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w i t h  t h i s  same c o n t r a c t ,  i s  p r e s e n t e d  i n  NASA CR-1482 t o  d e s c r i b e  t h e  
f o r m u l a t i o n  o f  t h e  S t a t i s t i c a l  T r a j e c t o r y  E s t i m a t i o n  Program. 
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1 
1 
I ,  

By W i l l i a m  E .  Wagner and  Arno C .  S e r o l d  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  

SUMMARY 

T h i s  volume documents t h e  computer  program l o g i c ,  s u b r o u t i n e  
a r r angemen t ,  i n p u t  and o u t p u t  f o r m a t s ,  and o t h e r  i n f o r m a t i o n  con- 
c e r n i n g  t h e  S t a t i s t i c a l  T r a j e c t o r y  E s t  ma t ion  Programs (STEP) of 
i n t e r e s t  t o  t h e  u s e r  and  programer.  These programs were o r i g i -  
n a l l y  deve loped  and  used  on t h e  U.S. A i r  F o r c e  P r e c i s i o n  Recovery 
I n c l u d i n g  Maneuvering E n t r y  (PRIME) program t o  perform t h e  p o s t -  
f l i g h t  t r a j e c t o r y  r e c o n s t r u c t i o n  and  a n a l y s i s  o f  t h e  SV-5D maneu- 
v e r a b l e  l i f t i n g  r e e n t r y  v e h i c l e .  Subsequen t ly ,  t h e  programs have 
been  c o n s i d e r a b l y  improved under  NASA C o n t r a c t  NAS1-8500. 

STEP u s e s  t h e  r e c u r s i v e  Kalman minimum v a r i a n c e  f i l t e r k % g  
a l g o r i t h m s  t o  f i t  t h e  e q u a t i o n s  of mot ion  t o  t r a j e c t o r y  measure-  
ment d a t a .  The p r o g r a m s ' a r e  f o r m u l a t e d  t o  p r o c e s s  p o s i t i o n  ra- 
d a r  t r a c k i n g  and  a i r b o r n e  gyro  and  a c c e l e r o m e t e r  measurements .  
The e q u a t i o n s  of mot ion  account  f o r  t h r e e  d imens iona l  t r a j e c t o r i e s  
i n  t h e  v i c i n i t y  of a n  o b l a t e  r o t a t i n g  p l a n e t .  
i n  p i t c h ,  r o l l ,  and  yaw w i t h i n  t he  a tmosphere  are  a c c e p t a b l e .  
STEP1. i s  r e s t r i c t e d  t o  n o n t h r u s t i n g  v e h i c l e s ;  STEP2 i s  app&ab le  
t o  a n y  v e h i c l e  r e c o r d i n g  a c c e l e r a t i o n s  and  i n e r t i a l  a n g u l a r  rates 
and  h a v i n g  a t  least p a r t i a l  r a d a r  cove rage .  

V e h i c l e  maneuvers  

I n  a d d i t i o n  t o  p o s t f l i g h t  r e c o n s t r u c t i o n ,  t h e  programs are  
u s e f u l  f o r  s o l v i n g  p r e f l i g h t  t r a j e c t o r y  s i m u l a t i o n  and e r r o r  a n a l y -  
s i s  problems.  

I. INTRODUCTION 

The S t a t i s t i c a l . T r a j e c t o r y  E s t i m a t i o n  Programs (STEP1 and 
STEP2) were o r i g i n a l l y  developed,  v a l i d a t e d ,  and  s u c c e s s f u l l y  used  
t o  r e c o n s t r u c t  t h e  t r a j e c t o r i e s  of t h e  SV-5D maneuverable  l i f t i n g  
r e e n t r y  v e h i c l e s  on t h e  U.S. A i r  Fo rce  PRIME program. The o r i g i -  
n a l  f o r m u l a t i o n  i s  p r e s e n t e d  i n  r e f e r e n c e  1. 

. 
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S u b s e q u e n t l y ,  under  NASA C o n t r a c t  NASL-8500 w i t h  Langley  R e -  
s e a r c h  C e n t e r ,  the  o r i g i n a l  f o r m u l a t i o n  f o r  STEP was m o d i f i e d ,  
a n d  t h e  programs were r e b u i l t .  The m o d i f i c a t i o n s  c o n s i s t  o f  
c h a n g i n g  t h e  t r a n s l a t i o n a l  e q u a t i o n s  o f  m o t i o n  t o  i n e r t i a l  a x e s  
a n d  u s i n g  q u a t e r n i o n s  t o  d e s c r i b e  t h e  v e h i c l e  a t t i t u d e .  S e v e r a l  
a d d i t i o n a l  o p t i o n s  t o  improve u t i l i t y  were a l s o  i n c l u d e d .  The 
improved f o r m u l a t i o n  i s  p r e s e n t e d  i n  Volume I of t h i s  r e p o r t .  

From t h e i r  f i r s t  c o n c e p t i o n ,  t h e  f o l l o w i n g  s i x  r u l e s  have  
s e r v e d  as g u i d e l i n e s  f o r  t h e  development  of STEP: 

Keep  a l l  u s e r l p r o g r a m  i n t e r f a c e s  s i m p l e  a n d ’ l o g i c a l ;  

Use FORTRAN I V  o r  FORTRAN 2 . 0  c o d i n g  t h r o u g h o u t  t o  
f a c i l i t a t e  m o d i f i c a t i o n s  and  c o n v e r s i o n  t o  v a r i o u s  
computers ;  

Keep  STEP1 and STEP2 as i d e n t i c a l  as p o s s i b l e ;  

Minimize l o g i c  t h a t  l i m i t s  program a p p l i c a t i o n s  
t o  s p e c i f i c  v e h i c l e s ;  

Use a n  e x e c u t i v e  program s t r u c t u r e  w h e r e i n  t h e  main 
program c o n t r o l s  l o g i c  f l o w  t o  and  from numerous 
s u b o r d i n a t e  s u b r o u t i n e s ;  

Be c o n t i n u a l l y  concerned  w i t h  m i n i m i z i n g  program e x -  
e c u t i o n  t ime and computer  c o r e  r e q u i r e m e n t s .  

As a consequence of t h e s e  g u i d e l i n e s ,  t h e  o r i g i n a l  programs 
were o p e r a t e d  on t h e  I B M  709412,  GE-635, IBM-360165, and CDC-6400 
computers .  The m a j o r i t y  of s u b r o u t i n e s  i n  t h e  two programs a re  
i d e n t i c a l ,  program i n p u t  and o u t p u t  a re  n e a r l y  a l i k e ,  and b o t h  
programs c a n  i n t e r f a c e  w i t h  t h e  same d a t a  t a p e s .  

I n  t h e  f o l l o w i n g  s e c t i o n s ;  i n f o r m a t i o n  p e r t e n e n t  t o  t h e  u s e r  
and programer a r e  p r e s e n t e d .  T h i s  i n c l u d e s  d e s c r i p t i o n s  of  t h e  
i n p u t  and  o u t p u t ,  c h e c k o u t  p r o c e d u r e s ,  program l o g i c ,  FORTRAN 
symbols ,  f low d iagrams,  and l i s t i n g s .  R e f e r e n c e  w i l l  be  made 
f r e q u e n t l y  t o  t h e  v a r i a b l e s ,  e q u a t i o n s ,  modes of  o p e r a t i o n ,  a n d  
c o m p u t a t i o n a l  p r o c e d u r e s  d e s c r i b e d  i n  Volume I of t h i s  r e p o r t .  
It i s  recommended t h a t  t h e  r e a d e r  be f a m i l i a r  w i t h  t h i s  mater ia l  
b e f o r e  p r o c e e d i n g  i n t o  t h i s  volume-- the U t i l i z a t i o n  R e p o r t .  



11. PROGRAM INPUT AND OUTPUT 

? 

I n  Volume I o f  t h i s  r e p o r t ,  the  ma themat i ca l  t e c h n i q u e s  and 
p r o c e d u r e s  used i n  STEP a r e  d e s c r i b e d .  B r i e f l y ,  t he  concept  con- 
s i s t s  of  f i t t i n g  t h e  e q u a t i o n s  o f  motion t o  t r a j e c t o r y  d a t a  i n  a 
m i n i m u m  v a r i a n c e  s e n s e ,  The e q u a t i o n s  of  mot ion  i n  STEPl r e q u i r e  
the i n e r t i a l  a n g u l a r  r a t e  d a t a ,  PM, Q,, and \; and ,  i n  STEP2 
t h e  i n e r t i a l  a n g u l a r  ra te  d a t a  and a c c e l e r o m e t e r  d a t a ,  a 

and a 

mot ion ,  so o b v i o u s l y  t h e y  m u s t  be exc luded  from t h e  d a t a  t o  which 
t h e  e q u a t i o n s .  o f  mot ion  a r e  f i t .  A s  a r e s u l t  o f  t h e  two d i f f e r e n t  
ways i n  which d a t a  a r e  used ,  STEP i n t e r f a c e s  w i t h  two magnet ic  
t a p e s ,  The f i r s t  t a p e ,  t h e  PQR t a p e ,  c o n t a i n s  t h e  i n e r t i a l  angu- 
l a r  r a t e  and a c c e l e r o m e t e r  d a t a  reqiuired by t h e  e q u a t i o n s  o f  mo- 
t i o n  i n  STEP2. The second tape ,  the  FIT t a p e ,  c o n t a i n s  t h e  r a d a r  
t r a c k i n g  and a c c e l e r o m e t e r  d a t a  a s  w e l l  a s  a n y  a d d i t i o n a l  d a t a  t o  
which  t h e  e q u a t i o n s  o f  mot ion  i n  STEPl a r e  t o  be f i t .  Note t h a t  
t h e  PQR t a p e  can  be used i n  STEP1, and  t h e  FIT tape i n  STEP2. i f  
t h e  a c c e l e r a t i o n s  a r e  n e g l e c t e d .  

XM’ 
These d a t a  a re  s a t i s f i e d  e x a c t l y  by t h e  e q u a t i o n s  o f  ZM ’ 

STEP a l s o  r e q u i r e s  a p r i o r i  e s t i m a t e s ,  c o v a r i a n c e s ,  and c o r -  
r e l a t i o n s  o f  t h e  s t a t e  v a r i a b l e s  and model p a r a m e t e r s ;  program 
c o n t r o l s  and numer i ca l  i n t e g r a t i o n  i n f o r m a t i o n ;  g e o p h y s i c a l  and 
g r a v i t a t i o n a l  c o n s t a n t s ;  . v e h i c l e  p h y s i c a l  and aerodynamic d a t a ;  
a t m o s p h e r i c  d a t a ;  e t c .  These d a t a  a r e  i n p u t  by c a r d s .  F i g u r e  1 
i s  a schemat i c  o f  t h e  i n p u t  and o u t p u t  i n f o r m a t i o n  f o r  STEPl and 
STEP2. The f i g u r e  shows t h e  d a t a  r e q u i r e d  by t h e  e q u a t i o n s  o f  
m o t i o n  e n t e r i n g  from t h e  l e f t ,  t h e  d a t a  t o  which  t h e  e q u a t i o n s  
o f  mot ion  a r e  f i t  i n  a minimum v a r i a n c e  s e n s e  e n t e r i n g  from t h e  
t o p ,  and t h e  o u t p u t  e x i t i n g  toward t h e  r i g h t .  Also  shown a re  
t h o s e  d a t a  o b t a i n e d  from c a r d s  and t h o s e  from t a p e .  I n  t h e  f o l -  
lowing  s u b s e c t i o n s ,  t h e s e  i n p u t s  and o u t p u t s  a r e  d e s c r i b e d .  

A ,  C a r d  I n p u t  

The program c a r d  i n p u t s  have been d i v i d e d  i n t o  20 l o g i c a l  
c a t e g o r i e s .  
d i s c u s s e d  below.  The c a t e g o r i e s  shou ld  be i n p u t  i n  numer i ca l  
o r d e r .  They c o n t a i n  d a t a  c o n s i s t i n g  of  b o t h  f i x e d  and f l o a t i n g  
p o i n t  numbers.  The f i x e d  p o i n t  numbers,  d e s i g n a t e d  by a n  a s t e r i s k  
i n  t h e  f o l l o w i n g  d e s c r i p t i o n ,  m u s t  be  r i g h t m o s t  j u s t i f i e d  w i t h i n  
t h e  column f i e l d  s p e c i f i e d .  F l o a t i n g  p o i n t  numbers m u s t  be r i g h t -  
most  j u s t i f i e d  o n l y  i f  t h e  E-mode i s  used ,  e.g., .2574532E+3. 

The q u a n t i t i e s  i n p u t  i n  e a c h  o f  t h e s e  c a t e g o r i e s  a r e  

3 



FIT t a p e  
Radar  t r a c k i n g  
A c c e l e r a t i o n s  
P o s i t i o n  and I- v e l o c i t y  

PQR t a p e  

I n e r t i a l  a n g u l a r  r a t e s  
c 

- 

I 

and c o v a r i a n c e s  
V e h i c l e  p h y s i c a l  and 

aerodynamic d a t a  
Program c o n t r o l s  

F I T  t a p e  

Radar  t r a c k i n g  
P o s i t i o n  and 

d 

1 '  
I 

I n i t i a l  c o n d i t i o n s  
and c o v a r i a n c e s  

Program c o n t r o l s  - 

B e s t  e s t i m a t e  o f  

P o s i t i o n  
V e l o c i t y  
A t  t i  t u d e  
M o d e l  p a r a m e t e r s  

( d e n s i t y ,  aerodynamic,  
w i n d s ,  mass,  c e n t e r  of 
g r a v i t y ,  i n e r t i a l  angu- 
l a r  r a t e s ,  a c c e l e r a t i o n s ,  
and t r a c k i n g )  

Best e s t i m a t e  of 

P o s i t  i o n  
V e l o c i t y  
A t  t i  tud e 
Model p a r a m e t e r s  

( i n e r t i a l  a n g u l a r  
r a t e s ,  a c c e l e r a t i o n s ,  
and t r a c k i n g )  

F i g u r e  1.- Schemat ic  of STEP I n p u t s  and O u t p u t s  



I '  

When f l o a t i n g  p o i n t  numbers a r e  i n p u t  i n  t h e  F-mode, e . g . ,  2 5 7 , 4 5 3 2 ,  
t h e y  can  l i e  anywhere w i t h i n  the column f i e l d  s p e c i f i e d .  L i n e a r  
i n t e r p o l a t i o n  and e x t r a p o l a t i o n  a r e  used on a l l  t a b u l a r  i n p u t  d a t a .  
T h e r e f o r e ,  a t  l e a s t  two p o i n t s  m u s t  be s p e c i f i e d  f o r  each  t a b l e ,  
Curves  t o  be  ma in ta ined  c o n s t a n t  a t  z e r o  need n o t  be i n p u t .  

1. I n p u t  c a t e g o r i e s . -  Those i n p u t  c a t e g o r i e s  common o n l y  t o  
STEP1 w i l l  be no ted  i n  t h e  d e s c r i p t i o n  t h a t  f o l l o w s .  

Ca tegory  1 comment c a r d  (STEP1 and STEP2): 

Va r i a  b 1 e s Columns De s c r i p  t i o  n 

19:  a7 2 Id~ntifies category 1 i n p u t  

I I  comment l1 3 - 7 2  Comment c o n t a i n i n g  a l p h a b e t i c  and 
numer ica l  c h a r a c t e r s  t o  d e s c r i b e  
t h e  problem, d a t e ,  e t c .  

A s  many comment c a r d s  a s  d e s i r e d  may be i n p u t ,  e a c h  however,  
r e q u i r i n g  a 1 i n  column 2 (a 0 o r  b l a n k  w i l l  a l s o  work ) .  The 
comment c a r d s  w i l l  be  p r i n t e d  on t h e  t a b  p r i n t o u t .  

Ca tegory  2 program c o n t r o l s  (STEP1 and STEP2): 

V a r i a b l e  

2 >k 

NPC(l )*  

NPC(Z)* 

NPC(3)* 

NPC ( 4 )  * 
NPC ( 5 ) * 
NPC( 6)* 

NPC(7)* 

NPC(8)* 

NPC (9) * 
NPC (10) * 

Column 

2 

6 

10 

14 

18 

2 2  

2 6  

30 

34 

38 

4 2  

D e s c r i p t i o n  

I d e n t i f i e s  c a t e g o r y  2 i n p u t  

= 0 f i l t e r i n g ,  = 1 d e t e r m i n i s t i c ,  2 e r r o r  a n a l y s i s  

= 0 m e t r i c  u n i t s ,  1 E n g l i s h  u n i t s  - 0 ,  1, o r  2 f o r  i n p u t / o u t p u t  i n  i n t e r n a l  v a r i a b l e s  o r  t y p e s  1 or 2 

= 0 updated  r e f e r e n c e ,  = 1 nonupdated r e f e r e n c e  

= 0 p r i n t  f i t t i n g  d a t a  schedu le ,  = 1 do not  p r i n t  

= 0 do not  p r i n t  cova r i ance  and c o r r e l a t i o n  m a t r i c e s ,  
= 1 p r i n t  cova r i ance  and c o r r e l a t i o n  m a t r i c e s  d u r i n g  smooth ing  on 

= 2 p r i n t  cova r i ance  and c o r r e l a t i o n  m a t r i c e s  d u r i n g  f i l t e r i n g  and 

Number of i t e r a t i o n s  

= 0 smooth s t a t e  on ly ,  no r e s i d u a l  o r  l o s s  f u n c t i o n  c a l c u l a t i o n s  
= 1 smooth s t a t e  on ly ,  c a l c u l a t e  r e s i d u a l s  and lo s s  f u n c t i o n  
= 2 smooth s t a t e  and c o v a r i a n c e s ,  no r e s i d u a l s  o r  l o s s  f u n c t i o n  

- 3 smooth s t a t e  and c o v a r i a n c e s ,  c a l c u l a t e  r e s i d u a l s  and loss func ,  

v a r i a b l e s ,  r e s p e c t i v e l y  

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

smoothing o n  l a s t  i t e r a t i o n  

c a l c u l a t i o n s  

t i o n  
4 do n o t  smooth 

9 0 v e c t o r  p rocess ,  = 1 s c a l a r  p r o c e s s  

= 0 do  n o t  wri te  STATE t a p e  d u r i n g  smooth ing ,  - 1 wri te  tape 

@ A  v a r i a b l e  fo l lowed  b y  an as te r i sk  i n d i c a t e s  a f i x e d  p o i n t  
i n t e g e r  which must b e  r i g h t m o s t  j u s t i f i e d .  

5 



6 

"1 113csc pr-ogi-ani c o , ~ t r o i s  ? e r i n i i l  e n t i r e  pi-ogram o p e r a t i o n ,  F o r  
8 ( '  , % . ,uo,section 11.2. Program c o n t r o l s  

coii-imon t o  a s p e L l i i c  i n p u t  c a t e g o r y  a r e  i n p u t  w i t h  t h a t  c a t e g o r y .  

Category  3 s t a t e  v a r i a b l e s  and model p a r a m e t e r s  (STEP1 and 
STEP2) : 

Var i a b  l e  Column D e s c r i p t i o n  

3 k 2 I d e n t i f i e s  c a t e g o r y  3 i n p u t  

4 V a r i a b l e  i n  X=l, W=2, U=3, V = 4 ,  
Cons t = 5  

I D W  5-8 V a r i a b l e  i d e n t i f i c a t i o n  number, see 

VALUE, 9 - 2 0  Mean v a l u e s  o f  s t a t e  v a r i a b l e  o r  model 

SIG 2 1 - 3 2  S t a n d a r d  d e v i a t i o n  o f  s t a t e  o r  model 

S u b s e c t i o n  A . 4 ,  page 2 1  

parameter, see S u b s e c t i o n  A.4 f o r  u n i t s  

p a r a m e t e r  i f  IPC1 =, 1-4, see Sub- 
s e c t i o n  A.4 f o r  u n i t s  

One c a t e g o r y  3 c a r d  i s  r e q u i r e d  f o r  e a c h  s t a t e  v a r i a b l e  and  model 
p a r a m e t e r  d e s i r e d  i n  t h e  problem.  Should no c a r d  be i n p u t  f o r  a 
s p e c i f i c  model p a r a m e t e r ,  i t  assumes a p r e s e t  v a l u e  o f  1 o r  0 t o  
bypass  t h e  e r r o r  model .  F o r  example,  i n  t h e  a c c e l e r o m e t e r  e r r o r  
model ,  e q u a t i o n  (159) ,  C , ,  = C,, = CeS = 1 a l l  o t h e r  C s  a r e  
z e r o .  F o r  u n c e r t a i n  v a r i a b l e s ,  t h e  s t a n d a r d  d e v i a t i o n s  a r e  s q u a r e d  
and c o n s r i t u t e  t h e  v a r i a n c e  o f  t h e  d i a g o n a l  c o v a r i a n c e  mat r ix .  
Should  o f f - d i a g o n a l  e l e m e n t s  be  r e q u i r e d ,  t h e y  c a n  be  i n p u t  i n  
c a t e g o r y  10. The maximum number o f  components i n  X i s  10; i n  
W i s  20,  i n  U i s  5 ;  i n  V i s  5 .  

C a t e g o r y  4 n u m e r i c a l  i t e g r a t i o n  (STEP1 and STEP2): 

Va r i a  b 1 e Column D e s c r i p t i o n  

4 k 2 I d e n t i f i e s  c a t e g o r y  4 i n p u t  

TO 9 - 2 0  I n i t i a l  problem t ime ,  s e c  

DET 2 1 - 3 2  Time i n t e r v a l  between b l o c k  p r i n t -  

DCOMP 3 3 - 4 4  F i x e d  computing i n t e r v a l ,  s e c  

TFINAL 45-56 F i n a l  problem t ime ,  s e c  

o u t s ,  s e c  



C a t e g o r y  5 g e o p h y s i c a l  and g r a v i t a t i o n a l  (STEP1 and STEP2) : 

Va r i a  b l e  
5 9c 

1 Jc 

GO 

XMU 

XJ2 

a n d / o r  

5 >k 

Z* 

RPO 

REO 

OMEGA 

Column 

2 

4 

9-20 

21-32 

33-44 

2 

4 

9-20 

21-32 

33-44 

De s c r i p  t i o  n 

I d e n t i f i e s  c a t e g o r y  5 i n p u t  

I d e n t i f i e s  r ema in ing  v a r i a b l e s  on c a r d  
as  GO, XMLJ, and XJ2 

A c c e l e r a t i o n  o f  g r a v i t y  a t  s e a  l e v e l  
f o r  use  i n  STEP1 a tmosphere  e q u a t i o n s ,  
m/sec2,  f t / s e c 2  

C o e f f i c i e n t  o f  f i r s t  g r a v i t a t i o n a l  
bariiiofiLc, m3/sec2, f t 3 / s e c 2  

C o e f f i c i e n t  o f  second g r a v i t a t i o n a l  
harmonic 

I d e n t i f i e s  c a t e g o r y  5 i n p u t  

I d e n t i f i e s  r ema in ing  v a r i a b l e s  on c a r d  
as Rp, $ I  and OMEGA 

P o l a r  r a d i u s  o f  p l a n e t ,  m ,  f t  

E q u a t o r i a l  r a d i u s  o f  p l a n e t ,  m y  f t  

P l a n e t  r o t a t i o n  r a t e ,  r a d / s e c  

C a t e g o r y  5 c a r d s  need be i n p u t  o n l y  i f  a change i s  d e s i r e d  from 
t h e  b u i l t - i n  d a t a .  The v a l u e s  o f  t h e  c a t e g o r y  5 d a t a  t h a t  a r e  
b u i l t - i n  are from r e f e r e n c e  2 :  

GO = go = 9.80665 m/sec2 = 32.174048 f t / s e c 2  

XMU = p = 3.985992 x lo1* m3/sec2 = 1.407639 x 10l6 

XJ2 = J2 = 1082,645 x 

RPO = Rp = 6 356 173 m = 20 853 599 f t  

REO = = 6 378 163 m = 20 925 731 f t  

f t3/ sec' 

OMEGA = Rp = 7.292116 x 10'' r a d / s e c  

7 



VariabI  C o l u m n  D e s c r i p t i o n  

6 $: 2 I d e n t i f i e s  c a t e g o r y  6 i n p u t  

IPC2 4 I d e n t i f i e s  t a b l e  t o  f o l l o w  
.*+ 

= 1 x p ( t ) ,  = 2 y ( t ) ,  = 3 z p W  
P 

>k 
KPT S 5-8 Number of  p o i n t s  on  t a b l e  

[Read i n  x ( t ) ,  y p ( t ) ,  o r  z ( t )  ( m y  f t ) ,  depending  

o n  IPC,, u s i n g  t a b l e  i n p u t  f o r m a t  1 i n  S u b s e c t i o n  A . 3 ;  
NPTS m u s t  b e  no l a r g e r  t h a n  201 

P P 

A s e p a r a t e  c a t e g o r y  6 c a r d  p r e c e d e s  each o f  the  t a b l e s .  
t ab l e s  a r e  o m i t t e d .  

Zero 

C a t e g o r y  7 f i t t i n g  d a t a  c o n t r o l s  (STEP1 and  STEP2): 

Va r i a  b 1 e Column 

7 9; 2 

MTY P>k 4 

T I  5-14 

T F  15-24 

DT 25-34 

MR(1,MTYP);k 35-36 

MR(2 ,M'TYP);'f 37-38 

MR(3 ,MTYP)a 39-40 

SIG(  1 ,MTYP) 41-50 

SIG(  2 ,MTYP) 5 1- 60 

SIG( 3 ,MTYP) 61-70 

D e s c r i p t i o n  

I d e n t i f i e s  c a t e g o r y  7 i n p u t  

I d e n t i f i e s  t y p e  o f  d a t a  
= 1, 2 ,  3 ,  4 ,  5 t r a c k i n g  s t a t i o n s  
= 6 a i r b o r n e  r a d a r ,  = 7 p o s i t i o n ,  
= 8 v e l o c i t y ,  = 9 a c c e l e r o m e t e r  

I n i t i a l  t ime t o  p r o c e s s  MTYP d a t a ,  
s e c  

F i n a l  t i m e  t o  p r o c e s s  NTYP d a t a ,  
s e t  

Minimum t i m e  s p a n  between MTYP 
d a t a  p o i n t s ,  sec 

= 0 do no t .  p r o c e s s  component 1, 
= 1 p r o c e s s  component 1 

= 0 do n o t  p r o c e s s  component 2 ,  
= 1 p r o c e s s  component 2 

= 0 do n o t  p r o c e s s  component 3 ,  
= 1 p r o c e s s  component 3 

I n c r e m e n t a l  s t a n d a r d  d e v i a t i o n  on  
component 1, m ,  f t ,  r a d  

I n c r e m e n t a l  s t a n d a r d  d e v i a t i o n  on  
component 2 ,  m y  f t ,  r a d  

I n c r e m e n t a l  s t a n d a r d  d e v i a t i o n  o n  
component 3 ,  m y  f t ,  r a d  



I n p u t  one c a t e g o r y  7 c a r d  f o r  each type  (MTYP) of  d a t a  t o  be  
p r o c e s s e d .  Ca tegory  7 c a r d s  a r e  used t o  c o n t r o l  t h e  f r equency  
and  t ime  span  o f  d a t a  on  t h e  FIT t a p e .  S p e c i f i e d  components o f  
t h e  d a t a  t r i p l e s  can  be e d i t e d  out  ( even  though on t h e  FIT t a p e )  
by s p e c i f y i n g  i t s  c o r r e s p o n d i n g  MR i n p u t  e q u a l  t o  0 .  The i n -  
c r e m e n t a l  s t a n d a r d  d e v i a t i o n s  a r e  added t o  t h e  s t a n d a r d  d e v i a -  
t i o n s  on t h e  FIT t a p e  t o  y i e l d  the t o t a l  s t a n d a r d  d e v i a t i o n s  used  
i n  t h e  f i l t e r i n g  e q u a t i o n s .  A l l  a n g u l a r  s t a n d a r d  d e v i a t i o n s  
(e .g . ,  % and En) a r e  i n  r a d i a n s .  

I n  e r r o r  a n a l y s i s  problems,  t h e  c a t e g o r y  7 c a r d s  p r o v i d e  a l l  
t h e  f i t t i n g  d a t a  i n f o r m a t i o n  n e c e s s a r y ,  i . e . ,  time span ,  f r e -  
quency ,  and s t a n d a r d  d e v i a t i o n .  T h e r e f o r e ,  no FIT t a p e  i s  used .  

Ca tegory  8 FIT t a p e  (STEP1 and STEP2): 

V a r i a b l e  Column D e s c r i p t i o n  

8 9; 2 I d e n t i f i e s  c a t e g o r y  8 i n p u t  

IPC, 4 = 0 no p r i n t  o f  FIT t a p e ,  
= 1 p r i n t  FIT t a p e  

IPC4 a = 1 i n p u t  FIT d a t a  f rom c a r d s ,  
= 0 do n o t  e n t e r  FIT d a t a  from 

c a r d s  

?k 

Jr 

( I f  IPC, = 1, 
t a b l e  i n p u t  fo rma t  2 i n  Subsec t ion  A . 3 )  

r e a d  i n  FIT d a t a  f rom c a r d s  u s i n g  

The c a t e g o r y  8 c a r d s  p e r m i t  p r i n t i n g  of  t h e  FIT t a p e  a n d / o r  i n p u t  
o f  t h e  FIT d a t a  from c a r d s ,  When c a r d  i n p u t  i s  used ,  a t a p e  i s  
w r i t t e n  from t h e  c a r d  i n p u t s  and l a t e r  used  i n  problem e x e c u t i o n .  
I f  a p r e p a r e d  FIT t a p e  i s  t o  be used  and no p r i n t o u t  of the t a p e  
i s  d e s i r e d ,  omi t  c a t e g o r y  8 i n p u t .  

Ca tegory  9 POR t a p e  (STEP1 and STEP2): 

V a r i a b l e  Column D e s c r i p t i o n  

9 9; 2 I d e n t i f i e s  c a t e g o r y  9 i n p u t  

IPCZ 4 = 0 no p r i n t  of PQR t a p e ,  
= 1 p r i n t  PQR t a p e  

I PC, 8 = 1 i n p u t  PQR d a t a  f rom c a r d s ,  
= 0 do n o t  e n t e r  PQR d a t a  from 

c a r d s  

>k 

(If IPC, = 1, 
fo rma t  3 i n  S u b s e c t i o n  A . 3 )  

r e a d  PQR d a t a  f rom c a r d s  u s i n g  t a b l e  

9 



The c a t e g o r y  9 c a r d s  p e r m i t  p r i n t i n g  of the  PQR t a p e  a n d / o r  i n p u t  
o f  the PQR d a t a  from c a r d s .  TlvThen c a r d  i n p u t  i s  u s e d ,  a t a p e  i s  
w r i t t e n  from tile c a r d  i n p u t s  and l a t e r  used i n  problem e x e c u t i o n .  
I f  a p repa red  PQR t a p e  i s  d c s i r c d ,  omi t  c a t e g o r y  9 i n p u t .  

Ca tegory  10 c o v a r i a n c e  and c o r r e l a t i o n  m a t r i c e s  (STEP1 and 
STEP2) : 

Va r i a b  1 e 

io”  1 -2  I d e n t i f i e s  c a t e g o r y  10 i n p u t  

IPC, 4 I d e n t i f i e s  m a t r i x  o r  m a t r i x  

Co 1 unin De s c  r i P t i o  n 

9< 

e l e m e n t s  t o  f o l l o w  

= 1 P, =2 cuz, =3 cvz 
= 4 P ( i , j ) ,  
= 6 C V Z ( i , j )  

= 5 C U Z ( i , j )  

NPTSa 8 Xurnber of s i n g i e  p o i n t  c a r d s  
t o  f o l l o w  i f  I P C 7  > 3 

[Read  i n  P ,  CCZ, or CVZ (m, f t ,  r a d )  i f  I P C ,  
= 1, 2 ,  or 3 ,  r e s p e c t i v e l y ,  by  means  o f  t a b l e  f o r m a t  
4 i n  S u b s e c t i o n  A . 3 1  

o r  i n p u t  NPTS c a r d s  e a c h  c o n t a i n i n g  a s i n g l e  
p o i n t  fo rma t t ed  a s  fo l lows  

i ?’r 5-8 
j Q 9-12  
p ( i ,  j )  13-24 

o r  

i >‘r 5-8 
j i: 9-12 
C U Z ( i ,  j )  13-24 

or  

i 3< 5-8 
j $< 9-12 
C V Z ( i , j >  13-24 

i f  IPC7  = 4 

i f  IPC7 = 5 1 
i f  IPC, = 6 

The c a t e g o r y  10 d a t a  m u s t  be  i n p u t  a f t e r  a l l  c a t e g o r y  3 c a r d s  
have been i n p u t .  T h i s  i s  n e c e s s a r y  t o  a l l o w  t h e  program t o  de-  
t e rmine  t h e  number o f  components i n  t h e  expanded s t a t e  v e c t o r  z ,  
model pa rame te r s  U, and measurement p a r a m e t e r s  V .  The s i z e  o f  
P, CUZ, and CVZ r e q u i r e  t h a t  t h e s e  v e c t o r  s i z e s  be  known. 
Care  should be  e x e r c i s e d  i n  a s s u r i n g  t h a t  t h e  m a t r i c e s  i n p u t  i n  
c a t e g o r y  10  a r e  compa t ib l e  b o t h  i n  s i z e  and t h e  o r d e r  o f  v a r i a b l e s  
i n p u t  i n  c a t e g o r y  3 .  The c a t e g o r y  10 i n p u t  can  be o m i t t e d  i f  t h e  
d i a g o n a l  m a t r i x  P i n p u t  i n  c a t e g o r y  3 and n u l l  c o r r e l a t i o n  
m a t r i c e s  CUZ and CVZ a r e  a c c e p t a b l e .  



. 

c 

C a t e g o r y  11 aerodynamic c o e f f i c i e n t s  (STEP1 o n l y ) :  

V a r i a b l e  Column D e s c r i p t i o n  

1 l’k 1-2 I d e n t i f i e s  c a t e g o r y  11 i n p u t  

IPC, 4 Aerodynamic i n p u t  o p t i o n  i n d i c a t o r  
9; 

- - -1 CD, cy, c = 0 CA, cy, cN; L’ 

SREF 9-21  Reference  area f o r  aerodynamic  

XLREF 22-33 Reference  l e n g t h  i n  Reynolds  
number 

c o e f f i c i e n t s  

( I n p u t  a l l  t h r e e  t a b l e s  of aerodynamic c o e f f i c i e n t s  by 
means o f  t a b l e  i n p u t  format  5 i n  S u b s e c t i o n  A.3) 

C a t e g o r y  12  mass (STEP1 only): 

V a r i a b l e  Column D e s c r i p t i o n  

1 2 9 c  1-2 I d e n t i f i e s  c a t e g o r y  1 2  i n p u t  

NPT S* 8 Number of p o i n t s  o n  t a b l e ,  t h e  

TONE 9-20 Time tl t o  commence mass e r r o r  

TTWO 21-32 Time t2 ‘ a t  which  mass e r r o r  model 

mass tab le  t o  f o l l o w  

model c o r r e c t i o n  

c o r r e c t i o n  i s  s topped  

[Read i n  m ( t )  (kg ,  s l u g s )  by means o f  t a b l e  i n p u t  f o r m a t  
1 i n  S u b s e c t i o n  A . 3 1  

Category  13  a tmosphe r i c  winds (STEP1 o n l y ) :  

V a r i a b l e  Column D e s c r i p t i o n  

13”; 1-2 I d e n t i f i e s  c a t e g o r y  13 i n p u t  

1pc;o 4 I d e n t i f i e s  wind p r o f i l e  t o  fo l low 
-‘. 

= %M(ho)” = VWM(ho) 

NPTW 8 Number o f  p o i n t s  on t a b l e  

[Read i n  UwM(h> o r  VWM ( h )  (mps o r  f p s ) ,  depending  on 

IPCl0, by means of t a b l e  i n p u t  f o r m a t  1 o f  S u b s e c t i o n  A . 3 1  

11 



Var i a b  1 e Column D e s c r i p t i o n  

14  

1% 1 
9; 

NPT S-ic 

APO 

AM0 

AR 

AGAM 

ABET 

AS 

1 - 2  I d e n t i f i e s  c a t e g o r y  1 4  i n p u t  

4 I d e n t i f i e s  a t m o s p h e r e  o p t i o n  
= 0 1962 U.S. s t a n d a r d ,  
= 1 1959 ARDC,  
= 2 a r b i t r a r y  a tmosphere  t o  be  i n p u t  

a s  f u n c t i o n  o f  g e o p o t e n t i a l  a l t i -  
t u d e  , 

= 3 a r b i t r a r y  a t m o s p h e r e  t o  b e  i n p u t  
as f u n c t i o n  o f  g e o m e t r i c  a l t i t u d e  

If IPC,, 1 2  input:  t h e  f o l l o w i n g  

3-4 Number o f  b a s e  p o i n t s  on  a t t i t u d e  
p r o f i l e  t o  be i n p u t  

5- 15 Sea l e v e l  p r e s s u r e ,  nt/m2 o r  
l b f /  f t2 ' 

16-26 Mean m o l e c u l a r  w e i g h t  o f  a tmos-  

27-37 Gas c o n s t a n t ,  J/ ( O K )  (kg-mol) 

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

o r  f t / l b  ( O R )  ( s lug-mol)  
f 

38-48 S p e c i f i c  h e a t  r a t i o  o f  a tmos-  
p h e r e  c o n s t i t u e n t s  

S u t h e r l a n d s  c o n s t a n t s  B and S 
49-59 2 used t o  c a l c u l a t e  a tmosphere  

v i s c o s i t y ,  see u n i t s  on  d a t a  
below 

[ I n p u t  H i 3 ( i )  (m, f t )  and TMB(i) ( O K ,  OR), i=l, 
NPTS by  means o f  t a b l e  i n p u t  f o r m a t  6 i n  S u b s e c t i o n  
A . 3 1  

The d a t a  e n t e r e d  i n  c a t e g o r y  14 i n p u t  ( i f  I P C l l  2 2 )  must 
be  d i m e n s i o n a l l y  c o m p a t i b l e  w i t h  t h a t  s p e c i f i e d  i n  o t h e r  ca t e -  
g o r i e s .  The v a l u e s  o f  AMO, APO, A R ,  AGAM, ABET, and  AS 
b u i l t - i n  the program f o r  u s e  i n  t h e  1959 ARDC and 1962 U.S. 
S tandard  a t m o s p h e r e s  a r e  t h e  f o l l o w i n g :  

1 2  



APO = 1.013250 x lo5 nt/m2 = 2116.2166 l b f / f t 2  

AM0 = 28.9644 

AR = 8.31432 x lo3 J / ( O K )  (kg-mol) = 49.7192 x lo3 
f t - l b f / (OR)  (s lug-mol)  

AGAM = 1.40 

V a r i a b l e  Column D e s c r i p t i o n  

2 0” 1-2 I d e n t i f i e s  c a t e g o r y  20 c a r d  
i - 

ABET = 1.458 x kg / sec  m (OK)’ = 2.269 x 
s l u g s / f t - s e c  ( O R )  k 

AS = 110.4 O K  = 198.72 O R  

2 .  Program c o n t r o l  d e f i n i t i o n s , -  D e f i n i t i o n s  of t h e  program 
c o n t r o l s  used  i n  t h e  p r e v i o u s  s e c t i o n  f o l l o w :  

NPC (1) 

NPC(2) 

NPC(3) 

NPC ( 4 )  

NPC(5) 

0 F i l t e r i n g  mode of o p e r a t i o n ;  

1 D e t e r m i n i s t i c  mode of o p e r a t i o n ;  

2 

0 I n p u t  and o u t p u t  i n  metric u n i t s  (kg,  m, s e c ) ;  

1 I n p u t  and o u t p u t  i n  E n g l i s h  u n i t s  (slug, f t ,  s e c ) .  

I n p u t  and o u t p u t  t h e  f o l l o w i n g  s t a t e  v a r i a b l e s ,  t h e i r  
s t a n d a r d  d e v i a t i o n s ,  c o v a r i a n c e  and c o r r e l a t i o n  
ma t r i c e  ,s ; 

E r r o r  a n a l y s i s  mode o f  o p e r a t i o n .  

0 u ,  v ,  w ,  hop  ‘pD, 8 ,  e o ,  e l ,  e 2 ,  e 3 ;  

0 

1 Do n o t  upda te  r e f e r e n c e  u n t i l  f i n a l  t ime i s  m e t ,  

0 P r i n t  s c h e d u l e  o f  p rocessed  f i t t i n g  d a t a ;  

1 

Update  r e f e r e n c e  a f t e r  each  meas’urement p r o c e s s e d ;  

Do n o t  p r i n t  s chedu le  o f  p rocessed  f i t t i n g  d a t a .  

13 



NPC( 6 )  = 0 Do n o t  p r i n t  c o v a r i a n c e  and c o r r e l a t i o n  m a t r i c e s ;  

1 f r i i i t  c o v a r i a n c e  and c o r r e l a t i o n  m a t r i c e s  P ,  
C U Z ,  2 n d  CVZ a f t e r  each  b l o c k  p r i n t o u t  d u r i n g  
smoothing on l a s t  i t e r a t i o n ;  

2 P r i n t  c o v a r i a n c e  and c o r r e l a t i o n  m a t r i c e s  P,  
CUZ,  and CVZ a f t e r  each  b l o c k  p r i n t o u t  d u r i n g  
f i l t e r i n g  and smoothing on l a s t  i t e r a t i o n .  

NPC(7) = Number of  f i l t e r i n g  and smoothing i t e r a t i o n s .  

NPC(8) = G Smooth s t a t e  o n l y ,  no r e s i d u a l s  n o r  l o s s  f u n c t i o n ;  

1 Smooth s t a t e  o n l y ,  c a l c u l a t e  r e s i d u a l s  and  l o s s  
~ __  

f unc t i o n  ; 

2 Smooth s t a t e ,  c o v a r i a n c e ,  and c o r r e l a t i o n  matrices, 
no r e s i d u a l s  no r  l o s s  f u n c t i o n  c a l c u l a t i o n s ;  

3 Smooth s t a t e ,  c o v a r i a n c e ,  a n d  c o r r e l a t i o n  m a t r i c e s ,  
c a l c u l a t e  r e s i d u a l s ,  and  l o s s  f u n c t i o n ;  

4 Do n o t  smooth. 

[Befo re  t h e  l a s t  i t e r a t i o n ,  o n l y  t h e  s t a t e  i s  smoothed 
i f  NPC(8)  = 2 o r  31 

NPC(9) = 0 P r o c e s s  d a t a  a s  v e c t o r s  where p o s s i b l e ;  

1 P r o c e s s  d a t a  a s  s c a l a r s  a t  a l l  t imes.  

NPC(10) = 0 Do n o t  w r i t e  ST.4TE t a p e ;  

1 W r i t e  STATE t a p e  on backward smoothing of  l a s t  
i t e r a t i o n .  

I PC, = 1 V a r i a b l e  i s  a coniponent of t h e  s t a t e  v e c t o r ,  X;  

2 V a r i a b l e  i s  a model p a r a m e t e r  t o  be e s t i m a t e d  i n  

3 V a r i a b l e  i s  a n  u n c e r t a i n  model p a r a m e t e r  n o t  t o  be 

4 V a r i a b l e  i s  an u n c e r t a i n  measurement p a r a m e t e r  not: 

t h e  expanded s t a t e  v e c t o r ,  2; 

e s t i m a t e d ,  U ;  

to be  e s t i m a t e d ,  V; 

c e r t a i n t y ,  C .  

6 c a r d ;  

5 V a r i a b l e  i s  a model p a r a m e t e r  known w i t h  a b s o l u t e  

IPC, = 1 I n d i c a t e s  t h e  x p ( t )  t a b l e  w i l l  f o l l o w  c a t e g o r y  

2 I n d i c a t e s  t h e  y p ( t )  t a b l e  w i l l  f o l l o w  c a t e g o r y  
6 c a r d ;  



. 
3 I n d i c a t e s  t h e  z p ( t )  t a b l e  w i l l  f o l l o w  c a t e g o r y  

IPC,(I?C,) = 0 Do n o t  p r i n t  o u t  the  d a t a  on t h e  FIT (PQR) t a p e ;  

1 P r i n t  o u t  t h e  d a t a  on t h e  FIT (PQR) t a p e  i n  t a b -  

6 c a r d .  

u l a r  form b e f o r e  commencing t h e  problem e x e c u t i o n ,  

IPC4(IPC,) = 0 W r i t e  t h e  FIT (PQR) t a p e  from i n p u t  c a r d s ;  

1 The FIT (FQR) t a p e  h a s  a l r e a d y  been p r e p a r e d  and 
need n o t  be w r i t t e n  from c a r d s .  

IPC7 = 1 The c o v a r i a n c e  m a t r i x  P f o l l o w s  t h e  c a t e g o r y  10 
c a r d  ; 

10 c a r d ;  
2 The c o v a r i a n c e  m a t r i x  CUZ f ~ l l o w s  the c a t e g o r y  

3 The c o v a r i a n c e  m a t r i x  CVZ f a l l o w s  t h e  c a t e g o r y  

4 S i n g l e  p o i n t s  P ( i , j )  f o l l o w s  t h e  c a t e g o r y  10 

5 S i n g l e  p o i n t s  C U Z ( i , j )  f o l l o w s  t h e  c a t e g o r y  10 

6 S i n g l e  p o i n t s  C V Z ( i , j )  f o l l o w s  t h e  c a t e g o r y  10 

10 c a r d ;  

c a r d ;  

c a r d ;  

c a r d .  

IPC8 = -1 Aerodynamic c o e f f i c i e n t  i n p u t s  a r e  

Cy(a,  B ,  M) and C L ( a ,  B ,  M) ; 

C,(a, p,  M), 

0 Aerodynamic c o e f f i c i e n t  i n p u t s  are C A ( a , S , M ) ,  

1 Aerodynamic c o e f f i c i e n t  i n p u t s  a r e  CA(k,r,,M), 

C y ( " , B N  and CN(",B,% 

cy ( E , r i Y W  and CN (E,ri,W. - 
ri 7 

1% 0 = 0 I n d i c a t e s  t h e  uW(ho) t a b l e  f o l l o w s  c a t e g o r y  13 
c a r d ;  

c a r d .  
1 I n d i c a t e s  t h e  vw(ho) t a b l e  f o l l o w s  c a t e g o r y  13 

IPCll 0 Use a 1962 U.S. Standa rd  a tmosphe re ;  

1 Use a 1959 ARDC a tmosphere ;  

2 I n p u t  a n  a r b i t r a r y  a tmosphe re  as a f u n c t i o n  of 
g e o p o t e n t i a l  a l t i t u d e ;  

3 I n p u t  a n  a r b i t r a r y  a tmosphe re  as a f u n c t i o n  of  
g e o m e t r i c  a l t i t u d e .  



MTYP = 1 Traclcing s t a t i o n  1 w i t h  components 1, 2 ,  and  3 
b e i n g  R ,  A ,  and E ,  r e s p e c t i v e l y ;  

2 T r a c k i n g  s t a t i o n  2 w i t h  components 1, 2 ,  and  3 
b e i n g  R ,  A ,  and E ,  r e s p e c t i v e l y ;  

3 T r a c k i n g  s t a t i o n  3 w i t h  components 1 ,  2 ,  and 3 
b e i n g  R ,  A ,  and  E ,  r e s p e c t i v e l y ;  

4 Tracking @ t a t i o n  4 with components 1, 2 ,  and 3 
b e i n g  R ,  A ,  and E ,  r e s p e c t i v e l y ;  

5 T r a c k i n g  s t a t i o n  5 w i t h  components 1, 2 ,  and  3 
b e i n g  R, A ,  and E ,  r e s p e c t i v e l y ;  

6 A i r b o r n e  r a d a r  w i t h  component 1 b e i n g  RR (com- 
p o n e n t s  2 and 3 a r e  c u r r e n t l y  u n u s e d ) ;  

7 V e l o c i t y  o f  v e h i c l e  w i t h  components 1, 2 ,  and  3 
b e i n g  u ,  v ,  and w ,  r e s p e c t i v e l y ;  

8 P o s i t i o n  of v e h i c l e  w i t h  components 1, 2 ,  and  3 
' b e i n g  h ,  q, and 8 ,  r e s p e c t i v e l y ;  

9 A c c e l e r o m e t e r  w i t h  components 1, 2 ,  and 3 b e i n g  

1 t 1 

2 t 4  

t NPTS-1 

a m' a *' and aZM' r e  s p e  c t i v e  1 y . 

I 
13-24 25-36 3 7 - 4 8  49-60 61-72 

X (  t l )  t 2  X ( t 2 )  t 3  a t , )  

X ( t 4 )  

t X(tNPTS-l) NPTS X(tNPTS) 

3 .  T a b l e  i n p u t  f o r m a t s . -  The f o r m a t s  d e s c r i b e d  below a r e  u s e d  
t o  i n p u t  t a b l e s  i n  STEP. 

h a v i n g  NPTS d i s c r e t e  a .  Format 1: F o r  a t a b l e ,  X ( t i ) ,  

v a l u e s  o f  t h e  i n d e p e n d e n t  v a r i a b l e ,  t a n d  t h e  d e p e n d e n t  v a r i -  

a b l e ,  X ( t i ) ,  t h e  f o l l o w i n g  f o r m a t  i s  u s e d .  
i' 

The number of  p o i n t s  on  the t a b l e  NPTS i s  e n t e r e d  on  the  
c a t e g o r y  c a r d  p r e c e d i n g  the  t a b l e .  I 

I 

I I 
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. 

1 

2 .  

. 
K+1 

b .  Format 2:  T h i s  fo rma t  co r re sponds  t o  the  d a t a  on t h e  FIT 
t a p e .  The da ta  can be i n p u t  on c a r d s  i n  c a t e g o r y  8 u s i n g  t h e  f o l -  
lowing f o r m a t ,  

K* 

TT(1) TP(1) T Q ( 1 )  TR(1) AX(1) A Y ( 1 )  AZ(1) 

TT(K) TP(K) TQ(K) TR(K) AX(K) AY(K) AZ(K) 

(The l a s t  r e c o r d  of i n p u t  m u s t  c o n t a i n  z e r o s )  

K+1 

1-2 3-4 5-14 15-24 25-34 35-44 45-54 55-64 6 5 - 7 4  

K* 

MTP(l)* TYM(1) DAT(1,l) DAT(2,l) DAT(3,l) SIG(1,l) SIG(2,l) SIG(3,l) 

MTP(2)* TYM(2) DAT(1,2) DAT(2,2) DAT(3,2) SIG(1,2) SIG(2,2) SIG(3,2) 

* 
MTP(K) TYM(K) DAT(1,K) DAT(2,K) DAT(3,K) SIG(1,K) SIG(2,K) SIG(3,K) 

(The l a s t  r eco rd  of input must c o n t a i n  zeros)  

Each r e c o r d  o f  t h e  FIT t a p e  c o r r e s p o n d s  t o  t h e  K p o i n t s  
d e s c r i b e d  above .  The number o f  p o i n t s  p e r  r e c o r d ,  K, m u s t  
n e v e r  exceed 20.  A s  many r e c o r d s  ( w i t h  K ,< 20) a s  d e s i r e d  may 
be  i n p u t .  The l a s t  r e c o r d  must a lways  c o n s i s t  of a s i n g l e  c a r d  
h a v i n g  K = 0 .  

c ,  Format 3 :  T h i s  fo rma t  co r reponds  t o  t h e  d a t a  on  t h e  PQR 
t a p e .  The d a t a  can  be i n p u t  on c a r d s  i n  c a t e g o r y  9 u s i n g  t h e  
f o l l o w i n g  f o r m a t ,  

17 



d .  Format 4: This fo rma t  c o r r e s p o n d s  t o  t h e  c o v a r i a n c e  and 
c o r r e l a t i o n  m a t r i c e s  i n p u t  i n  c a t e g o r y  10. These m a t r i c e s  a r e  
i n p u t  b y  rows u s i n g  t h e  f o l l o w i n g  f o r m a t ,  x Card 

1 

1 

1 

1-12 13-24 25-36 3 7 -48 49 - 60 61-72 

18 

P ( m , d  

CUZ(1,l) CUX(1,2) CUZ(1,3) ... CUZ(1,q) CUZ(2,l) 

cuz (m , q ) 

CVZ(1,l) CVZ(1,2) CVZ(1,3) ... CVZ(1,r) CVZ(2,l) 

CVZ (m, r )  

The number o f  components of  t h e  expanded s t a t e  v e c t o r ,  
c e r t a i n  model p a r a m e t e r s ,  q, and measurement p a r a m e t e r s ,  r ,  
a r e  de termined  by coun t ing  t h e  c a t e g o r y  3 c a r d s  a s  t h e y  a r e  i n p u t .  

m ,  un- 



> 
1 

2 

3 

4 

e .  Format 5: T h i s  fo rma t  i s  used t o  i n p u t  t h e  t a b l e s  of  a e r o -  
dynamic c o e f f i c i e n t s  i n  c a t e g o r y  .11. Each t a b l e  commences w i t h  
t h e  f o l l o w i n g  c o n t r o l  c a r d  

1-4  5-8 9-12 13-16 17-20 

where  

NT = T a b l e  i d e n t i f i c a t i o n  number = 1 f o r  CD o r  CA, 

= 2 f o r  Cy o r  Cy , 
7 

= 3 f o r  CL, CN o r  CN ; 
7 

NV = Number o f  independent  v a r i a b l e s  f o r  t h e  t a b l e ,  

N1 = Number o f  p o i n t s  i n  t h e  f i r s t  i ndependen t  v a r i a b l e ,  

N, = Number of  p o i n t s  i n  the  second independen t  v a r i a b l e s ,  

N, = Number o f  p o i n t  i n  t h e  t h i r d  independen t  v a r i a b l e ,  

O s N V s 3 ;  

a o r  7 ;  

B o r  5 ;  

M. 

The t a b u l a r  e n t r i e s  fol low.  The f i r s t  three c a r d s  l i s t  t h e  N,, 
a,  o r  7 v a l u e s ,  t h e  N,, p,  o r  5 v a l u e s  and t h e  N, M 
values .  T h i s  i s  fo l lowed  by the  aerodynamic c o e f f i c i e n t s ,  s p e c i -  
f i e d  by NT, which w i l l  be  denoted  by C below. 

1-6 7-12 13-18 23-24 25-30 31-36 37-42 ~ 3 - 4 a  49-54 55-60 61-66 67-72 
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Pr.1- hT = 3, I - ~ ~ ~ I ~ C C  ~1 nnci 3 1 ) ~  7 a n d  i n  t h e  atlove 

wiiicii  n11;uLiilis t o  e i g ~ i ~  v n l u c s  01 a ,  e i g h t  v a l u e s  oi: F;, a n d  
c.is1iL v a l u e s  o f  N. By spec i l l y ing  N 1  a n d / o r  N, a n d / o r  N, 
c q u a l  t o  z e r o ,  t h e  t r i v a r i a t c  t a b l e  c a n  be c o l l a p s e d  t o  a b i v a r i -  
a t e  o r  m o n o v a r i a t e  t a b l c  o r  a p o i n t .  F o r  b i v a r i a t e  o r  m o n o v a r i a t e  
t a b l e s ,  t h e  s i z e  l i m i t a t i o n  i s  s t i l l  512 .  N i  x N .  5 512 

J 
f o r  monovar ia te  t a b l e s  a l l o w i n g  more p o i n t s  per c u r v e  t o  be  spec i -  
f i e d .  

8 L ~ J c l .  I 1 I L v u i  L d i ~ l e  is . > J A ~  1 . ~ n . 1  t c d  L O  ‘(1 Y. L y z  x I;, L 512, 

However 

f .  Format 6 :  T h i s  f o r m a t  i s  used  t o  i n p u t  t h e  b a s e  geopoten-  
t i a l  o r  g e o m e t r i c  a l t i t u d e s  and  m o l e c u l a r  scale  t e m p e r a t u r e s  i n  
c a t e g o r y  14.  

1-12 13-24 25-36 37-48 49-60 61-72 

The number of  p o i n t s  i n  e a c h  t a b l e ,  NPTS, i s  i n p u t  on  t h e  c a t e -  
g o r y  14 c a r d .  In t h e  above t a b l e ,  H B ( i )  a r e  t h e  b a s e  geopoten-  
t i a l  a t t i t u d e s  and TMB(i) t h e  b a s e  m o l e c u l a r  s c a l e  t e m p e r a t u r e .  
The maximum number o f  p o i n t s  i n  t h e s e  t a b l e s  i s  NPTS 2 23.  

4 .  V a r i a b l e  i d e n t i f i c a t i o n  numbers a n d  i n p u t / o u t p u t  u n i t s  .- 
V a r i a b l e  i d e n t i f i c a t i o n  numbers and i n p u t / o u t p u t  u n i t s  a r e  g i v e n  
i n  t a b l e  1. 



I D N  

S t a t e  

1 

2 

3 

4 

5 

6 

7 

a 
0 

10 

c3 
c4 
CS 

c7 
Cs 
cs 
C l  0 

c11 

c6 

Mod e 1 
parame fer! 

1 

2 

3 
4 
5 

6 

7 

a 
9 

10 

11 

12 

13 
14 

15 

16 

17 
i a  
19 

20 

21 

2 2  

23 
24 

25  

2 6  

27  

28 

29 

30 

31 

TABLE 

Variable 

- VARIAULE IIIENTIFICATION NUMBERS AND INPUT UNITS 

Refercnce 
equation 

from vol .  I 

(127) thru (129) 

(219) 

(229) 

Vector 
nent 

STEP2 
- 
- 

X 
X 

X 

X 

X 

X 

X 

X 
X 
X 

Input  uni ts"  

Variable Standard 
deviat ion 

m p s  
mps (rad) 

mps(rad) 

m 

rad (geoc) 

rad 

- (rad) 

- (rad) 

- (rad) 

b 

_--- 

Output units'  

Variable Standard 
devia t ion  

mps 
mps(rad) 

mps(rad 

m 

rad (geoc) 

rad 

- (rad) 

- ( rad)  

- (rad) 

t 

_I=- 

aOnly metr ic  SI u n i t s  a r e  presented. 

bgeod r e f c r s  t o  geodetic l a t i t u d e ,  geoc r e f e r s  t o  geocentric l a t i t u d e .  

For English uni ts  replace m by f t  and kg by slugs. 
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.. I 

TABLE 1- VL\KIAI~I,E IDEKTIFICATIOS ? i lP i I~ERS A N D  IMPUT UNITS - Cont i n ~ l c d  

Reference 
e q u a t i o n  

from v o l .  I 

Vrctor 
~ 

I n p u t  un i t sa  
[ l e n t  

STEP2 
- IDN V a r i a b l e  

V n r  i a  b l e  Va r ia b 1 e Sta ndnrd 
devia t ion  

Model 
parameters 

3 2  

3 3  

3 4  

3 5  

3 6  

3 7  

3 8  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 1  

4 8  

4 9  

5 0  

51 

5 2  

5 3  

5 4  

55 

5 6  

57 

5 8  

5 9  

6 0  

6 1  

6 2  

6 3  

6 4  

65 

6 6  

67 

6 8  

6 9  

70 

7 1  

7 2  

C,, Error c o e f f i c i e n t s  

c73 + 
C?., Unused 
CT5 Unused 

C,, I n e r t i a l  

C,, Angular r a t e  

1 
1 5 4 )  

C,, Error 

c,, 

C*1 

c43 

c44 

c45 

c46 
c47 

c4e 
c49 

cso 

C51 

cs 2 

cs 3 

cs4 
css 
CS€ 
cs 7 

c40 

'4.2 

ef f i c i ente  

Cs, Unused 
Csg Unused 

C ~ O  Unused 

C G ~  Acceleration '1 

C62 Error ( 

C6 3 
C64 
C 6 5  

C6 7 

C6 e 

'66 

'69 

70 

c71 

72 

!f f l c i e n t s  

'Only metric SI unite a r e  presented. For English u n i t s  replace m by ft and kg by slugs. 
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TABLE 1 .- VARIABLE IDENTIFICATION NUN\ERS AND INPUT UNITS - Concludled 

f 

. 
IDX 

Model 
parameters  

73 

74 
75 
76 

77 
78 

79 

80 

81 
82 

83 

84 

85 

86 

87 

88 

a9 

90 

91 

150 

151 

152 

Vn r i a b  1 e 

Unused 

C 7 4  Unused 

c 75 Unused 

C71g Tracking  

C,, S t a t i o n  1 

C7, E r ro r  c o e f f i c i e n t s  

c 79 

C 80 

c 81 

1 02 

83 

c84 
C 8 5  

'06 

C,, Unused 

C,, L a t i t u d e  of 

C a s  Longitude of  
s t a t i o n  1 

Cgo A l t i t u d e  of 

Cg1 E r r o r  c o e f f i c i e n t s  

. f o r  t r ack ing  sta- 

. t i o n  2 , 3 , 4 ,  & 5 

. See t a b l e  11, vol .  
I t o  correspond 

s t a t i o n  1 

s t a t i o n  1 

wi th  cm - c9,J 
'150 

6p O r i e n t a t i o n  o f  
a i r b o r n e  r a d a r  

6Y 

Vector 
ncnt 

STEP2 
- I n p u t  u n i t s a  

Va r i ah  1 e Standard 
dcvia  t ion 

_ - _ _  
---- 
- -_ 
rn 

rad  

rad  

sec  

sec  

s e c  

f t  

rad  

b 
rad(geoc) 

rad  

m 

---- 
---- 

aOnly me t r i c  S I  u n i t s  a r e  p re sen ted .  

bgeod r e f e r s  t o  geode t i c  l a t i t u d e ,  geoc r e f e r s  t o  geocent r ic  l a t i t u d e .  

For Engl i sh  u n i t s  rep lace  m by f t  and kg by s l u g s .  

out 

!'a r i n  b l e  

: u n i t s a  
~ 

Standard 
dev ia t ion  
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a .  STEP1 i n p u t :  

3 3 47 3 .  .u001 
5 5 5 1  -1.0 
3 5 33 u.5 
3 5 a d  15.09090517 
3 5 69 27.0 
4 7U.O 5.0 u.5 90. 
b l  2 

6 . 3  2 

5 1  32.17qU40 1.407bYOE16 1092.055E-c, 
5 2 20b55970 .  2U920430. ,7292115E-4 

0.0 1.0 100.0 1.0 

0.0 -0.> 100.0 -0.5 

7 1 10.0 82.0 .99 1 1 1 2u.o 
1 1 1 20.0 7 2 lM.0 bM.0 1.99 

1 2  3 -1 * 400. 

I@ 1 
11-1 5. 15. 

-1. 25.57031 LOO. 24.8013 

1 3 8 5 L 1  
0 .  4. 8 .  1 2 -  16. 20. 24.  28. 

-8.  -4. 0. 4. a.  

MOD.PARA. - U 
MO@.PARA. - U 
CONSTANT 
CON5TAfJT 

CONSTANT 
FllJMERICAL INTEG. 
CGIIMU 

CONSTANT 

CGIIMU 

GRAV. DATA 
GEOPHeDATA 

.00003 . 00003  MEASBCOS. 

.00003 .00003 MEASqCDS. 
MASSCT) 

ATMOSPIIERE 
AERO TABLES 

400. 24.0262 

CD(ALPHAIBETAVM) 
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00782 ,0073 e1067 e1321 a1635 ,2018 e2480 .3028 ,0965 ,1023 ,1176 ,1405 
el703 e2075 *252y *3070 -0965 ,1023 -1176 -1405 e1703 ,2075 .2529 ,3070 

.I611 -1996 02463 -3013 ,0782 e0873 ,1067 .1321 ,1635 02018 ,2480 -3028 

.09bb ,1023 e1176 -1405 01703 02075 ,2529 .3070 

0. 4. 8. 120 16. 20, 240 28. 

2. 3 ,  4 0  5 .  6. 6.5 7. 30. 

.07a2 ,0873 . l o b 7  a13Li ,1635 ,2016 .21+&0 .3028 ,0594 ,0796 ,1024 .1290 

2 3 8 5 0  CY(ALPHAtRETAet4) 

-8. - 4 0  0 0  4. 8 .  

01117 ,1129 *116J e1209 ,1262 e1319 -1379 ,1442 ,0538 e0545 00566 ,0593 

~ ~ 0 5 3 M ~ ~ 0 5 ~ 5 ~ ~ 0 5 ~ ~ ~ ~ 0 5 ~ 3 ~ ~ 0 6 2 ~ ~ ~ 0 6 5 2 ~ ~ 0 6 8 4 ~ . 0 7 1 6 ~ ~ 1 1 1 7 ~ ~ 1 1 2 9 ~ ~ 1 1 6 3 ~ o 1 2 0 9  
-.1262-.1319-*1379-*1442 *Us75 .0623 -0722 ,0826 e0924 -1017 .1108 ,1197 

0 0 0 0 ~ ~ 0 1 0 6 ~ 0 0 2 U 6 - ~ 0 3 1 2 - ~ 0 3 8 6 ~ 0 0 4 4 4 - ~ 0 4 9 6 ~ ~ 0 5 4 4 ~ ~ 0 5 9 1  
~ ~ 0 5 7 5 ~ ~ 0 V 2 5 ~ ~ ~ 7 ~ ~ ~ ~ 0 B ~ 6 ~ ~ 0 ~ 2 ~ ~ ~ 1 0 1 7 ~ ~ 1 1 0 8 ~ ~ 1 1 9 7  ,0345 ,0394 ,0497 ,0607 

0 0 0 0 0 0 0 0 ~0011~o0089-00198-~0275 
~ ~ 0 3 3 7 ~ ~ 0 3 ~ 3 ~ ~ 0 ~ ~ ~ ~ ~ 0 ~ ~ 7 ~ ~ 0 ~ 4 5 ~ . 0 3 9 4 ~ ~ 0 4 9 7 ~ . 0 6 0 7 ~ ~ 0 7 1 3 ~ ~ 0 8 1 4 ~ ~ 0 9 1 3 ~ ~ 1 0 1 1  
00354 e0386 so461 ,0548 ,0639 ,0733 .0827 ,0923 00077 00128 e0194 ,0250 

~ ~ 0 0 7 7 ~ ~ 0 1 ~ B ~ ~ 0 1 ~ ~ ~ ~ 0 ~ ~ 0 ~ ~ 0 3 ~ 3 ~ o 0 3 ~ 3 - ~ 0 4 0 3 ~ . 0 4 5 3 ~ ~ 0 3 5 4 ~ o 0 3 8 6 ~ ~ 0 4 6 1 ~ o 0 5 4 8  
-00639-.0733-0U827-.0923 eU481 e0495 ,0538 e0600 ,0674 ,0755 00841 ,0931 

0 0 0 0 ~~0228~~0228-~0248-~0283-.0366~~0366~~0411~~0457 

00075 ,0756 *Ut342 00932 ,0232 e0230 .0250 a0284 00324 00367 00411 00458 
0 0 0 U 0 0 0 0 -~0232-.0230-00250-~0284 
~ ~ 0 3 2 4 ~ ~ 0 3 6 7 ~ ~ 0 4 ~ 1 ~ ~ 0 4 ~ 8 ~ ~ 0 ~ ~ 4 ~ ~ 0 4 ~ 9 ~ ~ 0 5 4 0 ~ ~ 0 6 0 2 ~ ~ 0 6 7 5 ~ ~ 0 7 5 6 ~ o 0 8 4 2 ~ ~ 0 9 3 2  
00484 ,0499 * U S 4 0  e0602 00675 e0756 ,0842 ,0932 00232 ,0230 e0250 -0284 

~ ~ 0 2 3 2 ~ ~ 0 2 3 0 ~ ~ ~ 2 ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ 0 ~ 2 ~ ~ ~ O 3 6 7 ~ ~ 0 4 ~ 1 ~ ~ 0 4 5 8 ~ o 0 4 8 4 ~ ~ 0 4 9 9 ~ ~ 0 5 4 0 ~ ~ 0 b 0 2  
-.0675-.0756-.0&4~-00932 ,0484 -0499 .OS40 ,0602 00675 00756 -0842 00932 

0 0 0 0 ~ o 0 2 3 2 ~ ~ 0 2 3 0 ~ ~ 0 2 5 0 ~ ~ 0 2 8 4 ~ o 0 3 2 4 ~ o 0 3 6 7 ~ ~ 0 4 1 1 ~ o 0 4 5 8  
- ~ 0 4 8 4 ~ ~ O 4 Y 9 ~ 0 0 5 4 U ~ ~ 0 6 0 2 - ~ 0 6 7 5 ~ o O 7 5 6 ~ ~ 0 8 4 2 ~ ~ 0 9 3 2  

,0622 ,0652 ,0684 007160 0 0 0 0 0 0 0 

e0100 00206 .031L *0366 e0444 ,0496 -0544 ,05910 0 0 0 

.0713 .oai4 .ogij .io~i-.ooii . o o m  .oi98 ,0275 ,0337 .om3 ,0446 .0497 

e0303 -0353 ,0403 a04530 0 0 0 0 0 0 0 

e0228 ,0226 ,0240 ~0283 -0323 ,0366 ,0411 ,04570 0 0 0 

- . 0 4 8 1 - ~ 0 4 ~ 5 ~ ~ 0 5 3 8 ~ ~ 0 6 ~ 0 ~ ~ U ~ 7 4 ~ ~ 0 7 5 5 - . 0 8 4 1 - . 0 9 3 1  ,0484 ,0499 .0540 ,0602 

e0324 e0367 e0411 ,04580 0 0 0 0 0 0 0 

00232 ,0230 00250 00284 ,0324 oO3b7 ,0411 ,04580 0 0 0 

3 3 8 5 8  CL(ALPHAeBETAeM1 
0. 4, 8. 12. 16. 20. 24- 28. 

