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REPLY REFER TO: 

Mr. Harold T .  Lusk in  
Apol lo  A p p l i c a t i o n s  Program D i r e c t o r  
N A S A  Headquar t e r s  
600 Independence Avenue, S.W. 
Washington, D .  C .  20024  

Dear Hal: 

110 Guidance So_ftware Task  F o r c e ,  which I convened 
cember,  conducted  a l o n g  a n d -t h o r o u g h  rev iew of 

how f l i g h t  s o f t w a r e  i s  developed and v e r i f i e d .  It i s  a 
l ong  and d i f f i c u l t  p r o c e s s ,  easy t o  u n d e r e s t i m a t e .  

I am e n c l o s i n g  a d r a f t  o f  t h e  F i n a l  Repor t  of t h e  Task 
F o r c e ,  i n  which we made several recommendations a p p l i c a b l e  

r e h e a r s a l s  i n  a s u i t a b l e  s i m u l a t o r )  t o  d e f i n e  s o f t w a r e  
and  crew/computer r e q u i r e m e n t s .  

$, t o  A A P .  I n  p a r t i c u l a r ,  we recommended a thorough e a r l y  
' e f f o r t  ( i n c l u d i n g  d e t a i l e d  crew t i m e l i n e s  and m i s s i o n  

I t  seems t o  me w e  a re  g e t t i n g  c l o s e  t o  t h e  time t o  b e g i n  
s u c h  a n  e f f o r t  f o r  AAP. I would a p p r e c i a t e  i t  g r e a t l y  
i f  y o u  would r e v i e w ,  w i t h  me and w i t h  t h e  o t h e r  members 
of  t h e  T a s k  F o r c e ,  how y o u  i n t e n d  t o  o r g a n i z e  and c a r r y  
o u t  t h e  development o f  a l l  AAP f l i g h t  s o f t w a r e .  October  2 ,  
1 9 6 8  seems a s u i t a b l e  d a t e .  Mr. W .  G .  He f f ron  (Area Code: 
( 2 0 2 )  484- 7970) will c o o r d i n a t e  t h e  mee t ing  f o r  me. I sug-  
gest  we have i t  h e r e  a t  H e a d q u a r t e r s .  

S i n c e r e l y  y o u r s ,  j, 

For  Manned Space F l i g h t  

Enc losu re  
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PROPOSED AGENDA 

J%AP FLIGHT SOFTWARE: 
f* gL 

S h o r t  Review of AAP Miss ions  

Assignments of  R e s p o n s i b i l i t y  t o  MSC 

Management S t r u c t u r e s  

dp/h  pwJ9 
and  MSFC f o r  F l i g h t  Sof tware  7 

P r o c e s s  by Which S o f t w a r e  Requirements  
a re  t o  b e  Developed 

P e r s o n n e l  Loading Requirled and A v a i l a b l e  

F a c i l i t i e s  Required  and A v a i l a b l e  

S c h e d u l e s ,  Ex tend ing  from Development o f  
Requirements  t o  Read iness  f o r  F l i g h t  
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FINAL R E P O E  

APOLLO GUIDAEJCE SOFTWARE TASK F'ORCZI: """- 

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

T h i s  i s  t h e  f i n a l  r e p o r t  of  t h e  Apol lo  Guidance 

Sof twarc  T a s k  F o r c e ,  which was e s t a b l i s h e d  by Dr. Cr. E .  

M u e l l e r ,  A s s o c i a t e  A d m i n i s t r a t o r  f o r  Mnn~~ctd  $pac!c FI.i.C$11;, 

NASA, a t  t h e  request  of L t .  G e n e r a l  S .  C .  P h i I . l i p s ,  USAP, 

Apol,1 o Program D i r e c t o r .  

T h e  p u r p o s e  o f  t h e  T a s k  Forcc  was s t a t e d  j , r l  a 

l e t t e r  dated December 1 8 ,  3.967 f rom D r .  Muc:lJcr t o  D l * .  I ( .  H .  

G i l r u t h ,  D i r e c t o r ,  Manned S p a c e c r a f t  C e n t e r ,  as " t o  de t e r-  

mine whe the r  t h e r e  are  any a d d i t i o n a l  a c t i o n s  wh?,cb c o u l d  bc 

t a k e n  t o  improve t h e  s o f t w a r e  development a n d  v e r i f i c a t i o n  

process and our  v i s i b i l i t y  and c o n t r o l  o f  i t . "  
4 The Task  Force was c h a i r e d  by Dr. M u c I l . c ~ ~ :  4 merltbc:r*- 

s h i p  i s  g i v e n  i n  E n c l o s u r e  1. F o u r t e e n  meetin@;s wcr'c h e l d  

a t  l o c a t i o n s  and da tes  g i v e n  i n  E n c l o s u r e  2 .  M i n u t e s  of 

t h e  mee t ings  were p u b l i s h e d  and a c t i o n  items were assiEned 

and accompl ished.  A l l  are  a v a i l a b l e  from t h e  s e c r e t a r i e s  

o f  t h e  Task  Force  ( g i v e n  i n  E n c l o s u r e  1).  

T h i s  f i n a l  r e p o r t  p r e s e n t s ,  b r i e f l y ,  t h e  major  

t o p i c s  of d i s c u s s i o n ,  t h e  Task F o r c e ' s  recommcndatioils f o r  

f u r t h e r  Apollo Program a c t i o n  and f o r  treatment of: S O f t w a P C  

i n  advanced programs,  and t h e  c o n c l u s i o n s  drawn b y  the T a s k  
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Force  a s  a r e s u l t  o f  t h e  p r e s e n t a t i o n s  made t o  it; by t h e  

organizations i n v o l v e d .  The minu tes  and act5011 items s e r v c  

as a f u l l .  r e p o r t  on t h e  Task  F o r c e ' s  a c t i v i t i e s .  

2 .  Major Topl .cs  o f  DiscussJ.Cn. 
Al though t h e  T a s k  Porlce I.bvicwcd a3.1 a s p e c t s  o f '  

s o f t w a r e  development from ' i n i t i a l  establishme1'lt cf r e q u i r e -  

ments t o  p o s t  f l i g h t  a n a l y s i s ,  t h e  major t o p l c s  o f  d:lscus:;ion 

Were as f o l l o w s :  

1. The a s s i g n m e n t s  of r e s p o n s i b i l i t y  and par t i  c i y a t 9 o n  

by t h e  numerous o r g a n i z a t i o n s  i n v o l v e d  i n  o r  af'i 'ectJ.iw 

software.  

2 .  C o o r d i n a t i o n  and c o n t r o l ,  i n f o r m a l l y  and t h r o u g l ~  

documents and s p e c l f i c a t i o n s ,  as t h e y  a f f e c t  i n t c r f n c c s  bcCwcen 

s o f t w a r e  and ha rdware ,  s o f t w a r e  and crew procedures, rcqulrc- 

ments f o r  s o f t w a r e ,  d e s i g n  da ta  r e q u i r e d  f o r  softwarec devc1.- 

opment and v e r i f i c a t i o n ,  and c o m p a t a b i l i t y  between t h e  

Pr i rna ry  Guidance Computer and  t h e  Abort Guidance System i n  

t h e  Lunar Module. 

