  t h e  SDS p r i o r  t o  the  

FAG1 will be reviewed a t  the  FACI t o  i n s u r e  proper  implementation i n  t h e  

program. Any changes t o  t h e  program> t h a t  t a k e s  p l a c e  between .the FACI 

and t h e  CARR, will be reviewed a t  t h e  CARR. Proposed changes t o  the f l i g h t  

program, subsequent t o  t h e  CARR, should be reviewed by s p e c i a l  s e s s i o n s  of 

t h e  GSCP. The review should t a k e  i n t o  cons ide ra t ion  a l l  a s p e c t s  of  t h e  

mission ( s p a c e c r a f t  schedules ,  methods of implementing, r equ i r ed  t e s t i n g ,  

miss ion  requirements ,  e t c . )  p r i o r  t o  recommending approval  o r  d i sapprova l .  



7.2  SOFTWARE DESIGN SPECIFICATION FtE:7n:liw 

a 7 .2 .1  Pre l iminarv  Desim Review (PUR) 

The PIIR i s  j o i n t  MSC/contractor working group reviews of t he  pro- 

l iminary  SDS. The purpose o f  the  PUR i s  t o  compare the c o n t r n c t o r ' s  

de s ign  approach wi th  the requiremen-ts specif ied by MSC. Resu l t s  of 

o n p i n e e r i n g  s imu la t ions  by t h e  c o n t r a c t o r  and o r g a n i z a t i o n s  wi.thi n MSC 

t h a t  demonstrate t h e  performance of  the  equa t ions  i n  t h e  SDS t r i l l  be 

reviewed. Changes o r  a c t i o n  items t o  be accomplished by t h e  c o n t r a c t o r  

shnuld be idenbi l ' ied by t h e  responsib le  MSC orgnnixat, ions and should he 

completed by tho  sof twsre  c o n t r a c t o r  before  approval  of t h e  SUS i.s gi.vel.1. 

7.2.2. C r i t i c a l  Design Review (CIIH) 

The CDR i s  a formal revfew of  t h e  SDS by t h e  GSCP. The d i v i s i o n a l  

l e v e l  of MSC and c o n t r a c t o r s  a re  included in t h i s  review. The purpose o f  

t he  CDR i s  t o  determine t h a t  adequate  review and a n a l y s i s  have been per-  a formed t o  insure t h a t  f,ho SDS s u . t i s f i e s  t h e  roquirements providsd by MSC. 

When t h e  SDS i s  given formal w r i t t e n  approval  by MSG, i t  i s  put)li.ohed by 

t h e  c o n t r a c t o r  wi th  t x t h  the  PIIS and CDR comments incorpornt,ed and i s  

plclced under conf i g u r a  t i on  c o n t r o l  . 

7.3.1 Development Test  Plan Reviews 

Working group reviews of sof tware c o n t r a c t o r  dovelopment t e s t  p l ans  

a r e  he ld  hy MSC. The purpose o f  these rov iavs  i s  t o  insure tha t  cuch 

step i n  t h e  sof twsre  development has been p rope r ly  t e s t e d  before  pro- 

ceeding t o  t he  next  step.  I n  a d d i t i o n ,  t h e  reviews will also i d e n t i f y  

t e s t i n g  r equ i r ed  t o  i n v e s t i g a t e  known problem a r e a s  and provlrle coo rd ina t ion  
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of sof tware  c o n t r a c t o r  t e s t i n g  wi th  a p p l i c a b l e  independent t o s t i n g .  

7. 3 . 2  F:lrot A r t i c l o  Con Cigurrl t,.iou 1r1:lpoc t:I.on (IPACI 

The FACI i s  a working group review by MSC o f  (1) development t e s t  

r e s u l t s ,  (2)  q u a l i f i c a t i o n  t e s t  p l an ,  and ( 3 )  v e r i f i c a t i o n  t e s t  p l an .  

Review a t  t h e  FACI w i l l  be d i r e c t e d  towards ansur ing  t h a t  t h e  program 

re f l ec t s  what i s  i n  the  SDS and t h a t  t h e  q u a l i f i c a t i o n  and v e r i f i c a t i o n  

t e s t i n g  being planned a r e  a p p r o p r i a t e  and complete. A review of f l i g h t  

program e r a s a b l e  l oad  v e r i f i c a t i o n ,  rope memory gene ra t ion ,  crew pro- 

cedures ,  traini.ng p l a n s ,  and prelaunch ope ra t ions  i s  a l so  made, The 

outcome o f  t h e  FACI i s  t h a t  the f l i g h t  prograltl undergoes con f igu ra t ion  

c o n t r o l  and t h e  q u a l i f i c a t i o n  and v e r i f i c a t i o n  t e s t  p l ans  have beon formally 

approved. 

7.4 CUSTOMER ACCEPTANCE READINESS REVIEIJ (CAFtR) 

The CARR i s  a formal  re.view by tho  CSCP of t h e  software c o n t r a c t o r  

q u a l i f i c a t i o n  Lest r e s u l t s  and p re l imina ry  tes t  sesults a s  available from 

independent v e r i f i c a t i o n .  