2. 3. 4. 5.  6. 6.5 7. 30. 
-8. -4. 00 4. 8. 

0 ,0402 oU825 ,1275 ,1747 -2230 e2709 .31700 -0387 00802 .1251 
e1726 e2212 ,2697 03163 .OO20 -0362 -0793 -1242 ,1718 ,2206 -2692 ,3160 

0 ,0367 00802 el251 ,1726 e2212 a2697 e31630 e0402 ,0825 s1275 
e1747 ,2230 e2709 a31700 ,0102 -0409 e0737 ,1119 01536 -1969 -2402 

0 00003 00323 e0670 .lo67 01495 ,1937 .2379-.0288-.0034 e0279 m0643 
0 1 0 4 M  e14dO 01920 e23710 eOU63 ,0323 e0670 01067 01495 ,1937 ,2379 

0 oOlOZ .040Y e0737 01119 ,1536 e1969 -24020 ,0077 00242 e0492 
so603 ,1158 , 1 5 3 ~  .19290 -moo22 ,0154 ,0423 00748 01112 ,1502 s1901 

-09282-.011&3 .Ol10 .0595 ,0727 e1096 e1489 el8910 -00022 00154 ,0423 
o074& ,1112 ,1502 .1’31110 moo77 ,0242 e0492 ,0803 ,1158 e1538 ,1929 

0 e01U3 a0262 ,0465 ,0761 e1078 e1424 -17840 e0049 ,0206 ,0434 
,0716 ,1040 ,1392 .1758-.0109 .0003 ,0180 a0415 a0700 e1026 e1380 01749 

0 ,0049 ,0200 ,0434 00716 ,1040 e1392 e17580 ,0103 ,0262 ,0485 
-076A ,1078 ,1424 .17840 e0173 e0369 -0603 00879 ,1191 ,1528 a1879 

0 eOlb5 ,0345 ,0573 ,0847 e 1 1 6 1  -1502 ,1857 00067 ,0171 ,0338 ,0562 
oU&30 e1151 -1493 ,185UO e01b5 ,0345 e0573 00847 m1161 e1502 ,1857 

0 -0173 e U 3 6 Y  ,0603 ,0879 ,1191 e1528 010790 ,0176 e0375 ,0611 
,0888 el202 oA54i .lt3920 00169 -0352 ,0581 00857 ,1172 -1515 ,1871 
e0071 ,0177 ,0345 m0571 -0847 e1162 e1506 ,18630 00169 -0352 ,0581 
00857 ,1172 ,1515 .1&710 -0176 -0375 ,0611 00888 01202 e1541 -1892 

0 ,0177 eU375 -0611 00889 -1203 e1542 e18940 ,0169 -0352 ,0582 
.085& e1173 e1516 e1872 ,0071 -0177 e0345 e0571 ,0847 ,1163 ,1507 -1865 

0 e0109 e0352 ,0582 ,0850 e1173 e1516 018720 ,0177 00375 e0611 
.OB89 ,1203 e1542 e18940 00177 e0375 00611 ,0889 ,1203 01542 a1894 

0 00169 00352 e0582 0 0 8 5 k  ,1173 -1516 ,1872 ,0071 -0177 00345 -0571 
00647 e1163 01507 01B650 00169 00352 ,0582 00858 a1173 01516 a1872 

0 00177 00375 00611 00888 -1203 01542 ,1894 
20 
-1 END OF JOU 

END CARD 
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b .  STEP2 i n p u t :  



B .  Tape  Inpu t  and Output  

I .  

STEP a lways  r e q u i r e s  t h e  PQR t a p e  c o n t a i n i n g  d a t a  used  by 
t h e  e q u a t i o n s  of mot ion .  When o p e r a t i n g  i n  t h e  f i l t e r i n g  mode, 
t h e  programs a l s o  r e q u i r e  a FIT  tape c o n t a i n i n g  d a t a  t o  which 
t h e  e q u a t i o n s  of motion a r e  f i t .  Formats  f o r  t h e s e  t a p e s  a r e  
p r e s e n t e d  i n  t h e  p r e v i o u s  s e c t i o n  under i n p u t  fo rma t  2 and  3 .  

On f i l t e r i n g  problems,  o p t i o n a l  c a p a b i l i t y  has  been i n c l u d e d  
t o  w r i t e  a t a p e  c o n t a i n i n g  t h e  1 0 - s t a t e  v a r i a b l e s  u ,  v ,  w, h ,  
c p ,  0 ,  eo ,  e l ,  e2, and e3 v e r s u s  t i m e .  T h i s  t a p e ,  c a l l e d  
STATE, i s  w r i t t e n  on t h e  backward smoothing of t h e  l a s t  i t e r a t i o n  
so t h a t  i t  c o n t a i n s  t h e  b e s t  e s t i m a t e  of t h e  v a r i a b l e s  a f t e r  proc-  
e s s i n g  a l l  d a t a ,  Because i t  i s  w r i t t e n  on t h e  backward smooth ing ,  
t h e  f i r s t  p o i n t s  on t h e  t a p e  a r e  a t  f i n a l  t i m e ,  t h e  l a s t  p o i n t s  
a t  i n i t i a l  t i m e .  The t a p e  can b e  used  t o  p r i n t  t h e  s t a t e  t i m e  
h i s t o r y  i n  t a b u l a r  form, o r  t o  p r e p a r e  STEP? p o s i t i o n  and v e l o c i t y  
e s t i m a t e s  f o r  p r o c e s s i n g  on STEP1. A l l  a n g u l a r  d a t a  on t h e  t a p e  
a r e  i n  r a d i a n s ,  t h e  remainder  i n  t h e  m ,  kg,  sec o r  s l u g ,  f t ,  sec 
sys tems of u n i t s .  

FORTRAN 
name 

I N  

Logica 1 t a p e  
u n i t  

5 

OUT 6 

PQR 2 

FIT 

STATE 

1 

4 
SCRAC H 3 

D e s c r i p t i o n  

I n p u t  t a p e  

Output  t a p e  

PQR t a p e  

FIT t a p e  

STATE tape 

S c r a t c h  t a p e  used  
f o r  temporary  
s t o r a g e  d u r i n g  
problem execu-  
t i o n  

C. Tab Output  

The t a b  p r i n t o u t  from STEP i s  d i v i d e d  i n t o  f o u r  p a r t s  - -  P a r t  
1, t h e  p r i n t o u t  of i n p u t  v a r i a b l e s  and c o n t r o l s ;  P a r t  2 ,  t h e  
b l o c k  p r i n t o u t  d u r i n g  t h e  forward and backward i n t e g r a t i o n ;  P a r t  
3 ,  t h e  p r i n t o u t  of t h e  measurement s c h e d u l e ;  and P a r t  4 ,  t h e  
p r i n t o u t  of t h e  r e s i d u a l s  and l c s s  f u n c t i o n .  Each of t h e s e  p r i n t -  
o u t s  w i l l  b e  d e s c r i b e d .  The sample o u t p u t s  i n  S u b s e c t i o n  C.5 
w i l l  a i d  i n  t h e  d i s c u s s i o n .  
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1. P r i n i o t i t  O C  i n p u t  da ta  and c o n t r o l s . -  A s  d a t a  a r e  i n p u t  
t o  STEP, t h c y  a r c  immedia te ly  p r i n t e d  f o r  l a t e r  v e r i f i c a t i o n .  
T h i s  p r i n t o u t ,  shoim on the f i r s t  page of t h e  sample o u t p u t ,  i s  
u n l a b l c d  and e x a c t l y  d u p l i c a t e s  t h e  d a t a  on t h e  i n p u t  c a r d s .  I f  
t h e  u s e r  r e q u e s t s  p r i n t o u t  of t h e  PQR a n d / o r  F I T  tapes ,  i t  
o c c u r s  d u r i n g  t h i s  s a r t  of t h e  o u t p u t .  A f t e r  a l l  i n p u t  da t a  have 
been loaded  from c a r d s ,  s u b r o u t i n e  SETUP i s  c a l l e d  t o  t r a n s f o r m  
and c o n v e r t  u n i t s  ( e . g . ,  d e g r e e s  t o  r a d i a n s )  on t h e  d a t a  t o  p r e -  
p a r e  f o r  t h e  problem e x e c u t i o n .  From SETUP, a summary of t h e  
problem o p e r a t i n g  mode, o p t i o n s ,  and c o n t r o l s  i s  p r i n t e d  i n  t h e  
form of p h r a s e s  and d a t a .  The d a t a  c o n s i s t  p r i m a r i l y  of geophysi  
c a l ,  g r a v i t a t i o n a l ,  and a tmosphere  c o n s t a n t s ,  s t a t e  v a r i a b l e s ,  
and t r a c k i n g  s t a t i o n  l o c a t i o n s .  The u n i t s  on t h e s e  d a t a  are con-  
s i s t e n t  w i t h  m e t r i c  o r  E n g l i s h  sys tem s p e c i f i e d .  A l l  a n g u l a r  
d a t a  a r e  i n  d e g r e e s .  

The components of t h e  expanded s t a t e  v a r i a b l e s  t r ans fo rmed  
t o  i n t e r n a l  u n i t s  a r e  n e x t  t a b u l a t e d  a l o n g  w i t h  u n c e r t a i n  model 
p a r a m e t e r s  and t h e i r  v a r i a n c e s .  I n  t h i s  t a b u l a t i o n ,  a l l  a n g l e s  
are  i n  r a d i a n s .  

2 .  B lock  p r i n t o u t . -  Dur ing  e x e c u t i o n  of a problem, l a b e l e d  
b l o c k  p r i n t o u t s  o c c u r s  d u r i n g  b o t h  t h e  forward  f i l t e r i n g  and back-  
ward smooth ing  a t  a f r e q u e n c y  s p e c i f i e d  by i n p u t .  The v a r i a b l e s  
i n  t h e  b l o c k  p r i n t o u t  on t h e  forward  i n t e g r a t i o n  co r re spond  t o  
t h e  r e f e r e n c e  t r a j e c t o r y .  I n  STEP2, t h i s  b l o c k  p r h t o u t  appears ' 

as  follows: 

TIME - -  
V(A) -- G(A) -- L(A) - -  ALT - -  

U(1) - -  V(1) - -  W(1) -- P S I  -- 
U(B) - -  V(B) - -  W(B) -- SIG -- 

XP -- YP - -  ZP -- V(T)  -- 
P - - .  Q -- R -- AX -- 

PM -- QM -- RM -- AXM - -  
EO - -  E l  -- E2 -- E3 - -  

LATD -- LON - -  
TKE -- PHI -- 
BET - -  ALF - -  
X Z I  -- ETA - -  
AY - -  AZ -- 

AYM -- AZM -- 
LATC - -  A(T) -- 

- I  

. 
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where  

vAJ  V(A) , G(A), L ( A )  = Atmosphere re la t ive  v e l o c i t y  v e c t o r  

and  hA. I n  STEP2, t h e r e  i s  n o  

atmosphere;  t h e r e f o r e ,  t h e  v e l o c i t y  v e c t o r  
i s  re la t ive  t o  p l a n e t  s u r f a c e .  U n i t s  a r e  
m/sec o r  f t / s e c  and deg. 

YA 

U ( I ) ,  V ( I ) ,  W(1) = I n e r t i a l  v e l o c i t y  v e c t o r  C a r t e s i a n  compo- 
n e n t s ,  u ,  v, a n d  W. U n i t s  are mlsec 
o r  f t / s e c .  

U ( B ) ,  V(B), W(B) = Components of  V i n  body a x e s  d i r e c t i o n s ,  A 
v a n d  w U n i t s  are m/sec or  ft/ 

B’ €3’ B‘ U 

see. 

ALT = A l t i t u d e  above o b l a t e  p l a n e t  s u r f a c e ,  h,. 
U n i t s  are i n  m o r  f t .  

LATD = Geodet ic  l a t i t u d e  i n  d e g r e e s .  

LON = Long i tude  i n  d e g r e e s .  

P S I ,  THE, PHI = E u l e r  a n g l e s  G, 8, @ and  i n  d e g r e e s .  

SIG, BET, ALF = R o l l  a n g l e  u a b o u t  t h e  v e l o c i t y  v e c t o r  
s i d e s l i p  a n g l e  p and a n g l e  of  

vA’ 
a t t a c k  a. U n i t s  a r e  d e g r e e s .  

XP, YP, ZP = D i s t a n c e s  from c e n t e r  of g r a v i t y  t o  t h e  
I M U  as measured a l o n g  body a x e s  d i r e c t i o n s ,  
and c o r r e c t e d  f o r  sys t emmat i c  e r r o r ,  x 
yp,  and z . U n i t s  are i n  m o r  ‘ft. 

i n  m/sec o r  f t / s e c .  

P’ 
P 

V(T) = Magnitude of t h e  i n e r t i a l  v e l o c i t y  v e c t o r  

X Z I  = S t e e r i n g  a n g l e  5 i n  d e g r e e s ,  See f i g -  
u r e  4 of v o l .  I .  

ETA = S t e e r i n g  a n g l e  7 i n  d e g r e e s .  See f i g -  
u r e  4 of vo l .  I. 
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p ,  Q ,  R = I n c r t i a i  n n x u l a r  r a t e s  a b o u i  thtl roll, p i t c l i ,  
and yaw L X C S  and c o r r e c t e d  i.or systeiiiniatic 
e r r o r .  U n i t s  a r e  i n  r a d l s e c .  - 

PM, Q M ,  RM = I n e r t i a l  a n g u l a r  r a t e s  abou t  t h e  r o l l ,  p i t c h ,  
and yaw axes  as i n t e r p o l a t e d  from t h e  PQR 
t a p e .  U n i t s  a r e  i n  r a d l s e c .  

and a a l o n g  ZB ’ a XB’ YB’ 
t h e  body axes  d i r e c t i o n  and c o r r e c t e d  f o r  
s y s t e m a t i c  e r r o r .  U n i t s  a re  i n  m/sec2 o r  
f t / s e c 2 .  

AX,  AY, AZ = A c c e l e r a t i o n s  a 

a and a a l o n g  XM’ YM’ ZM 
AXM, AYM, AZM = A c c e l e r a t i o n s ,  a 

t h e  body a x e s  d i r e c t i o n s  as  i n t e r p o l a t e d  
from t h e  PQR t a p e .  U n i t s  a r e  i n  m/sec2 o r  
f t / s e c 2 .  

EO, E l ,  E 2 ,  E 3  = E u l e r  pa rame te r s  e? ,  el ,  e2, and e3. 

WTC = G e o c e n t r i c  l a t i t u d e  i n  d e g r e e s .  

A(T) = T o t a l  a c c e l e r a t i o n  i n  m/sec2 o r  f t / s e c 2 .  

I n  STEP1, t h e  l a s t  two l i n e s  of o u t p u t  a r e  r e p l a c e d  by t h e  
f o l l o w i n g :  

PM - -  QM 

DP - -  M 

EO - -  El 
uw -- vw 

where 

- 
‘A, cN - 

c1, c2,  c3 = 

DP = 

RM -- CA - -  cy  - -  C N  - -  -- 
RHO -- C 1  -- c2 -- c3 -- - -  

-- E 2  -- E 3  -- LATC - -  RE - -  
-- 

A x i a l ,  l a t e r a l ,  and normal  aerodynamic c o e f -  
f i c i e n t s .  

Aerodynamic c o e f f i c i e n t s  i n t e r p o l a t e d  from i n -  
p u t ,  t a b l e s ,  e i t h e r  CAY CY’ o r  C D ,  cy,  

or  CA, C y  , C N n ,  resp : : . c t ive ly .  
cL’ n 

‘ I  ‘ I  
Dynamic p r e s s u r e  q i n  nt/m2 :.r l b  f / f t 2 .  



I .  
I -  

M = Fiach number, M .  

RHO = Atmospheric d e n s i t y  p i n  kg/m3 o r  s l u g s / f t 3 .  

e 

and v U n i t s  are  i n  m/sec or  f t / s e c .  

RE = Reynolds number, R . 
W UW, VW = Atmospheric winds c o r r e c t e d  f o r  systemmatic  e r r o r ,  u 

W' 
On f i l t e r i n g  problems dur ing  t h e  forward i n t e g r a t i o n  t h e  r e f -  

e r e n c e  v a l u e s  of t h e  model parameters  b e i n g  e s t i m a t e d  a re  p r i n t e d  
i n  t h e  o r d e r  t h a t  t h e y  were i n p u t .  The p r i n t  format  i s  as f o l l o w s :  

C ( 2 4 )  -- C ( 2 8 )  -- C ( 4 3 )  -- C ( 4 0 )  -- C ( 7 7 )  --  C(883 -- 
C( . ) --  . 

The argument of C (  . ) are t h e  v a r i a b l e  i d e n t i f i c a t i o n  numbers 
and t h e i r  u n i t s  are  as d e s c r i b e d  i n  Subsec t ion  I I . A . 4 .  

On nonupdated nominal f i l t e r i n g  problems d u r i n g  t h e  forward 
i n t e g r a t i o n ,  t h e  accumulated minimum v a r i a n c e  c o r r e c t i o n s ,  

( t ) ,  a r e  n e x t  z ^ ( t / t ) ,  
p r i n t e d :  

'ref t o  b e  added t o  t h e  r e f e r e n c e ,  

I .  

The f i r s t .  9 o r  10 v a r i a b l e s  c o r r e s p o n d  t o  t h e  t r ans fo rmed  
s t a t e  v a r i a b l e s  s p e c i f i e d  by N P C ( 3 ) .  The r ema in ing  v a r i a b l e s  
c o r r e s p o n d  t o  t h e  e s t i m a t e d  model pa rame te r s  whose i d e n t i f i c a t i o n  
numbers and u n i t s  a r e  s p e c i f i e d  i n  S u b s e c t i o n  I I . A . 4 .  

The s t a n d a r d  d e v i a t i o n s  of t h e  expanded s t a t e  v e c t o r  compo- 
n e n t s  a r e  p r i n t e d  n e x t  on e r r o r  a n a l y s i s  and f i l t e r i n g  problems 
a c c o r d i n g  t o  t h e  f o l l o w i n g  fo rma t :  

S ( 1 )  - -  S ( 2 )  - -  S ( 3 )  -- S ( 4 )  - -  ,S (5 )  - -  S(6) -- 
S ( 7 )  --  S(8) -- S(9) - -  S ( 2 3 )  -- S(19) - - *  

The f i r s t  9 o r  10 s t a n d a r d  d e v i a t i o n s  c o r r e s p o n d  t o  t h e  b a s i c  
s t a t e  v a r i a b l e s ,  t r a n s f o r u e d  as  s p e c i f i e d  by N p C ( 3 ) .  These 
are fo l lowed  by t h e  s t a n d a r d  d e v i a t i o n  of model pa rame te r s  b e i n g  
e s t i m a t e d  i n  t h e  o r d e r  t f a t  t hey  were i n p u t .  The argument i n  
S (  ) i s  t h e  i d e n t i f i c a t i o n  number of t h e  e s t i m a t e d  model param- 
eter which, along w i t h  th? u n i t s  f o r  t h e  s t a n d a r d  d e v i a t i o n s ,  

i 

I 
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a re  shown i n  S u b s e c t i o n  II.A.4. T h e s e  s t a n d a r d  d e v i a t i o n s  a r e  
p r i n t e d  on t h e  backward smoo th ing  on t h e  l a s t  i t e r a t i o n  o n l y  i f  
h T C ( 8 )  e q u a l s  2 o r  3 .  

Oil e r r o r  a n a l y s i s  o r  f i l t e r  p r o b l e m s ,  t h e  e n t i r e  c o v a r i a n c e  
and  c o r r e l a t i o n  matrices P ,  C U Z ,  a n d  C V Z ,  c a n  b e  p r i n t e d  
d u r i n g  t h e  l a s t  i t e r a t i o n  i f  N P C ( 6 )  i s  p r o p e r l y  s p e c i f i e d .  
T h e s e  matr ices  c o r r e s p o n d  t o  t h e  o u t p u t  u n i t s  d e s i g n a t e d  b y  
N P C ( 3 ) .  U n i t s  f o r  t h e  c o v a r i a n c e  a n d  c o r r e l a t i o n  e l e m e n t s  a r e  
as  d e s c r i b e d  f o r  t he  s t a n d a r d  d e v i a t i o n s  i n  S u b s e c t i o n  II . A . 4 .  
Because  t h e  c o v a r i a n c e  mat r ix  P i s  symmetrical, o n l y  i t s  lower  
l e f t  t r i a n g l e  i s  p r i n t e d  as follows: 

The c o r r e l a t i o n  matrices CUZ and  CVZ a r e  p r i n t e d  as shown 
be low.  

CORRELATION MATRIX (CVZ)  TRANSPOSE 

C U Z ( 1 , l )  C U Z ( 2 , l )  . 9 . . . . . . . . C U Z ( 1 2 , l )  

C U Z ( 1 3 , l )  C U Z ( 1 4 , l )  , . . 
cuz ( 1 , 2 )  cuz ( 2 , 2 )  . , * , . . . . . . cuz ( 1 2 , 2 )  

C U Z ( 1 3 , 2 )  C U Z ( 1 4 , Z )  * . . 

cuz (1, q )  cuz ( 2 ,  q )  . . . . . . . . * cuz ( 1 2 ,  q )  

C U Z ( 1 3 , q )  C U Z ( 1 4 , q )  . . . 

C V Z ( 1 , l )  C V Z ( 2 , l )  . . . . . . . . . C V Z ( 1 2 , l )  

C V Z ( 1 3 , l )  C V Z ( 1 4 , l )  . . . 

CORRELATION MATRIX (CVZ) TRANSPOSE 
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CVZ(1,2) CVZ(2,2) . . . . . * . . CVZ(12,2) 

CVZ(13,2) CVZ(14,2) . . . 

CVZ ( 1 , r )  CVZ ( 2 , r )  . . . . . . . . . CVZ ( 1 2 , r )  

CVZ(13,4) CVZ(14,4) . . . 
3 .  Measurement s c h e d u l e . -  Between b l o c k  p r i n t i n g  on t h e  

forward i n t e g r a t i o n ,  a schedu le  of t h e  measurements p r o c e s s e d  
can b e  p r i n t e d  i f  NPC(5) e q u a l s  0 .  The f o l l o w i n g  fo rma t  i s  
used f o r  t h i s  p r i n t o u t :  

POINTS TYPE TIME COMPl COMP2 COMP3 SIGl SIG2 SIG3 

x, x, x x xxx xxx xxx xxx xxx xxx xxx 

x, x, x x xxx xxx xxx xxx xxx xxx xxx 

The number of scalar d a t a  p o i n t s  p r o c e s s e d  i s  c o u n t e d  and 
p r i n t e d  under  the h e a d i n g  POINTS. The t h r e e  numbers c o r r e s p o n d  
t o  t h e  t h r e e  sca la r  components accoun ted  f o r  on e a c h  l i n e  of  
d a t a .  I f  a z e r o  i s  p r i n t e d  under t h e  POINTS head ing ,  t hen  t h e  
component c o r r e s p o n d i n g  t o  the  z e r o  was n o t  p r o c e s s e d .  Under 
TYPE, t h e  t y p e  of  d a t a  (MTYP) i s  p r i n t e d .  D e f i n i t i o n s  of 
MTYP a re  p r e s e n t e d  i n  Subsec t ion  I I . A . 2 .  The t i m e  of t h e  d a t a  
i s  n e x t  p r i n t e d  under TIME and fo l lowed  by t h e  v a l u e s  f o r  t h e  
t h r e e  components.  U n i t s  f o r  t h e s e  d a t a  a r e  s h m n  below. 

. . .  
T r a c k i n g  

Airborne  radax 

Ve l o c  i t y  

P o s i t  i o n  

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

r w  
1-5 

6 

7 

8 

9 

- 
TIME COMP2 

A ( rad)  

unused 

v (m/ si:  3 

f t/set:) 

V(rad' 

a Y ( m l s ,  cc 
f t / s e  ;?) 

-.- 

1 

I 

I 

I 

COMP3 

E ( rad)  

unused 

w(m/sec 
f t l s e c )  

@ ( r a d )  

aZ (m/sec2 

f t / sec2)  

SIG2 

oA(rad)  

unused 

o (m/sec 

f t l s e c )  

u ( r a d )  

ua (mIsec2 

f t / s e c 2 )  

9 

Y 

SIG3 

TJ ( r a d )  

unused 

cw(m/sec 

f t l s e c )  

oE i ( r ad )  

sa (rnIsec2 

f t lsec ' )  

E 

z 
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The v a l u e s  f o r  t h e  measurement  t h a t  a r e  p r i n t e d  unde r  co lumns  
CO>lP1 .  . COMP3 a re  t h e  v a l u e s  c o r r e s p o n d i n g  t o  t h e  r e r e r e n c c  t r a -  
j e c t o r y  and  n o t  t h e  a c t u a l  d a t a  f rom t h e  F l T  t a p e .  The s t a n d a r d  
d e v i a t i o n s  unde r  co lumns  S I G 1 .  . S I G 3  a r e  t h e  sum of t h e  s t a n d a r d  
d e v i a t i o n s  from t h e  F I T  t a p e  and  t h o s e  i n p u t  i n  c a t e g o r y  7 .  T h e s e  
a r e  t h e  s t a n d a r d  d e v i a t i o n s  u s e d  i n  t h e  f i l t e r  e q u a t i o n s .  

4 .  R e s i d u a l s  and  l o s s  f u n c t i o n . -  D u r i n g  t h e  backward  s m o o t h i n g  
on t h e  l a s t  i t e r a t i o n ,  b e s t  es t imates  of t h e  measu remen t s  a r e  c a l -  
c u l a t e d .  The  v a l u e  of t h e  measurement  from t h e  F IT  t a p e  i s  t h e n  
s u b t r a c t e d  from t h a t  c a l c u l a t e d  t o  form a r e s i d u a l .  The r e s i d u a l  
i s  t h e n  d i v i d e d  by  t h e  s t a n d a r d  d e v i a t i o n  t o  form a w e i g h t e d  r e s i -  
d u a l ,  a n d  i t s  s q u a r e  a c c u m u l a t e d  w i t h  a l l  p r e v i o u s l y  c a l c u l a t e d  
w e i g h t e d  r e s i d u a l s  t o  form t h e  sum of t h e  w e i g h t e d  r e s i d u a l s  
s q u a r e d  o r  l o s s  f u n c t i o n .  T h e s e  a re  t a b u l a t e d  be tween  b l o c k  p r i n t s  
as f o l l o w s :  

LO ss 
POINT TYPE TIME RESl RES2 RES3 WGT. RESl WGT. R E S 2  WGT. RES3 FCTN 
x, x, x X xx xx xx xx xx xx xx xx 

X xx xx xx xx XX xx xx xx x, x, x I 
The q u a n t i t i e s  unde r  POINT, TYPE, and  TIME a r e  t h e  same as 

, i n  t h e  measurement  s c h e d u l e  i n  S u b s e c t i o n  3 a b o v e .  RESl  .. R E S 3  
a r e  t h e  unwe igh ted  r e s i d u a l s  i n  m ,  f t ,  and  r a d ;  WGT. RESl . . . 
WGT. RES3 a r e  t h e  w e i g h t e d  r e s i d u a l s ;  and  LOSS FCTN i s  t h e  l o s s  
f u n c t i o n .  T h r e e  components  of d a t a  p e r  l i n e  i s  m a i n t a i n e d .  
Only  t h o s e  components  p r o c e s s e d  on t h e  f o r w a r d  i n t e g r a t i o n  a re  
a c c u m u l a t e d  i n  t h e  l o s s  f u n c t i o n .  

5 .  Sample o u t p u t . -  The  sample  o u t p u t s  p r e s e n t e d  be low were 
o b t a i n e d  on STEP1 a n d  STEP2. They c o r r e s p o n d  t o  20 sec of t h e  
c h e c k  problem be tween  70 a n d  90 sec.  



I 

a. STEP1 output: 

r a 
a 

a n 
W 0 

In 

In 

-4 U 

z .L 

I 

U c 
U c 

e 
#- 
a 
n 

c 
3 P 
1 L 

o o o o o o a o o o o o o o o o o o o o o o c ~ o o  

~ m ~ e c ~ ~ - m o e b m o c ~ w ~ o n ~ m ~ o c m  
m ~ o ~ u c o m m ~ m m - ~ - u o m ~ c ~ ~ o c v ~  
~ ~ ~ m ~ m ~ m - m - m - m - m c n - m - m - m - m  m ~ ~ ~ m ~ ~ ~ m m u - ~ c m ~ o ~ m ~ n o o c ~ o  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

.......................... 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
O o O O O O O O O O O O 0 O O O O o e e o o o c o e  
u n u O C d c m 0 . m S c e o - - O h c & C ~ 5 . u o o  
W N O Q ~ ~ - O N ~ O N - ~ ~ ~ ~ ~ ~ ~ Q Q ~ N N W  m c ~ ~ - ~ ~ o c o ~ ~ u m o m - ~ ~ m o ~ - m o ~  .......................... 
o o o o o o o o o o o o o o o o o 0 o o o o o o o o  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

N m N m N O - m r m - N - h - N - N - N - N - N - N  

m ~ o o ~ ~ o ~ m m l n u m ~ ~ - ~ c ~ m ~ m m m ~ w  
N N W C  c ~ r  u u c--h c a c t c a c u u  c c r  c 
Q d f f i N O 5 O Q W - m C C Q N + N N C c C Q N I - O -  

N m N m N N r N - N c N c h O h e N O N C - - N c N  

c InIn O O O O O ~ ~ ~ O O O O ~ O O O O ~ O O ~ ~ C ~ ~ ~  z u a  

N N N N - N - N ~ N - a c - O - O - O - O ~ O e O ~  

.. .......................... Inn 
00 In 

C U c J w U.U. I& 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

o -e N m u  a u c O P  e Q a u o cr a m  o N-Y, o 9 m 
h w n o m .c C n u> n 0 u h c .c o 0 5. c c c .Lo e m Q .......................... 

N N 3 3  

w w  In c( z O I I  N C O c a O Q - N C m O N N N Q Q O W O ~ a Q O m m  

a u r f  w w  
-1 cc 0-1 

U auu- tcc+cu  

0 

E U 

.... u u  

.. - N m  
0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
w 

o ~ O - U P U C O Q P C ~ ~ ~ F - ~ O ~ ~ U Q ~ C ~ ~ C Q  z YlU w w  0 0  N rv o o m ~ ~ ~ m c ~ ~ w - r n a m u o ~ m c ~ c ~ ~ m c f f i ~ ~  

0, 0, Q Q O O  0 ............................. 

4 
o O O O O O O O O O O O O ~ O ~ O O O ~ O ~ ~ ~ ~ ~ ~ ~ ~  

0 O C ~ ~ N J ~ U ~ Q W Q N C N ~ O ~ O ~ - ~ O ~ - ~ O ~  
m m  9 

0 0  0 o O ~ N O N O W ~ - N - N - N  -N-N-N-N-N -N-N 
0 0  Q 
0 0  . 

N 

0 

u w w  ~ n n ~ w w ~ ~ u  
. w w O I - c w w W O ~ r .  a O O ~ O - - O O O O N N  

w 0 0 0 0  

w a ~ n ~ n n n n n n n n  
a w w w w ~ w w w w ~ e e  3 I I I I - - - I u I I u  

VIVI InVIInY)VIInInInVIIn 

............................. 
0 O C e e O C C e c e O e C e e e C c C c C ~ o e c c e c  
0 o O o O o O O O O O O O O O C c O O C O o e o o c c o o  

. . m  u r .  z -N-u- .nNn?39 

0 o - h N - O P O m 0 . 0 0 a f f - - - ~ e - ~ m Q u m m ~ m  

- 0 . .I 0 0 ~ m N ~ N N N ~ a N - N - N - N O N O N - N o N - N O N  
Q I I N N  * 01 
- 0  

0 0  0 ? o 0 ~ ~ ~ ~ - ~ ~ ~ m m c ~ a - o ~ ~ o w ~ o a ~ o o o w o  O C ~ ~ N ~ ~ N w d O L n C U r b O P c O h ~ 0 . - ~ - c c  
------"----- 

O Q  
w w  N lnm 
m a & -  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

O O O O O O O O O O C o O O O o O O o O o O o o o o e o o o  
m 0 a 0 -  * N - -  O O O Q W ~ Q U U N C m O Q Q C U O N a m * ~ ~ * ~ m ~ N m  

ffi 0 . 0 -  . W .  o O O o o o O o o O O C o O O O o O 0 O o o o e o c e o o o  
0 -  r. m o o  0)  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0  

0 0  0 O O O o O O O O o O O O O O O O O O O O o o o c o o o o  
0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

a -I I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0  

w o  o o o o w w c m ~ o c ~ ~ ~ ~ m m ~ ~ - ~ w - ~ o ~ m ~ m w o  t y: 4 o:",- + o o o w - m o ~ o ~ m - ~ m  W D Q Q O C ~ O Q C ~ Q Q Q C C  
f m  
-1 0 O Q  

r r  c n  n t h w n n  n - n  - - c - c  - C  - C  - c  - C  - c - c  
w .............................. c U' LI' c c 

0 0 - .  
w 0 0  m O W 9  

U I P m m O  O O O N ~ Q C U ~ O Q - - Q @ c O c ~ a ~ n c ~ ~ - O - ~ ~  a l nm U U D  - 0  m ~ o ~ ~ Q f f i ~ a Q - ~ - n - ~ m ~ o m m c ~ ~ c ~ ~ c ~ - ~  N ~ 1 ~ a . a ~  n o ~ ~ ~ ~ ~ ~ m ~ u m ~ m ~ - m ~ n o u o ~ o o c ~ ~ m ~ ~  
O O O N U N U N m N m - n - m - O ~ m - m - m - n c m - m -  .............................. 

0 
x N  .mm . m m o c o N % G a -  

N*UI 0 
u o m e o o o m ~ o o o o o o  
w 0 0 0 0 0 0  m m l n o o o o o  

0 
T -.  . 0 0 0 0 O O O O O O O  
V O  

0 
c 0 0  0 C N  

m 0 0 0 0 c o o 0 0  
c ...... n a * o ~ a *  Z ~~~~~~~~~~~~G~~~~~~~~~~~~~~~ 

z O O O Q ~ . ~ O O O  e 

0 o c m ( ~ v  m o ~ u c m c - ~ ~ o ~ ~ u ~ m ~ ~ ~ ~ ~ o u - u o m o ~ -  
" 0  0 0  0 0 0. m a  O o m  Ln a N ~ N  . m m o o o o *  

o N m N m N (? (L I- - m - N - N c w - n - h - n* - h - n - .............................. 0. 4 0  1 
Q o a r m  

w . w m o ( C - r . 0 m - m  c C O ~ O U I ~ N N D O U I  
- 1 ~ o m o m c o m m m o o  - O b  . O . .  .* . o w 0  o m 0 0 0  

I e m  I rN I -  ," ,""No,, 2 w 0 0 0 0 0 0 0 0 0 C 0 e 0 0 0 0 0 ~ ~ 0 e 0 0 0 c ~ c o ~ o  
u a ~ m e m e + m e e m . , m ~ - m ~ ~  N O N O  - * : ) I -  o o o Q N m c m m r m ~ a m ~ ~ o - - - m ~ - m a m m m ~ ~  ~ o o ~ * m n m ( ~  Q o O S  O O Q W ~ ~ Q Q U ~ N - N Q C ~ ~ ~ O N ~ ~ Q N N - ~ C C ~ N  

c . r-r- yi u o c ~ ~ h n ~ ~ ~ - ~ ~ r n - - n m c ~ ~ ~ ~ c ~ ~ ~ u ~ ~  
VIC -r a m  0 0 0 N 0 ~ ~ N N N ~ a N - N - N C N - h o N - & c N o - n  . . . . . 

.u 
0 c 
r3 

0 O O N  I 
0 + . * Q  . w w . 0  
Ul 0 0 - N  .......... - c 

o 
m o e  

- 
0 . 
W 

@ 

9 . m O Q Q Q  -0 ,  . 772 
~ Q 9 a - N N U - I  0 - 0 0 - O m I - 0  W W N O  

a - a a a - - a a ~ ~ ~ m m m m m n  - ~ I I N - N '  N-- , t .,dm 
O C I  

o o o o o o o o o o o o c o o o o o c c o e o c o o o o o  

. .  C . . . . . . . . . . . .  ................ 
0 0 0 0 C O O O ~ c C e c c P c C C c c e o C o o ~ c C ~ C  0 

(r, c c r  m c c o - c e c oc c w 5 N O  u u e m  m v  N PI N-u 
o c d I- & (c 0 NU c m -N P w Q - m  Q c Q m c m u  c P -.e 

-1-a O O N ~ N N N N N N ~ ~ ~ - - - ~ - O ~ O ~ ~ - ~ - ~ - C  0 0 N W N w c C 0 N m N N W 0 ~ C ~ Q c ~ ~ ~ ~ c c ~ ~ ~  N m m  0 m m o m  m m m m m  m m  m o m  m o 0 mu. I- r e a 

o e  O W N  I 

35 



.... 

0 
0 
m 
0 m 
0 

0 
o 
o. 0 

N 
a 

I 

0 
0 
I- 
m a 

a 

0 
0 
r( 

0. 
m 
0 .. 

0 1  

0 
0 
I- 
o 
Q 
0 

0 
0 
I- 
o. 
U 
0 

0 
0 
In 
I- 
N 
0 

I 

0 0  
00 
- 0  
-m 
O N  
a0  .. 

I 

0 
0 
(u 
2 
In 
0 

I 

0 
0 

m 
o. 
a 

1 

0 0 0  
0 o u  
Q h e .  
0 o m  
N Q O .  
0 00 

0 1  
.... 

0 
0 
m 
In 
-3 
0 .. 

0 1  

O O O O O O O O O O O O O O O O O O O O O O O L  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L  
- O m N m 0 N a m O . U o . ~ O . N r - c r a N N I n a u a N  
m h D I - O Q I - ~ O N N m U 5 I - Q m a C m m m ~ - O . I - I -  
N a N Q Q m Q o. u o. u I- u m m (t 9 m u ,  m VI e 9 a LT a 
e m a N O N O a O - O e O a O ~ O c O c O a O a o a  .......................... 

0 0 
...... 

0 1  1 1  

0 0 0  0 0 0 0 0 0  0 0  0 0 0 0 0 0  00 0 
0 0 0  000000 0 0  0 0 0 0 0 0  0 0  0 
a ~ , a  u I - a D e m - 9  +a  a c c c N o  o h  c 
9 Q o  4 0 U @ a 0 1  h D Q  e - t e m d m  U Q  a 
m ~nuuco.c  u m  . ? I ~ + N O N  m m  u 
0 ae 0 0 0 0 0 0  0 0  O O O O a O  0 0  0 .......................... 

0 1  0 1  I I 0 1  0 1  1 1  0 1  0 1  

0 0 0  0 0 0 0 0 0  0 0  000000 00 0 
c 00 0 0 0 0 0 0  0 0  000000 0 0  0 
m 01- ~ u m c p u m  QIO ~ D ~ I - O ~ O  c r a  IC 
u N- o . o . ~ l m a N  m m  ~ m ~ o m m n  m m  Q 
m ac) Q P ~ C ~ C  FI- reP;( \ r -h QS- P" 
0 -a  0 0 0 0 0 0  00 0 0 0 0 0 0  0 0  0 .......................... 

0 1  0 1  I I 0 1  0 1  I 1  0 1  0 1  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
N M Ul O. I- N I\I Q U 9 0 T\r P: U N In UjT\r - h t- In Fr Uj a 
o o. N QI- m Q o m  m o m  a m  not- a m  u m o r- Q u a m S m o . ~ o . ~ m a m ~ m ~ I n m m m m m m m I n m m m m  
O N O c O a o a O a O c o ~ 0 ~ 0 a 0 e o a o a o n  .......................... 
0 0 0 0 0 0 0  
0000000 
W * N Q * U ~ I -  

P ( \ . t I n G U O  
O N O a O e c  ~~ 

o a o o m m o . r -  .......................... 
I I 

00 
0 0  
NN 
-N 
c C  
- 0  

0 
0 
m 
In 
c 
e 

0 
0 
0. 
U c 
0 

0 
0 
9 
N 

a 
c 

0 
0 
m 
0 

0 
c 

0 
0 
.a 
I- 

0 
c 

0 0  
0 0  
NO. 
r-9 
C O  
cc 

0 
0 
N 
0 

h c 

0 
0 
o. 
9 

0 
c 

0 
0 
(1 

9 c 
c 

0 
0 
I- 
I- 
c 
0 

0 
0 
0 
0 
h 
e 

0 
0 
r- 
f- 

0 
c 

0 
0 

m 
rn 
0 

m 

0 1  0 1  1 0 1  0 1  I 1  0 1  0 1  

0 0  
0 0  
I - Q  
4N 
e o .  
- 0  ... 

0 0  
0 0  
U U  

m Q  
0 0  .. 

0 
0 
m 
N m 
0 

0 0  
00 
- f Q  
C O N  
d m  
0 0  .. 

0 
0 
N m 
N 
0 

0 0  
0 0  
L n N  
I -m 
QI\I 
0 0  .. 

0 
0 
Q 

U 
0 

m 

.. 
0 
0 
m 
I- 
G 
0 

0 
0 
U 
N m 
0 .. 

0 c o o  
0 0 0 0  
m o . m b  - - m a  
I- - N O  
a a o a  

0 0 1 0  
....... 

0 
0 

U 
I- 
0 

m 

.. 
0 

0 
0 
m 
0 
cc 
0 

0 
0 
0 
0 
I- 
0 

0 
0 
0 
I- m 
0 

0 0  
0 0  
I-r- 
9 Q  

0 0  
o m  .. 

0 
0 
IC m 
m 
0 .. 

0 

-a 
0 
rn 
m 
0 

m 

0 
0 
I- 
U 
m 
0 

0 
0 
01 

m 
0 

m 

0 
0 

r- 
0 
0 

c 

0 
0 

8.x 
m m 
0 

0 0 0 0 0 

0 
0 
0 
0 
0 
0 

N 

0 
0 
0 
0 
0 
0 

1 
N 

0 
0 
0 
0 
0 
0 

0 
N 

m 

o c  
0 0  
O N  
o u  
0 1  
O C  

0 0 1  I 1  0 1  0 1  I 1  0 1  0 1  1 1  m 
.. 

0 0 0 0 0  
0 0 0 0 0  
Q Q  a W  I- 
a N C C 0 0  
r - m m m -  
o o o o c  ...... 

0 
0 
m 
I- 
N 
0 

0 0  
0 0  
I-rn 
O N  
a01 
0 0  .. 

0 
0 
N 
0 
0 
0 

0 
0 
N m m 
0 

0 
0 

In * 
0 

m 
0 
0 
N 
0 
ID 
0 

a 0  
0 0  
CCQ 
rnm 
d.N 
0 0  .. 

0 
0 
N 

O. 
0 

m 

0 
0 
0 
0 
0 
0 

m 
N 

0 
0 
0 
0 
0 
0 

c 
N 

0 
0 
0 
0 
0 
0 

0 
N 

0 0 0  
0 0 0  
O O N  
or-u 
0-N 
Om.- 
0 
m 
... 

0 0 0 0 0 0 0  0 0 0  0 0  0 0 0  0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

9 l " l ~ I - C N ~ ~ ~ a I n O ~ I - I - O 2 9  

0 0 N O N o c 0 a 0 c 0 c 0 c 0 a  ................. 
m I- o. o ~ m -  hi Q m m m I-m cp c m  
a + m a u u m u I - u r a m m m m a  

0 
0 

a 
a 
0 

a 

0 0  
0 0  
hh 
r-m 

' m v )  
a 0  .. 

0 0  
OCT 

, u 4  
m u  
m 
a 0  .z 

0 0  
0 0  
GO.  
OI- 
Or? 
0 -  

c- 
.. 

oo oo 
0 0  0 0  

0 
0 
(L: 
0 

c 

I 

0 
0 

m 
0 

m 
0 0  
0 0  
r-I- 
O N  
u m  
0 0  .. 
1 

0 0 0 0 0 0  
0 0 0 0 0 0  
m C c a I c a 0  o m e e ~ m  
U ~ U N ~ N  
0 0 0 0 0 0  ....... 

0 1  I 1  

0 
0 
0 
.4 
m 0 

I 

0 
0 
N 
J a 
0 

0 
0 
a 
e 
U 
0 

I 

0 
0 
0 
U m 
0 

0 0  
0 0  
- 0  
- m  
1 N  
0 0  

I 
.. 

0 
0 
N 
*). 

0 

I 

m 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
c o . m I - Q S m O . ~ c r N U O N o . N ~ U N Z m N I n ~ I n 2 N h  
0 0 ~ o . o m N Q m m u ~ m m 9 0 u N m O r - u u a I - ~ ~ u  
o r - r - ~ u ~ . m ~ a u ~ u - m m ~ m m n ~ n m m m ~ m m m v )  
O N O N 0 n 0 a 0 c 0 a 0  e0  -010- 0 - 0 4 0  - 0 -  ............................ 
I- 

.aN u w  
m N  u- 
rDI-m(? 
0 0  0 0  

0 1  I 
..... 

0 0 0 

0 0  o o c o c c  0 0  c o o o o c  0 0  0 0 0 0 0  
0 0  0 0 0 0 0 0  0 0  0 0 0 0 0 0  0 0  0 0 0 0 0  
001 ~ m a a r - r n  u m  m m a m m o  e a  P ' C . I - C U Q  
01 m w e o - m  m m  m c r a ~ l i i i ?  m m  Q D O I Q ~ I ~  
o m  Q \ D ~ N O O  mr- m + m N r - ~  er- m e m ~ r -  m -  O O O o c O  0 0  0 0 0 0 0 0  0 0  0 0 0 0 0  ............................ 

0 
0 
I- 
r- 
0 
a 

o c  
0 0  

I-Q 

- 0  

n e  
c- .. 

0 
0 
m 
0 
N e 

v 0 1  I 1  0 1  0 1  I 1  0 1  0 1  1 1  

0 0  
0 0  
0 0  
0 0  
0 0  
c c  .. 
9 m  
e 

0 
0 
0 
0 
0 
c 

9 

0 
0 
N 
9 
N 
c 

0 0  
0 0  
NM-I 
Nr- o m  
0 0  

I 
.. 

0 0 0  
0 0 0  
.oQ U 
* O N  
1 - O .  
0 0  c 

I I  
... 

0 
0 
a 
rl 
0 
c 
1 

0 0  
0 0  
rn01 
* m  m a  
0 0  

I 
.. 

0 
0 
U 
N 
m 
0 

I 
I .  

0 0 0  
0 0 0  
4 .Y N 
m N m  
* m N  
,ace 

I 
... 

0 
0 
In 
I- 
10 
0 

I 

0 
0 
0 
0 
0 
0 

9 a 

0 
0 
0 
0 
0 

m 
a 

0 
0 
0 
0 
0 
0 

* 

0 0 0  
0 0 0  
or- 0 
O U N  
0 - 0  
o a c  

rD 
... 

0 
0 
0 
N 
I- c 

0 
0 
I- 
9 
0 
c .. 

0 

0 0 0 0 0  0 0 0 0 0 0  
0 ' 0  0 0 0  0 0 0 0 0 0  
O. I- -09 I- m r- c3-m 
rl N roo- 1 I- 1 m r - m  
e c- ecr- m m m m o m  
c o a o o  a D o c c c  .................. 

0 0 0 1 0 0 0 0  

0 
0 

v) 

c 

m 
m .. 

0 

0 
0 
0. 
m 
m 
C 

0 0 0 0 0 0  0 0  
000000 00 

O ~ N N I - P ?  cnr- 
m Q m N Q N  d Q  
O O O O P 0  0 0  

0 1  I 1  0 1  0 
........... 

0 0 0 
........... 

0 1  I 1  0 1  0 

0 0 0 0 0 0 0 0  
a o o o o o o o  
0 0  00. Q m N  
ooooao.uff i  
O o o N ~ m u m  
o o o c o o c o  

N4UI I 1  0 1  0 1  1 1  0 1  0 1  1 1  0 1  
.............................. 
c 

0 0  
0 0  
a- 
N e  

0 -  
m o  

0 0  
0 0  
O N  
0t-l 
Q e  
ao 

0 0 0 0 0 0  0 
0 
N 
0 
.a 
0 

0 
0 
0 
0 
0 
0 

N 
c 

0 
0 
0 
0 
0 
0 

cn 

0 0  
0 0  
m m  
I-a 
N +  
a m  .. 

0 
0 
a 
m 
N 
a 

0 0 0 0  0 0  0 0 0 0 0  0 0 0  0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
o o a ~ - ~ . m ~ r n r n ~ ~ m o r n ~ a  
t - ~ - ~ - m ~ o . o m m m m ~ - m o o . r -  
a - o m I - @ m m u I - . u r - m m a m m  
F l O N O ~ O n O e O e o a o a o  ................ 

0 0 0 0  
0 0 0 0  
c a N N  
r - a r - m  
m a o c m  
- 0 1 0  .... 

0 
0 
U o. 
m 
CI 

0 0 0  
0 0 0  
K I P -  
5 Q c  

0 - 0  
I n m a  ... 

0 0 0 0 0 0  
m N m u N e  r n o m m m m  
b 9 D I ) N O N  
0 0 0 0 0 0  

0 
0 
0 
0 
0 
0 .. 
m o  

0 0 0  
0 0 0  
o m 4  
o c a  
O n 0  

* 
c a m  ... 

0 0  
0 0  
hD0. 
9- 
Lnm 
O C  

I 1  
.. 

0 0 0  0 0 0  
0 0 0  0 0 0  
N NIT Q a ( 1  
e N a  e 9 0  
m r - 0 .  
0 0 0  0 0 0  ........ 

0 1  0 1  

0 
0 
U 
01 a 

0 

I 

0 
0 
t- 
N 

0 

8 

m 

0 
0 

I (u 

'1 

a 
0 
0 
0 
d m 
0 

I 

0 
0 
0 
0 
0 
0 .. 
m o 1  

0 
0 
0 
0 
0 
0 

0 
0 m 
N 
00 
0 

0 
0 
I- 
cn a 
N 

0 
0 

N 0 

m 
0 

0 
0 
0. 
0 
I- 

N. 

0 
0 
m 
N 
m 
c 

0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0  

N o m - O Q O I O N  
Q l U W a U 3 N m N . 4  
c a ~ o a ~ e o c  

Q O . ~ O N N N ~ J  

......... 
0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0  
I n m 0 . e m m r n 2 N N N I - m  bo. Q u u  a I C c m u  m o r -  
m * m I n m m m m m m m m n  
O ~ O ~ O ~ O H O ~ O ~ O  ............. 

rn c ) o o o o o o  
0 0 0 0 0 0 0  
0 0  00. h'Ln01 
0 0 0 N L n U c  m o o o ~ o m m  
o o o c o o -  

* 4 F l  I 1  
....... 

= I  

0 0 0  
0 0 0  
Q m z  
0 (ua 
N ~m 
0 0 0  

0 1  
.... 

0 0  
0 0  
m a  
DLn 
*I- 
0 0  ... 

0 1  

000000 o m 0  
0 0 0 0 0 0  0 0 
I-01ICoao m 0 

. . o m v m m m  01 o 
m e m 0 J I - N  * m o  
o o a o o o  o o 

0 1  I 1  0 1  z 
.......... 

m 

0 0 0  
0 0 0  
O O N  
000 

'OCDI) 
0 0 0  

z m  
I 

... 
0 
0 
N 

N 
N 

a 

c 

o a a o o o o  0 0  
0 0  
m m  e- mr- 
0 0  

I 
.. 

0 0 0 0 0  
0 0 0 0 0  
r - * m I - U  
m In 0 I- m 
0 0 0 0 0  

1 I 1  

m m m 0 . o  ..... 
0 0  
0 0  
- L T  

.*d 
0 0  

m e  ... 
0 1  

0 0 0 0 0  
O O O D O  
u Q -ah w 
Nmcumc- 
l V e m N c 7  
0 0 0 0 0  

0 1  1 1  
...... 

0 
0 
N 
(1 

N 0 

0 
0 

Q m  a? 
-9 
0 . .m 

0 1  

0 0  0 0 
0 0  0 0 
0 0  5 I- 
0 0  N 1 
0 0  & l- 
o o  - C ........ 

O m N O  0 0 
l 

0 0  
0 0  
m N  
0 0 2  
(DN 
0 0  

I 
.. 

0 
0 

z 
CI. 0 

m 
0 
0 

0 
I- 
0 

c 

.. 
0 

0 
0 
0 
m 
m 0 .. 

0 

0 0  0 
eo 0 

mI- m 
0 0 0  ... 
m a r -  
m o m  

0 
0 

m 
02 
0 

a 

.. 
0 

0 
0 
0 
a7 
0 
m .. 

0 

0 
0 
t- 
1 
a7 
0 .. 

0 

o c o o o o o  
C O P - h a N Q  
O O a 6 , m 9 0  
o , O ~ e I n N c  
O O r O O C O  

VI 

N 

0 
(u 

0 
. 
0 0 0 0 

......... 
O l O N  S I  Q 



C 

l n 9 N m N O .  
0 0 0 0 0 0  
* * * * I 1  
w w w w w w  
N m o o m m  m o o o m 0  
m r - o r n u -  o m m m m m  
5 m ( O - m u  - 9 - 9 m o  
m m m m o m  
t N e e - 0  

NNNlDNN 
..... 

W W  > >  
0 0  

u u  m m  
mC.  0 0  
I *  

w w  0 0  

Y U  
- 0  

- u  NI- 
0.- 

I -m 

o m  

1? 

O N ~ ~ N ~ O S  
0 0 0 0 0 0 0 0  
* * * * . * * I  
w w w w w w w w  
o o ~ m o o V I o  

M O L (  
0 0 0  * * *  
w w w  
0 0 0  
o a o  
o m o  
i n - m  
N ( D 0  

m u 0  
c c m  

. . - 0 5 0  

- - - Q O n N c . N  Q N -  
........... 

. .  
0 0  

~n 

- 
Z O  
0- 
- C 3  c 
a 
c 
O 
K 

w 
3 

UI- 
0 - 4  

4 0 2  

n 

m w x  
x z a  
A d a  0 0  

0 0  
0 0  
0 0  
0 0  
0 0  .. I-n 

0 0  
* I  
w w  

0 
0 
0 
0 

0 
01 

K 
0 c U 

H 
-1 
U z 
IL I- 

m 
uuln 
0 0 0  * * *  
W W I A  
LT IC I- 

w - m l n  
V N m C  z m C . C .  
U I c ( c v )  
r o o u  
a o o o  
C I I - ~ O  >...  

9 N m  

IO 
0 

m m e u  
0 0 0 0  
I l l 1  
w w w u  
0 0 m I -  
o o m m  
009.0 
ooeln 
O O Q N  
00C.r. 
o o m o  
o o c o  
@ O N C  
.... 

u e  m 
0 0  0 
1 1  I 

' W W  w 
I-- 0 
N m  0 
U I - P O  
* I -cc  
U l D l - C  9 u u o  m o w 0  
- m > o  . . .  
m N W +  

r- 0 

I 
LW 0 

0 
0 m 
N 
9 
0 
4 - 

~ 

w > 
r- I m m  
0 3 0 0  
1 - 1  I 
w w w  c o o 0  
o w 0 0  
O C C O  
m u 0 0  
N S  0 0  
9 - 0 0  

.w . . o c o o  U V I C O  

c. I C I  

d m N N  
0 0 0 0  

c m *  
c E L L L ' L I I A  
* * P I O L O O  

O r - m c o o  
w w m m o o  
o a ~ a m m  
o a o m a m  
u - m u m -  
r t a a u m ~  
m - m m m u  

U h C U m Q  
mr.... .. 

w a x  N -  N N  e;N5-- 

I W  
0 
0 
0 

80 
0 
0 
0 
0 

C e 
S C  w w w  n n  
m a  o o o  c c  
o~ o o o  a u  
N m  d m r -  - i i  
I-~D O ~ N V I O O  

u- 4 9 0 ' Z % X  

09 0 0 0  .. 
CtC Nb.0  .. o o m w c c  

0 
0 
0 
0 

0 
I- 

c. 

II 
0 e 

w 
U I  o r  
L L c  

n u n  
o c o  * * *  

w w u w  
1 m N 9  
-1QCGU 
U 9 l n O  
> N m m  
. m - o  

l n I - m m o  
e l n o a m  
Z W N l n ( D  w ... 

4 0 

w 
I- 

N 

* 
I- 

n 
C. 

c. 

? 

W 
cC.2 
C o r  
1 I W  

I - m  
N U +  
m o o  
OLNZ r - m  
(Porn 
r . -x  

w w m  

e 
a c u u  

w w  w m m o o  
u o n o  O N L O  

N U  Z C  

L O N . ( @  

O O C O  I ( I n 1  

m a  4 0  
r - m a =  

C + V I  0 . -  
a u -  U I I  I I H  I n 1 1  U IIUI-N 
- 1 l n 0 - 1  . l n ~ ~ n m -  
D Z  w n -uo-  o o o o o  N Z Z  
b c a z  a mor2 t + * *  I L > L  c c  
- 1 - z w  a > a  w w w w w c c n  -- 
a + -  - u a  a - O C I - m u - 3  =+I-  
v u c z  I - a  u o o a t n s u ~ - u o a a  + a + -  r o o  ~ O O ~ N - O ~ I P ~ - I -  

w w w -  m 7 - l n  t n m m  C . ~ I - - I ~ O L L ~ ~ Y I  
UVI-LL cucS3u l - a ~ ~ ~ m w w - l -  
2 2 -  D W W L -  
w u  m a +  
U I - I n C W  In m c m - - w  
w u  W 3 T  l-l ...... I- 
ILU u o a  0 N m N N N a  
w z t r c  a L I- 
K C C K O U  K In 

N 9 - O N w W U I n W 0 0 '  
crz 2 

a y y  
e u v ,  
4 4  4 .  
0 K U  

I-I. 

I "  
m u a - a  

a U 
T 4n a 
C U a 
v .  W Q 

r I 4 f c u  
a r - 0  

v- a 0 
W .l I > n 

~ < c . N m u O n O C E D O W Q m u - 1  0 c 

en  
YII- 
* U  

37 



I- 
O 
I 

w 
9 
0 
U 

CI 

d U  
00 
1 1  
DJw 
00 
00 
0 0  
00 
0 UB 
06 

m m  
.. 

00000 0 

00000 0 
00000 0 
o o o o u  0 

m m m m m m  

o...... m O O O O O  0 

t.4 

an 
.. 
0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

O O O G O  0 
m m m m m n  .. 

0 0  000000 
00000 0 
00000 0 

N O O O O O  0 a...... r- 
0 
I 
w F- 
ln 

m 
0 
U 

c 

.. 
m o  

u, n 
^I 

0 
d -- 

man - 
0 . 
W 
ul 
(0 
0 
-3 
0. 
r- 
-0 
.. 
^ ^  
4.0 

4 

v m m  
- Q N  
0 00 
1 1 1  
w w ?L! 
Q N *  
Qln+ 
o m 2  
N O U  

O N 0  

4 o -  
m-- 

m0. 

-- 

m c n  
c .. 

I 
an 

0 
0 
0 
0 
E 

... 
0 0 0  

r 
0 
1 
hl 
01 
0 
m .... 
N O 0 0  

.. 
I70 

000000 
o u o u o  0 
O O O O O O  
O O O O O  0 
O D O D O  0 

-^ 
l n m  

0 -- 
man 
m 
0 

LLI 
0 
0 
0 
0 
0 
0 

-0 
.. 
-- * .? 
b 

V I A W  

c N N  
000 
I t 2  
wLLw 
03 00 
900 
O G O  
N O 0  
lnoc 

*-VI 

-- 

o m m  
e.. 

_ _ _ ~  - 
-00000 D o...... 
- 0 0 0 0 0  0 
VlNNNNNN 

m a  
0 -  
1 1  

w w  
Li 4- 
Liio 
NN 

A b 1  0 0 0  
..... 

1 
P1r-r- 
03- 

8 L I  
LLI w w 
01 sr- 
o m s  rn m m  
N m m O O O  
...... 

(3 
0 
I 

W 0 
0 
0 

~ O G O O O O  
....... 

cc L- e 
O N N  
1 1 1  

w w w  
0 .w o 
0 - 0  
c RI m 

I 

........ 
01 o m  o m  o o o  

rc 
0 . 
W 
0 0 

- 
I--cb- 
J m - - Y x - m  

- m m  * .YIP.-  
000 0000 * + .  I l l 1  

u a m r ~ v v w  

u 

VI-- 
m m  

6 c ^ _ L  

&-a C ---a IIN 
- 1 z 3 ~ a a c x w  

--- 
U W W  

> 
+ N N J  
0 0 0 2  

P I 1 0  
w w LL: 
W O O W  
N 0 0 J  
m o o 0  
v ooz 
I - 0 0 4  
w m l n -  
I- .a 

_ 
0 ......... w . .  
- 0 0 0  0 0  0 0 0  m o o  

00000 0 
00000 0 

L V O C D O O  0 
~ O O O O O O  

I - o c l u m u l n  
+ f - I - r - r - I -  

w . . . . .  . 
c 

a 
a 
W 

I 
3 z 

00.5- 
o - m a  
O N N N  

oolnu 
o o c o  
:s.:? 
e-+.- 

0 0 6  

a * ,  

I C Y  

o o c  
O O C  
o o r  
G - u  

O - l r  
.. 
ro 

3 u I A u  

z 
0 

I- 
U 
a u 
I- 

c 

C a I P C  
X P P C L  

. 



, 

I- 
0 
I 

w 
a 0 

.* 
a 

.. 
0 0  

... 
0 0 0  

0 0 0 0 0 0 0  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

m O P O O O O 0  a*...... 
Ul 

m m m m m o n  

I 

I-I- 
0 0  
I 1  
w w  .*m 
o m  
rDN 
*I- m 0  

I - m  

0.4 
0 

mu) 

I- 0 

I 
w 
I- 

?? 
^ ^  

e -- 
- 

m * *  
a a- 
I l l  

w w Id 
I- -0 
I- 01a 
.* m o  
m NU 

.*n 

. . .  
I 

aa 
1 1  
w w  
W.* 
Ntl) 
f-lN 

0 0  -a 
. . . .  

0 0 0 0  

0 0 0 0  
0 0 0 0  
0 0 0 0  

m o o 0 0  w.... 
Ul 

m n m n  

I 

.. 
0 0  

.. 
0 0  

.*n 
a e  
I 1  

W W  
NN 
&I- 

*N 
I I  m u  
0 0  
I t  

W W  
0 0  
a m  

N- 
I 

0 0  
I I  

w w  m W  
u o  

I(? 
I 

m m  
0 0  
I I  

w w  
N I T  
Nul a 0  

.*In 
U.* 

I 1  
W W  0 4  

t? 

o n  

m m  

.. 

?N. 

.. 
c c  

I-n 

- m  
?? 

........ 
34 N L. "4 N N r( m 

I 1  
0 0 0 0 0 0 0  
m m m m n m m  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

N O o o o o o o  
(3.. .. .'. . 
v) 
I 

0 0 0 0  
m m m m  
0 0 0 0  
0 0 0 0  
0 0 0 0  

N O O O O  
O . . . . '  

v) 
I 

.. 
U-4 
I 1  
0 0  0 0  

I 1  
W W  
m N  
N a  
I-.* 

m -  
I 

0 0  
I I  

w w  
0 0 1  N- 
N.O 

o m  
I 

0 0  
I 1  

W W  
N m  O m  

.. 
mom 

.. 
m a  

4: 
m- 

1 
Ut7 

I I  
U W  
O m  
N a  
0 0  

Uhi 
I 
Urn 

I 1  
uu - 0  

(ON 
U P  

mI- 
I 1  

Q Q  0 0  

I I  
U W  
Lnm 
o a  

c c  

.. 
de 

.. 

tnn 

i ? ?  
I . .  

d U  
0 0  
1 1  

U W  
e 9  e m  

- 0 0 0  
Z ? . .  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

a000 0 0 0 0  a....... 
n o o o o o o o  
UlNNNNNNN 

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
000.2 

a0000 w.... 
n o o o o  
UlNNNN .*mm 

0 0 0  
I l l  

W W W  
O O N  
N O 0  
a m m  
m m  d o  o 
..... 

m . * m o  
0 0 0 -  
O I I  

w w w w  
+ o m @  
I-(0-0 
N a a m  ...... 