3. S o f t w a r e  c o d i n g  t e c h n i q u e s ,  p r o c e d u r e s  and 

management. 

4 .  S o f t w a r e  s c h e d u l e  performancc  and v i s i b i 1 i t . y .  

5.  S o f t w a r e  t e s t i n g  r e q u i r e m e n t s  and  p h i l o s o p h y .  

6 .  A p p l i c a t i o n  of t r a i n e r s  and h y b r i d  s i m u l a t o r s  t o  

s o f t w a r e  v e r i f i c a t i o n .  

http://DiscussJ.Cn
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3 .  Recommendations f o r  t h e  A p o l l o  " Pr*ogc,ram 

S e v e r a l  reconmendat ions  of  t h e  Task E'orlcc. h n v c  

a l - r e a d y  becn  a c t e d  upon. The  f'ol.lowing a d d 1 , t i o n a l  reconl- 

:i:cnclat;ions are  macle. 
h 

I:. The d i f f i c u l t i e s  i n  s o f t w a r e  dcvclogmcnt 

r e f l e c t  t h e  c o m p l e x i t i e s  of t h e  Apo1l.o mission:; and w:l.Il. 

e 11. C o n t r o l  of c o n s t a n t s ,  coor3dinate systems, oycl-a- 

t i o n a l  CiRta, d e f i n i t i o n  of sof twarbe  v a r i a b l e s ,  was 3 dcnt ; i f : icd  

a s  a c o n t i n u i n g  problem i n  s o f t w a x  dt':vc!loprr!c!l'lt;. l'hc: co111.- 

p l e x i t y  of  t h e  A p o l l o  S o f t w a r e  i n t e n s i f i e s  the  ?'ask b ' o ~ c e ' s  

conce rn .  The Task F o r c e  makes t h e  f 'oll.owing rccommencla1;ions: 

1. MSC, MSFC and K S C  mana.gement; shoul.cl support; use o f  
. Apol lo  Programs S t a n d a r d s  f o r  P h y s l c a l  C o n o t a ~ ~ t s ,  

Env i ronmenta l  Data and C o o r d i n a t e  Axes, amencling 
and e x t e n d i n g  them as becomes neccasar.jl .  

2 .  The MSC Apol lo  S p a c e c r a f t  Program Ofl'fce Ope ra t i ona l  
Data C o n t r o l  a c t i v i t y  shou ld  r e c e i v e  c o n t i n u i n g  
management a t t e n t i o n  and, S U p r J O r t .  "?PC and KSC 
s h o u l d  r e v i e w  t h i s  e f f o r t  i n  a n  a c t i v e  e f f o r t  t o  
improve t h e i r  c u r r e n t  d a t a  c o n t r o l  mcthods .  
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3. Working w i t h i r l  t h e  present  s i t u a t i o n ,  M C  an6 14SIi'C 
s h o u l d  e n c o u r a s e  s t a n d a r d i z a t i o n  of '  t h e  synbo1.s and 
names of  s o f t w a r e  va r i ab l e s ,  and pro!note unde r s t and-  
i n g  o f  these  q d a n t i t i e s  by r e q u i r i n g  appropr i a t e  
t a b l e s  o f  nornc:lclature,  d i c t i o n a r y - l i k e  l j s t i r t p ,  
e t c .  

111. I n  d e v e l o p l n g  s o f t w a r e ,  MSC and KSFC F,hould 

r e q u i r e  c l e a r  i d e n t i f i c a c i o n  of a l l  c o n d i t i o n s  which cause 

software program i n t e r l o c k s ,  e r r o r  i n t e r r u p t s ,  r w l l i n e  r e s t r i c -  

t i o n s ,  e t c .  , p r e f e r a b l y  by the  software prog~~~amtncr ,  Thc:se 

s h o u l d  b e  reviewed f o r  a p p l i c a b i l i t y  by  oper%at ior ia l  systacln 

groups  

I V .  The Task Force  e n d o r s e s  t h e  p l a n s  f o r  Incr*cnseci 

use o f  h y b r i d  s i m u ' l a t o r s  and t r a i r l q r s  i n  h a ~ ~ d w a r ~ c / s o f t w a r c /  

crew i n t e r f a c e  V e r i f i c a t i o n  and recommends Apol1.0 PP+o~~;ram 

O f f i c e  c o n t i n u e d  s u p p o r t  of t h i s  a c t i v i t y .  

V. The Task Force  f e e l s  t h a t  s o f t w a r e  t e s t i n g  a t  

KSC s h o u l d  emphasize v e r i f i c a t i o n  of  i n t e r f a c e s ,  and o f  t h e  

i n t e g r i t y  of  t h e  program. K S C  s c h e d u l e s  shou ld  p e r m i t  cleliv- 

e r y  of f l i g h t  programs f o r  b o t h  t h e  l a u n c h  v e h i c l e  and t h e  

s p a c e c r a f t  a s  l a t e  as t h e  Countdown Demonst ra t ion  Tes t  o r  t h e  

P l i g h t  Read iness  Tes t ,  whichever  i s  ear l ier .  

4 .  Recommendations f o r  Advanced Programs 

F o r  Space  programs such  as Apol lo  A p p l i c a t i o n s ,  

P l ane ta ry  Miss ions ,  e t c . ,  t h e  Task Force  draws t h e  f o l l o w l n g  

recommendations from Ap'ollo Program experienc'e. 
I 

I 

i 

. ."_.". ".-r+.-.""---I"""I"* 



$.. E x p e r i e n c e d  p e r s o n n e l  shou ld  be  assicned t o  t h e  

advan'ced program as q u i c k l y  as p o s s i b I . e ,  r a t h e r  L h m  use t h e  

e a r l y  s tages  of an advanced program t o  t r a i n  i n e x p c r i e n c e d  

. . .  - . . -  I , 

. .  

p e o p l e .  

2 .  T e c h n i c a l  o r g a n i z a t i o n s  s h o u l d  s p e n d  s m e  1 0 5  of 
. _  

their time on advanced programs,  s o  as  t o  promote t h c  c a r l ' ~ '  

o v e r  o f  e x p e r i e n c e .  

3.  A thopough ,  e a r l y  , e f f o r t ;  a t  sy:;tc:n;c c!r,lp;l t I c ~ c ? r i n ~ ;  

i s  as i m p o r t a n t  f o r  t h e  crcw/computer /sgacecraf t  systenl as 

it i s  fo; hardware .  The e f f o r t  shou ld  produce:  

on m i s s i o n  development and r e h e a r s a l .  work j n ' a  sul.1;abl.c f u l l  6 

s c a l e  t r a i n e r ,  a s  we l l  as  on ana lys i s .  

4.- There s h o u l d  b e  a d e l i b e r a t e  p o l i c y  of maxirnum 

ca r ry  o v e r  of g u i d a n c e  t e c h n i q u e s  from e a r l i e r  programs.  

5. There s h o u l d  be a s iml la r ly  d e l i b e r a t e  e f f o r t  t o  

prornote s i m p l i c i t y .  

