


SUBJECT: Apollo spacecraf t  computer program development newsle t ter  
LP 

There a r e  a number of us who f e e l  t h a t  the  computer programs f o r  the  
Apollo spacecraf t  will. soon become the  most pacing i tem f o r  the  Apollo 
f l i g h t s .  This i s  c e r t a i n l y  l i k e l y  t o  be the  case f o r  AS-207/208, by 
which time spacecraft,  and booster  de l ive ry  and Cape opera t ions  a r e  
l i k e l y  t o  have become r e l a t i v e l y  rout ine ,  with the shots  going p r e t t y  
much on schedule, and we working on the  computer program development 
w i l l  s t i l l  be “sloshing through the  mud.” I n  an  at tempt t o  improve 
t h i s  s i tua t ion- - 1  hope improve--I have s t a r t e d  t o  go t o  &LIT a couple 
of days every week t o  provide coordinat ion between MIT and IGC. Ti& 
memorandum i s  the  firKt-,-og.-a s e r i e s  ,I w i l l  be d ispatching t o  b r i e f l y  
inform you on what i s  going on. 

During the week of May 16, w e  put  primary emphasis on managenent mat- 
t e r s .  During t h a t  week,= pu t  i n t o  e f f e c t  a new Computer R-ogram 
Development organizat ion.  Basical ly,  what they have done i s  t o  pu t  
D r .  Ba t t in  inLharge-.of a l l  comp~€e~--px”ogramrning, with four  organiza- 
t i o n a l  unigs reporbing t o  him, These u n i t s  a r e  headed by Mr. E. Copps, Mr. N. Sears ,  Mr. J. Dahlen, and Mr. ,J. Nevins. I s t i l l  do not  have 
a c l e a r  understanding of how t h e i r  work i s  broken out  between the  four  
u n i t s ;  however, it i s  ny understanding tha t  Mr. Copps has been made 
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responsible f o r  program development; t h a t  is ,  the i n t e g r a t i o n  of  the var-  
ious program rou t ines  i n t o  a complete system, t e s t i n g  of t h a t  system 
through re lease  of the  ropes. I n  addi t ion ,  they ind ica ted  t h a t  the>- 
have been authori.zed by bLl:T, and intend,  t o  b u i l d  up t h e i r  program de- 
velopment s t a f f  with the  i n t e n t i o n  of car ry ing on program development 
beyond AS-504. You w i l l  r e c a l l  t h a t  there  has keen some h e s i t m c y  on 
t h e i r  part t o  augment t h e i r  staff s ince  they f e l t  they would be phasing 
out,  b u t  apparently they have reached a management decis ion  t h a t  they 
w i l l  not  phase out; and, accordingly, they a r e  w-i l l ing t o  h i r e  more 
people, perhaps augmenting t h e i r  staff by as many as  f i f t y  new people,, 

By some stroke of luck, Lyn Dunseith and I took Dlck Hanrahan of  1 3 1  
t o  MIT t h a t  week t o  give them a b r i e f i n g  of our Frogram neve-pment 
Plan, the  management technique which we implemented about a year  ago 
with I R M  f o r  the  MCC/RTCC, which has enabled u s  t o  know the  cu r ren t  
s ta tus  of the programs as they develop t o  i d e n t i f y  where our problem 
a reas  were and t o  evaluate quickly a n d a c c u r a t e l y  xhether  program 
changes could be made v i thou t  schedule impact. Dick gave an exce l l en t  
i n f o m a J  b r i e f i n g  of t h i s  technique, which has s e r r e d  both  IEM and 
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NASA wonderfully, and I hope and expect Mr. C-lpps w i l l  draw heavi ly  
on t h i s  experience i n  s e t t i n g  up a similar system a t  NIT. We have 
offered every ass i s t ance  t o  him i n  th is  matter .  

I a m  s t i l l  very concerned about unnecessary s o p h i s t i c a t i o n  i n  the  pro- 
gram and the e f f e c t  of t h i s  " f r o s t i n g  on the  cake" on schedule and 
storage.  It i s  our i n t e n t i o n  t o ' g o  through the  e n t i r e  program, e l imi-  
na t ing  as much of t h i s  s o r t  of th ing as poss ible ,  I am t a l k i n g  about 
complete rout ines ,  such as "Computer Self-checks", as wel l  as l i t t l e  
fea tu res ,  such as including the  t h i r d  and four th  harmonics of the 
e a r t h ' s  oblateness and drag i n  programs f o r  the lunar mission. 

We also intend t o  maintain t i g h t  program con t ro l  over MIT regarding 
modificat ions of  the aS-.504 program f o r  the  ~S-207/208. It s h a l l  be 
based on the p r i n c i p l e  t h a t  change s h a l l  not  be made unless  abso lu te ly  
mandatory. Mandatory items are defined as those without which the  sys- 
tem abso lu te ly  will not work. It does not  include such th ings  as adding 
ea r t h ' s  oblateness e f f e c t s  i n t o  the l u n a r  rendezvous guidance programs, 
even though f a i l i n g  t o  include these  e f f e c t s  will cause propulsion f u e l  
t o  be wasted due t o  guidance e r ro r s .  We will f i n d  ou t  what the  cos t  
of f l y i n g  with a program l i k e  th i s  i s ,  and l e t  you know. I T  it i s  too 
expensive, w e  will make the necessary program changes, but  only a f t e r  
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r ead jus t ing  the  de l ive ry  

Howard W. I ' indall ,  Jr . 
Addressees: 
(See a t tached l i s t )  
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FROM : 3"/l)eputy Chief, Mission Planning and J 66LFTS1-75 
Analysis Division ( pZpA9) 

SUBJECT: Apollo spacecraf t  cornputer programs--or, a bucket of  worms 

Well, I j u s t  go t  back from MIq! w i t h  I I ~  weekly qu . s? ;~ t  of new u lce rs ,  which 
1: thought might i n t e r e s t  you, We spent one day d5scussing the  A S - 2 O h  
s i t ua t i on ,  another on AS-501 and AS-5.02, and t h e  Ynird day primm"i1.y 
on crew procedures associa ted with the  LEN lunar  rendezvous crew tire- 
l i n e .  I w i l l  give you my impression on each of these  thi.ngs, but  f i r s t  
I would l i k e  t o  l e t  you know t h a t  Ed Copps i s  corai.ng down on June 1.6 
arid 3.7 t o  give us  a f irst  cu t  a t  the  ove ra l l  schecdule s i t u a t t o n  and the  
s t a t u s  of the Program Development Plan which he Ems been p u t t i n g  together.  
To help  Ed in th is  urgent  task,  we have asked, a.1~1 IBM (R'I:'CC) has Irind.1.y 
e,greed, t o  send people experienced i n  t h i s  a rea  up t o  MIT f o r  the  f i r s t  
s e v e r a l  days of the week t o  ass is t  Ed and h i s  people i n  the  assembly 
of thi.s information we S O  urgen t ly  need. Ed b r i e f l y  described th? f o ~ -  
Illat; of the Program Development Plall, which i s  ob~vious1.y clo~;eJ..y pat terned 
a f t e r  IBM's and which seemed t o  me t o  be qu i te  gpod i f  we r e a l l y  get  it; 
working. 

AS-2011 S ta tus :  

S j m e  t h i s  i s  the f i r s t  time I have ever had angkhing t o  do with the  ' 

AS-20h program, I am sure  my understanding of the s i t u a t i o n  i s  fa r  from 
pe r f ec t ;  however, perhaps t h i c  est imate of the s.Dat;us of the  program 
might cause you t o  g e t  the t r ue  s t a t u s  from cornaxre who does know i f  
.X say something here t h a t  i n t e r e s t s  you. 

