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I n  1958 t h e  N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n  e s t a b l i s h e d  
a world-wide communications network which was used t o  s u c c e s s f u l l y  f u n n e l  
the r a d a r  and t e l e m e t r y  d a t a  t o  t h e  Goddard Space  F l i g h t  C e n t e r  compute r s ,  
a s  w e l l  a s  t h e  Cape Kennedy (Cape Canavera l l  computers ,  t o  s u p p o r t  t h e  
e a r l y  s p a c e  m i s s i o n s  I e s p e c i a l l y  t h e  P r o j e c t  Mercury manned f l i g h t  series. 
The network was based e n t i r e l y  on t e l e t y p e  speed  t r a n s m i s s i o n  i n  t h e  60 
t o  100 word p e r  minute  r ange .  By 1962 i t  was r ecogn ized  t h a t  t h e  m i s s i o n s  
were becoming more f r e q u e n t ,  more complex an3  w o u l d  i n v o l v e  h igh  speed  d a t a  
s o u r c e s  o u t s i d e  t h e  C o n t i n e n t a l  United S t a t e s  which t h e  s low speed t e l e t y p e  
network cou ld  n o t  s e r v i c e ,  T h e r e f o r e ,  a modern iza t ion  program was i n i t i a t e d  
w i t h  t h e  i n t e n t  of e s t a b l i s h i n g  a s y s t e m  o f  h igh  speed s o l i d  s t a t e  s w i t c h e s  
s t r a t i g i c a l l y  l o c a t e d  t o  p rov ide  t h e  h i g h e s t  deg ree  of au tomat ion ;  a l l o w  
t h e  u s e  of a minimum o f  expens ive  long h a u l  h i g h  speed  c i r c u i t s  and g i v e  
the  network a r e a l - t i m e  communication c a p a b i l i t y  t o  s t a y  a b r e a s t  of t h e  
f u t u r e  p r o j e c t s  i n c l u d i n g  Gemini and ApolPo. 

The GSFC was t h e  f i r s t  s w i t c h i n g  c e n t e r  t o  undergo t h e  modern iza t ion  
p r o c e s s ,  A Univac 490 Real-Time Swi tch ing  System was chosen  f o r  t h e  main 
s w i t c h i n g  f u n c t i o n s  and was i n s t a l l e d  d u r i n g  t h e  month o f  December 1963. 
An e x t e n s i v e  s t u d y  of t h e  network requi rements  had been i n  p r o g r e s s  f o r  
approx ima te ly  one y e a r  p r e c e e d i n g  t h e  equipment i n s t a l l a t i o n .  These 
r equ i r emen t s  were i n t e r p r e t e d  i n t o  the  programmable 4 9 0 ' s  and i n  March 
1964 t h e  sys t em went i n t o  o p e r a t i o n .  Fol lowing  is a d e s c r i p t i o n  of t h e  
system a s  i t  i s  i n  p r e s e n t  o p e r a t i o n .  

ADDITIONAL CONTI3 BUY3 RS 

G .  Brown E .  Pa rk inson  
H. Crowley J. S t r a t t o n  
W .  E i k e r  R ,  Wetzel  

The c o n t r i b u t o r s  l i s t e d  above a r e  employees of  t h e  NASA Communica- 
t i o n s  D i v i s i o n  and were c l o s e l y  a s s o c i a t e d  w i t h  t h e  p r o j e c t .  
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1 . O  SYSTEM ARRANGEMENT 

I n  o r d e r  t o  accommodate t h e  network r equ i r emen t s  it was de te rmined  
t h a t  t h e  f o l l o w i n g  equipment  was best s u i t e d  f o r  t h e  j o b  (see FIGURE 1) .  
I t  c o n s i s t e d  of t h e  fo l lowing :  

2 - Univac 490 Real-Time C e n t r a l  P r o c e s s o r s  w i t h  16K c o r e  
2 - Univac FH 880 Magnet ic  Drums 
6 - Univac I I I C  Tape Servos  
1 - Univac 1004 Card P r o c e s s o r  

A sys tem o f  i n p u t  m u l t i p l e x i n g  of t h e  d a t a  c i r c u i t s  was chosen  
because of  t h e  l a r g e  number t o  be  s e r v i c e d ,  Each c i r c u i t  e n t e r s  t h e  
s y s t e m  through i t s  i n d i v i d u a l  l i n e  t e r m i n a l  which i s  a Univac CLT (one  
c h a r a c t e r  b u f f e r ) ,  Both t h e  f i v e  l e v e l  baudot code and t h e  e i g h t  l e v e l  
ASC I1 codes  a r e  b e i n g  used i n  t h e  Cen te r .  When a c i r c u i t  becomes busy 
and a n  i n p u t  b u f f e r  has  r e c e i v e d  a complete c h a r a c t e r ,  a series o f  
i n t e r r u p t s  a r e  t r i g g e r e d  i n  t h e  l o g i c  o f  t h e  490 C e n t r a l  P r o c e s s o r .  A 
m u l t i p l e x e r  has  been a s s i g n e d  an  a d d r e s s  i n  t h e  main c o r e  of t h e  490 CP 
f o r  t h a t  c h a r a c t e r  and i t  is brought  i n t o  t h e  s y s t e m ,  The CLT is  then  
ready  f o r  t h e  n e x t  c h a r a c t e r ,  The t r a n s f e r  i s  accomplished i n  a t o t a l  
of 20 micro-seconds which is much f a s t e r  t h a n  t h e  i n p u t  c i r c u i t s  can  
c p e r a t e .  T h i s  r a p i d  s c a n  t i m e  of t he  m u l t i p l e x e r  i n s u r e s  t h a t  a l l  i n p u t s  
w i l l  be s e r v i c e d  i n  a r e a l - t i m e  mode, e v e n  when they  a r e  a l l  busy a t  
t h e  same t i m e .  

A t  t h e  p r e s e n t  time, e a c h  multiplexer occup ies  one of t h e  14 
channe l s  i n t o  t h e  C e n t r a l  P r o c e s s o r  c o r e ;  t h e r e f o r e ,  f o u r  channe l s  a r e  
used t o  service t h e  f o u r  m u l t i p l e x e r s ,  Each m u l t i p l e x e r  has  t h e  capa-  
b i l i t y  t o  service 32 d a t a  i n p u t s  o r  c i r c u i t s  i n  a f u l l  duplexed mode 
f o r  a t o t a l  of 128 c i r c u i t s .  T h i s  is by no means t h e  c a p a c i t y  of t h e  
sys tem,  a s  t h e  m u l t i p l e x e r s  can be cascaded o n t o  each  o t h e r  shou ld  t h e  
network grow t o  t h a t  e x t e n t .  I n  a peak load c o n d i t i o n  w i t h  a l l  c i r c u i t s  
busy a t  100 wpm s p e e d s ,  e a c h  i n p u t  would n e c e s s a r i l y  be servicr:d each  1000 
micro-seconds .  I t  r e q u i r e s  20 micro-seconds f o r  e a c h  busy CLI'  o r  a t o t a l  
of  1000/20 o r  50 busy c i r c u i t s  m a x i m u m  f o r  e a c h  channe l .  Assuming a 
i o g i c a l  25 p e r c e n t  l o a d i n g  of t h e  c i r c u i t s  a t  any p a r t i c u l a r  t i m e  would 
a l l o w  4x50 = 200 c i r c u i t s  p e r  channe l ,  which i s  more r e a l i s t i c  when 
t h i n k i n g  i n  terms of t o t a l  c a p a c i t y .  

A s  s t a t e d  b e f o r e ,  each  CLT h a s  been a s s i g n e d  i t s  own sma l l  a r e a  of 
c o r e  i n  t h e  C e n t r a l  P r o c e s s o r  where incoming d a t a  i s  s t o r e d  f o r  t h a t  
p a r t i c u l a r  c i r c u i t ,  T h i s  is one o f  t he  more impor t an t  f e a t u r e s  o f  t h e  
490 C e n t r a l  P r o c e s s o r  f o r  t h i s  a p p l i c a t i o n  i n  t h a t  it r e q u i r e s  no  
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i n t e r n a l  machine c y c l e  t i m e  t o  s e r v i c e  t h e  i n p u t s  and o u t p u t s  once t h e  
i n p u t  o r  ou tput  mode has  been e s t a b l i s h e d ,  The d a t a  is s t o r e d  i n  i t s  
own l o c a t i o n  w i t h i n  t h e  C e n t r a l  P r o c e s s o r  ande r  c o n t r o l  of programmed 
hardware.  

Once i n s i d e  t h e  CP t h e  d a t a  is  packed i n t o  f i v e . c h a r a c t e r  words 
and t r a n s f e r r e d  t o  t h e  E% 880 drum in  a l o c a t i o n  which is  remembered 
f o r  f u t u r e  use. When s u f f i c i e n t  c h a r a c t e r s  have been r e c e i v e d  t o  
comple te ly  i d e n t i f y  t h e  send ing  and r e c e i v i n g  a d d r e s s e s ,  t h e  r e c e i v i n g  
c i r c u i t  is  s t a t u s  checked.  I f  a v a i l a b l e ,  t h e  message is  s e n t  i n  r e a l -  
time a s  it comes i n .  I f  n o t  a v a i l a b l e ,  a n o t a t i o n  is  made i n  t h e  
" things- to-do" t a b l e  and a t  t h e  f i r s t  o p p o r t u n i t y  t h e  message i s  s e n t  
and t h e  n o t a t i o n  is  removed from t h e  " th ings- to-do"  t a b l e .  

The d a t a  is n o t  removed f rom t h e  drum a t  t h i s  t i m e  a s  t h e r e  a r e  
s e v e r a l  uses f o r  it i n  o t h e r  programs.  I t  m u s t  be logged ,  j o u r n a l i z e d ,  
s t o r e d  f o r  f u t u r e  r e f e r e n c e  o r  r e c a l l ,  and s o  f o r t h .  I n  o r d e r  t o  p r o v i d e  
a s y s t e m  of i n d i s c r i m i n a t e  send ing  and r e c e i v i n g  messages i n t o  a n  on- 
l i n e  d e v i c e ,  s y s t e m a t i c  l a y o u t  of t h e  d r u m  was des igned  a s  f o l l o w s :  
I t  was d i v i d e d  i n t o  f i v e  t i m e  f rames  of  e i g h t  hour s  e a c h .  These t i m e  
f rames a r e  somewhat r e l a t e d  t o  f i v e  r o t a t i n g  s e c t i o n s  on t h e  drum, e a c h  
s e c t i o n  c o n t a i n i n g  a complete  e i g h t  hour s  of t r a f f l c .  A t  t h e  end of 
e i g h t  h o u r s ,  of t r a f f i c  on s e c t i o n  1, s e c t i o n  2 i s  used f o r  t h e  n e x t  
e i g h t  h o u r s ;  s e c t i o n  3 and 4 u t i l i z e d  n e x t  i n  t u r n .  However, when 
s e c t i o n  4 is  be ing  f i l l e d ,  a compara t ive  s e a r c h  i s  made of s e c t i o n  1, 
Any message found t o  have been s e n t  i s  t r a n s f e r r e d  t o  t a p e  and e r a s e d  
from t h e  drum, Any message which is  found n o t  t o  have been s e n t  i s  
t r a n s f e r r e d  t o  s e c t i o n  5 of  t h e  drum and a l l  r e f e r e n c e s  t o  t h e  drum 
a d d r e s s  of t h i s  message a r e  changed t o  t h e  new l o c a t i o n  wherever  i t  
might be s t o r e d  i n  memory such  a s  i n  t h e  " t a sk"  t a b l e .  T h i s  p r o c e d u r e  
i n s u r e s  t h a t  one s e c t i o n  of t h e  d r u m  i s  always a v a i l a b l e  f o r  new t r a f f i c  
i n  advance of t h e  f i l l i n g  of  t h e  i a s t  s e c t i o n  to i n s u r e  t h a t  a s a t u r a % e d  ' 
c o n d i t i o n  cannot e x i s t  on t h e  drum. 

