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NORTHROP Electronics Divis ion

S E ( T I O N  1

S( ’OPE

1 .1 I DE NT I F l i A l l  ON

V _ i  i~ I , -;- -- i ~~ i i  rn (M-:GA C o m p u t e ’i l’ r o g r a m  Per I o rmanc e  S pec i f i c a t  i on  , th- f i nes
I i~ t i r n  t i i i i l  1 ’  ( 1 111 i t Ifl f l t  s f o r  t h e  S i i l ~ :i a r in e O~~ GA Co m p u t  1 P r o g r a m  w h i  cli

i s  is ~l by t h e  S ~ -ni r i m  OMEGA N a v i  n ot  ion Sy s t e m .  T h e  t ape wh i c l i  d~- t i n  -

r i r ~~c ’r am i s  i - n t  i t  l e d  A N / B R N —  7 N a v i g a t i o n  P r o g r a m .

V o l u : - n -  11 , S I l h I i ar i n e  O~-U~GA C o m p u t e r  l’ ro~~r a n  Desi gn S p e c i f i c a t i o n , t h O u - i t I S

t i n  f in e - t j m i l  r , q u i  i- mi n t s  a t  \‘o i u m  I to t he  c omp i . i t  c r  r ou t  i nc  and s u b —
pr  r a m  li ve’ 1 -

This  vol  i- ~~~- d s c  r i l e s  t I i ~- s ub p r o g r a m  d e s i g n a t e d  as Sy n c h r o n i z a t i o n , w h i c h
has th e  tl i r , v i t t  i o n  SY i n  t h e  p r o g r a m  l i s t  lu g  (Volume X I I I )

2 SI RPROC RAN TASKS

i )  S t  t Jo in  t t un a  s w i t c h i n g  na t  r i c e s  to  prope r o r i e n t a t  ion  fo r  the
i o i l  t- t I on u l  s - tn  ir o n  i z at  ion pui  ses

l~ H ird  t h i t - c ) : n p i t t t r  r e f e r e n c e  t i m e .

c) m i t  i t t ’  t h i  I t  pot  i t  L i e  10— second  d a t a  c o l l e c t i o n  p r o c es s .  S ince  t h i s
iS  0 r i - p l i t l u o p e r a t i o n , a l t e r n a t e  10-second c o l l e c t i o n s  mus t be s t o re d
~n s - p i r a t e  S t  or a g t i  areas

d A :  -
~~ a I u - s t - i o n d  d a t a  c o l l e c t i o n  p e r i o d  the  100 c o r r e l a t i o n  numbe rs

t~ t be c a l c u l a t e d .

‘ - 1  T i - s t  t h e  f o u r  l a r n ( - s t  c o r r e l a t i o n  v a l u e s  to f i n d  i f  s y n c h r o n i z a t i o n
can  lie-  J t - t c r m j n e d .

f )  l)e t e r - l i n t  t
S . t i c

Vo l III 1 NORT 73 48
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NORTHROP Electronics Division

S i i l  I ON

Al’PI . l  1 A BIJ -~ 0 (1 1

i i  5 : 1 - - i t t  i n  OMEGA C o m p u t e r  P r o~~r ai:i  P e r f o r m a n c e  Spec i l i c a t  :on  ( V o l  i i .  I
I ll 5,~ i : l . t r  j o e  OM1-:GA C : ~i p t  i r  I i ’ : -  r i m  Spec i f  I c a t  i-an) -

A : :  l i e  - i t h i  S i  t i i t s :

.1  m t  r o d t i c  t i n
3 . I 5 - - r n  l i t -  in  i z a t  i t i n

3 .  3 . 2  S i n i l  I n p u t  T i m i n g
t . 3 3  A n t nn i Si~- i t c I i i n :  C o n t r o l

1 )  S ::~ t r i f l e  OMEGA Ci m p u t e r  P r o g r a m  D c - s i g n  Spec  i f i c a t  i o n  ( V o l  t ime I I  of
t b -  S i i m t r j n  ( ) M h G A  C o mp u t e r  l’ ro~’ r i m  S pec i  f i c a t  i on )  . A l l  s - c t  i ons  -

c )  ~O R 1 ’ 7 1- - I , NT )C 1070 , Macro  A ss~m b 1 e r , May 1 7 1

d)  \ORT ~ — l  I A , l ) e t : i i  l i- I D e s c r i p t i o n  of  NDC — 1 0 7 0  C o m p u t e r  I r i s t r u c  t b u s
R e vj ~~ j a u  A , F e - h i  n a r y  1970

I n —~~J A  . ~ l )( — 1 0 7 0  F low C h a r t  P r o g r a m , t s e r  ‘ S ~l : t t u i i  1
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NORTHROP Electron ics Div ision

SE - I ()  3

Ri ~~ l I Ri. i N

I n  or i cr  t o  o n  r s t ; . :  1 :  s u : 1 r l n r i m  ( l c - s c r i ; t  i - a n  c o n t a i n -  Ci i n  t h e  t o l l - t i —
i n : - : :i - , I 1’ , n (- e - s ~~~i r . - t i l t !  t b -  r i : -  r w i l l  b - r u m -  I u - : :  l i a r  : ;i : l :
t he as soc u t  i I - n  i n i t u l  r - 1 : ,  r s n t  s : o n :  : n ‘ a l  on I , I’ r I or: - .:l nc
S p- i : I i  - i ott , - i O c1  w i t  1: Ii s - i l  pr  ag r i:: i l l  o ca  1 on : oun d in  V u i  one I I , D i ~ n-

S p C L I  1 i t t  n :  -

3 .  1 i) 1~ I A ]  L E E ) J E b  R i  i l l  OL

L l . i  R e f e r e n c e  La 1 - i s  F l o w  D i a g r a m s

Thu cu d i - i s e :  t o  t e :  r en d  a p - u r t i c u l , - ir d a t a  b l o u k  in the  : lot :  d i a o r  nm ,
S - - c : i o n  3 2 . i s  as : i i t-:s : The f i r s t  n u m b er  is  t h a t  ~~~~~~ n i j m 3~~~ - fo - : : in  i n
t I e  0 : , - :  : : : t  i n n e r  t h e .; a g r a n s  - T h i s  n i  11 he l u l  l awc d b - . - a s l a s h
s u m  ( 

-
, t o  s -  n i r a t i  ( l i e  j i u g  n i i t n b c - r  t r a m  t i : ~ b l o c k  ~1 - s i g n a t r .  The  2 s i n —

n o : or wi  1 c i L I a .  r ~ a n i e m o n i c  l a i : 1 ( e . g . TEST SYLC . a l o c a l  l abe l
i n t d j c - T u t o b y  , i  do l l a r  s i o n  ($) , or an i n t e c - e r .  Tb t o o  t pc s of l a b e l s
r e - I c r -  nc t h e  o u r  t j c : i  in  in !  r a t i o n  b i c - : , on th~ g i v e n  ~ d i i , t o  w h i c h  t h u
l~~3 c i  ~s i t t  ac h e d  - The i n t e : e r  n i n—hc - r . n , me ans t h a t  t h e  r ; I e r  n c e d  b l o c k
i n  t i e  nt t

~ 
- 1oc ~ 1 r n-: t i :  t o p  I t h e  1) 0 c c -;  p8/ 3  w o u l d  r i - I c r t o  0 1 0  n an d

l i i i t -d : : t  i a t  i ii h i  uc k down

F i n a l l y , t u e  l a b e l  p l/ $  ~ + 3 r c t - r s  to pa gc - 1 , a n d t b ~ 3rd i n i rma t i o n
i 1oc~ a f t e r  t h e  l abe l $ 2 .

3 .  1 .2  E x e c  i t  i . -  M an - i g u - m i t i t  o Sy n c h r o n i z a t  i on  R o u t i n e s

The s y n ch r on i ~~a t i  on s i h p : - on r : t m  i s  d e f i n e d  he r n : t  ines  SYN C A l l ’ (wh i c h  s - s
t h e  SYN C SLI ’~1AT1 ON s i 3 r o u t  i nc  3 SYN C 1 , SVN C2 , and SYIP ’ 3 . The n a n i p u l i t  ion
o t h e s e  r o u t i n e s  i s  ii comp li  shed  by bo th  MAIN PROGRAM and t h e  F IV E M I L I . I  —

SECOND I N T E R R T ’ J ’ T  R o o t  I n c  (h - n c u - f c t r t  hi r -  f e r r - - iI  t o  as t h e  I N T E R R U P T  r o u t  i n  ‘3
To I l i v  u n d c - r s t a i : d  t i n  sc -q i c n c  i ng of t i c - s e  sy n c h r o n i z a t i o n  r o u t i n e s  , i t  is
nc-c - s - i i r ’ -  t o h a v e  an:  u n d e r s t a n d i n g  of t h e  i n t e r a c t i o n  be tween  MAIN
PROG RA M and INTERR U PT , i n c l ud i ng the  selection of Q-tasks . This infor mation
is  f i l l y  desc  r i  l a d  in  V o l  :: 1. 11 , Desi gn S p e c i f i c a t i o n  - A b r i e f  snnntn : i r ’ -  h er
w i l l  s e rve  t o  re - l w t h u s- i - h a t  i o n s hl ps , and c l a r i f y  t he  sy n c h r o n i z a t i o n
process  as w e - l i  as t h e -  f l o w  d i - i ~~ram s .