6 .  I n  c h o o s i n g  a computer ,  p a r t i c u l a r l y  i n  dctcr inini .ng 

t h e  q u a n t i t y  o f  and t h e  r a t i o  between e r a s a b l e  and non-er 'asable 

memory, t h e  d i f f i c u l . t f e s  i n  so f twarc  dcvcl.oprncn1. s h o u l d  W(:,.!;$I 



0 
I 

1 

as h e a v i l y  as t h e  more t r a d i t i o n a l  h a x h a r e  a s p e c t s .  Kh5l.e 

a ' computer  and i t s  software do l e n d  a n  element; o f  f l e x i b i l i t y ,  

e x p e r i e n c e  t e a c h e s  t h a t  s o f t w a r e  i s  more d i f f i c u l t  t o  d e v e l o p  

t h a n  hardwarc, t ha t  v e r i f i c a t i o n  o f  software, in p n . r l t I c u l a r ,  

i s  a time consuming t a s k .  

7 .  I n  d e s i g n i n g  s o f t w a r e ,  p a r t i c u l a r  e f f o r t  s h o u l d  b e  

plac'ed on a v o i d i n g  o r '  m i t i g a t i n g  r e d l i n e  r e s t r i c t i o n s ,  e m o r  

i n t e r r u p t s ,  program i n t e r l o c k s ,  e t c ' .  Those t h a t  r c m  1 n sllould 

be c l e a r l y  i d e n t i f i e d .  

8.  Present  s t a n d a r d i z a t i o n  of p h y s i c a l  consta1lt .s env i-  

ronmenta l  d a t a  and c o o r d i n a t e  axes  shou ld  b e  cxter~decl t o  

j n c l u d e  symbol ic  names and mathcrnat ica l  s y n ~ b o l s  f o r  sofLwarc 

v a r i a b l e s .  

9 .  O r g a n i z a t i o n a l  s t r g c t u r c  and a s s i g n m e n t s  shou ld  

stress a c c o u n t a b i l i t y  f o r  per formance  as wel l  as scope! of  

a u t h o r i t y  and r e s p o n s i b i l i t y .  P a n e l s ,  commi t t ees ,  e t c . ,  

shou ld  be u s e d  t o  'promote c o o r d i n a t i o n  and t o  f o r m a l i z e  

agreements ,  b u t  n o t .  a s  r e p l a c e m e n t s  f o r  l i n e  o r g a n i z n t j  o n s .  

6 .  Conc lus ions  

The T a s k  F o r c e  draws t h e  f o l l o w i n g  co11clusic)rIs: 

1. I t  i s  i n  bas ic  agreement  w i t h  t h e  p r e s e n t  s o f t w a r e  

s l t u a t i o n .  

2 .  No'major  Improvements remain  t o  b e  macle. 

3. S o f t w a r e  complex i ty  requires  a h i g h  l e v e l  of  corn- 
- I .  - - 
munica t i ,on  and p a r t i c i p a t i o n  by t h e  many o r g a n i z a t i o n s  

i n v o l v e d .  
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4 .  There ' is  a d e q u a t e  s o f t w a r e  schec1ul.e c o ; l t r o l  and  

v i s i b i l i t y  a t  p r e s e n t ,  a l t h o u g h  s c h e d u l e s  and f l , i ~ ; ] ~ i ;  da tes  

w i l l  make s o f t w a r e  a s u b j e c t  of' c o n t i n u a l  concern .  

5. I n  d e v e l o p i n g  c o n f i d e n c e  I n  s o f t w a r e ,  full aclvantai;e 

s h o u l d  be t aken  o f  t h e  s e v e r a l  h y b r i d  simula.kor8s and troaincrse 

C o o r d i n a t i o n  o f  a c t i v i t y  and formal f a i l u r e  and cl:lscrlcpnncy 

r e p o r t i n g  systems must b e  c o n t l n u e d .  1. 

And, as  a g e n e r a l  c o n c l u s i o n ,  t he  Task Polecc f e e l s  

i t  i s  i m p o r t a n t  t o  r e c o g n i z e  that ,  so f twavc  rx!qu:Lr.emc.nts w J 1 1 .  

always b e  dynamic. As s u c h ,  s p e c i f i c a t i o n s  and requirements 

will n e v e r  b e  a v a i l a b l e  i n  a comfor tab ly  ear1.y tinlc f r a w .  

T h i s  will always c a u s e  a c c e l c m t e d  clcvcloputcnt schecZu1.cs. 

A p o l l o  Program management must r e c o g n i z e ,  t h e r e f o r e ,  t h a t  

s o f t w a r e  will r e q u i r e  c o n t i n u a l  a t t e n t i o n  and e f f o r t  t o  

i n s u r e  t i m e l l n c s s  and s t a b i  11 t;y And Advar~ccd I'r-o;.;raln:; shou1,d  

a t t empt ,  as  e a r l y  as p o s s i b l e ,  t o  d c f i n e  Chcsc rcyui . rcrni : t l t s  

and s p e c i f i c a t i o n s  s o  'as t o  mi t igate  these  problems.  

c o o p e r a t i o n  and c a n d i d  t e s t i m o n y .  The s i n c e r i t y  and dccl i .cat ion 

of a l l  members of t h e  NASA team was a p p a r e n t .  T h e i r  determi- 

n a t i o n  t o  meet t h e  c h a l l e n g e  o f  t h e  Apol lo  Program i s  recog-  

n i z e d ,  a p p r e c i a t e d ,  and commended. 

""t--" . ""-,-.".."-" ""." .."."_ ---..-.- ""-" -. "" 
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The f o l l o w i n g  a c t i o n  items were def'ineci: 

A C T I O N  ITEM II. I The MSC t o  p r e p a r e  a p r e s e n t a t i o n  on 
t h e  Data P r i o r i t y  Task f o r  t h e  Sof tware  Task  Force .  Assigned t o  
H. W .  T i n d a l l  (MSC, Next Washington, D .  C .  Meet ing)  , & /A 4 E . 5 .  E N T A  T / b M  

ACT' ION ITEM 11.2 The MSC t o  d e t e r m i n e  t h e  need a t  
" 

th:i s ,point  f o r  accuracy  s p e c i f i c a t i o n s  which d e f i n e  neces:;ary 
ant3 su t f : ic leni ;  Sof tware  per formance .  Assigned t o  J .  P .  Mayer 
(MSC, 2 /16 /68 )  

AC'Ill:(lN TrI"EM - 11 . I i  The MSC t o  r ev iew ,In de ta . j  1. d e v e l o p-  
rnent p1.an usage a t  MmL w i t h  Appointed members o f  t h e  Task 
Forcfl!. Assigned t o  J .  C .  S t o k e s ,  J .  S.  M a r t i n ,  and R .  R .  Hanrahan. 
( 2 / 1 6 / 6 8 )  

P rob l ems  i n  development of  t h e  Abort Guidance Sys t em 
s o f t w a r e  a r e  no t  l i s t e d  above.  Such l i s t i n g  i s  d e f e r r e d  u n t i l  
a f t e r  t h e  meet ing  a t  TRW. 

Attachmenl; : L i s t  o f  A t t endees  
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Bellcomm, I n c .  
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. .  





