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T h i s  r e p o r t  o u t l i n e s  t h e  p r o g r e s s  which Bellcomm 
has made towards completing t h e  first two tasks l i s t e d  I n  
Sec t ion  4 , 0 ,  "Plans f o r  F u r t h e r  Work", of the Bellcomm r e p o r t  
e n t i t l e d  Bellcomm Activities 02 Promammers for Unmanned 
B ~ o l l o  Missions da t ed  February 28, 1964. 

S p e c i f i c  modi f ica t ions  t o  t h e  AGC i npu t /ou tpu t  
c i r c u i t r y  t ha t  may be necessary i n  o r d e r  t o  use the AGC as 
prime sequencer  a r e  d iscussed ,  
t o  t h e  amount of AGC memory a v a i l a b l e  f o r  mission sequencing 
programs and t h e  amount of time dur ing  which the  AGC I s  
a v a i l a b l e  f o r  execu t ing  t h e s e  programs. 

Cons idera t ion  is a l s o  given 

It i s  concluded t h a t  i t  appears  - e n t i r e l y  feasible 
t o  use t h e  AGC t o  perform both t h e  mission-sequenclng.func- 
t i o n s  and the  normal guidance func t ions .  
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-BELLCOMM ACTIVITIES 
ON PROGRAMPIERS FOR 

UNMANNED APOLLO MISSIONS 

1.0 INTRODUCTION 

This  r e p o r t  o u t l i n e s  t h e  p r o g r e s s  which Bellcomm 
has made towards completing t h e  f irst  two tasks l i s t e d  i n  
Sec t ion  4,0, "Plans f o r  F u r t h e r  Work", of t h e  Bellcomm 
r e p o r t  e n t i t l e d  Bellcomm A c t i v i t i e s  on Programmers f o r  
Unmanned Apollo Missions dated February 28, 1964. 

-- - 

200 CONFERENCE AT MIT/IL 

Bellcomm personnel  v i s i t e d  MIT/IL on March 4 t o :  
1. Obtain informat ion  on how t h e  inpu t /on tpu t  

c a p a b i l i t i e s  of  t h e  Apollo guidance.computer  
( A G C )  m i g h t  b e  expanded-should  u s i n g  i t  as 
the prime sequencer  f o r  unmanned mis s ions  
r e q u i r e  such expansion. , 

2. Obtain MITPs  l a tes t  estimates o f  the  amount 
o f  AGC memory which may be u t i l i z e d  f o r  
performing non-G&N f u n c t i o n s .  

3. Obtain MIT's 1atest.estimates of t he  amount 
of  t i m e  t h a t  t h e  AGC would be a v a i l a b l e  f o r  
performing. mission sequencing f u n c t i o n s  
assuming t h a t  the  AGC would s t i l l  perform 
t h e  G&N func t ions .  

3.0 FEASIBILITY OF U S I N G  AGC AS PRIME SEQUENCER 

Based-on t h e  informat ion  r e c e i v e d  from-MIT/TL 
at  t h i s  meet ing and on previous  know1edge;of t h e  AQC, it 
appears  e n t i r e l y  f e a s i b l e  t o  use  the AGC t g  p rov ide  both 
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mission sequencing and the  normal gu idance - func t ions .  
S p e c i f i c  mod i f i ca t ions  t h a t  may be necessary  i n  o r d e r  t o  
use t h e  AGC as prime sequencer  can now be d i scussed  i n  
cons ide rab le  d e t a i l s  It should  be emphasized, however, 
t h a t  the purpose of  t h i s  r e p o r t  i s  n o t  t o  s p e c i f y  these 
mod i f i ca t ions  bu t  rather t o  i l l u s t r a t e  t h e i r  f e a s i b i l i t y .  

3.1 Output 

The ou tpu t  c a p a b i l i t y  of t h e  AGC can be  expanded. 
q u i t e  easi ly  by u t i l i z i n g .  t h e  143 r e l a y s  p r e s e n t l y  exis t -  
i n g  i n  t h e  d i s p l a y  and keyboard (DSKY)  on the  main panel .  
These relays are operated under c o n t r o l  of t he  computer 
(by means of t he  DSKY program) and are normally used f o r  
o p e r a t i n g  l i g h t s  on t h e  d i s p l a y  pane l ,  
these l i g h t s  provide  t h e  means f o r  t h e  computer t o  com- 
municate wi th  the  a s t ronau t s .  
p rov ides  the means f o r  the - a s t r o n a u t s  t o  communicate 
w i t h  t h e  computer, There are p r e s e n t l y  two such DSKY 
u n i t s ,  one mounted on t h e  n a v i g a t i o n  pane l  and one on 
the main d i sp lay  panel ,  