MAIN PROGRAM has h u t  o n -  corip it a t  ional  r o u t  m e  hi’s Ides  t h e  MEMORY ( ME C K SUM
T e s t  ; t h i s  I s  SYN C CALC w i t h  i t s  s u l r a u t  i nc  SYN C SITh~~~TION - B e m f o r i - M A i N
PROG RA M can p - r i  - a r c  t h e  c o mp u t  at tons  , t h e  s v n c h r o n t z a t f  on s um m a t i o n  l i t  a
m u s t  he c t l l e c t d and s t o r e d . This p rocess  is  s e l e c t e d  by I N T E R R U P T  v i a
SYN C 1 , SYNC 2 , and SYN C 3 -

Vol III 3 NORT 73 - 4 8
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NORTHROP Electronics Division

A t  w i — t i’ . m l  o t t  I i  t - -. i r u  i n  i t  l i i i  _~ . m  t i ~n r u t ’ - I s  , MA 1 N P R O G R A M
iii  1 1  3 - i i  eon - I ’ E L  I I I C I I I  - i i i  — t u s l ~ . :-: l m  i d ,  i s o i l  - i— t l i t  u r i  sd i t  —

i i i  u t  I N  I l - - R i O  i i  - I ’ l l -H  l u - l I t  T e st  ~; u - i  : t i p I L i N C  I as ( I i - ul :.: t ~~— t a s k  ; m
w i ]  is t I - a  t i n i - j : i ~~ r e , i l  i t  i - : I i i c h i  i t  w i l l  I -  i n i t i a t e d  l i v  I N h E R E  ‘ I T  - p - i

n~- I t  i n  1 r R I : F l .  I G I l T  ‘1 - s t  , a ’ q u -  in i iii: U - I i  t O S  t i  MA I N l t R O C l ( A M , ~. I  i c - li
i i i  u I ~f l - t !  u ;  h u t  wi -  n i  1-U M ( i R  I h U h  051 M ; ij ic l  H i t - t - s t  u t  t l~~- 1 0 — S i b  P E R I l) I

m l r t- , u  n - u - : - S u t i t i  l i l y  w t i t i n ; - 3 - n  t i n  I M T l R E ~~l T  t o  e -ac - u- - i n t r o l .  I t  i s
t i l e  I~~-s u . t - t ’ j o d e u m p l u t e ;i~~r k c r  w h i c h  c - i l l  l i e  a t  by  SYN C 3 t o  i n d i ~~. t t-
t b _ m t  - u  b i t - L u  - m l  i i  t a  h a s  l u - u - u  s L u t - i l , a~,d i - n h i i -  SYM I 1: 1_ n t i  0 —

- p i~ u u _ ( - s s  i i i - .

- 1 . 3 Di a c i : :  I on au f 1- l  ow Di  al - r i d s

a l  l i Y N u ~ I I nn , 1)
1 . _ m i  1: 1 N
t ’l S N  t o  ~u l

1 u I - s  i y n -  t o  S ’ N C 2  :ms ( l i t  n e x t  I ask , and se t s ~~~~ to 0. 15 secon d
( n i s i n u  ( C l l .CA S : l - t o : t  m e )  w h i c h  s p e c - i l  i - s  t h a t  I t )  ot  t h t i  mis  i n t e r r p t s

:-.- i I l  p a s s  l i t - i  i t  u - r H i , S YN C 2  - SYN ( ’l t h e n  s i t s  t i p  t h u  u n i t  enct a s w i t c h -
i ng : a i t  r i x  t a r  t h u  o l l t - c t  j u n  of s - ; n c l i r o u i i z a t i o n  d a t a . U pon comp l et  i o n
; r - c  e s s  i n 0  i t t  t u r n s  t o M A I N  PROG RA M , or t o  a Coni  i l  — 1 i l  i c i t  or I - nc t i o n
I I s I c c  t u t I  l u , H u t -  u J ) u ’ l i t  or -

b) S i  ( l ’ t~: 2 )
l i la -  I :

/ ~ 2

5 NC1 c - i l l  c- - - i t t  u - r u - t i  a t  ( I i  3 0 t h  i n t e r I : i u t  t r i m m i t  l i t  i o n  i i  S V N C 1 .
SVN ) ’ _3 c - i l l  s i i l - :  t b -  c o m p u t e r  i l u r e n c u  t i n -  a t  t h i s  p o i n t  - Thu u I - - t c - r —

nui  mi t t  i i i  1 t l i t :  t i n s ’ d i  I u r u - f l ee-  I i u - t c t  -in t h i s  I ’  t u 1 - n u u -  and  t l ie  or  i i  v o l
i i  t b -  f L a t  p 1st; t i - un  s t a t  i o n  A on 10~~ ’ L i z  i s  t , i n t l i s  t h u  s o le

se nt-
u i r - I t o ~S -  of t h e  s v t i l m r t ) n i  ‘. . i t  I 011 l i i i  - SS

SYNC2 s t  s i ll)  S l N ~~ 3 ms ( l i e  t i u - x t  2 — t is k , ( t ) l ’U’ G~\ S u i u r u u t i n e ’ ) , set s
= ( I  . 1 s t _ c  ond , c I t - a  rs t h s l x  d a t  a i n p u i t  i’ ’ 

~
, I s t  i s  (a l  th o u g h  o n ly

Wi - w i  E l  ha. used p e r  1 0 — s t - c  n i l  d a t  i - i l  oel ’3 , i l l  um i  n a t ’ s  t lie SYNC

m d  j u  a t  or -n t l i i - Ct in  t r i  — m Oi l i e a t i P~~n u -  1 , and s i t  s I l ie l i t  a base l e a  —

10fl b r  t I i  i i  n u t  ( o t  ic’ ) 2 0 0 — w o r d  s t o r a g u -  m i - - i s  - These  two S t u i 1 ; i ~~ e

. m r u i ;  w i  1 1 be a l t  - m i t  c d  ‘ v - c ’ :  10 s - c  on ds  so t h i : t t  t o t ’  e mi t  I I 11 w h i l e
I i -  i t  l i - c is b e i n g  p r o c e s se d

c)  SYN c t ( l iy s I t o  u )

La b e l :  $3

; Y N : s - E s  up i t  si - l i  i n  t I m  n e x t  ~~— t is I ’  , s e t s  ~~~~~ = ) .1 s u c o n d , t h u -n
pe r t  t ) rms  l i i -  i’ re - - l S~~u O 1  F r i m q i u t - n c v  ( ; u - n e r ; t t  or (PFC ) t i - s t  -

Vol 111 -~ NORT 73-48
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NORTH ROP Electronics Division

t
~
i I $ l  -

R u s t  a r t  p n c  - s s  i n c u ;; u u t  I’FC ; i i i t n . t  I -: -

l ’ h u i -  i s  a d m l m c o - i n t e r  (R , b u - i u i w ) c- l I i (  I i  i _ m i l l  c ou n t  f i ’ u t i m 0 t - u  1 I ~ b ’~ 2
i n  i 1(3 — 5 t u u~ id p u - i i  d ( ; m j u t ’ - ; , r a m m in it c u u n v e - n  I enc  - ) . S Y N C  3 i s  - i t  e n d

u-c- u - u - ’ -  i i  - I S c  ~ n d c i i i  i- i n n  a :nc  Ii ron i -,om t m on , ; i t ic i  t he d m t  a i - t n t  m r  w i l l
j ii du - n-: b ’. I t - .. c - n i t  s- . m u : h i  t Line

‘l b  in is , i l s - i  a 1 U - q u i nc e c o u n t  i t  t h a t  t r ;ic ks w h i c h  of t h u  t h i n - u -

i r eq  ii i - s  I s I - I i1)~ I s c - u I  and , t he - i’ I o r ’  , w it i c h  t w o  ( i f  t h e  s i x  i n p u t t
.l . n a  c- c u r t i s  t o  s t - a m ’ - T h i s  e- o t i n t c - r  w i l l  he s e t  a t  0 , 2 or m r - s p - c t i v u - l v

s~~i 1 i ’ni  l t l l . - u - n c r ’: 10 sec o n d s , and re pe l i t i v i l v  a f t e r  p a s s i n g  u .

p 3/ $ S  1

Ti s i n/ i  u l s i np u t  c .- ; t - ds  , r e p r e sen t  L u g  ( I ii - C - 3 i ; m t  i on

2) )

X . (IL  = s i n  -1]