According t o  Ed Copps, a l l  f i x e d  memory of the computer i s  f i l l e d ;  and, 
i.n f a c t ,  it was necessary t o  take out  about 500: wolds of the reen t ry  
program associa ted with super- orb i ta l  en t ry  i n  a.r.J.er t o  make it f i t .  
( Inc iden ta l ly ,  t h i s  suggests we m y  have a p rohhm on the  AS-:!O$ pyagram 
which i s  e s s e n t i a l l y  the AS-204 program with abrsalt a 500-word rout ine  
added i n  f o r  support o f  an experinlent unique to ,kS-205. I have asked A- 
MIT t o  l e t  us know a t  the e a r l i e s t  poss ible  c l ~ t e  if it i s  t h e i r  opinion . 

t ha t  storage will preclude adding t h i s  program. 3 
A month or so ago some r a t h e r  important &uidancx system c8pab i l i t i e s  
were dele ted from our  requirements i n  order t o  Xmprove the  schedule s i t -  
u a t i o n  enough t o  allow EL June 8 re lease  by NIT 61.f a program which could 
support a nominal mission, the so- cal led  "B rele.zse." This apparentl.y 
d id  not do the  job. The program has j u s t  been compiled i n  a s ing le  sys- 
tern and debugging i s  required i n  every area. I m  f a c t ,  according t o  



I 
2 

Ed Copps, no t  t~ sing1.e program sequence has been successfu1~l.y nul t o  
completion ye t .  Thus, i t  was &UT'S opinion t h a t  the  program should not  
be re leased  a t  t h l s  time. I n  f a c t ,  some of t b e  programs--the 30 and LtO 
series--have not  even been u n i t  tes ted ,  a1ttlougl.a they have been included 
i n  t h e  program assembly c u r r e n t l y  being used f a r  system tests .  This i s  
c e r t a i n l y  a very unsa t i s fac to ry  s i t u a t i o n .  

MI" presented an abbreviated t e s t  p lan f o r  v e r i f i x a t i o n  of t h i s  program, 
and it i s  my impression t h a t  the  t e s t s  l i s t e d  were t o  serve as p a r t ,  i f  
n o t  a l l ,  of the  formal  ve r i f i - ca t ion  and acceptance demonstra,tion. proposed 
by MIIT. The l i s t  presented was not  a t  a l l  d e f i n t t i v e  bu t  on ly  described 
t h e  runs i n  very genel*al terms. The l i s t  consistecl of twelve tes.Ls p r i -  
mari ly  designed t o  check ca.pa'oj.lity of the  program t o  support a nominal 
mission; i t  was estimated t h a t  these  r u m  coulil. be completed wi thin  four  
weeks. I n  ad.d.ii;i.on, three o the r  tes ts  were iderr t l f ied  assoc ia ted  with 
a v a r i e t y  of non-nominal- s i txakions  f o r  which erxapletion was est imated 
t o  be nine weeks. 

Apparent1.y Ed Copps does not  expect the  AS-2Oh 'program t e s t  y e s u l t s  t o  
be formally documented, although Alex Kosmala s e q s  a l l  t h i s  m a t e r i s l  
will- be r e a d i l y  ava i l ab le  on f i l e .  What a shame t o  have t o  accept  a s i t -  
u a t i o n  l i k e  t h a t ,  bu t  I suppose we have no r e a l  choi.ce now. 

It had been the  i .ntention t o  prepare the B rel.ea.-,e program f o r  spacecra f t  
systems t e s t s  t o  be c a r r i e d  out  i n  the  a l t i tude :  chamber a t  the  Cape. 
A s  I noted before,  it was des i red  on June 8. A:mon Cohen asce r ta ined  
t h a t  June 23 was the very l a t e s t  da te  t h i s  relea.:se could be mnd.e without 
causing a day-for-clay s l i p  i n  the  launch schedule. This date  i s  based 
on the  assumption t h a t  Raytheon w i l l  be .ab le  to mwmfacture the ropes 
I n  fous  weeks as opposed t o  the previous time aXlotment of  s i x  weeks.' 
T'hus, you see it  i s  evident t h a t  a. proc;ram, fl.i.pjht-worthy i n  any sense, 
cannot be made avail -able i n  t h e  f o r  spacecraft. systems tests .  In order  
t o  avoid the  schedule s l i p ,  the  Apollo Spacecra:T"t Program Office (ASPO) 
decided to'accepi; a program tape release f o r  ro:p manufacture on June 23, 
using the  b e s t  program assembly &LTT has had up ko thal; time. 

The f ina l  f l i g h t  tape must be re leased  f o r  rope: manufacture a t  some time 
between J u l y  1 5  and August 8. Actual  f reez ing  of the  f l i g h t  program 
must be based not  only on the  Cape schedule .,%ut. a l s o  must take  i n t o  ac- 
count f l i g h t  crew t r a i n i n g  s ince  it i s  importan:t t h a t  the  t r a i n i n g  be 
c a r r i e d  out  with the  same assembly as i s  flown, We have every expecta-  
t i o n  t h a t  the  f l i g h t  program we f i n a l l y  must accep t  will be of l e s s  than 
des i rab le  qua l i ty .  It w i l l  n o t  have undergone :ouffici.ent v e r i f i c a t i o n  
t e s t s  and will very l i k e l y  s t i l l  conta in  progrars bugs. Following the 
f l i g h t  program tes t  re lease ,  extensive  e f f o r t  1 r .L l1  be c a r r i e d  ou t  t o  
determine the  l i m i t a t i o n s  and inadequacies of tAke program i n  order  t h a t  
opera t iona l  proced.ures may be esbablished t o  WDX% around them. Hope- 
f u l l y ,  none of these  d e f i c i e n c i e s  will be so s e r i o u s  t h a t  tho f l i g h t  
may not  be c a r r i e d  out  on schedule. 
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It i s  our i n t e n t i o n  a t  PEC t o  maintain a c l o ~ e  watch by l o c a t i n g  our 
people a t  MIT most of the  time such t h a t  we are immediately aware of 
t h e  s i t u a t i o n  on a day-by-day basis. I n  add i t ion ,  we in tend t o  assist 
i n  whatever way poss ible  i n  carrying ou t  the  test ;  program, doing such 
th ings  as supplying information upon which t e s t  r e s u l t s  nlay be compared, 
running analyses,  e t c .  We a l s o  intend. t o  re-examine the  o v e r a l l  rope 
production s i t u a t i o n  s ince  i n  the  next  s e v e r a l  months Raytheon will be 
requested t o  manufacture a l a r g e  number of ropes  t o  the ex ten t  t h a t  t h e i r  
capaci ty  may be exceeded. I c e r t a i n l y  d o n ' t  want anyone t o  th ink t h a t  
we f e e l  the s i t u a t i o n  i s  any b e t t e r  than b a r e l y  to le rab le ;  on the o the r  
hand, as fa r  as I can t e l l  we are p r e t t y  w e l l  committed a t  this tim 
with no a l t e r n a t i v e  b u t  t o  march along with o u r  f ingers  crossed. 

AS -501 S ta tus  : 

Although the discuss ions  on AS-501 s t a r t e d  o u t  be ing  even more traumatic 
than AS-204, it looks l i k e ,  maybe, we a r e  goinp; t o  come out  of t h i s  one 
p r e t t y  well. Basica l ly ,  we were t o l d  t h a t  the  AS-501 and AS-502 program 
would be the  AS-202 program with about 15% new 3.xmulation requj.red. It 
was MI!J!'s proposal  t h a t  the e n t i r e  program devciRopment t a s k  f o r  the AS- 
501 and A7-502 programs be assigned t o  AC Elec.t.s~cmLcs. l'heir f i rs t  e s -  
ti.nla.Le was t h a t  the progrc2ln tapes  could be r e l e a s e d  f o r  rope n~anufacture 
on about November 15 ,  which i s  exac t ly  th ree  ma.s??'ths too l a t e .  Rather 
a n  i n t e r e s t i n g  proposal, I thought, s ince  i t  is so obviously so unaccept- 
able. Af te r  recovering from our  compl.el;e shock, we started looking 5.nto 
the  a l t e r n a t i v e s  ava i l ab le  t o  us and came upon one which made some of us 
wonder why we weren' t doing it t h a t  way i n  the  FLrst place;  i .e., j u s t  
us ing  the  AS-202 program as i s  with only minor madif i c a t i o n s ,  such as 
chaxging a few o f  the constants.  Theoret ica l ly ,  t h i s  shoulfl not  only 
put  u s  on schedule, bu t  maybe ahead of schedule.. An e f f o r t  has been 
going on at  hEC, under the l eadersh ip  of Carl Lhss, t o  determine just; 
what impact such a plan would have on the  AS-5jlEJ. and 502 f l i g h t s .  So 
far, as problems have been i d e n t i f i e d ,  accepta'b.Ee so lu t ions  have general ly  
been found; and I . t  i s  my cur ren t  impression t h a f  we s h a l l  be ab le  t o  f l y  
AS-501 and AS-502 us ing the  AS-202 program with very l i t t l e  mod.ification 
o r  impact on the  mission objec.ti.ves. 