The output  of d a t a  f rom t h e  drum, through t h e  C e n t r a l  P r o c e s s o r  c o r e ,  
th rough t h e  m u l t i p l e x e r  and t o  t h e  c o r r e c t  CLT is  a r e v e r s e  o f  t h e  i n p u t  
c y c l e .  The.message i s  r e t r i e v e d  from t h e  drum, unpacked from t h e  5 
c h a r a c t e r  words and p l a c e d  i n  t h e  c o r r e c t  o u t p u t  b u f f e r  f o r  t r a n s m i s s i o n  
t o  i t s  d e s t i n a t i o n .  The ou tpu t  mode is  e s t a b l i s h e d  between t h e  CP and 
t h e  CLT and the  message i s  s e n t ,  c h a r a c t e r  by c h a r a c t e r  t o  t h e  r e c e i v i n g  
s i t e .  

A r e p r e s e n t a t i v e  sample of t h e  CLT and m u l t i p l e x e r  is  shown on 
FIGURE 2 and t h e  equipment  arrangement  i s  shown on FIGURE 1. 
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2.0  SYSTEM FEATURES 

The 490 system of t r a f f i c  swi t ch ing  a c c e p t s  i n p u t s  and o u t p u t s  t h e  
same way a s  o t h e r  t e l e t y p e  ne tworks ,  e x c e p t  t h a t  once t h e  message i s  
e n t e r e d  i n t o  t h e  490, it is  r e a d ,  i n t e r p r e t e d ,  d i r e c t e d ,  c o r r e c t e d ,  . f f  
n e c e s s a r y ,  and s e n t  t o  i t s  d e s t i n a t i o n  a u t o m a t i c a l l y  p r o v i d i n g  enough 
i n f o r m a t i o n  is r e c e i v e d  t o  de t e rmine  t h e  a d d r e s s e e ( s 1 .  I f  a t r o u b l e  
c o n d i t i o n  e x i s t s  i n  a message, it i s  i n t e r p r e t e d  by t h e  programs and 
a p r i n t - o u t  which s t a t e s  what i s  wrong w i t h  t h e  message,  i s  s e n t  t o  
t h e  p r o p e r  service equipment ,  These p r  i n t - o u t s  a r e  c a l  l e d  Advisory 
Messages which c a l l  € o r  some a c t i o n  by t h e  r e s p o n s i b l e  p e r s o n .  The 
pr i n t - o u t s  c a l l  a t t e n t  i on  t o  such t h i n g s  a s  : 

a .  
b.  I n v a l i d  Precedence  
c .  I n v a l i d  EOM (end of message) 
d .  Message. S e n t  
e .  Message H e l d  ( w i t h  drum addres s )  
f .  Garbled Message 

I n v a l i d  SOM ( s t a r t  of message) 

These  f e a t u r e s  a r e  a l l  des igned  t o  h e l p  t h e  o p e r a t i o n s  p e r s o n n e l  
service t h e  ne twork .  There a r e  a l s o  many s i d e  b e n e f i t s  which a r e  
p r i m a r i l y  o f  more i n t e r e s t  t o  t h e  eng inee r ing  p l a n n i n g  and  a n a l y s i s  
p e r s o n n e l .  Many of t h e  b a s i c  parameters  € o r  network e n g i n e e r i n g  and 
a a l y s i s  have been i n c o r p o r a t e d  i n t o  t h e s e  programs,  s u c h  a s :  

a .  
b. 

d .  
e .  
f. 
g .  
h .  
i . 

C .  

Message Count  
Word Count 
Busy C i r c u i t  
T r a f f i c  Back l o g  
C i r c u i t  0 u t a  ge 
C i r c u i t  Assurance  
Network U L i l i z a t i o n  
Transm is  s ion  Err0 rs 
Network Loading 

These  pa rame te r s  a r e  b u i l t  i n t o  t h e  programs and can  be r e c a l l e d  i n  
any d e s i r a b l e  form. They a r e  mos t ly  a s s o c i a t e d  w i t h  t h e  s low speed TTY 
c i r c u i t s ,  but  i n  t h e  v e r y  n e a r  f u t u r e  t h e  c e n t e r  w i l l  be s w i t c h i n g  h igh  
speed c i r c u i t s .  D i f f e r e n t  t echn iques  a r e  r e q u i r e d  f o r  t h e  n e c e s s a r y  
h a n d l i n g  of t h e s e  new c i r c u i t s .  They r e q u i r e  d i f f e r e n t  programs i n  o r d e r  
t o  i d e n t i f y  v a r i o u s  p a r t s  and p i e c e s  o€ messages ,  a s  w e l l  a s  d i f f e r e n t  
p a r a m e t e r s  which a r e  covered by t h e  d a t a .  

High speed c i r c u i t s  a r e  t o  be used t o  c a r r y  t r a f f i c  between t h e  major  
NASCOM s w i t c h i n g  c e n t e r s ,  and a l s o  t o  connec t  t o  t h e  v a r i o u s  computers  a t  
GSFC and o u t l y i n g  l o c a t i o n s .  The c e n t e r  w i l l  connec t  t o  three I B M  7094's  
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i n  t h e  i n s t a l l a t i o n ,  w i t h  a t r a n s f e r  r a t e  of  4 0 . 8  k i l o b i t s  p e r  second.  
Each computer i n  t h e  s y s t e m  p r e s e n t s  a new and d i f f e r e n t  set of  i n t e r -  
f a c i n g  programming problems.  

The 7094 i n t e r f a c i n g  programs a r e  r e q u i r e d  t o  a c c e p t  t h e  r e g u l a r  
NASCOP formats  and per form t h e  necessa ry  message a c c o u n t i n g .  With t h e  
knowledge and f a m i l i a r i z a t i o n  of t h e  7094 f u n c t i o n s  we  a r e  p r o g r e s s i n g  
on t h e s e  programs. 

There a r e  p l a n s  a t  GSFC f o r  i n t e r f a c i n g  o t h e r  computers  which do 
n o t  conform t o  t h e  7094 t y p e  of  t a s k .  These a r e  u l t r a -h igh - speed  
computers which w i l l  be used f o r  d a t a  r e d u c t i o n  a s s o c i a t e d  w i t h  t h e  
v a r i o u s  s c i e n t i f i c  s a t e l l i t e s  such  a s  Nimbus, T i r o s ,  Relay ,  SYNCOM, 
and s o  f o r t h .  The 490 ' s  w i l l  be r e q u i r e d  t o  s t o r e  d a t a  f o r  v a r y i n g  
l e n g t h s  of t i m e  and on p re -a r r anged  s c h e d u l e s  send t h i s  d a t a  t o  t h e  
us ing  computers a t  ve ry  h igh  speeds .  New t echn iques  a r e  needed f o r  
t h e s e  t a s k s  a s  t h e  requi rements  a r e  f i n a l i z e d .  New t y p e s  o f  d a t a  
hand l ing  programs a r e  be ing  i n v e s t i g a t e d  which w i l l  a s s u r e  better 
r e l i a b i l i t y .  

3.0 SYSTEM DESIGN 

The b a s i c  premise  f o r  t h e  a p p l i c a t i o n  of t h e  490 ' s  t o  t h e  NASCOM 
network was 100 p e r c e n t  r e l i a b i l i t y  and a f l e x i b l e  i n p u t  h a n d l i n g  
t echn ique .  The r e l L a b i l i t y  is  a s s u r e d  by us ing  two 4 9 0 ' s  i n  t h e  sys t em,  
e i t h e r  o f  which c a n  per form t h e  complete  s w i t c h i n g  j o b ,  and a l s o  
execu te  t h e  impor t an t  programs i n  such  a manner t h a t  on ly  s o l i d  s t a t e  
c i r c u i t r y  is  involved  i n  t h e  s w i t c h i n g  c h a i n .  Although a 1004 Card 
P r o c e s s o r  and t a p e  s e r v o s  a r e  a p a r t  of t h e  o v e r a l l  490 sys tem,  o n l y  
t h e  main frame l o g i c  and c o r e  s t o r a g e  p l u s  a n  FH880 Magnet ic  D r u m  a r e  
used  i n  t h e  main s w i t c h i n g  c h a i n .  As long  a s  one main frame and one 
d r u m  i s  ope rab le ,  t h e  sys tem c a n  per form i t s  b a s i c  job  of  s w i t c h i n g  
t h e  t r a f f i c .  The s y s t e m  can  remain i n  t h i s  s t a t u s  f o r  ex tended  perLods 
of t i m e  under emergency c o n d i t i o n s .  