On manned miss ions ,  

The keyboard i n  t u r n  

The easiest .method of  u t i l i z i n g  these r e l a y s  
would be t o  mere ly  rewire t h e  c o n t a c t s  o f  t h e  relays b u t  
l e a v e  the decoding c i r c u i t r y  i n  t h e  DSKY as it  i s  now.* 
T h i s  decoding c j t rcuf t ry  is used t o  t r a n s l a t e  f o u r  b i t s  
t o  a s e l e c t i o n  of one out o f  1 3  rows of  e l even  relays 
as shown i n  t h e  upper p o r t i o n  of F igure  1. The disad- 
vantage t o  t h i s  approach i s  tha t  one must g u a r a n t e e - t h a t  

Q The p r e s e n t  DSKY ou tpu t s  are n o t  as descriped i n  MIT r e p o r t ,  
R-393. No t r a n s i e n t  problems . e x i s t  w i th  the p r e s e n t  design.  
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when t h e  c o n t a c t s  of  t h e s e  re lays  are be ing  used f o r  
sequencing f u n c t i o n s ,  t h e  relays are n o t  ope ra t ed  by  
t h e  DSKY program, T h i s  i m p l i e s  t ha t  the p r e s e n t  DSKY 
program could n o t  be used once the c o n t a c t s  of  the 
relays i n  t h e  DSKY on t h e  main p a n e l  have been rewired. 
The i n a b i l i t y  t o  use t h i s  DSKY program I n  connec t ion  
w i t h  t h e  DSKY on the  naviga t ion  p a n e l  as a means of  
communicating w i t h  t h e  AGC p r i o r  t o  launch i s  a seri-  
ous disadvantage and should be avoided. 

One means of  avoid ing  t h i s  s i t u a t i o n  i s  by 
us ing  a d i f f e r e n t  decoding scheme f o r  s e l e c t i n g  the 
relays used f o r  sequencing func t ions .  F igure  1 i l l u s -  
trates how t h i s  might be done, As shown i n  the f i g u r e ,  
w i t h  t h e  p r e s e n t  decoder, i f  a l l  f o u r  o f  the high o r d e r  
b i t s  of  t h e  output  register are Ogs,  none of  the '143  
reiays w i l l  be  opera ted  o r  releasedo Therefore ,  i f  the 
decoder f o r  s e l e c t i n g  t h e  re lays  f o r  sequencing f u n c t i o n s  
will only accep t  a l l  O q s  i n  t h e  f o u r  h igh  ordel? b i t s  as 

. .  

a v a l i d  code, there. i s  no problem o f  having  t h e  DSKY and 
c o n t r o l  programs i n t e r f e r i n g  w i t h  one -ano the r ,  This  
method of  s e l e c t i n g  c o n t r o l  relays l eaves  11 b i t s  f o r  
s e l e c t i n g  p a r t i c u l a r  d i s c r e t e  ou tpu t s ,  Consequently, 

would be p o s s i b l e  by  us ing  10 of t h e  11 b i t s  t o  s e l e c t  \ 

- .  t h e  upper l i m i t  would be 1 , 0 2 4  d i s c r e t e  ou tpu t s ;  This  

any one of the 1.,024 r e l a y s  and one b i t  t o  s p e c i f y  
whether t o  ope ra t e  o r  release t h e  relay s e l e c t e d .  A l -  
though the  amount of decoding c i r c u i t r y  r e q u i r e d  f o r  
s e l e c t i n g  one ou t  of 1 , 0 2 4  relays might w e l l  be consid- 
ered excess ive ,  i t  is f e l t  t ha t  i t  would be q u i t e  
reasonable  t o  expand t o  320 d i s c r e t e  p o i n t s - a s  shown 
i n  F igure  lo 
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There are two p o s s i b i l i t i e s  of  how these 320 

One would be  t o  remove t h e  DSKY on 
re lays  and a s s o c i a t e d  decoding c i r c u i t r y  might be mounted 
i n  t h e  s p a c e c r a f t ,  
t he  main pane l  and use t h i s  space.  
l eave  the  DSKY on t h e  main pane l  b u t  b reak  out  t h e  leads 
from the  ou tpu t  regis ter  and cable them t o  wherever t h i s  
a d d i t i o n a l  c i r c u i t r y  may be  mounted, 
t h i s  l a t t e r  approach might be a qu icke r  change from 
manned t o  unmanned missions and v i c e  - versa .  

