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SUBJECT: Memory Requirements for the 
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FROM: J. J. Rocchio 

ABSTRACT 

The Launch Vehicle Digital Computer (LVDC) has a 
modular memory system with a maximum capacity of eight modules. 
Each module has 16 sectors, f o r  a total of 28 sectors (64 duplexed 
sectors) in all. 

Memcry requirements have grown to the point that, 
although four modules were flown on AS 201, eight are planned for 
AS 501-504. 
has led to: 

The possibility of depletion of all memory reserves 

1. studies of memory augmentation methods; 

2. reevaluation of current and anticipated memory 
requirements; 

3 .  consideration of some reprogramming to utilize 
I memory more efficiently. 

At this time, expected reserve capacity in the LVDC 
memory is about 18% ( 1 2 . 9  sectors duplex) of total capacity for 
AS 501,and only 11% (6.9 sectors duplex) for AS 504. This is 
considered insufficient to provide an adequate margin for new 
requirements and contingencies. It is therefore recommended that 
the memory savings identified in the IBM LVDC Memory Utilization 
Study as being "readily obtainable" be implemented. This 
action would increase the reserve to 31% (19.6 sectors duplex) 
for AS 501 and 24% (15.2 sectors duplex) for AS 504. Additional 
study of  future Saturn operations is needed to establish require- 
ments for a Saturn V Auxiliary Memory Unit. 
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I il p u t e r  (LVDC)- Case 330 
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FROM: J .  J .  Rocchio  

MEMORANDUM FOR FILE . 
BACKGROUND 

The S a t u r n  Launch V e h i c l e  D i g i t a l  Computer (LVDC) 
u t i l i z e s  a c o i n c i d e n t  c u r r e n t  c o r e  memory w i t h  a 28 b i t  
word l e n g t h  ( i n c l u d i n g  two p a r i t y  b i t s ) .  Each memory word 
c a n  s t o r e  two 1 3  b i t  i n s t r u c t i o n s  o r  a 26  b i t  d a t a  word. 
The memory sys t em i s  modular ,  e a c h  module c o n t a i n i n g  4 0 9 6  
words w i t h  a maximum c a p a c i t y  o f  e i g h t  modules .  

The meinory sys t em i s  d e s i g n e d  t o  a l l o w  d u p l e x  
o p e r a t i o n  ( c o n c u r r e n t  r e a d o u t  f rom a p a i r  o f  modules w i t h  
t h e  c a p a b i l i t y  o f  c o r r e c t i n g  s i n g l e  e r r o r s )  as w e l l  as con- 
v e n t i o n a l  s implex  o p e r a t i o n .  Duplex o p e r a t i o n  of t h e  memory 
complements t h e  t r i p l y  modular> r e d u n d a n t  (TMR) l o g i c  o f  t h e  
LVDC and i s  i n c o r p o r a t e d  f o r  i n c r e a s e d  r e l i a b i l i t y .  I n  t h e  
d u p l e x  mode, t h e  maximum c a p a c i t y  o f  t h e  memory sys t em i s  
1 6  K words ( c a p a b l e  of s t o r i n g  3 2  K i n s t r u c t i o n s ) .  The 
machine d e s i g n  a l l o w s  f o r  i ndependen t  dup lex / s implex  i n s t r u c -  
t i o n  a c c e s s  and data a c c e s s  unde r  program c o n t r o l .  C u r r e n t  
programming p r a c t i c e  r e q u i r e s  a l l  f l i g h t  programs t o  b e  op- 
e ra ted  i n  t h e  d u p l e x  mode; most p r e f l i g h t  r o u t i n e s ,  however,  
are  o p e r a t e d  i n  t h e  s implex  mode. The memory area used  f o r  
p r e f l i g h t  r o u t i n e s  i s  used  i n  f l i g h t  f o r  t empora ry  s t o r a g e  
of t e l eme t ry  da ta .  

MEMORY REQUIREMENTS/USAGE 

Dur ing  t h e  o r i g i n a l  program d e f i n i t i o n  s t a g e s ,  e s t i -  
mates* o f  t h e  memory r e q u i r e m e n t s  f o r  t h e  LVDC i n d i c a t e d  t h a t  
f o u r  modules ( 2  d u p l e x )  would b e  s u f f i c i e n t  f o r  Apo l lo .  T h i s  
es t imate  e n v i s i o n e d  1 - 1 . 5  modules ( d u p l e x )  f o r  f l i g h t  programs 
w i t h  t h e  r e m a i n i n g  used  f o r  p r e f l i g h t .  A c t u a l  u s a g e  ( i n  number 
of modules f l o w n )  t o  d a t e  h a s  been:  