1. Schedule.- D r .  Mueller f e l t  t h a t  the  Task Force should inves t iga te  
t h e  techniques of  con t ro l l ing  sche&Li.es because of t h e  importance of .. 

scheduling Apollo programs. J i m  Martin was i n t e r e s t e d  i n  the  use of 
PERT i n  c o n t r o l l i n g  schedules. This i s  not used a t  present  b u t ' t h e  
progriim development p l a n  t akes  i t s s p l a c e .  J i m  was going t o  meet inde- 
pendently with J i m  Stokes t o  look i n t o  t h i s .  

2. Problems re la- t ing  t o  MSC: organiza t ional  s t ruc tu re .  - 
1 Is t h e  separa t ion  of the  AGS and PNGCS organiza t ion  a t  .MSC an 

e f f e z t i v e  way t o  manage t h e  software program? How is t h e  i n t e r f a c e  
con t ro l l ed?  

2 Should t h e  MSC F l igh t  Software Branch have a r e s i d e n  repre  sen- 
tative at  MIT? MSC. feels t h a t  they  would have more e f f i c i e n t  represen-  , 

t a t i o n  at MIT by having s p e c i a l i s t s  and F l i g h t  Software Branch managers 
spend p a r t  of t h e i r  time a t  MIT each week. ' I 

3 How i s  t h e  u t i l i z a t i o n  of t h e  e n t i r e  system in tegra ted?  (How i s  
coorhina t ion  e f fec ted  between MSC and con t rac to r  organizat ions? ) This 
i s  e f f e c t e d  with B i l l  T i n d a l l ' s  new ' ro le  a s  Chief of "Data P r i o r i t y "  i n  
ASPO. I n  this r o l e  he has the  necessary a u t h o r i t y  t o  i n t e g r a t e  t h e  
work of a l l  MSC d i r e c t o r a t e s  and contractors1, in determining the  opera- 
t i o n a l  u t i l i z a t i o n  of the  systems. ~ I ! 

I 

4. How does F l i g h t  Software Branch g e t  support from o t h e r  d i v i s i o n s  
and x i r e c t o r a t e s ,  and i s  it formalized? I 

I 

I I :  

5. Does B i l l  T inda l l  have s u f f i c i e n t  f u i l  tim? support i n  h i s  d a t a  
p r i o r i t y  job? B i l l  has fou r  t o  six , f u l l  time TRW personnel  supporting 
him and he u t i l i z e s  t echn ica l  expe r t s  from a i l  a reas  i n  the  center .  

6. How does KSC g e t  inputs  i n t o  t h e  sys-t;em? Ludy Richards was 
in teTes ted  i n  t h i s  problem e s p e c i a l l y  'from t 9 e  poss ib le  d i f f e rences  
i n  testing philosophy. 

I 1  
! I  

~ 1 .  
I 1  I !  
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7 What are  the  procedures f o r  r,easuring impact of hardware o r  
cprocgdural changes on the  software? Also, what a r e  the  procedures 
f o r  infor tnhg software personnel  of hardware changes which may a f f e c t  
t he  software? 

8 Should a l l  software personnel. be consolidated i n  one area? 
T h i s q u e s t i o n  r e f e r r e d  t o  bringing toge ther  a l l  of the  people working 
on software, working i n  Guidance and Control  Division, &PAD, F l i g h t  
Control  Divi.si.on, and F l i g h t  Crew Support Division. It was pointed 
out  t h a t  the re  a r e  too many people working on sof tware- re la ted  items 
t o  pu t  them a l l  i n  t he  same geographical 'a rea  and t h a t  it was the  
F l i g h t  Software Branch's (and B i l l  T i n d a l l ' s )  job t o  coordinate and 
i n t e g r a t e  t he  work of these  people. Although i n  t he  case of the  AGS it 
might be poss ib le  t o  consol idate  t he  AGS and PNGCS software and managers. 

9 Is the  Change Control  Board operat ing e f f e c t i v e l y ?  Is it too ,. 

l imired? Is it schedule-conscious? "her? were some quest ions  here  by' 
Bellcormn represen ta t ives  on whether too  many changes were being appro,ved 
by the  Change Control  Board and whether changes should be con t ro l l ed  to .  
,some ex ten t  before  they g e t  t o  the  Board. It was the  consensus of the  
t a s k  fo rce  t h a t  a l l  changes should be brought t o  t h i s  Board f o r  i t s  
dec i s ion  and not  j u s t  what was considered mandatory by the  change 
proposer . 

10 How i s  the  RTCC spacecraf t  and launch vehic le  software i n t e r f ace  
checked? What s o r t  of i n t e g r a t i o n  t e s t s  a r e  run? T h i s  included ques- 
t i o n s  on such th ings  'as commands f o r  t a r g e t i n g  o r  updates a.ld hardware 
o r  software i n t e r f ace s .  

11 What a r e  the  procedures t h a t  MSC uses  t o  c o n t r o l  opera t iona l  
data?" How .do we insure  t h a t  the proper constants  go i n t o  a l l  software? 

1 2  How do we insure  t h a t  the  a c t u a l  procedures t o  be 'used  by t h e  
as t ronau ts  are reviewed with t he  proper software personnel? In  t he  
p a s t  t he  a c t u a l  a s t ronau t  c h e c k l i s t  was considered a persona l ly  con t ro l l ed  
c h e c k l i s t  by the  as t ronau ts  and was not thoroughly reviewed. 

13 Is it poss ib le  t o  ass ign  t h e  a c t u a l  a s t ronau t  crews f o r  r,evieriing 
gu idGce  software. a t  an e a r l i e r  date?  , .  

1 4  Do t he  as t ronau t  crews have t o o  much a u t h o r i t y  i n  making Software 
c h a n z s ?  

15  Program c o n t r o l  mechanization.- Is t he r e  anything t h q t  can be 
d o n e t o  mechanize program c o n t r o l  such as t he  use of PERT? 

16 Can programs be defined t o  c o n t r o l  dynamic e rasab le  t o  insure  
t h a t c o n f l i c t s  do no t  occur? 
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3. MIT oqyni . za t ion .  - Euch of what ,was l i s t e d  under MSC organizat ion 
i s  a l so  p e r t i n e n t  t o  MIT organizat ion.  

1 MIT CC13. - What work should be done on program implementation 
befoye reaching the  Change Control  Hoard? What i s  the  process f o r  
c o n t r o l l e r  work done i n  advance of CCB meetings? 

2 Does MIT schedule effect i .vely?  Is the  development p lan  a u s e f u l  ' 

sche&ling device? It was suggested t h a t  i n  o.rder t o  show the  usef'ul- 
ness of t he  development t h a t  the  h i s t o r y  .of the  SUNDISK program be com- 
pared with t h a t  o f  t he  SUNDANCE program. 

3 I n  regard t o  SUNDISK changes s the quest ion arose as t o  t he  
adeqi-iacy of the  r e t e s t i n g  of t he  SUNDISK program. It was i n f e r r e d  
t h a t  t he r e  was no time f o r  adequa te i re tes t ing .  

Does MIT have adequate manpower? It was s t a t e d  t h a t  MIT has  
approjrimately 200 people assigned %o the  software and it was considered 
by both MIg! and MSC t o  be adequate. 

- 5 How does MIT c o n t r o l  dynamic and s t a t i c  s torage loca t ion?  