It appears t h a t  a somewhat g r e a t e r  burden will- be placed on t h e  ground 
support f o r  carrying out  the ASL5Ol and 502 f l z g h t s  us ing the  AS-202 
program i n  t h i s  way. The most s i g n i f i c a n t  d i smhantage  i s  t h a t  c e r t a i n  
a l t e r n a t e  mission f l e x i b i l i t i e s  and soue launch s h o r t  c a p a b i l i t y  must 
be given up. These c a p a b i l i t i e s  would c e r t a i n l y  be worthwhile i f  the  
schedule s i t u a t i o n  permitted.  As soon as we EJX a b l e  t o  determine with 
some accuracy exac t ly  what the  s i t u a t i o n  is,  this proposal  will be car-  
r i e d  t o  our management f o r  the  f i n a l  decision.  I n c i d e n t a l l y ,  John Dahlen 
o p t i m i s t i c a l l y  es t imates  t h a t  the  GSOP f o r  AS-yaJ.. will be a v a i l a b l e  i n  
about two weeks. 
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One mcst s i gn i f i c an t  a c t i on  was taken with r c p , r d  t o  t he  concentric 
f l i g h t  plan.  It was the unanimous agreement of E 3 C  and M I T  personnel 
involved i n  t h i s  work t h a t  the c0ncentri.c f l i g h t  p l an  t o  be yrograrmned 
f o r  the  Apollo guidance computer wi1.I. be as  it; now e x i s t s  i n  both the  
F-endezvous Analysis Branch and. IKLT. It i s  recognized t h a t  the re  are 
c e r t a i n  l imita , t ions  t o  i t s  use wherein under d i spersed  condi t ions  i t  
does not  automatically produce a usable mission p lan .  However, through 
proper use of the input con t ro l s  by the  pilot--changing var ious  parame- 
ters-- it i s  poss ib le  t o  a r r i v e  a t  a so lu t ion  if one i s  ava i lab le .  Ac- 
cordingly,  it was not f e l t  t o  be f~:uri.tf'ul nor would. the re  appear t o  be 
time t o  permit f u r t h e r  refirlemlnt of t h i s  formulation,  and so we decided 
t o  proceed as  noted with MSC accept ing full r e s p m s i b i l i t y  f o r  these  
de f i c i enc i e s ,  Our task from now on, then, i s  $0 conduct s u f f i c i e n t  
ana ly s i s  t o  i d e n t i f y  these de f i c i enc i e s  and t o  provide onboard and 
ground backup procedures t o  take care  o f  them. 

E'i.nsll.y, i f  you a r e  st i l l .  wi.th me, you hardy readel', l e t  me t e l l  you 
what I intend t o  put,rnaxinIum e f f o r t  on next.  I  in w.il l ing t o  b e t  tha t  
we are go-ing t o  be told. t h a t  MET i s  'behi.nd schechnle on AS-207/208 and. 
mybe AS -503 a n d  AS -5011.. O n  the o bher hand, un:Less th ings  change, we 
can probably expect t o  see the f l i g h t  schedule axxelerated,  mdiing the 
s i t u a t i o n  even worse. Although it i s  a p i t y  t o  reduce the  potential .  
of t h i s  r e a l l y  sophis t i ca ted  guidance system below i t s  maximum, I see 
no o ther  choice bu t  t o  go through t h a t  program and r u t h l e s s l y  c u l l  out  
many of i t s  refinements i n  order  t o  simplify the '_urogram t o  i t s  most 
aus t e r e  form f o r  those e a r l y  Block I1 f l i g h t s .  me program par ing 
nrust be done, I f e e l ,  s o l e l y  f o r  schedule r e a s o m ,  which i s  r e a l l y  
kind of weird when you th ink  about how long the  :programs have been 
under development. It w i l l  mean t h a t  we f l y  t o  .the moon with a system 
which does not  minimize f u e l  expenditure nor p rav ides  the  c lose  guidance 
tolerances  which are u l t imate ly  within  i t s  capaTxllity. 

Once we have determined what can 'be removed of %,&Is nature,  I will be 
sure t o  ].et, you know, along with  the  costs- - the waste of our precious 
p rope l lan t s  and increased miss dis tances .  It w l i I 1  then be up t o  our 
management t o  decide whether these  cos t s  are a c c q t a b l e  o r  not.  I 
have asked Norm Sears t o  prepare a f i r s t - c u t  a t  g,Dssible program de le-  
t ions ,  based on t h i s  philosophy, and we w i l l  s e e  i f  we c a n ' t  add a few 
things  t o  i t  when we go up there  next,week. 

l a  
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Addressees: 
(See a t t ached  l i s t )  
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was origi.nKLly requested for. the  AS-%Oh program hu t  was r e j e c t e d  f o r  
schedule reasons w i t h  thc  impl icat ion that i.t would be added inbo the  
AS-205 progra.m. Al'l;hou.gh f:i.nal ciicposition nm-l; await d i scuss ion  with 
i n t e r e s t ed  bISC personnel., i t  i s  our current  i n t e n t i o n  t o  accept  MJT's 
recormnencla,tion and not provide thls capab i l i ty ,  unless  it i s  nczndatory 
f o r  the mission. 

/"----- 
c. Mod:i.i':i.ca,t:i.on o:c' the yn)(=rnm t o  do t h e k - 1 6  e a ;  'Illis 
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program provi.d.cs the autotn:I;L:ic c o n t r o l  of spacccraft atX7:tude t o  the f i n e  
degree of accuracy recluixwl t o  c a n y  ou t  t h i s  "trapped p a r t i c l e s "  expe:ri.- 
menk. It i s  Etmticipxted t o  not  be wi thin  the  a s t ronau t s t  c a p a b i l i t y  t o  
fol-low the  r a t h e r  complicated at.l;itud.e p r o f i l e  nLmually, whi.ch mans that 
f a i l u r e  t o  include th%s proC;ram would, i n  e f f e c t ,  el.imj.nate the  c a p a b i l i t y  
of doing tl!is experiment;. Although &LIT recommends d e l e t i n g  t h i s  e n t i r e  
reyuj-remcnt, they d.o o f f e r  an  a l t c r n s t e  proposal.  They suggest t h a t  a 
dup l tca te  se-l; of AS-2011. fl.i.ght ropes be mnanufactured f o r  "205 which 
would be used :Cor a l l  i n i t i a l -  spacecra f t  testi.ng. ?'hen s t a r t i n g  on 
August 1, two AS-2011 programmers would start work on the program whJ.ch 
would provide t h i s  new a t t i t ud . e  c o n t r o l  capab i l i ty .  Since the  AS-204 
program completely absorbs the  a v a i l a b l e  computer storage,  it i s  neces- 
sa ry  t h a t  some processor be el.im:~nated if t h i s  change i s  t o  be made. 
N T  i.s reconunending t h a t  the  processor t o  be el iminated be a non- f l ight  
program used f o r  prelaun.ch a c t i v i t y  r a t h e r  tham reducing the  i n - f l i g h t  
capab:i".ty of  the  guidance system. T'his c e r t a i n l y  seems logical .  t o  me , 
a l s o .  'Therefore, it woulci be included i n  one of the  s i x  rope nlodules 
which i.s otherwise devoted e n t i r e l y  t o  p r e f l i g h t  pad a c t i v i t y .  Upon 
compl.etion o f  the  d.evelopment of t h i s  .processor,  a seventh rope would 
be nt?,nufactured t o  replace  one o:F the  s i x  o r i g i n a l  ropes a t  some time 
i n  the  midst of the p r e f l i g h t  p8.d a c t i v i t y  a f t e r  the  spacecra f t  tes ts  
requ i r ing  t h a t  rope hnve been conpleted, Unless the  fli6;ht schedule 
slips, it would not  be poss ib le  t o  supply the f i n a l  vers ion of the f l i g h t  
proC;ram--that i s ,  a l l  s ix  rope nlociules i n  t h e i r  f i n a l  configuration--on 
schedule. 

\- ," ' 

If my understanding of the  p r i o r i t y  of the experiments i s  cor rec t ,  
I would guess t h a t  MIT's recommendation t o  de l e t e  t h i s  requirement nust 
be rejected.  and t h a t  we w i l l  fol low t h e i r  a l t e r n a t e  proposal .  %%e ob- 
vious disadvantages a r e  t h a t  the  ropes must be changed on the  pad, and, 
o f  course, the re  i s  the expense of mak.ing an a d d i t i o n a l  rope module. 