The purpose of t h e  C A M  is  t o  determino tho r e a d i n e s s  of t h e  program 

f o r  manufacturing release. If it i s  determined t h a t  the program has been 

p rope r ly  q u a l i f i e d ,  it will be approvod f o r  release. However, i f  it i o  

determined t h a t  t h e  program i s  n o t  ready  f o r  r o l e a s e ,  MSC w i l l  s p e c i f y  t h e  

a c t i o n  r equ i r ed  on t h e  p a r t  of' t h e  c o n t r a c t o r  .to i n s u r e  t h a t  the  program 

i s  prope r ly  q u a l i f i e d .  

7 .5  FLIGHT READINESS REVTEN (FRR) 

P r i o r  t o  the FRIi a f o m l  review of a l l  f l  

t e s t  r e s u l t s  will be hs1.d by the  GSCP, The d i v  

7-7 

i g h t  program v e r i f i c a t i o n  

i si.onal. l e v e l  of  MSC sho11.l.d 



be included i n  t h i s  review. Tho purpose of t h i s  review i s  t o  determine 

t h e  r e a d i n e s s  of  t h e  sof tware  f o r  f l i g h t .  Tho results of f l i g h t  program 

0 erasable load  v e r i f i c a t i o n ,  rope memory a m e r a t i o n  v e r i f i c a t i o n .  and 

7-8 



. .  



8.1.4. Customer Acceptance Readiness Review (CARR) 

The f u n c t i o n  of t h e  CARR i s  t o  demonstrate to.MSC, c o l l e c t i v e l y ,  

.and t o  t h e  GSCP, s p e c i f i c a l l y ,  t h a t  t h e  program i s  f l i gh twor thy .  Th i s  i s  
accomplished by means of  A d e t a i l e d  review of  t h e  q u a l i f i c a t i o n  t e s t  

r e s u l t s  and of  t h e  p re l iminnry  f i n d i n g s  of t h e  v e r i f i c a t i o n  t e s t i n g .  The 

ou tpu t s  o f  t h e  CARR a r e  t h e  f l i gh t , - r e l ea s s  program, and .tohe srasabla memory 

load  used 

8.1.5 

f o r  t e s t i n g .  

F l i g h t  Readiness Review (FRR1 

The FRR i s  t h e  end p o i n t  f o r  a l l  system and subsystem q u a l i f i c a t i o n  

and v e r i f i c a t i o n ;  i n  t h e  case of t h e  sof tware ,  t h i s  review provides  t h e  
p a r t i c i p a n t s  wi th  t h e  oppor tun i ty  t o c o r t i f y  .Lhe adequacy cf  t h e  f l i g h t  pro- 
gram t e s t i n g  through an examination o f  a l l  t e s t  resu l t s .  

8.2 AGS SOFTWARE SCHDUZE 

A r e p r e s e n t a t i v e  schedule for 'the dovelopmant and v e r i f i c a t i o n  of  

a p a r t i c u l a r  ACS f l i g h t  program i s  presented  i n  F igure  8-2. The cons t r a in ing  
i tems i n  t h e  schedul ing  .arc tho  f o u r  des ign  rovi.ews d i s cuasod  bel.ow, 

8 .2 .1  Cri. t i c a l  Design Review (CUR)  

The CDR p r o v i d e s  a review of  the  prclirninary analysis  of t h e  

rcqui.rernont:: , a revised prot:rnm s p c c i f i c n t i  on, and CL Incl:;.tor daveloprnerl?, 
and q u a l i f i c a t i o n  t e s t  p l an .  

8 . 2 . 2  F i r s t  A r t i c l e  Conf igura t ion  Inspecti -on ( F A C I )  

The i.nputs t o  t h e  FACI review are  dovelopment, t es t ,  r e s u l t s ,  

q u a l i f i c a t i o n  t e s t  p lan ,  and v e r i f i c a t i o n  t o s t  p lan .  Aftel. t h i s  review, 

t he  f l i g h t  program undergoes . con f igu ra t ion  c o n t r o l .  The sof tware  c o n t r a c t o r ' s  

q u a l i f i c a t i o n  t e s t  p lan  mid v e r i f i c a t i o n  t e s t  plan n.t.8 a l s o  revi,ewed and 

approved a t  t h i s  t ime,  



I accomplished by means of  a d e t a i l e d  review of  t h e  q u a l i f i c a t i o n  t e s t  I 
o u t p u t s  o f  t h e  CARR a re  the  f'light-reloaue progrtun, aud %lie e r a s u b l o  

menory load  used f o r  t e s t i n g .  

8 . 2 . 4  F l i g h t  Readiness Review (FRRr 

The FRR is  t h e  f i n d  software review p r i o r  t o  t h e  f1i.gh.t t o  review 
t h e  results of t h e  v e r i f i c n t i a n  of all orasahlo memory t,,npes and the resu l t s  

o f  system i n t e g r a t i o n  t e s t i n g .  
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