Y . R~~1) = cos  -
:1 .—~ m l

j-= 1

n , - l i - i - -  j = O , 2 ,~ r e j i t - s e n t s  10 .2 , l t . a , or 1 1 — 1 / 3  k I l z . X and Y ore each
c om p o s u -d  u i  a sunir t ~ 1t i o n  i i i  20 DMA i n p u t s  I roin t h e  c o r n t - l ;it  ors i n  t h e

u ’ec  e i c e  r st  r I p w h i c h  p r o c u - s s e s  f r e q u u e n e  v - The- v a l u e s  X and Y w i l l
I -  I S O - u 1 m t e - d  w i t h  d a t a  c o u n t  R and R + I

4 / 2

Ti me l i t  a i - i n t ’ l , K , is i n c r e m e n t ed  by 2 and t c s t -d - I f  R is less
t h a n  200 t i m e - n  R i s  saved ( p 5/ $ L +) , and SYNC3 i s  c x i  t e d  , t o  ru - t u r n  in
a n o t h e r  (3 .1 second .

p~~! $5 ,$h

I t  H - - 1 - i t l C ;  t he - v a l u e  200 , t h e n  d a t a  c o l l t - c t i o n is c i t a p l e t e  f o r  t h e -
10 — s u e - a n t i  p - r i n d , t h e  l o c a t i o n  and f r e q u e n c y  - a t  ( l i t -  c o l  l u c t u e l  d a t ; i  i s
sa ve- cl I - u n  ( l i e  SYN C EALC r o u t  i rn , and t h u  a l t e r n a t e-  s t  orage ar c - a i s
m d i  i a t i c I  I iF  t l ie n ex t  e n t ran e ’ u - t o  SYN C 3 when a n o t h e r  10—s econd  d a t a
c o l l e c t i o n  p er i o d  w i l l  l o g i n .
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NORTHR OP Electronics Division

u- - a: t u i  - N - ~
_ _ i I I m i t t  t I i ’  i - t i l t  - t 3 t I i— ~ - - I l a t  S N I 3 h ;i  C - n :tj i  I - al

I l l — - a - e n d  I n  .m u o l  I - u t  l iii m i - r i  o d _ N w i l l  h. us - u i  i i i  H : -  u o r r -  l i t  i o n
~— u i I r i ~ — ni 1 . 1 1  n .  N i s  l i i i  t - -~u o t d l u ’ . 1 .

i i )  / I

A f t  c c  c oi :ip Ic ti. 1 1 I ~ - i i  Ii 1(1 — i-,ee ’ d ) n i i l  dat ~i c tu i l - i  Ii oil 1’’ i I oil , It b - I wi 1 1 e h - c i- ’
0 S e t ’  i t  I )  l o t  - e e l  I Ic- c t i t i n  j u n  ods Ii : i - . - u P~~i - -  a l s i n c - c -  a t  I - np t  I ng s it ch  r u n t  —

n i t  I on -

II n - t  - t h e n  N i s  o i l  mi nd i t s  i n c u r s ’ i s  c - n : u p : m I -d w i t h  . t  s - a l i n  I . i c  —

t o t -  t o  hu u sed in l i t ’ - P u l l  u - s s i i l i -  i u l d a t a .

11 s; , ( h u n t  N is st - I  t u  t h u  - a lo e 1 i i m i l  s ic - I T h i s  w i l l  i- i - i n i t i a L - sm-
5 :1, I m r o n i sa t  i -n i  -

T h u  i i  c u m i m l a t u t i  u i , i t  - i  3 com c w l m  1 0 — s e c o n d  p e r io d  i s  added  t i  t h a t
c ol  l u - c t  e l  p r - t o u s l e  - T h i s  s i - r n -s to avu rap - or s m o o t h  t I t i -  d at m mi s
t i : : -  i i s : ; t - s  - A l t e r  I • ( l  se c o n d s  I i a v u -  u l a p s e d  w i  t h i  no s n c l m r o n i z a t  ion .
t h e  d e c i s i o n  i s  ~i m u I u ’ l i - c  I i )  s t ar t  e v e F  u n d c - r  t h e - a s s un -m p t i o f l  t h i , m I
s , n c h i t — o n i i z a t  i on  , m n n — t  1- c-o n p h i - t u -d w i t h  t h i - e n -:is t i n m g d a t ; m .

p 1$ 1 1

Sc t 1 0 — S i b  PI -M( 101) H i ~- ll LE-rE tat- ki m. This w i l l  m l  t i , i t -  t h u  SIN A l )
i- u i u i t i n m :  - l x i )  S’i ’N C 3 .

d) 
~~~~~~~~~~~~~~~~~~~~~ 

(p~c c- s a t l m i - u u i ~:I i I I )
I .  be 1: SYNc ~ CAI .C
( u s u -s S~~L S [ i - ll b\ I I 1)5 s u h i r o i t t  l u t e -  : t i n - i ’ s  12 mi nd 1 3 )

)u4’iten I - l A IN l’R (X ;KAM h i s  l i t - c - n  k - i t t  t r u l  i t  h a:; l u t - u n  a l t  c-m o tel V p c r f t l r m i ng
MI - : ) - l tmRi ’ C i h l - C K S l l-1 t - i and c I i c - k i n u ’  t lie- iO— Sl - 0 i’l- RIOD O M I ’ I , ETE n ia r i : - - r  -

p h / S Y N C CA L

S’{Nu : h e m : ;  s t - I  I I i  nn i i ’ j - : t - i ’  t r u u t -  - M A I N  h’ROG RAN m i u t t u  si -I s  It l a is e  , and
p 1~ t i m  t r t ~et ’ sS  t h e  ;ice ’ i t r m i l a t t - e I  d i t ; m  -

1 m ’ u / SY ’N - A l A  I

TI m e re mu n - b u t  r ‘‘ j u t ,  l i l t  e rs ’’ I is i - u I  t o I nd I c m t  e t hu e I ou r  10 i O u  St  v i i  i i t S i f
l i t -  C )  1 >  ; 1=1 - 10) )  - Thu -se Io u m r co il ties w i l l  l i t  u t -  I i r u - ul  t o  as 0 ( 1 s t

C ( 2 n u I )  , C (  t i t i ) ,  and ‘ ( . m t h )  . Thu - s e  l i t  not  l u  h ue  c o n t u i s u d w i  E l i  0 ( 1 1 .
o (2 i c - I  e- - , wit I elm a uu t he b j , -~u I. I m w  of t i m e  l i i i )  i t )  u m u I ;it  i o n  numh e i s
i n t h u  S u E  - I u i H i , m l i z a t i m n i  s u t S  C( 100)  I t  — I ) . ’, and tI n - p o i n t e r s  t u
l i l t  I - ‘ ; (  I - t H u - s t . 1 1 u -  n u t  t o  p o i n t  t u  0 ( 10 0 )  :i p r o g r a m m i n g  c on v e n ien t - - )
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NORTHROP Electronics Division

I
S i - ! 5 i j u  I I i -  I n d e x i  ng u t  l i i i -  u - o u t ’  I i t  I u n u  I i  m l i i  - rs l u - i  2 ‘ S , ; u n u l  s - - I  s I -0
I I I I - SI  c o i— i - - - l i t  I -art : n i t 1 -  - n-: ) -

l~°/ $  ~ 3 t l u u ’ i ’ u ah i  p u u / 5  *

l t i t r oc . u i e i u i : i :  T he r e  m m - ’ 111 ( 1  s i n/ c o s  l u l l  rs  i n  s t o r m g - -  - C . m c h u  p a i r  w i l l
I t a c u - a n ass , i - i t  u - u i  m d c x  : a l u t e  , H .  F i u  p r i u p r m i n : i m i u t j ’  n u n - - e n  H- n rc-  I l i - s i
10 0 p m  i t- s - m ru  st  i u r -  -d ml v i d u a  I I - - as II t - u 1 m m  - anui  t l i t -  as s - u i  i a )  - -ci I n du x -
R . r uins  l i - t n  ) )  t o  l I ~ lu ’ :  2 ’ s .  SYN i CAI C w i l l  s t - m I w i t h  i n d e x  H -

w h i c h i  h i s  h - u e’n m i t  i m l i  m ’ c u i  t o  ) )  a h m o ~’u: ) , u i u o m j t i t  - a suin’ un at  I u u m i — d e p e n m i l  n )
t ; i c t i u u n  ( h - i u : ~~ t ’e 1) i u v u r i l l  200 i tem s  s t a r t i n g  t r i m  R =- 0 anti p u n t  u - m - d I n t ~
I l i r o u g h i  R = 1 - m 8 .  Thu u - s t i l t  c - i l l  l u -  C ( 0 )  - N e xt  t he  c’ u r r u l at  i o n  l n i l u ’ x ,
1 - w i l l  I c ’  2 , m i n u l  t h i s- mm : i c ’ s i u r n i t i m at i o n  w i l  1 h u t - I mml - :u ’n s t a r t  i i i : :  I ron I 0-
d a t a  p a t  u - , i s ;oc j a t m d c i  t i t  s L u t ’ O i  i n d e x  0 - - b  and r u u n n i n i n  I b t i - o i t g h i  R~~] m~
ar m-.I c : f l dj r i m - i t  0 - t u  - T h i s  w i l l  h - c -  ) ; ( 2 )  - In t h i s  w a . - 10 ) 1  c - a r m - l o t  i o n
v a l u e s  are- l i a i r t t ’ u I  - T h e  l i - o p  f r o m  $33 t h u r i u m i g h  $2 is t h a t  w h i c h
cmil c- :l i tu -s (h i t s’’ 1 0)1 corre i;m t ion numbers -

Th ~ r e l a t  i n n s l i i  P 1 t he  loin- l i r ~ u - s t  C( I) c o l I t i s is u s c - t I  t o  di - c ’j d c -  t a I n t h m m - r
s - n c h i  reIn  C sat  iu l i i  a m i l l  t i e Cs t a b  I i s h m e - d

Fot’  t h i  u - u i r r c - n t  i ne iex va lu te  I , i n i t i a l iz e  CO ) = ) l  -

j i i /  $

The m i s s u t : : ; l i t  i o u  c-a r r ied  b y u - m i u : I i  C ( I )  v i l i t u -  on m o m - :  f r i ’ q u u -nc : i s  t h a t
‘ S t a t  ion  A i i i ; r s t  s t a r t s  w i t h  I I - -  d ; m t a  p a i l - a s s o c i a t e d  w i t h  the c u m r r u -n t

I n d u ’ x  u u  
- As  s I  m i t  c d i  abo v e , t he s- :nc hj i - n i i z m j t i on  S - i ni::ia l ion u i u ’ t  - t n :u n i  no

time- c- orr~- Iat n on m i m I c C I c u r  j ude :-: I w i l l  s t i n t  ; m t  R 1 , i- un t h rough
l ’ u ,~ , s t i r )  i l  1) and  f i n i s h  ~i t  R = I — 2  -

But ( h is s t o n : i i t  i on  : : iu i s t  n . i t  inc l ud e St  mit  i o n  h u i m r s t  s w h i c h  h i m i - - u - h i - e n
d i s a l l - - v’ ii l i v  t I m e  i u [ t i r a t o r  - For t h u  p r c - s c - n t  inde - x , I , t h i u -  pt - m C r a n c i i i
m a l c u i l m i t e  ~ h i e h s e q ue n c e s  of ( l i en  100 d a t  t i — p a i r s  at- u- no t  t o  be used in
I i ; - - s ’i : - : : o a l  i i i  d u e  t o  t i m e - j r  d i sa l l i w a l .  h oweve r , on t h e  13. 0 on 1 1 — 1 / 3

- h i m a n e  1 t i e s  e 0 - 5 -  nces  ml  no t  I b i t  same - I t  is t h t u  f un c  t ion  r ep r e sen t e d
liv $ 3 w h i c h  s e t  s t i p  m : - em t  h i u nnwm t ic  al  r u - i  a t  i o n sh i  i p ( m o d ut l o  5) b u t  wi - i i i  th e
s t a t i o n  t iuinbe r K , an d f r e q u e n c y , to d e t e r m i n e  w h i c h  d a t a-p a i r  sequences
in  the  present collection represent each station.

p 1 u / $ 3+1

T m - s t  (l ie  sl i t  ion , i n t l  ( 1 m m - r u - f o r t :  the- data—pair s e q m m u - i l c e , i - i ~ du - s u l ec t ion .
In o r d e r  t - u  e x p l i i n  t h i s  more - b u l l y ,  c o n s i d e r Fl 0 1 m m ’ 1 w h i c h  r e p r u s e n t s
the  ‘ ‘( l i m i t  Ions u t s u d  - The u - q l i m t i o n  f o r  C ( I )  usc -s summat  ions I rom Ri
l I t  r ; i t p i i  Rb  f o r  t lie s h o r t  sl u t  s um , and R3 t h r o u g h  R4 I - a m  t h e  long s l u u l
s um - Rh r i m  r ough  R6 m i r e  d e t e r m i n e d  b u y  a lowe r i n dc - x Fa

K 
and an u ppe r

i rm de x K I ’
K , w h i ch m i r u -  t ixed b y t h e  s t a t i o n  i t i t  m o e r  K .  B o t h  KI

K 
an d I< )I

K

Vol III 7 NORT 73-48

— - - - —  
- -‘



NORTHROP Electronics Division

_____
I 