F l e x i b i l i t y  of  i n p u t s  has  been ach ieved  th rough  a n  i n t e n s i v e  
programming e f fo ru :  coupled w i t h  a communications o r i e n t e d  p r o c e s s o r .  
To ach ieve  t h e  most f l e x i b i l i t y  i n  t h e  sys t em,  a s tudy  of  o t h e r  networks 
was necessa ry ,  I n  some c a s e s  i n v o l v i n g  t h e  o t h e r  networks s t u d i e d  it 
was found t h a t  s t r i c t  adherence  t o  pre-p lanned  f o r m a t s ,  message l e n g t h s  , 
accep tance  t i m e s ,  and so f o r t h  i s  r e q u i r e d ;  o t h e r w i s e ,  t h e  messages 
a r e  no t  accep ted .  I n  o t h e r  c a s e s ,  p o l l i n g  of i n p u t  c i r c u i t s  de t e rmines  
when a message w i l l  be a c c e p t e d .  T h i s  imposes v a r y i n g  d e g r e e s  of 
r e s t r i c t i o n s  and r e g a l a t i o n s  on t h e  o p e r a t o r s  i n  t h e  f i e l d  and w i l l  
n o t  suppor t  a r e a l  t i m e  network a s  used i n  NASCOM, 
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The 4 9 0 ' s  i n  t h i s  s y s t e m  areprogrammed i n  such a manner t h a t  a l l  
i n p u t s  a r e  a c c e p t e d  wi thou t  r e s t r i c t i o n  i n  r e a l - t i m e .  There  i s  a 
r ecogn ized  fo rma t  which i s  thoroughly cove red  i n  t h e  NASGOP o p e r a t i n g  
manual.  Any i n p u t  w i l l  be accep ted  and forwarded by t h e  490 programs 
r e g a r d l e s s  of any  non-conformance t o  t h e  recommended f o r m a t ,  but such  
non-conformance is no ted  on t h e  i n t e r c e p t  p o s i t i o n .  I n  some c a s e s ,  
i n s u f f i c i e n t  i n f o r m a t i o n  may e x i s t  t o  d e t e r m i n e  t h e  a d d r e s s e e ,  t h e r e -  
f o r e ,  making it imposs ib l e  t o  forward t h e  message. T h i s  s i t u a t i o n  h a s  
been g iven  c o n s i d e r a t i o n ,  and a n o t a t i o n  a t  t h e  i n t e r c e p t  p o s i t i o n  
w i l l  s t a t e  t h a t  t h e  message is b e i n g  h e l d .  I t  w i l l  a l s o  s t a t e  t h e  
drum a d d r e s s  where t h e  message is s t o r e d ,  e n a b l i n g  it t o  be  r e c a l l e d  
f o r  any r e q u i r e d  a c t i o n  by t h e  o p e r a t o r  a t  GSFC. 

4.0 WORKING PROGRAMS -- 
I n s t r u c t i o n s  a r e  grouped t o g e t h e r  t o  form i n d i v i d u a l  programs 

which pe r fo rm t h e i r  s p e c i f i c  j o b .  Some of these programs a r e  long  
and compl i ca t ed  ( v a l i d a t i o n ) ,  wh i l e  o t h e r s  a r e  s h o r t  and q u i t e  s imple  
( v a r i o u s  a d v i s o r i e s ) .  Each h a s  i t s  p l a c e  i n  t h e  o v e r a l l  p i c t u r e  and 
is c a l l e d  upon t o  a c t  when i t  has a j ob  t o  d o ,  For example ,  t h e  
a d v i s o r y  t o  inform t h e  s e r v i c e  a r e a  of an  e x c e s s i v e l y  long  message 
(which could  i n d i c a t e  a s t u c k  t ape  or a n  open c i r c u i t )  is  on ly  c a l l e d  
upon when t h i s  s i t u a t i o n  a r i s e s .  The i n p u t  program, on t h e  o t h e r  
hand,  i s  involved  w i t h  e v e r y  c h a r a c t e r  e n t e r i n g  t h e  490.  The a s s i g n -  
ment of t h e  programs,  when they  a r e  needed, is under t h e  d i r e c t  c o n t r o l  
of t h e  Execu t ive  Program, "COMEX. " 

4 .1  Comex 

I n  o r d e r  f o r  t h e  sys tem t o  be i n  a p o s i t i o n  t o  pe r fo rm a t  
maximum e f f i c i e n c y  i n  a r e a l - t i m e  mode, a n  o v e r a l l  s u p e r v i s i o n  of t h e  
i n d i v i d u a l  jobs  t o  be  accomplished i s  r e q u i r e d .  There  a r e  a myriad 
of d e t a i l s  involved  i n  s u p p o r t i n g  a network such  a s  NASCOM and e a c h  
of them m u s t  be performed a s  soon a s  p o s s i b l e ,  however, on ly  one j o b  
can be performed a t  a t i m e  ( a n  excep t ion  t o  t h i s  i s  s imul t aneous  i n p u t  
and o u t p u t ) .  A l s o ,  some jobs a r e  m r e  Fmportant t h a n  e t h e r s .  F G ~  
example ,  it i s  much more impor t an t  in  r e l a t i o n  t o  machine t i m e  t o  
s e r v i c e  a busy i n p u t  t h a n  it i s  t o  w r i t e  a message on t a p e  f o r  use 
some t i m e  i n  t h e  f u t u r e .  The message i s  a v a i l a b l e  f o r  t r a n s c r i b i n g  f o r  
many h o u r s ,  bu t  t h e  i n p u t  would be l o s t  i n ,  s ay  100 m i l l i s e c o n d s ,  even 
less on a h igh  speed i n p u t .  
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A p a r a b l e  t o  t h e  comex c o n t r o l  o r  e x e c u t i v e  sys tem is  t h e  " job  j a r "  
which i s  p r e s e n t  i n  many households .  A j a r  i s  k e p t  i n  t h e  house and a s  
t a s k s  p r e s e n t  t hemse lves ,  a n o t a t i o n  on a s l i p  of pape r  i s  p l a c e d  i n  
t h e  j a r .  Whenever t h e  p r e s e n t s  i ' i s e l f ,  a t a s k  s l i p  is t a k e n  from t h e  
j a r  and a s s igned  t o  t h e  pe r son  r e s p o n s i b l e .  
t h e  j a r  i s  empty. I n  f a c t ,  i n  a n  e f f i c i e n t  a r r angemen t ,  t h e r e  shou ld  
never  be  more t h a n  one t a s k  i n  t h e  j a r  a t  any p a r t i c u l a r  time. Exper i ence  
shows, however, t h a t  t h i s  is n o t  t h e  c a s e ,  

T h i s  p r o c e s s  c o n t i n u e s  u n t i l  

I n  t h e  4 9 0 ' s ,  w i t h  t h e  many t a s k s  t o  be accompl ished ,  approx ima te ly  
50 i n d i v i d u a l  worker  programs have been w r i t t e n ,  each  w i t h  i t s  own 
s p e c i a l t y .  One i n p u t s  t h e  d a t a ,  one o u t p u t s ,  one packs  t h e  c h a r a c t e r s ,  
one s t o r e s  t o  t h e  d r u m ,  e t c .  Comex, a s  mas te r  o f  t h e  " j o b  j a r "  a s s i g n s  
t h e  t a s k s  t o  t h e  r e s p o n s i b l e  worker program. Upon comple t ion  of  t h e  
t a s k s ,  t h e  worker program e r a s e s  t h e  t a s k  from t h e  t a s k  t a b l e  and r e t u r n s  
c o n t r o l  of  t h e  s y s t e m  to Comex. Many times comple t ion  o f  t h e  t a s k  i n v o l v e s  
pa rame te r s  which a r e  beyond t h e  c o n t r o l  of  t h e  worker program. For example,  
t r a n s m i t t i n g  a m u l t i p l e  a d d r e s s  message t o  a l l  a d d r e s s e s  a t  t h e  same time 
r e q u i r e s  t h a t  a l l  of t h e  c i r c u i t s  involved  a r e  i d l e  a t  t h a t  t i m e ,  Some- 
t i m e s  t h i s  i s  n o t  t h e  c a s e .  T h e r e f o r e ,  t h e  worker program m u s t  send  t h e  
message t o  t h e  a d d r e s s e e s  whose c i r c u i t s  a r e  a v a i l a b l e  and make a n o t a t i o n  
o r  " j o b - s l i p "  f o r  those  remain ing .  Th.e n o t a t i o n  is p l a c e d  o n  t h e  490 
" t a s k - t a b l e "  ( j o b - j a r )  w i t h  an  a s s o c i a t e d  p r i o r i t y  I When t i m e  p r e s e n t s  
i t s e l f ,  and it does i n  t h e  490,  t h e  worker program checks t h e  c i r c u i t s  
a g a i n  f o r  a v a i l a b i l i t y .  I f  t h e  job  i s  completed t h e  t a s k  s l i p  is e r a s e d .  
I f  n o t ,  it i s  l e f t  on t h e  t a s k  t a b l e .  

Comex always knows where a worker (program) is  l o c a t e d ,  When Comex 
checks  t h e  t a s k  t a b l e ,  t h e  t a s k  i s  a s s i g n e d  t o  t h e  a d d r e s s  which i s  
a s s o c i a t e d  wi th  t h e  t a s k .  I n  o t h e r  words,  r e v e r t i n g  t o  t h e  household  
j o b - j a r ,  i f  the  p i p e  i s  i n  need of r e p a i r  i n  t h e  basement ,  t h e  t a s k  s l i p  
i s  s e n t  t o  t h e  basement.  I f  t h e  l e a k  were i n  t h e  k i t c h e n ,  t h e  s l i p  
would be s e n t  t h e r e ,  e t c .  I n  t h e  4 9 0 ' s ,  % h e  r e s p o n s i b l e  program is  
always a %  the  c o r r e c t  l o c a t i o n  and p r e p a r e d  %o a c t .  
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Comex d e v o t e s  t h e  m a j o r i t y  of a t t e n t i o n  t o  i n p u t s  and t h e  remaining 
time is s p e n t  on t h e  myriad of d e t a i l s  i nvo lved  i n  t h e  s e r v i c i n g  of a 
message th rough  t h e  network. 
t h e  490 a r e  hidden deep i n s i d e  the v a r i o u s  programs,  b u t  t h e  resul ts  of 
t h e  d e c i s i o n s  a r e  r e a d i l y  appa ren t .  They a r e  covered i n  t h i s  r e p o r t  
under "System F e a t u r e s . "  

For t h e  most p a r t ,  t h e  d e c i s i o n s  made by 

5 .O  NEW PROGRAM IMPLEMENTATION 

The most s t r i c t  c o n t r o l  p o s s i b l e  i s  m a i n t a i n e d  t o  i n s u r e  t h a t  any 
change t o  t h e  programs does n o t  a d v e r s e l y  a f f e c t  t h e  o p e r a t i o n  programs.  
T h i s  c o n t r o l  c o n s i s t s  of v e r i f i c a t i o n ,  t e s t ,  and s i m u l a t i o n  methods,  
When a change is made on any o f  t h e  c i r c u i t s ,  s i tes ,  o r  NASCOP p r o c e d u r e s  
t h e  d e t a i l e d  r equ i r emen t s  a r e  submit ted t o  t h e  programming group.  The 
t a s k  is a s s i g n e d  t o  a s p e c i f i c  programmer f o r  implementat ion.  