N O O I D O l N n  
. * o o a m c D m  
. *mU. * I -NQ 
N m Q I - m a m  

I ....... 
0 

n o m m I - w m I -  
n c o o o o o o  

O m N O  . * ( D a m  
0 0 1 N N  
O..DNVI 

m m m m m  
n o o o o  I.... 
0 
V u 

m m  01 O N  .* ri 
- 0 o c r c -  
1 1 1 1 l 1 1  

w w w w w u w  
- N O @ - m b  
N01eI-NI-I- 

@NND.*VI.* 
I I I I I  

-0aaaa-  
l l l l l l l  

w w w w w w u  
IONmOlI-NP) 
N m N N U Q I ?  

9 01. 9 5'0. '".? 
i u m  o O N  n* 

c r a c u u u  
~ n ~ ~ - m m n *  
1 1  I I  I 
SaNPlViI--l0 
0 0 0 0 0 0 0  
1 1 1 1 1 1 1  
w w w w w w w  
I?I - (?01mNa 
I- m m c c o m  
0 - 0 m 0 1 I - m  
N c e N O . * a  

....... 

....... 

c u m  
0 0 0  
I 1 1  

w w w  
0'c- 
01-Q 
I--701 
c a m  
m I - m  
OI-Q) 

U * N  

m-- 
00. 

U 
0 --- 

* V W U I  

a * N J  
0 0 0 2  
I I 1 0  

w w w  
a m m w  
mLnN-l 
U I U 7 l - W  
0 1 0 0 1 2  

e.. 

i i i i i  
w w w w w  o m ' c m o  
u m 0 1 o e  
. * I - ( D m m  
m a m * I - o o  

I l l  

a a  
n e o m m m  
- a O O O a  

I 1  
u w  

1 1 l 1 1 1  

.QQ 
w w w w w w  
o a m u ~ m  
O N m m m Q  - 0  
( U I O I - e U N  I -c 
I - r . * m a U O O  U N  

1 1  I 1  I 1  
I-a 
0 0  

NhaHNNa 
0 0 0 0 0 0 0  
. 1 1 1 1 1 1  1 1  

W W  m m  w w w w w w w  
0 . u c v I m o r -  

e m  
~ * ~ ~ I - U B Q O O ~ J ~ ~ N  

1 1  0 1 1  
I - m O O  9 0  P N O  
0 0 - a  0 0  m a -  
1 1 1 1  l l  1 1 1  
w w w w  w w  a w L u  m n m o  +I- ~ m m  
aoO.I-Fl I -v )  CI-N 
.*FINN 

O U U I N O O - Q O 0 3 ~ I -  
I 1  

0 0 0 r -  0 0 -  a a  
I I l l I l l l  X I 1  
w L v w w w  w w u  - w w  o m o o m  aodu a - w  
h C U l O . *  m c c  c u e  
a m * c u  m o m  .a40 .......... . E . .  
I n U 0 c N O I - * ~ O O  o m  

I 1  2 1 1  
( U ~ U - Q ~ N N ~ D  01-10 
G O c i O O O O O O O  I C 0  
* 1 1 * 4 1 1 1 1 1  C I I  w w w w w w w w w w  a w w  
u * a d u f m m C l u  2 0 m  
9 L n t n o o o a m m l r  w I - 0  
~ - c r a c ( ~ o a c t n ~  a c a  ........... .n .. 
m m a ~ ~ c n ~ ~ a c a o ~ u -  

1 1 1  I l l  V I  I 

....... 
.in 

. . . . . . . . . .  

I m ' c N m a m  m m  
????'P.m.r: .w . 

..... .?7. .Z?? 
I - * m o o  a i 0  U - 0  

(1 

1 
W a 
I- 
pr 

m 
N.0 0 0  

* I  
w w  
0 -  
a01 

a a  

e 

.. 

. . . . . . . .  
QCIU lO- - *N  

L 
L 

0 0  
O f  

w o o  
L O O  

I-HN 
I . .  

m m  

w 
> 
I- 

a-- 

N* * *  
m - r  
I - - +  z.** 
0 
c 

0 . -  
c m  
.*a 

0 0  
0 0  
O f  
0 0  .. 
N.* 
m m  

NN 

OD- .*m 
. I  
* e  
* L O  

. r  
c m  *.* 

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

Luoocc 0 0 0  
I0000000 - ....... 
c a ~ - m m m o o  

I - I - I - I - I -~~  

* 

0' ...... 
-2 N N N - 0  
m- I I  

I - r - m c -  
m i  U O N O  O O O r c  
0 0  0 0 0  I I I I I  
+ I  I * I X  w w w w b J  
w w  w w w n  m m ~ m a  
R Q  u c + a  a e a ~ l r  
I-N mI-0 .C  O e 0 m U  
m a  e o a a  ...... 
0 0 1  m a m s  C - N I - W O  
- e  + o m  I 1  m m  c f f i o w - * * a a a ~  
m m  N ~ V O O O O O O O  
*I- C Q * I *  1 I + * I I .... a w W b l w w w w  
. * C C a r - r N O m U ~ l f ? f - l W  

l - I - K c m 0 1 . * o m o 9  
u a a c m * a m  > ....... 

- C * W N a a ( l u  
W V I I I  I 

l V  
. O W 0 1 o a - 0 0  o o o a c  - c  

I I I I I X I I  

h, r. IJl m 0 c 0 d 
N N m U D a I - 0  .... .= .. 
H U N - 9  a0  
I I 2 1 1  
NNb. a d 0  a10 
0 0 0 ~ ~ ~ 0 0  
I I I I I C 1  I 
L LAJwww q L J w  
I- m m - *  JLnr- 
N a Q L n a ? w o o  
NlOI-NNLL.*U .... .c.. 
r a . * O d O N C I  
I 1  l u l l  

~ C O Q I - N ~ N L A  w w w w w . - w w  

39 , 



z c ~ a  
- 1 a u w u u u a  
O I A I - N N U C 1 W  

c - O O c N N -  
00 0 0 0 0  0 0  ........ 

^ 
* - e l -  
- 1 l n c  - x x - m  
-saw w u u u w  

Q ~ U  n 

n - m o r -  
l r m o  0 

I 

. . . . .  

Ci - 
I 

W - 
a n 

Ln 

.. 
0 0  

... 
0 0 0  

0 0  m m  
0" 
cc. C O  

0 .. 
In 

m o o  
I 

00 mm 
00 
00 0 0  

N 00 

m 
2 . .  

00 
0" 
0" 00 

5" - 0 0  0.. 
c 0 0  v) NN 

-0' 
U V  e m  C N  

mcO1 a O E  I .. 
U 

P.! 
Ne 

N e + 

c r -  
U I  I 

e- 
acr 

n on a .. 

OLT cc 

--in 

I C Q  C U N  

.. 
n e  

n - N  

u aa  

0 0  
0 0  

L E O  
11 oc C . .  

t e a  a a  

l. 
LL NN 

I- 

* +  mLn 

VI I. 

I ulr 
C 

c r c  

a - -  L 

nu- m e  

. . . . .  
W Q C I Q I  

I ,  
Q I m r - O D  
0 0 0 0 - 0  . . . . . .  . . . . . .  
W L L * L W W  e e o o m a  
C U P & - m  

0 

* 

e 

* 

* 0 

I 

c 
I 

C 0 

m 
T 

v) 

U 
4 
3 
Y " a 

c 

m -. 
I 

l a  
Y 
C 
0 
0 * 
e 
0 * . L 

. 
40 



0 0  
zoo 
I - * *  
v w w  
LLaN 

NN 
ulr-0 
u l Q 0  
0 m- 
-I.. 

-N 

I-I- 0 0  

I 1  
w w  
U- m m  

m * m  
I I 1  

w u w  

N * O .  

ul * N  
I 1  

I 1  Lrw 
N N  w e  
m m  

0 0  0 -  

- -- 
o n~ 
a a m  . . .  

u n  

. . . .  
I 

I t  
W W  
O N  u e  
u2- 

I- -- 
. . . . .  

Y Y  0 0 0  

u i  
W N  
u m  
?? 

0 0  
m l  I 
u l w w  
W U I -  

- m e  c I C 0  

W Q  
I 1  

a a m  

g:? 

0 -- 
ulul 

- -- 
ulvl 

I- 
0 
I 
w c 
a 
Q 
m 
In c 

w o  
.. 

a 0 

I 
W 

m 
O. 
m 0 

I- 

a 

d - O O - N N d  0 0 0 0 0 0 0 0  

* * * + * l l .  
w w w w w w w w  
U I C ~ L F U I - ~ O  
r - u ~ b ~ r n r n o  
m m - m o r - t - w  
Q-mQmO.O.O.  
v m o m - ~ . ~ . ~  
a c u n u m u I -  
O . ~ O N - I - r - w  ....... 
4 N N Q N N N d  

~ - m - o m m "  

I 1  

I 1  
w w  
O N  

-e 
00  

N I  I 
U L L L  
w m u  
L L Q N  
* O b  

+ e 0  
m a 0  
3.. 

C N  

.CI--c i o  
0 0 " -  0 0  
1 1 1 1  I 1  

w w w w  w w  
m m a a  0 0 1  
C l N C O  4 9  
N m - N  a u  
N-0-  mI- 

O O O d d  0 0  
I I I I I  1 1  

w w w w w  w w  

* - m a -  
W O l r l Q u l  m -  

I 1  I u u m r - o ~ .  mr- 
0 0 0 0 ~ 0  0 0  
1 1 1 1 1 1  I 1  

. . . . . .  
m a ~ o o  I 1  m c  I 

a m a r - r -  ar- am I-N u m  ..... ?: 
W L W L L W  u m c m m m  w w  m m  
- V I - N - m  m N  . . . . . . . .  r - n . 0 0 ~ ~  o m  

V 
C W + -  I- 
U X W N > > N U  
~ + m x u u v ~  
U - - m N - - -  
0 0 0 0 0 0 0 0  

* * * + I  I I 
w w w w w w w w  
- o m ~ - m - n m  
Q 0 m O I - O . N h  
- I - m u w Q u O .  
u m - u I - w c d  
m m - m w t - o O .  
O I U N U Q t - m O  
w m r - ~ m u w o r  
- W - N N Q u W  

0. +Nul --Nul 
........ 

a n  

e 
0 

W 

0 
0 
I- 
0 
0 

- W I- O 

I- 
N 
01 

N O  

e .. 
. .  

+ - = I -  
J ul-- x x c m  

- - m  d u m -  
0 0 0  0 0 0 0  

u n u l ~ ~ v ~ w  

- - -  
a r c  0 
- - - a  ~ X N  
A I I N ~ ~ D W  C O  

0 0  . *  
UJw 
C N  -e - - N  u -- 

C . .  
D N  

L: n m  

O U N  
0 0 0  * . *  
L V W W  
NO.- 
--w 

> 
U m A  
0 0 2  
I 1 0  
w w  
0O.d 
d - W  
t - N Z  c o u  
r-N- . .a 
- m +  

h 0 

W * 
0 

e 

- 
m u  
0 0  
1 1  
w l v  
-O.  
*I- 
I-oc 

m u  
.. 

.... 
Q Q - N  

E s -  co w 
e u m e  
0 0 0 0  * * * *  
w w w w  
C I - C U  
o m - m  
O N m N  
o u a a  
o m u m  
o m r u m  o u c m  
0 - u c  
O r * -  
.... 

E m  
0 0  
I 1  

W W  

u u  b b  
*Io 
N N  
Q Q  
c c  
d U  ... 

occ 
I 1  

c- 

m -  
o o  
* I  
w w  , u c  
O.m 
+IC 
O m  
m e  
o m  
c.0 

m I - 0  

m e  ... 
n cz 
c w 3  

I- 
O N ~  o 
0 0  I 
* l X  w 
W W -  m nrI-a E 
NO.+ e 
m u 4  . 
N E S  - 
LnN 
m Q W - I n  . . V O O  
Q N Z *  I 

' a u w  , - - - e m  
- + a  o m  

a NO. >..  
- - c u a  
m w , u  I 

I 

c c c  
1 1 1  
W L V W  

- - m  
m 

a m u  

u m m  
w u n  ... 

- u r < u  m r m -  
0 0 0 0  0 0 0 0  * * * .  I , . .  

/ 

41 I 



up1 
4 -  

I I  w w  m N  
G l n  

b N  
I I  o m  

I I  

iuL N N  

a m  u m  

10- 

5 9  

- C  

.. 
1 -- - d  

I I  w u  
O N  *I- 

u- 

N N  I I  

. 01 'I 0 0  

I ,  
W W  U O  

or -  

.. 

h i m  

h im 
m m  

. .  
I 

00 
I 1  

w w  r - e  
N -  

t: 
- I -  

mr- 0 0  

I 1  
L L  m N  

1 

m e  m a  .. 
U.. 

0 

1 
W 0 

10 

m 

d 

Y 

.. 
0 0  

... 
000 

m - 0  
0 

I l l  L v w w  
m - N 
o o m  
~ a a  ... 
c m c  

I l l  C O O  

0 -. c 
I l l  

w w w  e m -  
P C O  
m m m  . . . 
m r - m  
I I  
r - O O  
0 -0 
I l l  L L W  

o m -  
O M U  

n m m  ... 
m e r  

c o o o o 0  
1000000 
I - . . . . . .  
V W W W W W W  
L L m O P l r r - l -  

S U O N I D U  
v l m m m m  0 N 
m ~ c c r - n ~ t -  
0 m u  m c u re 
-I...... 

N N N N N N  

r-r- 00 

I 1  
w w  
Q -  
Ne m u  

m N  m m  
* N  

Ur- 

Q U  

.. 
^ ^  

0 -- 
m v l  
c 
0 
I 
w 
rL 

.0 
0 0 

u o  

n 

.. 
-- 
ui m 
0 - - -  

m v l  
0 0 

Lu 0 

0 
N 
01 m 0 

r - 0  

U.0 U 

.. 
^ ^  

- -  
m m  
u m  00 

I I  

w w  -4 

- *  m m  
u - n  -- 
u c  .. 
-e 

^ ^  
m m  

- -  
m v l  

t 
InnmA 
0 0 2  
I I O  

LuLv 
m U W  
4.02 
4 P O  
- - z  
L.- 0. u 
h i m -  . .rx m *I- 

000000 
z o o o o o o  
I-...... 
v w w w w w w  
L L r - C m m * m  

( P O N O O C  
m r- 0 m N .0 r- 
Ul Gr-r- U * o m  
-I...... 
0 0 ~ u m - a ~  

N m n m  .om 

r-r- 
o o  
I I  

W W  r - -  
u 0. 
Q 1  

4 m  
0 . N  

m e  

r, N 

. . 
^ ^  

Q U  0 - -  
m v l  

- - - I - -  
000000 

r n l l l l l l  
v l w w w w w w  
w NN m o m r -  
K U O - Q u a  
. O * U ~ N O  

l - m b c r - c m  
o m m - m m o  s...... 

C U m U U l Q F  

....... 
o o o o c o  

m L  w w L L ' L  w 
W N O S N O e  

m i  I I I I I 

u m m m l n m m  
. . O N O O - ~  

o n v i m a m m  
I - O c m r N O  

s...... 
U - - r - d -  
I l l 1  

- - N ~ - N  
000000 

z.-(Lu 
O S : - l I - N N T ? W  
- l a u w u v u u  

a 0 

I 
W 

0. 
0 

m 
V 

c w c -  c 
UIWN>>N~ 
- I I - ~ X U V V A  ........ 
o o c o o o o o  ........ 
L v l U L u ~ W L L W W  
D o e m r ^ - c m  
m o r - ~ m ~ m ~  
m r? U 0 In .- 0 00 
a b  U U C  UJ- 0 
m r n m & u m m ~  
~ D ( D N N Q ~ O ~  
m ~ ~ m ~ r l m r -  
N r - r L I . S U . 0 D C r -  

O I ' N v ) - - N m  
. . ...... 

I t  

c 

N e - - - -  
0 0 0 0 0 0  

- 1  I I I I I 
V L L L L L L W  
W m U u m r - N  

I- u1 r- c O r- O 
O m  Ln U N  N ln I...... 

I I I I I I  

a c a ~ c h c m  
. Q ~ N ( ? N ~  

m c  N N ru e 

m m  00 

I I  

w L' m e  

b N  

m -  

m r  .. 
NeN-.-r  
000000 

- 1 1 1 1 1 1  v W L '  w w L w 
w m m c n r- 
a t - ~ n . - ) c o  
e - m a e - u  

~ O I - N U Q  

I- C 01 N U U) U 
o r o o m U u . 0  
I...... 

I I  
4 L? 
0 0 0  
I l l  
L w L L  
.nul7 
m m m  
Q N O  

 ON . . .  
m e  
0 0  

00 -c 

1 1 1 1  
w w w l v  + u  e o  

a r - 0 -  

N n m U  I I  
C C C  0- 

1 1 1 1 :  
w w Ll w u 
P '0NO.X  
.Kcon-  n c 
- N m m N  

I I l i  
-CCt-NNFl 
o o c o c 0  
+ l l l I l  
LL! w w L' w w 
U. d hN N U  
m m l . ? O u l r ,  

Q U m 0 - N  

-e-- 

N O ~ I -  . . .. 

muIu3 O N  

. . ... 

O ~ N ~ U U O  ...... 
I ,  

Q L n + . 0 l n Q  
o o c o c 0  
I I I I I I  

w w w Ld w w 
P O c L T c O  
I - r - m o - . 0  

N c c IT ,?. 4 0 
m m L m r L . 0 L c  
W m O O U Q m  
(I...... 

u - I - - - ~  
I l l  I 

o o c o 0 o  
0 C O . a ~ : C  ...... 
W W W W Lu W 
-0.cCICcIm 
a & k u r - e  

c 0 r VI .0 u> .0 
v ) - m N Q U D  
w - - O . Q v i c  
I T . . . . . .  

- m U U u m  
l 1 l 1 1 1  

v ) ( \ I r - O I C I - U  

(I . . . . . .  
l-bF?,-*Q 

w & m a m ~ 4 1  

I 
- - -  
a -c C ---n TIN - -  

cc c 0 0- 
000000 
+ * . * 9 *  

w w w w w w  
m c c m c a r -  
m m o  m bo 

w - - m D O m  
E . . . . . .  

r.nD.-ua.- 
I t  

- o ~ ' m m m m  
~ ~ D O ~ U J O N  

O b W  m m -  
0 0 0  000 
1.. 1 1 .  
w w w  l v w w  

L n N f -  
m m r -  O U O  

U l ? C  N D D  
= O r ?  C b N  
m N F l  \D lnQ 

m e m  u u U  

mrom u m m  

u-IC r . e o  

r - a o u  m -  

- - - a  15 

. . . . . . .  
I 1  

u - a  
a > > > :  a 

^ ^ ^  

* 
U N A  o o z  
I I C  

W l v  
Q C W  
m - _ J  
N C IS 
c u z  U Q U  
m a r  . .u 
--I- 

^U 
mW 3 0 

--I 
VI- 

. .  
m m - -  t- 

m r - n ~  m 

oo-- o 
I l l 1  I 
LlULlA w 
D Q C r -  10 
N N L O Q  vi ....... 
nu.--oo- 

.T@-YNN r m  

e r - ~ e m  m a  
u i - r n - u  ~n 

I I  I 

0 o o e . -  c o  
1 1 1 1 1  I I  
w L r l U w w  L L v  

r n U I - . c O  r - c  ........ 
U . d - m O O N m  

0 0 0 0 0 0  
O o O L c o  
0 0 0 0 0 0  w . . . . . .  

I U N N - 0 0  

h 
- u c c m e ( ~ m  

000000 
o o o c o c  
000000 

w . . . . . .  
Z m T C L P C Q m  - r-r-r- r- I-e 
b- 

r> - r- or- r--a o 
I I  N 

a - u  
- - - L  T I - I -  
O > > t C O  w > v I  

^ ^ ^  

- 4 0  
000 * * .  
w w w  
0 - 0  O O N  
o m 0  
Or-(1 
O N U  
o m m  
oar-  

a -u- 
o l - u  . . .  
L- - 
SP- 
.->= 
c-  - 

d 0 

W r- 
Q e 
0. U 

Q 
m 
n . .  
- c  - 
e - a  
2321 

- orcn 

o ~ w a  - 0 0 . 0 4  

0 0 0  
I . I *  

w W W -  

N . 0 N C  

m 1 C Q f  
J- 4u 
N O v i w  
u . .v 
I- & r c Z  .. < 
r -C^^. -  

- + a  Q 

> 
c x - - c  
Y 2 W v I U  

- 4  
0 0  * *  
w w  0 6  

0.a 
0 u, 0 0  

O N  
0.0 00 
L.7 4 

Ice 

(L' - 
X U  
I-> 

. .  
I- 

( ? Q  

0 0  * *  
w w  
UIC m m  
cLa 
D e  
4 N  
N C  N C  

4 m  
c-0 
... 
^ ^  
I M  
- - n  3 = r  

I 
o m b e  
0 0 0 0  
. I l l  w Id Id w 
u - u -  m u r - a  
r c ~ a  

*&-(t 
I 1  

.... 
42 

. 



.. 
0 0  

I :  

... 
0 0 0  

C b - c  
0 0 - -  
1 1 1 )  

w w w w  a*-- 
D N e N  
mr-LQ- 
m - - N  

I l l  
eulC00 
ooo-- 
I I I I I  

w w w w w  
N * O . * m  
* w m - I -  

.... 

- + m o o  
m-mrn.0 
..... 

I .  

* e u l G o i  
o o o o - o  
1 1 1 1 1 1  
w w w w w w  
. o m r - e f - u l  
In*+***  
m o e. o n  
~ w e m m -  
. . . . .  

U 0 

I 
W 10 
U 
C 

c 

-* 0 0  
* a  
W W  NN 
6 0  

- 0  .. 
e m  

e m  
I I  

w w  m N  

* 0 .  

* N  
1 1  

* m  
I 1  

N iU 

-0. m m  

* -  

rnm .. 
M" 

(y L' 

.. 
I 

1 1  
w w  
O N  m -  
(0- 

NN 
1 1  
C P  
- 0  
I t  
w w  
PI0 

m 0  

I 0 . m  
0 0  
1 )  

w w  e o  
m a  -*  
N O  
I 1  
PI- 
0 0  
I 1  

w w  lnm 
P C  
N m  

N -  
I 1  
m N  
l l  

w w  
O(0 m -  

m N  I 
NN 

I 1  
w w  P* 
N m  u -  

-m 
m m  
0 0  
I 1  
w w  

c- 
r (c (  

.. 

m a  .. -- 
.. 

.. 
e-  

m m  .. 
4 "  

.. 

0 0  -e- 
2 0 0 0 0 0  
I - . * . * .  
u w w w w w  
I L u m * o *  

--I-uO) 
m m o u l m o  
u l . t * m * m  
o m I - - b m  
-I..... 

e0aJc-a 

m m m m u l  
0 0 0 0 0  
1 1 1 1 1  
w w w w w  
e * m w m  
- r c o m m  

m e - e u l u  
Ine*o-*  
LL'NN r e m  a . . . . .  

NNN-4  

* * u l l n m  
0 0 0 0 0  
1 1 I I l  

w w w w w  
m o m 0 0  
Q I O U l N 4  t u r n - m f - h  

m f - N m d *  
w 0 . m  o e m  a:..... 

lob--- -- --- 
0 0  0 0 0  . * * * *  
w w w w w  
m m c o m  

0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  w . . . . .  

S 4 0 N - O  
crI-r-)cr-c 
I- 

z-b.4 
O x - l b - ~  N ~ U  
d o u w u v u a  

--I 

a - m  0 
- - -n  I X N  
- 1 z 3 ~ a i x a w  
O J N  m m - N  
0 0 0  0 0 0 0  
+ . *  1 1 * 1  
w w w  w w w w  - m m  9 N N m  
r n o ~  a m m o  

-I^ 

a - m  ---a rs- w > > > a o  w 

*I- 0 0  

I 1  
w w  
N P  
a01 
C N  Oul 
NN 

-I- 

**  0 

-- 
.. 
I -  - -- 
I n -  

.* 0 
I 
W .D. 

m 
0. 
P 0 

N O  

ulm 
0 

v)In 

m 

.. 
-I - -- 
0 

.w m 
m 
0. 

m 
d 

- 0  

4 .. 
+ *  e 
mIn 
UFl 
0 0  
I 1  
w w  a- 
N P  

-- 

-- . . . . . . . . .  

m m  
0 0  
I 1  
W W  *- 
O N  
In* 
P N  

0 0 0  
0 1  
W W L L  m N m  c u u  
m I - 0  
m m N  

I 1  - . o m -  
0 0 0 0  

I I *  
W W L U l u  
e o m u  
F N * *  u m we 
I -w. - *  

1 1  

.. 
m m n  

... 

.... 
43 



E 
U 
r 
W 
0 
a a 
v) 

m 
-. 

In 
-1 
0 a 
c z 

lnv) 

w u  a a  

a u x r  
a 4  o 
no [p: 

u o o o n  

I-+- 

. u  
r x m r n u  
> n o 0  
Q W O O Z  w w o o u  .-  

o m  
0 0  
0 0  
0 0  
0 0  .. 

I . W .  - IC) 0 0  e 
0- 

I mm*CfQ LL 

-IC o m  w e -  
Y N  .mnm . m m o o o o m m  0 0  N N f-a . M  
0 0 m - 0 0 0 m m m o 0 0  a 0  0 0 O N  
w o o o o o o m m m o o o o ~ ~ ~  + O * Q  
I .I ~ 0 0 0 0 0 0 N O O N N 0 0  w w - 0  
v o  c. .... 0 .  ...... m 0 _OVIdN 

n 0 0  a 

44 

. 



. 

w w  u u  
(LLL 

3 1 3  
UIUI 

k L L  

a u  
a o :  

.. 
a a  
w w  > >  
0 0  
m m  

Ul - 4 4  
0 0 0 0  
D * * e  

w w w w  
0 0 0 0  
o o m 0  
In o m 0  .. 

N ~ O  0 0  - u l - 0  
N m d o .  
01 o o m  
N m m ~ e  
IC O N -  n n  
. . . .  

0 
0 2  
0 0  
0 "  
. e  
c u  
o . 2  

3 
LL 

J m  
U U I  
2 0  
U J  
Lr * o  z 
0 4  
c 

n u n  w w  

0 - 0  
o m  0 
m F I 0  
o m  N 
m * m  
m m o  

c.44 

0 u 

, 

. . -  
m m  

II Y 
w w  

3 1 3  c c  

O W  z z  
0 0  
2 2  

* V I  
? U  
o m  .Dm 
0 1 0  
0 . D  

nci 

"I 

. -  

45 



P- 
O 
I 
w 
9 
0 
8 

r. 

* I t 1  

V I  
W l W l  
0 0  
00 
0 0  
00 
Oln 
O C  

3 . 3 1  

.. 
n n  
I- * *  

0 - - -  
Lorn 

8 U  
0 0  
I 1  

W W  
0 0  
0 0  
00 
a o  
O m  
0 -  .. 
n m '  
L I  

m m  
0 - -- 

Lorn 
9 1 -  
0 0  
e 1  
W W  
00 
00 
00 
0 0  
01 
0 0  

-4N 
.. 
^I 

9 N  
r- 

533a33 

O O O O O Q  
0 0 0 0 3 0  
0 0 0 0 0 0  

m 0 0 0 0 0 0  
CJ .I * t  .I *,.I 0 1  

v) 

n o m m m m i  

M 

D l t i  
0 3. 
1 1  

w .A, 

w o  
N O  
9 0  
9 0  
-ul  
-r- .. 
-n  
^I 

a *  
0 -- 

Lo v)' 

.DO 
0 0  
I 1  

W W  

90 
e o  
0 1 0  
-ul  
NC 

- m  

m o  

.. 
-- 
tnn 

0 
d - -  

V)m 
-1 

0 0  
* I  
w w  
0 J - I  
N C  

ul01 
901 
eo. 
N- 

* N  
c 

e n  

.. 
^ ^  

-- 

I. 

0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

.. 
0 0  

.a .I 
0 0  

.I 
0 0  

., 0 ,  

0 0  

* .  
O O  

.. 
0 0  

.. 
0 0  

.. 
0 0  

. *  
0 0  

.I .I 
00 

.. 
D O  

.I .I 
0 0  

r- 
0 
6 u 
Q 
0 
4 .. 
A 0  

N 
0 
I 

W 
0 
0 
0 

I O 0  
... 

0 0 0 0 0 0  

O O O O O Q  
0 0 0 0 0 0  
0 0 0 0 0 0  

N O O O O O O  ....... 
v) 

m n o m m m  

I 

- 0 O - 0 0 -  
0 0 0 0 0 0 0  * * * * - * *  
w w w w w w w  
W N 0 4 m D b C Q  
~ - o u l m u l N  
O . D O I - ~ ~ O L  
n s o m m m c r  
( f m o C O N N -  
LnmNmCOaDm 
r - ~ m ~ m n ~  
9 o u n m l n a  ....... 
-ID U-CI-rr 

0 V 
c w c -  x +  
U I W N . - * U  

tD4-bNN-  
0 0 0 0 0 0 0  
* * * * * * I  
w w w w w w w  
O Q O S C I 9 ~  
o-oVlulON 
o m  O b  CD m 0 
. O N O u l O O D  
m o . c u o o m  
u l + c N d N N ( D  
on  m m - - ~  
O S Q I - N N m  
-I-N---lO 

1 1  

~ c m r ( u = r - ~  

....... 
I 1  

0 
0 
1 
u 
01 
0 
ID 

N O 0 0  
..*. 

000000 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  

- 0 0 0 0 0 0  
( 3 . r . r . .  
- 0 0 0 0 0 0  
Y)NNNN(UN m m  

3 -  
I D  
uJ W 
In* 
N O  
NN 

- m o o 0  
..... 

a 
0 P - r -  
0-l- 
1 1 1  

w w w  
elno 
O W -  
C D Q L C )  

N d U 0 0 0  
.I *I .I ., .I  ., I 

CU'33rl z 
J U ) - - X X ~  -- 
u a  V I ~  u u w  V ~ V )  

- n m  U U - - ~ N N  
0 0 0  0 0 0 0 0 0  * * .  l l l l P l  

m 
0 
I 

W 
0 
0 
0 

* 0 5 0 s > ) 3  
....... 

m u l a e  
0 NNN 
I 1 # 1  
w w w w  
0 N C 6  
0 e-0 
0 N . D m  

./ ., ., .I .I ./ .I .I 

m o m a n o o o  * 
9 
0 

u 
0 
a 

- 
V)- * 
N J  
0 2  
BO 

W 
O W  
O J  
c w  
0 -c 5 u  
.1 
.-I+ 

-I 
'Dw 
3 
0 

- 3  
m -  

n- 

0 ........ . W .  ..... 
- e o o o o o o o o m o o ~ o o  

0 0  
W a a  .f 

0 

w u a  
' L z  

w 
0 
J 0 I - +  
N m . . - .  - .  - .N .U - 
m ~ ~ ~ o a ~ ~ o o ~ o o w o ~  

- 69 
1 I 2 9  

I r - c  2 :  
c- 

IT 
C 
I x x  l *  

W W  
-4 a x  

w 
Ln 
N a +  F - +  
N ul- = x u  

- I  

................. 

0 0 0 0 0 0  
000300 

w o o o o o o  
5 0 0 0 0 0 0  

C O - N m * m  
d...... 

r - h - r - r ~  

- 4 m . t  J U - N N N O  
0 0 0 5  000000 

w w w w w w w w w w ,-4 
e * * *  r e i i + r x  



I :  

e 
3 
I 
W 
-9 
0 
e 
4 

e 
O 

W 
Q 0 

t. 
r.0 

N 0 

I 
W c 

0, 

m o o  

a ... 
urn 
0 0  
* I  
w w  
D e  
Q C  
* O  

c-900 
.... 

U O i  

m e m  

10 0 
* I @  
W d W  

4 D . t  

m m m o o  
I m e m o  

0 0 0 0  
I I I I  

w w w w  
a a 0 m  
O D C D  
.I .I .I . .' .' 

M L n - 9 0 0  

",?. . 

m e r - m  

I 
NDDODQ 
- 0 0 0 0  
I I I I I  
w w w w w  
, c ( \ 1 m o o  
N - N - r  

- u N - - a o  
I 

e - r n ~ m  ....... 

.I .I 

0 0  

.. 
0 0  

yI-9 0 0  

I *  
w w  
O N  
r ) U  
NN 0 .  

I C I  
I 

* Q  
0 0  
I 1  
w w  m -  m c  -la 
- Q  

I O m  
0 0  

W W  
4 -  m -  m m  

I 
c 1  
0 0  
I *  
w w  
N e  
O-9 
D O  
.I .I m -  
I 1  
D O  0 -  

I D  
w w  
O D  
0 -  
L n N  

-m 
0 0  4- 

I D  
w w  
m m  
e 1  

.. 
a #  

.. 
m o  

.. 
m n  

.I I, 

m m  
I. 

NN 
0 0  
I I  

W W  
e m  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  rnO0 0 0 0 0 0  

.I .I 13 .I .I .I 0 ,  0 ,  .I. 
0 0  n 

vl 

0 .  

0 0  

00  

I D  
W W  
-0  
O N  n m  

-.* 

.. 
m e  
O D  
- 0  
I I  
w w  
Q O  
90 *e 
-N 
I 
0 0  

I *  
W u l  

m r  
tcc 

- m  

.. 
ad  

m o  .. 
D D  0 0  
I 1  

w w  9 c  
D O  
4 0  .f .I 
a- 

0 0 0 0 0 0 0  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

N O O O O O O O  
Q . . . . r . .  

u) 

m o m m m m m  

n 

N - e - m c u  
O N D D P N N  

4 U S N O U ) Q  
....... 

- m m w o m ~ -  
n 01 J m c H N ~  
I ~ ~ D ~ N U U  
O . P D O m N m -  
or. r - m  D w (Do. 

0 0 0 0 0 0 0  
O O O O O O O  

w o o o o o o o  
r o o o o o o o  
c ~ c m m a o o  

r - r - r - ~ c m m  
.-. ....... 

r . r ro000-  
0 0 0 0 0 0 0  
* . * * * * e  
w w w w w w w  
* O I - O r - O O  
r ' Q O L n O - 0  
+ ) u O . m o m u  w m o - m m m  
-emm-e-o  
9 9 C N 0 0 9  

~ D P N I D - O ~  

m m - m o o m  

- ~ ~ D D D -  
....... 

V 0 
c w c -  IC 
4 I W N * * 4 

I I  

-1 t rn~u4-1  

a.a. 
0 0 1  
0 0  
0 0  
0 0  

m . 0  0 

vl 
2 -I .I 

- -  - 
4P 1 s  6% 
o m  e o  r-m . . . . . .  
N O  -N NC) 

NOID ell7 DOI 
0 0 0  0 0  0 0  
@ I 1  1 9  I *  
w w w  w w  w w  
Q - 0  D P  ON . . . . . .  

a )  

Q O Q  -10 mr- 
? m e  Q O  0 0  

mNN PlN O m  
UILnOD i - 9  
0 0 - 0  0 0  0 0  . . . . . . . .  wwww ww CJw 
m m - N  e o  0 N  
u r - a J D  o m  m m  -lorno IA-9 o e  . . . . . . . .  
* * O r .  -r- - 4  

I I  I *  
u m - 9 0 0  n m  
0 0 0 - 4  0 0  0 0  
I I I 1 1  I *  I I  

wwuJw. r l  0 .aomn. t  W W  N O  w w  0 -  
m r u m ~  un m e  
m e m o r .  m m  N *  . -  . . . . . . . . .  
Q-NDN -D -1 

* I  
m u V ) m 0 0  
00000.4  
I I I I I I  

w w w w w w  

I IOIC)NO(F 
.I .I .I .I  .I ., 

d m N d - 1  

c m 0 - m ~  
~ ~ N N - N  

I 
r - 4  
1 )  

w w  a 0  
*e 
* u  .I .I 

D- 

o a  0 0  d d  

1 8  
w w  
N m  tco 

- N  .f .I 

" ?  

0 0  
0 0  
0 0  
0 0  
0 0  

N O 0  
O w .  

n 
n 

0 0  
0 0  

0 0  0 0  

0 0  
- 0 0  
0 . .  
n o 0  
VlNN 

o m  

n E m  a00 

m N  
0 0  
D e  

T.. 
0 
0 

e n  
D *  m -  rl- 

N W Q  

0 
V 

a e Q  
r w -  

e o  
= P I  

m a  
- e +  

o u m  

.. 
n w c  
r s m  
v m m  

0 0  
0 0  

w o o  
I O 0  

C - N  
-.. 

w m  

w 
D -- * c 

N M  
e* 

V ) - r  
b " U  z e e  
w 

2.. 
3 m  
o e  

.- 
I 



a 3  
0 0 1  
0 0  
30 
00  
00  
.I .I 

0 0  
mm 
0 0  
0 0  
00  
0 0  
0 .  

0 0  
0 0  
0 0  
00  
0 0  
0 0  

0 0  
NN 

.. 

QZJ 
o.m 
N m  
N m  
0 0  
mm .. 

UIQ 
mo. 
e m  
mI3 
N O  
U U  -. -- 
8 8  

9 6  
-a) 

Nr- 
0I.l 
N C  

09  
w w  

.. 
-a 

0 0  
0 0  
00  
00  

NU 
mal 
.. 
NN 

W- u n  

- 0  

CO 
a m  - -  
a-3- 
* e  

48 

- 4  
0 0  
0 8  
w w  
0.0 
c m  
-N 
In- 
Q U l  
mo. 
N- 
0 .  

-I 

U N  
I- 

N 

I 
W .  
Lo 
N 

4 0  

4, 

4 

N C ?  

8 a  
IrJ  W 
m -  P m  
m 0  
de  

Nn 0. 
0 0 0  
1 1 1  
1J w w 
W N m  

- 4  

.. 

 om^ 
m u r l n  ... 
m d r u  

m m o o  
0 0 - -  
1 8 f 1  
w w w w  
- *Ne  
NFlI-P? 
N S - 4 9  

t a  
U Q U l O A  
0 0 0 - -  
I 8 8 8 8  
w w w w , w  
0 o o I - B  
os- ins  

Q ( O N - 9  

m * m u r - o  
0 0 0 0 ” -  
I l l V 8 t  
w w w w w w  
m 1 C P  NU3 4 
0 0 3 P C I r n  
m u t o ~ m  
.I .I  .I ., .$ .I 

- G + - m N N  

e . ) . .  
- m ~ n  

Sui",? 
8 B 8 0  

D.3. 
mrm1 
0 0  
0 0  
0 0  

m , o  0 w’ - 6  .I 

In 
w 

0 0  
m m  
0 0  
0 0  
0 0  

N O 0  w.. 
UI 
c1 

0 0  
0 0  
0 0  
0 0  
0 0  

-800 
(3 . .  
“ 0 0  
U)NN 

urm 
Pin 
b Q  
m N  

m a D  
a 0 0  r.. 
0 
V 

o.- m -  
- N  

No. I- 
a r l m  
I.. 
0-- 
0 8  I 

e a  

N O  
- U  

-0 .  

Z C 9  
O U N  
Val w 

.. 
-m n 
 no^ 

0 0  
0 0  

w o o  
zoo 
c s m  

ala? 

w . .  

w 
> 
c 
~ N N  

OF- 
an  

V I - -  
* m a  
z m m  
0 
- 
n - -  

N In 
m m  

....... 
N~NN- I -P I  

I 8  

O r l N  
0 0 0  
1 8 1  
w w w  
N N -  
m m u  
m a -  
N N m  c c -  
N N N 
m m m  
C I - 0  

1 . 9  9 ao 
.... 

- e N J  
0 0 0 2  
I 8  1 0  
w w w  

,Ccmmw 
001-A 
m e u o  
m m 4 z  
0. .c .n-  
C . . x  
0 9 (VI- 

N - - I  
N W W  

m x  
0 0  
- - - - A  

- o c a  

a n n -  

9 
0 
8 

W 

N 
9 

0 

m 

m u  
0 0  

8 1  
w w  
* P  *in 
-9  

-a 
1 

r U P 6  
- 0 0  
I 1 1  
w w w  
0 F 1.- 
m o m  
U N N  

NNN 
1 

N m m W  
--oo 
I D 1 8  
w w w w  
OTlr-Ul 
- m * m  
m e - -  
m m - -  

N Q Q d -  
0 0 0 0 0  
+ & # I 8  
w w w w w  
r - C m C . 0  
m 9 u o e  
m N C 0 9  
9 a 9 w -  

.I . I  

... 

.I . SI .I 

8 

..... 
8 

c m 0 a  
0 0 - -  
8 1 t I  

- 4 W N  w w w w  
(TQ-N 
~ m a a  . .  ...... 
N N 9 N 0 3  

h P N O 3  9 
coo-- 0 
I I I t 8  1 
w w w w w  w 
- 0 Q C N  W 

0 0 0 0 0  m 

8 1  

U K I N U ~  .t ....... 



c 

N e 0  
0 0 -  
8 8 8  

w w w  

om- 
m l - O  

m -m 
1-wm .-. 

o m 0 0  
0 0 - -  
D D D V  

W W l l l W  

N W 9 Q  

om-* 
I 8  

e m 0 0  
00-4 
V V 8 8  

W W W W .  
.ON49 
w o m c  
O D l - N  

O N - m  
+ f f l U b O  
0 0 0 -  

8 8 8 8  
w w w w  
F I N O *  

e m  m e  

49.4? 

.... 
8 9  

e n m e  
o m o s  

.I I, -, .I 

N-CC 
o c a 0  
I 8 1 1  

or. -N 

I 8  8 8  
w w ,  WlWl  
c.0 (F*aJ' 
m e  *m.ll 9 m  N - 1  
.I .f .I ., 

I 8  
0 0  d N  
0 1  -- 
! ?  * .  
w w  w w  

-m m o  
LllN N m  

8 8  

0 0  0 0  
I #  8 8  
u w  w w  eo - 0  
N *  oU 
Q N  

-,-.a 4 s - 4  

m e  ~n 

m e  mr- 
m n  u , m  . . . .  
n o  r-r- 

. . . .  
ON -N 

oa ao 

m a  NC 
no e m  

0 0  0 0  
V 8  V V  
w w  w w  

m e  oc 
-e m e  

8 8 8  
tnm O m  
0 0  0 0  
8 8  D V  
w w ,  w w  

. . .. 
I-& o w  
m u  m e  
m n  - m  

m +  e m  

. . . .  
-e O N  
I 1  8 8  

0 0  0 0  
8 8  8 8  
w w  w w  
0 0  a 0  a(* no 
.I ., ., .I 
64 1-N 

W O  c N  

o n  r - m  

I 

* * * * 
* 
U * 
0 

0 * 

* 
* 
* 
a 

* 

* 
* 

* 

* 

* 

* 
0 

* 
0 
c 
I c 
0 
0 

In 

v) 
0 

U 
1 
Y 
V U 

z 

a 

... 
r 

a 

m ... 
It: 

* 
0 
0 * * 
0 0 

a * 
0 

L 

* 

- * m u  
0 0 0 0  * * * *  
w w w w  
O W m N  
O O U O  

0 u Q Q  
or-** 
o m m e  
oee4)  

* -+ -  
Id--- 
z a n ~  
c w 3 2 )  

3 'n -N 

o -ne  .... 

.I .I .I .I .I 0 ,  

~ m m w - m n ~  
- m m - - e  

8 8  

-0ooorr -  
8 8 8 8 8 8 8  
w w w w w w w  
LnOPl I -QNI '  
~ Q L T ~ C Q N  

$????%? 
N N N I O Q -  

4 - 0 0 - 0 - r  
ODD DID^ 
w w w w w w w w  
o n l c m m - 0 0  

8 1  
~ n m m a m ~ n  

- n u m w w - o  
m c - r o n m ~  
n n - - e m m c  

.I .I 0, ., ., .I .I .I 

. . . . . .  
V)N N O  

8 8  
N O 0  n o  l-l- 
oo- o o  o o  
8 8 8  I 8  8 8  

w w w  w w  w u  

+ - A  QN 

FlP'P r)N -8N 
8 a m 0 0  + a  P O  

0 0 - m  0 0  0 0  
? V D V  * I  D e  
w w w w  w w  w w  - m m e  m o  NI- 
N C Q Q  o n  crm 
0QQ-l m e  *e 
4m-- d e  no, 

8 8  8 t I  
U )cv100  V l U l  019 
0 0 0 - r .  0 0  0 3  
V I 8 1 0  8 8  8 )  w w w w w  w w .  w w  

W Q N U Q  fie mm 

i n -m o n  4 0  c m m  N* e9 . . . . .  t? 

........ 

N W O ~ I -  w o  m u  
Q O P - N  m n  -w  
Q O N - ~  -e Q N  
......... 

I 8 8 1  
n u c m a o  m e  
O O 0 0 0 r .  0 0  
8 1 1 1 8 8  8 8  
w w w w w w  w w  
u e n ~ o e  O Q  
e m w n m e  90. 
r . b u m o d  on 

- 1  -1 -* 
8 

w c  
0 -  
0 8  
w w  
*N 
old e 9  
N C  

8 

0 0  
8 8  
w w  
e m  
N m  
9 0  

.. 
m e  

., .I 

w w w w  
r d N N  
* * A N  
N O + *  

NNSN 8 8  

C W N O O  
o r = - -  
8 8 ? 1 8  
w w w w w  
- 0 9 - N  
+ V ) N u W  
m o o 0 0  

.... 

8 8  

0 0  
8 1  

w w  
w o  m 0  
-F.m 
.I .I 
r-N 

-N 4 4  

8 1  
w w  
00. 
O r .  

N*  I 
-IN 

I t  
W W  
m e  
w-m 
el- 

m m  

n e  .. 
- 4  

., ., 

N + a  
2 '00 .  
+ e 8  I 
VUJ wz 
L - 0  
o, *e 

o m 0  
-1 ., .I 

0 -  

- -N 0 0  

v l w w  
bl+Q 

.e c 
C N m  0 - m  
1.- 

NN 

-IN 0 0  

N D  I 
v ) W W  
W N e  

. N W  
CUlQ 
0011 
3.- 

- m  
8 

NN 
0 0  

- 8  8 
l n W d  
W - e  
aNN 
- N O  
+e* 
- m a  
1.. 
o +  
8 8  

Q c  
0 0  
8 8  
W W  

n e 0  

W + F  

m n m  
m m -  

n 8  8 

a - c r  

a+- 

o m  
u m  

m a *  
a - -  

m e  

9.0 O D  

I 8  
W W  
m u  
N +  

NC 3 
lnm-  
W - 9  
K - .  n- 

8 

0 -  
0 0  
0 0  
w w  
+ e  
0 m  

- U Q  
I n e m  x; 

8 8  

0 0  
0 0  
0 0  

W . .  
E W Q  
...-DV 
I- 

W 
PNN * 
I- 

V)N en n 

In... 
c 9 m  z m u l  
c. 

g . .  
c c  
mur 

O X J C N N  z - L U  r 
J a . * W 4 U  

- e n  4 4  
0 3 0  0 0  * * *  I ?  
W L U W  u u  
so4 o m  
+ O N  NN 
m u . ?  m m  
L n O N  NN 
* e m  e- 
m e -  O D  

- e n  Q Q  

? 5 ?  .ss 
9 ,qmoo.cb  
^ ^ ^  
u r m  ---m r 
J I ~ Y K ~  

- + N  o n  
0 0 0  0 0  
D O *  8 1  
w w w  w w  
e - 0  NN 
+ N C  NN 
c(Ue c c  
o e m  - I  
* n o  + e  
~ 3 n  
c n o  0 0  

n m w o m m  

c n v  22 ...... 

- u m u  on  
0 0 0 0  0 0  * * * .  * I  
w w w w  w w  
0 - u c  4 -  
o c r w m  0 0  
O l n V l O  9 9  
o c * u  3.s o u e o  0 0  
o m c c  c c  
m N O -  NN 

w - + - o * r  

C ~ Q N  o n  

....... 
I 8  

-.---a. L 
r u r m  
C W Z ~ ~ ( I A P  

49 



0 -  

# I  

W W  I C 0  

m m  
Q U I  

mIC 
I 

G - 0  
0 -  
B e  

Ul w m c  
m m  
- m  

LnN 
I 

m e  
0 0  
1 1  

w w  
a m  
NU 

-.(-.I 

.I .: 

I. 

4: 
FIN 

*a 
0 0  
I I  

W W  
Q 6  
0 0  

8 

: *. 
-C 

0 
m e  
0 0  
1 I  

W W  
o.N 
9 4  
9 0  .. 
4- 
I @  

Q r t  
0 0  
I I  

w w  
IC*  
W Q  

.I .I 
01-  

1 
P O  
0.4 
I D  

W U  
09 
r - v  
3.4 

O U  
6 

t P N  
0 -  
B I  
w w  
U Q  
N U  
r-N 

010 

.. 

.I . 
m u  
N N  
O C  
I 1  

W W  
tn- 

-N 

O D  
WLAJ 
6 s  
a m  

-1.-l, 

N,'?' . ./ 
Nr) 

-n: 
I 

"4 

W W  
01 r- 
3- 
W Q  

N O  
I 

rc r -  
0 0  
) I  

W W  
40  
e* 
b m  
-N 

1 
-0. 
00 
I 1  

W W  
N Q  

09 

m a  
I 1  

m m  
I D  
w w  
urn 

.. 

.. 

mc- .. 
oa 

oIn 

m a  

6 m  

.. 
L O N  
I I  

0 0  
r t  

w w  
ION 
0 0  
09  

O D N  

-N 

D P  
w w  
-0c  
0- 
N m  
Nc)  

-N 

I I  
w w  m -  
m m  

.I( .I 

-- 
.. 
I 

- 4  

m n  
.I .I 

0 4  

I 8  
w w  
c o  

_ I + (  

n e  
9.c 
m e  

1 
m o  
0- 
1 1  

W h J  
m r -  
d m  
UlN 
I 

m a  
0 0  
I 1  

U W  
a m  
N *  
Q N  

FIN 
I 
*a 
0 0  

W W  
o m  
* -  
c C  

8 
m e  
03 
1 1  
d L  
*r- 
m 9  
m 0  

n m  .. 

.. 
r n  

a m  .. 

.. 
de 
I L  
Q U  
0 0  
* e  
w w  
m u  
C N  
Nc) 

6 -  
I 

P O  
0 -  
* I  
w w  
e-? 
N U  -=a 

.I .I 

.. 
e 
e a  
0 -  
I 1  

1Ll w 
3 -  
5 N  

u m  

./ . 

L 
4' 
I 
w 
0 
c 
N 

N 
8 

.. 
4 
I 

W 
0 
a 

N 
I 
I- 
O 
I 

w 
4 
C 

m 

* 

r. 

0 
0 
8 

w 
Q 
Q 
9 

* 
8 m 
0 
1 
w 
0 
N m 
In 
8 
6 
0 
I 

W 
rt 
I- 
N 
.I m 
d 
d 

I 
w 
9 
e c. 

N 
I d - 
1 

W 

c 
rc 

4 

N m  
D l  
w u  
a- 
* I C  m -  
ar- 

NOLO 
0 0 -  
D I D  

(rJ W W a - m  
- a m  * - -  
Or-D. 

Q m o -  
00-- 
I I ~ I  

W h I W W  
* a 5 m  
* e m 3  
O N N N  ..e. 

u c - m  
I 1  

s m l n o o  
0 0 o e - l  

I D I I I  
w w w w w  
? - m a + *  

N U Q - 9  

Y I - N - e  
I *  I 

0 0 0 0 0 -  
I I I I I D  

w w w w w w  
QUIV--4FP 
Q W C O O r -  
N O m O - 0  

.a .I .I .I .I . 
aaNN-r -  

I I 
n o - o ( c m n  
- . .+r.-o-- .  
I I I 1 I I I  
w w w w w w w  
C E u P m c O  
N 9 9 U O 9 5  

c N m N - Q r -  

N m O o - m N m  
--+.4-0+- 

D I I l I l I I  
w w w w w w L-! 

b - m N . o m ( T m  
0 U 7 O m C U N C X  

r.- 

.. 

... 

- + r - ~ m  ..... 
n e m m m o  

4 9 o m o 9 m  ....... 
I 

o m m m m  9 0 1  c 

.I .I. ., 0 , .  ./ . 

HNNNNN 
0 0 0 0 0 0  

N I I D I S D  
v ) w w w w w w  
w o - m o c u  
. m m m m - e  

C r - m a o C -  
ooI-r-ecLn 
3 ...... 

I C 3 U a N W  
D I I 1 D D  

~ - O N Q ~ . O  

Q m O O  
0 0 1 -  
0 1 1  
w w w w  
( F e Q m  
m e 4 3  
N m u o  
6 9 4 -  

I D  
. ts iooo 
0 0 0 4 4  
D I I I I  

W r J W . U i I w ~  
r - r - m m l -  
- m m m m  
o . m r - r - m  
I n m N e U  

n a m m m o  

.... 

..... 
1 8  I 

0 0 0 0 0 -  
I t 1 1 8 8  

w w w w w w  
~ 0 1 n m a - j  
o e m u m m  
NC)NmOOD .' .I .I .I .I .I 
r . m d - - ~  

I 1 
R P O O ~ ~ N  
- 0 - d a - 4  
I I I l I O  
w w w w w w w  
& c i n . . Q r n U - a  
m l n r e 9 9 N  
r ~ n m m m o  
d r 9 N U 9 -  
....... 

....... 
. 4 - o m o . . o  --- 

I 8  m m  
0 u o  
P - w c -  IC 4 
u r w ~ * r a - -  
~ k r n  x u  u J W V )  

* - * e N N - d -  
0 0 0 0 0 0 0 0 0  
* * * * * * & * I  

N-- 
m e  

N - -  
w m m -  * 
N e N J  
0 0 0 2  
1 8 1 0  

w w w  
N Z V O ' W  
P C O - I  
N C Q C  
m C N Z  
m e  e" 
e N N +  
D.--fx 

N W W  
I 
0 

4- - 2  

- c w a  
0 0 0  
I *  I X  

w w w -  
o u e u  
O N Q +  

m a c r  

N . V  

- 4  
I---.+ 
- C U  

U 
> 

0 -  - 0  
W v I v ) U  

p u n a  
N - a  

unm- 

~ r -  n a 
a~ o 
u n u w  
e ~ n z  

Nr) 
I N - 0 0 - 0  

9 m  0 0 0 0 0 0  
0 0  I I * * I t  
I I  w w w w w w  _ _ _ _ _ _  

...lo.sr-9u 
QU3OPO.O 

-0c@Q3lT- 
W N - m - Q m  
w c r c a n m u  
i l . . . . . .  

v ) " O O D N  
I 1 )  I 

0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  

W . . . . . .  
Z U N N - 5 0  - w m  w m m a  
CI 

w w  
m m  

0 0  a m  .................. 
?) 
0 
I 

W 
m 
(Ir 
O 

9 

9 %  

1 1  
W U  
w o  
-XU 
o.e 
I n 6  

I 
o * m  
0 0 0  
* I *  
w w w  

1 4 n u  

ua-7 

c c  

.. 

-na 

II)NY(U n-n U N -  o 31 o :, * o m  o 
.................. 

8 8 8  V B U D  

50 



3 

N. 

* 
0 
I 
u 0 

U 
n 
N 
I 
0 0 

I 
w 

Q 

n 
m 

c 
8 

0 

I W 

m 
N 
I 

0 * 
w 0 

c 
N 

m 

n 
d 

m 

4 

2 
W 
m 
m * 
N 

N 

* 
W 
u 
0 

- 
m 

I 
W 

U e 
m 

n 

9 0 

* 
W 
0 
N 
v) 

I 

o o o a o o  
0 0 0 0 0 0  
0 0 0 0 0 0  

W . . . . . .  

-ccc++c E V ~ P C Q V )  

b 

- 
0 

W 0 

0 

0 
0 
0 
0 tn 

a 

F 

W 
I 

I- 
-. 

U S C Q I -  
0 0 0 0 0  
* * B I B  
w w w w w  u 'n -.a o 

O " P r l 0 U l  
V)coeFlu 
W - U N Q ~  
(r..... 

NNN-n 

o o a o s  
0 0 0 0 0  

3I9-N-J 
-.l-c-ccc c 

U..... 0 0 0 0 0  

.-nm u u - u  
0 0 0  0 0 0 0  

~ - 0 o n . 0 ~ -  
n 

^ ^ ^  
4-1 )  ---n z!W- 
- I I I N Z Z W V )  

0 0 0  E U N  0 0 0 0  m n - u  

* * *  1 1 1 1  



u7 
0 
I 
w 
m 
d 
m m 
0 

4 

r. 

I 

.s 
0 * - 
VI 
9 
0 
I 
w 
m 
N 
9 
lr 
N 

c.l 

r( - 
c? 
0 
A 

v1 

4 
0 
I 
w 
0 
m 
m 
4 
rD 
m 
I 

1 

N + - 
VI 
m 
0 
I 
L i  
4 

N 
r- 
N 
0 

N 

c. 

1 

rn 

v)- 
> 

N J  
0 2  
1 3  
w 
x w  m - l  
in2 
u u  
3 -  
.I 

NC 

- x  
I 
0 

--A 
VI- 

w a  
0 
* x  

W -  
mna 
el- 
u *  m I  

m w  

nu 

D 

0- 
4,- 
I D  
W W  
r - 3  
m m  
QUl 
.I . 
mr- 

I 
P O  
0 -  

W W  
mr- 
m m  
d m  
LIIN 

I 
m 4  
00 
I I  

w w  
-9 m 
NU 
a c u  
t"lN 
v 
e 9  
00 
* f  

W W  
r-!n 
r r m  
m r -  

-a 
t 

m e  
09 
I *  
w u l  

( r m  

I I  

.. 

.. 

.. 

r u m  
e- .. 
c-. 
? I  
* e  
0 0  
I f  

W W  
or- 
@ *  Q n r  ., .I 
r - 4  

I 
m o  
c- 

W W  
r - c  
p L . 9  

r i  

m a  
0 .  

Nu3 
I 

6 0  
0 0  
I I  
(L' w 
- 0  
0 a  
e- 
m -  

I 
NN 
0 0  
1 I  

W W  
- m  

., . 

-N 

Q l  
w w 

a m  
N m  
N m  
I 
-N 

1 ;  
w w  
OLP- 
Jln 

N m  
I 
-I- 
0 0  
1 1  
w w  
- 0  
u 4  
r-FI 

-4N 
f 

r n l 3  
00 
1 1  
w w  
m m  
9.0 

m a  
P G J  
0 3  

wui 
N m  
CYIm 
* N  

Q N  
I D  
0.3 
0 0  
I 1  

LUW 

Utm 

4,- 

P n  

. *  

4- 

m a  .. 

.. 

m m  .. 
a i  

I )  

.. 

e m  
r - m  
.I ., 

Q ) N  

4 w  
I 1  

W W  
e.- 
-9 
r - m  

-.rt 

.. 
- m  
t 
- N  

8 B  
w w  
Br- 
9r- m m  
Ne 

m a  
o c  

W W  

-* 

.! .I 

a 

o r  
ci r- 
cc 

. U O O O O O C  
m z *  1 t *  t 1 

U U W W W W W  
- M U N 9 N @ O  

4 N 0 1 1 0 0 3  ....... 
- 0 a r U - - m *  
m u  t b  

r - a ~ m u 0 ~ 0 c  

52 

0 0 0 0  
t O I  

W W W W  
O U N - *  
?)@IAN 
u a o w  
-P-Nr- 
.... 

a 

I . 



111, PROGRAM CHECKOUT ABD VALIDATION 

STEP checkout cons i s t ed  of four  s e p a r a t e  phases -- checking 
t h e  non l inea r  d i f f e r e n t i a l  equat ions of motion; checking t h e  
l i n e a r  equat ions  of motion; checking t h e  measurement equat ions ;  
and checking t h e  o v e r a l l  system opera t ion .  Before preceding w i t h  
t h e  checkout,  a check t r a j e c t o r y  w a s  synthes ized  and PQR and FIT 
t apes  generated us ing  a s e p a r a t e  t r a j e c t o r y  program. I n  t h e  
fo l lowing  d i scuss ion ,  t he  check t r a j e c t o r y  i s  descr ibed  and t h e  
r e s u l t s  of t h e  var ious  checkout phases discussed.  

A. Check Tra j ec to ry  

The check t r a j e c t o r y  corresponded t o  t h e  f l i g h t  of a maneuver- 
a b l e  l i f t i n g  r een t ry  v e h i c l e ,  having a hypersonic  LID of ap- 
proximately 0.6. The v e h i c l e  had t h e  fo l lowing  p h y s i c a l  char- 
acteristics : 

Mass versus  time ( l i n e a r )  

m ,  s l u g s  25.5763 24.8013 24.0262 I t ,  s ec  I 0.0 200.0 400 .O 
2 Reference a rea ,  S = 5.0 f t  . 

The aerodynamic c h a r a c t e r i s t i c s  correspond t o  an axisymmetric ve- 
h i c l e  wheri! 

cy = 0 
n 

The c o e f f i c i e n c s  N1 ( M I ,  N 2  (M) , N 3  (M) A i  (MI A 2  (l9, and 
A3(M) are cha rac t e r i zed  by the  fo l lowing  second-degree poly- 
nomials : 
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2 Nl (M) = 1.5900 + 0.0300M - 0.4200X (0 5 PI < , 8 )  
2.5379 - 2.46492: + l.1393>i2 (G.8 < 1.r < 1 . 2 )  
0.9058 + 0.3386): - 0.0288M (1.2 A M  5.874) 2 

N2@1) = -71.500 - 2.5OON + 27.000M; (0 < M < 0.8)  
-132.98 + 151.21N - 69.068M 2 ( 0 . 8  < < 1.2) 

-31.285 - 18.289X + 1.556lM (1.2 L M  < 5.877) - 
2 N3(M) = 1.5100 + 0.0100M - 0.5800M2 (0 L M  0.8) 

2.8984 - 3.46iLY + 1.5894M2 (0.8 < M < 1.2)  
0.5577 + 0.440l-M - 0.0361M 

0.3450 + 0.1250M - 0.47GON~ (0 < M < 0.8)  
1.2228 - 2.0695M + 0.9016M2 (0.s < ;.I < 1 . 2 )  

(1 .2  L M  5 6.101) 

Al(M) = 

-0.0885 + 0.116X.M - O.OO9lM (1.2 L M  < 6.368) - 
A2(M) = -50.000 + 22.000M + 28.G00Y2 (0 M < 0 . 8 )  

-143.64 + 256.11M - 118.32M ,(0.8 < M <  1.2)  

-0.1300 + 0.01OGi.I + 0.3200M2 (0 < M < 0.8)  
-0.8065 + 1.7013M - 0.73711'1; (0.s < 

30.823 - 34.668M + 2.8385M (1.2 5 M  6.107) 

A3(M) = 
< 1.2)  

0.2637 - 0.0823M + O.OG61M (1.2 < M < 6.722) - -  

Above t h e  upper Mach number l i m i t  i n  t h e  above i n e q u a l i t i e s  t h e  
c o e f f i c i e n t s  are c o n s t a n t .  CA and CN are t h e n  t ransformed 

t o  CA, C y ,  and CN o r  CD, 5, and CL v e r s u s  a and 5. 
A p l o t  of CL, C D ,  and Cy is  p r e s e n t e d  i n  f i g u r e  2 f o r  Mach 
number O . ,  1 . 0 ,  2.5, and 7.0.  

rl 

Tile check t r a j e c t o r y  h a s  t h e  f o l l o w i n g  i n i t i a l  c o n d i t i o n s  a t  
t = 0 .  

VR = 18 000.0 f p s ,  YR = -6.0", A R  = 30.0' 

h, = 250 000.0 f t ,  q, = 15.0',  e = 25.6' 
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. 

. Angle o f  a t t a c k ,  a, deg 

Figure  2 . -  Aerodynamic C o e f f i c i e n t s  of  Checkout Veh ic l e  

60 

60 
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The angle  of a t t a c k ,  a ,  s i d e s l i p  ang le ,  B ,  and r o l l  ang le ,  
0, v a r i e d  l i n e a r l y  wi th  time as fol lows:  

200.0 400.0 

a ,  deg 20.0 30.0 40.0 

-- t ,  sec - 0 

p ,  deg -1.0 -1.0 -1.0 

0, deg 30.0 20.0 10.0 

The a l t i t u d e  ve r sus  t i m e  and l a t i t u d e  ve r sus  long i tude  are 
presented  i n  f i g u r e s  3(a)  and 3(b) .  The PQR t ape  generated f o r  
t h e  check t r a j e c t o r y  contained d a t a  every  0.25 sec .  
s t a t i o n s  were l o c a t e d  a t  l a t i t u d e s  and long i tudes  of 15.0, 27.0 
and 16.5,  31.0. The t r ack ing  spans ,  dur ing  which t i m e  tlle evalua- 
t i o n  angle  is l a r g e r  than  4" is shown i n  f i g u r e  3(b). 
i n g  d a t a  were s t o r e d  on the FIT t a p e  at a rate of two p o i n t s  p e r  
second. 

Tracking 

The t r ack -  

5 7  



Time, s ec  

( a )  A l t i t u d e  vs Time 

24 26 28 30 32  34 
Longi tude ,  deg 

(b) L a t i t u d e  vs Longi tude  

F i g u r e  3 .- Checkout T r a j e c t o r y  
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B. Checkout o f  Nonlinear  Equat ions  o f  Motion 

l i  

I 

I .  

To check t h e  n o n l i n e a r  equat ions  of motion,  t h e  i n e r t i a l  
a n g u l a r  rates (and acce lerometers  f o r  STEP2) were i n t e g r a t e d  f roin 
t = 0 t o  t = 250.0 sec w i t h  a computing i n t e r v a l  of 0.5 see. 
The s t a t e  time h i s t o r y  was then compaied w i t h  t h e  known check 
t r a j e c t o r y  aiid agreement t o  a t  l eas t  s i x  s i g n i f i c a n t  d i g i t s  was 
o b t a i n e d .  This  accuracy i s ,  no d o u b t ,  l i m i t e d  by t h e  0.25-sec 
i n t e r v a l  of t h e  PQR t a p e  d a t a .  
solved u s i s g  d i f f e r e n t  cnrnputing i n t e r v a l s  f o r  t h e  numer ica l  i n -  
t e g r a t i o n .  These r e s u l t s  are t a b u l a t e d  below. 