-,,". . - -. 

d. Changes t o  the telemetry down-link i n  support of tha .Gl .7  X-ray ! '" 

astronomy experiment. bLIT, through d i r e c t  conversations with the  S-I.'r 
experimenter, have been l e d  t o  the  conclusion t h a t  it i s  poss ib le  t o  ob- 
t a i n  the  information required withou-t change t o  the onboard computer pro-  
gram. It does requ i re ,  however, tllat during the experiment the  crew c a l l  
up on t h e i r  lxTKY d i sp lay  the th ree  q u a n t i t i e s  def in ing spacecra f t  a t t i t u d e ,  
which automatica1.l.y r e s u l t s  i n  t h i s  informakion being included i n  the down- 
l i n k .  Since t h i s  da ta  may be asynchronous and f o r  o ther  reasons,  it i s  

". 
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prvba'rjle t ha t  s p e c i a l  ground progranis must be developed f o r  use i n  the  
ACH f a c i l i t y  of the MCC t o  suppor.l; 1;he r e a l  time operations of the ex- 
perimenter. We were t o l d  t h a t  somebody i n  t h e  F l i g h t  Control  Divisiuu 
i s  cool'clfnating all. of this MCC support,  although I personal ly  had ncvcr 
heard of it before an& n e i t h e r  had Ca:t*l IIuss. 

I n  sumtli:%ry, i.l; i s  ant,ic%paix?d that 8% l e a s t  two o f  the f o u r  known re-  
quests  f o r  nlocii:Cicat;.on to the AS-20h program t o  support AS-205 s11al-I. be 
d e l e t e l ,  with a third.  (item "53" abovc) as a poss ible  candidate. l'he 
f o u r t h  and b ig~es2 ;  change w i l l  pro1)ably have t o  be made and, as noted 
above, will r e q u i r e  the  nc-tnul'acture of an e x t r a  rope module t o  be assem- 
bled i .Lo the  spacecra f t  during f i n a l  prelaunch a c t i v i t i e s .  : ,- 

J 

AS-206: PEC people most exper t  on the AS-206 mission, including Carl 
".& 

IIuss of Mission Planning and Analysis  Division and Dave."Reed of the  KLight 
Control  Div-isj.on, d.isc:unsed t he  o v e r a l l  AS-206 program with the  MIT pcople 
3.n a n  a,t.l;cmpt t o  reduce b4SC reclu:i.renlen.l;s t o  a n  absolu'te m:Ln:i.mum f o r  tJli.s 
program. T'he purpose o:f t h i s  was 'to a s s i s t  t o  th.e m;txj.nlum extent our 
o v e r a l l  ef 'for -t  t o  have this program ava:i.lable on schedule. Al.thou(;h the  . 
delet,j.ons made sa.ve i.11 .LIE osd.er of 2-$ man-rnonl;hs of progranmLng actTvj.ty, 
which i n .  i t s e l l '  i s  a worthwhile acconplishn~cnt,  appa.rently we d id  not  
influence the  pnc:i.ng ~ ~ C J I ~ S  of' this program; and, as a r e s u l t ,  the  AS-206 
schedule was not s i g n i f i c a n t l y  i~xproved. Obviously, f i r . t he r  e f f o r t  w i l l  
be required.  %'he a i scuss ions  d id  have the  b e n e f i t  of reviewing the f l i g h t  
tli.me-line i n  great  d e t a i l ,  which brought t o  the surface a nmnber of  un- 
resolved questions which were taken care  of and which should a t  l e a s t  per-  
m i t  KT1: t o  proceed as  quickly and efTicientl.y as  poss ible  i n  t h e i r  w o ~ ~ l r .  
Although we d i d  not  s a t i s f y  our primary object ive-- tbat ,  i s ,  schedule im- 
provement--on this occasion, the  meeting was extremely valuable i n  these  
o ther  respec t s .  

AS-501: One e n t i r e  day was sper1.i; d iscuss ing the AS-501 program, which I___.  
i s  also s l a t e d  f o r  one-month l a t e  de l ive ry .  As repor ted i n  a previous 
note t o  you, our apparent  b e s t  approach f o r  the  "501 and 502 progrnms 
was t o  use the  AS-202 program with nlininlllnl modificat ion.  This i s  the  
course of a c t i o n  we have adopted and were thus  able  t o  improve the schedule 
from a three-month l a t e  d e l i v e r y  t o  a one-month la te  del ivery .  (Note: 
It i s  not  e n t i r e l y  cer.l;ain i f  a "one-month l a t e  del ivery"  i s  t r u l y  t h a t  
s ince  i t  i s  h igh ly  l i k e l y  t h a t  the  AS-202 program could be used f o r  i n i -  
tial. spacecraft; checlrou-l; a t  the Cape with very l i t t l e  l o s s  of e f f i c k n c y  
s h c c  these  programs will be so similar,) Without going i n t o  d e t a i l  on 
the  program changes t o  the AS-202 program f o r  use OE AS-5OlY I would l i k e  
t o  emphasixe that the  NASA/MSC han benb so far over backwards i n  an atternp.l; 
t o  reduce requ-jxements on the  AS-701. program t h a t  w e  .look l i k e  a double 
p r e t z e l .  We have e l iminated a1mos.I; a11 r e a l  time abort; and a l t e r n a t e  nli.s- 
, s i on  . , -. . c ayab t i i t y ,  . . . . . . . . ,. . an i.tcln which rmst be discussed in d e t a i l ' w i t h  ouL man- 
agernent. I n  a d d i t i o n  t o  tha t ,  we 'have ad.opted a course of a c t i o n  which 
s e r i o u s l y  pe r tu rbs  o ther  interfacinc;  a c t i v i t i e s ,  whi.ck i s  annoying, t o  
say the  l e a s t ,  i f  n o t  on the  verge of being unacceptable. . Use of the 
AS-202 program nleans t h a t  much o f  the work which has gone on f o r  the RWC 



progrhns, the  CCfll.5 programs, and- .Lhe Remote S i t e  Data Processj.l~g programs, 
goes s.L;ra-ight i n  the t r a s h  canr In effect ,  we have forced these  act j .v i -  
t i e s ,  which were progressing i n  an order]-y, bus iness l ike  manner, onto R 
crash bnsi s t o  m l r e  them corqmti.b:\.e with the  onboard system. 1.t i s  
g a l l i i f ;  that the  "good f;uys, I t  who have rea,ll.y been doinG the  job r i g h t ,  
are f rced i n t o  the pos ik ion  of' see:Lng t h e i r  e f f o r t s  go r i g h t  down the 
d.rai.11, and then  .Lo be forced i n t o  a crash e f f o r t  t o  make up f o r  de f ic ien-  
c i e s  1 j n  another system. On the  o ther  hand, the re  seems t o  be no choice 
i n  t h  m t t e r  f o r  t h i s  parti.cu1a.r m-issi.on. 

A, 1. -502: It was OUT i.n.l;cnt:ion t o  use the  A S - ' j O l  program v i r t u a l l y  
i n t a c t  fzF AS-702, howevr-.r, t h e r e  were s o m  discuss ions  which were com- 
plete1.y over my head i.r&i.cnting that t h f s  m y  not  be e n t i r e l y  possibl.e, 
p a r t i c u l a r l y  associated w-i:th the l a rge  out-of-plane maneuvers and assoc i-  
a t e d  s p e c i a l  p la t form alignments requ-ired i n  the AS-502 mission. Carl 
IIuss in tends  t o  work this over as soon as poss ib le  t o  determine the t r ue  
s ' i t ua t i on  in order t o  a1.l.o~ us  t o  nlove on. 

Other mission programs were no t  discussed on t h i s  v i s i t ,  and so I 
d.on't have much of any.l;hin.g t o  r e p o r t  bere.  

Other matters  : Shortage of programming. d.eveI.opnlent personnel. con- 
t i nues  t o  be t h y m o s t  p ress ing  problem a t  MIT. However, steps a r e  being 
taken a t  t h i s  time which seem, a:l; L e a s t  pa r t i a l l .y ,  e f f e c t i v e  and so ,  
althoupb we shou3.d remain concerned and a l e r t ,  I see no usef'ul a c t i o n  
f o r  us t o  take  a t  t h i s  time. U T  has been successful  i n  r e c r u f t i n g  people 
from wi th in  14iT as we l l  a s  o b t a h i n g  o f f e r s  0% ass i s tance ,  including sho r t  
term, from several. conLrackors which will go a long way bowad r e l i e v i n g  
t h i s  serious si.l;uation. Steps a r e  also being taken t o  c l e a r  the bu i ld ing  
of non-software o r ien ted  personnel  t o  accommodate the  bu-ild-up. 