A S  2 0 1  - 4 modules 

AS 203 - 4 modules 

AS 2 0 2  - 6 ,modu les  

% A s  c i t e d  i n  t h e  F i n a l  R e p o r t ,  S a t u r n  Y LVDC A u x i l i a r y  
Memory Study (NASA C o n t r a c t  NAS-8-11562), IBM F e d e r a l  Systems 
D i v i s i o n ,  Oc tobe r  2 8 ,  1966.  
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and c u r r e n t  p l a n n i n g  c a l l s  f o r :  

AS ,206 - 6 modules 

AS 501-504 - 8 modules 

The i n c r e a s i n g  t r e n d  i n  LVDC memory usage  was such  
t h a t  Marshall Space  F l i g h t  Cen te r  (MSFC) awarded a s t u d y  con- 
t r a c t  t o  IBM t o  c o n s i d e r  means o f  p r o v i d i n g  a u x i l i a r y  memory 
f o r  t h e  LVDC. T h i s  s t u d y  was ca r r i ed  o u t  d u r i n g  J u n e  - Sep- 
tember,  1 9 6 6 ,  and a f i n a l  r e p o r t  was i s s u e d  i n  Oc tobe r  1966 .  
The s t u d y  ground r u l e s  a l lowed no  LVDC/LVDA m o d i f i c a t i o n s  
and r e q u i r e d  t h a t  a t  l ea s t  32 K ( 1 0 0 %  i n c r e a s e )  o f  a d d i t i o n a l  
memory be  f u r n i s h e d .  Three a l t e r n a t i v e  a u x i l i a r y  memory s y s -  
t e m s  were c o n s i d e r e d  by IBM: c o r e ,  t a p e ,  and drum. The drum 
sys t em was recommended. 

A p a r t  o f  t h i s  IBM s t u d y  c o n s i d e r e d  t h e  memory 
r e q u i r e m e n t s  f o r  t h e  LVDC. I t  was conc luded  t h a t  e i g h t  
modules  would j u s t  s u p p o r t  t h e  AS 200 s e r i e s  of f l i g h t s ,  
b u t  would b e  i n a d e q u a t e  f o r  t h e  AS 500 s e r i e s .  The  l a r g e s t  
s i n g l e  f a c t o r  c o n t r i b u t i n g  t o  t h e  i n c r e a s e d  memory r e q u i r e -  
ments  as c o n s i d e r e d  by  I B M  was t h e  s e t  o f  r o u t i n e s  d e s i g -  
n a t e d  as t h e  Hardware E v a l u a t i o n  Program ( H E P ) .  These 
programs o p e r a t e  i n  o r b i t  when t h e  v e h i c l e  i s  n o t  o v e r  a 
g round  s t a t i o n  and encompass a s e t  o f  i n d e p e n d e n t  t e s t  p ro-  
grams d e s i g n e d  t o  e v a l u a t e  t h e  per formance  o f  f l i g h t  hard- 
ware. The r e q u i r e m e n t s  p a r t  o f  t h e  IBM s t u d y  a l l o c a t e d  
2 4 . 2 5  s e c t o r s  t o  t hese  r o u t i n e s  ( e a c h  LVDC memory module con- 
t a i n s  1 6  s e c t o r s  of 256 words) .  Based on a tho rough  eya.lua- 
t i o n  by MSFC, r e q u i r e m e n t s  f o r  t h e  HEP r o u t i n e s  have been  
r e l a x e d .  C u r r e n t  p r o j e c t i o n s  f o r  AS 501-504 a l l o c a t e  l ess  
t h a n  two s e c t o r s  f o r  HEP r o u t i n e s .  

MAS PARTICIPATION 

I n  J a n u a r y  1 9 6 7 ,  MAS, a t  t h e  r e q u e s t  o f  M r .  F. S.  W o j t a l i k  
of  Astrionics-NASA-MSFC, ag reed  t o  p r o v i d e  a s s i s t a n c e  i n  de t e r -  
min ing  t h e  p r e s e n t  and a n t i c i p a t e d  memory r e q u i r e m e n t s  for 
t h e  LVDC. To t h i s  e n d ,  b e g i n n i n g  i n  F e b r u a r y  1 9 6 7 ,  s e v e r a l  
working  m e e t i n g s  were a r r a n g e d ,  a t t e n d e d  by r e p r e s e n t a t i v e s  
f rom IBM, MSFC/R-ASTR-N, and MAS. I n  t h e  c o u r s e  o f  t hese  
m e e t i n g s  t h e  a c t u a l  and p r o j e c t e d  memory u s a g e  f o r  AS 206 
and  AS 501-504 were reviewed i n  d e t a i l .  I n  a d d i t i o n ,  a 
nurnber of  p o t e n t i a l  means f o r  r e d u c i n g  memory u s a g e  were p ro -  
p o s e d  by IBM,  PSFC/R-ASTR-N, and MAS. S p e c i f i c a l l y ,  t h e s e  
c o u l d  b e  c a t e g o r i z e d  unde r  t h e  h e a d i n g s  o f :  