~~~~ I ~~~~

~~_ 
~~~ 

4- ~ r i  .r-u
—~ j— u — N ~~

~~~ 1 cc ~ -~
4- C i  Pm — ii ‘— U

N~~~ O n..m o~~~
4-,- z~_~~ ~~~= ~~~iN L)
4 + —‘ 4  ~—.+  4 1 H~-4- u~~ -?

ii — - H — I.. ~nx .. ~ — r— ~~ -4 ~.jc—u i — i i  — I
i-n iu l_~ ~~~ n~m

-
~~ 

— ‘-- — ,.a 4.i
- t ~ • c + e  ~~~~4-J 4.)

+ ,—. -f ,-. .+ r.o uj i
+
- i ~ ~~~~ ~~~~— i i  - II ‘-~~~ti ~i !tL

u i n -~ <~~~~ —~~ n.l
—‘ L_J h . . I ‘~~ .-

‘ — u.-. ,— u... ,-‘ i ~-.-~ 0 ri
t___l + - +  - +  V~~ )
— c_i —
c-i —~

c:; —
+ + — o

N ii ii

ill i1~~ ’J ~i

0:

- ‘
4.1 ~~~

c -i cm
0 0
u --I ci

- 0 0  -~~ci 00-’ -4 -
~~ cc r~i ~c cc — -~ -

c~’i c—i —t iD 4-—. cc C’ -inn nu- m u  E-‘ o ~ c_ i
E E .—

I i i.i E iN 4-
.2° ~ ~~~~ç

— ~~~~~~ -‘ iN r--~~~~~~~ nO’
~~ + t~ 4
+ ~~~-f ~U ~~~

_ n—
~~ u-i

1~~~ — —

i-4 0
‘— ‘ 0  II N N
0 - 4

— iN 4-_i -~n~ — r-~ c_i -nt~ .-n ~.0 r-. CO

u-I
41
41 0

Vol III 8 NORT 73-48

• - ~~~~~~ - - 
_ 

- -- - _ _  
- - - - -.-- ‘



NORTHROP Electronics Division

c i t  I - - t - - I t ie  s 1 - - t  ~i :  ~h u u ’ s i c - l i t  I ye t i m  t i n -  m u j j -  i - n t  i nd - x I - 11 KL K = I 2

Oflc l  I = m u  - t h ,  in t h u  s t o m m i C t -  l o c a t i o n  d e l  u - i - m i n i - ~l h i ’ .’ VI~~ i s is-  - Th u i s

t h u  s i a t i c in dc s ’ l u e t  ion c - a i - i a h i u ’ , S , w h i c h  i s  i n d i c a t c - d  as , m - n i u  1 - - n

s t . i t  i - - n d e s - - l u - u  I l o u t , i s  i t u - a l o m n i z e d  i n  t i m e  c o m p i u t u - r  p r o g u - m i n  l i v  u u u u t

n - i  - s s i n o  i l i t — c i -  l i t  u — j u m i l  r su - q u l u - u t c e s  t i - p r - s t - i t t  u - t I  l u ’ . K -

b- - i  - -
~~ j u l  - - 5 t f l t~~~5t s t a t  i o n  B is dc - se  l e c -  t e d  - In th e -  c - qm i a t  i u n  1 cur  S l b

stat i - n t  v i i  i ’ I ci B iii I t )  - 2 1 s K = 2 ; un 1 1 - m u  - K = ‘1; m d  i mu m I i  —I / 1
K = ‘

+ - l i i -  - l b  S’i N L  C A I C  i s  p r o c e s s i ng  - I m m t a :

‘a 1 ) ) . t h e  s u m m in g  s e q uen c e  d e t e r m in e d  b y KL
K 

= l b  am i d 01 ’
K 

2 1
j s n o t  u s e d

cm 13  1u u l u u -  s u r u i m i m t  s e q u en c e  d e t e r m i n e d  b y 01
~K = 24 and 

~
‘
~ K

is : i , i (  u s e d , i n c h  oui

1 1 — 1 / 3  t h u  on  i ’ - u I : t ’ n — t ’ 1 1 t u - m m t  t -  d e u t c r n u i ui c mi  by KL
K 

= 37 and  K h n
K

i s  n o t  u s e - t b .

f l u - e c i : - n t n i l  - i  p r - m m - :  ses the valume K in t h e  same way , c x c u -p t  t h a t  it
r a i m s  I t - - - - 0 t O r i - c c - l i  1 ~ l u :  2 r a t h e r  t h a n  1 t h r o u g h  8 as in d i c a l , u ’ u l  i i i
t O - -  e:., m o t u  I i  - I I  ( l i e  s t m t  i on is u h e - s e  lee-ted , then  the  S\’NC SU!-~-tATIoN
s u c l u r i i t  I n c  i - n  ho  p a s si  ci mi i i K i s  inde xed a t  $2 anti  n t - t u r n s  t a t  t he ’
i n d e - x i u t ~- n - l m i t  i i u u i s b u i p  l i - n  t h e  n e x t  station ci( $3.

p u i / $  n i b

D C t c  r n - n i  n i _ - s  
~~ K and KI K r e l a t i v e  to  c u r r e n t  index  I -

p7 / 1

SYN C SIJ*IATION s u i b r o m i t  inc compu te s  those squares  of sums u s i n g  r u n n i n g
v a r i m m h u l m - s  R i  an d R2  - Thi s is t h i c -  s ho r t  s l o t  sum , the  I i rs t  h a l f  t u b  ( li t
C ( I )  - - u j i , i t  l i m i t  w i  lii in the  b r a c k e t  in Fi gure  1 -

p 7 / 2

Add t h e  sho m t  s h u t  sum to C(I)

P7 / 3

( b u n  j t u c t  u -  H 3 and R4 -

i i 7 / 4

Call SYN C StJi~-1ATION subroutine . Calculate- t i m e squares of s ums , t i m e  l ong
s lo t  s tu n t , u s i n g  R3 and R4. This Is the  latter half of the bracketed
e- q u i a t  ion I - - r  CU )  -
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NORTHROP Electronics Division

1

P7/c,

5- n - I  i ’ i t  I i - u t g  s I ut S u i n n i  I i t - :  C (1) -

~
u l  / Sb

m c i ’ - n i l  K t~ u n e x t  ~ t . i l  I out and r e t u r n  t o  $ I uu  c’ o m p l m - t u - 0 ( 1 )  e i i c  - u l a —
I i ‘ins - It i i t t i  sO -mi w i  ( h i  t l i t  s t a t  i oil  — 0 : — s t  cu t  I l u l l  S i m n n n n i m m l  I u r n s  - t I t - - u t  - u n i t  I n t -  - -

p 7 /$ : m I

0 ( 1 1  i s  i - : - i - i u - u - u l  w i t h  o l d  c o r r e l a t io n  d a t a  I o n  t h i s  s - i ’ m - -  t H u ’  s i - - I  I -

0 ( 1)  — C ( I ) l i s t  ave.
( i  I )  + CU )

a ve  - N last ave

( 0  p~~~’ S +

Dc - t i ’  r u  n : m i - - I  m u l l  c o r r c  l i t  ion  numbers C (I) calc um lated Sc ’  I .m r  ( 1 f rom