4. Program va r i f i c a t i on .  - 
" " 

~ 

1 Why a r e  ropes re leased  a t  t he  end of l e v e l  4 t e s t  ins tead  of 
l e v 2 i  5? How does t h i s  a f f e c t  KSC t e s t ?  It; was brought out  t h a t  YiFC ' 

lLad t o  re lease  programs i n  a similar manner. j Also, the  quest ion of the  
u t l l . i z a t i on  of t e s t  ropes ins tead  of program ropes was brought out. Is 
t he r e  a b e t t e r  way of us ing t e s t  ropes i n  KSC t e s t s ?  

2 How 'do we know t h a t  the  b i t - by- b i t  d i g i t a l  s imulat ion c o r r e c t l y  
s imuiates  t h e  onboard computer? Fi'hy c a n ' t  we use the  a c t u a l  onboard 
computer f o r  some of t h i s  t e s t i n g ?  How can we compare ' b i t- by- bi t  
s imulator  r e s u l t s  with a c t u a l  computer r e s u l t s ?  

3 How do you confirm t h a t  w h a t , i s  loaded i n  t he  computer i s  the  
a c t u g l  program tha t  was t e s t ed?  

4 What i s  the  v e r i f i c a t i o n  t e s t i n g  philosophy? How i s  MIT and PISC 
t e s tyng  coordinated? Should we do more t e s t i n g  based on s p e c i f i c  system 
f a i l u r e  ana lys i s?  Do we need s p e c i f i c  s p e c i f i c a t i o n  tes t  s p e c i f i c a t i o n s ?  

5 How do we know t h a t  t h e  MSC and MIT b i t - b y- b i t  s imulators  a r e  
compxtibLe? 

6 What are t he  p lans  f o r  u t i l i z i n g  a l l  of t h e  hybrid s imulators  
f o r  program v e r i f  icat ' ion? D r .  Mueller ind ica ted  t h a t  t he  f i rs t  p r i o r i t y  
f o r  the  crew t r a i n e r s  should be as t ronau t  I t r a i n i n g  and t he  second 
p r i o r i t y  should be v e r i f i c a t i o n .  
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'( j'3Tt-by-bil; verJ.i'j.catj.on. - How do 17e insure  t h a t  proper inputs  "- 
arc Zbtu,:i.ncd I'~.-orn a:L:L r%sponsiblc d i v i s i o n s  f o r  specifyirlG b i t - by- b i t  
si.mulator r u n s  and checking resu lbs?  

8 How i s  t he  hardware software i n t e r f ace  v e r i f i e d ?  

5. What computer reasonableness checks a r e  made? What a r e  they? 

6. Should we spec i fy  performance and accuracy? \/hat are the  performance 
limits of t he  cur ren t  system? For example, how c lose  i s  c lose  enough 
t o  assume t h a t  the  rendezvous software i s  acceptable? 

7. Documentation.- We need a progrgm d e f i n i t i o n  document including 
appropr ia te  constants  f o r  each mission. Also, we need a standard 
procedures document ( t h i s  i s  chapter  4 of t h e  GSOP). We need a docu- 
ment defining t he  opera t iona l  t imel ine .  This document w i l l  come out 
of B i l l  Tindal l  ' s work. 

" 

8. A review should be: made of a l l  s i ng l e  po in t  f a i l u r e s .  No manual 
e n t r y  should bomb ou t  t he  computer. 

9. How do we insure  t h a t  t he  l u n a r  programs a r e  adequately checked i n  
f l i g h t  be;".:l-.e t he  l u n a r  mission? What can be adequately v e r i f i e d  on 
t he  ground versus  i n - f l i g h t  and what i s  necessary f o r  i n - f l i g h t  
checkout? A t  t h e  cur ren t  time the  luminary i s  not planned t o  be used 
before  the  lunar  mission,  This was questioned by D r .  Mueller. 

5. A computer f a i l u r e  ana lys i s  should be made. Analysis  should be 
ma& of poss ib le  computer f a i l u r e s  which could be worked around i n  
f l i g h t .  

10. Program modularity.-  How do ind iv idua l  c h a n p s  i n  subrout ines  
a f f e c t  the  complete program? 

11. Is the  program t o o  complicated? Could we f l y  t o  t he  moon with 
h a l f  t he  computer capaci ty?  Is t he r e  reason t o  i n i t i a t e  a backup 
s impl i f i ed  program i n  o rder  t o  meet the  l u n a r  landing miss ion ' s  schedule? 

12. The AGS.- Many of t he  above comments a r e  appropr ia te  f o r  t he  AGS 
as wel l  as f o r  the  primary system., I '  

1 €101.1 s t a b l e  i s  the  AGS program? Are t h e  changes now being proposed 
r e a l l y  necessary? Should we consider  the  AGS as s t r i c t l y  an abor t  system 
t o  be able  t o  abor t  t o  l u n a r  o r b i t  s a f e l y  and not  consider  it as c o q l e t e  
backup guidance system which can e f f e c t i v e l i  monitor the  primary system? 

' I  ;: 

I !  1 :  
j !  I /  1 :  
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,shed? I.?. How i s  t h e  AGS independent v e r i f i c a t i o n  system t o  . b e  accomp . 
I - 

Guidance and Control has assigned t h i s  t a s k  t o  the  F l i g h t  Operations 
Directorate.  FOII p lans  t o  do it under ' t h e  same rflanaeenlent as the  PNGCS 
v e r i f i c a t i o n  u t i l i z a t i o n ,  TRW IIouston. 

111. How are we assured t h a t  t h e  AGS and PIYGCS are completely compatible 
from both  a hardware and software p o i n t s  of  view? 

, 

D i s t r ibu t ion :  
FA/C. C.  Kraft, Jr. 
FS/L, C. Dunseith 

J. C. Stokes 

FM: DM: dpf 
.* ., 
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FM/Chief 

M E W N ~ ~  # 5 4 G 
Software Task Force Meetings a t  TRW, Los Angeles, January 24; 1968, and 
North American Rockwell Corporation, Downey, Cal i forn ia ,  January 25, 1968 

The fol lowing are  some comments from my notes  a t  the  TRW and NR meetings: 

TRW - 
Where d,oes T R W  g e t  t h e i r  opera t ional  cons tants  f o r  the  AGS? They ind i-  
cated GAEC but  I do not r e a l l y  th ink  they  g e t  them from Gmunman. 

The dri.vision of AGS and PNGCS management again was brought up. The neces- 
s i t y  f o r  t h e  crew check l i s t  t o  be looked at by TRW was indicated.  TRW 
f e e l s  t h a t  they need t o  be more a p a r t  of t h e  opera.tion and be more f u l l y  
consul ted i n  t h e  use o f  the AGS. ( D r .  Mueller f e l t  t h a t  t h i s  was a genera l  
problem throughout t h e  Apollo program and that  major su.bsystems cont rac tors  
shou1.d be more involved i n  how t h e i r  systems are opera t ional ly  used.)  

HOW is AGS t e s t i n g  c r i t e r i a  defined and what i s  the  YGC r o l e  i n  de f in i% 
t e s t  c r i t e r i a ?  

Does MSC par t ic ipa te  adequately i n  design 1,eviews held a t  TRW? Is  MIT 
p a r t i c i p a t i o n  needed? 

The A.CS system has spec i f i ca t ion  requirements of 30 fps,  5 n. miles,  and 
5 n. &les at rendezvous. Where d id  these  requirements come from? 