Another would be  t o  

\ 
The advantage o f  

In- conclus ion  it may be  s ta ted  that ex tend ing  
the ou tpu t  capabi l i t i es  -of  t h e  AGC p r e s e n t s  -no  s i g n i f -  
i c a n t  problems, 

3.2 Inpu t  

The complexity o f  any a d d i t i o n a l  c i r c u i t r y  t o  
ex tend  the  p r e s e n t  i n p u t  c a p a b i l i t i e s  of the AGC w i l l  be 
dependent upon 1) t h e  number o f  i n p u t s ,  2) whether 
i n p u t s  mus t - cause  i n t e r r u p t  of t h e  A G C ,  3 )  the  speed at  
which i n p u t s  must -be  sampled by t h e  AGC, and. 4 )  whether 
the i n p u t  s i g n a l s  a r e  analog, discre_te ,  o r  both.  

The s i m p l e s t  means o f  g e t t i n g  informat ion  i n t o  
t h e  AGC would be as i l l u s t r a t e d  i n  F igu re  2,  A s  shown, 
d i s c r e t e  i n p u t s  are sampled f i v e  at  a time by means o f  
the computer s e q u e n t i a l l y  o p e r a t i n g  r e l a y s  a through X. 

These 24 r e l ays  would be a p o r t i o n  o f  t h o s e  used f o r  AGC 

ou tpu t s ,  The a d d i t i o n a l  120 relays (des igna ted  0 - 119) 
are ope ra t ed  by ou tpu t s  from t h e  In-Fl ight  Tes t  Sys tem 
(IFTS).  The IFTS w i l l  produce a d i s c r e t e  ou tpu t  on a 
p a r t i c u l a r  lead whenever the  comparator c i r c u i t  f i n d s  
the cor responding  analog i n p u t  s i g n a l  o u t  of l i m i t s .  
Obviously o t h e r  d i s c r e t e s  t h a n  t h e  120 a v a i l a b l e  from 
the  IFTS could  be read i n t o  t he  computer by t h i s  meane. 
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The vo l t age  (+VI shown i n  F igure  2 would be 
s u p p l i e d  by the  AGC and n o t  t h e  IFTS. T h i s  i s  necessary  
t o  provide DC i s o l a t i o n  between t h e  two u n i t s .  It 
should  be noted  t h a t  t he  120 relays (des igna ted  0 - 119) 
and d iodes  represent a d d i t i o n a l  c i r c u i t r y .  The f i v e  
i n p u t  "OR1' gate and i n t e r r u p t  c i r c u i t r y  are p r e s e n t l y  
par t  o f  t h e  AGC w i th  t h e  excep t fon -o f  t h e  relay c o n t a c t  
shown on t h e  l e a d . g o i n g  t o  t h e  i n t e r r u p t  c i r c u i t r y .  
The purpose of t h i s  con tac t  is t o  prevent  t he  i n p u t s  
be ing  sampled from i n t e r r u p t i n g  the  computer. .  

It should  be  noted t h a t  no i n p u t s  w i l l  come 
from the  DSKY u n l e s s  i t s  pushbut tons are manually 
opera ted .  Therefore ,  there  i s  no problem of i n t e r f e r -  
ence from the  DSKY. 

Although no t  shown, there  i s  a signa.1 from t h e  
IFTS on a -common ou tpu t ,  cal led the  Master-out-of-Limits 
Bus, whenever any one of t h e  120  i n p u t s  i s  found t o  be 
o u t  of l i m i t s .  Therefore, i n s t e a d  of p e r i o d i c a l l y  
sampling a l l  of  t he  120  leads, t he  computer might f irst  
sample t h i s  one output  t o  determine i f  any one of  the  
120 i n p u t  s i g n a l s  t o  the  IFTS i s  out  of l i m i t s .  
i s  desirable  t o  i n t e r r u p t  t h e  computer when any i n p u t  
i s  ou t  of l i m i t s ,  t h i s  one output  might be used as an 
i n t e r r u p t  sou rceo  