Several 50-see problems were 

V h a B 
Check 17 7S1.5507 141 872.977 22.5000000 -1.00000000 

STEP:! (At = 0.25) 17 791.5337 i41 873.085 22.4999995 -1.00000006 

STEP2 (At = 0.50) 17 791.5515 141 872.975 22.5000000 -1.0000G001 

STEP2 (At = 5.0) 17 791.4553 141 873.334 22.5000023 - .99995864 
A r a t h e r  i n t e r e s t i n g  r e s u l t  is  e x h i b i t e d  i n  t h e  above compari- 

son.  A s  t h e  computing i n t e r v a l  g e t s  l a r g e ,  e r r o r s  are i n t r o d u c e d  
as a r e s u l t  of t r u n c a t i o n .  A s  t h e  computing i n t e r v a l  i s  reduced,  
e r r o r s  are reduced u n t i l  t h e  computing i n t e r v a l  becomes smaller 
t h a n  twice t h e  PQR t a p e  d a t a  i n t e r v a l  (0.25 sec f o r  t h i s  check 
problem). A t  t h i s  p o i n t ,  t h e  PQR t a p e  r e q u i r e s  i n t e r p o l a t i o n .  
The l i n e a r  i n t e r p o l a t i o n  i n t r o d u c e s  e r r o r s  because  t h e  d a t a  are 
n o t  l i n e a r .  Normally, a computing i n t e r v a l  twice t h e  PQR t a p e  
d a t a  i n t e r v a l  i s  most s a t i s f a c t o r y  because  each PQR t a p e  d a t a  
p o i n t  i s  t h e n  used i n  t h e  four th-order  Rurige K u t t a  i n t e g r a t i o n  
and i n t e r p o l a t i o n  i s  n o t  r e q u i r e d .  For very  n o n l i n e a r  problems 
where t h e  t h r e s h o l d  f o r  t r u n c a t i o n  e r r o r  f o r c e s  t h e  computing 
i n t e r v a l  t o  b e  s m a l l e r  t h a n  t h e  PQR t a p e  d a t a  i n t e r v a l ,  one must 
e i t h e r  l i v e  w i t h  t h e  e r r o r  o r  i n c r e a s e  t h e  f requency  a t  which t h e  
PQR t a p e  d a t a  are recorded .  

C. Checkout o f  L i n e a r  Equat ions  o f  Motion 

The checkout  of the l inear  e q u a t i o n s  of motion i s  a very  
cumbersome t a s k .  The s o l u t i o n  t o  t h e  l i n e a r  eq ' ia t ions  of motion 
is  t h e  s t a t e  t r a n s i t i o n  mat r ix  f o r  t h e  expanded s ta te  v e c t o r .  
Because any of t h e  model parameters  can p o t e n t l a l l y  b e  components 
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of t h e  expanded s t a t e  v e c t o r ,  i t  i s  n e c e s s a r y  t o  check a v e c t o r  
s o l u t i o n  f o r  each s t a t e  and model p a r a m e t e r  o r  e q u i v a l e n t l y ,  a 
5 xi63 m a t r i x ,  

The e lements  of t h e  s t a t e  t r a n s i t i o n  m a t r i x  are p a r t i a l  de- 
r i v a t i v e s  of t h e  expanded s t a t e  v e c t o r ,  Z ,  a t  time t l  w i t h  
r e s p e c t  t o  Z components a t  t . T h e r e f o r e ,  t h e  e lements  can b e  

checked by approximating t h e  p a r t i a l  d e r i v a t i v e s  by f i n i t e  d i f -  
f e r e n c e s .  This  i s  done by g e n e r a t i n g  a r e f e r e n c e  n o n l i n e a r  s o l u -  
t i o n  between t and t l .  A p e r t u r b e d  n o n l i n e a r  s o l u t i o n  i s  

n e x t  c a l c u l a t e d  wherein Zi ,  t h e  ith component of Z ,  i s  per -  

t u r b e d  from t h e  nominal a t  t . The r e s p o n s e  of t h e  s t a t e  v a r i -  

a b l e s  a t  t i  d i v i d e d  by t h e  p e r t u r b a t i o n  i n  Z i ,  which caused 

them provides  a one-sided f i n i t e  d i f f e r e n c e  approximation t o  t h e  
p a r t i a l  d e r i v a t i v e  

0 

0 

0 

Az ( t o )  a z i ( t o )  

'The prcgrams were checked 'by c a l c u l a L i n g  two-sided f i n i t e  
d i f f e r e n c e  approximations t o  t h e  s t a t e  t r a n s i t i o n  m a t r i x .  The 
v a r i a b l e  Z w a s  p e r t u r b e d  f i r s t  by +AZ t h e n  by -AZ . The 

d i f f e r e n c e  between t h e  4- and - responses  i n  Z a t  t l ,  d i v i d e d  
by 2AZi y i e l d  t h e  d e s i r e d  f i n i t e  d i f f e r e n c e  ap2roximation.  

i i i 

A l l  s t a t e  v a r i a b l e s  and model parameters  were p e r t u r b e d  i n  
tLis manner. A checkout s u b r o u t i n e  was mechanized i n t o  t h e  STEP 
decks t o  do t h e  bookkeeping. I t  c o n t r o l l e d  t h e  v a r i a b l e  p e r t u r b a -  
t i o n s ,  recorded t h e  r e s p o n s e s ,  performed t h e  d i f f e r e n c i n g ,  and 
p r i n t e d  t h e  f i n i t e  d i f f e r e n c e  approximation a long  w i t h  i t s  ana- 
l y t i c a l l y  c a l c u l a t e d  c o u n t e r p a r t .  
mat ion r e q u i r e d  only  t l i a t  t h e  n o n l i n e a r  e q u a t i o n s  of motion b e  
c o r r e c t .  Agreement w i t h  t h e  s t a t e  t r a n s i t i o n  m a t r i x  e iements  
c a l c u l a t e d  by i n t e g r a t i n g  t h e  l i n e a r  e q u a t i o n s  of motion a s s u r e d  
t h a t  t h e  l i n e a r  e q u a t i o n s  of  motion were formula ted  c o r r e c t l y  and 
were being s o l v e d  c o r r e c t l y .  I n  a l l  c a s e s ,  t h e  f i n i t e  d i f f e r e n c e  
approximation agreed  w i t h  i t s  a n a l y t i c a l  c o u n t e r p a r t  t o  a t  least  
s i x  s i g n i f i c a n t  d i g i c s  . When disagreement  o c c u r r e d  dliring check- 
o u t ,  i t  was d i f f i c u l t  t o  de te rmine  which c o e f f i c i e n t  : I t h e  l i n e a r  
d i f f e r e n t i a l  e q u a t i o n s  w a s  t h e  cause.  T h e r e f o r e ,  f i n i i e  d i f f e r -  
ence  a?proximations of  t h e  F m a t r i x ,  e q u a t i o n  (Ga),  , e r e  

The f i n i t e  d i f f e r e n c e  approxi-  
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s imul taneous ly  ca l cu la t ed  by the  check subrout ines .  
of t h e  f i n i t e  d i f f e r e n c e  approximation and i t s  a n a l y t i c a l  counter- 
p a r t  immediately d i sc losed  the  erroneous c o e f f i c i e n t .  

Comparison 

D. Checkout o f  Measurement Equations 

Checking t h e  nonl inear  measurement equat ions  w a s  accomplished 
by comparison wi th  s o l u t i o n s  known t o  be  c o r r e c t .  The c o e f f i c i e n t s  
i n  t h e  l i n e a r  measurement equat ions ,  G i n  equat ion  ( 4 ) ,  were 
checked by comparing t h e  a n a l y t i c a l l y  obta ined  p a r t i a l  d e r i v a t i v e s  
w i t h  a f i n i t e  d i f f e r e n c e  approximation. Tnis  comparison s tudy  was 
performed s imultaneously wi th  t h e  s ta te  t r a n s i t i o n  mat r ix  checkout 
and was automated by a checkout sub rou t ine  d iscussed  previously.  

E. Checkout of Input/Output Transformations 

The t ransformat ions  presented i n  Sec t ion  V I  of Volume I f o r  
t ransforming t h e  inpu t  and output were checked by t h e  f i n i t e  d i f -  
f e r ence  approximation comparison technique. Agreement t o  b e t t e r  
t han  s ix  s i g n i f i c a n t  d i g i t s  were obtained.  

F. Checkout Complete STEP 

Having assured  t h a t  t h e  nonl inear  and l i n e a r  s t a t e  and meas- 
urement equat ions  were being solved c o r r e c t l y ,  t he  mat r ix  propa- 
ga t ion  and minimum var iance  es t imat ion  l o g i c  was next  checked. 

1. Matrix propagation.- Two 20-sec problems were solved using 
t h e  e r r o r  a n a l y s i s  opera t ing  mode. I n  the  f i r s t  problem, f ive 
model parameters were included i n  t h e  expanded s t a t e  v e c t o r ,  thus  
y i e l d i n g  a 15x15 covariance matr ix  P. I n  t h e  second problem, 
t h r e e  of t he  model parameters were removed from t h e  expanded s t a t e  
v e c t o r  Z and placed i n  the  uncer ta in  model parameter vec to r  U. 
Thus, t h e  second problem has a 12x12 covariance mat r ix  P and a 
12x3 c o r r e l a t i o n  mat r ix  CVZ. As i n d i c a t e d  i n  equat ion  (50) of 
Volume I ,  from the  second problem should be a submatrix i n  
t h e  15x15 covariance mat r ix ,  P ,  of  t h e  f i r s t  problem, as indeed 
i t  was. Thus, t h i s  check confirmed t h a t  t h e  covariance and cor- 
r e l a t i o n  matrices P and CUZ were being propagated c o r r e c t l y .  

CUZ 
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In t h e  n e x t  check r u n s ,  t h e  smoothing o p t i o n  w a s  t e s t e d .  Op- 
e r a t i n g  i n  t h e  e r r o r  a n a l y s i s  mode w i t h  no t r a c k i n g  d a t a ,  t h e  
covar iance  m a t r i x  w a s  i n p u t  u s i n g  i r - p u t / o u t p u t  o p t i o n  1 and 2. 
The c o v a r i a n c e  m a t r i x  P w a s  t ransformed t o  i n t e r n a l  u n i t s ,  
propagated forward i n  t i m e  f o r  20 sec,  propagated  back t o  i n t i a l  
t i m e ,  and t ransformed back i o  t h e  o u t p u t  v a r i a b l e  of o p t i o n  1 
and 2 .  The s t a t e  and c o v a r i a n c e  m a t r i x  a t  t h e  complet ion of t h e  
run matched t h o s e  inputced  t o  b e t t e r  t h a n  e i g h t  s i g n i f i c a n t  d i g i t s .  

- 

The  f i n a l  s e r i e s  of t e s t s  checked t h e  f i l t e r i n g  mode of o p e r a -  
t i o n .  Twenty-second problems were r u n ,  d u r i n g  which t r a c k i n g  d a t a  ; 

from s t a t i o n s  1 and 2 were d i s c r e t e l y  s e l e c t e d  from t h e  F I T  t a p e  
and p r o c e s s e d .  The problems r a n  f o r  a s  many a s  t h r e e  i t e r a t i o n s  
us ing  both  the  updated and nonupdated r e f e r e n c e s ,  and both  v e c t o r  
and s c a l a r  d a t a  p r o c e s s i n g  o p t i o n s .  T y p i c a l  of t h e  convergence 
o f  t h e s e  runs i s  t h e  two i t e r a t i o n  problems presented  i n  t a b l e  
2 f o r  STEP2.  The expanded s t a t e  v e c t o r  was randomly n o i s e d  a t  
i n i t i a l  time by an  amount consi:  l e n t  w i t h  the  i n i t i a l  c o v a r i a n c e .  
The random n o i s e  was normally d i . . t r i b u t e d  w i t h  z e r o  mean. Table  
2 shows t h e  c o r r e c t  s t a t e  a t  i n i . i a l  t i m e ,  t h e  n o i s e d  s t a t e  a t  
i n i t i a l  t i n e  and t h e  converged .i . a t e  a t  i n i t i a l  t ime a f t e r  two 
i t e r a t i o n s .  A l s o  shown a r e  t h e  > s t i m a t e d  s t a n d a r d  d e v i a t i o n s  a t  
i n i t i a l  time a f t e r  t h e  second i i  : r a t i o n .  Comparing t h e s e  r e s i d u a l s  
with t h e i r  c a l c u l a t e d  v a r i a n c e s  83% l i e  w i t h i n  one-sigma and 100% 
w i t h i n  two-sigma, T h e o r e t i c a l l :  , 68.3% should  be w i t h i n  o n e - s i g -  
m a ,  95.5% w i t h i n  two s igma,  and 19.7% w i t h i n  t h r e e  s igma.  

5 I 

T h e  n e s t  check runs  used the f i l t e r i n g  mode of  o p r a t i o n  t o  
t e s t  tile mininuiii v a r i a n c e  r e c u r s i v e  u p d a t i n g  e q u a t i o n s ,  e q u a t i o n s  
(53) .  
1 were processed  w i t t i  i n f i n i t e  v a r i a n c e s .  hs e x p e c t e d ,  no change 
i rL  t h e  s t a t e  v a r i a b l e s  occurred .  I n  t h e  second problem, t r a c k i n g  
d a t a  from s t a t i o n  i were p r o c e s s e d  w i t h  z e r o  v a r i a n c e s .  
i n i t i a l  covar iance  m a t r i x  of  sca te  P w a s  s p e c i f i e d  t o  b e  v e r y  
1a ;ge .  \?liile attcrr ,?tlng t o  p r o c e s s  t h e  n i n t h  t r a c k i n g  p o i n t ,  a 
v a r i a n c e  elzinent i n  ? became n e g a t i v e  c a u s i n g  t h e  r u n  t o  temi- 
n a t e .  Because t h e  dynanic  n o d e l  i n  STEP is  a n in t l i -order  sys tem 
(air,? independent  f i r s t - o r d e r  d i f f e r e n t i a l  e q u a t i o n s ) ,  a f t e r  
process ing  n i n e  l a t a  p o i n t s  of a b s o l u t e  c e r t a i n t y  ( z e r o  v a r i a n c e ) ,  
the covar iance  m a t r i x  P s h o u l d  b e  z e r o  i f  i t  is i n i t i a l l y  s p e c i -  
f ie?.  t o  be i n f i n i t y .  I n  t h e  check problem, a f i n i t e  i n i t i a l  
covar iance  m a t r i x  P was s p e c i f i e d .  T h e r e f o r e ,  p r o c e s s i n g  t h e  
n i n t h  t r a c k i n g  p o i n t  produces zhe expec ted  r e s u l t  of c a u s i n g  a 
v a r i a n c e  of P t o  become s l i g h t l y  n e g a t i v e  i n  a t t e m p t i n g  t o  
seek zero .  

IA t h e  f i r s t  problem s e v e r a l  t r a c k i n g  p o i n t s  from s t a t i o n  

The 
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IV. ?;ZOGEAM S T R U C T U R E  ANI) L O G I C  

S T E P  i s  com;d.etely coded i n  FOXTRAN 2 .0  u s i n g  a n  e x e c u t i v e  
s t r u c t u r e  where in  t h e  M A I N  program c o n t r o l s  l o g i c  t o  and  from t h e  
v a r i o u s  s u b o r d i n a t e  s u b r o u t i n e s .  Each of t h e  s u b r o u t i n e s  performs 
a s p e c i f i c  l o g i c a l  t a s k .  
grams, t h e  l o g i c  i s  somewhat complex. 
commodate t h e  numerous o p t i o n s  d e s c r i b e d  i n  t h e  i n p u t  s e c t i o n .  
STEP c o n t a i n s  t h e  f o l l o w i n g  c o n t r a c t o r - d e v e l o p e d  s u b r o u t i n e s  

Because of t h e  v e r s a t i l i t y  of t h e  p ro -  
T h i s  i s  n e c e s s a r y  t o  a c -  

S T E P ?  

MAIN ( c a l l e d  ST1) 
A E R O  
A E R O I N  
ATMDAT 
C RV 
DATAB 
D E R I V E  
FUNCT 
FXXU 
I N D A T  
I K T A G  
MIXVAR 
MOT I ON 
OBSERV 
OUTPUT 
?RE S E T  
P R O P  
RKUTTA 
S E T U P  
SMOOTH 
S T A T  
T A B  

S T E P 2  

M A I N  ( c a l l e d  
DATAB 
FXXU 
I NDAT 
I N T A G  
MINVAR 
MOTION 
OBSERV 
OUTPUT 
P R E S E T  
P R O P  
XKUTTA 
S E T U P  
SMOOTH 
S T A T  
T A B  

ST2 ) 

The s u b r o u t i n e s  common t o  S T E P \  and STEP2 a r e  n e a r l y  iden -  
t i c a l .  

.- 

A .  O v e r a l l  Proiram Logic 

The o v e r a l l  program l o g i c  f o r  i i l t e r i n g ,  e r r o r  a n a l y s i s ,  and 
d e t e r m i n i s t i c  problems i s  d e s c r i b e :  below w i t h  t h e  a i d  of f i g u r e  
4 .  

i 

I 
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1. F i 1 t c r i u . q  prohlerns [ S ! P C ( I )  = 0L.- R e f e r r i n g  t o  f i g u r e  4 ,  
t i le prograin coiniiienccs a t  @ by  c a l l i n g  PRESET, I N D A T ,  and SETUP. 
PRESET s p e c i f i e s  v a l u e s  f o r  v a r i a b l e s  and t r i g g e r s .  I K D A T  r e a d s  
a l l  input  da t a  Lrom c a r d s .  SETUP performs a l l  n e c e s s a r y  c a l c u l a -  
t i o n s  o n  t h e  i n p u t  d a t a  and c o n t r o l s  i n  p r e p a r a t i o n  f o r  t h e  
p r o c e s s i n g  t h a t  f o l l o w s .  In SETUP, t h e  f i x e d  p o i n t  t r i g g e r s  
D A T A  and KPROP a r e  s e t  e q u a l  t o  -1, and T@ i s  s e t  e q u a l  t o  t h e  
i n i t i a l  problem time. From @ t h e  l o g i c  t r a n s f e r s  t o  @ where 
INTAG i s  c a l l e d .  INTAG always i n t e g r a t e s  t h e  n o n l i n e a r  and l i n e a r  
d i f f e r e n t i a l  e q u a t i o n s  of motion from T@ t o  T2 t o  y i e l d  t h e  non- 
l i n e a r  s t a t e  a t  T2 and t h e  s t a t e  t r a n s i t i o n  matrix t h a t  r e l a t e s  
v a r i a b l e s  between TQ and T2. Obviously,  when INTAG i s  c a l l e d  a t  0, s o  t h a t  t h e  computat ion i n v o l v e s  o n l y  a n  e v a l u a -  
t i o n  of t h e  d i f f e r e n t i a l  e q u a t i o n s  and a u x i l i a r y  v a r i a b l e s .  The 
l o g i c  then  p roceeds  t o  OUTPUT where t h e  s t a t e  v a r i a b l e s  and a u x i l -  
i a r y  parameters  a re  b l o c k  p r i n t e d  a t  t h e  i n i t i a l  t ime .  The t i m e  
a t  which t h e  b lock  p r i n t  o c c u r s  i s  c a l l e d  ET.  Thus a f t e r  OUTPUT, 
ET i s  compared w i t h  f i n a l  problem t ine  TFINAL, a t  @, a n d ,  be- 
c a u s e  i t  i s  s m a l l e r ,  i t  i s  updated by t h e  p r i n t  i n t e r v a l  DET. 
Logic  then p roceeds  t o  @ where KDATA i s  t e s t e d .  Because i t  i s  
n e g a t i v e ,  t h e  l o g i c  t r a n s f e r s  t o  @ where NPC(1) i s  t e s t e d .  
For f i l t e r i n g  problems, NPC(1) e q u a l s  z e r o  s o  t h e  l o g i c  b ranches  
t o  @ where t h e  FIT t a p e  i s  r e a d  and e d i t e d  t o  d e t e r m i n e  t h e  
n e x t  da t a  p o i n t  t o  be p r o c e s s e d .  The t i m e  c o r r e s p o n d i n g  t o  t h e  
d a t a  po in t  i s  c a l l e d  TIME. I f  more t h a n  one d a t a  p o i n t  i s  t o  be 
processed a t  TIME, t h e  t r i g g e r  JST i s  s e t  t o  2 ,  o t h e r w i s e  J S T  
e q u a l s  1. A t  @ T2 i s  se t  e q u a l  t o  TIME and i s  t h e n  compared 
w i t h  the n e x t  b lock  p r i n t  t ime .  I f  TIHE i s  l e s s  t h a n  o r  e q u a l  
t o  ET, t h e  l o g i c  proceeds t o  @ where,  i n  I N T A G ,  t h e  n o n l i n e a r  
s t a t e  and s t a t e  t r a n s i t i o n  m a t r i x  a re  c a l c u l a t e d  between T@ and 
T 2 .  A f t e r  INTAG,  TQ i s  equa ted  t o  T2 ( a l t h o u g h  n o t  shown i n  
f i g .  4 ) .  OBSERV t h e n  c a l c u l a t e s  t h e  n o n l i n e a r  measurement v a r i -  
a b l e s  and t h e i r  p a r t i a l  d e r i v a t i v e s  w i t h  r e s p e c t  t o  t h e  expanded 
s t a t e  v e c t o r  components. PROP n e x t  p r o p a g a t e s  t h e  c o v a r i a n c e  and 
c o r r e l a t i o n  m a t r i c e s ,  P,  C U Z ,  and CVZ t o  T2, and MINVAR p e r -  
forms the  minimum v a r i a n c e  u p d a t e  of t h e  expanded s t a t e ,  i t s  co- 
v a r i a n c e ,  and c o r r e l a t i o n  m a t r i c e s .  T@ i s  t h e n  compared w i t h  ET, 
a n d ,  i f  sma l l e r ,  t h e  l o g i c  goes t o  t h e  KDATA t e s t  a t  0. 
c a u s e  KDATA c o r r e s p o n d s  t o  t h e  numbe: of p o i n t s  p e r  r e c o r d  on t h e  
FIT t a p e ,  i t  i s  now a p o s i t i v e  i n t e g ? r .  T h e r e f o r e ,  t h e  l o g i c  
d r o p s  t o  @ where KPROP i s  t e s t e d .  

s :  t h e  l o g i c  d r o p s  t o  @ , 
t h e n  t o  @ and  back t o  (8- D t o  d e t e r i i n e  t h e  n e x t  p o i n t  t o  be 
i n  t h e  p r o c e s s i n g  p a t h  

p rocessed .  A s  l ong  a s  d a t a  a r e  a v a i - i b l e  on t h e  F I T  t a p e ,  t h e  
program l o o p s  th rough  t h e  c i r c u i t  @ 
@ - @.  

TQI = T2 

Be- 

However, KPROP w a s  s e t  t o  1 

- @ - @ - @ - @ - 
I f  a b lock  p r i n t  t i m e  in: . - rvenes t h e  l o g i c  f o r k s  a f t e r  
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a 

0 t o  0. 
t i o n  m a t r i c e s  a r e  propagated t o  time ET t h e  p r i n t  o c c u r s  i n  o u t -  

z e r o  i n  t h e  p ropaga t ion  path 

@ - @ no d a t a  a re  p rocessed ,  i t  is n o t  n e c e s s a r y  t o  d e t e r m i n e  
a n o t h e r  d a t a  p o i n t  a t  a. 
t i m e ,  ET,  t h e  p r o c e s s i n g  path @ - @ is  t r a v e r s e d  u n t i l  t h e  
l a s t  p o i n t  a t  t ime  TIME i s  p rocessed  (JST = 1). Then t h e  l o g i c  
b ranches  th rough  @ t o  ou tpu t  t o  perform t h e  block p r i n t i n g .  
When f ina l .  t i m e ,  TFINAL, i s  u l t i m a t e l y  equa led  or  exceeded,  t h e  
t e s t  below @ t r a n s f e r s  t he  l o g i c  t o  @ and t h e n  t o  @ because 
NPC(1) = 0.  Below @ t h e  r e f e r e n c e  i s  updated and l o g i c  r e t u r n s  
t o  @ where SPlOOTH i s  c a l l e d .  
smoothing from f i n a l  t i m e  t o  i n i t i a l  t i m e  as w e l l  as c a l c u l a t i o n  
of r e s i d u a l s  and l o s s  f u n c t i o n .  A f t e r  SMOOTH, t h e  l o g i c  t r a n s f e r s  
t o  @ where t h e  n e x t  i t e r a t i o n  i s  commenced. On t h e  l a s t  i t e ra -  
t i o n ,  l o g i c  i s  t r a n s f e r r e d  back t o  @ t o  begin t h e  n e x t  problem. 
I f  t h e  FIT t ape  r u n s  o u t  of d a t a  a t  a n y  time d u r i n g  t h e  p r o c e s s i n g ,  
t h e  program w i l l  r e a d  a ze ro  r e c o r d  (having KDATA = 0) l a s t  
from t h e  t a p e .  
where TIME i s  set  t o  exceed t h e  f i n a l  problem t ime.  This f o r c e s  
t h e  p ro  r a m  t o  t r a v e r s e  t h e  c i r c u i t  @ - @ - @ - @ - @ - 
@ - 6 t h e r e a f t e r .  

From @ t o  0 t h e  s t a t e ,  c o v a r i a n c e  and c o r r e l a -  

Because KPROP i s  s e t  p u t ,  and t h e  l o g i c  t r a n s f e r s  t o  @. 
- @, t h e  t e s t  below @ now 

t r a n s f e r s  back t o  (@ t h e n  t o  . Because d u r i n g  p r o p a g a t i o n  

I f  a d a t a  t i m e ,  TIME, e q u a l s  t h e  p r i n t  

SMOOTH performs t h e  backward 

Subsequent ly  t h e  t r a n s f e r  from @ goes  t o  @ 

2 .  E r r o r  a n a l y s i s  problems LNPC(1) = 21 . -  The e r r o r  a n a l y s i s  
l o g i c  proceeds t h e  same as t h e  f i l t e r i n g  l o g i c  w i t h  t h e  f o l l o w i n g  
e x c e p t i o n s .  
from c a r d  i n p u t s  r a t h e r  than a t  @ from t h e  FIT t a p e .  
t h e  expanded s t a t e  v e c t o r  is  n o t  upda ted .  
need n o t  be updated.  

The d a t a  p r o c e s s i n g  t i m e  TIME i s  de te rmined  a t  0 
A t  @ t h e  r e f e r e n c e  

I n  MINVAR,  

3 .  D e t e r m i n i s t i c  problems [NPC(l) = 11. - On d e t e r m i n i s t i c  
problems t h e  l o g i c  f lows  th rough  @ - @ - @ - @ - @ - 
@ - 0. A t  0, TIME i s  s e t  l a r g e r  t hgn  f i n a l  t i m e  and t h e  

- 8: %o, 8 ; h s o l y z i l  
l o g i c  c o n t i n u e s  th rough  @ - @ 
f i n a l  t i m e  i s  equa led  o r  exceeded a t  
b ranches  t o  @ and t h e n  t o  @ t o  commence t h e  n e x t  problem. 

B. S u b r o u t i n e  L o g i c  

The l o g i c  and e q u a t i o n s  s o l v e d  i n  each  of t h e  s u b r o u t i n e s  
w i l l  n e x t  be d e s c r i b e d  with t h e  a i d  o f  t h e  f l o w  diagrams and 
s o u r c e  l i s t i n g s  i n  S e c t i o n s  V I  and VII. The s u b r o u t i n e s  a r e  
grouped i n t o  f i v e  c l a s s i f i c a t i o n s  -- i n i t i a l i z a t i o n  and problem 
s e t u p ;  i n t e g r a t i o n  of d i f f e r e n t i a l  e q u a t i o n s ;  measurement c a l -  
culat: .ons and minimum v a r i a n c e  u p d a t i n g ;  smoothing; and  o u t p u t ,  
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1. I n i t i a l i z a t i o n  and problem s e t u p .  - The i n i t i a l i z a t i o n  and 
problem s e t u p  i s  performed by s u b r o u t i n e s  PRESET, INDAT, and SETUP. 
These s u b r o u t i n e s  are  o n l y  c a l l e d  once p e r  problem. T h e r e f o r e ,  
t h e y  have been a r r a n g e d  t o  form a n  o v e r l a y .  A f t e r  SETUP h a s  com- 
p l e t e d  i ts  e x e c u t i o n ,  t h e  remainder  of  t h e  program i s  r e a d  i n t o  
c o r e  o v e r l a y i n g  t h e  c e l l s  p r e v i o u s l y  occup ied  by PRESET, INDAT, 
and  SETUP. 

a .  PRESET: The f i r s t  o p e r a t i o n s  performed by STEP d u r i n g  a n  
e x e c u t i o n  a r e  t o  p r e s e t  v a r i a b l e s .  These o p e r a t i o n s  a r e  performed 
i n  s u b r o u t i n e  PRESET, and c o n s i s t  of p r e s p e c i f y i n g  v a l u e s  f o r  
v a r i a b l e s ,  c o u n t e r s ,  and t r i g g e r s .  Should v a l u e s  f o r  t h e s e  v a r i -  

problem e x e c u t i o n .  
a b l e s  not be i n p u t ,  t h e  p r , e spec i f i ed  v a l u e s  w i l l  be used i n  t h e  .- 

b. INDAT: A l l  c a r d  i n p u t s  a r e  r e a d  from s u b r o u t i n e  INDAT. 
The unique i n p u t t i n g  l o g i c  d i v i d e s  t h e  c a r d  i n p u t  d a t a  i n t o  20 
c a t e g o r i e s  d e s c r i b e d  i n  S u b s e c t i o n  I I . A . l .  A s  e a c h  c a t e g o r y  i s  
i n p u t ,  t he  c a t e g o r y  number on t h e  l e a d  c a r d  i s  r e a d  as  a f i x e d  
p o i n t  number. The r ema in ing  d a t a  on t h e  l e a d  c a r d  i s  r e a d  i f i  
t h e  A-mode t o  p r e c l u d e  t h e  computer f r o m . t r a n s f o r m i n g  t h e  d a t a  
t o  b i n a r y  numbers immediately.  By means of  t h e  c a t e g o r y  number, 
l o g i c  i s  t r a n s f e r r e d ,  t h rough  a computed GO TO t o  t h e  c a t e g o r y  
s p e c i f i e d .  Here,  t h e  A-mode numbers a r e  decoded i n t o  b i n a r y  
numbers and equa ted  t o  s p e c i f i c  v a r i a b l e s  i n  t h i s  c a t e g o r y .  Note 
t h a t  t h e  decoding of t h e  A-mode numbers i s  t h e  one f e a t u r e  i n  
STEP t h a t  l i m i t s  t h e  u s e  t o  CDC computers .  I f  more d a t a  a r e  re-  
q u i r e d  f o r  t h e  p a r t i c u l a r  c a t e g o r y ,  t h e y  a r e  i n p u t  by, s t a n d a r d  
READ i n s t r u c t i o n s .  I n  STEP1, s u b r o u t i n e  AEROIN i s  c a l l e d  t o  i n p u t  
the t r i v a r i a t e  t a b l e s  c o n t a i n i n g  t h e  aerodynamic c o e f f i c i e n t s .  
Log ic  i s  t h e n  t r a n s f e r r e d  back t o  t h e  b e g i n n i n g  of  INDAT where 
t h e  n e x t  c a t e g o r y  i n p u t  i s  r e a d .  

I n s o f a r  as INDAT i s  concerned,  t h e  o r d e r  i n  which t h e  c a t e -  
g o r i e s  a r e  i n p u t  makes no d i f f e r e n c e .  However, some d a t a  are  
r e q u i r e d  b e f o r e  o t h e r s ,  and i t  i s  a good r u l e  t o  i n p u t  t h e  c a t e -  
g o r i e s  i n  numer i ca l  o r d e r ,  e s p e c i a l l y  c a t e g o r i e s  2 ,  3 ,  5 ,  10, and 
14. When a l l  d a t a  have been i n p u t ,  t h e  c a t e g o r y  20 c a r d  i s  r e a d  
t o  end t h e  i n p u t  l o o p  and r e t u r n  t o  PRESET. 

Note how t h e  expanded s t a t e  v e c t o r  components,  u n c e r t a i n  model 
and measurement v e c t o r  components, and o t h e r  model pa rame te r s  
are  s t o r e d .  The n o n l i n e a r  s t a t e  v a r i a b l e s  a re  i n p u t  i n t o  a n  
a r r a y  c a l l e d  ZO(i) .  These a r e  l a t e r  t r a n s f o r m e d  i n t o  i n t e r n a l  
v a r i a b l e s  and s t o r e d  i n t o  t h e  a r r a y  X ( i ) ,  i = 1, 10 i n  SETUP. 
A l l  model parameters, whether  t o  be  e s t i m a t e d  o r  n o t ,  are s t o r e d  



i n  t h e  a r r ay  C ( i ) ,  t h e  argument ( i )  be ing  t h e i r  i d e n t i f i c a t i o n  
number. The model parameters  t o  be e s t i m a t e d  a r e  counted as they  
a r e  i n p u t ,  t h e  c o u n t e r  being NSTC, and t h e i r  i d e n t i f i c a t i o n  
numbers loaded i n t o  t h e  a r r a y  NC(i) .  I f  a t  any l a t e r  t ime t h e s e  
model pa rame te r s  a r e  r e q u i r e d ,  t h e i r  i d e n t i f i c a t i o n  numbers are  
s t o r e d  i n  NC(i) ,  i = 1, NSTC, and t h e i r  v a l u e s  a re  s t o r e d  i n  
t h e  C ( i >  a r r a y .  The u n c e r t a i n  model parameters n o t  t o  be e s t i -  
mated,  U ,  a r e  counted by N P U ,  t h e i r  i d e n t i f i c a t i o n  numbers 
s t o r e d  i n  MC(i) ,  and t h e i r  v a l u e s  s t o r e d  i n  t h e  C ( i )  a r r a y .  
U n c e r t a i n  measurement parameters  n o t  t o  be e s t i m a t e d ,  V ,  a r e  
comtz:! by NPV, t h e i r  i d e n t i f i c a t i o n  numbers s t o r e d  i n  MCC(i), 
and t h e i r  v a l u e s  i n  C ( i ) .  A l l  c o n s t a n t s  known w i t h  a b s o l u t e  
c e r t a i n t y  are  s t o r e d  i n  t h e  C ( i )  a r r a y .  The number of  f i t t i n g  
d a t a  s o u r c e s  o r  t y p e s  i s  counted by NSTA. 

c .  SETUP: A f t e r  a l l  d a t a  have been i n p u t ,  s u b r o u t i n e  SETUP 
i s  c a l l e d  t o  s e t  up t h e  problem t o  be execu ted .  SETUP commences 
by i n t e r r o g a t i n g  t h e  program c o n t r o l s  and p r i n t i n g  comments t o  
inform t h e  u s e r  of t h e  o p t i o n s  he  h a s  s e l e c t e d .  I n  t h e  p r o c e s s  
of do ing  t h i s ,  t h e  g r a v i t a t i o n a l ,  g e o p h y s i c a l ,  and a tmosphe r i c  
(STEP1 on ly )  d a t a  a re  p r i n t e d  i n  u n i t s  e i t h e r  s p e c i f i e d  by t h e  
u s e r  v i a  NPC(2) o r  i n  u n i t s  i n  which t h e  d a t a  were i n p u t .  

I n  STEP1, a l l  a tmosphe r i c  d a t a  a r e  c a l c u l a t e d  i n  s u b r o u t i n e  
ATMDAT d u r i n g  problem execu t ion .  T h i s  s u b r o u t i n e  r e q u i r e s  b a s e  
p r e s s u r e  and t e m p e r a t u r e / a l t i t u d e  s l o p e  d a t a .  These a r e  c a l c u -  
l a t e d  i n  SETUP u s i n g  t h e  b u i l t - i n  a l t i t u d e  and t e m p e r a t u r e  b a s e  
p o i n t s  and s e a - l e v e l  p r e s s u r e  co r re spond ing  t o  t h e  1 9 6 2  U.S. 
S t anda rd  o r  1959 ARDC atmospheres  o r  d a t a  p rov ided  by t h e  u s e r  
i n  INDAT. 

The f i t t i n g  d a t a  sou rces  a r e  n e x t  l i s t e d .  For t r a c k i n g  s ta -  
t i o n s ,  t h e  g e o d e t i c  l a t i t u d e  i s  t r ans fo rmed  t o  g e o c e n t r i c  and 
s u b r o u t i n e  STAT c a l l e d  t o  c a l c u l a t e  t r a c k i n g  s t a t i o n  r e l a t e d  i n -  
f o r m a t i o n  t o  be used d u r i n g  t h e  e x e c u t i o n .  Tests  are  a l s o  p e r -  
formed t o  de t e rmine  i f  r a t e  terms on t r a c k i n g  s t a t i o n  k a r e  t o  
be e s t i m a t e d  [M@(lc) = 11 o r  n o t  e s t i m a t e d  [ M @ ( k )  = 01. A l s o ,  
t h e  number of t r a c k i n g  s t a t i o n s  whose s t a t i o n  l o c a t i o n s  a re  t o  
be  e s t i m a t e d  (KSS) a re  determined and t h e i r  s t a t i o n  numbers 
(MTYP = 1, 2 , . .  . 5) are  s t o r e d  i n  t h e  a r r a y  NSS(i) ,  i = 1, 
KSS. 

The i n p u t t e d  s t a t e  v a r i a b l e s  a re  n e x t  t r ans fo rmed  i n t o  i n -  
terra1 v a r i a b l e s  u ,  v ,  w ,  h ,  c p ,  8 ,  e o ,  e l ,  e2, and e3 
a s  :.re t h e i r  c o v a r i a n c e  and c o r r e l a t i o n  m a t r i c e s .  The t r a n s -  
for.:iations a re  p r e s e n t e d  i n  S e c t i o n  V I  of  Volume 1. The t r a n s -  
f o x n a t i o n  m a t r i x  N ( i , j )  i s  s t o r e d  i n  t h e  a r r a y  DUB( i , j ) .  I 
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A l l  a n g l e s  a t  t h i s  p o i n t  a r e  i n  r a d i a n s .  SETUP n e x t  p r i n t s  t a b l e s  
of t h e  i n t e r n a l  s t a t e  v a r i a b l e s  and model p a r a m e t e r s  and t h e i r  
s t a n d a r d  d e v i a t i o n s .  F i n a l l y ,  n e a r  t h e  end of  SETUP, t h e  number 
of  d i f f e r e n t i a l  e q u a t i o n s  t o  be i n t e g r a t e d  i s  de te rmined  (NALL), 
and c o u n t e r s ,  t r i g g e r s ,  a r r a y s ,  and v a r i a b l e s  a r e  s e t  t o  t h e i r  
r e q u i r e d  v a l u e s  t o  commence t h e  fo rward  i n t e g r a t i o n .  

2 .  I n t e g r a t i o n  of d i f f e r e n t i a l  e q u a t i o n s . -  A l l  l i n e a r  and 
n o n l i n e a r  d i f f e r e n t i a l  e q u a t i o n s  a r e  i n t e g r a t e d  i n  s u b r o u t i n e  
I N T A G .  Suppor t ing  s u b r o u t i n e s  r e q u i r e d  by INTAG t o  perform t h e  
i n t e g r a t i o n  a r e  RKUTTA, DATAR, MOTION, FXXU, and i n  STEP1 AERO 
and DERIVE a r e  a l s o  r e q u i r e d .  

a .  INTAG:  When s u b r o u t i n e  INTAG i s  c a l l e d ,  i t  w i l l  i n t e g r a t e  
t h e  n o n l i n e a r  d i f f e r e n ' t i a l  e q u a t i o n  i n  f i l t e r i n g  and e r r o r  a n a l y s i s  
problems, f rom time Tf? t o  t i m e  T2. I n i t i a l  c o n d i t i o n s  must have 
been s p e c i f i e d  f o r  t h e  l i n e a r  and n o n l i n e a r  e q u a t i o n  dependen t  
v a r i a b l e s  b e f o r e  c a l l i n g  INTAG. The e q u a t i o n s  a re  i n t e g r a t e d  by 
a f o u r t h - o r d e r  Runge K u t t a  i n t e g r a t i o n  scheme as  one l a r g e  system. 
The dependent v a r i a b l e s  i n  t h i s  sys t em a r e  s t o r e d  i n  t h e  a r r a y  
X ( i ) .  Consider  a problem where o n l y  t h e  b a s i c  s t a t e  v a r i a b l e s  
a r e  t o  b e  e s t i m a t e d .  INTAG would t h e n  i n t e g r a t e  t h e  10 n o n l i n e a r  
d i f f e r e n t i a l  e q u a t i o n s  p l u s  10 independent  v e c t o r  s o l u t i o n s  f o r  
t h e  10  l i n e a r  d i f f e r e n t i a l  e q u a t i o n ,  o r  110 d i f f e r e n t i a l  e q u a t i o n s  
i n  a l l .  I n  t h e  a r r a y  X ( i ) ;  X(1-10) c o n t a i n s  t h e  s o l u t i o n  t o  
t h e  n o n l i n e a r  e q u a t i o n s ;  X(l1-20) c o n t a i n s  t h e  f i r s t  s o l u t i o n  
t o  t h e  l i n e a r  e q u a t i o n s  ( t h e  f i r s t  column of  t h e  s t a t e  t r a n s i t i o n  
matrix D); X(21-30) c o n t a i n s  t h e  second s o l u t i o n  t o  t h e  l i n e a r  
e q u a t i o n s ;  ... X(101-110) c o n t a i n s  t h e  t e n t h  s o l u t i o n  t o  t h e  
l i n e a r  e q u a t i o h s .  Note t h a t  t h e r e  i s  b u t  one sys t em of l i n e a r  
d i f f e r e n t i a l  e q u a t i o n s ,  hav ing  t i m e  v a r y i n g  c o e f f i c i e n t s .  Ten 
s e p a r a t e  s o l u t i o n s  t o  t h i s  sys t em must be  o b t a i n e d .  A t  t h e  be-  
g i n n i n g  of  a problem, t h e  i n i t i a l  c o n d i t i o n s  f o r  t h e  s t a t e  v a r i -  
a b l e s ,  X ( 1 - l o ) ,  a r e  p rov ided  from SETUP. The i n i t i a l  c o n d i t i o n s  
f o r  t h e  l i n e a r  e q u a t i o n s  a r e  s p e c i f i e d  i n  SETUP t o  be t h e  i d e n t i t y  
m a t r i x ,  i . e . ,  x( l1-110)  = 0 e x c e p t  X(11) = X(22) = X(33) = ... 
= X(99) = X(110) = 1. I n s p e c t i o n  of t h e  f l o w  diagrams and l i s t -  
i n g  of  INTAG r e v e a l s  t h a t  t h e  a r r a y  P H ( i , j )  i s  f r e q u e n t l y  used 
i n s t e a d  of  X(10-110) d i s c u s s e d  p r e v i o u s l y .  T h i s  i s  p o s s i b l e  
because ,  i n  common INTGRL, X ( i )  i s  dimensioned 10 and i s  f o l l o w e d  
by P H ( i , j )  dimensioned 10 x 30. Thus,  X(11) i s  e q u i v a l e n t  t o  
P H ( l , l ) ,  X(12) e q u i v a l e n t  t o  PH(2, l )  and s o  on. P H ( i , j )  is 
t h e r e f o r e  t h e  s t a t e  t r a n s i t i o n  matrix !3. 



The numer ica l  i n t e g r a t i o n  l o g i c  i s  c o n t a i n e d  i n  s u b r o u t i n e  
RKUTTA. RKUTTA r e l i e s  on t h e  f i x e d  p o i n t  i n d i c a t o r  LRK. The 
i n t e g r a t i o n  i s  commenced by s e t t i n g  LRK = 4 and c a l l i n g  RKUTTA. 
Upon r e t u r n i n g  from KRUTTA, LRK w i l l  e q u a l  1, 2 o r  3 .  When 
LRK = 1, t h e  d i f f e r e n t i a l  equat ions  must be e v a l u a t e d  and l o g i c  
r e t u r n e d  t o  RKUTTA. each t i m e  RKUTTA has  completed a n  
i n t e g r a t i o n  c y c l e .  Thus, upon r e t u r n i n g  from RKUTTA w i t h  LRK = 
2 ,  t h e  s t a t e  can be p r i n t e d  i f  a p r i n t o u t  i s  d e s i r e d  a t  a f r e -  
quency d i c t a t e d  by t h e  f i x e d  computing i n t e r v a l  DCOMP. The 
STATE t a p e  i s  w r i t t e n  d u r i n g  t h e  backward i n t e g r a t i o n  whenever 
LRK = 2 .  RKUTTA r e t u r n s  w i t h  LRK = 3 when i t  has  i n t e g r a t e d  
t o  e x a c t l y  t h e  t i m e  T2. 
i o g i c  i s  returr ied t o  t h e  i x in  prGgram w h e ~ l e v e r  LEK = 3 on t h e  
r e t u r n  from RKUTTA. 

LRK = 2 

Because INTAG o n l y  i n t e g r a t e s  t o  T2, 

b. RKUTTA: RKUTTA i s  a g e n e r a l  numerical  i n t e g r a t i o n  sub- 
r o u t i n e  developed s p e c i f i c a l l y  f o r  u s e  i n  STEP. I t s  i n t e r n a l  
v a r i a b l e s  d i f f e r  from t h o s e  i n  t h e  r e s t  of STEP, t h u s  through 
common b lock  INTGRL, t h e  RKUTTA v a r i a b l e s  a r e  made e q u i v a l e n t  t o  
t h e  STEP v a r i a b l e s .  A s  d i s c u s s e d  above, LRK ( o r  L i n  RKUTTA) 
i s  t h e  i n d i c a t o r  t h a t  RKUTTA uses  t o  communicate w i t h  I N T A G ,  

c .  DATAB: Subrout ine  DATAB c o n t a i n s  t h e  l o g i c  f o r  r e a d i n g  
t h e  PQR t a p e ,  w r i t i n g  a s c r a t c h  t a p e  c o n t a i n i n g  t h e  PQR d a t a  and 

ayM a% 
i n t e r p o l a t i n g  t a b l e s  t o  o b t a i n  PM QM and 

(STEP2 o n l y ) .  A t  t h e  beginning of a problem, DATAB r e a d s  t h e  
F'QR tape u n t i l  t h e  las t  t ime on a PQR t a p e  r e c o r d  exceeds t h e  
i n i t i a l  problem t i m e .  It t h e n  s t o r e s  between 20 and 40 of t h e  
PQR d a t a  p o i n t s  i n  c o r e .  A s  t h e  i n t e g r a t i o n  proceeds t h e  c o r e  
s t o r e d  t a b l e s  are  i n t e r p o l a t e d  u n t i l  t i m e  exceeds t h a t  of rhe  
second t o  t h e  l a s t  p o i n t  i n  core .  A l l  p o i n t s  i n  c o r e  a r e  t h e n  
t r a n s f e r r e d  t o  t h e  SCRACH t a p e ,  t h e  l a s t  two p o i n t s  i n  c o r e  a re  
t r a n s f e r r e d  t o  t h e  beginning of  t h e  t a b l e ,  and more PQR t a p e  d a t a  
i s  r e a d  i n t o  c o r e  u n t i l  between 20 and 40 p o i n t s  a r e  i n  c o r e .  
The i n t e g r a t i o n . a g a i n  proceeds u n t i l  t i m e  exceeds t h a t  of t h e  
second t o  l a s t  p o i n t  i n  c o r e .  Again,  t h e  c o r e - s t o r e d  p o i n t s  a r e  
t r a n s f e r r e d  t o  t h e  SCRACH t a p e ,  t h e  l a s t  two c o r e - s t o r e d  p o i n t s  
moved t o  t h e  beginning  of t h e  t a b l e  and more PQR t a p e  d a t a  r e a d .  
T h i s  c o n t i n u e s  u n t i l  f i n a l  t ime is  exceeded and t h e  backward 
i n t e g r a t i o n  (smoothing) commenced. Before commencing t h e  back- 
ward i n t e g r a t i o n ,  a f a l s e  record  i s  w r i t t e n  on t h e  SCRACH t a p e  
s o  t h a t  l a t e r ,  i n  DATAB, two backspaces w i l l  p o s i t i o n  t h e  t a p e  
t o  r e a d  t h e  l a s t  v a l i d  r e c o r d .  A t  f i n a l  t i m e ,  s u f f i c i e n t  d a t a  
a r e  a l r e a d y  i n  c o r e  t o  commence t h e  backward i n t e g r a t i o n .  When 
t i m e  becomes smaller t h a n  t h a t  of t h e  second p o i n t  iil c o r e ,  t h e  
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SCMCH t a p e  i s  backspaced t w i c e  and a r e c o r d  i s  r e a d  i n t o  c o r e .  
This  r e c o r d  a l r e a d y  c o n t a i n s  t i e - i n  p o i n t s ,  i . e . ,  t h e  f i r s t  two 
p o i n t s  p r e v i o u s l y  i n  c o r e .  Whenever t i m e  becomes smaller t h a n  
t h e  second p o i n t  i n  c o r e ,  t h e  SCRACH tape  Fs backspaced twice 
and r e a d .  I n  t h i s  manner t h e  integration proceeds t o  i n i t i a l  
t ime,  During a l l  remaining i t e r a t i o n s ,  t h e  PQR tape i s  used on 
t h e  forward i n t e g r a t i o n  and t h e  SCRACH t a p e  used on t h e  backward 
i n t e g r a t i o n .  

On f i l t e r  problems, c a p a b i l i t y  i s  i n c l u d e d  t o  c a l c u l a t e  
r e s i d u a l s  of t h e  measurements and a l o s s  f u n c t i o n  on t h e  back- 
w a r d  i n t e g r a t i o n .  To do t h i s  r e q u i r e s  t h a t  . t h e  d a t a  from t h e  
FIT t a p e ,  which were processed on t h e  forward  i n t e g r a t i o n ,  be 
s t o r e d .  T h i s  s t o r a g e  i s  accomplished w i t h o u t  r e q u i r i n g  a n  a d d i -  
t i o n a l  t a p e  u n i t ,  by having l o g i c  i n c l u d e d  i n  DATAB t o  s t o r e  t h e  
processed FIT d a t a  on t h e  SCRACIl t a p e  a l s o .  T h e r e f o r e ,  when t h e  
SCRACH t a p e  i s  w r i t t e n  on t h e  forward i n t e g r a t i o n ,  a l l  but  t h e  
l a s t  two good ( n o t  e d i t e d ,  e l i g i b l e  t o  be processed)  FIT d a t a  
p o i n t s  i n  c o r e  a re  w r i t t e n  on t h e  SCRACH t a p e  s i m u l t a n e o u s l y  w i t h  
t h e  PQR d a t a .  The two FIT d a t a  p o i n t s ,  which a r e  h e l d  back ,  w i l l  
be  w r i t t e n  on t h e  n e x t  SCRACH r e c o r d .  T h e r e f o r e , . d u r i n g  t h e  back- 
ward smoothing, t h e  c o r e  always c o n t a i n s  a FIT d a t a  p o i n t  a t  a 
t ime s m a l l e r  than  t h e  FQR d a t a  i n  c o r e .  Subsequent ly  i t  w i l l  be  
seen t h a t  t h i s  i s  n e c e s s a r y  i n  s u b r o u t i n e  SMOOTH, 

d .  MOTION:  I n  s u b r o u t i n e  MOTION, t h e  n o n l i n e a r  d i f f e r e n t i a l  
e q u a t i o n s  of motion a r e  c a l c u l a t e d .  The s t a t e  v a r i a b l e s  X(1-10) 
a r e  used t o  c a l c u l a t e  t h e  s t a t e  v a r i a b l e  t i m e  d e r i v a t i v e s  D X ( 1 - 1 0 )  
p resented  i n  e q u a t i o n s  ( 1 2 7 )  t h r u  (129) of Volume I. The major  
p o r t i o n  of M O T I O N  i s  used i n  c a l c u l a t i n g  t h e  a u x i l i a r y  e q u a t i o n s ,  
e q u a t i o n s  (130) t h r u  (160) .  I n  STEP1, MOTION c a l l s  s u b r o u t i n e  
ATMDAT t o  de te rmine  t h e  atmosphere d a t a ,  and  s u b r o u t i n e  AERO t o  
de te rmine  t h e  aerodynamic c o e f f i c i e n t s .  

r 

An e n t r y  p o i n t  AC'X1.L i s  provided  t o  c a l c u l a t e  q u a n t i t i e s  
needed by s u b r o u t i n e  OUTPUT. These q u a n t i t i e s  a re  a l t e r e d  when- 
e v e r  t h e  nominal i s  changed ( i . e . ,  when a d a t a  p o i n t  i s  processed  
d u r i n g  a n  updated nominal f i l t e r  problem);  t h u s ,  OUTPUT must e v a l -  
u a t e  t h e s e  e q u a t i o n s  immediately b e f o r e  p r i n t i n g .  E n t r y  p o i n t  
AUXIL i s  u s e d . o n l y  by s u b r o u t i n e  OUTPUT. 

e. FXXU: S u b r o u t i n e  FXXU c a l c u l a t e s  t h e  c o e f f i c i e n t s  i n  
t h e  l i n e a r  d i f f e r e n t i a l  e q u a t i o n s  of  mot ion ,  e q u a t i o n  (165). 
These c o e f f i c i e n t s  a re  p r e s e n t e d  i n  S e c t i o n  V of Volume I. 
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Subrout ine  FXXU always e v a l u a t e s  t h e  e q u a t i o n s  i n  t a b l e  4 o f  
v o l .  1. The STEP1 program c a l c u l a t e s  t h e  e q u a t i o n  i n  t a b l e  5 a l a o .  
Logic  i s  i n c l u d e d ,  which de termines  i f  t h e  s t a t e  v e c t o r  h a s  been 
augmented t o  i n c l u d e  model Parameters  o r  i f  any model parameters  
have been inc luded  i n  t h e  U a r r a y  ( u n c e r t a i n ,  bu t  n o t  t o  be es- 
t i m a t e d ) .  I f  so ,  t h e  p a r t i a l  d e r i v a t i v e s  a s s o c i a t e d  w i t h  t h e s e  
model parameters  a r e  e v a l u a t e d .  

For STEP1, e n t r y  p o i n t  PAXPC i s  i n c l u d e d  i n  s u b r o u t i n e  FXXU. 
T h i s  a l l o w s  e q u a t i o n s  t h a t  a re  common t o  t h e  l i n e a r i z e d  e q u a t i o n s  
of motion and t h e  l i n e a r i z e d  model f o r  t h e  a c c e l e r o m e t e r s  t o  be 
coded o n l y  once. Ent ry  p o i n t  P A U C  i s  used o n l y  by s u b r o u t i n e  
OBSERV. 

f .  ATMOS (STEP1 o n l y ) :  In  s u b r o u t i n e  ATMOS, a l l  a tmospher ic  
parameters  a re  c a l c u l a t e d .  These q u a n t i t i e s  are  p r e s e n t e d  i n  
e q u a t i o n s  (121)  t h r u  (126) i n  Volume I. 

g. AERO (STEP1 o n l y ) :  Subrout ine  AERO d e t e r m i n e s  a l l  a e r o -  
dynamic c o e f f i c i e n t s  f o r  t h e  v e h i c l e .  The t r i v a r i a t e  t a b l e s  are  

~- - l i n e a r l y  i n t e r p o l a t e d  by s u b r o u t i n e  FCTN. The i n t e r p o l a t e d  - .  coef -  
f i c i e n t s  a r e  e i t h e r  ‘A, ‘N; ‘’D, cL; O r  cy 3 c~ 

7 n 
I n  AERO, t h e s e  c o e f f i c i e n t s  a r e  t h e n  t ransformed t o  

by e q u a t i o n s  (134) and t h e  e r r o r  model, e q u a t i o n  (147) ,  s o l v e d  
b e f o r e  r e t u r n i n g  t o  MOTION. - 

S u b r o u t i n e  AERO has  a s e v e n - v a r i a b l e  argument l i s t .  The f i r s t  

-CAI Cy, -CN 

_. - - 

two arguments  a re  determined by IPC8 i n  c a t e g o r y  11 (a, i f  

IPCG = 0 o r  -1; 7 ,  5 i f  IPC8 = 1). Arguments 3 and 4 are  Mach 

and  Reynolds numbers, r e s p e c t i v e l y .  Arguments 5 ,  6,  and  7 are  c y ,  and C z ,  which a re  r e t u r n e d  t o  t h e  c a l l i n g  program by cX , - AERO. Note t h a t  Cx = -CA and Cz - -CN. 

Subrout ine  AERO has  been w r i t t e n  t o  f a c i l i t a t e  i t s  removal 
and replacement  by a s u b r o u t i n e  s p e c i a l i z e d  t o  t h e  p a r t i c u l a r  
v e h i c l e  being a n a l y z e d .  The t a b l e s  i n t e r p o l a t e d  by s u b r o u t i n e  
AERO a re  t h e  o n l y  q u a n t i t i e s  i n  common block AERTAB; a f t e r  r e a d -  
i n g  t h e  c a t e g o r y  11 c a r d ,  s u b r o u t i n e  INDAT t r a n s f e r s  c o n t r o l  t o  
subrcvi t ine AEROIN, which r e a d s  i n  t h e - t a b l e s ,  and  t h e n  r e t u r n s  
c o n t r o l  t o  INDAT, which t h e n  c o n t i n u e s  t o  r e a d  i n  t h e  remain ing  
i n p u t  d a t a .  
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I f  Subrou t ine  AERO i s  r e p l a c e d  w i t h  a s u b r o u t i n e  w r i t t e n  f o r  

i n  c a t e g o r y  11 shou ld  be s p e c i f i e d  so  t h e  c o r r e c t  
a s p e c i f i c  v e h i c l e ,  s e v e r a l  f a c t s  shou ld  b e  c o n s i d e r e d .  The i n p u t  
c o n t r o l  IPC8 

a n g l e s  a r e  passed t o  AERO; t h e s e  a n g l e s  a re  i n  r a d i a n s ,  n o t  d e g r e e s .  

Cz.  
The e r r o r  model,  e q u a t i o n  ( 1 4 7 ) ,  must be i n c l u d e d  i n  sub -  

r o u t i n e  AERO. S u b r o u t i n e  AEROIN may b e  mod i f i ed  t o  s i m p l i f y  a n y  
i n p u t s  t o  t h e  new s u b r o u t i n e  AERO. 

The c o e f f i c i e n t s  c a l c u l a t e d  must be  t r a n s f o r m e d  t o  cxJ and 

h.  TAB and FCTN: S u b r o u t i n e  FCTN i s  used s o l e l y  f o r  i n t e r -  
p o l a t i n g  t h e  t r i v a r i a t e  aerodynamic c o e f f i c i e n t s  t a b l e s .  A l l  
o t h e r  i n t e r p o l a t i o n s  a r e  performed by TAB. TAB was s p e c i f i c a l l y  
developed f o r  STEP and i s  l i m i t e d  t o  l i n e a r  i n t e r p o l a t i o n  o f  
monovariate  t a b l e s .  Each’ t a b l e  c o n t a i n s  a n  a r r a y  of t h r e e  f i x e d  
p o i n t  numbers, N( i ) , ,  i = 1, 3 ,  which TAB r e q u i r e s .  N(1) i s  
t h e  number of p o i n t s  i n  t h e  t a b l e ,  N(2) i s  t h e  argument o f  t h e  
t a b u l a r  a r r a y  which bounds t h e  l a s t  i n t e r p o l a t e d  v a l u e  on t h e  
lower s ide .  TAB commences s e a r c h i n g  t h e  t a b l e  from t h i s  p o i n t  
t h e  n e x t  t i m e  i n t e r p o l a t i o n  i s  r e q u i r e d .  N ( 3 )  i s  z e r o  f o r  a n  
i n c r e a s i n g  independen t  v a r i a b l e ,  and one f o r  d e c r e a s i n g  i n d e -  
penden t  v a r i a b l e .  

3 .  Measurement c a l c u l a t i o n s  and minimum v a r i a n c e  u p d a t i n g . -  
On f i l t e r i n g  and e r r o r  a n a l y s i s  problems,  t h e  c a l c u l a t i o n  of t h e  
n o n l i n e a r  measurements,  Y (ti) , and t h e i r  p a r t i a l  d e r i v a t i v e s  

w i t h  r e s p e c t  t o  s t a t e  v a r i a b l e s  and model p a r a m e t e r s ,  G and H,  
a r e  performed i n  OBSERV. I n  s u b r o u t i n e  PROP, t h e  c o v a r i a n c e  and 

and C v z ,  a re  p ropaga ted  t o  t h e  c o r r e l a t i o n  matrices , P, 

measurement t i m e  by e q u a t i o n  ( 5 4 ) .  I n  s u b r o u t i n e  MINVAR, t h e  
minimum v a r i a n c e  u p d a t i n g  by means of  e q u a t i o n  (53)  i s  accom- 
p l  i s h e d  . 

cuz ’ 

The l o g i c  c o n t r o l l i n g  t h e  e x e c u t i o n  of OBSERV, PROP, and 
MINVAR i s  l o c a t e d  i n  MAIN and i s  compl i ca t ed  by t h e  o p t i o n a l  ways 
t h a t  t h e  d a t a  can be p r o c e s s e d ,  i . e . ,  scalar o r  v e c t o r  p r o c e s s i n g  
w i t h  an updated o r  nonupdated r e f e r e n c e  of  a one- ,  two-,  o r  t h r e e -  
component measurement. The o p t i o n s  a r e  t e s t e d  i n  M A I N  and t h e  
f l a g  KK i s  se t  t o  1 i f  o n l y  one c i r c u i t  t h rough  t h e  OBSERV, 
PROP, and MINVAR l o o p  i s  r e q u i r e d .  The o n l y  t i m e  more t h a n  one 
c i r c u i t  i s  r equ i r e .d  i s  when p r o c e s s i n g  a multicomponent v e c t o r ,  
scalar po in t  a t  a time i n  t h e  upda ted  r e f e r e n c e  mode f o r  which 
case KK e q u a l s  t h e  number of v e c t o r  components t o  be  p r o c e s s e d .  



* 

c 

KN i s  s e t  t o  0 i f  o n l y  one coniponent o f  t h e  measurement v e c t o r  
and  i t s  p a r t i a l  d e r i v a t i v e s  necd be s p e c i f i e d  i n  OBSERV. I f  rmre 
t h a n  one  component must be  c a l c u l a t e d  I(N = 1. A loop  i s  t h e n  
commenced th rough  OBSERV, PROP, and MINVAR w i t h  i n d e x  KAR going 
f rom 1 t o  KK- 

a .  OBSERV: Subrou t ine  OBSERV commences by t e s t i n g  t h e  meas- 
urement t y p e  i n d i c a t o r ,  MTYP, and t h e n  b ranches  t h e  l o g i c  t o  
c a l c u l a t e  t h e  n o n l i n e a r  measurement s p e c i f i e d .  These measurement 
e q u a t i o n s  are  p r e s e n t e d  i n  Volume I ,  S e c t i o n  VII. Measurements 
f rom a l l  f i v e  t r a c k i n g  s t a t i o n s  as  s o l v e d  from t h e  same e q u a t i o n s  
w i t h  t h e  model parameters s y m b o l i c a l l y  s p e c i f i e d  as a f u n c t i o n  of 
MTY Y . 

The t h r e e  components of t h e  measurement v e c t o r  are  s t o r e d  i n  
t h e  a r r a y  DFM(1-3). I f  on ly  one component i s  t o  be p rocessed  
(KN = 0 ) ,  i t  i s  s t o r e d  i n  DATC(KAR). I f  more t h a n  one component 
i s  t o  b e  p r o c e s s e d ,  t h e y  a re  s t o r e d  s e q u e n t i a l l y  i n  DATC(i), 
Thus,  i f  t h e  second component of t h e  measurement v e c t o r  h a s  been 
e d i t e d  o u t  by i n p u t  c o n t r o l s ,  DATC(1) e q u a l s  component one and 
DATC(2) e q u a l s  component t h r e e .  The i n t e g e r  KOB i s  se t  t o  
KAR i f  on ly  one component i s  t o  be  p rocessed  o r  t o  J N B R  i f  
m u l t i p l e  components are t o  be p rocessed .  Thus, l o o p i n g  on i 
from KAR t o  KOB s e q u e n t i a l l y  s p e c i f i e s  the components of 
DATC(i) t o  be p rocessed .  

OBSERV n e x t  c a l c u l a t e  t h e  G and H m a t r i c e s  i n  e q u a t i o n s  
- _- (51a) and ( 5 1 b ) .  The m a t r i c e s  c o n t a i n  t h e  p a r t i a l  d e r i v a t i v e  of 

t h e  measurement components t o  be p rocessed  w i t h  r e s p e c t  t o  s t a t e  
v a r i a b l e s  and model parameters .  The e q u a t i o n s  f o r  t h e s e  p a r t i a l  
d e r i v a t i v e s  a r e  p r e s e n t e d  i n  S e c t i o n  V I 1  of Volume I. The p a r t i a l  
d e r i v a t i v e s  a r e  l o c a t e d  i n  a n  a r r a y  G ( i , j )  where i d e n o t e s  t h e  
measurement v e c t o r  components o r  rows. The rows of  G a r e  a r -  
ranged similar t o  t h e  elements  of  DATC(i), n o t  n e c e s s a r i l y  se- 
q u e n t i a l l y  with component number. 

b. PROP: S u b r o u t i n e  PROP p r o p a g a t e s  t h e  c o v a r i a n c e  and c o r -  
r e l a t i o n  m a t r i c e s  t o  t h e  c u r r e n t  measurement t i m e  by means of  
e q u a t i o n s  (54;. Because the c o v a r i a n c e  m a t r i x  P i s  symmetr ic ,  
o n l y  i t s  uppei r i g h t  t r i a n g l e  i s  p ropaga ted .  Before r e t u r n i n g  
from PROP, th t .  s t a t e  t r a n s i t i o n  matrix 41 i s  r e i n i t i a l i z e d  t o  
t h e  i d e n t i t y  i n t r i x .  
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c .  MINVAR:  S u b r o u t i n e  MINVAR n e x t  s o l v e s  t h e  minimum v a r i -  
ance  e q u a t i o n s ,  e q u a t i o n s  ( 5 3 ) .  R a t h e r  t h a n  i n t r o d u c e  a d d i t i o n a l  
FORTRAN v a r i a b l e s ,  t h e  dummy a r r a y  DUB(i, j)  i s  used throughout  
MINVAR.  The o r d e r  i n  which e q u a t i o n s  a r e  solved arid t h e  locaLion 
i n  D U B  where t h e  m a t r i c e s  a r e  so lved  a re  as followe, Equat ion 

(53f) i s  f i r s t  s y n t h e s i z e d .  The m a t r i x  product  PGT and GPG 
a re  c a l c u l a t e d  ( u s i n g  o n l y  t h e  upper r i g h t  t r i a n g l e  of 
s t o r e d  i n  DUB(1-3, 1-3)  and D U B ( 1 - 3 ,  7 -9) ,  r e s p e c t i v e l y .  For 
convenience,  a mapping of DUB i s  shown below. If  u n c e r t a i n  

measurement parameters  a re  i n c l u d e d  (NPV > 0) t h e n  GC VZ HT and 

SHT a re  c a l c u l a t e d  and s t o r e d  i n  DUB ( 1 - 3 ,  7-9) and DUB (13- 

15 ,  7-9).  CvzHT i s  a l s o  added t o  PGT i n  DUB (1-3 ,  1 - 3 ) .  