o t o  p r e s e n t  o - m I  me ’) w h i c h  v a l u e s  c- u i  I f o r  w h i c h  C ( I )  is 1st , 2nd , mi nd
3rd l u n g - s t  , m i nd f i n d  t i m e  m t h  l i n ~~c - s t  c - m u l u e ’  of CU ) .

p~s/ $

m d - - n-: I b y 2 - m n c l  i f  I = 200 , t h e n  SYN C CALC has a c c u m u l a t e d  one h u m i d  r e d
C ( I )  o - a l  I c e s  and c - i t t  n i l e - S  - 01 l i c - r w i s u -  , i t  re t  u rns  se ’qtuc -n c  t ug t o  $33 to
c a l e - i l  m i t  - t l i i  n e x t  C ( I )  c - a l  t i m  -

p 4 / 1

Time- nt n-n t t cc I t o- u ’s uI f l ow c - h i m r ( re ( 1u11 r u  bu t t  b r i e  I exp la n a t  ion
SYN C C A I , C is m ’ i iug t o  ch i t u ’ m m n i t mu-  i f  s \ - n c h m r o n i z a t  ion i s  c o l n t l u l e t u - b ey ond
a r ’ i s t u t n i h u l c -  d o u b t  - Thu m u -asonabl u- doubt is  t h e m  c- u - n i t  i e l e n t ’e c r i t - - i ’ i on
w h i c h  i s  a I m e t  i m u n  of  C (  1st )  anti N , t h e  u m u i t n t l u m ’ r of 1 0 — s i c - a n d  d a t i
c - u i l u ,c t i ons

= 
O .5 7 6A’ + 0 .3C ( l s t ~

A = 2/ mU p ulses/ I). h sec
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NORTHROP Electronics Division

u S  )

I t  C I l i l t I I s n i t - i  m l  [c- u -  , t hum -n  muu rc - d a t  i i s  n e - u - m u - i l  and s u s h i - t i c  I ng  i s
re- t  u c m n m - d  I c  u /  1 0 5 !’  SYN C t t u  aw a i t  t h e  c u u m p l u - t  1 m m  u I  a n o t h m c - r  l 0 — s u ’ c u > n c l
cl i :  - i  c O i l ’  e l i c i t  p en - u I . l f  0 ( 1 s t )  i s  p o s i t i c - u - , t h i n c o n t i n u t u ’ .

i i 4 / ‘t

i s t  ~( ‘ (  1s t  1 - C ( ui th ) C ?

I t  s- u . L I -  un s i t u  l i r o n i -za t ion  h - m s  h i m - - n  e s t ,-i h d j s h c t - u i  anti s c - q u m e - n c i u n u ’
i m i t u c  i t - s I i i  p 1 1 / $ i b >  .~mnd establishes I assoc iated with C(ls i)  as

S - m l  1 Ot t  -\ - a m - u t SI  - m t  L i  m :tm 00 10 .2 k h h z  -

i f  n e t  u t h e n  c i - i t t  [ n i t - -

I d e - a l l o  t h u  S I c - I s  w i l l  be a i i m ’ u i c - d  s u c h  t h a t  t h e n ’  m i r u - a l w n t v s  I w o
0 .  1 — s t - c  eu nd  s i t e  s h i t  S be -twe ’en b u r s t

“i  -
~~~ 

- r

—0. ‘ *— O J - s ec on d  s l ot

b b o w u ’c -r , t i m :  s t a r l  t u n i c ’  f o r  s v u n c h m r o n i z m t i o n  is m r l ) i t  m a r ’ . - and  i t  c o u l d
be t m te m u ~.s i u n l v  o u t -  I ) . 1 — s e c o n d  s l o t  h u e - e w e e n  b m m r s t s  -

- -

In t h i s  case , C ( l s t )  and C ( 2 n d )  w o u l d  hi - eq u a l  and ad j ace -n t  - And i n
s en t - c m i se s  t h e -  f i r s t  t h r u - c - “best ” c o r r e l a t i o n  values c o u l d  be ad j a c c - n t  -

Th is c a se  w i l l  ~u l s u u  hue  test ed later , if necessary  -

p 9’7

At th is p o i n t  , where  C ( l s t )  is not  s i g n i f i c a n t  l v  gre -at e’ r t h a n  C ( b u d )  - -i
test Is mad e- to determine if they are ad jacent:

Is II( lst )-I (2nd) I = 2? (remember that the indexing of I is by 2~ -

‘Jn l  Ill 11 NORT 73- 68
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NORTHROP Electronics Division

‘ m m _ _s

A l s - u _ i f  t i u -  l u st  s i t  mci l a s t  s h u t , I = i t  m i m i  I l m ~- _ i t -  t O - e c u -
it

s l o t s  s n u b t h u m u t  C (  1 s t )  = C U )  and ( ‘ ( 2 n d ) = (;(l
h l - t h u - - n  - m l t b u m u i l l ’ l i  H i -  -:

a t  - ~el jae c-nt in  t h u  m ‘ c’ I c  - t h i e c -  am s - no t  S t  i n  t i m ’ ’  p t - u - u  i n ’ : Cli i S ‘ I ’’ i

i o n  m-: 1 11 dc - I t - I — mi l i t ’  i t  I. h i s  is s m u  and n ’~ m Ic - - t l i i  , t p p i  - 5t  r i - u  u -  t i l - mu
st  n : i u - f l t - I f u i - I  h i  t I m e ’  a h i o c e  a r — c- l u t i s t -  

— 1 1 m m - i t  s - :nu e ! i i - m n t  i -: m i  j on h i -  i s

m i  l u - i! and S e - u j l - : t t u  j u g  nu ’ t u m n s  to Main lt m ’ u g m a n  t o  a w i l  t m i - - ’ l u - u  h ( l — s m - c - u , n d

d a t a  ~n u m i tch -

I I c- i t  li e- n c u b  ( l i e - . m - u o ’ i i i i  t i - - c u  - t h u e  n C (1st) i nd ‘( . in i ) I -a -,’ ’ - t b i e r i i  - - h - st  -

Th en i n  m u - .m l  i t  v , C I  ~rd) is t h u  n e x t  b e s t  and mums ( be ( u S  l u m i  m m  i t s
C ( l s l )  w i t h  t i m e  c t u m r e l a t i c t n  c r i t u - m i o n  C as i n  p 1 1 + 5 ,

P 1 0 / $ I — ~ I

Tc~~ t C ( l s t )  - C(3 rd ) I  -C ?