Does the AGS adequat,ely take  care of RCS t h r u s t ?  A t  the  present  time, 
TRW equat ions  do not include the  e f f e c t s  of RCS th rus t ing .  . 

How are the  system models f o r  a l l  s imulators  cont ro l led?  Do we have the  
same mathematical model and constants  i n  e f f e c t ?  The answer i s  probabLy 
t h a t  no one s imulator  or program i s  exac t ly  l i k e  another.  

The s i n g l e  poin t  f a i l u r e  i n  the  AGS should be iden t i f i ed .  This r e f e r s  
t o  program s ing le  poin t  f a i l u r e s ,  Does t h e  TRW AGS b i t - by- b i t  s imulator  
co r reck ly  simulate the  con t ro l  system using t h e  s impl i f ied  P and I speci-  
f i c a t i o n  mod.el? 

TRW does not use a c t u a l  computers in  any simulat ion,  Grumrnan does t h i s  
i n  t h e i r  FCI lab .  Perhaps T'RW should have more input i n t o  Grumman t e s t s  

' o r  t ie .an a c t u a l  computer i n t o  t h e i r  simulation. 
\ 
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Does %he AGS launch program 
a safe orb i t ,  perhaps lower 

use f u e l  e f f ec t i ve ly?  Will it t a r g e t  f o r  
than nominally? 

The need f o r  a new navigat ional  f i l t e r  f o r  the  AGS was discussed.  TRW 
ind ica ted  t h a t  the  cur ren t  f i l t e r  could meet the  spec i f i c a t i ons ,  But 
MSC and MIT had some doubts about the  cur ren t  f i l t e r  being adequate 
f o r  the mission. Real Evans and Norm Sears were t o  g e t  togdther  and 
d i s c u s s  t he  necess i ty  f o r  a new f i l t e r  and p resen t  the  r e s u l t s  t o  
D r .  Mueller i n  about two o r  th ree  weeks. 

NR 

The s u b j e c t  of the  crew c h e c k l i s t  versus the  Apollo operat ions  handbook 
came up again. North American g e t s  copies of t he  c h e c k l i s t  s ince  they 
work wi th  t he  crew i n  t r a i n ing  exercises, .  The question was brought up 
again  as t o  how the  check l i s t  was con t ro l l ed  and whether cognizant con- 
t r a c t o r s  signed o f f  the  check l i s t .  

The e n t r y  monitor system was discussed and quest ions  were r a i s e d  about 
i t s  compat ib i l i ty  with t he  primary e n t r y  guidance system and the  va r i a-  
t i o n  i n  L/D's t h a t  could be accommodated. 

During d i scuss icns  abarl; the  North American simulator runs, it was 
brought o u t  t h a t  a l l  simulator runs were made with a s h i r t  s leeve 
environment. 

A forpal  t es t  p lan  f o r  the  101 spacecraf t  does not ye t  exist. 

Jim Martin wanted. t o  know why bas ic  Apollo f a i l u r e  repor t ing systems 
could not  be used f o r  software, The North American people gave t he  
impression t h a t  when Q.C. got involved, progress  :bec'ame very slow. 

North American s t i l l  considers the  simulator a development f a c i l i t y .  
They were informed t h a t  NASA be l i eves  t h a t  t h e  simulation f a c i l i t i e s  
should be used more f o r  software ve r i f i c a t i on .  

Again at North American the subject  of involvement of major subsystems 
contractors i n  the  approval cycle was brought up. It was asked whether. 
t h e  MCC l i n k  t o  t he  North American simulator u t i l i z e d  t he  remote s i te  
hardware. 

How do we  insure compat ib i l i ty  between the  d i f f e r e n t  s imulators  both 
f o r  inpu t  d a t a  and f o r  mathematical models7 

North American ind ica ted  t h a t  they had a shortage of experienced hybrid 
programmers and guidance systems exper t s ,  This was one reason why they 
were n o t  able t o  g e t  f u l l  u t i l b a t i o n  out  of thei .r  s imulator.  One 
problem they have i s  the  SDS 9300 d i g i t a l  computer S e r i a l  No. 1 and, 
t h e r e f o r e ,  not  completely compatible with t he  o t h e r  SDS 9300 computers. 

I 



When we were a t  North American they had j u s t  received SUNDISK Program 
No. 273. The program was bombing out  the  day we were there .  Again 
the  ques t ion  was asked, why not s t i c k  with SUNDISK Program No. 267. 

What conf igura t ion  con t ro l  of program tapes  exist  between MIT and 
North American? 

Dick B a t t i n  indica ted  t h a t  he d id  not be l ieve  t h a t  the re  was enough 
time t o  adequately t e s t  SUNDISK Program No. 273. 

/ 

D i s t r ibu t ion :  
FA/C. C. Kraft, Jr. 
FS/L. C. Dunseith 

J. C. Stokes 

FM: J P M :  dpf 
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1. It was brought out  t h a t  TRW does not  p a r t i c i p a t e  i n  t he  t e s t i n g  of 
the  AGS. Task fo r ce  members and Grununan thought t h a t  TRW ought t o  be 
more invblved. 

2, Grurnman does not have a for~nal- software f a i l u r e  repor t ing  system. 
Such a system s11oul.d be i n s t i ga t ed .  

3. G&:C would l i k e  t o  lmve repre  :;enl;at-ive s from THW, IvlYl', and I.Isc: 
p resen t  during t e s t i n g .  

e 4.. The 70911. MOD I1 which i s  p a r t  of tl13 hybrid simulator corqJuter may 
be a, l im i t i ng  f a c t o r  i n  t he  ut i1izai ; j .m of t h e  computer. A t  t he  present; 
time, the  709'1. i s  used f o r  othe..# wcrk a t  Grumnlan. The Ekll Mission 
Engineering Simulator (FMES) geDs f i rs t  p r i o r i t y  on t h e  91t. Current ly  
t he  FMES i s  u t i l i z e d  about g$ h 0 1 . x ~  p e r  day. 

5. The 7094 130D II used with t h e  s imulator  i s  leased and t h e  l e a se  runs 
ou-t; i n  June although they have a three-month extension vhich can be used. 
Currently, GAEC planned t o  drop the  7094 i n  June and switch t o  the  IBM 
360 coniputers. Grurman t echn i ca l  people would p r e f e r  t o  s t ay  with the  
709'c f o r  use with the  hybrid simulator.  They ind ica ted  t h a t  t he  chanse 
t o  360's  wou1.d be f o r  economy only. It was discovered t h a t  Brock (CAD)  
i s  sonehox involved i n  t h i s  switchover. ( I  ta lked  t o  Brock when 1 re- 
turned and he ind ica ted  t h a t  he would l i k e  t o  keep a 911. e t  Grmnan a l s o  
bu.t t h a t  he wanted t o  replace t h e  leased computers wi th  a NASA surplus  
7094. ) It ims obvious t o  everyone presen t  t h a t  Grumman should not at tempt 
t o  convert  t h e i r  hybrid s imulat ion t o  t h e  360. computers a t  t h i s  time. 