I n s p e c t i o n  of e q u a t i o n s  (5312) and (53f )  r e v e a l s  t h e  J 

accumulated i n  DUB (1-3 ,  7-9) 

D U B  ( 1 - 3 ,  1 - 3 ) .  
and accumula t ing  m a t r i x  sums u s i n g  DUB as shown below. 

T 

and  P) 

i s  b e i n g  

and t h e  m a t r i x  PGT + CvzHT i n  

MINVAR c o n t i n u e s  t o  c a l c u l a t e  m a t r i x  p r o d u c t s  

I 
I 
I 
I 
I 
I DUB(i,j) = 

9 

12 

30 
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The m a t r i x  J i s  i n v e r t e d  by means of t h e  Gauss-Jordan re- 
d u c t i o n  method coded i n  MINVAR. The 3x3 matrices shown i n  DUB 
a r e  o n l y  c a l c u l a t e d  when a three-component v e c t o r  i s  be ing  
processed .  
t h e  m a t r i c e s  are s m a l l e r  (2x2 o r  1x1). 

When t h e  measurement v e c t o r  c o n t a i n s  fewer components, 

Because of t h e  dependency of e3 on e o ,  el ,  and e2 t h e  
t e n t h  column of G ,  and t h e  t e n t h  row and column of P and t h e  
t e n t h  rows of C and C a r e  s e t  t o  z e r o  b e f o r e  t h e i r  c a l -  

c u l a t i o n s  i n  MINVAR. 
t h e  rows and columns t o  begin w i t h .  
t h e s e  rows and columns of P ,  

e q u a t i o n s  (163) and (164) .  The c o r r e c t i o n  f o r  e3, i s  c a l c u -  
l a t ed  from e q u a t i o n  ( 1 6 2 ) .  

uz vz 
This  produces t h e  same r e s u l t s  as n o t  having  

Before r e t u r n i n g  from MINVAR, 
and Cuz a r e  c a l c u l a t e d  by cvz ' 

4 .  Smoothing.- When t h e  forward i n t e g r a t i o n  i s  completed,  
s u b r o u t i n e  SMOOTH i s  c a l l e d  t o  i n t e g r a t e  t h e  b e s t  e s t i m a t e  of t h e  
s t a t e ,  and p o s s i b l y  covar iance ,  back t o  i n i t i a l  t i m e .  SMOOTH 
commences by t e s t i n g  program c o n t r o l s  t o  de te rmine  i f  t h e  r e s i d u a l s  
and l o s s  f u n c t i o n  a r e  t o  be c a l c u l a t e d ,  i f  t h e  l i n e a r  e q u a t i o n s  
of motion a r e  t o  be i n t e g r a t e d  t o  propagate  t h e  c o v a r i a n c e  and 
c o r r e l a t i o n  matrices, o r  i f  smoothing i s  even t o  be performed. 
The f l a g  KSM i s  s e t  t o  zero i f  t h e  r e s i d u a l s  and l o s s  f u n c t i o n  
a r e  n o t  t o  be c a l c u l a t e d ,  and t o  one i f  t h e y  a r e  t o  be c a l c u l a t e d .  
NPC(1) i s  t e m p o r a r i l y  r e s e t  t o  1 i f  t h e  l i n e a r  e q u a t i o n  a r e  n o t  
t o  be  i n t e g r a t e d .  SMOOTH then  proceeds t o  i n t e g r a t e  backwards 
i n  INTAG t o  e i t h e r  a b lock  p r i n t  t ime,  ET,  o r  a measurement 
d a t a  t i m e  TIME. The measurement d a t a  a r e  o b t a i n e d  from t h e  
SCRACH t a p e .  OBSERV i s  c a l l e d  t o  c a l c u l a t e  t h e  b e s t  estimate of 
t h e  measurement. During t h e  backward i n t e g r a t i o n ,  OBSERV r e t u r n s  
a f t e r  c a l c u l a t i n g  o n l y  t h e  n o n l i n e a r  measurements. A f t e r  SMOOTH 
has  i n t e g r a t e d  back t o  t h e  i n i t i a l  t i m e ,  i t  resets c o u n t e r s ,  
t r i g g e r s ,  and t a p e s  f o r  t h e  n e x t  i t e r a t i o n  o r  problem b e f o r e  re- 
t u r n i n g .  

5. Output . -  Subrout ine  OUTPUT performs a l l  t h e  block p r i n t -  
i n g  on b o t h  t h e  forward and backward i n t e g r a t i o n .  The v a r i a b l e s  - -  
p r i n t e d  are d e s c r i b e d  i n  Subsec t ion  I I .C .2 .  I f  a s t a t e  update  
has  occurred  b e f o r e  OUTPUT, MOTION i s  c a l l e d ,  v i a  e n t r y  p o i n t  
AUXIL, t o  r e c a l c u l a t e  a u x i l i a r y  v a r i a b l e s  needed f o r  o u t p u t t i n g .  
A f t e r  t h e  s t a t e  and a u x i l i a r y  v a r i a b l e s  have been pr ' in ted ,  t h e  
c o v a r i a n c e  and c o r r e l a t i o n  m a t r i c e s  a r e  t ransformed t o  o u t p u t  
v a r i a b l e s  s p e c i f i e d  by NPC(3). This  t r a n s f o r m a t i o n  i s  d e s c r i b e d  
i n  S e c t i o n  V I  of Volume I. The t r a n s f o r m a t i o n  maErix No i s  
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s to red  i n  t h e  DUB(i,j) a r r a y  a s  f o l l o w s :  

N0(1-3, T 1-10) = DUB(1-10, 1-3) 

NT(7-9, 1-10) = DUB(1-10, 4 - 6 )  
0 

The middle t h r e e  rows of 

f o r  h ,  c p ,  and 8 so  they a r e  not  s t o r e d .  
No con ta in  only t h e  i d e n t i t y  ma t r ix  

t 



AG( i )  

ALPH 

AM( i) 

AMDOT ( i) 

AP ( i) 

V , DEFINITION OF FORTRAN SYMBOLS 

Transformation mat r ix  G between t h e  G- 
frame and B-frame, s e e  equat ion  (133).  

a a c t i n g  ZB a XB’ YB’ ’ 

Accelera t ions  a 

through t h e  cen te r  of g r a v i t y  i n  body axes 
d i r e c t i o n s ,  see equat ions  (134) and (146). 

APDOT ( i) 

AS 

ASU 

A X ( i ) ,  A Y ( i ) ,  A Z ( i )  

B ( i )  

BETA 

Accelera t ions  aXG, a a i n  t h e  G- 

frame axes d i r e c t i o n s ,  see equat ion  (132) .  
YG’ ZG 

Angle o f  a t t a c k ,  a, see equat ion  (135) .  

a a modeled o r  

measured a t  the i n e r t i a l  measuring u n i t  i n  
body axes d i r e c t i o n s  w i t h  sys t ema t i c  e r r o r  
inc luded ,  see  equa t ions  (159) and (258) .  

T i m e  d e r i v a t i v e  of  a 

equat ion  (160).  

XM’ YM’ ZM * Accelera t ions  a 

a a see XM’ YM’ ZM’ 

a a XP’ YP’ ZP AP(1-3) a r e  a c c e l e r a t i o n s  a 

a c t i n g  a t  the i n e r t i a l  measuring u n i t  i n  
body axes d i r e c t i o n s  wi thout  sys t ema t i c  
e r r o r ;  AP(4) i s  % see equat ions  (158) 

and (159) . P’ 

a a and xp’ YP’ ZP’ T i m e  d e r i v a t i v e s  of  a 

5 s e e  equat ions  (160) and (157).  

Speed of sound c see equat ion  (125).  S’ 

Suther land  cons t an t ,  S ,  see equat ion  (126). 

P’ _ _  

XM’ Tabular  a r r a y  o f  t h e  a c c e l e r a t i o n s  a 

a 

Array used i n  INDAT t o  i n p u t  A-format i n f o r -  
mation. 

a from t h e  PQR t a p e .  YM’ ZM 

S i d e s l i p  angle ,  p ,  see equa t ion  (136) .  
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CBET 

CCAPHI ( i )  

CDP 

CDY 

CETA 

CF (i) 

CGR 

CGM( i) 

CLR 

CONRD 

CPH 

CPHIDT ( i )  

Model parameters  c1J C,, ..., clS2. 

Cosine o f  t h e  a n g l e  o f  a t t a c k ,  a ,  i n  equa- 
t i o n  (135) .  

Cosine o f  t h e  s i d e s l i p  a n g l e ,  p ,  i n  equa- 
t i o n  (136) . 
Cos @ corresponding  t o  t r a c k i n g  s t a t i o n  
i ,  s e e  equa t ion  (236) .  

i n  equa t ion  (269:). % Cosine p i t c h  ang le  

Cosine yaw ang le  6y i n  equa t ion  (269) .  

Cosine of t o t a l  angle  o f  a t t a c k ,  7 i n  
. equa t ions  (137) and (187) . 
Array con ta in ing  t h e  aerodynamic c o e f f i c i e t s  
-CAY CY’ ‘CN. 

i n  equa t ion  (271b) .  yK Cosine 

Modeled d i s t a n c e s  , xm? ypM, 

from the  c e n t e r  o f  g r a v i t y  t o  t h e  I M U  a long  
t h e  body axes d i r e c t i o n s .  

PM ’ and z 

Matrix i n v e r s e ,  C-’ c a l c u l a t e d  i n  OBSERV, 
s e e  equat ion  (266) .  

Product o f  mat r ix  i n v e r s e  i n  equa t ion  (259) 
times t h e  t r ans fo rma t ion  mat r ix  invo lv ing  
P,  Q ,  and R i n  equa t ion  (260);  c a l c u l a t e d  
i n  OBSERV . 
Cos \ i n  equa t ion  (271a) .  

Conversion from degrees  t o  r a d i a n s ;  equal  
t o  0.017453292. 

Cosine of  g e o c e n t r i c  l a t i t u d e  cp.  

Cos ‘pDT cor responding  t o  t r a c k i n g  s t a t i o n  

i ,  see equa t ion  ( 2 3 7 ) .  



CT ( i) 

CUZ( i ,  j) , CVZ( i ,  j) 

CXZI  

D ( i )  

DSzlX( i , j)  

D A T ( i ,  j) 

C X A (  i) 

CLifiiS (i) 

DATC (i) 

DCDY(i, j) 

- Dummy a r r a y  of cos ines  used i n  SETUJP and 

OUTPUT for COS yAs COS A COS - JI or  

cos 2' 
- A, - 2'  
2 '  cos 2 ' '  0 and cos - o r  

2 
U e cos - 

Used i n  0BSERV.for c a l c u l a t i n g  R c ,  A = ,  

Ec ,  R c ,  A c ,  and E c ,  r e s p e c t i v e l y  from 

equat ions  (238) and (240) .  

s e e  cvz C o r r e l a t i o n  mat r ices  C and 

equa t ions  (53) and (54). 
UZ 

Cosine of t h e  s t e e r i n g  ang le ,  5 ,  i n  
equa t ions  (138) and (187). 

Variances of  u n c e r t a i n  model parameters  no t  
being e s t ima ted ,  s e e  equa t ions  (41) and (54). 

P a r t i a l  d e r i v a t i v e s  of  CY and 8 w i t h  
r e s p e c t  t o  s t a t e  v a r i a b l e s ,  see equat ion  
(186) . 
Array o f  da ta  from FIT t ape  t h a t  i s  s t o r e d  
i n  co re ;  s u b s c r i p t  i i n d i c a t e s  component. 

Components o f  t h e  c u r r e n t  measurement ver ,or 
being processessed;  s e e  MAIN and M I N V A R .  

Components of  t h e  next  measurement vec to r  
t o  be processed;  see M A I N .  

Measurement v e c t o r  c a l c u l a t e d  i n  OBSERV; 
no te  t h a t  D A T C ( l ) ,  DATC(2), and DATC(3) 
do no t  correspond t o  t h e  components o f  the  
d a t a  vec tor  bu t  to  on ly  those  components 
t o  be processed,  e .g . ,  

DATC(2) = pk i f  q3 i s  e d i t e d  o u t .  

DATC(1) = EM, 

P a r t i a l  of -CA, -CN with r e s p e c t  t o  

VA, has  Cy, and B,  see equa t ion  (186). 



DCO!I? 

D E R I V  ( i , j )  

DET 

DFIT (i) 

DFM( i )  

DPH(i, j) 

DRDH 

DRDP 

DTI (i) 

DTF ( i )  

DTRAN( i , j) 

DUB(i, j) 

DLD ( i )  

DLTE ( i )  

DLT ( i )  

DG!DH( i )  

Fixed computing i n t e r v a l  f o r  t h e  numerical  
i n t e g r a t i o n .  

P a r t i a l  o f  a 

t o  s t a t e  v a r i a b l e s ,  see e q u a t i o n s  (182) and 
(184) .  

a w i t h  r e s p e c t  XB’ YM’ aZB 

P r i n t  i n t e r v a l  f o r  b l o c k  o u t p u t .  

Minimum time span  between d a t a  p o i n t s  pro-  
ces sed  from t h e  FIT t a p e  o f  measurement 
type  i .  

Components 1, 2 ,  and 3 o f  t h e  c a l c u l a t e d  
measurement v e c t o r  i n  OBSERV. 

T i m e  d e r i v a t i v e  o f  t h e  dependent  v a r i a b l e  
i n  t h e  l i n e a r  d i f f e r e n t i a l  e q u a t i o n s  o f  

o f  the s t a t e  t r a n s i t i o n  matr ix .  

P a r t i a l  d e r i v a t i v e  of  p w i t h  r e s p e c t  t o  
h i n  e q u a t i o n  (185). 

P a r t i a l  d e r i v a t i v e  o f  r w i t h  r e s p e c t  t o  
cp .  

Time t o  commence p r o c e s s i n g  d a t a  o f  t y p e  

Time t o  s t o p  p r o c e s s i n g  d a t a  o f  t y p e  i .  

T r a n s f o r m a t i o n  m a t r i x  i n  e q u a t i o n  ( 1 8 9 ) .  

motion;  e q u i v a l e n t l y  t h e  time d e r i v a t i v e  - 

0 

i .  
I 

Dummy a r r a y  used th roughou t  program; 
e s p e c i a l l y  i n  SETUP and OUTPUT f o r  i n p u t /  
o u t p u t  t r a n s f o r m a t i o n s  NI: and No, and 
i n  MINVAR . 
Dummy a r r a y .  

Dummy a r r a y .  

Dummy a r r a y .  

A r r a y  c o n t a i n i n g  d k / d h o  and dvWM/dho 

c a l c u l a  t c d  i n  DERIV, 
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uu(  i) 

. D Z ( i )  

i GG ( i) 

H I ( i )  

HO 

ICOUNT 

I D N  

11 

I N  

Time d e r i v a t i v e s  o f  t h e  i n t e r n a l  s t a t e  
v a r i a b l e s  gnd s t a t e  t r a n s i t i o n  m a t r i x .  

Expanded s t a t e  v a r i a b l e  p e r t u r b a t i o n s  
$(ti I ti) C a l c u l a t e d  in MINVAR, see equa- 

t i o n  (54a) , 

T i m e  t o  p r i n t  b l o c k  o u t p u t .  

C o e f f i c i e n t s  o f  f i r s t  t h r e e  l i n e a r  d i f f e r -  
e n t i a l  e q u a t i o n s  o f  motion c a l c u l a t e d  i n  
MOTION and FXXU; a l s o  used i n  OBSERV f o r  
c a l c u l a t i n g  a d j o i n t  m a t r i x  i n  e q u a t i o n  
( 2 6 4 ) .  

C o e f f i c i e n t s  o f  middle t h r e e  l i n e a r  d i f f e r -  
e n t i a l  e q u a t i o n s  o f  motion. 

C o e f f i c i e n t s  o f  l a s t  f o u r  l i n e a r  d i f f e r e n t i a l  
e q u a t i o n s  of motion.  

L o g i c a l  tape number o f  the FIT t a p e ,  F i t  = 1. 

Loss f u n c t i o n  c a l c u l a t e d  i n  SMOOTH. 

P a r t i a l  d e r i v a t i v e  of t h e  measurement v e c t o r  
w i t h  r e s p e c t  t o  expanded s t a t e  v e c t o r  com- 
p o n e n t s ,  G ,  see e q u a t i o n  ( 6 b ) .  

Temporary s t o r a g e  f o r  e a c h  column o f  G ( i ,  j )  
a s  t h e y  a r e  c a l c u l a t e d  i n  OBSERV. 

P a r t i a l  d e r i v a t i v e  o f  t h e  measurement v e c t o r  
w i t h  r e s p e c t  t o  u n c e r t a i n  measurement v e c t o r  
components,  see e q u a t i o n s  (51a) and (51b). 

Dummy a r r a y .  

A l t i t u d e  above a n  o b l a t e  p l a n e t  s u r f a c e ,  

I t e r a t i o n  c o u n t e r .  

Dummy i n t e g e r  v a r i a b l e  used i n  INDAT. 

- Dummy i n t e g e r  v a r i a b l e ,  

L o g i c a l  i n p u t  t a p e  number, I N  = 5 .  
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I P  

l?C 

JJ 

r P  ic;;,pas-ary s t o r s d e  f o r  i n p u t  c o n t r o l s .  

l. ~umrny i n t e g e r  v a r i a b l e .  

Dummy i n t e g e r  v a r i a b l e .  JX 

JNBR Number of  components t o  b e  p rocessed  i n  
t h e  c u r r e n t  measurement v e c t o r .  

Number o f  components t o  be p rocessed  i n  t h e  
n e x t  measurement v e c t o r .  

JNSRS 

S p e c i f i e d  i n  MAIN t o  be  1 i f  o n l y  one 
measurement i s  t o  be p rocessed  a t  t i m e  Tim; 
JST > 1 i f  more t h a n  one  v e c t o r  n e a s u r e -  
ment i s  t o  be  p rocessed  a t  TIME. 

JST 

Dummy v a r i a b l e .  KA 

KAR Index  on  l o o p  t h r o u g h  OBSERV, PRO?, and 
MINVAR, s e e  NAIN program. 

? o i n t  numbering a r r a y  used when p r i n t i n g  
t h e  measurement s c h e d u l e  i n  OSSERV. 

KC ( i )  

i o ( i )  P o i n t  numbering a r r a y  used i n  SNOOTH f o r  
p r i n t i n g  t h e  r e s i d u a l s .  

Xurnber o f .  p o i n t s  on ?QX t a p e  r e c o r d ,  see 
DATAB . KDAP 

Number o f  p o i n t s  on p r e v i o u s  FIT t a p e  r e c o r d ,  
s e e  U i K .  

KDATA 

KDATAS Number o f  p o i n t s  o n  p r e s e n t  FIT t a p e  r e c o r d ,  
see MAIN. 

Dummy v a r i a b l e  i n  INDAT.  KDUM 

KG Counter  f o r  a c c e p t a b l e  d a t a  p o i n t s  r e a d  from 
t h e  FIT t a p e ,  which a r e  s t o r e d  i n  c o r e  and  
e i t h e r  have been or are t o  be processed .  
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I 

I :  

I :  

l i  

KG2 

KO B 

KPRO'P 

KS 

KS S 

KSX 

K 1  

LC( i )  

LCS ( i )  

LS 

Nli,i:Sur o f  masuremen t  :>oir,ts f r o n  F IT   ape 
' i i i a t  s f e  w r i t t e n  on t h e  SCRXCH t a p e  i n  
DATA3 . 
Kuxber o f  t imes l o o p  i s  t r E v e r a e d  between 
OBSERV and MINVAR i n  mIN. 

F l a g  s e t  i n  MAIN t o  0 i f  t h e  r e f e r e n c e  I s  
updaLed between p r o c e s s i n g  or' c:-.c_i messme-  
nen t  com2onents; LY = 1 i f  s t d z e  i s  nocc 
updated between component p r o c e s s i n g .  

L a r g e s r  measurei,lent v e c t o r  c c z p ~ n e n :  t o  be  
p rocesses sed  i n  MINVAR; l o o p  goes  f r o m  
KAR t o  KOB; KO3 i s  s e t  i n  OBSERV. 

I n d i c a t o r  t h a t  i s  i n i t i a l i z e d  -1 i n  SETU?, 
i s  set  t o  0 a f t e r  e a c h  minirun; v a r i a n c e  u?- 
d a t e ,  and s e t  t o  1 a f t e r  e s c h  p r o p a g a t i o n ;  
s e e  f i g u r e  4 .  

Number o f  F I T  t a p e  measurecect  v e c t o r s  
s t o r e d  i n  c o r e ;  updated i n  YAIS. 

Number o f  t r a c k i n g  s t a t i o n s  whose 1ocatLon 
i s  b e i n g  e s t i m a t e d  . 
I n d i c a t o r  i n  SNOOTH; i f  KSX = 0 ,  d o  n3; 
c a l c u l a t e  r e s i d u a l s ;  i f  KSM = 1, c a l c u l a t e  
r e s i d u a l s  and l o s s  f u n c t i o n .  

Dummy v a r i a b l e .  

A r r a y  c o n t a i n i n g  t h e  componer~t cuxbe r s  o f  
r h e  c u r r e n t  measurenent  v e c t o r  DXTA(j) 
t o  be p r o c e s s e d ,  e . g . ,  LC(1) = 2 ,  LC;?) = 
3 i f  component 1 i s  e d i t e d  o u t .  

Same a s  L C ( i ) ,  b u t  c o r r e s p o n d i n g  t o  t h e  
n e x t  d a t a  v e c t o r  DATAS( j) . 
Number o f  PQR t a p e  p o i n t s  t h a t  a s 2  s t o r e d  
i n - t h e  a r r a y s  T T ( i )  , T P ( i )  . . . A Z ( i ) ;  
c o u n t e r  i s  updated i n  DATAB. 

Lli: Dummy v a r i a b l e ,  



. 
L1 

MC( i )  

MCC ( i )  

KCP(i) 

MIP 

KCYPS 

NC (i) 

NCOUNT 

NNN 

F l a g  used t o  d e t e r m i n e  i f  f i t t i n g  s c h e d u l e  
t i t l e  should be p r i n t e d  from OBSERV; p r i n t  
t i t l e s  i f  hl = 2 ,  do n o t  p r i n t  i f  L1 + 2 ;  
a l s o  used t o  p r i n t  r e s i d u a l  s c h e d u l e  t i t l e s  
i n  SKOOTH i f  L1 # 0 ,  and used a s  a t r a n s -  
f e r  f l a g  a t  r e t u r n  from SNOOTH; I f  L1 = 
0 ,  s t a r t  n e x t  problem, i f  L1 = 1, s t a r t  
n e x t  i t e r a t i o n .  

A r r a y  c o n t a i n i n g  t h e  i d e n t i f i c a t i o n  nunhers  
f o r  v a r i a b l e s  i n  U ,  t h e  u n c e r t a i n  node1 
p a r a m e t e r s  n o t  t o  be  e s t i m a t e d .  

A r r a y  c o n t a i n i n g  t h e  i d  en t i f i c  a t i o n  numbers 
f o r  v a r i a b l e s  i n  V, t h e  u n c e r t a i n  measure- 
ment pa rame te r s  n o t  t o  be e s t i m a t e d .  

F l a g  s e t  t o  1 i f  r a t e  terms a r e  i n c l u d e d  i n  
t h e  r a d a r  t r a c k i n g  e r r o r  model,  e q u a t i o n  
( 2 3 9 ) ,  from s t a t i o n  i ;  o t h e r w i s e  z e r o .  

F l a g  e q u a l  t o  1 i f  component i o f  measure- 
ment t y p e  j o f  t h e  FIT t a p e  d a t a  i s  t o  be 
p r o c e s s e d ;  f l a g  e q u a l s  0 i f  n o t  t o  be pro-  
c e s s e d .  

Ar ray  c o n t a i n i n g  t h e  d a t a  t y p e  i d e n t i f i c a t i o z  
number c o r r e s p o n d i n g  t h e  FIT t a p e  d a t a  t h a t  
h a s  been r e a d  i n t o  c o r e .  

Measurement d a t a  t y p e  i d e n t i f i c a t i o n  number 
f o r  c u r r e n t  measurement t o  be p rocessed  PlTP = 
1, 2,  3 ,  4 ,  5 f o r  r a d a r  t r a c k i n g  from s t a -  
t i o n s  1, 2 ,  3 ,  4 ,  5 ;  = 6 f o r  a i r b o r n e  r a d a r ;  
= 9 f o r  a c c e l e r a t i o n s ;  = 8 f o r  p o s i t i o n  
v e c t o r ;  and = 7 f o r  v e l o c i t y  v e c t o r ,  

Same a s  MTP, b u t  c o r r e s p o n d s  t o  n e x t  d a t a  
v e c t o r  t o  be p r o c e s s e d .  

A r r a y  c o n t a i n i n g  t h e  i d e n t i f i c a t i o n  numbers 
f o r  model pa rame te r s  t o  be e s t i m a t e d .  

P r o c e s s i n g  measurement p o i n t  c o u n t e r .  

Dummy v a r i a b l e .  

8 6  
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. 

ilu’ss (i) 

SST 

NSTA 

SSTC 

KSTX 

X+ ( i )  

P ~ O ~ L - L . ~  co, ; t rols  s p e c i f i e d  i n  I X X T ,  see 
S e c i i o n  ;I . A  . 2 .  

Ounniy v s r i a b l e  used i n  D D A T  t o  d e n o t e  t?-s 
number o f  poincs on a t a b l e ;  one p o i n t  COT.- 

s i s t s  o f  two s c a l a r s  numbers, t h e  inde?en-  
d m t  v a r i a b l e  and dependent  v a r i a b l e .  

Xsrnber of c o ~ ~ p o n e n t s  i n  U ,  ct.e uncertaLr.  
model  2 s r a n e t s r  v e c t o r  n o t  t o  be e s t i m a t e t i .  

Sumber of component i n  V ,  t h e  u n c e r t a i a  
measmenenc parameters  n o t  t o  be e s t i m a t e d .  

Array  c o n t a i n i n g  t h e  measurercent t y p e  i n d i -  
c i r tors  (WYP) f o r  measurement t o  b e  pro-  
cessed  fzox FIT t a p e ;  NS(i) i s  s e t  i n  
INDAT . 
Array  c o n t a i n i n g  t h e  s t a t i o n  numbers o f  
r a d a r  s t a t i o n s  whose l o c a t i o n ‘ i s  t o  b e  e s t i -  
mated. 

Councer f o r  s t a t e  v a r i a b l e  components i n p L t  
i n  INDAT. 

Measurement d a t a  t y p e  c o u n t e r  i n p u t  i n  Ih’SAT. 

Counter  f o r  model parameters  which a r e  t o  
b e  e s t i n a t e d .  

Number o f  components i n  expanded s t a t e  vec-  
t o r  t o  be e s t i m a t e d ;  NSTX = 10 f NSTC. 

Dumny v a r i a b l e .  

F l a g  used i n  e d i t i n g  measurement t y p e  i 
i n  M A I N ;  NTR(i) i s  i n i t i a l i z e d  t o  z e r o  a t  
beginning  of problem; t h e r e a f t e r  , hTR( i) = 
2 i n d i c a t e s  t h e  l a s t  f i t t i n g  p o i n t  was 
a c c e p t e d ,  = 3 i n d i c a t e s  t h e  l a s t  f i t t i n g  
p o i n t  was r e j e c t e d .  

I_ 

Array  used by TAB f o r  i n t e r p o l a t i n g  
t a b l e .  

%(t) 
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N5 (i) 

X6 (i) 

ss (L)  

N 9  (i) 

N10 ( i )  

N l l ( i )  

PAR ( i )  

i ? m (  i ,  j) 

PDOT ( i )  

PE 

Wi, j) 

PHIDT ( i )  

PM( i )  

A r r a y  used by TAB f o r  i n t e r p o l a t i n g  3:n( h j  t a b l e ,  

A r r a y  used by TAB f o r  i n t e r p o l a t i n g  v (h )  
t a b l e .  w?1 

A r r a y  used  by TA3 f o r  i n t e r p o l a t i n g  x ( t )  
t a b l e .  ?M 

Y P d  t, Ar ray  used by TAB f o r  i n t e r p o l a t i n g  
t a b l e .  

A r r a y  used by TAB f o r  i n t e r p o l a t i n g  z ( t )  
t a b l e .  

PN 

Ar ray  used by TAB f o r  i n t e r p o l a t i n g  

Q,(C> Rx(t)  t a b l e s .  

P l a n e t  r o t a t i o n  r a t e  

L o g i c a l  o u t p u t  t a p e  number, .OUT = 6 .  

P K ( t ) ,  

"2 

Covar i ance  m a t r i x  P .  

I n e r t i a l  a n g u l a r  r a t e s ,  P ,  Q ,  R c a l c u l a t e d  
i n  K I T I O N .  

P a r a m e t e r s  c a l c u l a t e d  i n  NOTION and s u b s e -  
q u e n t l y  used i n  o t h e r  s u b r o u t i n e s .  

a a w i t h  r e s p e c t  W '  YP' Z? P a r t i a l  of a 

t o  s t a t e  v a r i a b l e s ,  see e q u a t i o n  ( 1 8 9 ) .  

Time d e r i v a t i v e  o f  P ,  Q, and R c a l c u -  
l a t e d  i n  XITION. 

Atmospheric  p r e s s u r e  c a l c u l a t e d  i n  ATYD.4T 
from e q u a t i o n  ( 1 2 3 ) .  

S t a t e  t r a n s i t i o n  m a t r i x  9 .  

Geode t i c  l a t i t u d e  o f  t r a c k i n g  s t a t i o n  i .  

Measured i n e r t i a l  a n g u l a r  r a t e s  pKJ QW 
M' ana R 

I 
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i 

PMDOT ( i) 

PQR 

R 

RCC ( i )  

RCDC ( i )  

RCDX( i , j) 

RCX( i , j) 

REO 

RERP2 

RES ( i )  

RQI 

ROE 

ROEC 

ROEM 

M ’  T i m e  d e r i v a t i v e s  of  pM, QM, and R 

Logica l  tape number of t he  PQR tape ,  
2 .  

PQR = 

Radia l  d i s t ance  from p l a n e t  c e n t e r  t o  vehi -  
c l e ,  r .  

E w i t h  R c ,  Ac’  C 
P a r t i a l  d e r i v a t i v e s  of  

r e s p e c t  t o  Ci ca l cu la t ed  i n  OBSERV from 

equat ion  (250) .  

E w i t h  P a r t i a l  d e r i v a t i v e s  of  

r e s p e c t  t o  Ci, ca lcu la t ed  i n  OBSERV from 

equat ion  (251) .  

P a r t i a l  d e r i v a t i v e s  of  R 

r e s p e c t  t o  u ,  v ,  w ,  h ,  cp, 8 ca. lculated 
i n  OBSERV from equat ion  (245).  

P a r t i a l  d e r i v a t i v e  o f  R 

r e s p e c t  to  h ,  cp,  e c a l c u l a t e d  i n  OBSERV 
from equat ion  (244) .  

R c ,  Ac’  C 

E w i t h  c’’ Ac’ C 

E w i t h  c’  Ac’  C 

RE E q u i t o r i a l  r a d i u s  o f  p l a n e t ,  

Par  a meter ( REIRP>2 - 
Residuals  and weighted r e s i d u a l s  i n  SMOOTH. 

Radius of o b l a t e  p l a n e t ,  R o e  

Atmospheric d e n s i t y  co r rec t ed  f o r  sys t ema t i c  
e r r o r  i n  MOTION from equat ion  (151) .  

The exponent ia l  po r t ion  of t h e  atmospheric  
d e n s i t y  c o r r e c t i o n ;  ca l cu la t ed  I n  MOTION 
from equat ion  (151).  

Modeled atmospheric d e n s i t y  pM, t r a n s -  

f e r r e d  t o  MOTION from ATMDAT where i t  i s  
ca l cu la t ed  v i a  equa t ion  (124) .  
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RPG 

RT ( i )  

ROT ( i )  

SALP 

SBET 

S CAPHI ( i )  

SCRACH 

SDP 

SDY 

SETA 

S GR 

ST ( i )  

SIG( i ,  j) 

SIGM( i )  

SIGMS ( i )  

P o l a r  r a d i u s  o f  p l a n e t .  

R a d i a l  d i s t a n c e  from p l a n e t  c e n t e r  t o  t r a c k -  
i n g  s t a t i o n  i .  

Rad ius  o f  o b l a t e  p l a n e t  a t  l a t i t u d e  o f  
t r a c k i n g  s t a t i o n  i .  

V a r i a n c e s  o f  u n c e r t a i n  measurement parame- 
t e r s  n o t  b e i n g  e s t i m a t e d ,  see e q u a t i o n s  (44)  
and (53). 

S i n e  o f  a n g l e  o f  a t t a c k  a, see e q u a t i o n  
(135) .  

S i n e  o f  s i d e s l i p  a n g l e  p,  see e q u a t i o n  
( 1 3 6 ) .  

Cos @ c o r r e s p o n d i n g  t o  t r a c k i n g  s t a t i o n  
i .  

L o g i c a l  t a p e  number o f  t h e  SCRACH t a p e ,  
SCRACH = 3 .  

i n  e q u a t i o n  ( 2 6 9 ) .  
6P 

S i n e  o f  p i t c h  a n g l e  

S i n e  o f  yaw a n g l e  €iY i n  e q u a t i o n  ( 2 6 9 ) .  

S i n e  o f  t o t a l  a n g l e  o f  a t t a c k  7 ,  see 
e q u a t i o n  ( 1 3 7 ) .  

S i n  yR i n  e q u a t i o n  ( 2 7 1 b ) .  

S t anda rd  d e v i a t i o n s  o f  t h e  f i t t i n g  measure- 
ments p rocessed  i n  MINVAR.  

A r r a y  o f  s t a n d a r d  d e v i a t i o n s  from F I T  t a p e ,  
which a r e  s t o r e d  i n  c o r e .  

S t anda rd  d e v i a t i o n s  o f  measurement v e c t o r  
c u r r e n t l y  b e i n g  p r o c e s s e d .  

S t anda rd  d e v i a t i o n s  o f  n e x t  measurement 
v e c t o r  to  be p r o c e s s e d .  



5 p< 

S?( i) 

SPD ( i )  

s39 

S?%IDT (i) 

SREF 

ST ( i) 

STAT E 

S LX 

SYG(i, j) 

T 

TABLES( i ,  j) 

TAU 

TCX( i )  

S i n  \ i n  e q u a t i o n  ( 2 7 1 a ) .  

S c r a t c h  pzd o r  dummy v a r i a b l e  used th rough-  
o u t  program. 

S c r a t c h  pad o r  dummy v a r i a b l e  used th rough-  
o u t  program. 

S i n e  o f  the g e o c e n t r i c  l a t i t u d e  cp. 

S i n  ;FDT c o r r e s p o n d i n g  t o  t r a c k i n g  s t a t i o n  
i, s e e  e q u a t i o n  ( 2 3 7 ) .  

R e f e r e n c e  a r e a  f o r  aerodynamic c o e f f i c i e n t s .  

Dummy a r r a y  o f  s i n e s  used i n  SZTU? and GUT- 
PUT f o r  sin yA, sin h s i n  - 

0 s i n  - 2 '  

- 
2 ,  ;i, o r  siil - 0 2 '  - - A' 

4 o r  s i n  - Q 
2 '  

and sir, - 
2 '  2' 

o r  s i n  

L o g i c a l  t a p e  number f o r  STATE t a p e ,  
4 .  

STATE = 

Dummy v a r i a b l e  u s e  p r i m a r i l y  f o r  accu rcu la t i z s  
m a t r i x  p r o d u c t s .  

Dummy v a r i a b l e  used s i m i l a r l y  t o  SUM. 

S i n e  of  s t e e r i n g  a n g l e  5 ,  see e q u a t i o n  
(138) .  

Inc remen ta l  s t a n d a r d  d e v i a t i o n s  on component 
i o f  measurement t y p e  j i n p u t  i n  c a t e g o r y  
7 i n p u t .  

Running v a r i a b l e  f o r  time used i n  RKUTTA. 

A r r a y  c o n t a i n i n g  a l l  t h r e e  aerodynamic 
c o e f f i c i e n t  t a b l e s  i n  AERO. 

T i m e  increment  t - t l  c a l c u l a t e d  i n  NOTIOS 
from e q u a t i o n  (150) .  

F i r s t  a e r o  t a b l e  CA o r  CD i n  AERO; n3t2 

TCX(i) i s  c q u i v o l e n t  t o  TABLE(i,l) . 
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TCY ( i )  

TCZ( i) 

TFIT ( i )  

TFINAL 

T I E  

TIMES 

TXAS ( i )  

TQ( 

TONE 

TP( i )  

TR( i )  

T U N (  i ,  j )  

TT (i) 

Second a e r o  t a b l e  Cy in,AERO; n o t q  TCY(i) 
i s  e q u i v a l e n t  t o  TABLE ( i , 2 ) .  

o r  CL i n  AERO; n o t e  cN T h i r d  a e r o  t a b l e  

TCZ(i)  i s  e q u i v a l e n t  t o  TABLE(i ,3) ,  

Minimum t ime f o r  p r o c e s s i n g  t h e  n e x t  t y p e  
i measurement  i n  M A I N ;  a l l  t y p e  i d a t a  
b e f o r e  T F I T ( i )  w i l l  be  r e j e c t e d .  

F i n a l  p rob lem t i m e ;  s t o p  t h e  fo rward  i n t e -  
g r a t i o n  a f t e r  t h e  f i r s t  b l o c k  p r i n t o u t  t h a t  
e q u a l s  o r  e x c e e d s  TFINAL. 

I 

I 

Time c o r r e s p o n d i n g  t o  t h e  c u r r e n t  rqeasure- 
ment v e c t o r  b e i n g  p r o c e s s e d .  

Time c o r r e s p o n d i n g  t o  t h e  n e x t  measurement  
v e c t o r  t o  be  p r o c e s s e d .  

I n d e p e n d e n t  v a r i a b l e  on  t h e  v e h i c l e  mass 
t a b l e  % ( t ) .  

Time t o  i n i t i a t e  i n t e g r a t i o n  i n  IKTAG 

Time t l  a t  wh ich  mass c o r r e c t i o n  commences, 
see  equations (149) and (150) .  

T a b l e  c o n t a i n i n g  t h e  i n e r t i a l  a n g u l a r  r a t e  
d a t a ,  

T a n g e n t  o f  g e o c e n t r i c  l a t i t u d e  0 .  

T a b l e  c o n t a i n i n g  t h e  i n e r t i a l  a n g u l a r  r a t e  
d a t a ,  QM, r e a d  f rom t h e  l Q R  t a p e .  

T a b l e  c o n t a i n i n g  t h e  i n e r t i a l  a n g u l a r  r a t e  
d a t a ,  RM, r e a d  f rom t h e  PQR t a p e .  

T r a n s f o r m a t i o n  m a t r i x  c o n t a i n i n g  P, Q ,  
and R i n  e q u a t i o n  ( 1 4 6 ) .  

T a b l e  c o n t a i n i n g  t h e  i n d e p e n d e n t  v a r i q b l e  
(time) f o r  T P ( i )  , T Q ( i ) ,  TR( i )  and 
A X ( i )  , AY(i) , A Z ( i )  (STEP2 o n l y )  . 

r e a d  f rom t h e  PQR t a p e .  pM , 

% 

9 2  

t 
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T i m e  t2 a t  which c o r r e c t i o n  S L G I J S  ~ 

see e q u a t i o n  ( 1 4 9 )  and ( 1 5 0 ) .  
_- 

Independen t  v a r i a b l e  on a tmosphe r i c  w i  1d 

TSCG ( i )  

TYCG ( i) 

TI’( i )  

TZCG( i )  

T Z E R ~  

T:! 

VA (i) 

VB ( i) 

Independen t  v a r i a b l e  on a tmosphe r i c  w i n d  
t a b l e  vm( . 

1 ho> 

T a b l e  c o n t a i n i n g  t h e  independen t  v a r i a b l e  
( t i m e )  f o r  x ( t )  . PM 

T a b l e  c o n t a i n i n g  the independen t  v a r i a b l e  
( t ime)  f o r  y T M ( t ) .  

T a b l e  c o n t a i n i n g  t h e  measurement d a t a  t i n e s  
from t h e  FIT t a p e .  

s T a b l e  c o n t a i n i n g  t h e  independe’nt v a r i a b l e  
( t ime)  f o r  z p H ( t ) ,  

I n i t i a l  problem time. 

Time t o  s t o p  t h e  i n t e g r a t i o n  i n  I N T A C  and 
r e t u r n  t o  the  p o i n t  where INTAG was c a l l e d .  

Atmospheric  wind component u c a l c u l a c e c  

i n  MOTION from e q u a t i o n  (152) . 
W 

Ar ray  c o n t a i n i n g  u A ,  V A ’  WA’ VA, ariz 

VA2, 
(140) and (141) . 
Components of VA i n  body axes  d i r e c t i o n s ,  

c a l c u l a t e d  i n  MOTION from e q u a t i o n s  

V w * c a l c u l a t e d  i n  MOTION from B ’  B’ B y  U 

e q u a t i o n  (139) . 
Dummy a r r a y  used f o r  temporary s t o r a g e .  

Atmospheric  w i n d  component v c a l c u l s t c i  W 
i n  MOTION irom e q u a t i o n  ( 1 5 2 ) .  

. 



34 

Dependenr v a r i a b l e s  i n  t h e  n o n l i n e a r  d i f f e r -  
e n t i a l  e q u a t i o n s  o f  mot ion .  

Ar ray  c o n t a i n i n g  a l ,  a,, .. ., a5 i n  
e q u a r i o n  ( 2 7 7 ) .  

P a r t i a l  d e r i v a t i v e s  of  a l ,  a2,  ..., a s  

e3; c a l c u l a t e d  i n  OBSERV from e q u a t i o n  
(283) .  

w i t h  r e s p e c t  t o  h ,  cp, 6 ,  e o Y  e l ,  e2, 

A r r a y  c o n t a i n i n g  Cl, C,, C 3 ;  c a l c u l a t e d  
i n  OBSERV from e q u a t i o n  ( 2 7 6 ) .  

X c X ( i ,  j )  P a r t i a l  d e r i v a t i v e s  o f  C 1 ,  C,, C3 wich  
r e s p e c t  t o  h ,  y ,  6 ,  eo,  e l ,  e2, e 3 ;  

c a l c u l a t e d  i n  OBSERV from e q u a t i o n  ( 2 8 2 ) .  

i X I  ND 1 

X I N D 2  

XLB (i) 

Independen t  v a r i a b l e  a ,  B o r  ’1, 5 
used i n  AERO t o  c a l c u l a t e . a e r o d y n a m i c  
c o e f f i c i e n t s  . 
C o e f f i c i e n t  o f  t h e  second g r a v i t a t i o n a l  
harmonic,  J,, s e e  e q u a t i o n  (10G). 

D i r e c t i o n  c o s i n e s  I,, mg, riB; c a l c u l a t e d  

i n  OBSERV from e q u a t i o n  ( 2 6 9 ) .  

. 

U(i) D i r e c t i o n  c o s i n e s  ’ I G  ’ m G y  nG; c a l c u l a t e d  

i n  OBSEKV from e q u a t i o n  ( 2 7 0 ) .  

n w i t h  

e l ,  e2, e3 ;  c a l c u l a t e d  
G’ G 

m E ( i , j )  P a r t i a l  d e r i v a t i v e s  o f  lG, m 

0 )  
r e s p e c t  t o  e 

i n  OBSERV from e q u a t i o n  ( 2 8 6 ) .  

XGGX(i, j )  

=REF 

P a r t i a l  d e r i v a t i v e s  o f  \ and yR w i t h  

r e s p e c t  t o  e o y  e l ,  e2, e 3 ;  c a l c u l a t e d  

i n  OBSERV from e q u a t i o n s  ( 2 8 4 )  and (285) .  

V e h i c l e  r e f e r e n c e  l e n g t h ,  1, used i n  
c a l c u l a t i n g  Reynolds  number, see e q u a t i o n  
( 1 4 8 ) .  

. 



X?I 

I :  

XMiiJ 

XNLJ 

.W (i) 

XQ 

XQSM 

XRE 

X S C ( i )  

XSD (i) 

XSDC (i) 

Mach number, M; c a l c u l a t e d  i n  NOTION 
from e q u a t i o n  ( 1 4 3 )  . 
Dependent v a r i a b l e  on t h e  s ( t )  t a b l e .  

C o e f f i c i e n t  of  t h e  f i r s t  g r a v i t a t i o n a l  
harmonic p; see e q u a t i o n  (106) .  

The product  2 p J; see e q u a t i o n  (106) .  

Atmospheric v i s c o s i t y  pA; t r a n s  f erred t o  

MOTION from ATMDAT where i t  i s  c a l c u l a t e d  
v i a  e q u a t i o n  (126) .  

The center-of-gravi ty/IMLJ d i s t a n c e s  x 
P’  

z in e q u a t i o n  ( 1 5 3 ) .  
yP’  P 
Dynamic p r e s s u r e ,  q;  c a l c u l a t e d  i n  
MOTION from e q u a t i o n  ( 1 4 2 ) .  

Parameter  e q u a l  t o  XQ*SREF/YMAS c a l c u l a t e d  
i n  MOTION. 

Reynolds number, RE; c a l c u l a t e d  i n  MOTION 

from e q u a t i o n  (148). 

C a r t e s e a n  components of t h e  r a d a r  t r a c k i n g  
v e c t o r ,  x s ,  ys ,  z * c a l c u l a t e d  i n  

S’ 
OBSERV from e q u a t i o n  ( 2 3 5 ) .  

z w i t h  
s ’  y s ,  S 

P a r t i a l  d e r i v a t i v e s  o f  x 

r e s p e c t  t o  c88,  c8S o r  Cso; c a l c u l a t e d  
i n  OBSERV from e q u a t i o n  ( 2 5 2 ) .  

Time d e r i v a t i v e s  xs, y s ,  zs  c a l c u l a t e d  

i n  OBSERV from e q u a t i o n  ( 2 4 1 ) .  

y,, z s  w i t h  P a r t i a l  d e r i v a t i v e s  o f  x 
r e s p e c t  t o  c88,  C89, o r  Cso; c a l c u l a t e d  
i n  OBSERV from e q u a t i o n  (253). 

S’ 

95 

. 



,mSX(i, j )  

A v X ( i ,  j )  

P a r t i a l  d e r i v a t i v e s  o f  x y,, a w i t h  

r e s p e c t  t o  u ,  v ,  w ,  h ,  T, 6 ;  c a l c u -  
l a t e d  i n  Oi3SERV from e q u a t i o n  ( 2 4 7 ) .  

S 

P a r t i a l  d e r i v a t i v e s  o f  x s,  y s ,  z w i t h  

r e s p e c t  t o  h ,  Cp, 6 c a l c u l a t e d  i n  OBSERV 
from e q u a t i o n  ( 2 4 6 ) .  

S 

XTEMP Atmospheric  t e m p e r a t u r e  t r a n s f e r r e d  t o  
MOTION from ATMDAT. 

xVW (i) 

XXCG ( i) 

XYCG( i) 

XZCG(i) 

XZI 

YlYAS 

YMA SM 

z@ ( i )  

Dependent v a r i a b l e  o n  a tmospher i c  wind 
t a b l e  5 d h o )  * 

Dependent v a r i a b l e  on a tmospher i c  wind 
t a b l e  v-*(ho). 

Dependent v a r i a b l e  on x ( t )  t a b l e ,  see 

e q u a t i o n  (153) .  
PM . 

Dependent v a r i a b l e  on ypy( t )  t a b l e ,  s e e  

e q u a t i o n  (153) .  

Dependent v a r i a b l e  on z ( t )  t a b l e ,  see 

e q u a t i o n  (153) .  
PM 

S t e e r i n g  a n g l e  5 ,  see e q u a t i o n s  (138) ar,d 
(187) .  

V e h i c l e  n a s s ,  m ,  c o r r e c t e d  f o r  s y s t e c m c t i c  
e r r o r ;  c a l c u l a t e d  i n  MOTION from e q u a t i o n  
(149) . 
V e h i c l e  mass as  i n t e r p o l a t e d  from t h e  model 
mass t a b l e .  

Dummy a r r a y  used f o r  temporary s t o r a g e .  



I :  

I :  

I :  

I :  

V I  . FLOW DIAGRAMS 

S u b r o u t i n e  f low diagrams a r e  p r e s e n t e d  i n  t h i s  s e c t i o n  . T>.e 
f o l l o w i n g  l i s t i n g  i n d i c a t e s  the  page on which t h e  v a r i o u s  f l o w  
d iag rams  a p p e a r  . 

S u b r o u t i n e  Pane 

. . . . . . . . . . . . . . . .  98 MAIN 
AERO . . . . . . . . . . . . . . . .  100 
AEROIN . . . . . . . . . . . . . . .  101 
r A I I l ' W N  . . . . . . . . . . . . . . .  102 
DATAB . . . . . . . . . . . . . . .  103 
DERIVE . . . . . . . . . . . . . . .  104 
FXXU . . . . . . . . . . . . . . . .  105 
INDAT . . . . . . . . . . . . . . .  111 
INTAG . . . . . . . . . . . . . . .  114 
MIhVAR . . . . . . . . . . . . . . . .  115 
MOTION . . . . . . . . . . . . . . .  118 
OBSERV . . . . . . . . . . . . . . .  120 
OUTPUT . . . . . . . . . . . . . . .  124 
PRESET . . . . . . . . . . . . . . .  127 
PROP . . . . . . . . . . . . . . . .  128 
RKUTTA . . . . . . . . . . . . . . .  1 2 9  
SETUP . . . . . . . . . . . . . . .  130 
SMOOTH . . . . . . . . . . . . . . .  134 
STAT., . . . . . . . . . . . . . .  135 
CRV . . . . . . . . . . . . . . . . .  136 
FUNCT . . . . . . . . . . . . . . .  136 
TAB . . . . . . . . . . . . . . . .  136 

A m u r n  Am 

. v  

I . 

37 

. 



s t s r c  

I 

! (TIME) 
I .  

~ ---\ - -\ 

- 

IF (TZ - ET) + 

I I 

;-; 
IF (KPR$P- I )  

i 

I t  



I .  

I 

L-( K D A T A .  

ti- 

MAIN Program - Concluded 

99 



100 

h 
Return 

Subroutine AERO (ARCI,  ARG2,  AiiC3, ARG4,LX,YY,ZZ) 



1 
Return 

Subroutine AEROLV 

. 



S t a r t  
I 

1 I 

i 
R e t u r n  

S u b r o u t i n e  ATXDAT (ZE, PE, ROE, CE, TM, VMU, ISV) 

102 



Start 

I 
i 
1 .  

I - KDATAt I 
J i KDATA+ KC 

,-, 
I 

i. 
Return 

Subroutine DATAB 





I .  
I .  

Subroutine FXXU (STEP1, SPEP2) 

105 



, 

106 
Subroutine FXSU (SI 'EPl)  - Cora t inued  

. 



Subroutine FXXU (Sl’EP1) - Continued 

107 

. 



108 

Subroutinc FXXU (STEP1) - Continued 



I I - T K * l  

8 

Subroutine F M U  (=El?) - Continued 

109 



. 

I 

,-, 

S u b r o u t i n e  PXXU (STE1'2) - Concluded 

110 

. 



Start  

i 
20 ~ Return + D E C O D E  IPC, NPTS 

,-, 

Subroutine INJXC 

111 



1 I 

i 



CALL AEaozrJ 9 

Subroutine INDAT - Concluded 



Re t u r n  

Subrou t ine  INTAG 



. 
srnrt  

I 

' i  

I I 

Subroutine NIWAR 

115 



<*>------- 

I 

i 
I 

i 
! 
i 
i 
~ 

~ 

j 

i 
I 

i 

~ 

I 

~ 

1 

I 
i 
I 
i 

i 
I 

i 
I 

1 
I 
j 
~ 

I 

Subroutine MIhTAR - C o n t i n u e d  

a 



Q 

. Subroutine HINVAR - Concluded 

117 

. 



Sta r t  

. 

i 

. 

Subroutine NOTIOX 
6 

. 



I .  
Q STEP1 

I :  

<Db+-----7 

(-%' R e f u m  

Subroutine MOTION - Concludcd 

119 



, 

T 
Return 

120 



r-+-iizq 
Rrturn . 

Subroutlnc 08SERV - Continued 



I b 

SuLrou:inc OLiSERV - Continued 

122  

. 



I .  
I *  

1 :  

Subroutine OBSERV - Concluded 
123 



124 

- 1  6 
S u b r o u t i n e  OUPPST 



MT- NSTX 

I 

1 NO (r, J) = DUB (J, I) I 
r =  1,3 I 
J-  1,5 I 

I 

1 
I 

I NO (1+3,J)= DUB(J, 1) 
I I =  3,h 
I 

I 
I Transform P $er outpu t  
i prinrinq uslnq E\uaitoh i i o q b j  i 
I 64 Volume I. S t o r e t h e  1 
I t r a n s q o r r n e d  p' in +he \ower  I 
I IeCt triangle oc ++e Parray.1 
I Do nor a l t e r  the upper I 

L - - - -  - - - - - A  

I 

I right trlanyle. I 

7 
1 LT=I I 
M l k  NSTX-\  

t 
NRITE~OUT) L ~ , w o c r ) , r = i , ~ ~ l  ] 

Subroutine OUTPUT - Continued 



I 

0.- h 
I I C  

S u b r o u t i n e  0L"i'PUT - Concluded 

1 2 6  

. 



. 

i 
(DO J i I, NDIMV 

P 

i. 
C O N P A D E  . 0 1 7 Y 5 3 2 9 2 5  

X J 2 -  1 . 0 8 2 6 4 S  E - 3  
X M U r  3.985992 E+& 
O M ~ G A  = .729211c E-4 
<PO = 6356173 .  
R E O -  6 3 7 3 l C 3 .  
N C o u N T s  0 

LCOu&JT= I 
e D A T 4 S -  - I  
N S r =  0 
N S r X  - 0 

N S T C  * 0 
N S T A .  0 
;<Pu i G 
N P V '  0 
F i r =  i 

S C R A C H . 3  , 

?OR = 2 

STATE; 4 
X N  ; h  
OUT& 6 
I s v -  I 

Subroutine PRESET 

127  



128 

i 

Entry IDENT -1- __ - 

Subroutine FKCP 

. 



. 
I :  

S t a r t  

i 3 

DT= P 
, I G = \  
I 3 = I  

Y 

R e t u r n  

1 ;  

" - 3  1 + 
Re turn 

JF3(I!=yoj 
3: 

7 
Return  

+- I G = \  
Return  

J= J + l  '-i 
Re t u r n  

Subrout ine  RKUTTA 

J = J + \  

R e t u r n  

1 2 9  

. 



I 

S u b r o u t i n e  SETLlP 

130 



> S T E P \  only 

L 
13 1 

. 



I ! I 

I 

132 



I 

P H ( I , I l =  I 

MTr N S  (X-8) 
TT = DTF (MT) 

MTr N S  (X-8) 
TT = DTF (MT) 

I 

Subroutine SETUP - Concluded 

. 

133 

. 



I 
I I 

, 

I 

: 

134 



. 

S t a r t  

Subrout ine STAT 

135 



1 

.\?...I.. 

.. .....- 

Function CXV ( A ,  S, C) 

I I +.o 

i -- 

i 
Return 

Function FUhCT (CRVE, X) 

f 

13 6 

R e t u r n  

F u n c t i o n  TAB ( W R G ,  S, T, Y) 

J 



. V I 1  . SOURCE LISTING 

A . STEPl L i s t i n g  

The STEPl s o u r c e  l i s t i n g  i s  p r e s e n t e d  i n  t h e  f o l l o w i n g  sub-  
s e c t i o n  . 
STEPl  s u b r o u t i n e  l i s t i n g s  appear:  

The f o l l o w i n g  l i s t i n g  i n d i c a t e s  t h e  pages on which t h e  

MAIN . . . . . . . . . . . . . . . . . . .  138 

AERO . . . . . . . . . . . . . . . . . . . .  143 

AEROIN . . . . . . . . . . . . . . . . . .  145 

ATMDAT . . . . . . . . . . . . . . . . . .  148 

DATAB . . . . . . . . . . . . . . . . . .  1 4 9  

DERIVE . . . . . . . . . . . . . . . . . .  1 5 2  

FUNCT&CRV . . . . . . . . . . . . . . .  155 

FXXU . . . . . . . . . . . . . . . . . . .  1 5 6  

INDAT . . . . . . . . . . . . . . . . . .  163 

INTAG . . . . . . . . . . . . . . . . . .  1 6 8  

MINVAR . . . . . . . . . . . . . . . . . .  1 7 0  

NOTION . . . . . . . . . . . . . . . . . .  1 7 4  

OBSERV . . . . . . . . . . . . . . . . . .  1 7 8  

OUTPUT . . . . . . . . . . . . . . . . . .  188 

PRESET . . . . . . . . . . . . . . . . . .  1 9 5  

PROP . . . . . . . . . . . . . . . . . . .  1 9 8  

RKUTTA . . . . . . . . . . . . . . . . . .  201 
SETUP . . . . . . . . . . . . . . . . . .  202 

SMOOTH . . . . . . . . . . . . . . . . . .  2 1 1  

STAT . . . . . . . . . . . . . . . . . . .  214 
TAB . . . . . . . . . . . . . . . . . . .  2 1 5  

T h e  STEP2 l i s t i n g s  commence on page 216 . 

13 7 
I 

. 



138 

S T P i 0 0 7 0  
s i p  I O  0 3 0 
S T P i 0 0 9 0  
STP10 i 0 0 
S T r ' 1 0 1 1 0  
S 7 P l O i 2 0  
STPiOi30 
S T P I O i r t 3  
S T P l C i S G  

. 



. 
24 T2ZTIME 

30 iF(TO-ET) 34~32~32 

34 IF(KDATA) 38t36~36 
36 iF(K2?.3P.EQ.1) GO TO 24 

Ii(KDATA) 10t40t10 
' 38 IF(NFC(1)-11 200,401100 

IF(T2-ET)Z60r260,42 

32 IF(JST.EQ.1) GO T O  44 

40 TIMEZTF INAL+lOO. 

42 T2=ET 
60 TO 24 

c------------- PROPAGATION LOOP, TO EFN 44 
CALL INTAG 
KPROPzl 
TO=T2 
CALL PROP 

44 CALL OUTPUT 
Ll=2 
IF(ET-TFIhAL) 4 6 ~ 5 0 ~ 5 0  

GO TO 34 
46 ET=ET+DET 

50 WRITE (SCRACH') KDATA 

56 IF(NPC(4)) 300,58~300 
58 CALL SMOOTH 

IF(NPC(~).EQ.~) GO TO 2 

IF(L1-1) 2 ~ 4 ~ 2  
DETERMINE MEASUREMENT TIME FOR ERROR c------------- 

C ANALYSIS PROBLEMSI 100 IF(KPROP.GT.O) GO TO 24 
JST=1 
IF(NSTA-1) 40~102t104 

GO TO 112 

SP(1) = DTI(I1) 
DO 110 I=2,IvSTA 
J = NS(1) 
IF(SP(l)-CTX(J)) 110t106t107 

106 JST=JST+l 
GO TO 108 

108 SP(1) = OTICJ) 
'I1 = J 

110 CONTINUE 

102 11 = NS(1) 
L O 4  I1 = NS(i) 

107 JST=1 

112 IF(DTI(II)-DTF(II)) 116,116~114 
114 NSTA=hSTA-l 

GO TO 100 

TIKE=DTI(II) 
DTI(II)=DTI(I1)+DFIT(II) 
D O  116 1=1,3 

J N B R =L h 8 li + 1 

116 JNBRZO 

IF(MR(I,II)*EQ*O) GC) TO 110 

LC(JNBR)=I 
118 CONTINUE 

IF(JhbA*EQ.U) GO T O  100 
MTYP = 1 1  
GO TO 24  

c------------- 3ATA EDITING LOGIC FUR FILTER PROBLEMS, THRU 
2 0 0  kG = 1 

THRU 

EFN 

STP13 16 0 
STP10i70 
STP10 1 8 0  
STPlOlOO 
STPlO2 0 0 
STP10210 
STP 1022 0 
STP10230 
s T? 1 0 2 4 0 
STP10250 
STP10260 
STPl0270 
STP10280 
STP10290 
STP 103 0 0 
STP 103 i 0 
STPiO320 
STP10330 
STPl03LiO 
STPlO350 
STP10360 
STP10370 
STP 1038 0 
STP10390 
STPI040 0 
STPlO4 1 C 
STPi 0420 

EFN 118--STP13430 
Sip10432 
STPlO434 
STP10440 
STPI0450 
s T a? 1 C 4 6 0 
STP10470 
STPI0L;BO 
STP10500 
STPI 051 0 
STP10520 
STP10530 
SiPi0Si;O 
STPlO550 
STP10560 
STPl0570 
STP10580 
STP10590 
STPlObOO 
sTP10610 
STPl0620 
STP10630 
STP1064O 
STP13650 
STP15660 
ST?10670 
STP10680 
STP10690 
STP10700 
STP10710 
STP10720 

250------ STP10730 
STP10 740 

139 



. 



i 





b 

CCYM 0 0 1 G 
C G V M 0 0 2 0  
C Ot tM 0 0 3 0 
C 0 N M  0 U4 ci 
C G I.‘ M 0 0 5 0 
C O Y M 0 0 6 0  
C Gb:i4 0 0 7 0 
C C K M 0 0 8 0  
CC,YM 0 09 0 
CGVMO 1 0 0  
CCKsMO110 
C O K M 0 1 2 0  
C G b ‘ M 0 1 3 0  
C O K M O l Q O  
CCb’M 0 15 0 

COY i4 0 17 0 
C C V V O L R O  
C C Y V f  0 1 5 0 
c ov w o 2 0 0 
C O ~ ’ ; K 0 2 1 0  
c ct.’ v 0 2 2 0 
CGrV’M3230 
cop M 0 2 4 0 
C O m 0 2 5  0 
C C V M 0 2 6  0 
C G V M 0 2 7 0  
C Cb! M 0 2 8 0 
C GKM 0 2 9 0 
C 0 P/ K 0 3 0 0 
C O b ’ K 0 3 1 0  
C GV v, 0 32  3 
C OV M 0 3 3 0 
C C P M 0 3 4 0  
C O a ’ K 0 3 5 0  
COb ‘M0360  
C C Y M 0 3 7 0  
C O Y M O  2 8 0 
c c C^ P 0 3 9 0 
C G P M O 4 0  0 
C O r 4 i f 0 ~ 1 C  
C G l i M  0 42 0 
C O V M 0 4 3 0  
A E R O 0 0 1  0 
A E R C G 0 2 0  

1 A E R O 0 0 3 0  
A E R O 0 0 4 0  
A E R 0 0 0 5 0  
AERO0060 
AERO0070  
AERO0030 
A E R O 0 0 9 0  
A E R O 0 1 0 0  
AEf i00110 
A E R O 0 1 2 0  
A E R O 0 1 3 0  
AERO0140  
A E R O 0 1 5 0  

cc rmo i60  

143 

. 



. 



C Off, :< 0 0 1 E 
c 0 KM 0 5 2 0 
CGVVOO30 
CGMf4004C 
C 0 I V ' M  0 G 5 0 
c C P  t4 0 0 6 0 
COVM0070 
c O K M  0 c a 0 
c OKM 0 09 0 
cci Vf4 0 10 c 
c OiJM 0 1 1 0 
CCNM0120 
COXtJ,Oi30 
CO!f,f4 0 i 4 0 
cox t4 0 15 0 
c OMFl 0 16 0 
C0P.V 0 1 7 0 
C OP'K 0 L 8 0 
C O!J M 0 1 9 0 
cow? 0 2 0 E 
COMM0210 
c CMt4 0 2 2 0 
c o rJ M o 2 3 o 
CGIJME240 
COWK0250 
c 0 !JM c 26 0 
C C Y M 0 2 7 0 
CO tJM 0 2 8 0 
CGYM0290 
COVM0300 
C G b ' V O 3 i O  
c C!LM 0 3 2 0 
C C M 0 3 3 0 
c 0 .?J M 0 3 4 G 
C C k'M 0 3 5 0 
C Ob'M 0 3 6 0 
C 0 YCl 0 3 7 0 
COlr'MO3@0 
COKM0390 
C 0 MM 0 4 0 0 
C Ot'K 04 1 0  
COKi+042 0 
COV"MO430 
A R 1 N O i ) l G  
ARIN3020 

t A K I N 0 0 3 0  
ARSNCO4O 
A R I N 0 0 5 G  
AR IN0060 
ARIN0070 
AR I f d  0 0 6 0 
AKIK0090 
A R  IkO1 0 0 
ARINS 1 1  0 
ARIN0120 
AHIE20130 
AR IN0 140 
AH IN0150 

145 



. 