Upon comple t ion  o f  t h e  coding, assembly and debugging,  it is  g i v e n  
t o  a n o t h e r  programmer f o r  h i s  v e r i f i c a t i o n  and concur rence .  I t  is  t h e n  
submi t t ed  t o  t h e  programming a n a l y s t  t o  a s s u r e  t h a t  t h e  change w i l l  
a c t u a l l y  perform and w i l l  i n t e g r a t e  i n t o  t h e  t o t a l  sys t em.  A t  t h a t  
p o i n t ,  t h e  change w i l l  be made on a s i m u l a t e d  o f f - l i n e  b a s i s  i n  t h e  
back-up 490 system. I t  is run f o r  t h e  r e q u i r e d  p e r i o d  of  t i m e  and t h e  
results a r e  ana lyzed  from a n  i n d i v i d u a l  program b a s i s  and system b a s i s  
t o  r e - a s s u r e  t h a t  none of t h e  important i n f o r m a t i o n  s t o r a g e  l o c a t i o n s  
have been i n a d v e r t e n t l y  mod i f  i e d .  When eve ryone  concerned has  ag reed  
t h a t  t h e  change is  v a l i d ,  it w i l l  be i n c o r p o r a t e d  i n t o  t h e  s y s t e m  
programs for o n - l i n e  o p e r a t i o n .  T h i s  system o f  documentat ion w i l l  
i n s u r e  t h a t  t h e  most minor network change w i l l  n o t  c a u s e  a series of 
e v e n t s  which would d i s r u p t  t h e  o p e r a t i o n a l  programs.  

Along w i t h  t h e  a c t u a l  work, a f i l i n g  s y s t e m  is k e p t  on magne t i c  
t a p e .  T h i s  f i l e  l i s t s  a l l  t h e  p e r t i n e n t  i n f o r m a t i o n  c o n c e r n i n g  t h e  
i n d i v i d u a l  c i r c g i t s  and a l s o  c o n t a i n s  t h e  a c t u a l  c o n f i g u r a t i o n  of t h e  
v a r i o u s  modules which a r e  used by t h e  490 t o  d e s c r i b e  t h e  i n d i v i d u a l  
c i r c u i t  p a r a m e t e r s .  I t s  main use is t o  keep a n  up-to-date  network 
f i l e  a s  it a c t d a l l y  ex i s t s .  When a c i r c u i t  pa rame te r  changes ,  and 
t h e  program is modif ied a c c o r d i n g l y ,  t h i s  f i l e  i s  p r i n t e d  on t h e  1004 
e i t h e r  i n  whole or  i n  p a r t .  A complete network p r i n t - o u t  may be t a k e n  
a t  any t i m e  and v a r i e d  a s  t o  p a r t i c u l a r  n e e d s .  A l l  m o d i f i c a t i o n s  t o  
t h e  c i r c J i t  pa rame te r s  a r e  made from t h i s  m a s t e r  f i l e ;  when t h e  modi- 
f i c a t  i o n  i s  f Pna l ly  inco rpora t ed  i n t o  t h e  NASCOM system programs,  t h e  
f i l e  is up-dated a l s o .  A sys tem of v e r i f i c a t i o n  by program, i n s u r e s  t h a t  
t h e r e  a r e  no e r r o r s  i n  r e - s t o r i n g  t h e  up-dated f i l e  back o n t o  t h e  t a p e .  
These v e r i f i c a t i o n  programs a r e  covered i n  t h i s  r e p o r t  under " U t i l i t y  
Rou t ines . "  
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6 . 0  CONSOLE OPERATION 

Prime f u n c t i o n  o f  t h e  c o n t r o l  c o n s o l e  i s  t o  a c t i v a t e  and i n i t i a t e  
a worker program h e l d  i n  memory, T h i s  i s  done by manual key o r  v i a  a 
35 ASR. The c o n s o l e  has  t h e  c a p a b i l i t y  t o  pe r fonn  v a r i o u s  f u n c t i o n s ,  
such  a s :  

a .  
b .  

d .  
e .  
f .  
g .  
h .  
i. 

C .  

j. 

Open and c l o s e  s t a t i o n s  
S e t  s t a t  i o n s  o p e r a t  iona 1 o r  non-ope r a  t iona 1 
S e t  or c l e a r  a l t e r n a t e  r o u t i n g  i n d i c a t o r s  
C i r c u i t  s t a t u s  r e p o r t s  
Reset channel  numbers 
I n i t i a t e  message r e c a l l  
Request s p e c i f i c  t a b l e  l i s t i n g s  
I n i t i a t e  a l t e r n a t e  r o u t i n g  
I n i t i a t e  normal and emergency t r a n s f e r  of c o n t r o l  from one 
p rocesso r  t o  t h e  o t h e r  
R e s t a r t  va 1 i d a t  i on  

A s tandard  format  m u s t  be observed when a d d r e s s i n g  t h e  CP v i a  t h e  
35 c o n s o l e .  A l l  c h a r a c t e r s  keyed i n t o  t h e  CP w i l l  be d i s r e g a r d e d  u n t i l  
a s t a r t  of message f u n c t i o n  ($ )  is  r e c e i v e d .  I t  is necessa ry  t o  g i v e  
in fo rma t ion  t o  a c t i v a t e  a p a r t i c u l a r  program f o l l o w i n g  t h e  SOM. The 
in fo rma t ion  m u s t  be i n  t h e  form of 3 a l f a  c h a r a c t e r  i d e n t i f i c a t i o n  
code which d e s c r i b e s  t h e  f i l nc t ion  t o  be per formed.  T h i s  code may o r  
may n o t  be fol lowed by e l u c i d a t i n g  pa rame te r s .  Fol lowing  t h e s e  p a r a -  
meters is an o p t i o n a l  3 a l f a  c h a r a c t e r  code which is  s i g n i f i c a n t  on ly  
w i t h  p a r t i c u l a r  e n t r i e s .  Arguments may be p r e s e n t  and m u s t  f o l l o w  i n  
a n  a l fa -numer ic  sequence ( A - Z ,  0-9) o r  w i l l  be r e j e c t e d .  Upon comple t ion  
of a l l  necessary  e n t r y  i n f o r m a t i o n ,  an  end of  message ("."I m u s t  be 
s e n t ;  then  t h e  CP w i l l  t a k e  a c t i o n  on t h e  r e q u e s t  p r e s e n t e d .  

Each e n t z y  w i l l  g e n e r a t e  a d i s p o s i t i o n  message.  T h i s  message g i v e s  
t h e  c u r r e n t  d e r i v e d  t i m e  from t h e  day c l o c k ,  t h e  f u n c t i o n  i d e n t i f i c a t i o n  
code and a message acknowledgment which i n d i c a t e s  t h e  e n t r y  was made 
o r  an  e r r o r  response  which s t a t e s  why t h e  e n t r y  was r e j e c t e d .  

The console  has  t h e  a b i l i t y  t o  backspace and d e l e t e  t h e  l a s t  
c h a r a c t e r  e n t e r e d .  Three c o n s e c u t i v e  backspaces w i l l  t e r m i n a t e  t h e  
message being e n t e r e d .  

7.0 SERVICE AREA 

The s e r v i c e  s e c t i o n  p l a y s  a n  impor t an t  r o l e  i n  t h e  o p e r a t i o n  of 
t h e  Communications P r o c e s s o r  490 Real-Time System, Although messages 
a r e  n o t  he ld ,  acco rd ing  t o  a r e c e n t  s u r v e y ,  15 p e r  c e n t  of a l l  incoming 
t r a f f i c  w i l l  g o  t o  t h e  s e r v i c e  a r e a .  The service a r e a  s e c t i o n  c o n s i s t s  
of t h e  fo l lowing:  
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a .  Four t e l e t y p e  Model 2 8  KO's 
b.  Foilr t e l e t y p e  Model 2 8  A S R ' s  

Two Model 28 R O ' s  a r e  x e d  f o r  J o u r n a l  L i s t i n g s .  There  a r e  two 
t y p e s  of  J o u r n a l  L i s t i n g ;  normal and r e c a l l .  These two RO's a r e  on 
r o t a r y ;  i f  one is busy you c a n  use t h e  o t h e r .  I f  n e c e s s a r y ,  eve ry -  
t h i n g  which i s  rece ived  on t h e  R O ' s  can  be p u t  on  t a p e  f o r  f u t u r e  u s e .  
The in fo rma t ion  appea r s  on t h e  normal J o u r n a l  L i s t i n g  a s  i n p u t  channe l  
d e s i g n a t o r ,  i n p u t  channel  l e t t e r ,  i n p u t  t i m e  word and d a t e ,  o u t p u t  
channe l  des igr :a tor ,  o u t p u t  channel  l e t t e r ,  o u t p u t  t i m e  word and d a t e ,  
t h e  J u l i a n  d a t e ,  t h e  i n t e r n a l  message number and t h e  e n t i r e  message 
heading  t o  t h e  f i r s t  l e t t e r  Z .  The i n f o r m a t i o n  a p p e a r s  on R e c a l l  
Jou rna l  L i s t i n g  a s  i npu t  channel  d e s i g n a t o r ,  i n p u t  channe l  l e t t e r ,  
i n p u t  t i m e  word and d a t e ,  o u t p u t  channel  d e s i g n a t o r ,  o u t p u t  channe l  
l e t t e r ,  o u t p u t  t i m e  word and d a t e ,  t h e  d a t e ,  i n t e r n a l  message number, 
r e c a l l  r e q u e s t  message, sapplement heading  le t ters  2 and o r i g i n a l  
message heading  le t te rs  Z .  

The o t h e r  two r o t a r y  RO's a r e  used f o r  Communications P r o c e s s o r  
gene ra t ed  Advisory Messages.  Most of t h e  messages r e c e i v e d  on t h e s e  
R O ' s  w i l l  no t  r e q u i r e  immediate a c t i o n  f o r  t h e y  a r e  p r i m a r i l y  f o r  
i n f o r m a t i o n  purposes  and w i l l  not be numbered, j o u r n a l i z e d ,  o r  s t o r e d ,  
There  a r e  two t y p e s  of d i s c r e p a n c i e s  and o p e r a t i o n a l  messages d i r e c t e d  
t o  non-ope ra t iona l  s t a t i o n s .  The a d v i s o r y  informs o p e r a t i n g  pe r sonne l  
t h a t  no  oehe r  e r r o r s  a r e  involved i n  t h e  message,  and t h e  message is  
forwarded t o  a l l  a d d r e s s e s .  The i n f o r m a t i o n  a s  i t  a p p e a r s  on t h e  R O ' s  
i s ;  i n p u t  channe l  aqd ietCer d e s i g n a t o r ,  i n p u t  da t e - t ime  word, 
i n v a l i d  channe l  namber, l a s t  v a l i d  nomber r e c e i v e d ,  a n  o p e r a t i o n a l  
message d i r e c t e d  t o  a non-opera t iona l  s t a t i o n ,  i n p u t  message through 
t h e  f i r s t  double  1 :ne f e e d .  