%ne major i tem which I a m  sti1.l concerned abou-t; and which i s  not,  i n  
my opinion, obta ining adequate a t t e n t i o n  i s  the  Frogram L Development Plan. 
I discussed t h i s  w i t h  M I X '  management, informing them, i n  my opinion, t h a t  
the  s i t u a t i o n  was stil.1. e n t i r e l y  unacceptable i n  a l l  of  these  a reas .  If 
I dorl't see  evidence of real. improvement wi thin  the  next  couple of weeks, 
r e s t  assured t h a t  ycu will hear  about i t- - i f  you a r e n ' t  deaf.  
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UNITED STATES GOVEliNMENT 

?' 0 : See l i s t  

FROhl : FM/Deputy) Chief, Mission Planning and 66-FMz-108 ' , q+ 
SUBJECT: Spacecraf t  computer program s t a t u s  f o r  AS-5OJ 

Analysis Division 

This memorandum i s  t o  give my impression of what we.?% on during the  
meeting a t  MIT on September 12,  1966, regarding the  AS-501/502 space- 
c r a f t  guidance computer program. Pr imar i ly  I would l i k e  t o  descr ibe  
the  s t a t u s  of t h i s  program as we see it now. 

We had previously  been aiming f o r  a r e l e a s e  of the  f l i g h t  program f o r  
rope mnanufac4xre on October 10. However, Dan Likely  ( U T ) ,  who has 
r e c e n t l y  taken over management of t h i s  program, informed us t h a t  the  
receilt in tense  a c t i v f t y  on the  AS-204 program had completely sa tu ra ted  
the  1800 computers they a l l  use f o r  program development. A s  a r e su l t , '  
they had not been ab le  t o  make a s ing le  computer run on the  AS-501 
program f o r  a per iod of about two weeks. This had s e r i o u s l y  d i s rup ted  
t h e i r  planned program development and it was Dan's recommendation t h a t  
we delay r e l ea se  of t h i s  program un ' t i l  October 24, i f  a t  a l l  poss ib le .  
Assuming adequate a v a i l a b i l i t y  of t he  computers, Dan expects t o  f i n i s h  
v e r i f i c a t i o n  runs by October LO and wishes t o  u t i l i z e  the  e x t r a  two 
wcelrs f o r  evaluat ing these  t e s t s  t o  assure  himself of f l i g h t  readiness  
p r i o r  t o  i t s  r e l ea se .  Aaron Cahen checked with h i s  a s s o c i a t e s  who a r e  
a f f e c t e d  by t h i s  schedule and was ab le  t o  nego t ia te  th i s  delay,  which 
we a l l  f e l t  t o  be hj-ghly d e s i r a b l e  i n  order  t o  avoid a r e p e t i t i o n  o f  the  
AS-204. situa4xion. I n  %ha% case, you r e c a l l ,  w e  were forced t o  r e l e a se  
the  program before  some of the  v e r i f i c a t i o n  t e s t s  had even been run and 
before  t h e  t e s t  results had been examined. It i s  probably worth not ing 
t h a t  Dan Likely  appears t o  be t ak ing  over quickly and doing a very  good 
job. A t  least 1 c e r t a i n l y  f e e l  a g r ea t  d e a l  of confidence i n  h i s  
a b i l i t y  t o  do t h i s  job r i g h t  and on schedule. We intend t o  schedule a 
Software Panel f i n a l  s t a t u s  review on October 18, t o  be followed by a 
p resen ta t ion  t o  a l l  i n t e r e s t e d  MSC personnel  a week o r  so l a t e r .  

AC E lec t ron ics  was r e p r e s e n t e d ' a t  t h i s  meeting and repor ted t h a t  nine 
of t h e i r  geople a r e  now temporary r e s i d e n t s  a t  MIT, working exc lus ive ly  
on the  AS-501/502 AGC mission programming e f f o r t .  I n  f a c t ,  they 
c o n s t i t u t e  almost the  e n t i r e  work fo rce  a t  L i k e l y ' s  d isposal .  It i s  
m n y  impression t h a t  they have come onboard and have become e f f e c t i v e  
very  quickly.  P a r t  of t h e i r  e f f o r t  involves development of a simulation 
o:r tohe Saturn  V, which. i s  required. f o r  program checkout. (Likely 
i d e n t i f i e d  t h i o  BE; orlc o:l' - t ; k ~ e  I r n j o r  renmini.ng pro'blem areas. ) 

AC a l s o  has a 21-man e f f o r t  opera t ing i n  Milwaukee. These people are 
developing an independent verifj.ca,t-ion f a c i l i t y  f o r  Block I. programs 
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which they hope t o  have opera t iona l  about September 19. This includes 
an "automatic checkout system" c a p a b i l i t y  which among o t h e r  th ings  i s  
supposed t o  recons t ruc t  the  actual. program symbolically, thus  allowing 
rapid and easy examination of t h e  equations which have a c t u a l l y  been 
programme? i n t o  the  system. Considering a l l  of  the  programming e f f o r t ,  
both coding and v e r i f i c a t i o n ,  ahead' o f  us a t  MIT over the  next s e v e r a l  
months, it seems e s s e n t i a l  t o  me tha t  we make maximum use of t h i s  AC 
f a c i l i t y .  1 mean we must not  use it i n  p a r a l l e l  with MIT's ,  bu t  ins tead  
0% MITIS, wherever poss ible .  mT has been d i r e c t e d  t o  provide d e t a i l e d  
t e s t  p lans  showing how these  f a c i l i t i e s  w i l l  be used. 

Most of the  meeting was devoted t o  d iscuss ion of  changes t o  the  AS-202 
program f o r  AS-501 and s e l e c t i o n  of values  f o r  some of the f l i g h t  para-  
meters. With a few minor exceptions, t h i s  a l l  seems t o  be progressing 
very  nicely .  

We f i n a l l y  ve r i f i ed ,  t o  the  limit o f  our a b i l i t y ,  t ha t  the  AS-501 pro- 
gram may be used without change f o r  AS-502. MIT was requested t o  l i s t  
poss ib le  problem areas ,  i f  any were recognized, p a r t i c u l a r l y  assoc ia ted  
with f i x e d  memory constants .  Carl Huss was t o  c a l l  an MSC meeting t o  
re-examine t h i s  sub jec t  from a t r a j e c t o r y  standpoint  on September 1 5 .  
('This has been done and as of today, we know of no reason these  programs 
cannot be i d e n t i c a l .  ) 

!I%at's about it f o r  the  AS-501 meeting. On Tuesday we discussed the  
Program Development Plans f o r  AS-503 and AS-504 which I w i l l  r e p o r t  i n  
another memorandum -- i f  I have the  nerve. 

Howard W.  Tindall., Jr. 

Addre s se  s : 
(See a t tached l i s t )  
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* l'hus, it i s  our  cu r ren t  i n t e n t i o n  t o  r e l ease ,  t h r e e  f l i g h t  q u a l i f i e d  pro- 
grams f o r  rope manufacture - an e a r t h  o r b i t a l  mission command module 
program, a lunar  landing mission comnand module program and a l u n a r  land- 
ing mission LM program. I would l i k e  t o  d i scuss  each of these  th ree  in-  
d i v i d u a l l y  i n  a l i t t l e  more depth. 

Earth Orbi- tal  11i.ssi.on Connnarld Module Program: 

Since t h i s  program w i l l  have t h e  c a p a b i l i t y  of suypor'ting a l l  e a r t h  
o r b i t a l  main l i n e  Apollo missions t,hat have ever  been discussed, i t s  re- 
lease, about the  f irst  of August, should e f f e c t i v e l y  g e t  the  schedule 
completely o f f  our backs f o r  command module programs. Actual ly,  I r e a l l y  
don ' t  expect t h a t  t h i s  program will be used f o r  more than the  f i r s t .manned  
mission - Apollo 2 - s ince  the  l u n a r  landing mission command module pro- 
gram will. probably be ava i l ab le  i n  time t o  support  a l l  of the  rest  of the  
f l i g h t s .  But ,  t he  po in t  is ,  it could be used i f  necessary. Desirable 
modificat ions t o  the  prograla, t h e  implementation of which we were p e v i o u s -  
l y  delaying u n t i l  t h e  lunar  landing mission program, w i l l  probably be in-  
corporated i n  t h i s  one. F i n a l  decis ion  on these  awaits MIT" s evaluat ion  
of t h e i r  impact. Since it will no longer be necessary t o  d e l i v e r  a. LM 
prograru i n  the  same time frame as t h i s  command module program, MIT's  ovcr- 
a l l  t a s k  should be somewhat e a s i e r  t o  accomplish and the  cornmand module 
program should bb of a higher qua l i ty .  