1. d e l e t i o n  o f  programs,  

2 .  s i m p l i f i c a t i o n  of programs,  
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3. more e f f i c i e n t  program o r g a n i z a t i o n ,  

4 .  s imp lex  i n s t e a d  o f  dup lex  o p e r a t i o n ,  

5.  s e g m e n t a t i o n  and o v e r l a y  o f  p r e f l i g h t  programs.  

IBM/Huntsvi l le  has p r o v i d e d *  a de t a i l ed  a n a l y s i s  o f  t h e  
p o t e n t i a l  memory s a v i n g s  and a s s o c i a t e d  c o s t  and i m p l i c a t i o n s  
o f  a p p l y i n g  these  t e c h n i q u e s  t o  a number o f  s p e c i f i c  c a n d i d a t e  
programs.  T h i s  i n f o r m a t i o n  p r o v i d e s  t h e  a b i l i t y  t o  immedia t e ly  
g a i n  a d d i t i o n a l  r e s e r v e  memory c a p a c i t y  ( a t  t h e  c o s t  o f  some 
reprogramming e f f o r t ) ,  and t o  e v a l u a t e  a number of' p o t e n t i a l  
memory s a v i n g s  a g a i n s t  o v e r a l l  LVDC r e q u i r e m e n t s .  

PHASE I1 - IBM STUDY 

I n  March 1 9 6 7 ,  IBM unde r took  a n  e x t e n s i o n  o f  t h e  
s t u d y  o f  d e s i g n  c o n c e p t s  f o r  a S a t u r n  LVDC A u x i l i a r y  Memory 
U n i t .  T h i s  Phase I1 e f f o r t  i s  c o n s i d e r i n g  AMU d e s i g n s  unde r  
t h e  f o l l o w i n g  c o n s t r a i n t s  : 

1. M o d i f i c a t i o n  of t h e  LVDC i s  a l l o w e d .  

2 .  A t  l eas t  1 0 0  K words o f  a d d i t i o n a l  s t o r a g e  a r e  
t o  be p r o v i d e d .  

3. Concur ren t  load/compute o p e r a t i o n  i s  r e q u i r e d .  

4 .  Pr imary  c o n s i d e r a t i o n  i s  t o  b e  d i r e c t e d  t o  a 
t a p e / c o r e - b u f f e r  c o n f i g u r a t i o n .  ' 

It is s i g n i f i c a n t  t o  n o t e  t h a t  a t a p e / c o r e - b u f f e r  AMU sys t em 
i s  a l s o  b e i n g  c o n s i d e r e d  f o r  t h e  Apoll'o Guidance Computer and 
t h a t  t h i s  Fhase  I1 s t u d y  e f f o r t  r e q u i r e s  IBM t o  e v a l u a t e  t h e  
A p o l l o  t a p e  u n i t  f o r  t h e  LVDC AMU a p p l i c a t i o n .  

SUMMARY AND CONCLUSIONS 

A t  t h e  p r e s e n t  t ime, i t  a p p e a r s  t h a t  t h e  memory 
r e q u i r e m e n t s  (known and a n t i c i p a t e d )  f o r  t h e  Apol lo  Program 
( t h r o u g h  AS 5 0 4 )  can  b e  s u p p o r t e d  b y  t h e  c u r r e n t  c o n f i g u r a -  
t i o n  (LVDC w i t h  e i g h t  memory m o d u l e s ) .  ( T h i s  c o n c l u s i o n  
d i f f e r s  from that  r e a c h e d  by IBM i n  t h e  Phase I LVDC AMU 
s t u d y  due t o  t h e  s i g n i f i c a n t  change i n  t h e  HEP r e q u i r e m e n t s . )  