Two Model 28  A S R ' s  orl r o t a r y  a r e  used f o r  i n t e r c e p t  t r a f f i c .  
A l l  messages on t h e s e  machines are a v a i l a b l e  f o r  normal r e c a l l  from 
t h e  drum. They a r e  a l s o  recorded on t a p e ,  b u t  a r e  n o t  a v a i l a b l e  f o r  
r e c a l l  from t h e  t a p e  because no joslrnal  e n t r i e s  a r e  made f o r  t h i s  
t r a f f i c .  All. messages of t h e  t y p e  which r e q u i r e  a c t i o n  on t h e  p a r t  
o f  s w i t c h i n g  c e n t e r  p e r s o n n e l  appear  on t h e s e  ASR's. A l l  t r a f f i c  
d i r e c r e d  t o  i n t e r c e p t  by t h e  v a l i d a t i o n  r o u t i n e  is  p l a c e d  on a common 
qrleue f o r  d e l i v e r y  t o  t h e  i n t e r c e p t  p o s i t i o n .  Some of t h e  s t a t i o n  
d i s c r e p a n c i e s  :ha1 cause  zhe CP t o  gene ra re  a message t o  t h e  I n t e r c e p t  
ASR's a r e :  

9 



a .  I n v a l i d  channe l  number 
b .  I n v a l i d  s t a r t  of message 
c . Inva 1 i d  p recedence  
d ,  I n v a l i d  r o u t i n g  i n d i c a t o r  
e .  O p e r a t i o n a l  t r a f f i c  t o  n o n - o p e r a t i o n a l  s t a t i o n  
f .  I n v a l i d  end of message 

The p r i n t - o n t  on t h e  ASR i s ;  i n p u t  channe l  and l e t te r  d e s i g n a t o r ,  
i n p u t  da t e - t ime  word, and t y p e  of e r r o r  fo l lowed  by s e n t  o r  h e l d .  
When t h e  message i s  forwarded w i t h  a n  e r r o r  i n  t h e  p recedence  o r  
r o u t i n g  i n d i c a t o r ,  t h e  s t a t i o n  t o  which it is s e n t  i s  l i s t e d  f o l l o w i n g  
t h e  word SENT. When t h e  message is  forwarded w i t h  a n  i n v a l i d  s t a r t  
of message o r  o p e r a t i o n a l  t o  n o n - o p e r a t i o n a l  e r r o r  t h e  word SENT i s  
p r e s e n t  b u t  n o t  t h e  s t a t i o n  l i s t i n g .  When t h e  e r r o r  i s  a n  i n v a l i d  
channel number w i t h o u t  l a s t  v a l i d  number r e c e i v e d ,  t h e  word HELG i s  
p r e s e n t  and no  s t a t i o n s  a r e  l i s t e d ,  b u t  t h e  drum a d d r e s s  where i t  ',s 
s t o r e d ,  and t h e  i n p u t  message th rough  t h e  f i r s t  double  l i n e  f e e d  doe? 
appea r .  

I f  t h e r e  is a n  i n v a l i d  end o f  message on a l i n e  o t h e r  t h a n  GSCP, 
t h e  message i s  s e n t  t o  tne i n t e r c e p t  A S R ,  t h e  end of message (FIGS H 
LTRS) is i n s e r t e d  a t  t h e  end of  %he message and a c t i o n  i s  t a k e n  f o r  a 
va 1 i d  end ing  . 

Another Model 28 ASR i s  used f o r  a l l  t r a f f i c  a d d r e s s e d  t o  GSPA. 
I t  is  a v a i l a b l e  f o r  normal r e c a l l  f rom drum o r  t a p e ,  

The  l a s t  Model 2 8  A S R  i s  used f o r  a l l  t r a n s m i t t e d  t r a f f i c  
o r i g i n a t e d  from =PA: t h i s  i n c l u d e s  i n t e r c e p t  t r a f f i c  c o r r e c t i o n s  
and i s  a l s o  a v a i l a b l e  f o r  normal r e c a l l  from drum o r  t a p e .  

In t e rcepE  c o r r e c t i o n s  use VALIDATION, and FIX-IT r o u t i n e s .  
The VALIDATION r o u t i n e  v a l i d a t e s  t h e  r o u t i n g  i n d i c a t o r s ,  when it 
g a i n s  c o n t r o l  from t h e  F I X - I T  r o u t i n e ,  and l i s t s  t h e  drum a d d r e s s  
of t h e  supplementary head ing  on t h e  p r o p e r  o u t p u t  queues.  The FIX-IT 
r o u t i n e  u t i l i z e s  t h e  supplementary head ing  and drum a d d r e s s  ( s u p p l i e d  
i n  a message from GSPA t o  GSCP) t o  forward p r e v i o u s l y  i n t e r c e p t e d  
messages t o  t h e i r  p rope r  a d d r e s s e s .  

8 . 0  FACILITIES CON'rROL INTERFACE 

8 . 1  CP Access t o  D i s t a n t  S t a t i o n s  
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8.1.1 M u l t i p l e x i n g  - Communications t r a n s a c t i o n s  a r e  handled  
C h a r a c t e r  m u l t i p l e x i n g  i s  by t h e  CP on a c h a r a c t e r  m u l t i p l e x i n g  b a s i s .  

d e f i n e d  a s  one c h a r a c t e r  be ing  s e n t  t o  t h e  CP from one communications 
l i n e  t e r m i n a l  ( h e r e a f t e r  r e f e r r e d  t o  a s  CLT) b e f o r e  c o n t r o l  is s e n t  t o  
a n o t h e r  a c t i v e  CLT f o r  a one c h a r a c t e r  t r a n s m i s s i o n .  Some CLT's be ing  
of a h i g h e r  p r i o r i t y  due t o  c h a r a c t e r  s p e e d ,  a r e  sampled by t h e  m u l t i -  

plexer accommo $ e tes  up t o  64 CLT's, and a n o t h e r  CLT accommodates one commun- 
i c a t i o n s  l i n e  i n  one d i r e c t i o n .  CLT requ i r emen t s  f o r  v a r i o u s  t y p e s  of 
c i r c u i t s  a r e :  

o r e  f r e q u e n t l y  t h a n  o t h e r s .  One communications m u l t i p l e x e r  

a .  F u l l  duplex  - 2 CLT's  . . .  1 send and 1 receive 
b .  Half  dup lex  - 2 CLT's  ... 1 s e n d , a n d  1 receive 
c .  S implex  - 1 CLT ... ( e i t h e r  d i r e c t i o n )  

The s w i t c h i n g  speeds  of the M u l t i p l e x o r  and t h e  CP o f f s e t  t h e  
p o s s i b i l i t y  of l o s t  c h a r a c t e r s .  

8 . 2  Bas i c  C i r c u i t r y  

Each CLT t e r m i n a t i o n  "appears"  i n  a set j a c k  co r re spond ing  
t o  i ts  a s s o c i a t e d  c i r c u i t  a t  the F a c i l i t i e s  C o n t r o l  Board. Each CLT 
is o p e r a t e d  d i r e c t l y  by t h e  DC loop and a s s o c i a t e d  key ing .  

A p a t Q h  cord  i n s e r t e d  i n t o  t h e  CLT j a c k ,  " p h y s i c a l l y  l i f t s "  t h e  
CLT from t h e  c i r c g i t ;  thus ,  d i s a b l i n g  t h a t  p a r t i c u l a r  l e g  of  t h a t  
p a r t i c u l a r  c i r c u i t .  

A l l  CP a s s o c i a t e d  t e l e t y p e  equipment  a l s o  "appears"  on t h e  
F a c i l i t i e s  C o n t r o l  Board on jacks and a r e  "hard wired" d i r e c t l y  t o  
t h e  CLT's whFch service t h e m .  

8 .3  Commur-F-ations I? . te r rupt  i ons  

Genera !iy , '2ommdnications i n t e r r u p t i o n s  f a l l  i n t o  t h e  f o l l o w i n g  
two c a t e g o r  les : 

a .  In-house t r o u b l e s  
b .  Commanications path f a i l u r e s  

8 . 3 . 1  In-house t r o u b l e s  - G e n e r a l l y ,  in-house t r o u b l e s  a r e  
due t o  equipment f a i . l u r e s .  
i n t o  two c a t e g o r i e s .  

A t  t h e  GSFC, t h e s e  equipment f a i l u r e s  f a l l  
These c a t e g o r i e s  a r e :  
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a .  CP a s s o c i a t e d  equipment 
b .  Te le type  and a s s o c i a t e d  equipment: 

Once it i s  de termined  t h a t  t h e r e  is  an  a p p a r e n t  in-house t r o u b l e  a t  
GSFC, t h e  F a c i l i t i e s  C o n t r o l l e r  m u s t  test t o  de te rmine  t h e  s o u r c e  of  
t r o u b l e .  
C o n t r o l l e r  and t h e  main tenance  f o r c e s  of  t h e  Western  Union and  t h e  
Telephone Company, a s  w e l l  a s ' t h e  CP e n g i n e e r .  

This r e q k i r e s  c l o s e  c o o r d i n a t i o n  between t h e  F a c i l i t i e s  

C e r t a i n  equipment p a t c h i n g  may be implemented t o  r e s t o r e  service 
t o  CP a s s o c i a t e d  t e l e t y p e  equipment .  Th i s  i s  done by p a t c h i n g  a s p a r e  
t e l e t y p e  machine i n t o  t h e  CLT which normal ly  s e r v i c e s  t h e  a f f e c t e d  
t e l e t y p e  equipment .  A d e f e c t i v e  CLT a l s o  may be p a t c h e d  t o  a n o t h e r  
c u r r e n t l y  unused CLT, pend ing  r e s t o r a t i o n  of t h e  a f f e c t e d  CLT. However I 

due t o  t h e  phys ica l  w i r i n g  r e l a t i o n s h i p  of each  c i r c u i t  t o  i t s  a s s o c i a t e d  
CLT, it is  impera t ive  t h a t  t h i s  Zhange be implemented i n  both  t h e  CPCC/490 
a r e a  and a t  t h e  F a c i l i t i e s  C o n t r o l .  A l l  o t h e r  CP a s s o c i a t e d  equipment  
f a i l u r e s  must be  handled by t h e  CPCC o p e r a t o r  and t h e  Univac e n g i n e e r .  

8 .4  C i r c u i t  Assurance 

C i r c u i t  a s s u r a n c e  f u n c t i o n s  a r e  conducted  by t h e  CP w h i c h  a r e  
v e r y  s i m i l a r  t o  t h o s e  f u n c t i o n s  now performed manua l ly ,  The C P ,  however,  
queries s t a t i o n s  on a n  i n c e s s a n t  b a s i s  r a t h e r  t h a n  a t  random. 