"" 

I n  addi t ion  t o  support ing the Apol1.0 2 mission and, i f  necessary, any o the r  
e a r t h  o r b i t a l  missions, t h f s  program has two o t h e r  major uses. It will 
serve as a high q u a l i t y  component in the  f l i g h t  crew t r a i n i n g  f a c i l i t i e s  
p r i o r  t o  r e l ease  of the  e n t i r e  luna r  landing mission program. It will a l s o  
serve as an i d e a l  po in t  of depar ture  f o r  the  development of the  lunar  land-  
ing  mission program and the  e a r t h  o r b i t a l  AAP mission programs. The po in t  
here  i s  t h a t  t h i s  program i s  j u s t  about an i d e a l  subset  of both of those 
more complex but  e n t i r e l y  d i f f e r e n t  programs and, having been c a r r i e d  
through complete f l i g h t  v e r i f i c a t i o n  t e s t i n g ,  will serve as a n  exce l l en t  
found.ation on which t o  add the  unique programs required  f o r  those more 
soph i s t i ca ted  missions. 

Lunar Landing Mission Command Module Program: - 
lhis program, which has lowest p r i o r i t y  of t h e  three, will probably be re- 
leased  about the  f irst  of the  year .  E a r l i e r  d e l i v e r y  may be poss ib le  i f  
we twist MIT' s ta i l ,  b u t  I r e a l l y  see  no po in t  i a  it. However, it should 
be used f o r  mission support a s  soon as  it can be conveniently phased i n ,  
tak ing i n t o  account f15gh.t crew t r a i n i n g  as well as  f l i g h t  schedule. This 
might even be Apollo 2, of course. 

What it cons i s t s  of should not  be af fec ted  by t h e  mlssion reshuf f l ing  now 
going on. \ 



3 a Lunar Lo.nding Mission LM Program: 

Def in i t ion  of t h i s  program should a l s o  be unaffected by current  events, 
nor should i t s  relea.se schedule be much d i f f e r en t ;  i.e., it should s t i l l  
be poss ib le  t o  complete it some time i n  November or December i f  such an 
early r e l e a s e  tu rns  out  t o  be necesssry. Probably the  most s i g n i f i c a n t  ! 

new f a c t o r  inf luencing the  development; of t h i s  program i s  assoc ia ted  1 
wi th  f l i g h t  crew t r a in ing .  Whereas a f l i g h t  q u a l i f i e d  LN program f o r  j 
e a r t h  o r b i t a l  missions was scheduled f o r  r e l e a se  i n  June which could I 
have been used f o r  extensive f l i g h t  crew t r a in ing .  This i s  no longe r  
planned, but; the  f l i g h t  t r a i n i n g  requirement s t i l l  e x i s t s .  Accordingly, 
members of the  F l i g h t  Software Branch a r e  confe r r ing  with f l i g h t  crew 
operat ions  and program o f f i c e  personnel concerned wi th  t h i s  a c t i v i t y  i n  

) a n  e f f o r t  t o  p i n  down f l i g h t  crew t r a i n i n g  requirements. Spec i f i ca l ly ,  
.we a r e  t r y ing  t o  e s t a b l i s h  a schedule def in ing when c e r t a i n  components of 
the  LM luns r  landing program need t o  be opera t ione l .  Based on t h i s  sched- 
ule ,  we s h a l l  negot ia te  an o v e r- a l l  development plan with MIT with empha- 
sis placed on meeting t h i s  crew t r a i n i n g  schedule. Some s l i p  i n  the  f i n a l  
de l ive ry  da te  might be necessary f o r  MIT t o  comply with th3.s new program 
development cons t ra in t ,  provided t h a t  i s  acceptable  from a f l i g h t  schedule 
stand.point. 

I 

I guess I should point, out  t h a t  I reaJ.ly don ' t  expect  the  development of 
these  programs t o  be c a r r i e d  out  much d i f f e r e n t l y  than had previously  
been planned. B u t  slipping the f l i g h t  schedule does provide some room 
t o  maneuver and has made i t  unnecessary t o  perform f l i g h t  v e r i f i c a t i o n  

~ 

t e s t i n g  011 8 L M  program exclusive1.y f o r  use on e a r t h  o r b i t a l  missions. 
c1 

To surrmrize the o v e r- a l l  s i t u a t i o n  regarding spacecra f t  com.puter program 
development, it i s  my f e e l i n g  t h a t  no major problem e x i s t s  any longer  i n  
t h i s  area .  bIIT has a n  organizat ion and f a c i l i t i e s  geared up t o  handle 
the  workload i n  an  order ly ,  profess ional ,  unharr ied  manner. High q u a l i t y  
f l i g h t  programs should. be a v a i l a b l e  we l l  ahead of  t h e i r  need. Revised 
program developrnent; p lans  are being prepared t o  provide you d e f i n i t i v e  
milestones which w e ' l l  pass  on as soon as they are ava i l ab l e ,  

Your comments sha l l  be received with r e l i s h .  

Howard W. Tindall, Jr . 
Addressees : 
(See a t tached l i s t )  



FROM : FM/Deputy Chief 

SUBJECT: Reduced L/D presen ts  a spacecraf t  computer program groblem 

This note is t o  help  insure  t h a t  the word gets around regarding reduced 
command module r een t ry  L/D. MIT has heard rumors tha t  the L/D may be 
reduced t o  a value of ,25 and emphasized during our program development 
plan meeting that they  are fairly c e r t a i n  the presen t  spacecraf t  com- 
pu te r  program formulation w i l l  not handle t h a t ,  The cur ren t  formulation 
i s  designed t o  handle a minimum L/D value of .3O and, although they do 
not know how f a r  t h i s  limit can be extended, they fee l  c e r t a i n  major 
rework w i l l  be required f o r  ,25.. This i s  not a new discovery. Our 
r een t ry  experts i n  MIIAD have 

Howard W. Tindall, Jr, 

Addressees: 
(see  page a t tached)  

! 



e-. : See l i s t  

FROM : FMjDeputy Chief 

SUkJJECT: A new spacecraf t  computer program development working philosophy 
i s  taking shape 

I 

I t ' s  becoming evident  that  we are en te r ing  a new epoch regsrdinG dcvclop- 
ment of spacecraf t  computer prog~'ams, and I thought I ' d  t r y  t o  pc:t I;%. 

impression r e l a t i n g  t o  t h i s  i n t o  words and g e t  them out i n  the open, 

U n t i l  a few months ago, our  most bas ic  problem was g e t t i n g  the spacecraf t  
computer programs - and u l tkua te ly  t h e  f l i g h t  ropes - completed i n  time 
t o  sup2ort the  o f f i c i a l  f l i g h t  schedule. This pres.entcd such a challenge 
t o  t h e  people involved t h a t  in tense  reluctance was crcated t o  making 
chances and, a f t e r  a c e r t a i n  point ,  even cor rec t ing  known def ic ienc ies  i n  
the programs. Where necessary, work around procedures were invented as 
the  only poss ib le  solut ion.  Since the January accident  t he  si:t;uat.ion has 
changed considerably i n  two ways. F i r s t  o f  a l l ,  the f l i S h t  schedule  has 
sl ipped t o  an ex ten t  t h a t  computer proGram development no longer paces 

secondly, t h e  value of q u a l i t y  has become supreme. These th ings  are most 
c l e a r l y  evident  r i g h t  now on LM-1 where i t ' s  almost, unthinkable t o  f l y  
with any known def ic ienc ies  i n  the  program - even those which would only 
a f f e c t  very low p r o b a b i l i t y  contingency s i t u a t i o n s  - i n  s p i t e  of the  fac t  
t h a t  the  f l i g h t  ropes have a l ready  been manufactured. I fee l  i t ' s  qu i t e  
l i k e l y  t h e  dec i s ion  will be made t o  rework t h e  LM-1 program and remanu- 
facture ropes regard less  of impact on any of MIT's program development 
work, including de l ive ry  of the  mnned mission computer p ropuns .  I n  f a c t ,  
we have asked MIT t o  determine the extent  of t h i s  across- the-board impact 
assuming a l l  of the known def ic ienc ies  i n  the  L"1 program are removed, 
no matter how minor. Much more s ignif icank,  however, i s  t h a t  without 
d o u b t . t h i s  s i t u a t i o n  i s  fo rc ing  us t o  adopt a new working philosophy 
which should 'ce recognized and includzd i n  a l l  01' our planning - program 

' development schedules, man l o a d i q ,  crev t r a in ing ,  spacecraf t  systems 
tests, e t c .  It i s  clear t h a t ,  as Ed Copps puts  it, program "shelf l i f e "  
i s  very shor t ,  That i s ,  it i s  estremely un l ike ly  we will ever f l y  with 

relcaslfig the f l i g n t  program f o r  ropc' nanufacture as the ea r l i e s t  poss ible  
date we shouid release it a t  the Latest poss ible  date. 