6.' In discussing how more e f f e c t i v e  u t i l i z a t i o n  could be obtatned of 
t h e i r  hybrid computer, Gruman indi.cated ' t ha t  they  had. a problem i n  
g e t t i n g  good hybrid. personnel.  This i s  t h e  same ind i ca t i on  t h a t  we g0.t 
from North American. Gr-usnman ind ica ted  t h a t  only 20 percent  of t h e  runs 
on the  hybrid simulator cou1.d be ca l l ed  f u l l y  success fu l  runs.  The mean- 
ing of t h i s  20 percent  number i s  somewhat confusing; however, l a t e r  they 
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indica ted  that some of t h e  r~ms used were f o r  diagnostLcs. The 20 per-  
cen-t; probably r e f e r s  t o  the  percentage of' success:t'ul r u n s  i n  a given 
i'ormal. tes.l; mquence. 

7.,, The ut i l_izat i .on of the  I!'F/[ES wa.s supposed t o  phase out  i n  June 1968 
and, l i k e  t h c  P1y't)ri.d si.mu'l.ator at- North hlericczn, it was origi.nn1l.y 
intended. t o  be used. f o r  hwdware dcve1.op1nen.t work, Y'his has changed 
now and Grurman has r ecen t ly  received. a CCA f o r  software v a l i d a t i o n  
r e p o r t ,  

8. I n  regard t o  s imulator  u t i l . i m t i o n  it was brought .out  t h a t  one s h i f t  
i s  necessary f o r  maintenance and tha t  computer checkout is done on the  
prime s h i f t  before operati.ona1 runs a r e  made. This t e s t i n g  i s  made u n t i l  
9:30 a.m. 

9. I n  d iscuss ing t h e  val idi t ;y of the  math model t h a t  Grwrunan uses,  they  
j.ndi.cated t h a t  they do not  h a m  a d o t a  book which documented t h e i r  math 
mod.c1. a t  t h i s  time bu t  tha-t they  were going t o  put  out  such a book. 

10. Grxrrunan d.oes not  have t h e i r  subsystems personnel  p a r t i c i p a t e  i n  
t e s t s  made on the  F'PES. Dr. MueLl.er i n s t r u c t e d  GAEC t o  insure  t h a t  t h e i r  
subsystems uersonnel  be involved i n  the  F'MES sofkvare v a l i d a t i o n  and con- 
cur  t h a t  tlle>-p ( subsystems people ) equipment i s  being used c o r r e c t l y .  

11. I n  regard t o  t h e  L M - 1  f l ight ;  it; was found t h . a t  Grununan d id  use an 
updated engine model which had a 3.5 second t h r u s t  buildup; : . . . 

hr qever, t h a t  d i d  not  run any t e s t  o the r  than nominal. They d i d  not run 
t h r e e  sigma dispers ions .  

12. It was indica ted  t h a t  G r w n m m  should use the  FPES f o r  valj.d.atiny, 
red  l i n e s  and t o  f i n d  real, opera t iona l  limits and i l O t  t o  confine t h e i r  
t e s t i n g  t o  t h r e e  sigma v a r i a t i o n s .  

13. It was obvious t h a t  we need .a  c l o s e r  r e l a t i o n s h i p  between the  GAEC 
FMES people and thd N7C opera t iona l  people. 

l l t .  Grwnman prepares  t h e  AOH but  have no formal s ign  o f f  by TRW o r  M I T .  
They say t h a t  t h i s  i s  an MSC r e s p o n s i b i l i t y .  

. .  

15 .  The check l i s t  does not come back t o  GATE. GAEC does review check- 
l i s t  and do comment informally. Normally the  check.l is t  i s  not used i n  

I Grumnan simulat ions.  

16. Gmnap does not  have a l i n k  with the  Mission Control  Center i n  
Houston. a t  th is  time. Why? 

17. In  d iscuss ing t h e  FWS it was s t a t e d  t h a t  it i s  almost impossible 
t o  keep the  simulator  up t o  da te  i n  t h a t  it does not  always simulate 
accura te ly  a s p e c i f i c  I&.. They t r y  t o  achieve a f'unctiorlal s i m i l a r i t y  
bu t  not a d i r e c t  cockpit  s i m i l a r i t y .  
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l.8. Grwman would l.-ike .Lo ge-t the  opera.t ional t r a j e c t o r y  sooner than 
they are c .urrent ly  issued. s ince  the  reference t r a j e c t o r y  does not 
always adeyyately r e f l e c t  t he  cur ren t  mission. Also they ind ica ted  
t h a t  they need opera t iona l  time 1.in.e~ sooner. They needed t h i s  f o r  
t h e i r  mission modular data book a c t i v i t y .  It wasn' t  apparent t o  me 
why they needed an exact  ttme l i n e  f o r  MMDB work, I n  regard t o  t he  
operational. t r a j e c t o r y ,  1: bel ieve tha t  we can put out  a revised r e f e r-  
ence t r a Jec to ry  before  the  opera t iona l  t r a j e c t o r y  which will s u i t  t h e i r  
neeCIs. 

19. GAKC apparent ly  does not Like the 1,Rt' design - spncif  i c a l l y  i n  t he  
a r ea  of t he  gimbal tr:i.m system. I: be l ieve  t h a t  it is  a sof t~rare  versus  
hardware problem i n  t h a t  they  would r a t h e r  change MIT software than 
the  ir hardware. 

20. In  fur- ther  d i scuss ions  on u-Li l izat ion of  the simu1.a-tor, it w a s  
ind ica ted  t h a t  they  could. Tun t v o  sh:i.Pts but  8.ga:i.n adequate manning 
was the  problem. Also, a l o t  o€ t h e i r  equipment i s  r a t h e r  old .  Their  
analog computers are r e l a t i v e l y  o ld ,  being 7 years  o l d  REAC 500s. Aiso 
SOIIK? of t h e i r  f l i g h t  hardware has been i n  use f o r  aln1os.l; two years.  
Some have exceeded t h e i r  design l i f e t ime .  

21. I n  discussing the AGS t e s t s  run a t '  GAEC, il; ~7as apparent t ha t  '.;her;; 
t e s t s  were riot coordinated with Ml?AD rendezvous personnel.. It i s  ap2arent 
t h a t  both TIiW and GAEC a r e  forced t o  eval.uate systems on unreal.i.nt!c 
P & I specs which do not necessari1.y prove t h a t  t h e  system c:n f'1.y a r e a l  
mission. 

22. I n  discussing t he  fl.ight scheclul.e, D r .  Mueller again r e i t e r a t e d  t h a t  
we must be f u l l y  prepared t o  f l y  a l una r  landing mission with  LM-5 on 
Mission F. G M C  aecned unaware of t h i s .  

23. There i s  doubt t h a b  GAEC can continue with p resen t  t es t  p lans  i n  
a,ddition t o  t he  new software v a l i d a t i o n  requirements and meet current; 
schedules. The presen t  t e s t  sched.ul-e should be reviewed. 

24. Again, the  problem o f  needing an MIT program d.efini.tion document 
sooner was brought out  by G U C .  They indicated t h a t  it took nluch e f f o r t  
on t h e i r  p a r t  t o  develop t h e i r  simulator prograns without adequately 
documented programmed equations.  I th ink  that  a l l  o f  us .have agreed 
t h a t  MIT does not need flow c h a r t s  t o  code t he  program bu t  t h e r e . a r e  
a, l o t  of other.  people i n  t he  system t h a t  need adequate program docurnenta- 
t i o n  sooner f o r  use i n  d i spers ion  ana lys i s ,  sof-hare  va l ida t ion ,  a s t ro-  
naut t r a in ing ,  e t c .  