I I so , t h e n  s - :u n c h n o n i -zat  ion is c omp ic  t c- and se’qu en c  t u g  b r a n ch t - s  t i m  p 9/ $13
w ite  me 1( 1s t)  and 1 ( 2n d )  arc ac-c ’ r ag e -u i  to de te r m i n e  the’ st  m m m l  U me- I or
st m t  ion  A b u r s t  on 10 .2  kHz -

i t  ( h i m -  l u - s t  f a i ls , t h i n i t  mus t hum d e t e r m i n e d  w h u e’t hc- r t h u  i i u t e r - : . i l s
de t  — mmi i  n e i l  by  C (lst) and C ( 3 r d )  art- adjacent or not -

plo / $12 + 3

Is~~I ( 1s t ~ - I ( 1r d ) ~ = 2 ?

p l( / $1 b —i- ~

I s  1 (1st ) = I) and 1( 3r d )  I U ~ ?

I f  l o u t  I i  a re  f a l s u -  , t h e n  m i - t u r n  to p4/TEST SYNC and m m w a i t  a n o t h e r d at  .m
se - I - I f  u - f  t i i ’ -  m is I r ime  , t h e n  t h e  f i r s t t h i r e u -  bes t  c or r t  Lit  I itt c-n i l iii’ s
m i r e  n e a r l y c qu i mm l and C ( - m t  I i)  is movt ’d to  2nd h uu ’s t and inc u s t be’ t u - s t  e t i
w i t h u  C ( l s t )  u g a i n s t  l i - me c o r r e l a t i o n  c r i t e r i o n .

p l o / $ l  u -i l

Is  0( 1 st )  — C ( m t h )  ‘- C 7

I f  not  - I h i t - n  r e t  u rn  to p4/TEST SYN C and awa i t  t h e  nex t  da t  a S e t  - I t
t r i t e , t h e n  s v u i c i u r u u n i  za t  ion is c omp ic ’t e and 1(1s t )  de t  ~-rm i ni’s t h e  s t a r t

m l  s t a t  j o in  A l u u m r s t  ; Lc , i t  m u m s (  lu c t h a t  1(2nd anti I ( h i -d)  w e r u -  o n
e i t h e r  s i de -  t u f  1( 1 s t)  -

Vol I I I  12 NORT 73-48
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NO RTH RD P Electron ics Div ision

h u h  1/ .~ 1 -

ho  n n t i m l t i p i c - m n ,: t h e  s m - l u - e t e u d in d ex  by  1(1 t h e  p r t i - ,~r t i n  u u h t  t i n s  t O m -  t o t - m t
n t c t : n u l - e n  m l  i - m i  1 h i s e - c u n u l  i n t e r r u p t s  b e t :  c e n  t l m i -  eu u u t i l u t m t e m  r e f  e r e n i u -  t i n t s -
m e c m u r ! c -d j n  5 Y N 0 3  , - m i i i !  t i me s t m m t  o t  s t - i t i o n  .\ b u r s t  on 10 .2  k h h c ’ , T im i - _

s t~~c.u u ’ol u i I i ( u u s u (  ion I c u r  t I m e -  n u m b e r ol l U — s e c o n d  i n t e r v - m l s  i u : p - t m u u m m - u l  in
so - u i  i r uu ’u I .  1. i con ‘- - .1 Ii i ’ m - u l u u u c ’  i n  t he  START ( t ~- i l - C A  r o u t  I n c  in  t h u  l- . X m - u ’ut  I vu-

P -  , - m m u  -

p h / n’ I I

F l u ’  h u t  c l  c r i u e  . i t - - u s  - i t ’ ’ - e l - t i - u i  f or— l is t  ho- i t  h u m  poI t i u m u i s  - i t  t b -  I m ~U ; C \
n , m -: i~ : . i  i o n  p m - - : t n m u m n s _ and I hi ’ - START (Thfl- GA ma m - - - - -r  is ( - T h i s  w i l l  h a l t
5 :  0- m - n n i  e (  I l e c t i  t i n  - h u t  a cinch re t i t r u )  se - q u t m ’t l  ~~ t ~-u 0 Si ’ ,- \h ’U i l ~-v :C A

m~ t (  I l i e  -

- - !)u Se - I’j - h j u u i i l 5:c!- rt uuul l~~u ’s [ s e -i t  b y  ( l i e  Sy n c h r o u i i n ’ a t i o u i  S m m b u p r u t ~~r , i u n i

f i t e SYNC S[~~ Wr10N su i b r o u tj n e  is the on l y s u b r o u t i n e  not  iii the common
t . m t ’ u i - i s - -i ! l iv  l i m e -  5- :u c - b m r o n i 7 , a t i u i mi S u i h n p r u u ~:t - minn i  - T h u m ’ n m  a t e  I W u  m m - l u - i -  n t s :

- c u t ’  i- ,m nd an i n t l - - i  o m i I

R-  t -  m m : : : -. ‘ Fi~~i c t ’ u I , t h e r e - i r e  f o i m r  sumr nmnia t ions  u: ~~u - u I  in  t h e  e i l c - c l , m t  h u r l  of
e . i c h C ( l  - T Im e I l i m i t s  i t t ’  R i  t h r i u u t ~ :li R2 , Ri  ( h r u i ~~’ h i  l~

’u , c-l u - -i’ - - R i  t h i m - - u t ~ :li R .
ui  pu m u :  ; n t  - l 1 u i t t  Rh _

K 
m u d  KO —

p l b /  I

AL Sc u s  ti m e- l m o i u i t m - r c i t  Ri . and ca lu :em l.mlu- s t l mu -  i n t e ’i m i , u l  ms R — R  u The
-, u ~ b - i ’ ’ t t i n c  m e n u - I c ’ 5 :1 -n uN t h e -  i n p u t  d m 1 - i  v a l u e s as i n d i c - j t u - i and , l m p t u u n  c on -up l ’ - —

j i m , sq m u - - s  and s m u m n u s  - and t h u e n  d jviul c - s by tIm e number oI t u r n i s  -

- YW~1 (~AARTS

The - S - ; n m u  h i m u n i i ~~~mt i u i n  S u b p r o g r a m  f l o w  c l - m a r t s  are - p r e s e n t e d  on t i m e - f o l l o w i n g

Vol  111 13 NORT 73-48
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NORTHROP Electronics Division

PAOC 0001

• SYHC~~ ONIZATION
.

• ENTERE D .2 SEC A FTER PRE$LIOHT TESTS

~~~SYNC
T up SEC OP-C SYNC I AS~ - IS SECS

I! ATT(~ TH IS TA (~~
OPSGA SYNCZ

• A ,,.oop FOR n,~os~c~ ANt IUI ]

/READ STA TE Of THE ANIEM4A SCLECT7 -
/ OISCRETF SWITCH J

SNS FLOATER ANTEPIm4A

WI~~~~~~~~~~LOATER >J~
S

LOOP ANTCI ’IA
SELECT •B LOOP £l~1) A LOOP .90

t SI
~~~ITE LOOP SELECTIONS INTO
ANTCP#tA SWITCHING MATRIX FOR ALL
3 F REQ

- 

=

V ol 111 I!. NORT 73 48
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NO RTH RD P Electronics Division

PAGE 0002

SC C ONG SyNC YA SI - CLEAR SIPà/COS R(OISTERS
ANG S T A RT t IPS Y SYNC 10 SECOPO P(RIOO 

SA vE SYP ~C START TIME
TNC SYNC PROCESS WILL OCTERNIME
I~€N S T A T I O N  A STARTS ITS  o .a
BURST WIT HIN THE FIRS T ID SECONG
PIRIOO . INC SYNC STAR T T IME IS
THE VAL II Of THE COPPUTER REAL
T IME CO(fr-IT ER AT THE STAR T Of THE
FIRST TEN SECOP-C BURST.

SET UP THIRD SYNC TASti .1 SECS
AFTER THiS TASK

OMEGA SYNC3

CLEAR ALL SIN/COS IP-PUT REGIS-
TERS TO STAR T SYNC DATA
COLLECT ION

It LUPII NATE S-i-NC LA PP ON THE
C /I PAPC~

SET DATA BASE ADDRESS TO THE
FIRS T STORAGE AREA FOR FIRST 10
SE CONGS (200 DATA WOROSI

Vol III 15 NORT 7 h- -~m b
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NORTHROP Electronics Division

PAO( 0003

• THIPO SYNC TASK - DATA COLLECTION
• ENTERED EVERY - I SEC iJ~T IL SYNC
• IS C OPPL(T(

fl~~~ iT ~~ io PE[NT ER 7Hj5 TASK

LLi~ - ~ SECOPO 
______________

OMEGA SYNC3

[ READ BI T E  DISCRE TE
F ROM RECEIVE R
SNS PIG CO~~dTD0W’4 NO 000

FA ILURE
L INCREMENT FAIL COLI-IT

_____________ 
$9

/~~~ NOT ALLOW INTERRUPTS t.J4 TIL

L A FTER SYSTEM I N I T I A L I Z A T I O N
tOE ( INTERRUPT IPI419 IT

RESTAR T SYSTEM

BEGIN

READ CURRENT DATA Ca*ITER (0 TO
198 9Y 2 S ) .  FR( O COU4T(R (0 TO
4 BY 2$) . AM) BASE ADOR€SS OF
DATA FOR THIS 10 SEC PERIOD

RE AD SIN/COS DATA PAIR IPuC(X(D
BY FREO AM) SAVE IN DATA STORAGE
AREA IM)(XEO BY DATA COLI4TER

V ol III 16 NORT 73-48
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NORTHROP Electronics Division

PAGE 0009

( L E A R  SIN/COS REGISTERS TO BEGIN

~ M~iT .~ SEC D A T A  C O L L F C T I O P - I T IP€

~_—~~~~ D A T A  CCXPuIT(R .2 $9
~ - S O A T A  COIL[LTIOP’I C OPf’t -ET( ? 