If it 

\ 

An advantage of u s ing  t h e  IFTS t o  expand t h e  

i n p u t  c a p a b i l i t i e s  o f  the AGC is that  t h e  AGC would n o t  
be loaded with t h e  time consuming task of comparing 
i n p u t s  w i t h  pre-determined l i m i t s .  A l i m i t a t i o n  of  
u s i n g  t h i s  method.of g e t t i n g  i n p u t s  i n t o  the AQC i s  t h a t  
t h e  computer does not  have t h e  a b i l i t y  o f  r e a d i n g  analog 

- ;$?e 
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i n p u t s  and comparing them wi th  each o t h e r .  To do t h i s  
would r e q u i r e  that an analog t o  d i g i t a l  conversion be 
made on the i n p u t s  t o  be read i n .  
the d i g i t a l  i n fo rma t ion  could t h e n  be read i n t o  t he  
computer f i v e  b i t s  a t  a time as d e s c r i b e d  f o r . r e a d i n g  
the  o u t p u t s  f rom. the- IFTS.  

After t h i s  convers ion ,  

If t h e  number of  ana log  v a l u e s  t o  be read i n t o  
t h e  computer i s  q u i t e  l a r g e ,  i t  might be more p r a c t i c a l  
t o  use  a sys tem.such  as the one i l l u s t r a t e d  i n  F igu re  3. 
This  would r e q u i r e  t h e  design and f a b r i c a t i o n  of t h e  
c i r c u i t r y  necessary  f o r  the computer and PCM system t o  
communicate with each o the r ,  b u t  would a l low f o r - u s i n g  
a l l  of t h e  A/D conversion c a p a b i l i t i e s  of  t he  PCM sys tem.  
A d i s t i n c t  d i sadvantage  of  u s i n g  t h i s  s y s t e m  is t h a t  t h e  
computer must perform t h e  task of comparing a l l  i n p u t s  
w i t h  pre-determined limits, A l s o  there is no e x t e r n a l  
source  of i n t e r r u p t  t o  n o t i f y  t h e  computer when any one 
o f  t h e  input.s i s  out  of l i m i t s ,  

One o t h e r  po in t  t o  be mentioned i s  t h a t  there 
i s  a 15 b i t  register i n  the  AGC which i s  p r e s e n t l y  n o t  

This  could be used as e i t h e r  an i n p u t  o r  o u t p u t  
reg is te r ;  some mod i f i ca t ions  would have t o  be made i n  
t h e  AGC t o  o b t a i n  a c c e s s - t o  i t ,  If t h i s  access  were 
provided,  the l i m i t a t i o n ' o f  r e a d i n g  i n p u t s  f i v e  a t  a 
time would be removed. 

' u s e d ,  

3 e 3  Memory 

Approximately hal f  (12 ,000  words) o f  t h e  f i x e d  
memory i s  a v a i l a b l e  f o r  miss ion  sequencing programs. 
The amount o f  v a r i a b l e  memory a v a i l a b l e  f o r  use by 
mission sequencing programs is dependent upon t h e  degree 

.- 
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t o  which the  G&N programs and mission sequencing programs 
time share t h i s  memory. 
r e q u i r e  a f i x e d  amount o f  v a r i a b l e  memory t o  be s e t  a s i d e  
f o r  s t o r i n g  v a r i a b l e s  t o  be  r e t a i n e d  f o r  long  p e r i o d s  of 
time, MITrs  concept i s  that  p o r t i o n s  of t h e  r e s t  of t h e  
v a r i a b l e  memory should be time shared between t h e  G&N 

. programs and mission sequencing programs . T h i s  imp l i e s  
more i n t e r l e a v i n g  of t he  two programs than  i f  each pro- 
gram used i t s  own p o r t i o n  o f  v a r i a b l e  memory. However, 
It i s  apparent  t h a t  the  amount of  v a r i a b l e  memory shar ing  
tha t  might be  r equ i r ed  i s  dependent upon t h e  G&N objec- 
t i v e s  on these f l i g h t s ,  The t o t a l  amount of v a r i a b l e  
memory available f o r  mission sequencing programs (both  
w i t h  and without  memory s h a r i n g )  can be  i n c r e a s e d  by 
e l i m i n a t i n g  some G & N  o b j e c t i v e s  such as t e s t i n g  the 
nav iga t ion  r o u t i n e s .  