*LVDC Memory U t i l i z a t i o n  S tudy  ( rough  d r a f t )  IBN/Hun t sv i l l e ,  
A p r i l  1967. 
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However, p r o j e c t i o n s *  f o r  AS 504 based  on the  c u r r e n t  p ro -  
gram c o n f i g u r a t i o n  i n d i c a t e  a r e s e r v e  of o n l y  6 . 9  s e c t o r s  
( d u p l e x )  or abou t  11% of t h e  t o t a l  LVDC memory c a p a c i t y  o f  
64  s e c t o r s  ( d u p l e x ) .  As new r e q u i r e m e n t s  are  p r i m a r i l y  an- 
t i c i p a t e d  i n  t h e  f l i g h t  programs c a t e g o r y ,  t h i s  r e s e r v e  c o r -  
r e s p o n d s  t o  a growth  f a c t o r  i n  terms o f  t h e  f l i g h t  programs 
a l l o c a t i o n  o f  about  1 4 % .  Spare  c a p a c i t y  i n  t h i s  r a n g e  i s  
c o n s i d e r e d  t o o  low t o  p r o v i d e  a r e a s o n a b l e  margin  t o  s a t i s f y  
new r e q u i r e m e n t s  and meet program c o n t i n g e n c i e s .  T h e r e f o r e ,  
b a s e d  on t h e  r e s u l t s  of  t h e  memory c o n s e r v a t i o n  s t u d y ,  i t  
i s  recommended t h a t :  

1. t h o s e  memory s a v i n g  programming changes  which a re  
r e l a t i v e l y  easy t o  i n c o r p o r a t e  and which have no 
a p p r e c i a b l e  impact  on pe r fo rmance  or o p e r a t i o n s  
b e  . implemented; 

2 .  t h e  r e m a i n i n g  memory c o n s e r v a t i o n  t a s k s  b e  c a t e -  
g o r i z e d  w i t h  r e s p e c t  t o  f e a s i b i l i t y  and t h e n  
r anked  w i t h  r e s p e c t  t o  d e s i r a b i l i t y  based on 
amount o f  s a v i n g s ,  c o s t ,  impact  on f a c i l i t i e s  
and o p e r a t i o n ,  e t c .  ; 

3. a p l a n  b e  e s t a b l i s h e d  f o r  implement ing  t h e  re- 
q u i r e d  reprogramming t o  r e a l i z e  t h e  s a v i n g s  from 
t h e  f e a s i b l e  t a s k s  i d e n t i f i e d  i n  2 .  

With t h e  " r e l a t i v e l y  easy"  program changes  i n c o r -  
. p o r a t e d ,  p r o j e c t i o n s *  f o r  AS 501 show a r e s e r v e  c a p a c i t y  of  

1 9 . 6  s e c t o r s  or abou t  31% of t h e  t o t a l  LVDC c a p a c i t y .  For 
A S  504 t h e  c o r r e s p o n d i n g  p o t e n t i a l  r e s e r v e  i s  1 5 . 2  s e c t o r s  
or a b o u t  2 4 %  o f  c a p a c i t y .  These f i g u r e s  co r re spond  t o  growth  
f a c t o r s  i n  terms o f  f l i g h t  program r e q u i r e m e n t s  o f  56% f o r  
AS 501, and 38% f o r  AS 5 0 4 .  S p a r e  c a p a c i t y  i n  t h i s  r a n g e  i s  
c o n s i d e r e d  t o  be s u f f i c i e n t  t o  t h e  d e g r e e  t h a t  a h i g h  p r i o r i t y  
development  program f o r  t h e  LVDC AMU i s  n o t  r e q u i r e d  t o  sup- 
p o r t  t h e  Apol lo  program. 

I n  c o n s i d e r i n g  LVDC memory r e q u i r e m e n t s  i t  s h o u l d  
b e  n o t e d  t h a t  t h e r e  a r e  two c o n f l i c t i n g  t r e n d s  a t  work.  On 
the  one hand,  as f l i g h t s  proceed  from t h e  deve lopmen ta l  t o  
t h e  o p e r a t i o n a l  p h a s e ,  R & D-or ien ted  r e q u i r e m e n t s  can  b e  
e x p e c t e d  t o  d i s a p p e a r  o r  d i m i n i s h .  On t h e  o t h e r  hand ,  as 
t h e  sys tem m a t u r e s  t h e r e  w i l l  b e  a t endency  t o  r e s i s t  hardware 
c h a n g e s ,  t h u s  p l a c i n g  t h e  burden cf mee t ing  new r e q u i r e m e n t s  
on t h e  s o f t w a r e .  P lanned  r e s e r v e s ,  t o g e t h e r  w i t h  t h e  r e a d i l y  
o b t a i n a b l e  s a v i n g s  i n d i c a t e d  by t h e  memory c o n s e r v a t i o n  s t u d y  

* P r o j e c t e d  memory a l l o c a t i o n s  for t h e  LVDC a r e  d e r i v e d  
i n  t h e  Appendix.  