0005

[ SAVE D A T A  BASE A DORESS AM) FREÔ~~]
Mfr1~( P FOR S YNC C OMPU TAT I ONS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

[~~ET NEW BASE ADDRESS TO THE
I SECOM) STOR A GE AREA

~
j $5

T T ! ~TF OL~ S S ~

CLEAR SIN/COS IM~UT REGISTERS TO
START THE FIRST . 1  SEC PERIOD OF
T HE NEXT 10 SEC INTERVAL

r INCREMENT N • P&JMBER OF SYNC
10 SFC PERIODS COMPLETED

Vol I I I  17 NORT 73-4~t
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NORTHROP Electronics Divis ion

PAGE 0005

(5$ BEEN GO ING ON FOR 
NO~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A5 THE SY~~~~~~~~~~~~~~~~~~~~~~~~~

690 SECOP’CS?

YES

RESE T N TO I
THIS WILL HAVE THE EFFECT OF
THROW ING AWAY ALL PREvIO US DATA
AN)) RESTARTING SYNC

SI)
SAVE NEW N -

COMPUTE I /N SCALED 86 FOR
SYNC COMPUTATIONS

SET ID SEC PERIOD COMPLETE P9(R
THIS WILL SIGNAL THE SYNC COMP-
UTA TI O N PROGRAM THAT IT  CAN
START CALCUL ATIONS ON TI-C LAST
10 SEC INTERVAL

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ E UPDAT ED DATA ~~~~~~ TER

88K

Vol III  18 NORT 73-4 8
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NORTHROP Electronics Divis io n

PAGE 0006

• SYNC CALCULATIONS
I

• THIS PROGRAM IS ENTERE D AFTER TI-C SYNC DATA COL LECTION ROUTINE
• HAS COL l ECTED DATA FOR TEN SECONDS. IT WILL PROCESS THE DATA AM)
• DECIDE IF SYNC IS COMPLETE .

SYNC CAL C
RES( T SYNC TEN SECOND MARKER J

I N I T I A L I Z A T I O N
SET C( IO O )  - - .5
SET POINTERS TO TI-C 4 LARGEST
C I I )  • C ( I O O )
SET UP INDEX FOR I (0 TO 190 )
BY 2 $  FOR TI-C 100 C - S  (0 TO 99)
SET UP INDEX FOR K (0 TO 14)
BY 2 $  FOR THE 8 STATIO NS

—~~ S33
STAR 1 C I I )  COMPUTATION
SET SUPV-IATION • 0

________________ 
53

r~OM8INE K AND FREQ ( PlOD 8) TO
FIND 01-iT 14-IICH STAT ION IS NEXT

L~~
TAT IO N - A FOR K — 0 ADO 10.2)

STATI ON? YES

READ START TIP- C AM) BURST
T IME FOR THIS STATION . ALL
T Ip($ ARE RELATIVE TO START OF
STAT ION A 10.2 AND IN IRIITS OF

05 SEC (THEREFORE TI-C STAR T
T iME IS A MJ~~ER BETHEEN 0 AM)
(98 AND MATCHES TI-C INDEX I) .
BURST TIME IS THE MfrIBER OF .1
SEC INTERVAL S IN A STATION etmsT

V ol iii 19 NORT 73-48
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NORTHROP Electronics Division
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PAGE 0007

~ ~~~~~~~~~ SUM OVL R BURST FOR THIS 
~~S T A T I O N  Jj- 

BSV f~~SYNC S~)I1ATI(N s~~o
UI (I-C

r ADD SHOR T SUM TO C I I I

INC REASE NUMBER Of - I SEC
INTERV ALS BY 9 AND LONER THE
START T I M E  BY 2 - I  SEC INTERVALS
TO I NCL UDE SLOTS BEFORE AND
A FT ER BURST IN NEXT 54)1.

~~~~~~~ SUM OVER BURST • SLOTS
FOR THIS STATION 

_________________

&SV SYNC SUPPIAT ION S&~~RO
UT IP&

SUB TRACT LONG SUM FROM C I I I

[~~~ ‘ERA C~E C I I )  WITH  OLD C I I I
A VERAGE - ( C I I )  - C (OLD))/P4

I • CIOLD)
I.*ICRE N - Nu?-~~ER Of TEN SECOND

[iNTERVALS PROCESSED

• 
— — - -

~~~~~~~~~

-

• NOW DETERMINE IF THIS C I I )  IS ONE
• Of THE FOUR LARGEST C I I ) S COMPUTED
• 50 FAR

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Vol I I I  _~o NORT 73-4 8
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NORTHROP Electronics Division

PAGE 0000

[~ ui I INTO 9T H LAR GEST POINTER 

~~

~~~~~~~~~~ TH A N T ~~~~T~~~~~~LA ;ST?~~~~~~~~~

r MOVE OLD THIRD POINTER TO 9TH
AM) PUT I INTO 3RD LARGEST
POINTER

AnGER THAN TI-C SECOND LARGEST?

YES

[~~~~~~~~ i D S E C ~~~~~PO INTER TO 3RD
LARGEST

C I I )  L ARGEST C I I ) ?

010 1ST POINTER 10 2ND ADO —

LPUT I INTO THE LARGEST POINTER

$4

• NOW USE THE FOUR LARGEST C I I)  - S TO
• DETERM INE IF SYNCHRONIZAT ION HAS BEEN
• O BTAINED AM). IF SO COMPUTE SYNC T I M E

V o l  111 N ORT 7 3 - - ’48
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NORTHROP Electronics Division

PAGE 0009

- V - _______

C OMPu TE COP~~ID( NCE LEVEL
C — I  3 C 1 1 S T )  • O 3 6 4 2 ~4O 29Ol

• I i  /N . 5)

I _ _

[ SAVE I/ N• .5 FOP SYNC DISPLAY SO
THA T DISPLAY IS 0 IF C s I S T I  IS
LESS THAN ZERO

L SAVE C FOR SYNC DISPLAY
__________- 

IS C L I S T ) HIMJS 7 
~~~~— YES TEST SYNC

- ICO ILECT MORE DATA IF YES)

NO

r FORPI I C I I S T )  - C(2 N0)) - C

[~~~~~~ SAV FOR SYNC DISPLAY

IS C ( I S T ) -C(2t-1D ) 
YES 5)0

GREATER THAN C? ( SYNC COMPLETE 0031
IF YES )

NO

• THERE IS STILL A POSSIBILITY THAT
• SYNC IS COMPLETE IF CUST ) IS IN
• A T IME SLOT AD)A CENT TO CI?DO) OR
• C 3RD)

[
~~~~~~ I~BSOLUTC 1 ( 1 S T ) - 1(2ND)

ARE C o ST ) AM) 
YES si a

12ND) ADJACENT? ( I I  1ST) 00I0
— 1(2ND ) — 2)

NO

ARE CI 1ST )  AP’() TEST SYNC
-~~ I 2NO I TI-C F IRST AM) LAST - I SEC

~~~~~ INT ERVALS?