ARIN0760 
AKIN0770 
ARIN0780 
AH IN8780 
ARIN(I800 
ARIN0810 
ARIN0820 ~ 

ARINOBJO 
AR I N 0 8 4 0  
ARINOBSO 
ARIN0860 
ARIN0870 
ARINO88O 
ARIN0890 

147 



ATMOOOl!Y- 

ATP00 0 3 0  
ATMD0040 
ATPD0050 
ATKD0060 
ATMD0070 
ATMD 0 0 8 0 
ATMD0090 
ATKDO 100  
ATPDO110 
ATMDOl2O 
A TP‘O 0 13 0 
A T K 0 0 1 4 0  
A T P 0 0 1 5 0  
A TM D 0 1 6 0 
ATPDOl7O 
ATMDO18O 
A T P 0 0 1 9 0  
AT F‘D 0 2 0 0 
ATVD0210 
A T P 0 0 2 2 0  
ATMD0230 
A T P 0 0 2 4 0  
ATMD0250 
ATVD0260 
A T P 0 0 2 7 0  
A T P 0 0 2 8 0  
ATVD0290 
ATMDO3O 0 
ATMD0310 
ATMDO320 
ATMD0330 
ATPDO 34 0 
ATMD0350 
ATM00360  

A T  M D 0 o 2‘0 

I 
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10 

. 

c o v ~  n u 1 o 
C C V 1 ? 0 0 2 0  
C 0 I t  ,VO 0 3 0 
C O V M  0 0 4 0 
COI.:M0050 
C O Y t ? O O 6 0  
COVt i lO 0 7 0 
C 0F:M 0 oi 3 0 
co V V  0 0 9 0 
C C V M O  10 0 
C O W 4  0 i i 0 
COCMO 120 
C 0I"M 0 13 0 
COMF.rO140 
C O V M O  15 0 
C O M M 0 1 6 0  
COXOM 0 17 0 
COKMO 180 
C O U M 0 1 9 0  
c 0 V w 0 2 0 0  
COI.'V c 2 1 0  
C O M M O i 2 0  
CCb'M.10230 
c OMM 0 i 4  0 
C O K M 0 2 5 0  
C C L, M 0 260 
C ObA M 0 27 0 
C O P V 0 2 8 0  
c OM>! 02 9 0 
C O V M O 3 O O  
C OVM 0 3 1 0 
C C b' b" 0 3 2 0 
C 3 $'X 0 3 3 0 
C 0 b' N 0 3 4 0 
C C!:ElO 3 5 0 
C 0:: 4( 0 360 
C O V V  G 37 0 
c 01) h: o 3 a o 
C O V M 0 3 9 0  
C O Y Y O 4 0  0 
c 0 Vb', 0 i( 1 0 
C O V M 0 4 2 0  
C OVP 0 4 3 0 
D A T U 0  0 1 0  
O A T R 0 0 2 0  
D A T E 0 0 3 0  
D A T f 3 0 0 4 0  
O A T B O O 5 0  
D A T B 0 0 6 0  
D A T 6 0 0 7 0  
DATE30080 
S A T E C 0 9 0  
D A T R O l O O  
D A T B O l l O  
D A T B O l Z O  
O A T R O l J O  
D A T B O l 4 0  
D A T E 3 0 1 5 0  



MT 1 
MT 1 
MT 1 
MT 1 
MT) 
MT 1 

DATBOLEO 
DATBO170 
DATE0180 
DAT30i90 
DkTB0200 
DATB0210 
DATE0220 
DATE0230 
OAT60240 
GATS0250 
DkTS0260 
DATE0270 
DATi30280 
OAT30250 

DATB0310 
DATB032ir 
OATBOY30 
DATE 0 3 L: 0 

DATES350 
DkT6‘0370 
DATSO330 
CATDO390 
CATS0400 
D A TB 0 4 1 0 
DATE30420 
OAT60k.30 
DATE0440 
DATE0450 
OAT80460 
OATBOk70 
CATBO46O 
DATE3490 
CAT60550 
D A T  5 0 5 1 0 
DATB0520 
DATB0530 
DATa0540 
DATB0550 
GAT80560 
DATE0570 

!3A:TS0590 
DATB0600 
DATB0610 
GATBOb20 
DATE0630 
GATE0640 
DATE0650 
DAT60660 
DATBOG70 
OATBO680 
DATE0690 
DATB0700 

DATB0720 
DATB0730 
DATE0740 
DATE0750 

O A T ~ O ~ G O  

D A ; B O ~ ~ O  

C A T D O S ~ O  

3 ~ ~ ~ 0 7 1 0  : 
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L T  = L T  - KUATA 
I : K D A T A + l  
J = KDATA+KG 
DC 24 I Z I p J  

MT = L T  + I 
MTP(1) = M T P ( V T  
T Y M ( 1 )  = TYM(P’T 
D A T ( 1 , I )  = D A T (  ? H T )  

D A T B G 7 6 0  
D A T 3 0 7 7 0  
D A T B 0 7 8 0  
D & T @ 0 7 9 0  
DAT80800 
DATB0810 
DATBOEEO 
DATB0830 
D A T B 0 6 4 0  

O A T 9 0 8 6 0  
D A T B 0 6 7 0  

UATk3O64ii 
D A T B 0 9 0 0  
D A T B 0 9 1 0  
O A T 8 0 5 2 0  
O A T 8 0 9 3 0  

D A i a o a s o  

D A i B o a a o  
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7 
8 
0 
A 
1; 
C 
i) 
E 
F 
G 

C OXf4 0 0 6 0 
C 0 MK 0 0 7 0 
c OV,Y 0 0 8 0 
c OMV 0 0 ’3 0 
COMMO 1 0 0  
COM/.KOllO 
CGMKO120 
C OV, !4 0 1 3 0 
c OE.’,M 0 14.0 
COW}? 0 1 5 0 
c OKM 3 16 0 
C OMM 0 17 0 

COVM3190 
c O V Y  0 2 0 0 
C C:.‘? G 3 1 0 
C G V M  0 22 0 
CGVM0230 
c OY,Y 0 i 4 0 
c 0Yt.r 02 5 0 
c OF’V 0 2 6 0 
C C K ,X 0 2 7 0 
COW,% 0 2 3 0 
C OM?.! 0 2 9 0 
COM’F! 0 3 0 0 
C C b:M 0 3 1 0 
C OVY, 0 3 2 0 
C 0 Yb’ 0 3 3 0 
COYM0340 
COMMJ350 
CO,Y,‘.M 0 3 6 0 
C Ob! Y 9 37 0 

co:.I:.: 0 3 9 0 
cos< M 0 i) 0 0 
C 0 b‘V 0 4 1 0 
CGF’V0420 
c 0 t,l ,M 0 4 3 0 
DER I0010 
DER10020 
DE2 10030 
DER10040 
DER10050 
DER10060 
CERI 0070 
DER10080 
DER10090 
DER i 0100 
DER 1 0 1 1 0  
DER X0?20 
CER 10130 
DER10140 
DEH I0150 

cowoiao 

c OF !.I o 3 a o 

: 



DER10160 
OER10170 
9ER I0180 
DER10190 
DER I020 0 
G E R I  0210 
DER10220 
DER10230 
DERI 0240 
DER10250 
OtRI0260 
DER10270 

DER10290 
DERIO300 
DERI 03iO 
DER10320 
DER10330 
DERI 0340 
DER10350 
ClERI 0360 
DER10370 
DERI 0380 
DER 10390 
GER10400 
DER10410 
DERI 0420 
DER10430 
DER10440 
DER10450 
DER10460 
DER10470 
DER10480 
DER10490 
3ER10500 
2ERI 05 IO 
DER I0520 
DER10530 
DER10540 
DER10550 
DER1 0560 
DER10570 
DER10580 
DER10590 
DER 10000 
DERI 0610 
DER10620 
DER10630 
DERI 0040 

n - n r n ? o n  
U C r T l V L " "  
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FUNCTION FUNCT(CHVEvX) 
DIMENSION C(3),IOX(3)vCRVE(2),X(3)vZ(3) 
DATA IEKChT / O /  
DATA IOX/3*0/ 

N2 = CRVE(3) 
M = CRVE(1) 
~l = CRVE(2) 

IF(M.LT.2) N1 = U 
IF(W.LT.3) N2 = 0 
N2 = Nl*N2 
K = M + l  
00 23 XrltH 
J = K + 2  
N = CRVE(I+l) 
K = J + N - ; :  
00 10 L = J v K  
L=L 
IFLXII).GE.CRVE(L-l)) GO TO 8 

C *** EXTRAPOLATE BACKWARDS 
C(I)=(X(I)-CKVE(L-l))/(CRVE(L)-C~VE(L-l)) 
GO TO 25 

6 IF(X(I).LE.CHVE(L)) GO TO 20 
10 C O N T I W E  

C *** EXTRAPOLATE FORWARDS 

FUNCOOiO 
F W C 0 5 2 0  
FUhCOO30 
F Ubi C 0 0 4 0 
FUhC 0 0 50 
FUNCOO60 
FU tdC 0 0 7 0 
F U!<C 0 0 8 0 
FbNC 0 090 
FUNCGIOO 
Fur!co 110 
FUNCO 120 
FUNCOl3O 
FUNC 0 140 
FUNCO150 

FUF:C0170 
FUbiC 0 18 0 
F UI’iC 0 19 0 
FUNC0200 
FUNC 0 2 I 0 
FtiNC0220 
FU1JCO230 
FUNC024O 
FUNC0250 
FUhC0260 
F UP! C 0 2 7 0 
FUKCO280 
FUNCO290 
FLNC0300 
FUF;C0310 
FUNC0320 
FUNC0330 
FUNCO340 
FLhCG350 FbNC0360 

FUNC0370 
FUNC0380 -_ 
FUNC0390 
FUNCO4OO 
FUNC04 10 
i=uKc0420 
FUNCO430 
FUNC0440 
FUNC0450 

.. FUNCO460 

FUN C 0 16 0 

CRVTOOlO 
CRVT0020 
CRVT0030 
CRVT0040 
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C O K M O C 6 0  
C Ob't:. 0 0 7 0 
C O K M 0 0 8 0  
COMM 0 0 9 0 
CQ!JMOlOO 
c OYbi 0 1 10 
c 0 N M 0 12 0 
C O P M O 1 3 0  
C O M K 0 1 4 0  
COMMO 150  
C O M M O i 6 0  
C C M M 0 1 7 0  
C 0 M M 0 1 8 0 
C O W  3 19 0 
c 0 r.'n 3 2 0 0 
C 0 !4Y 3 2 1 G 
c oi4:c. 0 22 0 
c oyM 0 2 3 0 
C O W  0 24 0 
C OV,M 0 2 5 0 
C O V M 0 2 6 0  
C GIhM 0 27 0 
C O V M 0 2 8 0  
C O K M O 2 9 0  
C G E r M O 3 0 0  

C G M M 3 3 2 0  
COM.:H0330 
C C M M  0 34 0 
C O K K 3 3 5 0  
C O R Y 0 3 6 0  
C CY,:.! 0 3 7 0 
C GVY, 0 3 6 0 
c c ,v x 0 3 5 0 
C O K Y O 4 C O  
C O M M 0 4 1 0  
C Oli'M 0 4 2 0 
C O i n M 0 4 3 0  
F X X U O O l O  
F X X U O O 2 0  
F X X U O O 3 0  
F X X U O O 4 0  
F X X U O O 5 0  
F X X U O O 6 0  
F X X U O O 7 0  
F X X U  0 0 r? I? 
F xxu0090 
F X X U O l O O  
F X X U O 1 1 0  
F X X U O  120 
F X X U 0 1 3 0  
F X X U 0 1 4 0  
F X X U O l 5 0  

C 0 K C: 3 3 1 0 

I 



. FXXUO160 
FXXUGl70 
FXXUOLBO 
FXXUOl90 
FXXUO200 
FXXUO210 
FXXU5220 
FXXUO.230 
FXXUO240 
iXXUO250 
FXXUO260 
FXXUC270 
F): XI; c.2 3 0 
FXXUO290 
FXXUO300 
FXXUO310 
FXXUO320 
FXXUO330 
FXXU0340 
FXXUO350 
FXXUO360 
FXXU0370 

FXXUO390 
FXXUO400 
FXXUO410 
FXXUO420 
FXXUO430 
FXXCC440 
FXXUO450 
FXXUO460 
FXXUO470 
FXXUOr6O 
FXXUO490 
FXXU 3 5 0 0 
FXXUO5lO 
FXXUOS20 
FXXUO530 
FXXUOSkO 
FXXUO550 
FXXU'JSOO 
FXXUO570 
FXXLJO58S 
FXXUO590 
Fxxuoooo  
FXXUCblO 
FXXU3620 
FXXUO630 
FXXUO640 
FXXUO650 
FXXUC650 
FXXUOo70 
F X X'J 0 o 8 0 
FXXUOo90 
FXXUO700 
FXXUO710 
FXXC10720 
FXXUO730 
FXXUO740 
FXXUO750 

F X X U O ~ ~ O  
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FXXUO760 
FXXGO770 
FXXUO780 
FXXUO790 
FXXUCBOO 
FXXUOB10 
FXXUOO23 
FXXLI0830 
FxxUoa40 
FXXUO850 
FXXUGZBO 
FXXUOB70 
FXXUG880 
FXXUO893 
FXXU09GO 
FXXUOO1 3 
FXXUO920 
FXXUO930 
FXXUC440 
FXXUO950 
FZXUO960 
rXXU0970 
i=xxut)sat) 
FXXUO990 
FXXUlOCO 
FXXUlOlO 
FXXU1020 
FXX u 1 0 5 0 
FXXUlOllC 
FXXU1C50 
FXXUl t6O 
FXXU1070 
FXXClC80 
FXXU IO9 0 
FXXUi 1 0  0 
FXXJ;110 
F X X U i l 2 0  
FXX\J1130 
FXXU114G 
FXXU1150 
FXXU1163 
FXXU1170 
FXXLI l l8O 
FXXUlISO 
FXXU1200 
FXXUi210 
FXXU1220 
FXXUi230 
FXXU1240 
FXXU1250 
FXXU1260 
FXXU1270 
FXXU1280 
FXXU1290 
FXXUl300 
FXXUl3 lO  
FXXU1320 
FXXU1330 
FXXUl340 
FXXU1350 



IPC = 0 
LT = 0 
NT = 0 
I F  (NSTC 1 

1 IF(NPU)  
2 N Z NSTX 

NT = 1 
I 1  = 1 

3 NNN = KC 
GO TC 18 

6 N = 1 0  
I 1  = 1 

9 NNN = NC 
GO TO 18 

12 I1 = 11+ 
I F ( N T )  1 

13 IFlNSTC- 

1 1 1 ~ 6  
2,9912 

11) 

11) 

t 1 3 t 1 5  
I) 1,9,9 

15 IF (NPU -11) 9 9 ~ 3 t 3  
18 CONTINUE 

19 L=O 
IF(NIUN-60) 19,19,25 

M = O  
SP(1 )  = 0. 
SP(2 )  = 0. 
SP(3 )  = 0. 
S T ( 1 )  = 0. 
S T ( 2 )  = 0. 
S T ( 3 )  = 0. 
IF(NNN-15) 5 O t 5 0 t 2 0  

20 IF(NNN-20) 8 0 t 8 0 ~ 2 1  
21 IF(NhN-25)  8 5 ~ 8 5 ~ 2 2  
2 2  IF(NluN-30) 9 5 1 9 5 ~ 2 3  
23 L=l 

S P ( 4 )  0. 
SP(5 )  = 0. 

2 5  DO 2b I=1 ,3  
F l ( I t I I + N )  = 0. 
F 3 ( I t I I + h )  = 0. 

26 CONTINUt 

GO TO 12 
F3(4 ,1 I+N)  = 0. 

3 0  SP(4 )=0 .  
SP (5)=0. 
SP (6 )  =O 
S P ( 7 )  = 0. 

DO 32 K A Z l t I T E R  
00 3 1  1=1,3 
v o ( I ) = s P ( I )  
00 31 G l v 3  
V O ( 1 )  = V O ( I )  +OTRAl\r 

3 3  CONTINUE 

FXXU1360 
FXXU1370 
FXXU1380 
FXXU1390 
FXXU? 4 0  0 
FXXU1410 
FXXUt420 
FXXUl430 
FXXU1440 
FXXU1450 
FXXU1460 
FXXU1470 
FXXU1480 
FXXUf490 
FXXU1500 
FXXU1510 
FXXU1520 
FXXU1530 
FXXU1540 
FXXU1550 
FXXU1560 
FXXU1570 
FXXU1580 
FXXU1590 
FXXUl600 
FXXU1610 
FXXU1620 
FXXUl630 
FXXU1640 
FXXU1650 
FXXU1660 
FXXU1670 
FXXU1680 
FXXU1690 
FXXU1700 
FXXU1710 
FXXU1720 
FXXU1730 
FXXU1740 
FXXU1750 
FXXU1760 
FXXU1770 
FXXU1780 
FXXU1790 
FXXUldOO 
FXXU1810 
FXXUi820 
FXXU1830 
F x X u l a 4 0  
FXXU1850 
FXXU1860 
FXXU1870 
FXXU1880 
FXXUlB90 
FXXU1900 
FXXU1910 
FXXU1920 
FXXU1930 
FxXU1940 
FXXUl950 
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S)*SP 
0 ) *SP 
7 )  *S? 
8)*SP 

6 
6 

FXXUi960 
FXXU1070 
FXXU1580 
FXXU1900 
FXXU2300 
FXXU2Ol.O 
FXXU2020 
FXXU2030 
FXXU2040 
FXXU.2050 
FXXU2060 
FXXU2070 
Fxxu2oao  
FXXU2090 
FXXU2100 
FXXc12 11 0 
FXXU2120 
FXXC2 i 3 0 
FXXU2140 
FXXU215C 
FXXU2LGG 
FXXC5i70 
FXXU2iGO 
FXXU2190 
FXXU2200 
FXXU2210 
FXXU222C 
FXXU2230 
FXXU22bO 
FXXU2250 
FXXU2260 
FXXU2270 
FXXU22BO 
FXXU2250 
F X X U E J O O  
FXXU2310 
FXXU232G 
FXXU2330 
FXXU2340 
FXXU2350 
FXXU2360 
FXXU2370 
FXXU2380 
FXXU2390 
FXXU2400 
FXXU2410 
FXXU2420 
FXXU2430 
FXXU2440 
FXXU2r50 
FXXU246C 
FXXU2473 

* FXXU24aC 
FXXU2490 
FXXU2SOC 
FXXb2510 
FXXU2520 
FXXU2530 
FXXU2532 
FXXU2534 

: 



L 

, 

86 SP(4) = ROEM/ROE 
GO TO 92 

5 )  v V O ( 6 ) )  FXXO2bOO 
2 )  v V O ( 3 )  1 FXXU26iO 

f XXU2620 
FXXU2630 

FXXU2720 
FXXU2730 
FXXU2740 

FXXU2850 
FAXU2260 
F 1 XU 2 d 7 0 

'28 SP(i) '-2.4VOIl)*AB(I)/VA('~)tXQSM*(DCDY(I~l)~VO(l)+OCDY(Iv2)~'J~iT:-.~~~ 
2 O C O Y ( I v 3 ) ~ V 0 ( 3 ) )  c 

GO 10 30 i , ;.iu;!o - 0 
100 IZNNN-30 . FXXU2920 

I F ( N O i l ) !  1 0 2 a 3 0 3 v 1 0 3  FXXU2930 
102 S P ( 7 )  = V O ( 1 1 ) * T R A N ( 1 ~ I ) + V O ( 1 2 ) * T R A N ( 3 , I )  FXXU2940 
193 DO 112 J = t # 3  FXXU2950 

lF(J.EQ.1) S P ( 4 )  = C ( 5 7 ) * S P ( 7 )  F X XU2 9 6 0 
106 DO 110 K = l t 3  FXXU2970 

110 CONTINUE F XXCl2Y 9 0 
112 S P ( J )  = T H A N ( J # I )  FXXb3000 

GO TO 33 FXXU3010 
150 CONTLNUE FXXti3020 

IF(NNN-4&)  16Uv250v250 FXXU3030 
160 I F ( N N N - 4 5 )  170 v 2 3 0 ~ 2 0 0  FXXU3040 
170 J = (NIUN-33)/3 FAXU3050 

K = hNN - 3 * J  - 3 2  FXXi'3060 

SP(d,+3) =SP(J+J)+CX(JvK)*TRAN(KvI) F x x u 2 9 a o  

4 
1 
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FXXU3070 
FXXU3330 
FXXU3090 
FXXU3100 
FXXUSIlO 
FXXU3120 
FXXU3i30 
FXXU3140 
FXXU3150 
FXXU3i60 
FXXU3170 
FXXU3180 
FXXU3J.90 
FXXU3200. 
FXXU3210 
FXXU322G 
FXXU3230 
FXXU3240 
FXXU3250 
FXXU3250 
FXXU3270 
FXXti3iSO 
FXX'J3290 
FXXU3300 
FXXC3310 
F XX i, 3 3 2 
FXXU3330 
FXXU334S 
FXXU3350 
FXXU3360 
FXXU3370 



t 

SUBROUTIhE INbAT 
COMMON /IhTGRL/ D C O M P t T t T 2 t X ~ l O ~ t P H ~ l O t 4 O ~ ~ D X ( l O ~ t D P H ~ l O t 4 O ~ t  COMMOOlO 

COPMOO20 
COMMON /MODl/ ALPHoAS *BETAtCA(6)rCALP e CBET t CETA t COMM0030 

A CF(3)tJCS tCXZI ~DADX(2*10)~DCDY(3t4)tDERIV(3tlO)tDRDH t COXMOO40 
2 URDPtDWDH(2),ETAtHO*N4(3) tN5(3) tN6(3) tPAXP(3r3O)t COPM0050 
3 PE t ROL t ROEC t ROEM t SALP * SBET t COWMOO60 

* NALLtLRK 

4 SETA t SREF tSXZI 
5 TTWO tTUW(20) tTVW(20) 
b VLI tXIND1 
7 XMAS(2O) rXNU t XQ 
er XUW(2O) tXVW(20) tXZ1 

1 rTPH tVO(20) tZO(20) 
2 t B ( 8 )  vCGK(3) tDFM(3) 
3 vDlrF(4) tFl(3t40) tF2(3t5) 
4 tIDh tII r I P  tIPC *JJ t J N  
5 tK1 tNNN tNPTS tPAR(6) 
6 P R O  rSPD(S) tSPH 

COMMON /TCICE/ A(3t3) tCPH 

tAX(4O) pAY(40) 
tCPHDT(5) tCUZ(30t5) 
rDATAS!3) tDATC(3) 
tDZ(30) *ET 
tJ rJNBRtJNBRStJST 
tKDATAS tKGtKItKK 
tLCS(3) 
t M R  ( 3 t 9) 
t NCOUNT 
t NSTC t NS 
t OMEGA 
t REO 
tSI (3) 

ti pSIGM(3) tSIGMS(3) tSPHDT(5) ,SUM tSUM2tSYG(3t9 
E tTFIT(9) tTIVE ,TIMES #TO tTP(0O 1 
F tTR(40) rTT(4O) tTXCG(20) tTYCG(20) rTYM(4O) 
G rTZERO 1Xd2 * XMU t XMU J tXP(3) 
H tXYCG(20) tXZCG(20) 
IhTEGER OUTtFITtSTATEtSCRACHtPQR 

* L S  tLT 
t MT 
t NPC ( 15 1 

XtNTsNTR(9) 
* P ( 3 0 ~ 3 0 )  
t RERP2 
tSIG(Jt40) 
tTFINAL 
tTQ(4O) 
t TZCG (20 1 
t XXCG (20 1 

COMMON /TAPENO/ I N ~ O U T S F I T ~ S T A T E ~ S C R A C H , P Q R  
COMMON /ATPCOh /ABETtAGAMtAMOtAPOtARtASU*ATM(4)*H8(23)tISVtJK 

COMMON /EXTHA / GO 

HEkIhC FIT 
HEWIFvD PQR 
HEWIND SCRACH 
REWIND STATE 
hHITE(OUTtl030) 

A tPo(23)tRL(23)tTK~(231 

DATA COhV /.3048/ 

1030 FORMAT(lHlt22H DATA ANALYSIS PHOGHAM//llH INPOT DATA//) 

1000 FORMAT(I2t7AlOtAd) 

1001 F O R M A T ( S X t 1 2 t S X t 7 A L U t S X t A ~ )  

8 HEAD(INt1000) KDUNt(B(I)tI=1,8) 

~ R I T ~ ( O U T ~ ~ ~ O ~ )  K D U M , ( B ( I ) , I = ~ ~ ~ )  

IF(KC;UM) 7 t 8 t 9  

COYM0070 
C c K M 0 c 8 0 
COMM0090 
COMMOlOO 
C O M M O ~  10 
COMM0120 
CORM0130 
COMMO140 
COPM0150 
COMM0160 
COPM0170 
COMMO18O 
COMMO190 
co MM 02 0 0 
COMM 02 10 
CCPMO220 
COYM0230 
C 0 P,M 0 2 4 0 
C ONM 0 2 5 0 
COMM0260 

COKM0280 
COMM0290 
COVM0300 
COMMOJlO 
COMM0320 
COWM0330 COI-!M0340 

C OKM 0 3 5 0 
CCMM0360 
COMM0370 
C0tJ.M 0 sa0 
C 0 b'M 0.3 9 0 
C0KI:O 400 
COV,.k!';'- I.P 
COMV1)4;?0 
C OKM 0 A! 3 0 
INDTOCXO 
INJDTO020 
I NOT0 03 0 
INDTOCirO 
I NDTO 0 50 
i NCT 0 060 
INOTO 070 
INOTO 080 
INDT0090 
INCTOlOO 
I hDTO 11 0 

C OM Yi 0 2 7 0 

INDT0120 
7 CALL-EXIT IhCTC 130 
9 bo TO ( 8 t 2 O t 3 C * 4 O * ~ O t 6 O ~ 7 O ~ ~ O ~ ~ O t l 0 O t l l O t l 2 ~ t l 3 O ~ l 4 O ~ l 5 O t l 6 O t i ~ O ~ I N ~ T O l 4 O  
~ i ~ ~ t 1 9 0 t 2 0 0 ) t ~ ~ U M  . IkDTO150 
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20 OECOCE(40tlU02tB) (hPC(I)tI=ltlO) 
1002 F O R P A T  (1014)  

SF(KPC(Z).EB.O) GO TO 8 
XKU = XYU/CONV**3 
REO = REO/CONV 
RPO = RPC/CONV 
GO = GO/CONV 
G O  TO 8 

30 DECODE(30,1003t6) IPCtLDNtSP(l)tSP( 
1003 FORtVAT ( I2 t I4 t E12-4 t E12 14 1 

GO TO (32t34t36t38t39)tIPC 

ZO(IGN)=SP(l) 
P(IDhtIDN)=SP(2)**2 
GO TO 8 

34 hSTC = NSTC + 1 
RC(NS7C) = IDh 
C(IDh)=SP(l) 
P(NSTC+lOthSTC+lO) = SP(2)**2 
GO TO 8 

MC (NPU) =IDN 
c ( ION) =sP ( 1 ) 
DihPl~i=SP(2)+*2 
GO T O  8 

VCC(hPV)=ICN 
C(IDh)=SP(l) 
S(NPV)=SP(2)**2 
GO T O  8 

GO TC 8 

32 KST=hST+l 

36 NPU=hPU+l 

38 hPV=hPV+l 

39 C(I3h) = SP(1) 
40  

1664 

50 
1005 

52 

54 

60 
1006 

62 

CECCCE(54r1004tB) TOtDETtDCOMptTFINAL 
FGRWAT(6Xt4El2.4) 
GO TC 8 
DECOOE('+2t1005tB) IPCtSP(i),Sp(2)tSP(3) 
FORYAT(I2t4Xt3E12.4) 
IF(IPC*EC,2) GO TO 54 
GO = SP(1) 
xI.YJ=sp (2 ) 
Xd2 = SP(3) 
GO TO 6 
&PO = SP(1) 
REO = SP(2) 
OMEGA=SP (3) 

DECOOE(6v1006rE) IPCtNPTS 
FORMAT(IEvI4) 
GO TC(62r64t66)tIPC 

GO TO a 

WRITE (OUT01031 
1031 FORXKT (6E12.4) 

NG(l)=NPTS 
GO TO 8 

64 &EAD ( IN# lG3l) 
WRITE (ObTt103l 

GO TO 8 

WRITE ( O l i T  ,1031 

h9(1)=NPTS 

60 HEAD(INtlO31) 
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(TXCG 

(TYCG 
(TYCG 

(TZCG 
(TZCG 

IN3T0160 
iN3T0170 
INDTO18O 
INDT0190 
INDTG230 
INDT0210 
INDT0220 
INDT0230 
INDT0240 
INDTG250 
INDT0260 
INOT0270 
INCT0280 
IhDT0290 
INDT0300 
IhDT0313 
INDT0320 
IhDT0330 
IhDT0340 
INDT0353 
INDTO360 
I hDT 0370 
Ih2T0380 
I hDT 039 0 
IhDT0400 
I NDTO4 10 
IhCT0420 
INGTO430 
IkDTO44O 
IhDT0450 
Ih3TC460 
INZT0470 
INCTO.rBC 
INDTO493 
INDT0500 
INDT0510 
INCT0520 
Ih37053G 
INDTOS4O 
IhDT0550 
IluCTO560 
INDT0570 

INCT0500 
IhDT0600 
INGTOolO 
IhDT0620 
IIuDT0630 

INCT0650 
TNDT0660 
INDT0070 
IhDTOo80 
IFuDT0690 
I NCT07 0 0 
IhDTO710 
IhDT0720 
IN3T0730 
Ih'3T0740 
IhDT0750 

IKDTO~BO 

1~ijTObiO 



. 

hSTA=NSTA+l 
NS(NSTA) = IOh 
OTI(ION)=SP(l) 
UTF(IDN)=SP(E) 
CFIT!IDN)=SP(3) 
MR(ltION)=LT 
MR(2rIDN)=MT 
MR(3rION)=NT 
SYG(ltIDN)=SP(4) 
SYG(2rION)=SP(5) 
SYG(3tION)=SP(6) 
GO TO a 

80 DECODE(6r1006tB) IPCtIDN 
IF(1ON) 81tE13r81 

61 READ(INtlO32) KOATA 
IF(KDATA.LE.0) GO TO 82 
HEAD(Ihsl032) (KtMTP(1)tTYM 

WHITL(F1T) KDATAt(MTP(1) 
* I=ltKDATA) 

X3)tI=lrKDATA) 
GO TO a i  

a2 CONTINUE 
1032 FORMAT(212t7E10.2) 

K = O  

IhGT0760 NlO(l)=NPTS 
GO TO 8 IhGT0770 

1007 FORMAT(I2t3E10.4t312t3ElOe4) IlvDT0790 
IkDTOBCO 
IhDT0810 
IhDT0820 
IRCT0830 
I NET 0 e 4 0 
i N C T t i S i t  
INCT0860 
I hDT0870 
I F;CT 0 b8 0 
IF, DT 0 tr 9 0 
IlvDT0900 

IN:DT0520 
INK110930 
INDT0940 
INDT0950 

11, ~ D A T ~ J ~ I ~ t J ~ 1 t 3 ~ t ~ S I G ~ J ~ I ~ ~ J ~ l ~ 3 ~ t I N C T 0 9 6 0  
INCT0970 

T Y M ~ I ~ t ~ D A T ~ J t I ~ t J ~ 1 ~ 3 ~ t ~ S I G ~ J ~ I ~ , J ~ l ~ I ~ D T 0 9 8 0  

70 OECOOE(68t1007t8) IDNtSP(l)tSP(2)tSP(3)*LT*MT,NT,SP(~)tSP(5)tSP(6)INDTO780 

ItGTO910 

WRITE(F1T)KUATA~KtKtKtKtKtKtKtK 
REWIND FIT 

83 IF(1PC) 84ttlt84 
84 KEAD(F1T) KOATAp(MTP(1) 

XJ)tI=ltKOATA) 
WRITE(OUTt1033)KDATAt(MTP(I 

Xv3)tI=ltKDATA) 
1033 FORMAT(214t7E16.7/(4XtI4,7E 

IF(KUATA1 84t85t84 
65 REWIND FIT 

GO TO 8 
90 DEC00€(6,1006tB) IPCtIDN 

IF(1UN) 91t93t91 
91 REAO(INt1034) KDAP 

INGT0990 
PhDTlCJOO 
IhGTl010 
IhCT1020 
IhDY1030 
IlvGT1040 
IN"v1050 
IhDT1060 

TYM(I)t(DAT(JtI)rJ=lt3),(SIG(~gI) tJ=l31hDT1070 
ikDT1080 

t T Y M ~ I ~ ~ ~ D A T ~ J t I ~ t J ~ l t 3 ~ ~ ~ S I G ~ J t I ~ t J ~ l I h D T l O 9 O  

6.7)) 
I hGT 11 0 0 
I hDT? 110 
IhDT1120 
IhCTl130 
IhCT:140 
IhCTll5O 
Ih3T1160 
INDT1170 
IlvDTllRO 
IhDT1190 
IlvOT1200 
IN2T1210 
IhCTl220 
1 hDT 1230 
IhCT124O 
IhPT1250 
IhCT1260 
IhDT1270 
I hD T 1 2 8 0 
I F.I?T 129 0 



160 60 T O  8 
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INDT1360 
I hCTl37 0 
INDT1380 
IhDT1390 
IN971400 
XNDT1410 
INDTl420 
INDT1430 

I hDTI45O 
XNDT1460 
INDT1470 
INOT1480 
INCTI490 
I NOT 150 0 
IKDT1510 
IN071520 

I h3T 14 4 0 

I hnTl530 
, IhDTlS4O 

I f x 2  T155 0 
1 hDT 156 0 
I NOT 1 57 0 
INGTl58O 
INDT1590 
IN071600 
INDT16,10 
INCTl620 
INDT1630 
XNDT1640 
INDTi650 
INOT1660 
IN071670 
INDT168O 
I NOT 1690 
IhOT1700 
I hOT 17 1 0  
IXDT1720 
I N DT i 7 3 0 
INDT1740 
INDT1750 
INDT1760 
IIQT1770 
INDT1769 
INCT1790 
INDT1800 
INDT1810 
IhDT1820 
INDT1830 
INDT 1840 
IhOT1850 
INDT1860 
INDT1670 
IhDT1860 
INDT1890 
INDT1900 
INDTLSlO 
INDT1920 
IN3T1930 
I NDT 194 0 
INCT1950 



170 GO TO 8 
180 GO T O  8 
190 GO TO 8 
200 t7ETURN 

END 

I N D T 1 5 6 0  
INOT 1970 
INDT 198 0 
INDT1990 
I NOT20 00 



SUBROUTINE INTAG 
COMMON /iNTGRL/ DCOMPtTvT2tX(lO)tPH(lOt4U)tGX(TO)tDPH 10v40) t C CMM 0 0 1 0 

COVM0020 
CETA t COVP0030 
10) t~~~~ C O ~ ~ M O O ~ O  
PAXP(3t30)i 
SBET * 

7 
8 
9 
A 
6 
C 
L; 
L 
F 
G 

INTEGER OUTtFITvSTATEtSCRACHvPQR 
COMMON /TAPCNO/ INtOUTtFITvSTATEtSCRACHtPOR 
COMI/.ON /ATMCON /ABETtAGAMtAMOtAPOtARvASUtATM(4)tHB(23)*ISVtJK 

COMMON /EXTRA / GO 
A tPU(23) rRL(23) vTMU(23) 

2 LRK = 4 
6 CALL RKUTTA 

IFCLHK-2) 8 
8 CALL DATAB 

CALL MOTION 
iF (NPC (1) -1 

URITE(STATE 
TSAVZT 
GO TO 6 

12 CALL FXXU 

10 IF(DCOKP.GE 

lot99 

12vbt 12 

TvX 
U..OR.NPC(~O).EQ.O.OR.TIEQ.TSAV) GO TO 6 

COMMO050 
COVKDG60 
C OMK 0 0 7 0 
COMMOG83 
c 0:) M 0 0 9 0 
COE”M0100 
C G M W 0 1 1 0  
COMMOl2O 
COMM0130 
COVM0140 
C OMM 0 i 5 0 
COY I? 0 16 0 
C 0,MM 0 17 0 
COMf40160 
C O V M  0 19 0 
c OPM 02 0 0 
CO~M0210 
c OMM 0 2 2 0 
c o:.: M 0 2 3 0 
C 0 !/ b! 0 2 4 0 
C OV M 0 2 5 G 
C Ob“M 0 2 6 0 
COb‘M0270 
COKMC280 
C Ob< M 0 2 9 0 
CGWV,0300 
cO:.!Mo 3 1 0 
COVK032C 
CCFIV C 33 0 
COPP0240 
COVM0350 
CONM0360 
C OIJK 0 3 7 0 
COe’M036O 
C O V M 0 3 9 0  
C 0 P4!4 0 4 0 0 
CO t4W 0 4 1 0 
C O V K  0 4 2 0 
C OVP8 0 4 3 0 
iNTG0010 
I NT G 3 0 2 0 
INTG0030 
INTGOO4O 
INTG0050 
iNTG0060 
INTGO 070 
INTG0090 
INTG0095 
INTGOlOO 
INTGO 11 0 
IhTGOL20 
INTGO 130 

INTGOlSO 
I NT G 0 1 4 0 

: 



13 CONTINUE 
SUM = 0. 
SUM2= 0. 
GO TO 15 

14 SUM = Fl(ItJ) 
SUM2= F31ItJ) 

15 DO 16 K=lt10 
16 SUM2 = SUM2 + F3(ItK)*PH(KtJ) 

DPH(I+6rJ) = SUM2 
DO 18 K=lt10 

DPH(I#J) = SUM 

00 20 K=1t5 
20 SUM SUM + FE(ItK)*PH(KtJ) 

DPH(I+3vJ) = SUM 
22 CONTINUE 

GO TO 6 
99 RETURN 

END 

IF(I.EQ.4) GO TO 22 

18 SUM = SUM * FliitK;;pH:Kid! 
SUM = 0. 

INTG0160 
INTGO170 
I tdT G 0 18 0 
INTG0190 
INTG0200 
INTG0210 
IIJTG0220 
INTGOL30 
INTG0240 
I NT G 0 2 5 0 
INTG0260 
INTG0270 
INTGOZdO 
iNTG0290 
INTG0300 
I h T G 0 3 1 0  
INTG0320 
INTG0330 
INTG0340 
INTG0350 
INTG0360 

. 
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cj tTZERO rXJ2 t XKU 
H tXYCG(20) tXZCG(2O) 
INTEGER CUTtFIT*STATEtSCRAChtPQR 
COMMON /TAPthO/ IhtOUT*FITtSTATE,SCK~C~tPQR 
COMKON /ATKCON /ABET~AGAMtAMOtAPCitARtASUvATM(4)ti+B(23)tISVtJK 

COYXG010 
COMV 0 0 2 0 
COMM0030 
C 0 MM 0 C 4  0 
COMK0050 
C Oi4M 0 0 6 0 
COMM0070 
COMM 0 080 
CO NMO 0 9 0 
c OY,M 0 10 0 
c ovr.!o 1 1 o 
c OMS! 0 12 0 
COMM 0 130 
C OM M 0 14 0 
COMM0150 
COMMOlhO 
C OM V 0 17 0 
C 0 P<.K 0 i 8 0 
c 0 : d M  0 19 c 
COi4 M 02 0 D 
CO:*!!J C21C 
C OMXG 22  0 

I_- 

COKMG230 
CG ‘4 M C  24 0 
COMiv0250 
COY, M 0 2 6 0 
COL.1M0270 
COKM0260 
COVM0290 
COYP(0300 
COPP C 3 L 0 
COM‘dC320 
COtJu033C 
C OM M 0 3 4 0 
COtJM0350 
COMM0360 
c OM $1 0 3 7 0 
COF”M0380 
COPM033C 
COMI, 0 4 0 0 
COMMO410 
COtJtJ0420 

MINVG010 
MINV0020 
MINV0030 
MINV0040 
MINV0050 
MINV0060 
YINV0070 
MIKVCOBO 
MINV0090 
MIhVOlOO 
MINVO-10 
b’INVc120 
MihV0130 
MIRV0140 
MINV0150 

C 0 MM 0 4 3 0 

a 
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IF(L.GT.MT) GO TO 6 
LiO 4 K=LnMT 

4 SUM = SUM+P(InK)*G(JtK) 
6 DUB(InJ) = SUM 

C-------------CALCULATE EQ.(54F) ........................... 
00 10 IZKARnKOB 

DO 6 K=LTnMT 

10 0UB(ItJ+6) = SUM 
12 DUE(JtJ+6) = DUB(JtJ+6)+SI(J)**2 

IF(NPV) 36n36t14 
14 CONTINUE 

DO 15 I=lnNPV 

DO 20 JzKARnKGB 
DO 17 I=lnNSTX 
SUM= 0. 
DO 16 K=lnNPV 

OUB(ItJ+3) 2 SUM 

00 16 I=lnNPV 

SUM = 0, 

8 SUM = SUM+G(InK)*DUB(KnJ) 

15 CVZ(1OtI) = 0. 

16 SUM= SUM+CVZ(InK)*H(J,K) 

17 DUB(1nJ) = DUM(InJ)+SUM 
18 DUB(I+12nJ+6) = S(I)*H(J#I) 
20 CONTIhUE 

DO 26 JSKARnKGB 
00 24 I=KARnKOB 
SUM = 0. 
SUM2= 0. 
00 22 K=LTtMT 

DO 23 K=lnNPV 

DUS(J+3,1+6) = SUM 

22 SUM = SUM + DUB(KnJ+J)*G(InK) 

23 SUM2= SLIME+ H(InK)*DUB(K+lEnJ+6) 

24 OUB(I+bnJ+6) = SUM + SUM2 
26 COEUTINUE 

DO 34 JzKARnKOB 
DO 26 IZKARtKCB 

00 32 I=lnNPV 

00 30 K=LTnMT 
30 SUM = SUM + G(JtK)*CVZ(KnI) 
32 DUB(InJ+9) = SUM 
34 CONTIhU€ 

28 UUB(InJ+6) = LUB(ItJ+6) + Dua(X+3tJ+6) + DUB(I+6,J+6) 

SUM = 0. 

36 CONTINUL 
IF (KAH'KCB) 37 P 46n 37 

00 39 JzKARnKOB , 
00 3B IzKARnKCB 

37 CONTINUE 

38 DUB(I+gtJ+6) = 0.  
39 DUU(J+gtJ+6) = 1. 

L = hOO-1 
00 42 IZKARnL 
M = I+1 
SUM = DUtr(lnI+6) 
UO 42 JZKARvKOB 
UUE(1 tJ+6) = DUU(L nJ+6)/SUM 
DUB(1+9nJ+6) = OUb(1+9nJ+6)/SUM 
DO 42 KZMnKOU 

MI N V G  16 0 
M I hY0 1 7 0 
MINVO180 
MI PJVO 190 
MINV0200 
MI FJV 02 IO 
MINV0220 
M IN V 0 2 3 0 
MI NV 0240 
MIhV0250 
MINV0260 
MINV0270 
MINV0280 
W I NVO 290 
K I F<V 0 3 0 0 
MINV0310 
MI IZV 0 32 0 
MINV0330 
Mi N V  0 3 4 0 
MI NV 0 3 5 0 
MI NV 0 36 0 
MINV0370 I_ 

MIKv03aO 
WINV0390 
M LNV04 0 0 

MINVO420 
MIRV0430 KINV0440 

FEINV0450 
IJ: I NV 0 4 6 0 
MINVO470 
iM I N V 0 4 8 0 
MINVO490 
MI NV050 0 
MINV0510 
MIhiV0520 
M INVO53O 
MINVO540 
M I r4V 055 0 
MItiV0560 
MINV0570 
MINV0560 
MI IdVO 59 0 
MI W 0 6 0 0  
MINV0610 
MI rJv 0 b 2  0 
MIhV0630 
MI NV 064 0 
MINV0650 
M I L V 0 6 6 0  
M I r< V 0 67 0 
VIkV0~80 
MINV0690 
MINV0700 
M INV07 10 
MIhV0720 
MINV0730 
MINV0740 
MINV0750 

MI NV 0 4  IO 
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G J  
4 ;  
42 

44 

45 

46 
48 

56 

57 

58 
60 

62 
64 
66 

67 

68 
70 
72 
74 
75 
60 
82 

MI NV 07 6 0 
t.1 I N V 0 77 C 
M I N V C I ~ ~ O  
MI F:V 0 79 0 
M 1 :lV O &  0 C 
rJ I NVO a i  0 
M 1 f,V 0 8 2 0 
MINVGa30 
MINV06QO 
M It.VO850 
Mi NV 0 86 0 
MZNVOE70 
MINVOE80 
MI N V 0 89 0 
!‘INVC90@ 
MINV0910 
MINV0520 
MiNV0930 
MIhV0940 
MINV0950 
MIIUV0969 

‘ MIhV&S70 
MIhVOSaO 
MINVO590 
M:hVlG00 
MIKVlG10 
PINV1023 
Irr 1 NV 10 3 3 
MINVlO4C 
MINV1050 
MIRV1060 
b’INV1070 

V I  hV159 C 
tJ I F.V 1 i 0 0 
MihVlliO 
MINV1120 
MINVl132 
VIhV1140 
MIhV1153 
MI PIV 1 16 s 
MINVlL70 
P IN v 1 1 i c 
MiNV1193 
MINV1200 
E* I. hi’ 12 IO 
MINV1220 
M I NV 12 3 0 
MINV 1240 
MINV1250 
PiNV1260 
Y I XV 127 0 
MINV1280 
MIhV1290 
W I F.V 13 0 0 

VINV1320 
MIhV1330 
b’INV1340 
b”IhV1350 

Mi tu’J 10 8 0 

MIhVl3lO 
r 



104 DO 106 I=l@KSS 

106 CALL STAT 
108 P ( 8 ~ 7 )  = P(7vii 

P(9,7) r: P(7r9 
P(9,8) = P(889 
00 110 1=1,9 
SUM = P(1,7)*X 

110 P(IaL0) =-SUM/ 

MTYP = N S S ~ I )  



i 

c ow4 0 0 13 
c 0 MM 0 0 2 0 
COXM0030 
C 0 M M 0 0 4 0 
COMY0050 
COMM0050 
COMM007G 
COM M 0 0 E 0 
COXM0090 
COMMOi 00 
c 0,YM 0 1 1 0 
COMMOl20 
COMi.10130 
c OM K 0 14 0 
C OMM 0 15 0 
COMWOlljO 
CCMMC170 
CCUL:? : 5,; 
. - v , b , : : C . ’  ,- . - _  . _ _ .  

~ . * O s .  -. . - _  . - , ~  -. --.. .. ., 
c tr. 1* ; 5 2 ;  
CCVM0230 
c OKV, s 2k 0 
COMM0250 
COM4v026 0 
C 0 ,!4 M 0 2 7 0 
C Ob! M 0 2 9 0 
C 0 b’ ht 3 2 9 0 
COYtJ0303 
coY!Jc’:C 
COP’MC320 
c OYM 0 J 3 0 
COk’MG340 
C 0 YV, 0 3 5 0 
CO KM 0 36 0 
C OMM 0 37 0 
C OMM 0 36 0 
COKP.0350 
CO!”H0400 
COVM0410 
COMMO42O 

MOTNOO 10 
MOTNO020 
MOTN0030 
MOTN0040 
MOTNO 0 5 0 
MOTN0060 
MOTN0070 
MOTNOOaO 
MOTNO 09 0 
MOTNO100 
MOTNOllO 
MOTNOlZO 
MOTN0130 
MOThiOlriO 
MOTNO150 

c0:cv. a 4 3 o 
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. 
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MOTNO760 
YOTN0770 
MGTN07aO 
MOTNO750 
MOTluOd00 
MOTNO810 
MOTNO820 
MOTNO830 
MOTNOBI(0 
MOTN0850 
YOTN0860 
MG T lu 00 7 0 

. 

. 



TRAN 
TRAN 
TRAN 
AP(1 
AP(2 
AP(3 
AP(4 

16 CONT 
IF (L 

*TPH 

99 

MOT i J  13 6 0 
MOT! i 1 3 7 0 
M O T  i.: 13 0 0 
MO rtl1350 
KOTN1400 
MOTNL4lO 
MOT N I. 4 2 0 

VOTNl440 

M OTN 1 4 6 0 
MOTN 1 b 7 0 
M0Ti.i i 42 3 
WOTf41490 
E ? O Y N 1 5 C  0 

M o .r lu 1 4 3 o 

MOT rd I 4 5 o 

M O T  t%! 15 i 0 
t40T i'i 15 2 0 
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E Q U I V A L E N C E  
I \  
0 
IJ 
C 
H 
5 
T 
U 
V 
W 

C O  W M  0 0 1 0 
c 0 MM 0 0 2 0 
C O M M 0 0 3 0  
COMMO 040 
C O M M 0 0 5 0  
C O M M 0 0 6 0  
C O M M 0 0 7 0  
C O M M 0 0 8 0  
C O M M O 0 9 0  
COMMOlO 0 
C O M M O 1 1 0  
COMMOi.20 
C 0 MM 0 13 0 
COMMO l ’ i C  
C O K M O  15 0 
C OiJM 0 16 0 
COMM 0 17 5 
COMfdO 12 0 
C O K M O l 9 5  
CO:4M 0 2 0 0 
C O K Y , O 2 I O  
C O K M O 2 2 0  
C O M M 0 2 3 0  
C O M M O 2 4 0  
C C M M 0 2 5 0  
C O K F i O 2 G O  
C O M M 0 2 7 0  
C O K M 0 2 8 C  
C O M M 0 2 9 0  
C O V M 0 3 0 0  
C O M M 0 3 1 0  
C O M M 0 3 2 0  
C O M  M 0 3 3 0 
C O l s M 0 3 4 0  
C O % M 0 3 5 0  
C O K M O  36 0 
C 0 V M 0 37 0 
C 0 K M 0 3 e 0 
C 0 :J,M 0 3 9 0 
C O M M O 4 O O  
C O M M O L l l O  
C 0 MM 0 k 2 0 
C O M M 0 4 3 0  
O B S V O O  10  
0Bsv0020 
O E S V 0 0 3 0  
OBSVO 04 0 
O B S V O O 5 0  
oasvoo6o 
O B S V O O 7 0  
O B S V O O 8 0  
oBsvoo9o 
O B S V O l O C  
OBSVOllO 
O B S V 0 1 2 0  
O B S V 0 1 3 0  
OBSVO 1 4  C 
O B S V O 1 5 0  
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i 

(DPH(7 r20 ) tCDP I t  (DPH(8 t20 ) tCDY I t  OBSV0160 
(DPH(9 r20 )  tCELC ) t  (DPH(10t20) tCGR I t  OBSVO170 
( D P H ( l t 2 1 ) t C L R  t (DPH(2 t21 )  tCTH I t  o ~ s v o i a o  
(DPH(3 t21 ) tSAZC I t  (DPH(4 t21 ) tSDP ) t  OBSVO190 

( D P H ( 9 t 2 1 ) t S T H  OESV0220 
oasv0230  

(DPH(5 t21 ) tSDY ) t  (DPH(6t21)pSELC I t  OBSVO200 
(DPh(7 t21 ) tSGR ) t  ( D P H ( B r 2 l ) r S L R  ) t  OBSVO210 

OBSVO240 
OBSVO250 
OBSVO260 

fOXtOBSV0270 
OBSVO280 
OBSVO290 ___ 
OBSV0300 
OBSV0310 
OBSV 0 320 

OBSVO340 
OBSVO350 
OBSV0;560 
OBSVO370 
OBSV0380 
OBSVO390 
OBSVO4OO 
OBSVO410 
08SV0420 
06SV0430 
OBSVC440 
OBSVO450 
OBSV0460 
CBSVOLt70 
06SV0480 
OBSVO490 
06SVO5CO 

OBSV0520 
06SV0530 
OBSV0540 
OBSVO550 
OBSVO560 
OBSV0570 
OBSVO580 
OBSV0590 
OBSV0600 
OBSVOolO 
OBSVO620 
0 B S V 0 6 3 0 
OESVOo40 

OBSV0660 
OBSVO670 
OBSVO680 
06SV0690 
OBSVO700 
OBSVO7 10 
OBSV0720 
ORSV0730 
OBSV0740 
OBSV0750 

oesv0330  

o a s v o 5 i  o 

O B S V O ~ S O  
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D O  130 I=1t3 

DO 130 J=1,3 
130 DFM(1) = OFM(1) + 

GO TO 18 

GFM(1) = 0. 

C 150 CALCULATE AKR 

OBSV0760 
CBSV0770 

OBSV0790 
oBsVoa00 
OBSV0610 
OBSV0620 
OBSV0830 

OBSV0650 
CBSV0860 
OBSVO87G 
OBSV0880 
OBSVC250 
OBSV0400 
OBSVO910 
OBSV0920 

O B S V O ~ ~ O  

oBsvoaLio 

cBsvoo3O 
OBSV0040 
OBSV0950 
OBSV0960 
OBSVO570 
OBSVO920 
OBSVOc193 
oBsvlooo 

OBSVlC20 
ObSVlO30 
ObSVl O L i O  
G€SV 10 50 
OBSV1060 
OBSV 1070 
oBsv1oBo 
O b S V 1 0 9 0  
065Vll00 
oasv1:io 
OBSVl120 
CBSVl13C 
OBSV114G 
OBSV1:50 
0 6 5 V 1 1 6 C 
OBSV 1179 
ObSV1160 
OBSV1190 
ODSV12GO 
OBSV1210 
OBSV1220 
OBSV1230 
OESV12'40 
OBSV1250 
ORSV1260 
OSSV 127 0 
0bSV1230 
ORSV1290 
ORSV1300 
ORSV 13 10 
OBSV1320 
OBSV1330 
OBSV1340 
OBSVl550 

oasv i o 1 o 

. 
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20 

22 

24 
26 

28 
30 
32 

1002 
34 

36 

KC (I ) = O  
IF(KIU) 22~22r24 
KOBZKAR 
GO TO 26 
KOBZJNEIR 
DO 2& I=KARrKOB 

DATC(I)=DFM(J) 
SI(I)=SP(J) 
NC OU h T = N C O'U N T + 1 
KC(J) = hCOUhT 
IF(NPC(5)) 3 4 ~ 3 2 ~ 3 4  
CONTINUE 
WHITt(OUTr1002) (KC(I)rI= 
F O R M A T ( ~ X ~ I ~ ~ ~ H P I ~ P ~ H , ~ ~ ,  
DO 36 I=leNSTX 
DO 36 J=KARrKOB 

J=LC ( I 1 

G ( J P  I ) = U  

SP 

c a s $4 1 2 6 0 
08 S '4 1 37 0 
Oh s v 1 2 a c 
ObSV1290  
G b S V 1 4 0 0  
O t i S V l 4 1 0  
OBSV1420  
ORSV1430 
O B S V l 4 4 0  
OBS J1450 
ObSV1460 

u a > v l r a O  
O B S V l 4 5 0  
O b S V 1 5 0 0  
GBSV 1 5 1  0 
OBSV1520  
OBSV 1530 
0 E S V 1 5 4 0 
OBSV1550  
OBSV 1 5 6 0  
O i rSV1570  
OBSV 1 5 8 0  
OBSV1590  

OBSV1610  
0 8 5 V 1 0 2 0  
C €3 S 'J i 6 3 0 
ORSVlO40  
O b S V i 6 5 0  
O D S V 1 6 6 0  
ODSV1670 
0 3 S V 1 6 8 3  
O D S L l o 9 0  
Ca;v;:OO 
0 6 S V l 7  1 0  
O b S V i 7 2 0  
CESV1730  
O t S V 1 7 4 0  
OESV1750  
OPSV1760 
C.!SV1770 
c t: s v 1 7 a 0 
C r r 5 V 1 7 9 0  
CFiSVlt300 
C13SV1810 
CRSb:(320 
C R S V l a 3 0  
Cb s v 1 d 4 0 
O R S V l o 5 S  
cbSVldb0 
S b S V 1 6 7 0  
0 5 S V l E 3 0  
ObSV 189 0 
0 6 5 ~ 1 9 0 0  

P 3 1 ObSV 19 1 0 
L?USV1920 
OH<:' 1 Y 3 0 
OHSL l C 4 0  
oijsv 15 5 0 

o ~ s v i 4 7 0  

o a s v i 6 o o  
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OBSV1960 
CCSV1970 
oBsv19eo 
OBSV1990 
09SV20 0 0 
ODSV2010 
OESV2020 
08SV2030 
08SV2040 
GBSV2050 
OBSV2060 
OB S V2 0 7 0 
OSSV2080 
OBSV2090 
OBSV2100 
OBSV2110 
OESV2i20 
OBSV2130 
0 E SV 2 14 0 
OESV2150 
OESV2160 
OBSV217C 
OESV2 16 0 
OBSV2 190 
06SV2200 
o a s v 2 2 2 0  
OESV2220 
OBSV2233 
OBSV2240 

*xs (2 

*XS(2  
xsox ( 

OBSV5263 
OBSV2270 
08SV2230 
OESV2290 
OBSV2300 
OBSV2310 
06SV2325 
06SV2330 
CESV23tO 
OBSV2350 
OBSV235S 
OBSV2370 
GBSV23OC 
OESV234O 
OBSV2Y05 
OBSV2410 
OBSV2420 
OBSV2430 
OBSV2440 
OBSV2450 
06SV2460 
OBSV2470 
OBSV2b63 
oEisv2490 
OBSV2500 
OBSV2510 

OBSV2530 
OBSV2540 
OBSV2550 

0 8 ~ ~ 2 5 2 0  



GZSV2560 
OESV2570 
OCS' !2590 
C 3 5 V 2 E, 9 0 
CB 5 \I 2 6 0 0 
G65V5610 
06 5'4 2 6 2 0 
0 E S V 2 6 3 0 
0 6 S V 2 5 4 0 
OBS"2650 

05 Sb'2 0 7 G 
cg st,! 2 6 a 0 
OBSV2690 
C B S \I 2 7 0 0 
OBSV2710 
OB5V2720 
OES'J2730 

06SV2750 
CB S V2 7 6 0 

os sv 2 5 6 a 

0 a S ?I 2 7 4 0 

o e s v 27 7 o 
OBS\'27bC 

0 B S!, 2 8 0 0 
06SV28fO 
0 6 S V2 8 2 0 

0 B S '! 2 E 4 0 
OBSYi650 
085 V 28 6 0 
0 6SV 2 6 7 0 

oes~2790 

O E S \ J ~ ~ ~ O  



. 

266 

270 
272 

274 
276 

264 

290 

292 

294 
296 
38 

40 
42 

44 

LT=3 
DO 284 I=KAR~KOB 
J=LC (I ) 

GO TO 38 
G(I,LT+J; = 1. 
DO 296 1=1,10 
D O  292 J=1,3 

DO 292 K=1,3 
GG(J)= GG(J)+CI(JtK)*PAXP(KtI) 
L O  294 K=KAR,KOB 
d=LC(K) 
G ( X  8 I )=GG (J) 
CONTiNbE 
CONTINUE 
IF (luSTC) 40840 tY6 
IF(biPV) 99899~42 
I :=1 
IP=1 
dJ=MCC(II) 
GO TO 50 

GG ( d  )=O e 

05SV3 L 60 
OCS V3 i 7 0 
OBSV31AG 
00SV3190 
OBSV32CO 
OBSV3210 
0 as v 3 2 2 0 
08SV3230 
oesv3230 
OBSV3250 
0 0 S V 3 2 6 0 
oasv3270 
ORSV3280 
OB S V 3 2 9 0 
OBSV3300 
OBSV3310 
00SV3320 
00SV3330 
00SV3343 

OBSV3360 
06SV3370 

oasv3353 

00 5 '1 3 3 E 0 
06SV33SO 
CESV3400 
CBSV34LO 
08SV3420 
casv3430 
OESV3440 
05SV3450 
CESV3460 
OSSV3Y70 
OEiSV3480 
OUSV3490 
08SV5500 
06SV35 10 
oasv3520 
05sv353c 
00SV3540 
"Jsv355c 
06SV3560 
casv3570 
09SV3580 
05SV3590 
ORSV3600 
OBSV3610 
0BSV3e20 
c0sv3030 
CBSV3640 
ORSV3650 
OBSV3660 
OBSV3070 
OUSV3eDO 
OBSV3690 
CBSV3700 
05sv371c 
CCSV372C 
ObSV3730 
08SV5740 
OtlSV3750 . 



300 GG(1) = CTM(1 
GO TO 60 

301 GG(2) = CTM(2 
GO TO 60 

302 GG(3) = CTH(3 
GO TO 60 

303 G G ( ~ )  = 1. 
GO TO 60 

GO TO 60 
304 GG(2) = 1. 
305 GG(3) = 1. 

xsc ( 1 
xsc (2 
XSC(3 
GO TO 

354 XSC(1 
XSC(2 
xsc (3 
GO TO 

356 XSC(1 
xsc (2 

= 0. 
=-xs(l)*Vo 
358 
=-XSX(1,3) 
=-xsx(2,3) 
=-xsx(3,3) 
358 
=-CCAPH(LT 
= 0. 

08SV3760 
ORSV3770 
ObSV3780 
CBSV3790 
0BSV3a00 
ORSV3810 
OBSV3620 
o a s v 3 e 3 0  
OBSV3840 
OBSV3250 
OUSV3a60 
ObSV3870 
Ok35V3irBir 
OBSV3d90 
o o s v ~ 9 o o  
ObSV3910 
OBSV3520 
OESV3930 
OBSV3540 
OBSV3450 
ObSV3950 
ObSV397 0 
CBcJV3580 
OBSV399G 
OHSV4000 
OBSV4 0 1 0  
ObSV4C20 
OUSV4030 
OBSV4040 
ObSV4050 
ORSV4060 
ObSV4070 
c L1 s v 4 u R 0 
O t S V 4 0 9 0  
CHC,V4r00 
OBSV4110 
CBSV4120 
ORSV4130 
OBSV4140 
c i l s v 4 1 5 0  
c t3sv4150 
OBSV4170 
CHSV4180 
OHSV4lSO 
OBSV4200 
ObSV42 1 0  
0 8 5  V 4 2 2 0 
OUSV4230 
OOSV4240 
OBSV4250 
OEiSV4260 
OHSV4270 
06SV4280 
OBSV4293 
GBSV4,OO 
OFiSV4310 
dbSV432f i  
CdSV433O 
017s V 4 3 4 0 
ObSV4350 
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GGt1)= GG(1) + C 
GG(Z)= GG(2) + C 
GG(3)= GG(3) + C 
GO TO 60 

DO 350 I=lt3 
EO 365 d=lrhSTC 

365 G ( I # J + ~ O )  = 0. 
DO 390 J=l,NPV 

375 IF(MTYP.EQ.9) GO TO 400 

OaSV4360 
O6SVk310 

OBSV4340 
OBSV4400 
OESV4LIO 
OBSV4420 
OBSV4430 
0 3 5 V 4 4 4 0 
OBSV4450 
OBSV446G 

o~sv43ao 

oasv4470 
oasv44~0 
oasv4493 
OBSV4500 
GBSV4510 
OESV4520 
OBSV453G 
CBSV4540 
OBSV4550 
GBSV4560 
OBSV4570 ~ 

OESV.;C80 . 
C9SVL59C 
GBSV46GO 
OSSV4G 10 
OSSV4630 
GBSVLo30 
OBSV4540 
GSSV4b50 
oasv46oo 
OESV4670 
OBSV40EO 
0 6 S V 4 6 9 0 
06SV4700 
c3sv47:o 
OBSV4720 
OBSV4730 
OBSV'I710 
OBSV4750 
08SV475C 
O5SV477C 
0 €35 '4 4 E '3 i 
OBSV4900 
OBSV49L0 
OBSV4920 
OBSV4930 
OBSV4940 
CBSV4950 
OBSVLS60 
OBSV4970 
05SV4950 
ossv'I9so 
OBS V 5 0 0 0 
OBSV50 1 0  
08SV5G20 
085V5033 
OBSV5040 
OBSV5060 OBSV5050 . 

. 



. 

IF(NPC(l).NE*2) SP(I)=SP(I)+SIG(I,KG) 
82 CONTINUE 
99 CONTINUE 

HE T URN 
END 

OBSV5070 
OBSV5080 
OBSV5090 
OBSV5100 
OBSV5110 



3 ?- t ROE 
4 <-T: PSREF 
5 ! ILJ tTUN(20 
D Vb! 
7 XMAS(20) PXNU 
d XUh(20) tXVW(20 
COMMON /TkICE/ A(3~3 
1 PTPH 

t ROEC t ROEM 
PSXZI t TAU 

10140) t 

t SALP t SBET 
tTMAS(2O) ITONE 

tTVN(20) ~Uri tVA(5) p V B ( 5 )  
tXIND1 tXIIuD2 IXLREF tXM 
t X Q  I XQSM # XRE I XTEMP 
tXZi t YMAS t YMASM 

pCT(5 
APGO 
#DUE 
HI (2 

RES(6) 

COKVO0i0 
c O Y  l', 0 c 2 0 
COMM 0 0 3 0 
C OMM 0 0 4 0 
CONK0050 
COMM0060 
COMM0070 
C0N;KOOBO 
CC l4M 0 0 5 0 
COVMOiOO 
COMKO 11 0 
COKM0120 
CGMV0130 
COMM0140 
COMMO15O 
COKM0160 
COMMOl70 
CGK W 0 16 0 
CO~:MC190 
COi.'I.r0200 
C0,Y M 0 2 1 0 
co RJ 0 2 2 0 
COMM0230 
C C b'1.10 2 4 0 
COMKO250 
COI.'b'0260 
COMM0270 
C OV,M 0 2 8 0 
COlv'V0290 
CCMM0300 
C OKK 0 3 1 0 
C 0 V V. 0 3 2 C 
C OPM 0 3 3 0 
C G M Y 0 3 4 0 
C O K M  0 3 5 0 
COMM0360 
COVV037C 
CGMV0380 
COVMO350 
COWMO40O 
C O K t ~ 0 4 1 0  
COVMO420 
COVM0430 
OilTPOCilO 
OUTP0020 
OUTP0030 
GUTP 0 0 4 0 
GUTP0050 
OUTP0060 
OUTP0070 
OUTP0080 
OUTPOO90 
OUTPO 100 
0L;TPOllO 
OUTPOl2O 
OUTP0130 
OUTPOi4O 
OUTPJ 150 



SP 
vo 
vo 
vo 
vo 
20 
ST 
CT 

vu 

/CONRD 
ICONRD 

OUTP0160 
OUT? 0 1 7  0 
OUTPO 160 
OUTP0190 
OUTP0200 
OUTP0210 
OUTPOEEO 
OUTP023U 
OUTPO240 
CUTP3250 
OUTPOZ60 
OUTP0270 
uv I r U L Y U  

OUTP0290 
OUTP0300 

h l , - " n ? o n  

169 



GUB 
DUY 
CUB 
SP ( 
3U8 
DUB 
DUB 
DUB 

7 )  * A  ( 1  e2 

0 )  * A  (1 P2 

* x  (10 
* X (  7 
*X( 6 

*vo 
*vo 
*vo 

OUTf.0760 
CilTP0770 
OUTPO780 
OUTP0790 
OUTPO600 
OUTPO&lO 
OUTP0820 
GUTP0630 
OUTPO640 
OUTP0950 
OUTP0660 
OUTP0670 
OUTP0680 
OUTPO890 
OUTP0905 
OUTP091S 
ObTP0920 
OUTP0530 
ObTPC940 
OCiTP0950 
CUTPO96C 
OCi??0970 
OUTPG96t 
OUTP0993 
OUTP10 G 0 
O C i T P i O l O  
OUTP1020 
OUYP 1 c 30 
CU7PlOi t r  
OciTPl050 
OUTP1060 
OUT? 1070 
OUTPlO8O 
OUTPl090 
GUTPl10 0 
OUT?1110 
OUTPli20 
OUTPl I30 
OUTPll40 
OUTP1150 
O U T P l l b 0  
OUTPll70 
OUTPl180 
OliTP1190 
OUTP1200 
CUTP12lO 
OUTP1220 
OUTP1230 
OUTP1240 
OUTP125 0 
OUTP 126 0 
OUTPl270 
OUTP1250 
OUTP1290 
OCiTP1300 
OUTP13lO 
OUTP1320 
OUTP1330 
OCiTP1340 
OUTPl350 

190 

. 



. 