25. The next meeting was t e n t a t i v e l y  set up f o r  February 9 i n  Washington. 
They wanted t o  g e t  a report; by B i l l  T inda l l  on h i s  d a t a  p r i o r i t y  a c t i v i -  
t i e s  a t  t h i s  meeting if  poss ib le .  A second meeting was t e n t a t i v e l y  set 

. *  

. ._ . 1 . 





stmulation o f  the  AGC) with the  bit-by-'bit  simulator output? 

Again the ques.1;ion came up as t o  why mission ropes ore needed al; l ( . X  G O  

early. The c!ommitl;ee will meet a t  KSC on February 114. and will meet nL MSC 

the  following week. The committee wants B i l l  T h d a l l  t o  d iscuss  the &era- 

tiontzl &ystems ln tegra t ion  meetings on the  nig& of the  WC meeting. 
( t'&L. PUWZ' I )  

How munh use fu l  time i s  obtained from the  simulators? What measure i s  u m d  

t o  indicn.te cfYiciency ol' computer operations i n  simulations? 

would. l i k e  .to know what; por t ions  of the  program uan and ought t o  'be t;osImt 

before the  lunar landing mission. He would l i k e  the  MSC wr i t t en  . 

t h i s .  Put this on .the agenda f o r  the MSC meeting. Clarence P1~l;~l;man sugp;c:;tec 

e 
57- 

t h a t  we make a postf'liyh.1; check of the outputs of the Apollo compu.Lcr wi..l,b 

that of' the MSC bi t- by- bi t  simulator f o r  the TX-I mission. Good Ldea. 

3 



program is tremendously coml)l.icatetl and tha t  MIT might no t '  provide a 

re l iable  checked out  program on schedule. He realizes t h a t  t o  use uno,ther 

slmplifl .cd prograrn pr*ovld.ed by  a (3 L:['ferent contractor  would cost  much money 

and cause n E:c:hcdul.e nlippage of' at; Leaot one year. lle sLilL th inks  i t ' s  
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FROM : FM/Chief 

Mission P i a n t ~ i n ~  & Analysis Divisisil 

DATE: 1 3  FEB 1968 
68-FM-10 

The following comments are from my notes  a t  t h e  Washington software t a s k  
f o r c e  meeting: 

Has any'one a t  MSC checked t h e  AMs simulator r e s u l t s  (from t h e  i n t e r p r e t s -  
t i ve  si-mulation of t h e  AGC) with the  b i t - by- b i t  s imulator output? 

Software tes-ts a r e  made on the  AMs but  so far they have been uncoordinated 
with M I T  and MSC independent v e r i f i c a t i o n .  Goeckler indicated t h a t  he 
had some problems with the  TRW independent v e r i f i c a t i o n  tests. What 
were the  problems? 

Again t h e  question came up as t o  why mission ropes are needed a t  KSC so 
ear ly .  The comli.ttee w i l l  meet a t  KSC on February 14 and will meet a t  
MSC t h e  following week. The committee wants B i l l  T inda l l  ' t o  d i scuss  t h e  
Operational  Systems In tegra t ion  meetings ( "Data P r i o r i t y " )  on t h e  n igh t  
of  t h e  bL9C meeting. 

How much useful  t i m e  i s  obtained from the  simulators? What measure i s  
used t o  ind ica te  e f f i c i e n c y  of computer operat ions  i n  simulations? 

The f l i g h t  checkout of the  Luminary Program was again discussed.  
D r .  Mueller would l i k e  t o  know what por t ions  of t h e  program can and 
ought t o  be t e s t e d  before t h e  lunar  landing missj-on. He would l i k e  
t h e  MSC w r i t t e n  p o s i t i o n  on t h i s .  Put t h i s  on the  agenda f o r  the Y6C 
meeting . 

I 

i 

Clarence Pittrnan suggested t h a t  we m'ake a p o s t f l i g h t  check of the  outputs  
of the Apollo computer with t h a t  of t h e  MSC b i t- by- bi t  s imulator f o r  the  
LM-1 mission. Good idea. 

The u t i l i z a t i o n  of another con t rac to r  t o  independently program the  
Apollo lunar  landing mission was discussed,  This would be accomp1i.shed 
us ing a g r e a t l y .  s impl i f ied  program u t i l i z i n g  about ha l f  t h e  memory and 
fewer i n t e r r u p t s .  
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Dr. Mueller gave an a c t i o n  item t o  the  TRW and IBM represen ta t ives  t o  
inves t iga te  the  f e a s i b i l i t y  and d e s i r a b i l i t y  of  providing such a pro- 
gram. D r .  Mueller be l i eves  t h a t  tne  software i s  the  pacing. i tem f o r  
t h e  lunar  landing missi.on. He i s  of t h e  opinion t h a t  t h e  lunar  landing 
computer program is  t remndous ly  complicated and t h a t  MIT might not  
provide a r e l i a b l e  checked out  program on schedule. He r e a l i z e s  t h a t  
t o  use  another s impl i f ied  program provided by a d i f f e r e n t  contractor  
would c o s t  much money and cause a, schedule sl ippage of a t  l e a s t  one 
year. He s t i l l  th inks  it I s  worthwhile inves t iga t ing  t h e  necess i ty  
f o r  providing a simple program. I do not concur with D r .  Muel ler ' s  
opinions s ince  I be l i eve  57e can provide a r e l i a b l e  program f o r  the  
l u n a r  landing mission; however, the re  does e x i s t  t h e  p o s s i b i l i t y  of 
obta ining a Houston-based onboard software con t rac to r  f o r  AAP. Such 
a t a s k  could be used as a mission f a m i l i a r i z a t i o n  t a s k  f o r  a new con- 
t r a c t o r .  Perhaps we can look i n t o  t h i s  s ince  I fee l  t h a t  sooner or 
l a t e r  we may want a Houston-based onboard software con t rac to r  (which 
s t i l l  could be MIT). 

D r .  B a t t i n  f e l t  t h a t  we could b e t t e r  u t i l i z e  t h e  e x t r a  e f f o r t  i n  making 
t h e  cur ren t  system work. He indicated t h a t  more IBM 360/75 time could 
be very e f f e c t i v e l y  u t i l i z e d  a t  MIT. 

A t  t h e  MSC meeting, we need a d e t a i l e d  discuss ion of the  software CCB's  
PCR's ind ica t ing  the  number of PCR's r e j e c t e d  as we11 as those accepted 
with some discuss ion of the  reasons f o r  making as many changes as were 
made on the 101 Sundisk Program. 

Software CCB - Several  people have suggested t h a t  we have more formal 
software CCB meetings w i th  a l l  proposed changes being accepted no la ter  
than one week i n  advance of the  next  CCB meeting. Also, CCB minutes 
should be issued promptly. 

Dis t r ibu t ion :  
FA/C. C. Kraft, Jr. 

S. A. Sjoberg 
FS/L. C. Dunseith 

J. C. Stokes 