YES

Vol III NORT 73-48

--  -~ - — ,-— - - - — - — - — ————, -——~ —------



NORTHROP Electronics Division

PAGE 0010

- - _____

A DD 0 0  ~A C  T O I02P10 0 SO THAT
1 ( 1 S T )  * H2P-C ( A V ERA GE WI LL
1)1 COPPICT IF SYNC IS C OMPLETE

_____ ____ 
5 (2r~

(
~ 

ISI l
~~~~

C
~~~~~~fi~~IIJ

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
00 1 1

[F
ORM ABSOLUTE II ~~T ) -  1(3RD )

~~~~
_—~~~ ARE C (ISfl AM)

ADJACENT? ( 1 0 1 S T ) E

- 1(3RD) - 2)

NO

ARE C (IST) AM ) 
NO TEST SYNC

C (3RD ) THE F I R ST AND LAST .0 SE
INT ERVALS?

YES

$15
___________

I SAVE I C I I S T )  - C (4TH)) — C

[ b R  SYNC DISPLAY 
_______________

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

YES I SYNC

Vol 111 23 NORT 73-48
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NORTHROP Electronics Divisio n

J
PAGE 00(0

- 1 S10
SYNC COMPLETE

1 ( 1 S T )  DEFINES START Of STATION
A 1 0 2  BURST

S 3
SYNC COMPLETE

C (IST ) AND C (2ND) ARE ADJACENT
USC 11 (1 ST ) • I(2P-O))/? TO
DEFINE START Of STATION A
(0.2 BURST

$15
MULTIPL Y I BY (0 TO GET STATION
A 10.2 BURST TIME WITH RESOLU-
TION Of 5 P15CC . THE EFFECTIVE
RESOLUTION IS THE L SEC INTER-
VAL OVER 2 (OR 50 MSEC )
ADD START SYNC T I ME TO GET TIME
Of S T A T I O N  A 10 .2  BURST )P4
REAL T I M E  (COMPUTER TIP-C ) IT IS
TI-IC BURST TI-PAT OCURRED OUR I NO
THE FIRST SYNC 10 SEC PERIOD

I SI)
[ CLEAR THE SYNC DATA STORAGE AREA

~ FOR USC BY OTHER PROGRAMS

[~~CT THE START OMEGA MARKER TO
TELL THE START OMEGA PROGRAM
TO BEGIN OMEGA NAVIGATION

• SCOIJENCE TO THE LAST PART OF MAIN PROGRAM

Vol III 24 NORT 73-48
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NORTHROP Electronics Division

PAGE 00)?

• SYNC 515*1*1) ON ROUT tIC
S

• THIS POUT (PC IS USED 9Y THE SYNC C OMPUTATIONAL
• PROGRAM TO F ORM THE $tJP~lAT ION OF T I-C SIP-C 5
• AM) COSINE S OVER ‘HE INTERVAL SPECIFIED ØY
• T HE ARGUMENTS. THE ARG45CNTS CONSIST OF TIC
• P-&I1D(R OF TERMS. NUMBER Of THE FIRST TERN
• I AS~~OPI I HG 1-0) AND THE CURRENT VAL JE OF I - THE
• ARGUMENTS ARE NOT 01$ T URBID AND THE PES&L T IS
• LEF T IN REGISTERS *00(0 BY THIS ROUTINE.

lS
~~~~S4)IIAT ION SL€RO

[~~ L EA R SUM COS AM) SUM SIN
MOVE MJP~~(R Of TERMS AND

LSTART POINT

[~~ iT START POINT INTO RANGE
BY_ADDING_200 

________________

______ 
51

[~~~~~~~~ iAR T POINT • I
RCA)) BASE ADORESS Of SYNC
DATA FOR THIS 10 SEC PERIOO AM)

I ADO TO CURRENT START POINT
FORM BASE ADDRESS • 200 - LPPER

LLIMIT OF DATA STORAG E AREA

$3
POINTER TO NEXT DATA s-lORD IS NOW
AVAILABL E FOR S&PI S

IS TI-C DATA 
YES SI

OINTCR L(SS THAN TI-C DATA UPPE 00*3
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PAGE 00*3

- —
1($~M PO I N T E R  - 200 TO PUT IT IN
T HE PROPER RANGE

-Isa 
_ _ _

uSE D A T A  POINTER TO SUM COSINE
I NCRIMINT POINTER FOR SIN
USC D A T A  PO I R T E R  TO S4..lI SINE
I PP(Pf MINT POINT ER FOP NEXT PAIR

2

F ORM F I HAL RES*J.. T
• ((SUM SI N)”? • (5(11 COS ’’2)

( MJMOE P Of TERMS )
THE SUM S ARE IN COUMTS AT BIS

Of T ( RM5 IS AN INTEGER AT B5

L ~~ 9*. T IS COUNTS SOUARED A T  825
BBic
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i r-tr- i~ l~ ~ I i - - l R is- IC\ M -~~V IReNMi.NF

3 - .1 SYNC LU-Ill TAB LE

T }u - ~u i i po st -  oI 1 S I N C  LIMIT TABLE t S  t i )  d l  j i l t -  t h e  S t a t  ion pat t m  1 ) 1
C n A r t i n -  - Tiit t iC 1 - h -~~~~ e j ~-h t i i  r I - s i t  d~ - I i n  - t l i t -  s t  .i r 1

C - _ i~ st - i t  I n I n t l ie 1 r s  t - t n t t in -  I ~-, t h I i r s  t -

Tin - I i~ — s  i end st  - i t  i on - i  t e r n  i S d i  -: i ~f - 1  j u t  o 2 ( 1 1 )  j n t  i -:a I s  t o mat  c- li ( h -

I c~~~n t .  r u - i -  -~i i n  S-V N
~ CAIC . Station A is a s s in -d I )  s t - i r t  s e n d i r i ~ 1( 1 .2

d i r  j t i n  t he- t i r~ i n t - r - - i  1 (0) - l- ic Ii en rv ~nt a ins  t we ic rd- .- s-i t h I i  -

I t  1 S t  weed i d c - n t  i l - i n C  t h e  s t a r t  p o i n t  ii i C -  s t a t i on  b u r s t  - m t  the s e c o n d
en t i i  n j  u~- I i  - in mis- r ol m t  - r i  is t t i L t  I Ii  St  at i on  t r J r l s ; - ) t  t S - Tilt . t i

c - n t  i i ~~- - - i t -  o r d c r ~ d l v  s t a t i o n . The l . i h c - l of t h i s  t - j h l i -  i s  SYN n L B I I T

LLL 2 SY NC DATA St e r a ~~

Th~ s - : n c l i r n i j n - i t  l e t  ) r o ( -ss  r e q u i r e s  0. - c r  CO O word s  01 d a t a  s t - r i n - - b r
t i n- t ’.~e rac~

- a s to r a g e  a r e a s , C(I) ‘s and mi s c e l  laneous -- ia r - - c - r s  md
c - -- f l t t i - S t ( . c - t  ts - - - t h c -  i l i e r  O~~~GA f un c t ions  c annot  b e g i n  u n t i l  t h e
s ;n e h r u t i z i t  i m  p t - c  - s s  i s  c o m p U t e , t h e  O i l  words a re  sC a r ’  tI  t c - t c - ; - -

s :fit h r - -n i i  -i.lt ion and t l i - o t h e r  Oi-~ GA f u n c t i o n s  - On !’.- paramc- t c r 5  n o t  ~s - d

~0~ i n k ’ , s ’nchroni iat  ion may be p l a ce d  in  t -h c syn c  d at a  s t r ag - a r - .i h - . r h
o t h e r  ~ u-: ;~ f i r c i - i a n s  See SYN C DATA in the li sting for t h e  -x .ic t 1 i -- : 1 t s
of  t h e  v ’ - i I i - :  a r - - i .

- - 3 ln p ut  / 0 t t j n t t  F o r m a t s

DMA I np it .  s Il
i 

t I t  r ou g h 16 1 ( s e c  Tab le  3 . 2 — 2  , Volume I)  r e c e i v e  I li s i x

C h a s e -  C e t n i ,  r i n p u t s  I em- i  the -  r e c e i v e r s t ri p s :

I l l 
a n t i  l 2 ~ r e c e i v e  c e s i n O  and s ine  re spect  iv e lv  f o r  1 0 2  kll~~,

13
1 

and I -

~ 

rt - c c- j  vi- cos ine  and si ne r e s p e c t  i c-c-  l v  I or  I’! - I k u and

1 
1 

md i
~~ 

.- e - c e - i v -  c o s i n e  and sine r e spectivel y for 11—1 /3 kl1 -~ .

H i t - s i  w or d s  i r e -  up da t e d  e v e ry  5 milliseconds with the  u p d a t e  o c c u r r i ng
du r i n g  t h e  l a s t  one- — t h i r d  of t h e  5 — m i l l i s e c o n d  per iod t h a t  is i n i t i a t e d

v t hi - t i ri - s i ~ ‘ i i  f r I  mi t h e  re c e I ye r - The iip d at e’ c o n s i s t  s o l~ re ad tug a
word I r. ri  DMA , add i  n~- t he ou t  p u t  of t ile phase- c o t i n t  e r and w r i t  i ng t hi - new
word  b;u k i n t o  I)MA - T h i s  r equ i r e s  approxImatel y 181 microseconds from

I t  r e id t o  t lie w r i t e  operat ion - The LSB for all ~ipdat ing is bit oflc~ -
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I - - K ~~.h  S - :  I i h r . i r y  S u h i o u t  m t - n

S i l t out  I n c  Four i o n . i l  F low Suh p r o C r a m  l b S i  en
0 - sc i i  p t i .m  Di . i g r i n - i  1) oc ct mc -nt

( S c - c t  ion  3 - 1 - 3) ( h - . V o l  i n -  ~~ i ! -) I e r )

1)  t iMl C~ . 1 )  SYNC I p i/ SYN ( IX I-: > :- - - i t  ivc -
C) SV N C 2  p2 / $2 -* I
c ) SYNI 3 p l / S 3

2 1 SQRT cI ) SYN C CALC p 9/ 1 X I I  C n m i o i i

S\ N  ;i ~ -mlA l I (C~ d i  SYN C CALC 1) 17/1 I I I  Sy n c h r i n  i z n  —

p 17 / 4  t i o n
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