OUTPl360 
OUTP1370 
OUTP 1360 
OUTPl39O 
OUTP1400 
OUTPlGlO 
OUTP1420 
OUTPl430 
OUTPl440 
OUTP 1450 
OUTPl460 
OUTPlk70 
OUTP148O 
OUTP1490 
OUTP1500 
OUTPlS10 
OUTP1520 
OUTP1530 
OUTP1540 
OUTP1550 
OUTP1560 
OUTP1570 
OUTP15aO 
OUTP1590 
OUTP1600 
OUTP16lO 
OUTP1620 
OUTP1630 

7)-SP(6)*X(lO)OUTP1640 
OUTP1650 

8)+SP(6)*X( 9)OUTP1660 
CUTP1670 

9)+SP(6)*X( 8)OUTP1680 
OUTP1690 

9)+SP(5)*X(lO)-SP(6)*X( 7)CUTP1700 
OUTP1710 
OUTP1720 
OUTP1730 
OUTP1740 
OUTP1750 
OUTP1760 
OUTP1770 
OUTP1780 
OUTP1790 
OUTPla00 
CUTP18 10 
OUTP1820 
OUTP1830 
OUTP18qO 
O U T P l e 5 0  
OUTP1860 
OUTP1870 
OUTPlCiSO 
OUTP1890 
OUTP1900 
OUTP1910 
OUTP1920 
CUTP1930 
OUTP194O 
OUTP1950 

191 

. 



OUTPlYGO 
OUTP1970 
OUTP1980 
OUTPIS90 
OtiYP20 0 0  
OUTP2010 
OUTP2020 
OUTP2530 
OUTP2040 
OUTP2050 
OUTP2063 
OUTP2070 
OUTP2080 
OUTP2090 
OUTP2100 
OUTP21lO 
OU7P2120 
OUTP2130 
OUTP2140 
OUTP215C 
OUTP2ICO 
Ot iTP2170 
OUTP2130 
OCi?P2190 
OUTP2200 
OCiTP2210 
OUTP2220 
OUTP2230 
OUTP2240 
OUTP2250 
OUTP2260 
OUTP2270 
OUTP2280 
OUTP2290 
Ol~TP23Ci0 
OUTP2310 
ObTP2320 
OUTP2330 
OUTP2340 
OUTP2350 
OUTP2360 
OUTP2370 
OUTP2380 
OUTP2390 
OUTP2400 
OUTP2.rlO 
OUTP2420 
OCiTP2430 
OUTP2440 
OUTP2450 
OUTi'2460 
OUTP2470 
OUTP2480 

1 0 3 0  FORNkT(26H ****NEGATIVE VARIANCE ON 13031HRD TRANSFORMED VARiABLEvOUTP2490 
A S I G b t A ( 1 3 * 1 H t I 3 ~ 4 H )  = E15.8) OUTP2500 

GO TO 40 OUTP2510 
33 VO(I)=SQHT(P( K ~ I ) )  Ot iTP2520 
4 0  COF!TINIIE OUTP2530 

IF(NSTCeGT.U) GO TO 5 0  OUTP2540 
WRITE(OUT,1032) ( I t V O ( 1 ) 0 I = l t i d T )  OUTP2550 . 



41 IF(DCOMPeGT.0) RETURN 
42 WRITE(GUTtl033) 

DO 43 I=1tF1? 
1033 FORMAT(4lH CObARIANCE MATRIX P (UPPER TRIANGLE ONLY) 

43 WRITE(OUT,1034) (P(I+LT,J)tJ=l,I) 
1034 FORMAT(X,12€10.3) 

IFCNPU) 44*44,250 
44 IF(NPV) 46~46,300 
46 CONTINUE 
99 RETURN 

250 IF(LT) 256,252,256 
252 DO 254 X=l,NSTX 

DO 254 J=l,NPb 
254 DUB(I,J+6)=CUZ(ItJ) 

GO-TO 266 

00 262 d=l,NPU 

OUB(I+~PJ+~)=O 
DO 258 K = 1 , 5  

258 OUB(I~J+6)=DbB 
DO 260 K=lvlO 

260 DUB(X+btJ+6)=D 
262 DUB(I+3vJ+6)=C 

256 DO 262 I=lt3 

DUB(I,J+6)=0. 

I,J+6)+DUB 

B(I+6tJ+6) 
Z (I+3, J) 

00 264 I=l,NSTC 
DO 264 J=l,NPb 

264 DUB(I+9,J+6)=CUZ(I+lO,J) 
266 URITE(OUTt1035) 

MTZNSTX-LT 
00 268 J=l,NPLI 

GO TO 44 

1035 FORMAT(34H CORRELATION MATRIX (CU2)TRANSPOSE) 

268 WRITL(OUTt1034) (DUE(IIJ+~)~I=~,MT) 

300 IFCLT) 306t3029306 
302 DO 304 I=l*NSTX 

DO 304 J=ltIuPV 
304 DUB(I,J+b)=CVZ(I,J) 

GO TO 316 
306 DO 312 I=1,3 

DO 312 J=1*NPV 

DUB(1+6tJ+6)=0. 
00 308 K = l r ! ~  

DO 310 K = 1 , 1 0  

OUB(I,J+6)=0. 

308 DUB( I tJ+6)=OUb(X,J+6)+DUB(K, I ) *cVZ(K,J )  

310 OUB(I+~,J+~)=GUB(I+O~J+~)+DUU(K,~+~)*CVZ(K*J) 
312 OUE(I+3,J+6)=CVZ(I+3,J) 

00 314 I=l*NSTC 
00 314 J=l,r\lPV 

314 UUB(1+9rJ+6)=CVZ(I+lO,J) 
316 dRITE(OUTtlU36) 
1036 FOHMAT(34H CORRELATION MATRIX (CVZ)TRANSPOSE) 

OUTP2560 
OUTP2570 
CUTP2580 
OUTP2590 
OUTP2600 
OUTP2610 
OUTP2620 
OUTP2630 
OUTP2640 

OCiTP2660 
OUTP2670 
OUTP2680 
OUTP2690 
OUT P27 0 0 
OUTP2710 
OUTP2720 
OUTP2730 
OUTP2740 
OUTP2750 
OUTP2760 
OUTP2770 
CUSP2780 
OUTP2750 
OUTP2a00 
O'iTP2810 
ObTPZ820 
OUTP2630 
OUTP2B40 
OUTP2650 
OUTP2860 
nl:TP ? 8  7 0 
ci l!.i? i 2 3 0 
C.l i-,*F'2 i: 9 5 
OUT?.?900 
C!jTPI 4 ro 
0 u 5 ,'2 9 2 0 
OUTo29i0 
Oi,SP2940 
ocJ rp245o 
C L T ?  3 'j 5 0 
OU !'PTS'/G 
OOT P2 9 A 0 
OUTP2990 
OUTP3 0 0 0 
CUTP3Ul3 
OUTPJOEO 
OUTP3030 
OUTP3040 
OUTP3050 
OUTP3060 
OUTP3079 
OLITPSOaD 
OUTP3090 
OClTP310 0 
OUTP3llO 
OUTP3120 
OUTP3130 
OUTP3140 
9UTP3150 

OUTP5b50 
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MT=NSiX-LT 
DO 318 JZithPV 

318 WRiTE(OUTt1034) (DUB(I*J+6) *I=l#MT) 
GO TO 46 
END 

i94 

OUTP3160 
OUTP3170 
OUTP3180 
OUTP3190 
OUTP3200 

. 

. 

. 



. 

SUBROUTINL PRESET 
COMMOh /INTGRL/ D C ~ M P ~ T ~ T 2 t X ~ 1 O ~ r P H ~ l O r 4 O ~ t D X ~ l O ~ t D P H ~ l O * 4 O ~ r  CO WM 0 0 1 0 

COMMON /MOO1/ ALPHpAS tBETA*CA(6)tCALP t CBET t CETA t COYYO030 
1 CF(3)tJCS tCXZI t O A D X ( 2 t 1 0 ) t D C D Y ( 3 t 4 ) , D E R I V ( 3 ~ l O ~ t D R D H  t COVM0040 

* NALLrLRh COPt.40020 

3 Pt: t ROE 
4 SETA t SREF 
3 TTWO t TUW (20 
b V W  
7 XMAS(20) tXNU 
8 XUW(2O) tXVW(20) 
COMMON /TWICE/ A(3~3) 

1 tTPH tVO(20) 
L rB(8) t CGK (3) 

t ROEC 
f 5x21 
t TVW (20) 
tXIND1 
t XQ 
tXZ1 

? CPH 
rZO(20) 
t DFM (3) 

rROEM 
r TAU 
ruw 
tXIND2 
I XQSM 
tYKAS 
tCT(5) 
tAG(3) 
t DTRAN 

t SALP r SBET 
tTMAS(20) ,TONE 
tVA(5) tVB(5) 
IXLREF tXM 
t XRE t XTEMP 
t Y#ASM 
rSP(10) tST(5 
tAMDOT(3) rAPDO 

COVM0060 
COXMOO70 
COMM0080 
COIJM0090 
COMMOlOO 
C 3MK 0 1 10 
COMM0120 
COMMO13O 
COMMOl4O 
COVM0150 
COVM0160 
COPM0170 
COKM0180 
COHM0190 
CGVM0200 
COMM0210 
COHM0220 
COMM0230 
COMM0240 
C 0 ,V K 0 2 5 0 
COMM0260 
COMM0270 
COKM0280 
COMM0290 
COVM0300 
COMM03 10 
COPM0320 
C 0 ?4K 0 3 3 0 
C 0 I"M 0 3 4 0 
COPM0350 
COKM0360 
COMM0370 
C 0 h'M 0 3 8 0 
COI!M0390 
COVM0400 
COMMO410 
COMM0420 
C 0 V M 0 4 3 0 
PHESO 0 10  
PiiES0020 
PRES0030 
PRES0040 
PRES0050 
PRES0060 
PRES0070 
PRES0080 
PRES0090 
PRES0100 
PRES0110 
PRES0120 
PRES0130 
PRES0140 
PRES0150 

195 

. 



c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

$ 0 )  = 1. 
44) = l o  
611 = 1. 
65) = 1. 
69) = l r  
76) = 1. 
77) = 1. 
78) = 1. 
91) = I. 
92) = 1. 
93) = 1. 
106) = :e 

107) = 1. 
106) = 1. 
i21) = 1. 
122) = 1. 
123) = 1. 

C(136) = 1. 
C(137) = 1. 
C(138) = 1. 
CON23 = ,0174532925 
XJ2 = 1.082WSE-3 
XMU = 3*985992E+14 
OMEGA = e7292116E-4 
RPO = 6356173. 
REO = 6378163. 
NCOUhT = 0 
ICCUhT = 1 
KSATAS = -1 
NST = 0 
NSTX = 0 
IUSTC = 0 
NSTA = 0 
NPU = 0 
NPV = 0 
FIT = 1 
PQR = 2 
SCRACH = 3 
STATE = 4 
IN = 5 
OUT = 6 
ISV = 1 
N4il) = 0 
k4(2) = 1 
IU4(3) = u 
hS(1) = 0 
h5(2) = 1 
h 5 ( 3 )  = 0 
h6(l) = 0 
h6(2) = 1 
N6(3) = 0 
k t ) ( l )  = 0 
i Y B ( 2 )  = 1 

PRES0150 
PRES0170 
PRES0180 
PRES0150 
PRES0200 
PRES0210 
PRES0220 
PRES0230 
PRES0240 
PRES0250 
PRES0260 
PRES0270 
PRES0280 
PRES0290 
PRES 0 30 0 
PRES0310 
PRES0320 
PRESC330 
PRES 0 31; 0 
PRES0350  
FF(ES0360 

' PRESG370 

PRES0390 
PRES0400 
PRES0410 
PRES0420 
PRES0430 
PRES0440 
PRES0450 
PRES0460 
PRCSO470 
PRES O ~ 8 0  
PRES0490 
PRES0530 
PRES0510 
PRES0520 
PRESC53G 
PiiES0540 
PRES0550 
PRES0550 
PRES0573 
PRES0580 
PRES0590 
PRES0600 

P R L S O ~ ~ O  

PHES06 10 
PRES0020 
PRESOb3O 
PRES0040 
PRESOb5O 
PRES0660 
PRES0670 
PRESOoBO 
PRES0090 
PRES07 0 0 
PRES0710 
PRES0720 
PRES0730 
PHES0740 
PRES0750 



h B ( 3 )  = 0 
1\19(1) = 0 
h 9 ( 2 )  2 1 
N9(3) = 0 
l U l O ( 1  = 0 
hIO(2 = 1 
klO(3 = 0 
N11(1 = 0 
Nll(2) = 1 
Nll(3) = 0 
DO 200 1=1r9 
DFIT(1) = 1mE10 
DTI(1) = 1.E10 
T I M E  = l.E+10 
A M 0  = 28.9644 
APO = 3,033250E5 
A R  = 6r31432E3 
AGAM = 1.4 
ABET = 1.458E-6 
ASU= 110.4 
GO=9*60665 
CALL INOAT 
CALL SETUP 

99 RETURN 
END 

200 NTR(1) = 0 
KG = 2 

. 



SUYROUTiluE PROP 
COM.M0010 COMMON /INTGKL/ D C O ~ P t T t T 2 t X ~ l O ~ t P H ~ 1 0 , 4 0 ) , D X ~ 1 0 ) , D P H ~ l O t 4 ~ ~ t  * NALLtLRK CO!.4MC020 

COMMON /MODl/ ALPHtAS tBETAtCA(6)tCALP t CBET t CETA t COMK0030 
1 CF(3ltJCS tCXZ1 ~ D A O X ( ~ , ~ O ) P D C D Y ( ~ ~ ~ ) ~ D E R I V ( ~ ~ ~ O ) ~ D R D H  t COMMOOYO 
2 DRDPrDWDH(2)tETAtHOtN4(3) tk5(3) tN6(3) tPAXP(3t30)r COKM0050 
3 PE t ROE t ROEC t ROEM t SALP ,saET t C 0 M M 0 0 6 0 

CCMM0070 
COMM0080 
CGKM0090 
COb!:MO 1 0 0  
COMMO 11 0 
COMMO12O 
C O W  0 13 C 
c O!<K 0 1 r, 0 
COMMO150 
COM,WO160 
C 0 M % 0 17 0 

COV M 0 19 0 
C0GI.r; 0 2 0 9 
CG)rMO21C 
CowM0220 
COMM0230 
COMMOZSO 
c 0 M K  0 2 5 0 
COKK0260 
C 0 MY, 0 27 0 
co M :4 0 2 E 0 
COMMO~SC 
COb!M0300 
C 0 X b', 0 3 1 0 

COMM 0 33 3 
CORM0340 
COMM0350 
CO MM 0 36 0 
COMM0370 
C Ob!M 0 3 8 0 
C 0 f 4 M  0 3 9 3 
COMWOi;OO 
COMM 0 4 10 
COKM042O 
cow.\ o ii 3 o 
PROP0013 
PROP0020 
PROP0030 
PROP0040 
PROPC050 
PROP0063 
PROP0070 
PROP0080 
PROP0050 
PROP0 100 
PRCPOl 10 
PROP0120 
PROP0130 
PHOPOliiO 
PROP0150 

c o :i M o 1 a c 

C 0 VIM 0 3 2 0 

198 



20 00 25 J=ltNPU 
DO 24 I=ltlO 

00 22 K=ltNSTX 
SUM = SUM + PH(ItK)* 

OUB(1tJ) = SUM 

00 25 I=lt10 

SUM = 0 .  

22 CONTINUE 

24 DUB(It15) = SUM + PH 

25 CUZ(1pJ) = DUB(Xt15) 
26 CONTINUE 
30 UO 34 1=1t10 

DO 34 J=ItlO 

UO 32 KzltNPU 
SUM = 0 .  

UZ(KtJ) 

I t J+NSTX 

PROP0160 
PROP0170 
PROP0180 
mopalga 
PRoPoeao - 
PROP0210 
PROP0220 
PROP0230 
PROP0240 
PROP0250 
PROP0260 
PROP0270 
PROP0280 
PROP0290 
PROP0300 
PROP0310 
PROP0320 
PROP0330 
PROP0340 
PROP0350 
PROP0360 
PROP0370 
PROP 0 38 0 
PROP0 39 0 
PROP0400 
PROP0410 
PROP0420 
PROP0430 
PROP0440 
PROP0450 
PROP0460 
PROP0470 
PROP0480 
PROP0490 
PROP0500 
PROP0510 
PROP0520 ' 
PROP0530 
PROP0540 
PROP0550 
PROP0560 
PROP0570 
PROP0580 
PROP0590 
PROP0600 
PROP0610 
PROP0620 
PROP0630 
PROP0640 
PROP0650 
PROP0660 
PROP0670 
PROP0680 
PROP0690 
PROP0700 
PROP0710 
PROP0720 
PROP0730 
PROP0740 
PROP0750 

199 



END 

200 

. 
PiiOP0760 
PROP0770 
PROP0780 
PROP0790 
PROP0 & 0 0 
PROP08 IO 



22 
20 

26 
29 
30 
31 

310 

33 
32 

3 2 9  
35 

34 

J = l  
T2 = TP - T 
H:~=T~/P 
IF(RT2-.99999)22#26,29 
IF(RT2*GT..O0001) GO TO 26 
L=3 
RETURN 

340 Fl(I)=Fl(I)+DY(I)*DT 
37 DO 39 I = 1 t N  

OELY(I)=F1(1)/6.+CELY(I) 
39 Y(I)=FE(I)+DELY(I) 

IC 1 
HETURN 

IG = 1 
J = 1  
00 40 I = l t h  
DELY(1) = O e C U  

4 UT=P 

40 F2(I)=Y(I) 
3 8 L = 1  

RETURN ' 

END 



3 PE t ROE 
4 SETA P SREF 
5 TTWO t TUW (20 
0 vw 
7 XMAS(20) tXNU 
8 XUL(2O) tXVW(20) 
COMMON /TWICE/ A(3t3) 
1 tTPH tVO(20) 
2 t B ( 8 )  I C Gt4 ( 3 ) 

t ROEC 
* sxz I 
t TVW (20) 
tXIN31 
* XQ 
tXZ1 
tcpn 
rZO(20) 
*DFM( 3) 

COKWON /TAPEFIo/ I N ~ O U T I F I T ~ S T A T E ~ S C R A C H ~ P Q R  
COMMON /ATVCOh / A B E T t A G A M # A M O t A P O * A R , A S U , A T M ( 4 ) * H B ( 2 3 ) # I S V t J K  

COMMON /EXTHA / GO 
A rP~(23)tRL(23)tTM~(23) 

UIMENSION DUA(10e10) 
WRITE(OUTt1000) 

IF(hPC(1)-1) l O t l l t 1 2  
10 WRITE(OUTtl001) TOrTFINAL 

1000 FORMAT(lH1*27h CONTROLS ARE SPECIFIED FOR) 

C 0 MM 0 O 6 0 
CCMM0070 
COMMOOaO 
COMM0003 
C 0 M M 0 i 0 0 
COMM 0 1 L O  
c OMM 0 12 0 
COMM0130 
C 0 V,M 0 I. 4 0 
COVt!80150 
C GMl4 0 16 0 
C 0 M M 0 1 7 0 
c o w  o 18 o 
c o r4 M o I 9 ,? 
CO,~M02OO 
C G V,iKG 2 IO 
Cob! !: G 2 2 G 
COY%0230 
c 0 f.;M 5 2 i 0 
c 0 F? K 0 2 5 0 
COM!40260 
C O M M  0 2 7 5 

COMM0240 
C OM M G 3 0 0 
c o w  0 3 I 0 
c OM r4 o 3 2 o 
CGb'M033G 
C 0?4M 0 3 9 0 
C OMP, 0 3 5 0 
COMM0360 
COMM0370 
C OMM 0 3 8 0 
COMKO33G 
COMMO4GO 
COMM0410 

CO!?M0430 
SETPOOlO 
SETPG020 
SETP0030 
SETPOOriO 

c o M o 2 a o 

C OM M 0 4 2 0 

SETP0050 

6 3  TO 13 SETP0070 
11 WHITt(OUTtlU02) TOtTFINAL SETP0080 

1002 FORMAT(S%t32H*DETERMIhISTIC RUN FROM TIME TO=F9*4rllH TO TFINAL=F9SETP0090 
1.4) SET? 0 10 0 
GO TO 24 SETPOl10 

12 hRITE(GUTr1003) TOtTFINAL SETPO120 
1003 FORKA'f(SXt3dH*EHRCR ANALYSIS RUN FROM TIME TO=F9.4,11H TO TFINAL=FSETPOl30 

19.4) SETP 0 14 0 
GO TO 21 SETP 0 150 

1 U 0 1  FORMAT(5X,2t iH*FILTERING RUN FROM TIME TO=F9*4,11H TO TFINAL=F9.4) SETPOSBO 

2 02 



SETPOLSC 
SETP0175 
S L Y 2 3  1 E . O  
c - + p  Si90 
S E T ? > i O O  

13 
1- h4;TtiCLT,:304) 

i F  c % , + = C ( i )  ) i + r  1 4 ~ 1 5  

1 C S . r  FC~';T(~XI:~~*L?L~TEC REFEREhCE) 
GO Tu lo 

15 t%9ITL(CbSo1005) 
1005 FORYAT(SXo2lh*hOhUPDATED REFERENCE) SETDG210 

SETP023C 
1006 FORMAT(5x,57h*SMOOTH DETERMINISTICALLY, NO RESIDUALS NOR LOSS FUNCSETP0240 

XTIOFU)  SET20250 
SETP0260 
S E T P 0 2 7 G  

iuu7 F ~ ~ R M A T  5Xt6.rn*SMCG:n DETCRMiiwiSTlCALLYi CALCULATE P.ES!DUP.LS AND LO5E7?3283 
XSS FUEUCTION) SETPOi90 
GO TO 20 SETp0300 

SET? 031  0 
170 HRIT€(OUT,LU~~) SETPC2iO 

1027 FOR!~AT(5X,49H*SMOOTH COVARIANCEoNO RESIDUALS NOR LOSS FUNCTION) SET?O330 
GO TO 20 SET73240 

SET?0350 
1028 FORMAT(5Xo56H-SMOOTH COVARIANCEiCALCULATE RESIDUALS AND LOSS FUNCTSET?0360 

X I O N )  SETP0370 
GO T O  20 SZT30780 

SET? 0 39 G 
1029 FORYAT(5X,13h*hO SWCOTHING) SETPOr 0 0 
20 WRITk(OUTo1009) hPC(7) SETPO410 

1009 FOHVAT(5Xo12H*FILTER FOR JZrllH ITERATIOhS) SETPOr20 
SETP043G 

22 WRITE(OUToIOl0) SEYPG44O 

lo IF(hPC(@)-l) 17i18~19 SETP0220 
17 hJR:TE(OUT,l006) 

GO TO 20 
18 kRITt (OUT, 1007; 

19 IF(hPC(8)-3) 170,1721174 

172 ~R1Tk(OUTt102t!) 

174 WRITE(OUTo1029) 

21 IF(NPC(9).Ed.C) GO TO 23 

1010 FORMAT(5Xo2@H*SCALAR PROCESS FITTING DATA) SETP5450 
GO TO 24 SETPC460 

23 KKITE(OUTilOi1) SETP0470 
SETPG480 

2 5 N ii i T E  i OU i ' t  1 0 12 1 SETP0500 
1012 FORKAT(5X,52ti*INPUT AND OUTPUT IN METRIC U N I T S ( M ~ M / S E C ~ ~ , / S E C ~ ~ ) S E T P ~ ~ ~ ~  

GO TO 27 SETP0520 
26 h'RITE(OUTr1013) SETPC530 

1613  FOR~AT(5X~62H*INPUT AND OUTPUT IN ENGLISH UNITS (FTtFT/SECtFT/SEC25ETD9540 
xtLa,sLbb)) SETPC550 

1011 FORKAT (5X,36H*VECTOR PROCESS FITTING DATA TRIPLES) 
24 IF(NPC(2)) 2 5 ~ 2 5 ~ 2 6  SETPC490 

27 W3IT;(ObTo1014) H E O ~ R P O ~ O M E G A ~ X M L J P X J ~ ~ G O  SETr70503 
1 b 1 4  fOR~,AT(5X,lG~*PLA~ET PkRAMETERS/20X~l lHEQUIT.RAD.=E15.8,13H POLARSEYP3570 

1 HAD*=E15.8,12h ROTATION =E15.8/20X~11HMU(GRAY.) =E15.8,13H J 2 ( G S E 7 ? 0 5 @ 3  
ZRAV. 1 =E15*8#7Xo6HG(O) =E15.8) SETPO 590 

SETPOQOO 
280 WIiITt:(OUl 1U4C) SETPOOlO 

SETPObI20 
hPTS=22 SET?;lo30 
Hb( 1) = 0. SET30o40 

S E T P 0 6 5 0  t ib(  2 )  = 11JOL.  
StI7P3660 H Y (  3 )  = 20au0.  

hb(  4) = 32000. SETP0670 
h e (  5 )  = 47iiUO. SET P 0 a 6 0 
Htj( 6 )  = 52000. SETP069C 

IF(hPC(i4)-1) 280r2ijZi284 

1040 FORMAT(5Xi32t i *ATMOSPHERE IS 1962 U.S.STAhDARD) 

H e (  7 )  = o l U 0 0 .  SETP0700 
h6( 8 )  = 7900C. S E T P 0 7 1 0  
i i B (  9 )  = 68743. SET?0720 
h t l ( l 0 )  = 98451.235 SETF0730 
h Y ( 1 1 )  loC11z@.&g S E T P 0 7 ii 0 
HB(1Z) = 1i7776.67 SETPC7SO 

203 
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SETP07hO 
SETP0770 
SETP07eO 
SETP0790 
SETP0600 
SETP0810 
SETPO62O 
SETP0830 
SETP0690 
SETP0850 
SETP0660 
SETP0670 
SETP0880 
SETP0690 
SETP0900 
SETP0910 

. SETP0920 
SETP0930 
SETP0940 
SETP0950 
SETP0960 

* SETP3970 
SETPO96O 
SETP0990 
S E T P l  0 0 0  
SETPlO 1 0  
SETP1020 
SETP1030 
SETP1040 
SETP 1 0 5 0  
SETPlO60 
SETP1070 
SETP108O 
SETP 1 OS0 
SETPI. 1 0  0 
SETP11I.O 
SETP1120 
SETP1130 
S E T P l 1 4 0  
S E T P l l 5 0  
SETP1100 
SETPl17G 
SETP1180 
SETP1190 
SETP12 0 0 
SETP 121 0 
SETP1220 
SETP1230 
SETP1240 
SETP1250 
SETP1260 
SETP1270 
SETP125O 
SETP1290 
SETP1300 
SETP13 1 0  
SETP1320 
S E T P l 3 3 0  
SETP1340 
SETP1350 
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StTP1360 
S5TP 1 3 7 0  
SETP1360 

. 



1018 FORUAT(SX,22~*FITTikG DATA IS FROM i2~8H SOURCES) SETPI960 
hsS=o SETP1970 
CO 42 IZltNSTA SETPl98O 
IF (NS ( I) - 6 )  33P44t45 SETPl990 

33 MT=NS(I) SETP20 00 
N = 73 +15*WT SETPEG10 
WRITE(GUTrlOl9) 11MT,C(N),C(N+l)tC(N+2) SETP2020 

1019 FORMAT(1OXtI1t19H. TRACKING STATION i1~12Ht GEOD.LAT.=F11.6,12H LSETP2030 
X O N G I T U D E = F ~ ~ . ~ P ~ ~ H  ALTITUDE =F11.4,19H ABOVE REF. SURFACE) SETP2040 
C(h)=C(N)*CONRD SETP2050 
C(N+l)=C(N+1)*CONRD SETP2060 
C(N) = ATAN2(SIN(C(N))tRERP2*COS(C(h))) SETP2070 
NT=N+2 SETP208G 
MTYP = VT SETP2090 
CALL STAT SETP2100 

SETP2110 00 36 J=lvNSTC 
IF(NC(J)-~) 36~35t35 SETP2120 

SETP2 130 35 IF(kC(J)-NT)37,37,36 
36 CONTIFvbE SETP2140 

GO TO 38 SETP2150 
37 KS%KSS+l  SETP2i60 

hSS(KSS) = MT SETP2170 
SETP21EC 

DO 35 J=l,luSTC SETP2190 
IF(NC(J).LT.N-6) GO TO 39 SETP220 0 
IF(NC(J).LE.N-4) GO TO 40 SEiP2210 

39 CONTIFvUE SEW2220 
IF(C(N-6).NE.U.) GO TO 40 SETP2230 
IF(C(N-5).NE.O.) GO TO 40 SETP2240 
IF(C(N-4)eNE.O.) GO TO 40 SETP2250 
GO TO 42 SETP2260 

44 t~RiTE(OUTt1020) I~C(151) ~C(152) SETP2270 

X1.6) SETP2290 
GO TI: 42 SETP23 0 0 

45 IF(NS(I)-8) 4 3 ~ 4 1 ~ 4 7  SETP2310 
47 wRITE(OUTt1032) I SETP232G 

3a MO(MT) = o 

1020 FOHb”AT(lOXtI1~27H. AIRBORNE RADAR, DELTA(P)=F11*6,11H DELTA(Y)=FlSETP22BO 

1032 FORMAT(~OXVI~P~OH. ACCELEROMETER DATA 1 
GO TO 42 

41 dRITE(OUT,1030) I 
1030 FCRNAT(Illt15h. POSiTION DATA) 

GO TC 42 
43 hRITE(OUTtlG31) I 

1031 FORYAT(Illo15P. VELOCITY DATA) 
GO TO 42 

*SPH**2 1 

SETP2330 
SETP2340 
SETP2350 
SETP256C 
SETP2370 
SETP23EO 
SETP2390 
SETP2400 
SETP2410 
SETP2420 
SETP2430 
SETP2440 
SETP2450 
SETP2460 
SETP2470 
SETP24E0 
SETP2490 
SETP25 0 0 
SETP2510 
SETP2520 
SETP2530 
SETP254O 
SETP2550 

. 
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, 

5ET?2560 
SET02570 
SETP253C 
SETPZSSO 
SETP2bOO 
SETF2610 
SETP2620 
SETP2a30 
SETP2CYC 
SETP2650 
SETP2660 
SE7P2670 
S-'TP268G 
SETP2690 
SET?270 0 
SETP2710 
SETP2720 
SE7P2730 
SETP27bO 
SETP275O 
SETP2760 
SETP2770 
SETP.2780 
SETP2790 
SETPLBOO 
SETP2810 
SET?2820 

SZTPPB-0 
SET?2850 
SET?2860 
SETP2670 
SET"26EO 
SETP2590 
SETP293 0 
SETP2515 
S27P2.92i 
SETP2930 
SC,T02SbO 
SETP2450 
SET02960 
SET72970 
SETP2SaO 
SETP2990 
SETP33CO 
SETP3010 

SETP2d3G 

SETP3020 
SETPJG30 
SETP7040 
SETP3 G50 
SETPSG6O 
SETP3070 
SETPjGSO 
SETP3093 
SETP31OO 
SETP3110 
SETP7120 
SET?3 13 0 
SETP3i40 
SETPJlSO 



. 

OUB 
DUB 
DbB 
DUB 
DUB 
DUB 

DU3 
DUF 
DUF 

Dua 

7r31 = -x 
Ot3) = -x 
9r3) = x 
10t3)= X 
7t7) = -x 
8~7) = X 
9t7) = -x 
10~7)= X 
1) DUA( 
2 )  = DUA( 

t l  
9 1  

t 1  

4 )  
3) 
2 )  
1) 

SETP3160 
SETP3170 
SETP3180 
SETP3190 
SETP3200 
SETP3210 
SETP3220 
SETP3230 
SETP3240 
SETP3250 
SETP3260 
SETP3270 
SETP3280 
SETP3290 
SETP3300 
SETP3310 
SETP3320 
SETP3330 
SETP3340 
SETP3350 
SETP3360 
SETP3370 
SETP33CO 
SETP3390 
SETP3400 
SETP3410 
SETP3420 

SETP3440 
SETP3450 
SETP3460 
SETP3470 
SETP3480 
SETP3490 
SETP3500 
SETP3510 
SETP3520 
SETP3530 
SETP3540 
SETP3550 
SETP2560 
SETP3570 

SETP3430 

208 



-. 

- :  

DO 8 0  1 = 1 t 1 0  
DO 78 J = I t 1 0  

00 7 6  K = l ~ 1 0  

78 P ( I t J 1  = SUM 

SUM = 0. 
76 SUM = SUM + PH(I~K)*DUBIJPK) 

DO 80 J = l l r N S T X  
80 P ( I P J )  = PH(1eJ  

DO 84 1=1 t10  
UO 84 d=iv%PL! 

DO 8 2  K = l t 9  
82 SUM = SUM + OUB 
8 4  P H ( 1 t J )  = SUM 

DO 86  I = l ~ 1 0  
DO 8b J=LtNPU 

IF(NPU.EQeO) GO 

SUM = 0. 

TO 88 

I tK ) *CUZ(K tJ )  

86 C U Z [ I t J )  = P H ( 1 t J )  
88 IF(NPV.EQ.0) GO TO 100 

00 9 2  I = l t l O  
IJO 92 J= l tNPV 
SUM = 0. 
DO 9 0  K = l t 9  

9 0  SUM = SUM + DUB(IoK)*CVZ(KvJ) 
92 P H ( I t J )  = SUN 

DO 94  I = l t l O  
DO 94 J=l tNPV 

9 4  C V Z ( I P J )  = P H ( I P J )  
1 0 0  W R I T E ( O U T P ~ O ~ ~ )  

WRITE(OUTt1021) ~ I ~ I t X ~ I ~ t P ~ I t I ~ ~ I ~ l ~ l O ~  
3 0 2 1  FORMAT(//t24H STATE VECTOR COMPONENTS/43H COMPe 

*VALUL VARIANCE 
1 0 2 1  F O R M A T ( ~ X ~ I ~ ~ ~ X ~ I ~ ~ S X P ~ E ~ ~ ~ ~ )  

IF (N5TC)  1 0 2 t 1 0 4 ~ 1 0 2  
1 0 2  WRITE(OUTtlO22) 

1 0 2 2  FORMAT (42H MODEL PARAMETERS I N  EXPANDED STATE VECTOR) 
DO 103  I = l t N S T C  

SETP3760 
SETP3770 
SETP3780 
SETP3790 
SETP3800 
SETP3810 
SETP3820 
SETP3830 
SETP384O 
SETP3850 
SETP3860 
SETP3870 
SETP3890 
SETP3890 
SETP3900 
SETPJ910 
SETP3920 
SETP393O 
SETP394O 
SETP3950 
SETP3960 
SETP3970 
Sf TP3990 
SETP3990 
SETPQ000 
SETPaOl0 
SETP4020 
SETP4UJO 
SETPUOkO 
SETP4050 

SETpk070 
SETP4080 
SETPuO9O 

IDINO. ESTeSET"4060 

LT=NC ( I ) 
WT=I+10 

1 0 3  WRITE(OUTe1023) M T ~ L T P C ( L T ) P P ( M T ~ M T )  
1 0 2 3  F O R M A T ( ~ X ~ I ~ ~ ~ X P I ' + ~ S X P ~ E ~ ~ ~ ~ )  

, 104 IF(NPU) 1 0 6 t 1 0 8 t 1 0 6  
1 0 6  WRITE(OUTtlO24) 

1024  FORMAT(S5,H RAhOOFI MODEL PARAMETERS NOT BEING ESTIMA 
00 107  I=lPNPL, 
LT=MC L 1) 

107  w H I T ~ ( O U T P ~ U ~ J )  I P L T ~ C ( L T ) P D ( I )  
1 0 8  I F ( N P V )  1 1 0 ~ 1 1 2 ~ 1 1 0  
110  Wtt ITE(OUTtlU25) 

ED (U-VECTOR) 

1 0 2 5  FORMAT(6lH RANDOM M~ASUREMENT PARAMETERS NOT BEING ESTIMATED 
ACTOR) 1 

DO 111 I = l t N P \ /  
LTZMCC ( I) 

111 WRIT t (OUTt l023 )  I ~ L T P C ( L T ) ~ S I I )  
112  LT=9 

IF(NPC(3)eEO.O) LT = 1 0  
IF(NST-LT)  1 1 4 t 1 2 0 t 1 1 4  

114 r R I T E ( 0 U T ~ 1 0 2 6 1  
1026  FORMAT(48H IMPROPER NUMBER OF STATE VARIABLES ARE INPUTTED) 

C A L L  E X I T  

SETPu100 
SETP4 11 0 
SETPU120 
SETP4139 
SETPb 1 Q O  
SETP4150 
SETPu160 
SET PU-119- 
S€TP4180 
SETPU190 
SETP42OO 
SETP4210 
SETP4220 
SETP9230 
SETP42b0 

(V-VESETP4250 
SETP4260 
SETPu270 
SETP4280 
SETP4290 
SETP43OO 
SETP4.310 
StTP4320 
SETPQ330 
Sf TP4340 
SETP43SO 

. 
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1 2 0  I F ( N P C ( 1 ) - 1 )  124,122,12( 
122 I U A L L = ~ O  

124  NALL = lO*(NSTX+NPU+l) 
GO T O  128 

K = NSTX + NPU 
00 126  I =1t10 
DO 125 J = l # K  

1 2 5  P t i ( I # J )  = 0. 
126 P H ( I # I )  = 1. 
128 I F ( N P C ( 1 ) - 2 )  1 4 4 t 1 3 0 ~ 1 4 4  
1 3 0  IF(IUSTA-1) 1 4 4 r l 4 4 r 1 3 2  
132 DO 1 4 2  Iz2vNSTA 

MT=NS(I-1) 
TT=DTF(MT) 
DO 136  J=I#NSTA 
K=NS( J) 
IF(TT-DTF(K)) 1350135,136 

135  TT=DTF(K) 
LT=J 

136  CONTINUE 
137 IP=NS ( 1-1) 
138 h S ( I - l ) = h S ( L T )  
139 h S ( L T ) = I P  
1 4 2  CONTINUE 
14s KDATA=-1 

kHITE(SCHACH) ~ S T X # N P U # ~ P V r ( ( P ( I , J ) , I = I , N S T X ) , J = 1 , N S T X ) ,  

ET = TO 
TZERO = TC 
TIMES=TZERO-lO. 
T = TO 
KDAP = 1 
KPROP=-l 
KDATAS =-1 
C ( 1 5 1 )  = C(lSl)*CONHD 
C ( 1 5 2 )  = C(152)*CONHD 
RETURN 
END 

A ~ ~ C U Z ~ I ~ J ~ ~ I = ~ ~ N S T X ~ ~ J = ~ ~ N P U ~ ~ ~ ~ C V Z ~ I ~ ~ ~ ~ I = ~ ~ N S T X ~ ~ J = ~ ~ N P V ~  

SETP4360 
SETP4370 
SETP4380 
SETP4390 
SETP44OO 
SETP4410 
SETP4420 
SETP4430 
SETP4440 
5ETP44 5 0  
SETP4460 
SETP447O 
SETP4480 
SETP4490 
SETP4510 
SETP4520 
SETP4530 
SETP4540 
SETP4550 
SETP4560 
SETP4570 
SETP4580 
SETP4590 
SETP4600 
SETP4760 
SETP4770 
SETP4780 
SETP4790 
SETP4800 
SETP4810 
SETP4820 
SETP483O 
SETP4840 
SETP4850 
SETP4860 
SETP4870 
SETP4880 
SETP4890 



!4)  
4) 

c 0 ?J M 0 0 6 c 
CO ).' !10 0 7 0 
ccvY0080 
coPMooso 
c OPM 0 IO 0 
CCYYO 1 10 
c C V U  0 1 2 0 
r_c. y ! l o  1 3 9 
C OV td 0 14 0 
CGVMGiSO 
c OV,M 0 16 0 
CCPVOi70 
CCVYG180 
COV~019'3 
Co~v02CG 
COMK0210 
COUMO220 
COKMC230 
CCY'MG24C 
C O.MM 0 2 5 0 
C G V M  0 2 6 0 
CGYi-4027 G 

COYX0290 
co K M  0 3 0 c 
C CBM 0 3 10  
COPfsCi320 
CCXPG330 
COtJMO34G 
C01/M0350 
COKM0360 
C0~~037i' 
C C'.? C 3 8 G 
i C'.',V 0 39 0 
C O Y,M 0 + 0 0 
C o w  0 4  1 0  
c c:.: b! 0 4 2 0 
COYX3iI30 
SMTHOD 10 
Sb:TH0020 
SMTH0030 
SMTHCO4G 
SVT HO 0 5 0 
SP,THO G o G 
S ~ T ~ 0 0 7 0  
s t4TH 3 0 a 0 
SETHOG~O 
S V T H G ~  00 
S,VT h 2 1 1 2 
SMTHO 12 3 
SVT H 0 13 0 
SMTHO140 
SMTHO15O 

c o w  0 2 e 0 
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18 T 2  = TO 
WKITE(OUTvlOO'+) 

20 CALL INTAG 
To=T2 
IF(ET.LE.TIM€) GO TO 150 
IF(NPC(L).NE.I) CALL PROP 

Ll=l 
24 CALL OUTPUT 

28 IF(T2-TZERO) 60,60,30 
30 ETZET-DET 

36 TIME = T Y M ( K G )  
IF(KSX.LL.0) GO TO 38 

37 IF(TIMEeLE.ET) GO TO 38 
Tr = TIME 
GO TO 20 

GO TO 20 
60 NALL-NALLSV 

hPC(l)=KOPTSV 
DCOMP=-DCOMP 
IF(LCOUNT-NPC(7)) 64~62r62 

luPC (1 )=1 
L1=0 
GO TO 99 

64 ICOUhT=ICOUkT+l 
00 6b I=1,9 

66 NTR(1) = 0 
REWIluD FIT 
REkiIhD PGR 
KDATASZ-1 
KDATA=-1 
KPROP=-l 
tu C OU h T = 0 
Ll=l 
EACKSPACL SCKkCH 
BACKSPACE SCRACH 
READ (SCHACH) ~ S T X , N P U , N P V , ( ( P ( I D J ) , I = I , N S T X ) , J = ~ , N S T X ) ,  

CALL IDEhT 

38 T2 = ET 

62 ET=TFINAL 

1 ( ( C U Z ( I , J ) , I = 1 , N S T X ) r J = 1 , N P U ) ~ ( ( C V Z ( I ~ J ) ~ I = l ~ N S T X ) ~ J = l ~ N P V )  

99 RETURN 
150 MTYPwTPIKG) 

IF(KGeEG.0) GC T O  156 
CALL OBSERV 
DO 156 1=1,3 
LF(KR(1,MTYP)) 152r1541152 

152 ~ES(I)=CF~(I)-OAT(I,KG) 
IF(MTYP*GT.S) GO TO 153 
IF(I.EQ.1) GO TO 155 
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SNTP0160 
SMThO 170 
SKTHOlBO 
SMTH0190 
SKTH0200 
SMTH0210 
SMTH0220 
SMT H 0 2 3 0 
SMTH0240 
SMTH0250 
SMTHO260 
SMTH0270 
SMTH0280 
SMTh0290 
SMTH0300 
SMTH0310 
SMTH0320 
SMTHO330 
SMTH0340 
SMTH0350 
SMTH0560 
SMTHO.570 
SYTH0380 
SVTH0390 
SMTHO4 0 0 
sMTt-104 10 
SVTHO420 
SMTH0430 
SMTHO44O 
SMTh0450 
SMTH0460 
SMTHO470 
SMTH0480 

SVTh0500 
SMTH0510 
SVTH0520 
SMTH0530 
SKTH0540 
SPTH 0 5 5 0 
SKTH0560 
SMTH0570 
S,MT H 0 58 0 
SMTH 0 59 0 

SMT H 0 b 1 0 
SMTH0620 
SMTh0630 
SMTH0640 
SMTHObSO 
S MT H 0 6 6 0 
SMT h 0 o 7 0 
SF:THObBO 
SM TH 0 b 9 0 
SF~TH 0 7 0 0 
SMTH0710 
SMTh0720 

SMTH0740 
SMTH0750 

Si4 T H 0 4 9 0 

S M T H O ~ O  0 

S ~ T ~ 0 7 3 0  
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2 ORDPtDWDH(2)rETAtHOtN4(3) 
3 PE ,ROE * ROEC 
4 SETA * SREF ?SXZI 
5 TTWO tTUW(20) tTVW(20) 
6 vw t X IN01 
7 XMAS(20) tXNU t XQ 
8 XUW(20) tXVW(20) ,XZI 
COMMON /TWICE/ A(3*3) tCPH 

IrvTEGER O ~ J T * F I ~ ~ S T A T E ~ S C R A C H ~ P Q R  
COMMCN /TAPEIUO/ I N * O U T ~ F I T ~ S T A T E O S C R A C H , P Q R  
COMMGN /ATPCOI\. /ABETtAGAMtAMOtAPOtARtASUtATM(4)tHB(23)*ISVtJK 

COMMON /EXTRA / GC 
EQUIVALENCE ( S P ( ~ ) * P H I D T ) * ( S P ( 4 ) , C A P H I )  
iF(MTYP.GT.5) RETURN 
N = bo + 15*MTYP 
SP(1) = COS(C(h+l3) 1 
SP(2) = SIR(C(N+13)) 
PtiIDT = ATAN2(RERF2*SP(2)tSP(l)) 
CAPHI= PHIOT - C(h+13) 
SPHDT(KTYP)=SIh(PHIUT) 
CPHDT(MTYP)=COS(PHIUT) 
CCAPH(MTYP)= COS(CAPHI) 
SCAPH(MTYP)= SIN~CAPHI) 

A ,PB(23),RL(23)*iMB(23) 

ROT(lrmTYP) = REC/SQRT( l .+ (RERP2-1 . ) *SP(2 ) * *2 )  
99 NLTUkN 

LND 

COMM0050 
COMM0060 
COMMO070 
COMM0083 
COMM0090 
COXM3100 
COMMOllO 
COMM0120 __ 
COMM0130 
COMMOi4O 
COMMOl5O 
C 0 Y, M 0 16 C 
COKM0170 
COMM 0 I8 0 
c 0 v, :4 0 1 5 G 
c OMli! 0 2 0 0 
cor4r4 o 2 i o  
COP1 VI 0 2 2 0 
COMM3230 
COMM0240 
COMMQ250 
COMM 0 2 6 0 
C 0 M M 0 2 7 0 
c 0 Y,M 3 2 a 0 
C 0 M M 0 2 Ct 0 
COMM0300 
COKFT 0 3 i 0 
COMM0320 
c OMP 0 3 3 0 
COMK 0 34 0 
COKP.0350 
C Ob! M 0 3 6 C 
COKV0370 
COVl.”03~0 
COMMO 390 
COMMO4OO 
COMFI 0 4 1 0 
COPMO420 
COMMO430 
STATOO 10 
ST~T0020 
STAT0030 
STAT0040 
STAT0 050 
STAT0060 
STAT0070 
STAT0080 
STAT0090 
STAT3100 
STAT01 10 
STAT0120 
STAT 0 13 0 
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B . STEP2 L i s t i n g  

The STEP2 s o u r c e  l i s t i n g  i s  p r e s e n t e d  i n  t h e  f o l l o w i n g  sub- 
s e c t i o n  . The fo l lowi rLg  l i s t i n g  i n d i c a t e s  t h e  pages or, which t h e  
STEP2 s u b r o u t i n e  l i s t i n g s  appear:  

MAIN . . . . . . . . . . . . . . . . . . . .  2 1 7  

DATAB . . . . . . . . . . . . . . . . . . .  2 2 1  

FXXU . . . . . . . . . . . . . . . . . . . .  2 2 4  

INDAT . . . . . . . . . . . . . . . . . . .  229  

INTAG . . . . . . . . . . . . . . . . . . .  2 3 3  

MINVAR . . . . . . . . . . . . . . . . . . .  2 3 5  

MOTION . . . . . . . . . . . . . . . . . . .  239  

OBSERV . . . . . . . . . . . . . . . . . . .  2 4 2  

OUTPUT . . . . . . . . . . . . . . . . . . .  250 

PRESET . . . . . . . . . . . . . . . . . . . .  256  

PROP . . . . . . . . . . . . . . . . . . . .  2 5 8  

RKiiTTA . . . . . . . . . . . . . . . . . . .  260  

SETUP . . . . . . . . . . . . . . . . . . .  2 6 1  

SNOOTH . . . . . . . . . . . . . . . . . . .  2 6 8  

STAT . . . . . . . . . . . . . . . . . . . .  2 7 1  

TAB . . . . . . . . . . . . . . . . . . . .  2 7 2  
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1 0 ~ 4 0 )  r 

3 rDET rCFIT(9) rDTF(9) ,DTI(9) rDZ(30) ,ET 
4 tFLOS rG(3~30) r H ( 3 r 5 )  r1 rICOUNTrJ PJNRRPJ~BRS~JST 
5 r K  tKAR ,KC(3) rKDAP rKDATA rKDATAS rKGrKIrKK 
b t K N  rKOB rKPRCPrKSrKSMrKSS@L rLC(3) rLCS(3) rLS rLT 
7 PL1 rM tMC(5) rVCC(5) rPO(5) 1!.’f?(319) .rMT 
b rKTP(4O) rMTYP tKTYPS rN rNC(30)tNCOUNT tNPC(15) 
9 rNPU rNPV pNS(9) rNSS(5) rNST rNSTArNSTCrNSTXtNTtNTR(9) 
A rh8(3) rILY(3) ~hlO(3) ,N11(3) *OMEGA rP(30~30) 
B ePA(3) rPM(3) rR ,REO r RERP2 
C rRPO ,ROT(>) r S ( 5 )  rSCAPH(5) eSI(3) rSIG(3r40) 
0 r S I G P ( 3 )  tSIGMS(3) tSPHDT(5) #SUM rSUMZrSYG(3r9) tTFINAL 
t rTFIT(9) rTIPE  TIMES ,TO rTP(40) rTQ(40) 
F rTR(40) rTT(4O) rTXCG(20) rTYCG(20) rTYM(40) rTZCG(20) 
G eTZERO rXJ2 e XMU t XMUJ rXP(3) rXXCG(20) 
H rXYCG(20) tXZCG(20) 
INTEGER CUTrFITrSTATErSCRACHePQR 
COMMON /TAPrhC/ IhrOUTrFITrSTATEtSCRACHrPQR 

c--------- STATISTICAL TRAJLCTORY ESTIMATION PROGRAM, STEP2 
c DEVELOPED BY 4 .E WAGNER Ah0 G C SEROLD 
C MARTIN MARIETTA CORPORATION 
C 3ENVERr COLORADO 

2 CONTIhLE 

4 fit<ITt(OUTr1001) 
CALL PRESET 

IF(hPC(l).EU.U) hHIrE(OUT81000) ICOUhT 
1000 FORMAT(19H ITERATIOIU NUMUEH 12//)  
1001 FORWAT(lH1) 

10 iF(KDATA) 12~42rL02 
12 T2=TO 

24 T2=TIMt 

CALL IhTAG 
GO TC Q4 

IF(T2-ET)260~260,42 
30 IF(Tb-LT) 34,32r32 

34 IF(KLATA) 3 0 r ~ 6 , J b  

IF(KUATA) 1Ur4Ur10 

32 IF(JS7.tQ.1) (1C T O  44 

36 IF(KPRGP.LQ.~) GO TO 24 

38 IF(IhPC(l)-l) 200r40r100 
40 TIME=TFINAL+100. 

GO TC 24 
42 72=LI 

c------------- PkOPAbATlON LOOP, TO EFN 44 

COPY0 s 10 
c 0 V!4 0 0 2 0 
C C Y ?  0 0 3 3 
C 0:JM 0 0 4 0 
cct,:.: 0 0 5 0 
COP M 0 0 6 0 
CGVI.’OG70 
c 0.w v 3 0 e 0 
c o w  3 04  3 
CGPM0100 
COF:I.’O110 
C 0 !-’M 0120 
c ov !I 0 13 0 
c Cf.’Y 0 14 0 
CO!4!’.0 150 
CONF10160 
COY$! 0 17 0 
COb!!40180 
CCY,.M0190 
CO:.‘M 0 2 c 0 
c c >*I.’ 0 2 1 0 
CCYY0220 
C OXM 0 2 3 0 
c o r.’y o 2 4 o 
C OW In 0 2 5 0 
C Oh’M 0 260 

C G b’M G 2 a 0 
C OF M 0 2 9 0 
C 0 V Y  0 3 0 0 
c 0 1.: M 0 3 1 0 
STP20020 
ST?20030 
STP20 04 0 
STP2S050 
STP20060 
STP23070 

STP20090 
s:P20100 
STP20110 
STP20120 
STF2 0 130 
STF20140 
STP20 150 
STP20160 
STP20 170 
STP20130 
STP23190 
STP20200 
STP 202 IO 

C 0 t.’Y 0 27 0 

S T P ~ O O ~ O  

STP20220 STP20230 

STP23240 
S TC’2 0 2 5 0 
STP20260 
STP20270 
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CALL INTAG 
KPROP=1 

STP202CO 
STP2024 0 

TG=T2 STP20300 
CALL PROP STP20310 

44 CALL OUTPLT STP20320 
L1=2 STP20340 
iF(ET-TFIhAL) 46e5Ot50 STP20350 

46 ET=ET+DET STP2OJ60 
GO TO 34 STP20370 

50 kRITt(SCRACti) KDATA STP23300 
IF(hPC(1)rEQ.l) GO TO 2 STP20390 

56 IF(KPC(4)) 300,58,300 STP20400 
58 CALL SMOOTH STP20410 

IF(L1-1) 2~4,2 STP20420 
C-------------DETERVINE MEASUREMENT TIME FOR ERROR STP20430 
C ANALYSIS PRORLEMS, THRU EFN 118--STP2044C 

100 IF(KPROP.GT.0) GO TO 24 STP10432 
dST=l STP10434 
IF(NSTA-1) 4Ot102,104 

GO TO 112 

SP(1) = DTI(I1) 
DO 110 IZ2,NSTA 
J=NS(I) 
IF(SP(l)-DTI(d)) 110~106~107 

102 1I=hS(1) 

104 I 1  = tUS(1) 

106 JST=JST+l 
GO TO 108 

107 JST=~ 
l o a  SP(II = DTI(J) 

I I=J 
110 CGNTiNUE 
112 IF(DTI(II)-UTF(II)) 116~116t114 
114 hSTA=KSTA-1 

116 JNStl=O 
GO TO 100 

TIMEZDTI (11) 
DTI(II)=DTI(II)+GFIT(II~ 
LO 118 I = 1 ~ 3  

JhBR=JhBR+l 
LC (JNBR)=I 

IF(VH(IPII)~EQ.O) GO TO 118 

118 CGNTINUE 
IF(JNkjR.EQ.0) GO TO 100 
MTYPZII 

STP10440 
STP20460 
STP20470 

STP20ii90 
STP20510 
STP20520 
STP20530 
STP20540 
STP20550 
Sip20560 
STP20570 

. S7P20480 

STP20580 
STP20590 
STP~OGOG 
STP20alO 
STP2962C 
STP20630 
STP20640 
STP20650 
STP2066G 
STP20070 
STP20oEC 
STP20690 
STP20700 
STP207 10 
STF20720 
STP20730 

THRU EFM 250------STP20740 
STP20750 
STP20760 
STP20770 
STP20780 
STP20790 
STP2 0 80 0 
STF20610 
STP20820 
STP20630 
STP20840 
ST t220650 
STP20860 
s TP20d 7 0 

f 



204 
206 

208 
210 
211 

i 

212 
213 

215 
216 

218 

220 
222 
224 
226 

228 
230 

232 
. 234 

236 

238 

240 

242 

STP20290 
STP2OY 0 6 
S T  P2 0 4 1 0 
S T ? 2 C 9 ? 0- 
5 7 P 2 0 5 4 0  
S ir'20'350 
S'f P 2  6 95 0 
2 .?2C4'IL1 
5 :;,209r7c 
ST P2 0 9 9 0 
STF21000 
s:?21010 

CSP2 i 0 3 0 

s-r P 2 0 4 3 0 

CI 

5-r 72 1 L' 2 G 

STP2  IC40 
SSF.2105C 
STF.21060 
STP2 1070 

KS=KS+KOATAS 
IF(KS-20) 210,2158215 
IF(KG+l-KS) 215,513r213 
KOATAZO 
GO TO 248 
KI=KG+l 
WTYPS=MTP(KI) 
TIMES=TYM(KI) 
IF(TIMES.GT.TFINAL) GO TO 213 
IF(NTR(MTYPS)) 220~218,220 
IF (TIKESILT.DTI (MTYPS) 1 GO TO 204 
TFIT(MTYPS)=TIMES 
NTR(MTYPS)=l 
CONTINUE 
IF (TIMES-DTF (VTYPS)) 22Gt2249204 
1F(iiMES-TFiT(KTYPS))226e254~228 
NTR(MTYPS)=3 
GO TO 204 
IF(NTR(VTYP5)-3) 230,2329230 
TFIT(MTYPS)=TFIT(PTYPS)+GFIT(MT~PS) 
KTR(tJTYPS)=3 
GO TO 224 
TFIT (KTYPS) =TIMES 
F<TR(b8TYPS)=E 
JNBRSZO 
DO 238 1=1,3 
I F  (MR (I 9 FITYPS 1 1 236,238,236 
J N B R S = J ~ U R S + ~  
LCS(JhbHS)=I 
CONTIhUE 
IF(JktjRS) 240,204r240 
UATAS(l)=DAT[l,KI) 
bATAS(2)=CAT(2rKI) 
DATA5(3)=CAT(3,KI) 
SIGMS(l)=SIG(lrKI) 
SSGMS(Z)=SIG(EDKL) 
SIGMS(3)=S10(3,KI) 
IF(KOATA) 242,244,244 
KDATAZ2 
IF(TIMES-TZLRC) 204,202,202 



244  IF(TIMES-TIME) 2488246,248 STP21480 
246  dST=2 STP2 1490 

GO TO 250 STP2 150 0 
248 J5T=1 STP21510 
250 GO TO 24 STP2 1520  

c------------- PROCESSING LOOP, THRU EFN 278-----------------------------STP21530 
260 

262  
264 

268 

270 
272  
273  
274 

276 

2 76 

C A L L  I h T A G  

KPROPZU 
h N = O  
KK = 1 
I ~ ( ~ h i 3 R - l )  2 7 0 , 2 7 0 ~ 2 6 2  
I F ( N P C ( 9 ) )  26882648268 
KN=1 
GO TO 270 
KKZJtubR 
I F ( N P C ( 4 ) )  2 6 4 ~ 2 7 0 , 2 6 4  
K A R = 1  
C A L L  OBSERV 
IF(T-TSAV) 274,276,274 
CALL PROP 
TSAVZT 

C A L L  M I h V A R  
IF(KAR-KK) 2 7 8 t 3 0 t 3 0  
KAR=KAHt1 
IF(KN.hE.O) GC TO 276  
C A L L  NOTION 
GO TO 272 

TO=T2 

IF (hPC(9 ) rN€ .O)  KOB Z K A R  

STP 2 154 0 
STP21550 
STP21560 
STP21570 
STP21580 
STP21590 
STP21600 
STP21610 
STP21620 
STP21630 
STP21640 
STP21650 
ST221660 
STP21670 
ST?21680 
STP21500 
STP2 170  0 
STP21710 
STP21720 
STP21730 
STP21740 
STP21750 
STP21760 

514 C A L L  STAT 
316 wRITE(OUT,1003) 

11103 FOKi4AT(39ti UPiiATED MODEL PARAMETERS AT FINAL TIME) 
toR I T t  ( CUT 8 1002 1 (NC ( I t V O  ( I 1 e I=l t NSTC ) 

l U 0 2  FORMAT(6(2H Co13 tE15 .8 ) )  
GO T O  58 
END 

STP22020 
STP22030 
STP220 4 0 
STP22050 
STP22060 
STP22070 
STP22080 

- 
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I :  

SUBROUTINE DGTAB 
COMMOlv /Ir\lTGRL/ D C O M P P T P T ~ P X ~ ~ O ~ I P H ~ ~ O P ~ O ~ ~ D X ~ ~ O ~ ~ D P H ~ ~ O P ~ O ~ ~  

COMMON /TkICE/ A(303) sCPH 
* NALL~LRK 

tAP(4) rAX(40 
tCONRD tCPHDT 

7 
b 
9 
A 
tl 
C 
U 
t 
F 
G 

2 SCVZ(30I5)PD(5) tDAT(3t40)tDATA(3) tDATAS(3) tDATC(3) 
3 tDET tDFIT(9) r G T F ( 9 )  ,CT1(9) tDZ(30) #ET 
4 tFLOS tG(3t30) tH(3~5) t1 tICOUNTtJ IJNBR~JNBRSPJST 
5 t r <  tKAR vKC(3) PKDAP IKDATA PKDATAS PKGPKI~KK 
b tKlv ,KO8 PKPROPIKS~KSMPKSSPL tiC(3) tLCS(3) PLS tLT 

tKCC(5) ~M0(5) tMR(3~9). tMT 
tMTYPS t N  tNC(3O)tNCOUNT tkPC(15) 
t N S S ( 5 )  tNST PNSTA~NSTC,NSTXINT,NTR(~) 
~N10(3) tNll(3) #OMEGA tP(30t30) 
rPM(3) tR t REO t RERP2 
t S ( 5 )  vSCAPH(5) tSI(3) I S I G ( ~ P ~ O )  

,TIMES #TO tTP(40) tTQ(40) 
rTXCG(20) tTYCG(20) ~TyM(40) tTZCG(2O) 
P XMU I XMUJ tXP(3) tXXCG(20) 

3) tSPHDT(5) ,SUM tSUM2tSYG(3t9) tTFiluAL 

H rXYCG(20) .tXZCG(20) 
INTEGER OLTtFITtSTATEtSCRACHtPQR 
COMMOK /TAPENC/ I N ~ O J T I F I T ~ S T A T E I S C R A C H ~ P Q R  
iF(DCOKP.LT.0.) GC TO 20 
IF(KPRCP.GE.0 ) GO TO 10 

2 CONTIKUE 
4 i S = 0  
6 IF(KUAP.EU.U) GO TO 14 

HEAC(PQR) KDAP~(TT(LS+I)~TP(LS+I)~T~(LS+I)~TR(LS+I)~AX(LS+I)P 

t A 2  
3, I 

COY tJ0 0 1 C 
C S Pi#, 0 0 25- 
C G P' H 0 G 3 0 
CO~V00LiC 
C C ii w 0 3 5 0 
CC % I )  0 0 6 0 
COYY 9 0 7  3 
c CY?, 0 0 D fi 
COXI), 0 c; 9 0 
i u M . ! M O i O O  
co r.54 0 1 1 0 
C O K K  0 12 0 
c c::? 0 r 3 0 
C O W 3  I S 0  
c c I.:v, 0 15 0 
C OMM 0 1 6  0 
CGL:YO 17 0 
CCVM0100 
ccvv3190 
CC~XGZDO 
C C Y M 0 2 1 0  

c O', i.: c. 2 3 c 
C C,P i.! t 24  0 
C Of4K S 2 5 3 
c 0 Is ?.! 0 2 6 0 
COPt+O270 
COY~0280 
COPM0290 
C C V V  0 3 0 0 
COYN0310 
2,4733 D 1s 
OAT80020 
DATBO G J O  
CATEOCiG 

DATE0060 
DATE0070 
DATB0080  
DATSO05G 
SATE0100 
"UATROilG 
DATE0120 
DATBCI30 
0 k i 2 0 ,I Q c 
DAY80 95C 
EAT90 163 
DATG0?70 
DATGOlfiO 
L'A;50!,40 
0 ATE 0 2 I! 0 
3AT302 1 0  
EAT30220 
0.A TE i) 2 30 
D ~ T S 0 2 4 3  
DATS3250 
OATB32bil 

c c,w o 2 2 n 

oATao0so 

321 



LT = LT - KDATA 
I = KDATA+1 
J 2 KDATA+KG 
DO 24 I=I,J 
MT = LT + I 
MTP(1) = KTP(vT 
TYM(1) = TYM(WT 
DAT(1,I) = DAT( 

DATE0270 
DATB0280 
DATE0290 
DATE0300 
DATBOZ.10 
DATRO320 
DATE0330 
DATE0340 
DATB0350 
DATE0360 
DATE0370 
CATB0380 
DATe0390 
DATE0400 
DATE04 10 
DATB0420 
DATE0430 
DATB0440 
DATB0450 
OAT30460 
DATE30470 
DATE0480 
DATBO490 
DAT60500 
DAT605lO 
DATE30520 
DATB0530 
DATE0540 
DATBO550 
DATE0560 
DATE0570 
DATE0580 
DATE0590 
DATR060C 
DATB3610 
DATR0620 
DATE0630 
OAT00640 
DATE0650 
GATDO660 
DATE0670 
DATEOo80 
DATR0690 
DATB0700 
DATB0710 
DATB0720 
DATE0730 
DATE0740 
DATE0750 
DATE0750 
DATR0770 
DAT20760 
DATB0790 
DATB0600 
DATE0810 
DATB0820 
OATDO630 
DATB0640 
DATE0850 
DATB0860 

. 

. 
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D A T  2 ~ 1 )  = CAT(2vtJT) 
DAT 3vI) = DAT(3tKT) 

SIG 2 t I )  = SIG(2tMT) 
24  SIG 3 v I )  = SIG(3eWT) 

KG = K G  + K D A T A  
GO TO I 4  

26 K G  = 1 
G O  T O  1 4  
E N D  

SIG 1 ~ 1 )  = S I ~ ( l t t 4 T )  

. 