Each s t a t i o n  t h a t  is  equipped w i t h  c i r c u i t  a s s u r a n c e  answer-back 
equipment  i s  t e s t e d  and i f  t h e  r e s u l t i n g  r e p l y  i s  i n c o r r e c t ,  o r  i f  t h e r e  
is no r e p l y  a t  a l l ,  t h e  CP c o n t i n u e s  t o  t e s t  t h i s  s t a t i o n  u n t i l  it g e t s  
a good r ep ly  o r  u n t i l  it q u e r i e s  t h e  s t a t i o n  f i v e  times w i t h o u t  a good 
r e p l y .  A t  t h e  t i m e  t h e  c i r c u i t  is t e s t e d  f i v e  t i m e s  w i t h o u t  r e c e i p t  
of a good r e p l y ,  t h e  c i r c u i t  a s s u r a n c e  program w i t h i n  t h e  CP c o n s i d e r s  
t h i s  c i r c u i t  t o  be out  of s e r v i c e .  The CP then  t a k e s  t h e  a p p r o p r i a t e  
a c t i o n  t o  i n s u r e  t h a t  no f u r t h e r  t r a f f i c  i s  s e n t  t o  t h i s  s t a t i o n  and 
a l e r t s  t h e  F a c i l i t i e s  C o n t r o l  w i t h  a message s t a t i n g  t h e  f o l l o w i n g :  

a .  Time 
b.  S t a t i o n  
c . "CA Rep0 r t "  
d .  Number of  "no r e p l i e s "  
e .  N u m b e r  of "ga rb led  r e p l i e s "  

8 . 5  F a c i l i t i e s  C o n t r o l  Advisory  Moni tor  (VLAQFACS) 

8 . 5 . 1  Purpose  - The F a c i l i t i e s  C o n t r o l  is equipped  wi th  a 
Model 28 RO w h i c h  i s  u t i l i z e d  by t h e  CF' t o  a u t o m a t i c a l l y  in fo rm t h e  
c o n t r o l l e r  of garb led /open  c i r c u i t  and c i r cu - i t  a s s u r a n c e  r e p o r t s  . 

1 2  



8.5.2 C i r c u i t  Garbled/Open - I f  a c i r c u i t  beg ins  g a r b l i n g  
o r  goes  a t  random, t h e  CP informs F a c i l i t i e s  C o n t r o l  on VLAQFACS a s  
f o l l o w s  : 

a .  S t a t i o n  
b.  C u r r e n t  t h e  
c. P r i n t - o u t  o f  garbl ing/open 

9 . 0  UTILITY w3UTINES 

A s  t h e  NASA Communications P r o c e s s i n g  System expands ,  many r e c u r r i n g  
services t o  t h e  CP's may be performed more e f f i c i e n t l y  by d e s i g n i n g  t h e  
v a r i o u s  u t i l i t y  r o u t i n e s  needed f o r  t h e i r  e x e c u t i o n .  I n  t h i s  manner,  
r e s p o n s i b i l i t y  f o r  t h e  c o r r e c t  complet ion of t h e s e  t a s k s  i s  t r a n s f e r r e d  
from t h e  c o n s o l e  o p e r a t o r  t o  t h e  C P .  The need f o r  many r o u t i n e s  c a n  be 
f o r e s e e n  a t  p r e s e n t  and s e v e r a l  of t h e  a p p l i c a t i o n s  a r e  l i s t e d  i n  t h e  
f o l  lowing pa r a g r a p h s  , 

9 . 1  Tape t o  D r u m  

Th i s  r o u t i n e  loads  a f i x e d  format t a p e  i n t o  a d e s i g n a t e d  drum 
a d d r e s s  i n  one of t h e  f o l l o w i n g  m e t h o d s :  

a .  With a compare of p r e s e n t  c o n t e n t s  
b .  Direct l o a d  w i t h o u t  compare o f  p r e s e n t  c o n t e n t s  

Format xxxxxxxxxxxx yyyyyyyyyy z z z z z z z z z z  

a .  x = d r u m  a d d r e s s  
b .  y = p r e s e n t  c o n t e n t s  of d r u m  a t  t h i s  a d d r e s s  
c .  z = new c o n t e n t s  t o  b e  e n t e r e d  

* I f  no compare o f  p r e s e n t  c o n t e n t s  i s  r e q u i r e d ,  second word 
( y) would be d e l e t e d  when making t a p e .  

The Program Tape t o  be loaded i s  mounted on a s e r v o  and r e a d  i n t o  
t h e  c o r e  and s t a r t e d .  The o p e r a t o r  than  makes a c o n s o l e  e n t r y  d e s i g n a t i n g  
a compare o r  no  compare load .  I f  no compare i s  r e q u e s t e d ,  t h e  t a p e  i s  
loaded t o  t h e  d r u m  and  t h e  r o u t i n e  c losed  o u t .  I f  compare i s  r e q u e s t e d ,  
t h e  c o n t e n t  o f  t h e  drum a d d r e s s  i s  compared t o  t h e  t a p e s  p r e s e n t  c o n t e n t  
and ,  i f  e q u a l ,  e n t e r  new c o n t e n t s .  I f  p r e s e n t  c o n t e n t s  do  n o t  compare,  
t h e  r o u t i n e  sends  t h e  c o n t e n t  of  t h e  d rum t o  t h e  c o n s o l e  f o r  a d e c i s i o n  
on making t h e  change t o  t h i s  a d d r e s s .  A f t e r  a l l  changes on t a p e  a r e  
made, t h e  program w i l l  c l o s e  o u t .  
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9 . 2  Tape t o  Core 

The r o u t i n e  i s  t h e  same a s  t a p e  t o  drum e x c e p t  t h e  change a f f e c t s  
t h e  c o r e  o n l y  and is  l o s t  by b o o t s t r a p p i n g  t h e  CP. 

9 . 3  Type-Out Coun te r s  

Routine c o u n t e r s  a r e  p l a c e d  on a r o u t i n e - c o n t a i n e d  l i s t  and t h e i r  
c o n t e n t s  p r i n t e d  on c o n s o l e  a t  a d e s i g n a t e d  t i m e ,  o r  whenever r e q u e s t e d .  
Typeout on console  is i n  a f o r m a t  s i m i l a r  t o  t h e  one below. 

Format wwwww i s  xxxxx was yyyy d i f  z z z z z  

a .  w = c o u n t e r  name, number, o r  a d d r e s s  
b .  x = present_ c o n t e n t s  i n  o c t a l  
c ,  y = c o n t e n t s  when l a s t  r e q u e s t e d  i n  o c t a l  
d .  z = d i f f e r e r . c e  i n  dec imal  

9 . 4  O c t a l  t o  S p u r t  

T h i s  is  a c o n v e r s i o n  r o u t i n e  f o r  t a p e  s t o r e d  r o u t i n e  which c o n v e r t s  
machine i n s t r u c t i o n s  t o  a XS-3 coded s p u r t  e q u i v a l e n t  and s t o r e s  i n  a b u f f e r  
f o r  o u t p u t  t o  t h e  1004 p r i n t e r .  

9 . 5  De-bugging A i d  

T h i s  i s  a r o u t i n e  which i n t e r l a c e s  w i t h  a d e s i g n a t e d  program t h a t  
i s  i n  a p r o c e s s  of  b e i n g  de-bugged. T h i s  r o u t i n e  h a s  t h e  a b i l i t y  t o  s a v e  
s p e c i f i c  r e g i s t e r s  and o t h e r  r e l a t i v e  i n f o r m a t i o n  d u r i n g  t h e  occur rence  of  
a d e s i g n a t e d  s e t  of c i r cums tances  w i t h i n  t h e  program b e i n g  de-bugged. 

1 0 . 0  MODULE AND CIXCUIT; INTTENTO2Y XECORDS 

The growth of  t h e  NASA Communications P r o c e s s i n g  System n e c e s s i t a t e s  
many equipment. and programming changes  and a f l e x i b l e  method of e s t a b l  i s h i n g  
arid ma in ta in ing  a n  i n v e n t o r y  of  t h e s e  changes has  been d e v i s e d .  

T h e - v a r i e t y  of  r e c o r d s  t h a t  a r e  r e q u i r e d  seemed t o  e l i m i n a t e  t h e  
p o s s i b i l i t y  of a f i x e d  word coun: and f o r m a t .  The Module and C i r c u i t  Xecords. 
a r e  o u t l i n e d  be low and any a d d i t i o n a l  r e c o r d s  of  t h i s  t y p e  w i l l  f o l l o w  a 
s i m i l a r  format .  

1 0 . 1  Module Record 

A l l  permanent o n - l i n e  module i n f o r m a t i o n  i s  d u p l i c a t e d  on 
magnet ic  t a p e .  T h i s  i n f o r m a t i o n ,  preceded  by c e r t a i n  p r o c e s s i n g  program 
r e q u i r e m e n t s ,  i s  t h e  b a s i c  module r e c o r d .  O r e  t a p e  b lock  c o n t a i n s  one 
r e c o r d .  The fo l lowing  example i s  t h e  p r e s e n t  format  f o r  t h e  v a r i a b l e  
l e n g t h  module r e c o r d :  
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a .  f i r s t  word: number of words i n  module;  ESI  number 
b .  f i r s t  word p l u s  1: base  a d d r e s s ;  s p a r e  
c ,  f i r s t  word p l u s  2 :  f i r s t  da ta  word 
d .  f i r s t  word p l u s  N :  l a s t  word* 

* F i r s t  word p l u s  two through word p l u s  N w i l l  be v a r i a b l e  a c c o r d i n g  
t o  module l e n g t h .  

T h i s  r eco rd  s e r v e s  a s  a n  inventory  o f  a l l  modules and t h e i r  c u r r e n t  
a s s ignmen t ,  Maintenance t o  t h e s e  r eco rds  a r e  f r e q u e n t  and f o r  t h i s  r e a s o n  
s i m p l i c i t y  i n  d e s i g n  was s t r e s s e d .  

A Module Record Maintenance Rout ine  r e a d s  one t a p e  b l o c k ,  i d e n t i f i e s  
t h e  ESI number, makes t h e  n e c e s s a r y  change t o  t h e  r e c o r d ,  and rewrites t h e  
new r e c o r d  on a new t a p e .  I n  e v e n t  there a r e  no changes t o  be made, it is 
w r i t t e n  on t h e  new t a p e  "as is" and t h e  n e x t  t a p e  b lock  is  r ead  i n t o  t h e  
c o r e .  

A Module Record L i s t  Program reads  a b lock ,  c o n v e r t s  a l l  i n f o r m a t i o n  
t o  be  p r i n t e d  on t h e  1004 ca rd  p rocesso r  p r i n t e r  t o  XS-3 c o r d ,  packs  t h e  
o u t p u t  b u f f e r  i n  t h e  format  r e q u i r e d ,  and gives c o n t r o l  t o  t h e  p r i n t e r  
r o u t i n e  . 

10.2 C i r c u i t  I nven to ry  Record 

The C i r c u i t  I n v e n t o r y  Record c o n t a i n s  a l l  i n f o r m a t i o n  r e l a t i v e  
t o  a n  i n d i v i d u a l  c i r c u i t .  The in fo rma t ion  is s t o r e d  on magnet ic  t a p e ;  one 
r eco rd  p e r  t a p e  b l o c k .  Some of  t h e  requi rements  a r e  l i s t e d  below: 

a .  
b .  

d .  
e .  
f .  
g. 
h .  
i. 

k .  

C .  

j .  