. 
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and t h e  a b i l i t y  t o  a c h i e v e  even f u r t h e r  s a v i n g s ,  s h o u l d  be  
a d e q u a t e  t o  meet s u c h  c o n t i n g e n c i e s  f o r  t h e  n e a r  t e r m ,  assum- 
i n g  e f f e c t i v e  c o n t r o l s  are m a i n t a i n e d  on t h e  i m p o s i t i o n  o f  new 
r e q u i r e m e n t s  on t h e  LVDC. 

F u t u r e  S a t u r n  o p e r a t i o n s  t h e n ,  a r e  l i k e l y  t o  be  
c r i t i c a l  i n  d e t e r m i n i n g  t h e  need and t i m i n g  r e q u i r e d  f o r  a 
p r o d u c t i o n  phase  AMU program. To t h i s  end  i t  
t h a t  LVDC r e q u i r e m e n t s  f o r  s u p p o r t  o f  t h e  A A P  
s t u d i e d  a t  t h e  e a r l i e s t  o p p o r t u n i t y .  

i s  recommended 
Program be 

1 0  31- J J R -  s j h 
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APPENDIX 

LVDC Memory A l l o c a t i o n  P r o j e c t i o n s  for 
AS 501-504 

A.  

B.  

C. 

C u r r e n t  S t a t u s  AS 501" 

R o u t i n e  

P r e l a u n c h  
Boost  
O r b i t  ( F l i g h t  ) 
O r b i t  ( O r b i t a l )  
Common 

P r o j e c t e d  Requi rements  
AS 501*. 

C u r r e n t  501 
Swi tch  S e l e c t o r  
O r b i t a l  Guidance 

P r o j e c t e d  Requi rements  
AS 504 

P r o j e c t e d  5 0 1  
V a r i a b l e  Launch Azimuth 
A l t e r n a t e  Res ta r t  
Time Bases 
Guidance Update 
Guidance S w i t c h o v e r  

E s t i m a t e d  Memory Sav ings  

S e c t o r s  
A l l o c a t e d  

9 
11 

5 
9 . 5  

1 6 . 5  
51.0 

51 
1 . 5  
1 .5  

54.0 

54 
2 

2 
1 
1 

6 0  
- 

Reserve D i s t r i b u t e d  
Core L o c a t i o n s  ( i n c l u d e d  

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

286 
111 
153 196 
746 

746 

(Taken from IBM rough d r a f t  o f  LVDC Memory U t i l i z a t i o n  S t u d y ,  
A p r i l  1 9 6 7 )  

C . l  O b t a i n a b l e  w i t h  small o r  modera te  c o s t  and n e g l i g i b l e  or 
s l i g h t  impact  on o p e r a t i o n s  o r  pe r fo rmance .  

*Taken from IBM working p a p e r s ,  F e b r u a r y  1967 .  
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Rou t ine  

Swi t ch  S e l e c t o r  
Te leme t ry  Execu t ive  
Revised  Data Compression 
Simplex Boost I n i t i a l i z a -  

t i o n ,  S imula t ed  F l i g h t ,  
and  Variable  T a r g e t i n g  

Use o f  S u b r o u t i n e s  
i n  Minor Loop 

S i m p l i f i e d  Atmospheric  
Drag Nodel 

Use o f  S u b r o i t i n e s  
i n  N a v i g a t i o n  Rou t ine  

D e l e t i o n  o f  
LVDC S e l f - T e s t  

C.2 O b t a i n a b l e  w i t h  l a r g e  

- 2 -  - 

Core L o c a t i o n s  Core L o c a t i o n s  
Saved Saved 

AS 5 0 1  

380 
1 0 0  
115 

AS 504 

572 
300 
115 

360 360 

200 200 

65 65 

150 150  

352 352 

implemen ta t ion  c o s t  and modera te  
impact  on l aunch  o p e r a t i o n s .  

Over l ay  Part  o f  F l i g h t  
Program w i t h  E a r l y  
P r e l a u n c h  Rou t ines  768 

T o t a l  Sav ings  ( l o c a t i o n s )  AS 5 0 1  

Category  C .  1 1722 
C a t e g o r i e s  C . l  and C . 2  2490 

768 

AS 504 

2 1 1 4  
2882 

T a b l e  A . l  summarizes t h e  p r o j e c t e d  a l l o c a t i o n s  f o r  
AS 5 0 1  and 504 showing t h e  e f f e c t s  o f  b o t h  Category  C . l  and 
Ca tegory  C.2 s a v i n g s .  
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