. . .  > 
c 

.' 'j: the f l i g h t s  i n  any way (including crew t , ra in ing and system tests)  ccnd, 

, ropes mmufactured s u b s t a n t i a l l y  i n  sdvance o f  the  mission; ins tead of 

1010-101 
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The next question t o  be answcred i s  - how far  should the work on these 
assemblies proceed before being frozen ( i f  you c u l l  s lush ' 'frozen") 
and put  on the she l f  u n t i l  some key milestone associa ted with spacecraf t  
f l i g h t  readiness?  Should complete f l i g h t  q u a l i f i c a t i o n  Level 5 t e s t i ng  
be c a r r i e d  ou t  with the  r e a l i z a t i o n  t h a t  changes w i l l  come along forc ing 
us t o  r ev i s e  the  program and thus t o  repeat  s u b s t a n t i a l  por t ions  of the 
f l i $ h t  v e r i f i c a t i o n ?  Or should we merely c a r r y  the  program development 
through Level 4 t e s t i ng ,  r e s u l t i n g  i n  an  assembly on t h e ' s h e l f  which i s  

qua l i f i ed?  There are arguments f o r  both pos i t ions .  We kiave asked MIT 
t o  consider t h i s  sub jec t  - program devel.opment working philosophy - and 
t o  recommend their  preference. We here a t  MSC w i l l  do the  same and within 
a month w i l l  be prepared t o  adopt what appears t o  be the bes t  over- a l l  
compromise. I n  any case, I ' m  sure  it will force  us t o  maintain a l a r g e r  
MIT s t a f f . a n d  more program development f a c i l i t i e s  i n  order t o  be i n  a 
p o s i t i o n  t o  maintain and modify these  programs u n t i l  we f i n a l l y  re lease  
them. And we are less l i k e l y  t o  have to' throw sets of ropes i n  t he  
garbage can so often.  

.bug f r e e  as far as we know, but  which has not  been completely f l i g h t  

I ' m  not t ry ing  t o  f l a g  t h i s  a l l  out  as a b i g  problem area ,  It should 
c e r t a i n l y  be e a s i e r  t o  handle than our previous "schedule i s  king - anything 
i s  b e t t e r  than nothing" type of problem. But I ' m  sure  what we do will 

, have some f a i r l y  s i gn i f i c an t  implications on everyone involved i n  t he  
business of progrcm development as well as the  various users of t h e i r  
product and I thought it worthwhile t o  b r ing  it t o  your a t t en t i on .  

I -  

Howard W. T inda l l ,  Jr. " 

Addressees: 
(see page a t t ached)  
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nzorandum 
: See l i s t  

FROM : FM/Deputy Chief 

SUBJECT: Spacecraf t  computer program names 

67-F"T-41 

I used t o  th ink  MIT was a l i t t l e  odd when it came t o  s e l e c t i n g  names f o r  the  
spacecraft; computer programs with a l l  t ha t  weird preoccupation with the  sun. 
But now T see they were r i g h t  a l l  .the time and the r e s t  of the  world. i s  
nuts  - l e t ' s  name .the missions sequen t i a l ly  as they l ift  o f f  the  launch pad. 
Good g r i e f ,  Charlie 'Brown! Having seen r n y  e r r o r  I ' d  l ike  t o  apologize t o  
our Bostonian f r i e n d s  for  the abuse - and. worse - I used t o  heap upon them 
and public1.y announce the  end of my campa.i{';n t o  change. the  program names. I 
th ink the  o ld  ones are j u s t  g r e a t  and  recornnlen(1 you l e a r n  t o  recognize then 
if you're i n t e r e s t e d  i n  Lhis business. 

There a r e  only f i v e  names you need t o  remember; they a r e :  

a. SOT,RUM 55 

This contrac t ion  of the  more familiar l'iievision 55 of  Solarium" was 
adopted f o r  the AS-5OI/AS-502 program when it was re leased  t o  Raytheon f o r  
rope manufacture. (The numerical p a r t  of t h e  name i s  the  number of the  
program assembly on which the  f i n a l  f l i g h t  v e r i f i c a t i o n  t e s t i n g  was c a r r i e d  
out .  This i s  a c h a r a c t e r i s t i c  of a l l  program names). 

Contracted from "Revision 116 of Sunburst", t h i s  i s  t h e  name of the  
program for  the unmanned. LM mission we used t o  c a l l  AS-206. 

c . SUNDISK 

Sundisk 1.s the  in te r im Command Module program now schedule? f o r  
release i n  J u l y  which could. be used f o r  any e a r t h  o r b i t a l  developmnt f l i g h t .  
It probably won't ever  be flown b u t  i t ' s  a v a i l a b i l i t y  will ensure t h a t  f l i g h t  
software does not pace the  first manned mission. Dave Hoag suggested I 
could remember . this  name if I assoc ia ted  it wi th  the  shape of the  cornnand 
module - s o r t  of a d i sk  - and, by gol ly ,  i t ' s  worked f o r  me. 

d. COLOSSUS 
" 

This i s  the  name of t h e  command module program designed t o  support 
the lunar  landing mission as we l l  as a l l  development f l i g h t s  anyone has 
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thought o f ,  so far .  According t o  Webster's New Col legia te  Dictonary it 
a l s o  means (1) A s t a t u e  of gigan -t ic  s i ze ;  as, the  Colossus of Rhodes, a 
s t a t u e  of Apollo, about 120 f e e t  high, made by ChareG about 280 B.C. 
( 2 )  Anything of g igan t i c  s i z e .  

P r e t t y  good except,  I miss the  Sun. 

This program and Sundance (below) w i l l  undoubtedly be updated p r i o r  t o  rope 
manufacture f o r  each mission, incorpora t ing  modificat ions and cor rec t ions  
as necessary. I expect these  will be i d e n t i f i k d  by d i f f e r e n t  assembly nun- 
b e r s  r a t h e r  than comple-tely new nemes. 

e. SUNDELNCE 
- .mmm 

You can remember the  name o f  the  LM program f o r  a l l  manned mifisions 
by a s s o c i a t i n g  dance with the  LM's lovely  l e g s  - another of Dave's sugges- 
t i o n s  - and adding "Sun" as usual .  

I ' m  ser ious ,  a s  usual .  

HoGard W .  Tindall,  Jr. 

Addressees: 
( see  page a t tached)  
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See  l i s t  below DATE: 

Ft/I/Deputy Chief 

Spscecraf t  computer program s t a t u s  Spscecraf t  computer program s t a t u s  

1. Here 's  another  of my i r r e g u l a r  updates on what 's  going on 
i n  the  business  of spacecraf t  computer program development. 

2. SUNDISK, the  e a r t h  o r b i t a l  command module program, i s  
e s s e n t i a l l y  complete and, f o r  a l l  p rac t i . ca1  purposes, could 
be sent t o  Raytheon f o r  rope manufacture whenever anyone wants 
t o  gi.ve the  word. From a11 I have been a.ble t o  determine, t h e  
q u a l i t y  of thi .s  pro[:ram j s very good a n d ,  perhaps, t o  balance 
sottlc: of' - L h c  cril;icj.sm of M:I:T, 1;hcy shoul.cl be coInulendccl fo r  
this.  It provides .Ale capabil . i ty of doing a l l  the  things we ' . -  I 

s p ec i f i ed  over a year  ago with  nunlerous improvements added i n  j ~ , . :  

a long the way. (I am c e r t a i n ,  however, changes will be made t ;  ::I  

i n  it before  f l igh t ;  f o r  t h e  same s o r t  of  reasons we have r e-  r i d  

made S U N J ~ G T I  ropes twice.  ) 

. -  

Fil 
P. 
PF 
P x 3. It i s  now evicient t h a t  the  l una r  l anding  programs - 

COLOSSUS ancl LIJMINAHY - w i l l  riot be completed f o r  q u i t e  a 
long  time--.-certai.nl.y not  f o r  LLT-3 and comnzand module lo3 as r , ; 5  
we had planned. T h i s  has forced us  i n t o  the  pos i t i on  of 
having t o  use SUITDISK on Coumnd PIodule LO3 and has made it 
necessary t o  devel.op an i.nteri.m ear th  o r b i t a l  program (SUN- 
DUTCE) f o r  use on LM-3 and. L M - ~ .  