C i r c u i t  number ( o r  record number) 
Rout ine  
Drops 
C a r r i e r  
A s s o c i a t e d  p r o j e c t  ( i f  any) 
Line  speed 
Date  of  s e r v i c e  
H i s t o r y  
P a r t  t i m e  o r  f u l l  t ime 
A s s o c i a t e d  equipment 
FDX, HDX, S implex  

The r e c o r d s  a r e  main ta ined  f o r  r e p o r t  r e f e r e n c e ,  and a s  a n  i n v e n t o r y  
of s t a t i o n s  and equipment  a s s o c i a t e d  w i t h  each  c i r c u i t  a 
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The a c c e s s h g  programs read one t a p e  bl.ock i n t o  a designaCed c o r e  
a r e a  and i d e n t i f  Les t h e  c i r c u i t  be ing  p r o c e s s e d .  Repor t  programs r e t r i e v e  
needed in fo rma t ion  from t h e  r e c o r d ,  p r o c e s s  it and r ead  t h e  n e x t  t a p e  
b lock .  Record up-da t ing  programs make necessa ry  changes ,  i f  anys  and 
re-write t h e  b lock  on a new t a p e .  
t h e  i n p u t  t a p e ,  f o r  new t a p e s  a r e  made when changing  r e c o r d  i n f o r m a t i o n .  

P r o c e s s i n g  programs do no t  wr i te  on 

11 .0  METEKIDS O F  TESTING 

11.1 Format Line Concept 

To conform w i t h  NASCOP, e r r o r s  a r e  s e l e c t e d  by format  l i n e ;  
t h a t  i s ,  SOM, r o u t i n g  l i n e  and s o  f o r t h .  Each l i n e  i s  broken i n t o  a 
ser ies  of  probable  e r r o r s  which may be encoun te red  i n  a normal t e l e t y p e  
message,  Although e a c h  e r r o r  is pre -conce ived  and p l aced  i n  l o g i c a l  
sequence ;  it i s  i m p r a c t i c a l ,  LZ n o t  I m p l a u s i b l e ,  t o  g e n e r a t e  a n  e r r o r  
t o  s i m u l a t e  a i l  p o s s i b l l i t i e s  i n  advance .  Exper ience  i n  o p e r a t i n g  t h e  
s y s t e m  b r i n g s  to l i g h t  new e r r o r  combinz t ions  c o n t i n u a l l y .  

E r r o r s ,  which were s e l e c t e d  on a p a s t  e x p e r i e n c e  b a s i s  a s  t y p i c a l ,  
were adopted  a s  a p r a c t i c a l  means of e v a l a a t i o n .  The most  ccmmon e r r o r  
be ing  e x t r a  " l e t t e r  f u n c t i o n s "  which a r e  i n s e r t e d  a t  t h e  beg inn ing  of  
t h e  message t o  p r o v i d e  a l e a d e r  t o  accommodate t h e  t a p e  t r a n s m i t t e r .  

1 1 . 2  Mixed Combinat i ons  

Mixed combina t ions  a r e  des igned  t o  ach ieve  e r r o r  r e s u l t s  
which a r e  no t  ach ieved  by s i n g l e  format  l i n e  e r r o r s .  These combina t ions  
when p r o p e r l y  s y n t h e s i z e d  c r e a t e  s p e c i a l  c o r d i t i o n s  such a s  "misrout ing"  
o r  "held f o r  v a l i d a t i o n . "  

Message i d e n t i f i c a t i o n  i s  obEai.ned by s e v e r a i  means. To e l i m i n a t e  
i d e n t i f i c a t i o n  by means of serLa1 p r o g r e s s i o u  from f u l  I i d e n t i f i c a t i o n  
t o  no i d e n t i f i c a t i o r  i s  a metkod t o  d e t e r m i n e  the message d e l i v e r y  c u t - o f f  
p o i n t .  

11.3 Radar and Telemet ry  Format 

A "JJ" i d e n t i f i e r  i n  the SOM of a message d e n o t e s  t e l e m e t r y  o r  
r a d a r  d a t a .  An a t t e m p t  i s  made t o  d i s q u i s e  t h i s  i d e n t i f i e r  by add ing  e x t r a  
let ters o r  l eav ing  one of t h e  J ' s  out. 

Header i d e n t i f i c a t i o n  is  g r a d u a l l y  e l i m i n a t e d  u n t i l  no i d e a t i f  i c a t i o n  
i s  p r e s e n t .  T h i s  i s  t o  t e s t  a t  what p o i n t  JJ d a t a  would be l o s t  because 
of g a r b l e d  headers .  
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11.4  S e r v i c e  Forward,  Message Reca l l  and S e t  CoLznt 

The numbering sequence and o t h e r  c h a r a c t e r i s t i c s  p r e c l u d e  any 
pre-conce ived  f i x e d  messages ; however, t h e  fo rma t  t o  be used ,  wi th  examples  , 
is p r e - c u t .  The t e l e t y p e  t a p e  f o r  each test  i s  c u t  j u t  p r i o r  t o  t h e  t e s t i n g  
c y c l e ,  

1 1 . 5  Mas te r  Tape Log 

The m a s t e r  l o g  is a s e r i a l  l i s t i n g  of t h e  t e l e t y p e  tes t  t a p e s .  I t  
i s  composed of  numbers and l e t t e r s  r e l a t i n g  t o  t e l e t y p e  format  l i n e s ,  t h a t  
i s ,  format  l i n e  l A ,  l B ,  1C format l i n e  2 A 7  2 B 7  2C ~ , "  and s o  on .  A l s o ,  
each  c a t e g o r y  such  a s  JJ Data and Mixed Combinat ions i s  l i s t e d  a s  JJ1, J J 2 ,  
JJ3 and M C 1 ,  MC2, MC3 . , r e s p e c t i v e l y .  Each s e r i a l  nnmber i s  r e f e r e n c e d  t o  
a p a r t i c u l a r  e r r o r  which has  been pre-conce ived .  
open-ended t o  f a c i l i t a t e  a d d i t i o n a l  l i s t i n g s  where a p p l i c a b l e .  

T h i s  numbering sys tem i s  

11 .6  Test F o l d e r s  

The test f o l d e r  has  a number co r re spond ing  t o  a s e r i a l  number i n  
t h e  m a s t e r  l o g .  Each f o l d e r  c o n t a i n s  a m a s t e r  test  t a p e ,  a ' 'hard copy" o f  
t h e  message on t h e  t a p e , , a n d  a d a t a  s h e e t  t o  a n n o t a t e  tes t  resu l t s .  The 
mas te r  t e s t  t a p e s  a r e  s t a n d a r d  f i v e  l e v e l ,  c l e a r  h o l e ,  mylar  t a p e s ,  A 
u seab le  tes t  t a p e  may be c u t  from the  m a s t e r ,  a lways m a i n t a i n i n g  t h e  m a s t e r  
a s  a permanent r e c o r d .  An enve lope  is  a f f i x e d  t o  each f o l d e r  which c o n t a i n s  
t h e  m a s t e r  t a p e ,  

The t ex t  of t h e  =hard  copy" e x p l a i n s  t h e  t y p e  of  e r r o r  which is  
encoun te red  when u t i l i z k g  t h e  enc losed  t es t  t a p e  a s s o c i a t e d  wi2h t h e  message.  

The tes t  resul ts  a r e  en t h e  form of n o t a t i o n s  r e g a r d i n g  s i g n i f i c a n t  
i n f o r m a t i o n  about  t h e  c h a r a c t e r i s t i c s  observed  d u r i n g  t h e  t e s t k g  p e r i o d .  
These results may be a b a s i s  f o r  change En t h e  f u t u r e  o p e r a t i n g  t e c h n i q u e s  
o r  f o r m a t .  

11 ~ 7 P r o g r e s s  R e p o r t s  

P r o g r e s s  r e p o r t s  a r e  submi t ted  weekly summarizing t h e  vak ious  
s t a g e s  of comple t ion .  The i n t e n t  of each  r e p o r t  i s  t o  d i s s e m i n a t e  i n f o r -  
mat ion  among cogn izan t  p e r s o n n e l ,  concerning t h e  t e s t i n g  and documenta t ion  
phase .  

11.8 T e s t  Run R e s u l t s  

F o l d e r s  a r e  made t h a t  c o n t a i n  t h e  i r ;pu t /ou tput  i n f o r m a t i o n  ( r e c e i v e  
s i d e  and  send s i d e )  w i t h  any i n t e r c e p t  o r  a d v i s o r y  messages which may have 
been g e n e r a t e d .  The tests a r e  l i s t e d  by run  numbers r e l a t i v e  t o  each  format  
1 i n e  . 
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I 11.9 Adapting Tapes t o  Program Debugging 

The beg inn ing  c o n d i t i o n s  a s  set f o r t h  i n  t h e  Univac Systems 
Manual a r e  programmed t o  a c h i e v e  t h e  o r i g i n a l  r equ i r emen t s .  Each t a p e ,  
when r e l a t e d  t o  program e v a l u a t i o n ,  is  ased t o  check a s p e c i f i c  f u n c t i o n .  
Program e r r o r s  may be d e t e c t e d  when a t a p e  f a i l s  t o  be p r o c e s s e d  
c o r r e c t l y  a 

11 .0  Program Ana l y s  is 

I n  some cases t a p e  e r r o r s  have g e n e r a t e d  c o n d i t i o n s  which were 
unusual  o r  which were n o t  p o s t u l a t e d .  These e r r o r s  p r o v i d e  t h e  impetus 
f o r  program changes,  and new programming c o n c e p t s  may be formed a s  a 
result  of t h e s e  s imple o r  compound e r r o r s .  

I 11.11 Adapting Tapes t o  O p e r a t i o n a l  Debugging 

The  s y s t e m  inpu t  and o u t p u t  i s  s i m u l a t e d  w i t h  s e v e r a l  ASR- 
2 8 ' s .  One t e l e t y p e  i s  chosen a s  a "send s i d e "  and a n o t h e r  i s  chosen a s  
t h e  " r e c e i v e  s i d e . "  A s  e a c h  t a p e  is s e n t ,  t h e  r e c e i v e  s i d e  "hard copy" 
is e v a l u a t e d  along w i t h  any s e r v i c e  messages which are  g e n e r a t e d  by t h e  
CP and is compared w i t h  t h e  send s i d e .  When a n  e n t i r e  group of e r r o r  
t a p e s  c l e a r  t h e  CP and a r e  c o r r e c t l y  fo rwarded ,  t h e  o p e r a t i o n a l  c o n d i t i o n s  
are s a t i s f i e d .  

1 2 . 0  490/7094 INTERFACE 

The 490 i s  a replacement  s w i t c h  f o r  t h e  83B2 (AT&T) s w i t c h  which 
w a s  i n s t a l l e d  t o  d i r e c t  r a d a r  t e l e t y p e  t o  t h e  7094's ,  and t o d i r e c t  
t e x t  t e l e t y p e  from t h e  7094's t o  t h e  o p e r a t i n g  s i tes  i n  s u p p o r t  o f  t h e  
Mercliry Manned Space F l i g h t  M i s s i o n s .  A t o t a l  of 14 incoming and t h r e e  
o u t g o i n g  t e l e t y p e  c i r c u i t s  a r e  invo lved .  T h e s e  c i r c u i t s  a r e  a m i x t u r e  
of  60 wpm and 100 wpm. 