Although both  programs w i l l  

3 . 4  Time - 
The p o r t i o n  of any time pe r iod  du r ing  which 

t h e  AGC I s  a v a i l a b l e  f o r  performing mission sequencing 
f u n c t i o n s  depends upon the p a r t i c u l a r  G&N f u n c t i o n s  
performed dur ing  the  time p e r i o d  i n  ques t ion .  E s t i -  
mates art? t h a t  t h e  lowest percentage  of time tha t  would 
e v e r  be available f o r  execut ion  of mission sequencing 
programs would be 1 0 % .  This  would occur  du r ing  powered 
maneuvers, On t h e  average, t he  time a v a i l a b l e  might be 
5O%, and there  are times when n e a r l y  100% of  t he  time 
would be a v a i l a b l e ,  

S ince  it is expected t h a t  very few sequencing 
f u n c t i o n s  w i l l  be r equ i r ed  du r ing  powered maneuvers, i t  
i s  f e l t  tha t  t h e . p o r t i o n  o f  time dur ing  which t h e  AGC i s  
a v a i l a b l e  f o r  performing sequencing func t ions  is -  adequate.  
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3.5 

4.0 

Programminq 

The programming of the mission sequencing 
f u n c t i o n s  f o r  t h e  AGC might w e l l  r e p r e s e n t  a s e r i o u s  
problem., It should b e  emphasized t ha t  the.prob1em i s  
no t  t e c h n i c a l ,  b u t  r a t h e r  a r e s u l t  of having two d i f -  

f e r e n t  o r g a n i z a t i o n s  (more than  2,000 miles apar t )  
c l o s e l y  i n t e r f a c i n g  w i t h  each o t h e r .  The first q u e s t i o n  
t ha t  arises i s  where t h e  i n t e r f a c e  should occur.  One 
approach i s  t o  have NAA wri te  and debug t h e i r  own pro- 
grams and have MIT perform t h e  task of t r ans fo rming  the  
programs i n t 0 . a -  f i x e d  memory a f t e r  f irst  v e r i f y i n g  t h a t  
t hey  do n o t  i n t e r f e r e  w i t h  any of t h e  G & N  programs. 
Another approach i s  t o  have N A A  provide  flow diagrams 
of what sequencing func t ions  are t o  be performed and 
have MIT write,  debug, and f a b r i c a t e  t h e  f i x e d  memory. 
MIT i s  s t r o n g l y  i n  favor  o f  t h e  l a t t e r  approach on t h e  
basis that  it would be  f a s t e r  and more reliable.  

., 

The q u e s t i o n  o f  who should do t h e  programming 
can probably b e s t  be answered when i t  has been determined 
how much i n t e r l e a v i n g  of programs - w i l l  be r equ i r ed .  This  
r e q u i r e s  that  the  number and t y p e . o f  sequencing f u n c t i o n s  
be defined.,  

CONCLUSIONS 

From t h e  work performed t h u s  far,  t he  fo l lowing  
conclus ions  may be  drawn: 

1, It appears e n t i r e l y  feasible t o  use  the 
AGC t o  perform both  the  mission sequencing 
f u n c t i o n s  and t h e  normal guldance . func t$ons .  

2. The output  capab i l i t i e s  o f  t h e  AGC can 
e a s i l y  be extended i f  necessary.  
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3.: 

4. 

5. 

60 

Expansion o f  t h e  i n p u t  c a p a b i l i t i e s  of  
t he  AGC i s  p r a c t i c a l .  However, s i n c e  the 
means f o r  accomplishing t h i s  expansion i s  
dependent upon t h e  number and type  o f  
i n p u t s ,  f u r t h e r  d e f i n i t i o n  of t h e  i n p u t s  
i s  r equ i r ed  before  t h e  b e s t  approach can 
be chosen. 

The p o r t i o n  of  v a r i a b l e  and f i x e d  memory 
a v a i l a b l e  for miss ion-sequencing  f u n c t i o n s  
appears. t o  be adequate.  

The .po r t ion  of  time dur ing  which t h e  AQC 

is a v a i l a b l e  f o r  performing mission se- 
quencing func t ions  appears adequate. 

The problem o f  w r i t i n g ,  debugging, and 
f a b r i c a t i n g  t h e  programs f o r  t h e  mission 
sequencing f u n c t i o n s  r e q u i r e s  a c l o s e  
i n t e r f a c e  between N A A  and MIT. The place 

a t  which t h i s  i n t e r f a c e  should occur  w i l l  
probably depend upon the  amount of program 
in t e r l eav ing .wh ich  must  e x i s t .  
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