4.  A t  t h i s  time we a r e  j n  t h e  process  o f  determining an  
accura te  program development; schedule f o r  t he se  t h r ee  programs 
a t  MIT as wel.1. as t r y i n g  t o  iclentifjr t he  major problem a reas  
i n  o rder  t o  a t t a c k  them on a t  l e a s t  two f ron ts ,  namely, imple- 
ment inq~rovements i n  t h e  way the work i s  done and change the  
M I Y  o rganiza t ion  t o  be colrpati.ble w i t h  them, I d o n ' t  w a n t  t o  
minimize the ser iousness  of this  s i t u a t i o n .  We are i n  deep, 
s e r ious  yogurt! 

5. One a c c o r ~ ~ ~ I . i s ~ ~ m e ~ l i ;  of s ign i f icance  1 woulcl l i .ke  t o  r epo r t  
i s  t h a t  we have recognized one way of s u b s t a n t i a l l y  i.mproving 
proG-ram clelivery by making sure ? U T  has  2 p rec i s e ,  approved 
speci.f i ca t i .on  of t h e  spacecraf t; computer programs r'equi red  by 
M S C  r i g h t  now. O u r  r ecen t  SU.Ni)l\I\TCli: and (!OL~SEX]S GSOP review 
and associated tec lu~ica l .  d i r e c t i o n  t o  I.:Lr.P acconlplished t h i s  t o  

_"  
FT 

". 

- .. 
"" 
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Addressees: 
( s e e  attached. 1i.st) 
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a l a rge  degree. However, t h e r e  was one l a r g e  a rea  lacking d e f i n i -  
t i o n  and IvLSC approval,  namely the  change i n  the  s t r u c t u r e  of  the  
rendezvous programs which F l i g h t  Crew f e l t  t o  be mandatory t o  
s u b s t a n t i a l l y  improve t h e i r  ope ra t iona l  procedures. I n  order  t o  
complete t h i s  program d e f i n i t i o n  phase as quickly a s  poss ib le ,  a 
team of MSC and MIT people spent  the  week of October 2 a t  MIT formu- 
l a t i n g  and documenting a l l  unresolved items i n  GSOP Chapter 4 format. 
1 t h i n k  t h i s  was accomplished very well i n  terms of both q u a l i t y  and 
speed r e s u l t i n g  i n  a rough d ra f t  of t h e  GSOP w i t h  MSC approval  upon 
which MIT' may prepare t h e  f inal :  GSOP and a c t u a l l y  begin program 
design and coding immediately. 

6. Thus, a l l  t h r e e  programs, SUNDANCE, LUMINARY, and COLOSSUS a r e  
now, i n  e f f e c t ,  covered by approved GSOP's and a r e  under configura-  i 
t i o n  con t ro l .  That i s ,  any changes must be handled through the  
standard change c o n t r o l  procedures, I 

i 
i 
! 

1 
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7. Unfortunately, it i s  h ighly  probable t h a t  a similar exerci.se 
will even tua l ly  be necessary involving t h e  Descent and poss ib ly  
t h e  Ascent por t ions  of  LUMINARY program once experience i s  obtained 
i n  t h e i r  opera t ion  on the  simulators  a t  MIT and MSC. Mandatory 
changes t o  s impl i fy  crew procedures a r e  l i k e l y  t o  a r i s e  and t h e  
impor.tance of crew evaluat ion  of these  processors  a t  the  e a r l i e s t  
time can not be over emphasized. What; ever  can be  done by t h e  
F l i g h t  C r e w  Operations Di rec to ra te  t o  provide a meaningful evalua-  
t i o n  f a c i l i t y  and. t o  u t i l i z e  it f o r  t h i s  purpose should be done f o r  
everybody's b e n e f i t .  



First page of this memo retyped and italic text included by David T .  Craig (736 
Edgewater, Wichita, Kansas 67230) on 10 April 1991 to make the memo physically 

readable and to clarify the facts of this memo 

a United States Government 
Memorandum 
TO: See list below DATE: OCT 18 1967 

FROM: FM / Deputy Chief (Howard W. Tindall, Jr.) 67-FM-T-85 

SUBJECT Spacecraft computer program development improvements to be 
utilized by MIT (Massachusetts Institute of Technology, Draper Labs) 

1. Just for the record, I would like to record a list of program development 
improvement ideas which MIT plans to incorporate. This list was gleaned 
from discussions by Ed Copps (Edward M .  Copps), Fred Martin (Frederick H .  
Martin), and Alex Kosmala (Albrecht L. Kosmala) during the week of October 
2,1967. 

a 

a) Much more complete program structure design work will be done 
prior to program integration. This includes more precise definition of 
the program module interfaces. And I suppose things like allotment of 
computer memory. 

b) Control of program constants will be exercised (?) to insure their 
accuracy and to avoid duplication from one procedure into another. 

c) In order to avoid the problem of erasable memory conflicts a panel is 
being established to manage the use of erasable memory. 

d) MIT proposes to initiate a series of periodic internal program design 
reviews. 

e) Approved program changes will be considered by MIT as they arrive 
from MSC (Manned Spacecraft Center, Houston, Texas [a.k.a. JSCI) but 
will be added into the flight program assemblies in blocks periodically 
as opposed to randomly as in the past. 

f)  Much tighter assembly control will be exercised with all program 
modifications being monitored and reviewed by a higher level of MIT 
management. Only those changes really necessary will be permitted. 
New assemblies will only be produced once a week as opposed to the 
much higher frequency hitherto. 

g )  Associated with assembly control, specific processors will be "sealed 
internally in the assembly as they become operational as opposed to the 
current practice of putting the entire program under configuration 
control when all components are working. 
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h) 11; i s  my underatandin(< t h a t  at present di.gl.tal. autop:llot,p 
(DAP) arc  avai lable  f o r  both  t h e  LM and command module. On the t>t.tlpr 
hand, dcr,if$n improvements will proba'3ly be ncccaenxy on n f f i i r l y  con- 

.tinuous bu:; is .  ALL modif'I.cnl;lonn. i n ; k h c  DAP'n w:L11 be made and checked 
ou t  i n  Rome program other than' t h e .  a t r r e n t  P l i g h t  .program assembly used 
by the rent of t h e  program developmewt personnel. .Modified I1AP's will 

i) Much more coordinat ion and cornmunication'between t h e  various 

. i  , only be added to.  this working, assembly when they are running properly, 

groups Involved i n  software development i s  essential. It i s  Martin's 
in t en t ion  t o  es tabl ish standing commihtees w i t h  per iodic  meetings f o r  
t h i s  purpose. These meetings w i l l .  also be  used for  conslderat ion.and 
coordination of proposed changes. . ,  

j )  Apparently, i n  the. past development of program t e s t  plans has 
been c a r r i e d  out  by a small group,without much ass is tance ,  advice o r  
coordination w i t h  o the r  in te res ted  payt ies .  Wider p a r t i c i p a t i o n  i n  
th i s  effort  both  a t  MIT and MSC i s  planned. 

k )  MIT has f i n a l l y  decided to  u t i l i z e  discrepancy repor t ing  l i k e  
.we have requested for  well over a year and which has r ecen t ly  proven 
t o  be of great value t o  them i n  the l a t t e r  s tages  of t h e  SUNDISK 
development. They intehd t o  u t i l i z e  t h i s  from the beginning on the 
remaining programs. 

1) Associated with the d iscrepmcy report ing,  MZT will maintain 
an up-to-date opera t ional  cons t ra in t  l i s t .  Obviously, one way i n  
which discrepancies may be eliminated i s  by es tab l i sh ing  work around 
procedures o r  opera t ional  cons t ra in t s  on program usage. 

m) Steps a r e  being taken t o  make sure t h a t  88 problems a r e  found 
and corrected i n  one major program these same flaws are corrected i n  
the  o ther  programs (e.g, , SUNDANCE and COLOSSTJS) . 

n) Slow response i n  t h e  exchange of data, p a r t i c u l a r l y  spacecraft  
c h a r a c t e r i s t i c s ,  has delayed MIT previously. Steps are being taken a t  
both MIT and MSC t o  provide faster response. When necessary, i n  l i e u  
of answers from MSC, MIT proposes t o  s t a t e  the i r  assumptions and proceed 
ahead with program development t o  avoid delays of th is  type. 

2 .  AS you can see,  nothing pa r t i cu l a r& s t a r t l i n g  here b u t  I bel ieve  
everyone would agrce those axe a l l  sood things to  do, t h a t  i s ,  they 
should improve t h e  q u a l i t y  of t he  Trograrn i t s e l f  and s.hould c e r t a i n l y  
result  i n  [Tetting the job done faster.  INIT has recent3.y reorganized 
t h e i r  pcmonnel  somewhat, hopeyixily i n  R way that  will allow them t o  
implement t h e m  ideas ef fec t ive ly .  

c( .u . Addressees : 
' (See at tached l i s t )  