I 

During non-mission p e r i o d s ,  t h e  c i r c u i t s  a r e  used f o r  network 
check ing  and r o u t i n e  messages.  

The o l d  i n t e r f a c e  was a manual "patch cord.'.' A one-for-one 
s i t a a t i o n  which passed  a l l  t r a f f i c  on t h e  c i r c u i t s  t o  t h e  7094 ' s .  
To be a b l e  t o  use t h e s e  c i r c u i t s  t o  s u p p o r t  o t h e r  m i s s i o n s  no t  
i n v o l v i n g  t h e  7094 ' s ,  a means of d i r e c t i n g  t r a f f i c  was needed. The 
490 p r o v i d e s  t h e  d i r e c t i n g  a b i l i t y ,  and t h e  message heade r  p r o v i d e s  
t h e  d i r e c t  ion of t h e  message. 
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i c t e r f a c i n g  i n  t h e  new manner brought  w i t h  it s e v e r a l  p roblems,  
a s  f o l l o w s ,  

1 2 . 1  R e l i a b i l i t y  

To p r o v i d e  1CO% a s s u r a n c e  t h a t  a l l  r a d a r  d a t a  i s  r e c e i v e d  
by t h e  7094's,  a l l  d a t a  formats  p l u s  any message which i s  i n  such  a 
d i s t o r t e d  s t a t e  t h a t  it cannot  be recognized  a s  a v a l i d  t e x t  message 
is r o c t e d  t o  t h e  7094's.  

The 490 programs do n o t  examine t h e  text  of  t h e s e  messages ,  b u t  
t h e  7094 programs do per form checks t o  i n s u r e  p r o p e r  d a t a .  T h e r e f o r e ,  
text  messages w i l l  be rejected by t h e  7094 's .  

1 2 . 2  C o m p a t i b i l i t y  w i t h  e x i s t i n g  equipment  

The e x i s t i n g  inputs  t o  t h e  7094 's  is  through a n  IBM 7261 S / P  
c o n v e r t e r ,  7 2 8 1  channel  m u l t i p l e x e r  and i n t o  t h e  7094 c o r e  b u f f e r s .  
Both 60 wpm and 100 wpm channels  a r e  i n s t a l l e d  i n  t h e  7281. To debug 
t h e  i n t e r f a c e  programs,  w e  use t h e  same speed o u t p u t  from t h e  490. 
Other  w i s e  a l e n g t h y  re-alignment would be necessa ry  e a c h  t i m e  w e  
t r i e d  t o  debug. 

12.3 Formats-Incoming 

Two r o s t i n g  indicators a r e  a s s i g n e d  t o  t h e  709Li's f o r  t e x t  
t y p e  t r a f f i c .  The o r i g i n a l  radar  r o u t i n g  i n d i c a t o r ,  c o n s i s t i n g  of  two 
.J 's ( J J )  i s  r e t a i n e d .  

12.4 Formats-Outgoing 

The 7094's ar,.d any  o t h e r  o r i g i n a t o r  of  messages i n  t h a  t a r e a  
were g iven  a n  i n s 2 r L c t i o n  mailual which d e t a i l s  t h e  f o r m a t s  t o  be used 
i n  t h e  NASCOM network.  

1 2 . 5  Message a c c o c n t i n g  

T h e  4 9 0 ' s  a r e  p r o g r a m e d  t o  m a i n t a i n  a message a c c o u n t i n g  f o r  
a l l  messages e n t e r i n g  t h e  network. T h i s  r e q u i r e s  t h e  o r i g i n a t o r  t o  
g e n e r a t e  a s e q u e n t i a l  number f o r  e v e r y  message. The m a t t e r  of t h e  
s e q u e n t i a l  number posed a s e r i o u s  problem t o  t h e  programmers of t h e  
7094's.  There a r e  t h r e e  7094 computers  involved  and anyone of  them 
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can t r a n s m i t  a t  any t i m e .  T h e r e f o r e ,  t o  g e n e r a t e  a s e q u e n t i a l  number 
f o r  e a c h  message would invo lve  up -da t ing  a l l  computers e e c h  t i m e  a 
message is sen t ,  The re  a r e  s e v e r a l  7094 programs invo lved  a l s o  
which would n e c e s s a r i l y  be i n i t i a l i z e d  t o  t h e  p r e s e n t  message c o u n t .  

I t  should be n o t e d  t h a t  a message r e c e i v e d  o u t  of sequence w i l l  
no t  res t r ic t  i f  from be ing  t r a n s m i t t e d  t o  t h e  r e c e i v i n g  s t a t i o n ,  but  
on ly  causes an a d v i s o r y  message t o  be g e n e r a t e d  by t h e  490 e x p l a i n i n g  
t h e  s i t u a t i o n ,  p l u s ,  i n t e r c e p t i n g  t h e  complete  message f o r  r emed ia l  
a c t i o n .  I n  t h e  c a s e  of t h e  7094 ' s ,  a l l  t r a f f i c  would be i n t e r c e p t e d  
from t h e  time of  t h e  f i r s t  n o n - s e q u e n t i a l  number r e c e i v e d .  

To o f f s e t  t h i s ,  t h e  490 is  programmed t o  a c c e p t  a "set count"  
message. 
count  of t h e  o r i g i n a t o r  t o  z e r o .  T h e r e f o r e ,  each program used i n  
t h e  7094's  need on ly  g e n e r a t e  a set c o u n t  message and s t a r t  a l l  
messages a t  zero c o u n t ,  which s o l v e s  t h e  problem of s y n c h r o n i z i n g  
a c o u n t e r  i n  t h r e e  computers .  

Upon r e c e i p t  of t h i s  message t h e  490  i n i t i a l i z e s  t h e  message 

12.6 Cadf i s s  

This i s  a network check ing  program which h a s  been i n  e x i s t e n c e  
f o r  some t i m e .  I t  sends  a message on e a c h  c i r c u i t  and w a i t s  f o r  t h e  
answering message, a n a l y s e s  t h e  results and forms a norm f o r  t r a f f i c  
r e l i a b i l i t y  €or t h e  network. 

A s  t h e r e  a r e  no programming checks made on t h e  r e t u r n e d  messages 
t o  t h e  o r i g i n a t o r ,  a one-for-one c i r c u i t  network i s  used.  When a 
message e n t e r s  a p a r t i c u l a r  channe l  of t h e  7094 it is assumed t o  be 
from t h a t  s t a t i o n .  T h i s  posed a message a c c o u n t i n g  problem a g a i n .  
To i n s u r e  t h e  p r o p e r  r e t u r n  t o  t h e  7094's e a c h  490 incoming c i r c u i t  
was a s s i g n e d  a c o r r e s p o n d i n g  ou tgo ing  c i r c u i t  t o  t h e  7 0 9 4 ' s .  
way, t h e  7094 programs a r e  a s s u r e d  t h a t  t h e y  a r e  r e c e i v i n g  t h e  c o r r e c t  
r e t u r n i n g  t r a f f i c .  

I n  t h i s  

A s  s t a t e d  b e f o r e ,  t h e  p r e s e n t  programs a r e  d i r e c t e d  towards o u r  
slow speed t e l e t y p e  t r a f f i c .  While v e r y  i m p o r t a n t ,  t h e s e  c i r c u i t s  a r e  
r e l a t i v e l y  easy t o  hand le  when compared t o  t h e  h igh  speed (1200-4800 
baud) d a t a .  A s  w e  p i c k  up che h i g h e r  speed c i r c u i t s ,  new programs 
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m u s t  be deve loped  p a r t i c u l a r  t o  t h e  needs of t h e  c i r c u i t  i nvo lved  and 
unique t o  t h e  t y p e  of  d a t a  be ing  t r a n s m i t t e d .  W e  b e l i e v e  t h a t  t h e s e  
new t e l e t y p e  c i r cu i t s  w i l l  be r e l a t i v e l y  e a s y  t o  i n c o r p o r a t e ,  f o r  we 
have c o n s i d e r e d  most f a c t o r s  w i t h i n  t h e  program c o n c e p t .  However, 
n e w  t y p e s  of d a t a  such a s  t h e  D i g i t a l  Command System (DCS) w i t h  i t s  
p a r t i a l  r e c a l l  c r i t i e r i a  r e q u i r e s  a complete new concep t  of t h e  r e c a l l  
program. I t  w i l l  a l s o  be a p a r t  o f  t h e  main o p e r a t i n g  programs and 
a s  s t a t e d  b e f o r e ,  any change t o  t h e s e  programs r e q u i r e s  t h e  most 
s e r i o u s ,  and comprehensive p l a n n i n g  and debugging p o s s i b l e  

W e  a l s o  have s e v e r a l  requi rements  f o r  i n v e n t o r y  t y p e  programs 
which f u r n i s h  u s  a p r i n t - o u t  of any o r  a l l  of  t h e  network a t  any t i m e .  
We a r e  p r e s e n t l y  working on t h e  means f o r  up-da t ing  t h e s e  programs a s  
new c i r c u i t s ,  equipment ,  and s o  f o r t h ,  a r e  added t o  t h e  ne twork .  

F o r t u n a t e l y ,  t h e  m a t t e r  of  c i r c u i t  i n v e n t o r y  ap-dat  i n g  fs a u t o m a t i c  
w i t h  t h e  490 .  I n  t h e  p a s t ,  w e  have had no c e n t r a l i z e d  sys tem f o r  l i s t i n g  
a l l  o f  ou r  c i r c u i t s  and a n  inven to ry  r e q u i r e d  e x t e n s i v e  r e s e a r c h  and 
m u s t  t i m e .  With t h e  4 9 0 ' s ,  however, eve ry  c i r c u i t  m u s t  be connec ted  t o  
a CLT and programmed f o r  i n  advance.  W e ,  t h e r e f o r e ,  have a l l  of  t h e  
r e q u i r e d  i n f o r m a t i o n  t o  m a i n t a i n  t h e  comple te  up- to-da te  i n v e n t o r y  a t  
hand.  I t  r e q u i r e s  on ly  a n  up-da t ing  program t o  m a i n t a i n  t h e  i n v e n t o r y .  
There  a r e  many o t h e r  uses f o r  t h e  490 ,  i n  t h i s  t y p e  of  " o f f - l i n e "  work 
and which w i l l  p r e s e n t  themselves  i n  t h e  f u t u r e .  T h i s  i s  a c o n t i n u i n g  
p r o j e c t  and a s  o t h e r  uses a re  found and implemented, t h i s  r e p o r t  w i l l  be 
up-dated and t h e  i n f o r m a t i o n  w i l l  be d i s t r i b u t e d .  
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