F1 
F 1  
F1 
F1 

Fl 
F2 
F2 
F2 
F2 

* 

COVMG 0 IO 
COWMO020 
COMM0030 
COKH0040 
COMM0050 
COMM0060 
COMKG070 
CORM0080 
coKHoo9o 
COMNO 100 
COMfZO 1 IO 
COr4M0120 
COMMO130 
COMM0140 
COE/tJ~O150 
CORMG160 
COMMO170 
COMMOlEQ 
COMMOi90 
c OV,M 0 2 0 0 
CGI.’tJO2iC 
COMM0220 
C OV,M 0 2 3 G 
COVM 0 24 0 
COV’MC25G 
C 0 M M G 2 6 0 
C OM M 0 2 7 0 
COW0280 
COMM0290 
C 0 K M  0 3 0 0 
COM!40 3 1 G 
FXXUOOlO 
FXXUOO20 
FXXUOO30 
FXXUOOSO 
FXXUOO50 
FXXUOOEO 
FXXUOO70 
FXXUOOBO 
FXXUCO90 
FXXUOl 00 
FXXUGllO 
FXXUO120 
FXXUOi30 
FXXUOl40 
FXXUOl50 
FXXUOibO 
FXXUO170 
FXXU0160 
FXXUO190 
FXXUO200 
FXXUO210 
FXXUO220 
FXXU0230 
FXXUO240 
FXXUO250 
FXXUO260 
FXXUO270 

: 

. 
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FXXUO280 
FX'XUCi290 
FXXU0300 
FXXUO310 
FXXUO320 
FXXUCi330 
FXXUOI40 
FXXUOZCJO 
FXXU0360 
FXXU0370 
7'" I 

,\ h b 3 3 6 !I 
FXXUG390 
F X X ~ ~ Q C ( !  
FXXUC410 
FXXbG420 
F XX U 0 + 3  0 
FXXU3440 
FXX i0450  
FXXUO46G 
FXXUS+70 
FXXUO+SO 
FXXUO450 
FXXiiO500 
FXXUO510 
FXXUO520 
FXXUO530 
i X XU 0 5 L: 0 
FXXLO550 
F X X ~ 0 5 6 0  
FXXUO570 
FXXUO580 
FXXUO590 
FXXUO600 
FXXUO610 
FXXL'0620 
FXXUO630 
FXXCO640 
FXXU3650 
FXXUO660 
FXXUO670 
FXXU3680 
FXXiG690 
FXXUO730 
FXXUO710 
FXXbO72O 
FXXUO730 
FXXU07+0 
F X X U 3 7  5 0 

FXXUC770 
FXXUO780 
iXXUO79O 
FXXUO8OO 
FXXUOEtlO 
FXXUO620 
FXXC;O93O 
FXXUOd40 
FXXUO953 
FXXUOE60 
FXXUOt370 

FXXUO760 ~ 

225 



KT = 1 
I 1  = 1 

3 hhN = MC 
GO TO 1 8  

6 N = 1 0  
I 1  = 1 

9 NhN = hC 
GO TO 18 

11) 

11) 

226 

FXXUC&80 
FXXbCB90 
FXXUO900 
FXXUO410 
FXXUO420 
FXXUO930 
FXXUO5bC 
FXXUO950 
FXXUO460 
F X X U 0 5 7 0 
FXXUC48C 
FXXc10595 
FXXUlOcJO 
F X X U l  OiO 
FXX'JiO20 
F X X L l C 3 0  
FXXUlObC 
FXXL1O5C 
FXXU:060 
FXXU1070 
FXXUlOGG 
FXXL1353 
FXXU? 1 2 2  
F X X U l 1 1 0  
FXXU112C 
FXXUl13G 
FXXL1140 
F X X U l i 5 3  
F X X b l l 6 0  
FXXUl:70 
FXXU1;GO 
FXXLI?190 
FXXL1203 
F X X U l 2 1 0  
F X X U l 2 2 0  
FXXb1233 
F X X L l 2 4 0  
FXXU125C 
FXXU1260 
F X X L l 2 7 3  
F X X U l 2 4 0  
FXXU12CO 
FXXU13CO 
FXXU1310 
F X X U i 3 2 0  
F X X U l 3 3 3  
FXXUlJ4O 
FXXulJSO 
FXXU1363 
FXXU1370 
F X X U l 2 8 0  
FXXUL390 
FXXU1-00 
F X X U l 4 l O  
FXXU1420 
F X X U l 4 3 0  
FXXUl4sO 
FXXUl4SO 
F X X U l s 6 0  
F X XU1 4 7 0 

I 



FI(211) = SP(l)*A 
Fl(3,I) = SP(l)*A 
GO TO 12 

100 CONTINUE 

F X X U l 4 8 0  
F X X U l 4 9 0  
FXXUI500 
FXXU1510 
FXXU1520 
FXXUI530 
FX XlJ i 5 4  0 
FXXU1550 
FXXU1560 
FXXU157t  
F x X u 1 s a 0  
F X 'LL! 159 0 
FXXU16GO 
FXXb1610 
FXXl i1620 
F X X U l 6 3 0  
F X X U l o 4 0  
FXXUloSC 
FX XU166 C 
FXXU1670 
FXXU1ORO 
FXXUI690 
FXXC17r)O 
FXXU'710 
FXXb1720 
F X X L  1 7  3 0 
FXXU174C 
FXXbL750 
FXXU1760 
i X X U 1 7 7 0  
FXXU 1 7 8  0 
F 7. X c 1 7  9 0 
F X X U l i j ' J 3  

F:* XU1 a 4 3 

F ii X L 1 n 7 G 
F x x i  18 F? @ 
i-.X i. U L 8 9 0 
FXXbl.?OO 
FXXbl910 
F x x  i' 1'3 2 0 
FX x U 13 3 0 
F X X U l Y 4 C  
F X X U l S S G  
F X X  !J is  6 0 
FXXU1970 
FXXC; 19E 2 
F x x: i) i 94 0 
FXXL'23Oc7 
FXXU2010 
FXXL;2020 
FXXU2030 
F X X I ; ? V J C  
F X X C 2 U S O  
F hXici2 3 6 0  
FXXU2u70 

22 7 



FXXU2380 
FXXU2C90 
FXXU2100 
FXXU2110 
FXXU2120 
FXXU2130 
FXXU2140 
FXXU2150 
FXXU2160 
FXXU2170 
FXXU2180 
FXXU2i93 
FXXU2230 
FXXU2210 
FXXU2220 
FXXU2230 
FXXU2240 
FXXU2250 
FXXU2260 
FXXU227t 
FXXU2280 
FXXU2290 
FXXU2300 
FXXU23:O 
FXXU2320 
FXXU2330 
FXXU23'kO 
FXXU2333 
FXXU23iO 
FXXU2370 
FXXU2380 
FXXc12390 
FXXU2400 
FXXU2410 
FXXU2r20 
FXXU2430 
FXXU2440 

I_ 

. 

228 



COMMOO 10 
c GMN 0 0 2 0 
COKX0030 
COVMOOQO 
COKM 0 0 5 0 
C OYtf4 0 0 6 0 
C GKM 0 0 7 0 
COVM0080 
CGK.H.0090 
CO?M0100 
C G Y M O  i i 0 
c o w  o 12 c 
COKM0130 
COMMO140 
COYt4ClSG 
C 0 M P, Ci 1 6 0 
COP K 0 17 0 
CGb!M 0 i 3 0 
COMN0190 
c 0 ~ ~ 0 2 0 0  
COPK0210 
COMM 022 C 
COMM0230 
COP M 0 24 0 
COVK0250 
C G K M 0 26 0 
CORM0270 

C 0 Y F' 0 2 9 0 
COV!.10 3 0 0 
COY M 0 3 10 

C O V M O ~ B O  

IN3T0010 
iNDT3D20 
IW2T0030 
INDT034O 
INDTOOSO 
IKDT0360 
I NOT 0 07 0 
IhOT0090 
Ih3T0090 
INCTOlOO 
i hDT3 11 0 
INDTOL20 

7 CALL EXIT INDT0130 

X140t190~200)tkCUK IhD7'0150 
20 DECODk(40~1002tt3) (hPC(I)tI=1,10) IhOT3160 

1002 FORMAT(lOI4) IkDT0170 
IF(NPC(2)eEG.G) GC TO 8 ihCT 0 180 

IhDT0190 X k , U  = XPU/C3hd**3 
kEO = REG/COtUV I h,"T 0 2 0 0 
HPO = RPO/CONk 1ti2T0210 
GO TO 0 ;NET0220 

30 DECOOE(30t1003tB) IPCtIONtSP(l)'SP(2) INCT0230 
1003 FORVkT(IZtI4,~12.4tt12.4) ihDT32JO 

b G  TO (32t54~26t38t59)tIPC I IUGT 025 0 
32 i.rST=;LST+l IhCT0260 

ZO(IlJh)=SP(1) INDT0270 

9 GO TO ( 8 ~ ~ O t ~ O ~ 4 0 ~ 5 O t 6 O ~ 7 O , 0 O t ~ O t l O O t l ~ O ~ l 2 O , 1 ~ O t l 4 O ~ ~ ~ O ~ l 6 O ~ l ~ O t I N D T O l 4 O  

229 
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iNDT0280 
I NDT 029 0 
INCTO3OO 
1 tJDT0310 
iNCT0320 
INDT0330 
INDT034O 
INDT0350 
:NET0360 
IhDT0370 
I t4CT 0 380 
If<CTO390 
IhDTO4OO 
IKDT0410 
INDT0420 
INDT0430 
INCT0440 
I F;D T 0 4 5 0 
I KDT 0 460 
iNCTO470 
I h C  TO 48 0 

* INDTO490 
INDT0500 
I kDTO5 10 
INDT0520 
IhOT0530 
INCTC540 
!NET0550 
INDT0560 

IhET056O 
INDT0590 
Ih3T0600 
Itd3TO6 1 0  
INCT0620 
IhCT0630 
I NDT 0 6 4  0 
IhCT0650 
INL TO660 
INDT0670 
I NO T 0 o 8 0 
INST0690 
IhtT 370 0 
1NDT0710 
INDT0720 

I hriT 0 7 4 0 

I N ~ T  o 57 o 

Ih~T0730 

INDT0750 
'rSP(4)8SP(S),SP(6)iNDT0760 

INCT0770 
I NCTO 78 0 
IhDT0790 
INGTOa00 
IhDTOd10 
IKDTOB20 
IhiCT0830 
Ik2;0TOB40 
I NCT 0 8 50 

INDT0&70 
~ h r  ~ 0 6 6 0  



c 



104 DO 105 I=lvNPTS 
READ(iNv1036) LTtMTtP(LTtMT) 
P(F:T~LT)=F (LT, MT) 

1036 FORMAT(4XtZI4vE12.4) 

1037 FOR~AT(lOXt2HP(,I3t1H,I3,3H) =E15.8) 
1 0 5  WRITE(OUTvlU37) LT,MTtP(LT,MT) 

GO TO 8 

READ(INr1036) LT,MTtCUZ(LT*MT) 
106 DO 107 I=lvNPTS 

107 &RITE(OUT,1038) LTvMTtCUZ(LTtMT) 
1038 FORMAT(BX,4HCUZ(,I3rlHt13t3H) =E15.8) 

GO TO 8 

READ(IKt1036) LTtWT,CVZ(LT#MT) 
108 DO 109 I=ltI\IPTS 

109 WRITE(OUT,1039) LTvMTtCVZ(LTtMT) 
1039 F O R ~ ~ A T ( B X t 4 H C V Z ( ~ I 3 ~ 1 H ~ I 3 ~ 3 H )  =E15.8) 

GO TO 8 
110 GO TO 8 
120 GO TO 8 
130 GO TO 8 
140 GO TO 8 
150 GO TO 8 
160 GO TO 8 
170 GO TO 0 
180 GO TO 8 
190 GO TO 8 
2 0 0  RETURN 

END 

232 

INDTl48O 
INDT1490 
INDTl5OO 
INDT1510 
IKDT1520 
IkDT153 0 
INDT1540 
INDT1550 
I KDT 1560 
INDT1570 
INDT1580 
1NDT1590 
INDT1600 
INDT1610 
1 NDT162O 
INDT1630 
XNDT1640 
Z NDT 165 0 
INDT1663 
IFtDT1670 
1FrDT;SaO 
itiDT1690 
1 N9T 17 0 0 
IhDT17lG 
INDTL720 
INDT1730 
INDT174O 
I NDT 1750 

I 



? 

t 

(4) 
4) 

TSAV=T 
GO TO 6 

12 CALL FXXU 
00 22 I=le4 

UO 22 J=lrN 
IF(J-10) 13rlZt14 

13 CONTIhUE 
SUM = 0. 
sUMz= 0. 
GO TO 15 

14 SUM = Fl(ItJ) 
SUMP= F3(ItJ) 

15 00 16 K=ltlu 
16 SUM2 = SUM2 + F3(ItK)*PH(KtJ) 

F: = hSTX+hPu 

DPtt(I+6rJ) = SUM2 
IF(I*EQ*4) GO TO 22 
00 18 K=lrlU 

18 SUM = SUP + Fl(ItK)*PH(KtJ) 

COFrMGOlO 

COW’MC030 
C 0k”M 0 0 4 0 
C OM,!/ 0 0 5 0 
C O M 2  0 0 6 0 
COV’KC070 
C 0 Y I.! 0 0 8 0 
C OK !4 t 0 9 0 
COIsMOlOO 
\.U(SI<U A A u 
C 0?4 M 0 12 0 
COYM0130 
COYI.10 140 
C 0 V,Y 3 1 5 C 
C OMM 0 160 
COP,.X 0 17 0 

C 0,v >! 0 i 9 0 
CO#YV 0 2.0 0 
c O Y M  0 2 1 0 
COb!MO220 
COY!40230 
COMfIG24O 
COI/M025C 
C 0 V :4 0 2 6 0 
C C ? : m 7 0  
C OV? 0 28 0 
C 0 b’Y 0 2 9 0 
C 0 FrM 03 0 0 
c O V V  0 3 10 
IhTGO010 
ihTGOG2C 
IhTG0030 
I NTG 0 040 
iNTG0050 
INTG0060 
INTG0070 
INTG0090 
INTG0095 
INTGO 100 
INTGO11C 
IkTGO120 
IkTG0130 
INTC0140 
IkTGOl50 
INTGO I60 
I NTG 0 170 
I NT G 0 1 S. 0 
IhTG0190 
INTG0203 
I NTG 0 2 10 
INTG0220 
INTG0230 
I NTG 0 2 4 0 
I\TG0250 
IhT60260 
IhTG0270 

Cortu 3 0 20 

C ^ . . . , l \ .  . n 

c o~ M o 1 a o 

233 



DPH(1vJ) = SUM 
SUM = 0. 
G O  20 K=lt5 

20 SUM = SUM + FB(ItK)*PH(KvJ) 
G P H ( I + 3 r J )  = SUM 

22 CONTINUE 
GO TO 6 

99 RETURN 
END 

INTG02eO 
INTG0290 
INTG0300 
INTGO310 
INTG0323 
INTGO35O 
INTGO3liO 
INTG0350 
INTG0360 

I 234 



3) tKDUM 
t PMDOT 

3) rXX(50 

rAX(40 
tCPHDT 
t DATAS 

3 ,SET 
4 tFLOS rG(3r30) tH(3t5) PI tICOUNTtJ ~JNBR~JNBRSPJST 
5 tK rXAR tKC(3) tKDAP tKDATA VKDATAS tKGtKItKK 
6 tKN tKOB tKPROPrKSrKSMtKSSpL rLC(3) tLCS(3) tLS tLT 
7 
8 
9 
A 
B 
C 
I) 
E 
F 
G 
i-l 

tSIGM(3) tSIGMS(3) tSPHDT(5 
tTFIT(9) tTIKE ,TIMES 
tTR(40) tTT(4OI tTXCG(2O 
rTZERO rXJ2 t XMU 
tXYCG(20) tXZCG(20) 

. 



24 IJUB(1+6rJ+b) = SUM + SUM2 
26 CONTIhUE 

00 3.1 &KARiKOE 
DO 28 I=KARiKCE 

GO 32 I=l,NPV 
SUK = 0. 
DO 30 KZLTiMT 

30 SUM = SUM + G(JlK)*CVZ(KiI) 
32 OUB(IiJ+Q) = SUM 
34 CONTINUE 
36 CONTII<LE 

37 COhTINUE 

28 dc1B(IiJ+6) = GbB(IeJ+6) + DUB 

IFtKAR'KOB) 37146137 

00 39 J=KARiKCB 
DO 38 I=KARiKOB 

38 OUB(1+91J+6) 0. 
39 D U B ( J + ~ I J + ~ )  = 1. 

L z KOB-1 
uc 42 I=KARIL 
K = I+]. 
SUM = DUb(I#1+6) 
00  42 J=KAHiKOB 

I+3,J+6) + DUB(I+6tJ+6 

l~Ufj(I+9#J+o) = DUB(1+9tJ+6 
DO 42 K=KiKOB 
IF(1-J) 4u141140 

40 DUE(K 1J+6) = DUB(K 1J+6 
41 UUB(K+9iJ+6) = ObB(K+grJ+6 
42 CONTIkUE 

44 UUB(K06+9iI+b) = DUB(KOB+9 
UO 44 IGKARIKCB 

DO 45 IZKARIL 
M = KOB+KAR+b-I 
DO 45 JZIIL 
h = KOB+LAR+b-J 

236 

M i hV 0 2 80 
MI N V 0 29 0 
f4 I NV 0 3 0 0 
MINV0310 
MiNV0320 
MINV0330 
MINV0340 
MI NV 035 0 
MINV0760 
MZNV0370 
MINV0380 
MINV0390 
MINVO4OO 
MINVO4lO 
MINV0420 
MIhVO430 
MINV0440 
MiNV0450 
MiKV0460 
MI luV 3470 
WINVO480 
b' I h'V 0 4 9 0 
fnIhVO500 
M I N V 0 5 1 C 
MINV0520 
MINV0530 
Mi luv 0 54 0 
M:hV0550 
MINV0560 
MINV0570 
MINV0580 
MI NV0590 
MINV0600 
MiNV0610 
VIhVC620 
MINV0630 
b' I h V C 6 4 0 
Mi NV 0650 
VIhV0660 
MIhV0670 
MIhV0683 
MINV0690 
MINV0700 
MINV0710 
VINV0720 
MIRV0730 
MI NV 0 74 0 
MiNV0750 
KINV0760 
MINV0770 
MiNV0780 
MINV0790 

MI NV 0 8 10 
MINV0820 
MINV0830 
MINVO840 
VINV0850 - 
MINV0860 
MINV0870 

MINVO~OO 

8 



c 

00 62 KzKARtKCB 
62 SUM = SUM + OUB(IPK+T~)*DUB(KP~) 

90 CONTIhUE 

M I I : V O Z 3 G  
MINV0890 
14 I NV 0 9 0 0 
M IkVO9 10 
MI E.iV 0 92 0 
MINV0930 
MINV0940 
M i tiV C9 5 0 
MiNV0950 
V I  IJV 0 57 0 

MINV0990 
MINV1000 
KINVlO10 
MINV1020 
MINV1030 
MI NV 10 4 0  

MINvogao 

MI XV 10 50 
M INV i C 60 
MINV1070 
M I NV 10 a0 
MiNV1090 
MI NV 1 i 0 0 
MINVl1lO 
MINV1120 
M I C!V: 130 
F1 i NV114 0 
MINV1150 
M INV 1160 
MINV1170 
M ZKV 116 0 
MINV1190 
MINV1200 

MI KVl220 
W I \1 V 12 3 C 
MINVl24O 
M I hV 12 5 0 
MINV1260 
MIXV1270 
MINV1280 
MINVi290 
MIRV1300 
MINVl3lO 
MINV1320 
MINV1330 
P IFlVL340 
MINV1350 
M I N V 1 5 6 0  
MINV1370 
MIhV1360 
MIhVl390 
MIb!V1400 
MIKVl'tlO 

MIhV1430 
MINV1440 
MIRV1450 
MI:,Vlli60 
WItiVl470 

MihV1210 

KINV 1420 

237 
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M I  NV 1480 
M I P!V 149 0 
M I  N V  15 0 0 
M 1 N V  15 10 
MI N V  i 52 0 
M i N V  153 0 
MINV1540 
MINV1550 
M I  r.!v 1 5 6  0 
MI  N V  1570 
MINV1580 
M I N V 1 5 9 0  
MINV1600 
M i b! V 1 b 1 0 
M I ~ V 1 6 2 0  
MI PJVlt30 
MIPIV164G 
~ 1 ~ ~ 1 6 5 0  
MINV1663 
K I N V 1 6 7 0  
M IN V 1 b 8 G 
MI FJV 169 0 
:4 I K V  17 0 0 
M I h ' V 1 7 1 G  
M 1:-V 172 0 
V I t i V 1 7 5 G  
MI E;V 174 0 
MI NV 175 0 
V I h!V 17 b 0 
MII.:V 1 7 7  0 
lfINV1780 
M I  N V  179 0 
V, I b! v 1 & 0 0 
M I N V l 8 l O  
M I NV 152 '5 
MIluVlbZD 
MI NV :e4 0 
t4 I N V  1 E5 3 
M i  N V  186 3 
MI NV187O 
M I P: v 18 9 s 
M I E!V 189 0 
K 1 r4V 19 0 C 
MiNV1510 
MI riv 1920 
WIb!V1930 
MI F!V 19 4 0 
MIRV 1950 
MI liV 1960 
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M O T N O 2 8 0  
M O T  N 0 2 5 0 



MGT N 0 E E! 0 
>YO TN 0 8 9 3 
MO TN 0 9 0 0 
MOTN09 I O  
MOT FIG 52 0 
f4OT N 0 9 3 0 
MO TN 0 9 4 0 
MOTNO950 
MOTN0960 
MOT N 0 9 7 0 
MOT t< 0 0 3 0 
KOTN0990  
MOTN10 0 0 
MOTNl  010 

MOTNlO30  
WOTNi 040 
MOTN 1 0 5 0 
MOT N 1 0 6 0 
MOTNlO70  
MOTNlO6O 
MOTN1090 
MOTNl lOO 
HOT N 1 11 0 
MOTN1120 
K O T N l 1 3 0  
M O T N i 1 4 0  
MOTN1150 
MOTN 1 16 G 
VGTN 1 17 0 
MOTNll.80 
M O T N l L 9 0  
MOTN1200 
M O T N i 2 1 0  

v, 0 T N 12 3 0 
XOTN 1 2 4 0  
MOTN1250 

VOTN1270 
h!OT N 1 2 8 0 

WOT N 1 0 2 0 

,XOT t< 12 2 0 

VI 0 T N 12 6 G 

241 



EQUIVALENCE 
iu 
0 
P 
0 
H 
S 
T 
u 
V 
w 
x 
Y 
L 
1 
2 
5 
4 

CCVMO 0 10 
c 0 y 1) 0 ti 2 0 
CGYM 0 0 3 0 
COtfMG040 
C 0:) M 0 0 5 0 
COtftf0060 
COUUG070 
c 0 h’V 0 0 a 0 
COlJ’J0090 
c 0,YV 0 : 0 0 
COVPOl10 
CO~r.40120 
CO‘, b’ 0 13 G 
C C + ’ ! A  0 14 0 
CGYV 0 15 0 
COV’J0160 
COYYi3170 
C O v v G l E C  
COV V G 19 0 
c OrJkJ 0 2 3 0 
c c ’.‘ I.* 3 2 1 0 
COtfVO220 
CO~V0230 
c OYh’ 0 2 4 0 
C G Cq ‘.I 0 5 5 0 
COb’tJ0260 
C C *JM 0 2 7 G 
COVb’0280 
C 01, M 0 29 0 
Cor/ P 0 3 0 0 
C Oh’V 0 3 1 C 
OBSV30 10 
GE SV G C 2 C 
OESVSO3G 
CESVOC4G 
CBSV0050 
OtiSVCO6 3 
CESVG 07 0 

oesv0090 

cBsv0110 
ORSVO 120 
OBSV0130 
OOSVO140 
CBSVO 150 
CESVOi60 
CBSVO17G 
oBsvG1a3 
OESVOi90 
OBSVOZOO 
CBSV0210 
ORSVO220 
ObSVO230 
OBSVO240 

ctisvooao 

ObSVOiOO 

12 kRITE(OUTt1000) cbsvo250 
1000 F O R I I ’ A T ( ~ X ~ ~ H P C : I N T S ~ S X ~ ~ ~ ~ T Y P E ~ ~ X ~ ~ H T I M E ~ ~ X ~ ~ H C O M P ~ ~ ~ O X ~ ~ ~ ~ C O H P ~ I ~ O X ~ O ~ ~ S ~ C ~ ~ O  

0 13 s v 0 2 7 c 15HCOMP3t10Xt4hSIG1tllX14HSIG2tllXt4HSIG3) . 
242 
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L 

. 



. 

MTYP 
GITIMATE MTYP IN OBSERV, MTYPzI3) 

oBsvoeao 
C6SVOb90 
CBSV0900 
OBSV 091 0 
025V0920 
OESV0930 
065’40440 
OESV0950 
oEsvo96o 
oesvo970 

OESV0990 
o~svlooo 
OESVlO 1 0  
OESV 1020 
06SV1033 
OSSVlCJ40 
OBSV1050 
CaSVlO60 
OBSVlC70 
OESVlO80 
OSSViO50 
OESVl1GC 
OBSV1 110 
OBS‘J1120 
OBSVll30 
OESVll40 
06SY115C 
OESV1160 
OESVli70 
06SV1180 
OESVlL90 
OESV 12 0 0 

OESV12fO 

OESV1240 
OESV1250 
OBSV1260 
06 SV 12 7 C 
OBSV1280 
OEcJV1290 
OESV1300 
06SV131G 
OBSV1320 
OBSV1330 
OESV1340 
OBSVl350 
06SV1360 
oesv1370 
06SV?380 
OESV1390 
OBSV1400 
OESVl410 
OESV 142 G 
OBSVl430 
06SVl440 
OESV1450 
OESV1460 
OHSV1470 

oasvogeo 

oesv121c 

oa sv12 3 o 

. 
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EC. (236 
7 1 *XLB 
8 1 *XLB 
9)*XLB 
1O)*XLB 

C2C,V2083 
0 8 5  v 2 ti 4 0 
OBSV210 0 
GBSV5:10 
OhSV2 120  
OBSV2i30 
CaSV2140 
OBSV215G 
CkiSV2160 
OBSV2170 
035V218G 

oasv2200 
CBSV2210 
OBSV2220 
09SV2230 
C2SV2240 
cssv2250 
09SV2260 
OBSV2270 
ORSV2260 
03SV.2290 
OESV23CrJ 
OBSV231 0 
oasv2320 
ObSV2530 
OBSV23L;O 
06SV2350 
OBSV2360 
OBSV237C 

ODSV2390 
08SV24 0 0 
oi?sv2i i  1 c 
CBSV242C 
CB S I‘243 0 
oasv2440 
06SV2450 
Ck3SV2460 
OFjSV2r70 
08SV2480 
085V2490 
OESV2500 
08SV2510 
OASV2520 
Of!SV2530 
06SV2540 
ORSV2550 
OBSV2560 

oasv2 I 4 o 

o~sv23ao 

0 tis V2 5 7 0 
casv2580 
ObSV2590 
0l3sv2000 
OBSV2010 
OFiSV2620 
OBSV2630 
00SV2640 
ObSV2650 
OOSV2660 
O@SV2670 

. 



272 LT=O 

274 LT=3 
276 UO 284 I=KAR,KOB 

J=LC ( 1) 
284 G(I#LT+J)=~. 

60 TO 276 

38 CONTINUE 

40 IF(NPV) 59#99,42 
IFCNSTC) 40o40~46 

42 II=l 
IP=l 

44 JJ=MCC(II) 
GO TO 50 

46 II=1 
1p=o 

48 JJ=NC(II) 
50 GG(l)=O. 

GG (2) = O  
GG ( 3 )  = O  
IF(MTYP.GE.6) GO TO 375 

. 



02SV32eO 

OBSV3300 
OBSV3; 10 
OBSV3320 
OESV3330 
OESV3340 
OBSV3350 

OBSV3370 
OESV3380 
OBSV3390 
OBSV31iCO 
GBSV3410 
GBSV3420 
OBSV3430 
OBSV5410 
Oi3SV3Q59 
G6SV3469 
OBSV3470 

08SV349G 
OBSVZ5LG 

oesv329tl 

oesv3360 

o ~ s v 3 4 a ~  

OBSV3510 
OBSV3520 
OBSV3530 
OBSV354O 
OBSV3550 
CBSV3560 
OBSV3575 
GBSV3580 
OBSV3590 
OBSV3600 
OBSV3610 
OBSV3620 
GESV3630 
oasv3613 
OBSV3655 
OBSV3669 
OBSV367C 
OBSV368C 
OBSV3690 
OBSV3700 
OBSV3710 
00SV3720 
OBSV3730 
OBSV3740 
OBSV3750 
OBSV3760 
OBSV3770 
OBSV3780 
OBSV3790 
06SV3800 
oBsv3a:o 
OBSV3820 
oasv3a30 
OtiSV3640 
OBSV3650 
OBSV3860 
OESV3870 

. 



oesv3080 
OBSV3890 
OE 2 ‘J 3 4 0 0 
CESV3S10 
OBSV3920 
OESV3930 
0 ti S ‘J 3 9 4 3 

08SV3960 
OESV397C 
OBSV3480 
CjSV2.990 

OBSV40 IO 
0 3 5 V 4 C 2 0 
OBSV4C30 
OBSV4040 

06SV4063 
OESV4070 
OBSV4080 
OBSV4090 
O B S ‘ J 4 I O O  

OBSV4120 
OESV4L30 
OBSV4140 
OBSVQl50 
0 E S ‘I 4 1 6 C 
OBSV4170 
OBSV4100 
OESV4190 
0 B 5 V4 2 0 0 
OiiSV4210 
OESV4220 
OBS V42 3 0 
OBSV4240 
GBSV4250 
065V4260 
OBSV4270 
OBSV4233 
OESV4290 
0BSVr300 
085V4310 
OdS V 432 0 
06SV4330 
0bSV4340 
OSSV4350 
OdSV4360 
OBSV4370 
obsv43ao 
06SV4390 
OESV4400 
0 65 V i( 4 1 0 
06SV4420 

oesv3950 

oasv40 o o 

oasv4050 

casv4 1 io 



CdTPO 303 
CUiPOOiO 
OUTP0020 
OUTP0030 
GLlTPOC.40 
OUTP0050 
OLTPOObO 
OUTPO 07 0 
OUTPC O S C  
OUTP0050 
OUTPOlGO 
OUTPOllO 
OUTPO 12 0 
OUTP0130 
OUTPOl40 
OUTPO 150 
OUTPO163 
CUTP0170 
OUTPOlaO 
GUTPClSO 
OliTP02CO 
OliTPO2i0 
OLTP0220 
OUTP3230 
OUTPC24t 
ObTPO250 
CUTP0260 
OUTP0270 
OUTPO280 
OUTPOSBO 
ou;?o3sIo 
OUTPOJ i3 
CL'PO32cu 
GbTP031C 
OUTP33-3 
CUTP035C 
OliTPO36C 
CUT10370 
OuTP038C 
ObTP0390 
OUTPO400 
OUTP0410 
GUTPG420 
OUTPO 4 3 0 
ObTPOr40 
ObTPO450 
OUTPO460 
OUTPO470 
OLJTPO~SO 
OUTP049G 
OUTP0500 
OUTP05 1 0  
OUTP0520 
CUTP0530 
OUTP0540 
OUTPfl550 
OLTP0560 
OUTP0570 
ObTP0580 

t 
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, 

I .  

2 E15.8 

3 €15.8 

4 E15.8 

5 €15.8 

1006 FORMAT 

1008 FOiiMAT 

1 0 1 0  FORMAT 

1012 FORMAT 
O b T P l O S S  

E15.At5H E3 E15.8~5H L A T C U T P 1 0 7 G  
CLTPi 9 3 0  
O L T P l 0 9 0  
@bT?L :100  

i 

2 51  



GO TO 200 
120 sP(i)= X(l)*X( 7) + Z0(1)*X(10) - X(3)*X( 

OUTPl190 
OiiTP1200 
OUT?12 10 
OUTPl220 
OGTP1230 
OUTP12GO 
OUTP1250 
OUTP1260 
OUTP1270 
OUTPf280 
OUTP 129 0 
OUTP1300 
OUTP13lO 
OUTP1320 
OilTP1330 
OUTP1340 
OUTP1350 
OUTP1360 
OUTP1370 
OUTP138O 
OUTP1390 
OUTPlYOO 
OUTP1410 
OUTPl420 
OUTP1430 
OUTPl440 
OUTP1450 
CilTP1460 
OUTPl470 
CUTPl4aO 
OUTP1490 
OUTP 15 0 0 
ObTP1510 
OUTPl520 
OLTP1530 
OUTP154O 
OUTP1550 
OUTP1560 
OUTP1570 
OUTP1580 
OUTP1590 
OUTPl6OO 
OUTP1610 
OUTP1620 
OUTP1630 
OUTP164O 
OUTP1650 
OUTP1660 
OUTP1670 
OUTP1680 
OUTP1690 
OUTP1700 
OUTP1710 
OUTP1720 
OUTP1730 
OUTP1740 
CUTP1750 
OUTP1760 
OUTPl770 
OUTP1780 . 
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205 CONT IlvUE 
00 218 1=1 

P(J+l,I)=O 
P(J+7*1)=0 
00 206 K = l  

206 P(J+l#I)=P 
UO 2U7 K = l  

207 P(J+7tI)=P 
208 CONTIWE 

00 2 m  J=I 
3 
3 

5 
J+ltI)+DUB 
10 
J+7rI)+DUB 

*OU8(185 
*DUB ( 2 t 5 
*DUB( 3 v 5 
*DUB(4, 5 
*DUB (5r 5 

OUTP1790 
OUTP1800 
OUTPlBL 0 

OUTPl2.30 
OUSPlb40 
OUTP1850 
ObTPlE60 
OUTP1870 
OUTP 1 e80 

OUTP1900 

0 ~ ~ ~ 1 ~ 2 0  

ouviago 

ObTP1910 
OUTP1920 
OUT? i530 

3)*X( 8)-SP(5)*X( 7)-SP(6)+X(lO)OUTPl940 
OUTP 1550 

3)*X( 7)+SP(5)*X( 8)+SP(6)*X( 9)0UT?1960 
OUT? 197 0 

3)*x(lO)-SP(5)*X( 9)+SP(6)*X( 8)OUTP1980 
OUTP1493 

3)*X( 9)+SP(5)*X(lO)-SP(6)*X( 7)OUTP2000 
0 ~ 7 ~ 2 0  10 

*SUM 

1+3)*SUM 

OUTP2020 
OUTP2030 
OUTP2 C40 
OUTP2 0 5 0 
OUTP2060 
OUTP2 0 70 
OUTP2 0 8 0 
OUTP2090 
OUTP2100 
OUTP2llO 
OUTP2 120 
CUTP2130 
OUTP2140 
OtiTP2150 
OUTP2160 
OUTP2170 
OUTP218O 
OUTP2190 
OUTP2200 
GUTP2210 
OuTP2220 
OUTP2230 
OUTPZ24O 
ObTP2250 
OUTP2260 
CUTP2270 
OUTP2280 
CUTP2290 
OUTP2300 
CbTP23 10 
OUTP2320 
OUTP2330 
OUTP2340 
GUTP2350 
OLTP2360 
OUTP2370 
OUTP2380 
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218 CONTIhUE 
00 2iO I z l t N S T C  
00 210 J=I ,hSTC 

LT=1 
MT=NSTX-l 
NT=9 
GO TO 34 

210 P ( J t l O # I + 9 ) =  F ( I + 1 0 , J + 1 0 )  

30 LT=O 
vT=kSTX 
hT= lO 
00 3 2  I= l ,NSTX 

3 4  I F ( h P C  
1 3 0  I F ( N P C  
1 3 2  I F ( N P C  
1 3 4  DO 136 
136 V O ( I ) =  

GO TO 
138 DO 1 4 4  

v o ( I ) =  

1=1* 1 0  
D Z ( 1 )  
46 
1=1*3  

V O (  I + 6 )  = O  
DO 1 4 0  J=1,5 

V O ( I + 3 ) =  D Z ( I + 3 )  
DO 1 4 2  d = 1 ~ 1 0  

1 4 0  V O ( i ) = V O ( I ) +  D U B ( J , I  

1 4 2  Vo( I+6)=Vo(1+6)+  DUd 
1 4 4  CONTINUE 
1 4 6  I F ( N S T C )  1 4 8 1 1 4 7 , 1 4 8  

Ot iTP2390 
OtiTP24 0 0  

147 WHITE(OUT,10261 ( I t V O ( I ) # I = l t h T )  

148 DO 1 5 0  I = l ? l \ t S T C  OUTP2720 
150  V O ( I + N T ) =  DZ(I+lO) CUTP272C 

W R i T t ( G b T ~ 1 0 2 8 )  ( I ~ V O ( I ) , I = ~ , ~ T ) ~ ( N C ( I ) ~ V O ( I + N T ) , I = ~ , ~ S T C )  CUTP2740 
1 0 2 8  FORV8AT(6(3H 2(13 ,1H)E13,6)  1 OCTP2753 

35 DO 40 I=lrMT OUTP2760 
K = I + L T  OUTP2770 
I F ( P ( K ? I ) )  3 6 r 3 8 e 3 8  OUTP2780 

36 WRITE(OUTt1030)  I t I # I # P (  K.1)  OLITP2790 
V O ( 1 )  = P ( K t I )  CUTP2800 

1030  FORMAT(26H ****NEGATIVE VARIANCE ON 1 3 ~ 3 1 H R D  TRAhSFORMED VARIABLE,OUTP2810 
A S I G K A ( I ~ ~ ~ H P I ~ * ~ H )  = E15.8) OUTP2d20 

GO TO 35 

Ci lTP2410 
OUTP2Q20 
CUTP243C 
OUTP2440 
CUTP2450 
OUTP2460 
OUTP2470 
OUTP2480 
GUTP2490 
OUTP2500 
GUTP2510 
OUTP2520 
Ot iTP2530 
OUTP2540 
OUTP2550 
CUSP2560 
GUTP2570 
OUTP2580 
CbTP2540 
OUTP26GO 
0 b T P 2 0 1 0  
CUTP2620 
GUTP2630 
CUSP2640 
OUTP2650 
OUTP2c60 
OUTP2b70 
CUTP2680 
CUTP 2 D 9 0 
OUTP2700 
O L T P 2 i  10 

GO TO 4 0  
38 V G ( I ) = S Q R T ( P (  K t I ) )  
4 0  CONTZNUE 

IF(NSTC.GT.0) GO TO 50 
WRITE(OUTt l03 .2)  ( I ~ V O ( I ) ~ I = ~ # N T )  
GO TO 52 

K=i+NT 

W R I T E ( O U T t l O 3 2 )  ( I ~ V O ( I ) ~ I = ~ ~ N T ) ~ ( N C ( I ) , Z O ( I )  , I = ~ , N S T C )  

50 00 35 I= l ,NSTC 

39 L G ( I ) = V O ( K )  

1 0 3 2  FORMAT(6(3H S ( I 3 t l H ) E 1 3 . 6 ) )  
52 IF(NPC(7) .NE. ICOUNT)  RETURN 

I F ( N P C ( 6 ) - 1 )  5 9 ~ 4 1 e 4 2  
4 1  IF(DCOKP.GT.0) RETURN 
42 WRITE(OUT, lO33)  

1 0 3 3  FORMAT(42H COVARIANCE MATRIX P (LOWER TRIANGLE OFULY) ) 

Ot iTP2d30 
GUTP2840 
OUTP2d50 
OUTP2660 
OUTP2670 
OUTP2880 
OUTP2690 
OUTP2900 
OUTP29: 0 
OUTP2920 
OUTP2930 
OUTP2440 
Ot iTP2950 
ObTP2960 
CUTP2970 
OUTP2980 . 
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DO 43 I=ltMT 
43 WHXTE(OUTe1034) (P(I+LTeJ)tJ=l,I) 

1034 FORbiAT(Xt12E10.3) 
IF(NPU) 44~44,250 

44 IF(NPV) 46t46~300 
46 CONTINUE 
99 RETUHN 

250 IF(LT) 256,252,256 
252 00 254 I=l,NSTX 

00 254 J=lrlLPU 
254 DUB(ItJ+6)=CUZ(ItJ) 

60 TO 266 
256 00 262 I=1,3 

DO 262 J=ltNPU 
DUB(IPJ+~)=O. 
DUB(I+6tJ+6)=OI 
00 258 K=1,5 

DO 260 K=1,10 
258 O U B ( I t J + 6 ) = O ~ B ( I ~ J + 6 ) + O U B ~ K ~ I  

260 OUB(I+6~J+6)=0UU(I+O,J+6)+OUB 
262 DUB(I+3,J+6)=CUZ(I+3,J) 

DO 264 I=lPNSTC 
00 264 J=l,NPL 

264 DUB(I+9tJ+6)=CUZ(I+lO,J) 
266 WRITE(OUTt1035) 

MTZNSTX-LT 
DO 268 J=ltNPU 

1035 FORMAT(34H CORRELATION MATRIX 

268 WHITE (OUTI1034) 

300 IF(LT) 306r302~306 
302 DO 304 1:leNSTX 

00 304 cl=ltNPV 
2104 DUa(ltJ+6)=CVP(ItJ) 

GO TO 316 
306 DO 312 1=1,3 

00 312 J=l,NPV 
OUB(I,J+6)=0. 

DO 306 K=115 

00 310 K = l # l O  

(DULJ( It J+6) P I=l ,MT) 
GO TO 44 

OUB(I+6tJ+6)=0+ 

308 OUB(I,J+6)=3Ub(I,J+6)+DUa(K,I)*CVZ(K,J) 

310 O U B ( I + 6 ~ J + 6 ) = 0 U B ( I + 6 , J + 6 ) + O U B ( K ~ I + 3 ) * C V Z ( K ~ J )  - 
312 DUB(I+J,J+6)=CVZ(I+JrJ) 

UO 324 I=ltNSTC 
DO 314 J=ltNPV 

314 DUB(1+9 tJ+6)=CVZ( I+ lO ,J )  
316 wHITE(OUTv1036) 

MTzNSTX-LT 
00 318 J=ltNPb 

GO TO 46 
END 

1036 FORMAT(34H CORRELATION MATRIX ( C V Z  

318 WRITE(OUTt1034) (OU~~(I~J+O)#X=~OMT 

TRANSPOSE) 

.,-- - 33 

. 



COI."M0010 
c 0 vi4 0 0 2 0 
CcrJ!d 0 0 3 0 
CO~!JC040 
COVMO 0 5 0 
CGYM 0 06 0 
COtJM0070 
COMV00a0 
COPM0090 
COtJMO 100 
COVMO 11 0 
COVM0120 
c OVt4 0 13 0 
COtJMO140 
COtJMO 150 
COPMOi60 
COHMC170 
COk'M0180 
COP.'VO190 
c0PtJ0200 
COMM0210 
c 0 P V  0 2 2 0 
COicM0230 
COVM02LbO 
CCYMC1250 
COPY0260 
COMM0270 

COVV0290 
C 0 , V M  0 3 0 0 

PRES0010 
PRES0020 
PRES0030 
PRES0040 
PRES0050 
PRES0060 
PRES0070 
PRES0080 
PRES0090 
PRES0100 
PRES9 110 
PRES0120 
PRES0130 
PRES0140 
PRES11150 
PRES0160 
PRES0170 
PRES0180 
PRES0190 
PRES0200 
PRES0210 
PRES0220 
PRES0230 
PRES0240 
PRES0250 
PRES0260 
PRES0270 

ccw02ao 

c 0w.i o 3 1 o 

. 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

77) = 1. 
78) = 1. 
91) = 1. 
92) = 1. 
93) = 1. 
106) = I, 
107) = 1. 
108) = 1. 
121) = 1. 
122) = 1. 
123) = 1. 
136) = 1. 
137) 1. 
138) = 1, 

CONRO = ,0174532925 
XJ2 = 1.082~45E-3 
XMU = 3.965952E+14 
OMEGA = -7292116E-4 
RPO = 6356173. 
m o  = 6378163. 
hCOUhT = 0 
ICOUNT = 1 
ADATAS = -1 
NST Z U 
NSTX = 0 
NSTC = 0 
NSTA = 0 
hPU = 0 
NPV = 0 
FIT = 1 
PQR = 2 
5CRACh = 3 
LTATL = 4 
Itv = 5 

6 
= o  
= 1  
= o  
= u  
= 1  
= o  

= o  
= 1  
= G  
= o  
= 1  
= u  
I=l*Y 

= 1.ElG 
= u  
1.€+10 

= 1.E10 

KG = 2 
CALL IhDAT 
CALL SETUP 

99 KETUkN 
EhD 

PRES95eO 
PRES0290 
PRESC300 
PRES0310 
PRESC320 
PRES0330 
PRES0340 
PRES0350 
PRES0360 
PRES0370 
PRES0320 
PRES0350 
PRES0400 
PRES0410 
PRES0420 
PRES C4 3 0 
PRESObIO 
PRES9450 
PRES0460 
PRES0470 
PRES0480 
PRES0490 
PRES05 0 0 
PRES0510 
PRES0520 
PRES0530 
PRES3540 
PRES0550 
PRES0560 
PRES0570 
PRES0530 
PRES0590 
PRES0600 
PilFSC610 
PRES0620 
PRES0630 
PRES06L;O 
PRES0650 
PRESC660 
PRES0670 ~ 

PRES0680 
PRES0690 
PRES0700 
PRES0710 
PilESC720 
PRES0730 
PRES0740 
PRES0750 
PRES0760 
PRES3770 
PRES0790 
PRES0790 
PRES0803 
PRES0e10 
PRES0820 
PRES3330 
PRES0640 
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? 

6 4  P ( I v K )  = P ( I t K )  + SUM 

16 IF(NPU) 3 8 e 3 8 t 2 0  
GO TO 20  

I tK *CVZ ( K  t J 1 

PROP0280 
PROP0290 
PROP 0 30 0 
PROP0 3 10 
PROP0320 
PROP0330 
PROP0340 
PROP0350 
PoOPn360 
PROP0370 
PRCPO38O 
PRCP0390 
PROP0400 
PROP0410 
PROP0420 
PROP0430 
PROP0440 
PROP0450 
PROP0460 
PROP0470 
PROP0480 
PROP0490 
PROP0500 
PROP0510 
PROP0520 
PROP0530 
PROP0540 
PROP0550 
PROP0560 
PROP0570 
PROP0580 
PROP0590 
PRCPO6OO 
PRGP0610 
PROPOb20 
PROP0630 
PROP0640 
PROP0650 
PRGP0660 
PROP0670 
PROP0680 
PROP0690 
PROP0700 
PROP07 1 0  
PROP0720 
PRCP0730 
PROP0740 
PR C, P 0 7 5 0 
PROP0760 
PROP0770 
PROP0780 
PROP0790 
PROPOeOO 
PROP08 1 0  
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RKuTOOOO 
RKUT 0 0 10 
RKUT0020 
RKUT 0 0 30 
RKUT0040 
RKUT0050 
RKUT0060 
RKUT0070 
RKUT0080 
RKUT0090 
RKUTO 100 
RKUTOllO 
RKUTOlEO 
RKUT0130 
RKUTO 140 
RKUTOlSO 
RKUT0160 
RKUTO170 
RKUTO 180 
RKUTO 190 
RKUT0200 
RKUT0210 
RKUT0220 
Ri(UT0230 
RKUT0240 
RKUT0250 
RKUT0260 
RKUT0270 
RKUT0280 
RKUT0290 
RKUT0300 
RKUT0310 
RKUT0320 
RKUT0330 
RKUT03rlO 
RKUT0350 
RKUT0360 
RKUT0370 
RKUT0380 
RKUT0390 
RKUTO4OO 
RKUTO4 10 
RKUTO42O 
RKUT0430 
RKUTO44O 
RKUT0450 
RKUTO460 
RKUT0470 

RKUTO490 
RKUTOSOO 
RKUTOSAO 

RKUTO48O ? 
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1000 

10 
1001 

11 
1002 

COMMOO 10 
COMM0020 
COMM0030 
COMM0040 
COMMO 0 5 0 
COKM0060 
COYM0070 
COMM0080 
COMM0090 
COMMOlOO 
COPMOllO 
COMMOl2O 
COMM0130 
COMMOl4O 
COMMOLSO 
COMMOl6O 
COKMO170 
COMMOl8O COMMO 190 

COMM0200 
COMMO210 
CONM0220 
COMM0230 
COMMO24O 
COMM0250 
COMM0260 
COMM0270 
COb’M0280 
C 0 MM 0 2 9 0 
COMM0300 
COVM0310 
SETPO 0 10 
SETP0020 

FORMAT(lHlr27H CONTROLS ARE SPECIFIED FOR) SETPO 0 3 0 
I F ( N P C ( ~ ) - ~ )  10t11812 SETP0040 
WHITt(OUTt1001) TOPTFINAL SETPO 050 

GO TO 13 SETP0070 
hHITt(OUTtlU02) TOtTFINAL SETP0080 
FORMAT(5Xt32H*DETERMINISTIC RUN FROM TIME TO=F9.4tllH TO TFINAL=F9SETP0090 

FORMAT(5Xr28H*FILTEHINC RUN FROM TIME TO=F9.4tllH TO TFINALZF9.4) SETP0060 

1.4) SFTPO 10 0 
GO TO 24 SiTPO]. 10  

12 hRITE(OUTt1003) TOtTFINAL SETPOlZO 
1003 FOHMAT(SXt33H*EHROR ANALYSIS RUN FROM TIME TO=F9*4tllH TO TFINAL=FSETPOl30 

19.4) SETPO140 
GO TO 21 SETPOlSO 

13 IF(NPC(4))14~14*i5 SETP0160 
14 ktHITt(OUltlOO4) SETPO170 

1004 F O H M A T ( ~ X ~ ~ B H * U P D A T E D  REFERENCE) SETPO 180 
GO T O  I b  SETP0190 

15 WHITt(OUTr1005) SETP0200 
1005 FORMAT(SXt21h*hONUPDATED REFERENCE) SETP0210 
16 IF(NPC(8)-1) 17t18t19 SETP0220 
17 WRITE(OUTt1UOb) SETP0230 

1006 FOHMAT(SXt57H*SMOOTh DETERMIhISTICALLYt NO RESIDUALS NOR LOSS FUNCSETPO240 
SETP0250 

GO TO 20 SETP0260 
18 hHITE(OUTr1007) SETP0270 

ATION1 
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1007 iORMAT(5Xt64h*SMOOTH DETERMIKISTICALLYt CALCULATE RESIDUALS AND LOSETP0280 
XSS FUNCTIOIU) SETP0290 
GO TO 20 SETP0300 

19 IF(NPC(8)-3) 170~172,174 SETP0310 
170 WRITE(OUT,1027) SETPO3LO 
1027 FORMAT(~XP~~H*SMOOTH COVARIANCEvNO RESIDUALS NOR LOSS FUNCTION) SETP0330 

GO TO 20 SETP0340 
172 wRITE(OUTt1028) SETP0350 
1028 FORMAT(5X,5bH*SMOOTH COVARIANCEeCALCULATE RESIDUALS AND LOSS FUNCTSETP0360 

XION) SETP0370 
GO TC 20 SETP0380 

174 kRITE(OUTrl029) SETP0390 
1029 FORMAT(SXP~~H*NO SMOOTHING) SETP0400 
20 nRITk(OUTt1009) IuPC(7) SETPO4lO 

1009 FORMAT(SXP~~~*FILTEH FOR 12~31H ITERATIOhS) SETP042G 
21 ii(hPC(9)eL~.O) GO TO 23 SETP0430 
22 WRITE(OUTt1010) SETPO44O 

1010 FORMAT(SXtZdH*SCALAH PROCESS FITTING DATA) SETP0450 
GO TO 24 SETPO460 

23 WRITE(OUTt1011) SETP0470 
1011 FORMAT(SXP~~H*VECTOR PROCESS FITTING DATA TRIPLES) StTP0480 
24 IF(NPC(Z)) 2 5 ~ 2 5 ~ 2 6  SETP0490 
2 5 WH 1 T € ( OUT e 10 12 1 SETP0500 

1012 FORMAT(~XP~ZH*II~PUT AND OUTPUT IN METRIC U N I T S ( M P M / S E C P M / S E C ~ , K C ) ) S E T P O ~ ~ O  
GO TO 27 SETP0520 

26 WRITE(OUTr1013) SETP0530 
1013 FORMAT(5Xt62h*INPUT AND OUTPUT IN ENGLISH UNITS (FT,FT/SECPFT/SEC~SETPO~~O 

XPLBPSLUG)) SETP0550 
27 hRITE(OUT,1014) HEOPRPO,OMEGAPXMUPXJ~ SETP0560 

l u l l ,  FORMAT(SX,lBH*PLA~ET PARAMETERS/20X~11HEQU~T.RAD.=E15.8~13H POLARSETPO57O 
1 RAD.=E15.8,13H ROTATION =E~~.~/~OXP:~HMU(GRAV.) =E15.8~13H Jz(SETP0580 
~GRAv.) = E ~ ~ . ~ / ~ X P ~ ~ H * I N I T I A L  STATE ESTIMATE IS) SETP0590 
IF(NPC(3)-1) 28~29030 SETP0600 

28 WRITE(OUTP~O~~) (Z0(1)~1=1~10) SETP06L 0 
1015 F O R M A T ( ~ O X , ~ H ~ , ~ X , ~ H = E ~ ~ . ~ P ~ H  V*9XtlH=E15*8~3H W,9X,lH=E15.8/2OXSETPOC20 

illlhALTITIJDE =E15rdt13H GEODeLAT. =E15.8~13H LONGITUDE =E15.8/2SETPO630 
~ O X P ~ H E O P B X , ~ H = E ~ S . ~ P ~ H  €1~8XtlH=ElS.6~4H E ~ P ~ X ~ ~ H = E ~ ~ . ~ / ~ ~ X , ~ H E ~ S E T P O ~ ~ O  
3~8X,lH=E15.8) SETP0650 
GO TO 31 SETP0660 

29 WHITE(OUTv1016) (Z0(1)~1=1~91 SETP0670 
1016 FORMAT(20XtllhVELOCITY =E15.8~13H GAMMA =E15.8~13H LAMBDA SETPOo80 

1 =E15.8/20X,llHALTITUDE =E15r8~13H GEOD-LAT. ZE15.8~13H LONGITSETP0690 
2UDE =E15.8/20X,llHPSI(BAR) =E15.8,13H T H E T A ( B A R ) = E ~ ~ . ~ P ~ ~ H  PHI(SETP0700 
3BAR) zE15.8) SETP0710 
GO TO 31 SETP0720 

30 kR1T€(OUT~1017) (ZO(I)tI=1,9) SETP073O 
1017 FORMAT(~OXP~~HVELOCITY =E15..3,13H GAMMA =E15.8,13H LAMBDA SETP074O 

1 =E15r8/20~rllHALTITUDE =€15*8~13h GEODeLAT. =E15.8~13H LONGITSETP0750 
2 U U E  =EIS.&/~OXP~~HSIGMA =E15.8,13H BETA =E15.8~13H ALPHSETP0760 
.SA =k15r8) SETP0770 

XMUJ = 3.*;YU*XJ2*REO**2 SETP0790 
IF(NPC(l)-I )32~40,32 SETPOt300 

32 WRITE(OUTv1318) IUSTA SETPOBlO 
1018 FORMAT(SXt22H*FITTING DATA IS FROM 12~8H SOURCES) SETPO820 

KSS=U SETP0630 
00 42 I=l,hl>TA StTPO840 
IF(NS(I)-6) 33~44845 SLTPO850 

33 MT = hS(I) SETP0060 
N = 73 +15*VT SETPOblO 

31 RERP2=(REO/RPC) **2 SETP 0 78 0 
I 
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. 

X O ~ G I T U D E = F ~ ~ . ~ P ~ ~ H  ALTITUDE =Fl1.4t19H ABOVE 
C(N)=C(N)*CO~RU 
C(N+l)=C(h+l)*COhRD 
C(N) ATAN~(SIN(C(N))PRERP~*COS(C(N))) 
NT=N+2 
MiYP = WT 
CALL STAT 
00 36 J=l,FtSTC 
IF(NC(J)-N) 3 6 ~ 3 5 ~ 3 5  

35 IF(NC(d)-NT)37,37~36 
36 CONTINUE 

GO TO 36 
37 KSS=KSS+l 

NSS(KSS) MT 
38 MO(MT) = 0 

00 39 JZltNSTC 
IF(NC(J).LT.N-6) GO TO 39 
IF(NC(J).LE.N-4) GO TO 40 

IF(C(N-~).NEIO.) GO TO 40 
IF(C(N-5)vNE.O.) GO TO 40 
IF(C(N-4)oNEoO.) GO TO 40 

39 CONTINUE 

GO TO 42 
44 WRITE(OUTP~U~O) ItC(151)~C(152) 

WRITE(OUT~1019) IPMTPC(N)PC(N+~),C(N+~) SETPO880 
1019 F O R M A T ( ~ O X ~ I ~ P ~ ~ H .  TRACKING STATION 11~12l-i~ GEOD.LAT.=F11.6t12H LSETP0890 

REF. SURFACE) StTP0900 
SETP0910 
SETP0920 
SETP0930 
SETF0940 
SETP0950 
5ETP0960 

SETP0980 
SETPO990 
SETP1000 
SETPl010 
SETP1020 
SETPl030 
SETP1040  
SETP1050 
SETP1060 
SETP1070 
SETP1080 
SETP1090 
SETP1100 
SETPl110 
SETP1120 
SETP1130 

Y, L T P 0 97 0 

A020 FORMAT(~OX,I~PZ?’H. AIRBORNE RADAR, OELTA(P)=F11.6tA1H 
X1.6) 
GO TO 42 

45 IF(NS(I)-7) 41t41~43 
41 WRITE(OUT,lO31) I 

43 WRITE(OUT,1030) I 
GO TO 42 

GO TO 42 
1030 FORMAT(Illrl5h. POSITION DATA) 
A031 F O R M A T ( I ~ ~ , A ~ H I  VELOCITY DATA) 
40 MO(MT) = 1 
42 CONTINUE 
46 ZO(5) = ZO(S)*CONHO 

Z0(6)=ZO(b)*CONRD 
NSTX = NSTC + 10 
ZO(5) = ATAN~(SIN(ZO(~))PRERP~*COS(ZO(~))) 
CPH=COS(ZO(5) 1 
SPH=SIN(Z0(5)) 
HO =REO/SPRT( l .+ (HEHPZ- l . ) rSPH**2)  
K= 
20 
UO 

48 X( 
IF 

50 00 
51 LO 

00 
20 
ST 

DELTA(Y)=FlSETP114,0 
SETPl150 
SETP1160 
SETPll70 
SETP 11 60 
SETP1190 
SETP12O 0 
SETP i2 10 
SETP1220 
SETP1230 
SETP 1240 
SETP1250 
SETP 1260 
SETP1270 
SETP1280 
SETP1290 
SETP 1300 
SETP1310 
S E T P l 3 2 O  
SET P1330 
SETPl340 
SETP 1350 
SETP1360 
SETP1370 
SETPl38O 
SETP1390 
SETP1400 
SETPi410 
SETP142O 
SETPl430 
SETPllt40 
SETP1450 
SETPl46O 
SETPl470 
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CT(:)*CT(4 

C T ( 3 ) * S T ( 4  

ST ( 3 )  *ST ( 4  
S T ( ~ ) * S T ( Y  
S T ( 3 ) * C T ( 4  

C T ( 3 ) * C T ( 4  

ST ( 3 )  * C T  ( 4  

SETP1480 
S E T P l 4 9 0  
SETP1500 
S E T P l 5 1 0  
SETP1520 
SETP1530 
SETP154O 
SETP1550 
SETP 1 5 6 0  
SETP1570 
SETP1580 
SETP1590 
SETP1600 
SETP1610 
SETP1620 
SETP1630 
S E T P I 6 4 0  
SETP1650 
SETP1660 
SETP1670 
SETP1680 
SETP1690 
S E T P i 7 0 0  
SETP1710 
SETP1720 . 
SETP1730 
SETP1740 SETP1750 

S E T P l 7 6 0  
SETP1770 4 

SETP1780 
SETP1790 
SETP1800 
S E T P l 8 l O  
SETP1820 
SETP1830 
SETP184O 
S E i P 1 8 5 0  
S E T P l 8 6 0  
S E T P l 8 7 0  
S E T P l 8 8 0  
SETP 1 8 9 0  
SETP1900 
SETP 19 10  
SETP1920 
SETP1930 
SETP1940 
SETP1950 
SETP 196 0 
SETP1970 
SETP1980 
S E T P l 9 9 0  
SETP2000 
SETP20 10  
SETP2020 * 
SETP2030 
SETP2040 
SETP2050 
SETP2060 
SETP2070 
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[JUA 
DUA 
UUA 
UUA 
UUF 
DUF 
DUF 
DUF 

SUM = 
DO 7b 

76 SUM = 
78 P ( I , J  

uo 8 0  
80 P ( 1 v J  

I F ( N P  
00  8 4  
00 8 4  
SUM = 
00 8 2  

D U B ( 9 t 9 )  = X ( 7  
UUB(lOt9)= X ( 8  

70 00 7 4  1=1,10 
CO 7 4  J=l,NSTX 
SUM = 0. 
DO 72 K=1 ,9  

72 SUM = SUM + DUB 
7 4  PH(1P.J) = SUM 

DO 80 I=1,10 
00 78 J=I,lU 

0. 

/2 .  
12 .  

SETPPOBO 
SETP2090 
SETP2100 
SETP2110 
SETP2120 
SETP2 1 3 0  
SETP2140 
SETP2150 
SETP2160 
SETP2170 
SETP2180 
SETP2190 
SETP2200 
SETP2210 
SETP2220 
SETP223O 
SETP2240 
SETP2250 
SETP2260 
SETP2270 
SETP2280 
SETP2290 
SETP2300 
SETP23 lO 
SETP2320 
SETP2330 
SETP2340 
SETP2350 
SETP2360 

DUB ( 78 8 )  = (-DUE ( 1) *DUF ( 4)  -0UE ( 2 )  +DUF ( 3 )  -DUE (3 )  *DUF (2 )  +DUE ( 4  1 *DUF (SETP2370 
SETP238O 
SETP2390 
SETP2rOO 
SETP2410 
SETP2420 
SETP2430 
SETP2440 
SETP2450 
SETP2460 
SETP2470 
SETP2480 
SETP2490 
SETP2500 
SETP2510 
SETP2520 
SETP2530 
SETP2540 
SETP2550 
SETP2560 - 
SETP2570 
SETP2580 
SETP2590 
SETP2600 
SETP2610 
SETP2620 
SETP2630 
SETP2640 
SETP265O 
SETP2660 
SETP2670 

265 



I ... 

82 
84 

86 
88 

90 
92 

94 
100 

3021 

SUM = SUM + DUB(IPK)*CUZ(KPJ) 
PH(I8J) = SUM 
DO 86 I=1~10 
DO 86 J=18NPU 
CUZ(I~J) = ~ ~ ( 1 8 4 )  

DO 92 1=i810 
IF(KPV.EQ.0) GO TO 100 

DO 92 J=l,NPV 

DO 90 K = 1 ~ 9  
SUM = SUM + DUB(IPK)*CVZ(KPJ) 
PH(ItJ) = SljM 
DO 94 1=1,10 
DO 94 J=l,NPV 
CVZ(IPJ) = PH(1vd) 
WRITE(OUTP~O~~) 
WRITE(OUTPLO~~) ~ I ~ I ~ X ~ I ~ ~ P ~ I ~ I ~ ~ I ~ l ~ l O ~  
FORMAT(//t24H STATE VECTOR COMPONENTS/43H 

SUM = 0. 

SETP2680 
SE7P2690 
SETP2700 
SETP2710 
SETP2720 
SETP2730 
SETP2740 
SETP2750 
SETP2760 
SETP2770 
SETP2780 
SETP2790 
SETP2800 
SETP2810 
SETP2820 
SETP2a30 
SETP2840 

COMP. IDaNO. EST.SETP2850 ~ 

*VALUE VARIANCE) 
1021 F O R M A T ( ~ X P I ~ P ~ X ~ I ~ P ~ X P ~ E ~ S , ~ )  

IF(NSTC1 102~104~102 
102 WRITE(OUTP~O~~) 

DO 103 I=lPNSTC 
LT=NC ( I ) 
MT=I+10 

1022 FORMAT(42H MODEL PARAMETERS IN EXPAhDED STATE VECTOR) 

103 WRITE(OUTt1023) MTPLTPC(LT)~P(MT~MT) 

104 IF(NPU) 106~108~106 
106 WRITE(OUTP~OZ~) 

1023 FOHMAT(lX8I484X8I4PSXP2~1s.8) 

1024 FORMAT(55H RANDOM MODEL PARAMETERS NOT BEING ESTIMATED 
00 io7 I = ~ P N P U  

108 IF(NPV) ~ 1 0 ~ 1 1 2 ~ 1 1 0  

LT=MC ( I ) 
107 WRITE(OUTt1023) ItLTtC(LT)PD(I) 

110 W H I T E ( O U T P ~ O ~ ~ )  
1025 FORMAT(61H HAkDOM MEASUREMENT PARAMETERS NOT BEING ESTIMATED 

XCTOR 1 ) 
DO 111 I=leNPV 
LTZMCC ( I) 

111 WHITE(OUTt1023) I~LTPC(LT)PS(I) 
112 LT=9 

IF(NPC(3) eEO.0) LJ=lO 
IF(NST-LT) 1141120~114 

114 WRITE(OUT,1026) 
1026 FORMAT(48H IMPROPER NUMBER OF STATE VARIABLES ARE INPUTTED) 

CALL EXIT 
120 IF(NPC(l)-I) 1248122,124 
122 N A L L = ~ O  

GO TO 128 

K = NSTX + NPU 
DO 126 I = l ~ l O  
DO 125 G l t K  

125 PH(IPJ) = 0. 
126 PH(IPI) = 1. 
128 IF(NPC(1)-2) 144~130~144 
130 IF(NSTA-~) 144~144t132 
132 DO 142 IZ2vkSTA 

124 NALL = lO*(NSTX+NPU+l) 

MT=NS(I-l) 

- 
SETP2860 
SETP2670 
SETP2880 
SETP2890 
SETP2900 
SETP2910 
SETP2920 
SETP2930 
SETP2940 
SETP2950 
SETP2960 
SETP2970 

(U-VECTOR))SETP2980 
SETP2490 
SETP3000 
SETP30 10 
SETP3020 
SETP3030 

1V-VESETP3040 
SETP3050 
StTP3060 
SETP3070 
SETP3000 
SETP3090 
SETP3 100 
SETP3110 
SETP3 12 0 
SETPJ 130 
SETP3140 
SETP3150 
SETP3160 
SETP3170 
SETP3180 
SETP3190 
SETP3200 
SETP3210 
SETP3220 
SETP3230 
SETP4450 
SETP4460 
SETP4470 
SETP4480 



TT=DTF(MT) 
L T = I - 1  
DO 1 3 6  J z I r N S T A  
K=NS ( J) 
I F ( T T - D T F ( K ) )  1 3 5 r 1 3 5 0 1 3 6  

135 TT=DTF(K)  
L T = J  

136 CONTINUE 
137 I P = N S ( I - l )  
1 3 8  N S ( I - l ) = h S ( L T )  
139 N S ( L T ) = I P  
142 CONTINbE 
149 KDATAZ-1 

WRITE(SCf?ACH) NSTX*NPU~NPV,[(P(IrJ),I=1,NSTX),J=L,NSTX)r 
1 ( (CUZ( I ,J ) , I= l rNSTX) ,J=r ,NPU) , ( (CVZ( I rJ )OI=1ONSTX)rJ=1ONPV)  

ET = TO 
TZERO = TO 
T = TO 
TIMES=TZERO-10. 
hDAP = 1 
KPROPZ-1 
KDATkS=-1 
C ( 1 5 1 ) =  C ( 1 5 1 ) + C O N R D  
C(152)=  C(152)*CONRD 
RETURN 
END 

SETP4490  
SETP4500  
SETP45 10  
SETP(t520 
SETP45.30 
5 E  T P 4  5 4  0 
SETP4550 
SETP4560 
SETP(r570 
SE TP4 58 0 
SE 'I P4 5 9 0 
S E l P 4 6 0 0  
SETP3550 
SETP3560 
S E l P 3 5 7 0  
SETP35l30 
SETP3590 
SETP3500 
SETP3610 
SETP3620 
SETP3630 
SETP3640 
SETP3650 
SETP3660 
SETP3670 
SETP3680 

a 
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. 

c OV,M 0 0 I 0 
COVM0020 
COPMOO30 
COMM0040 
COMM0050 
COMMOO60 
COMM0070 
COMM0080 
COMM0090 
COMMO 10 0 
COMMOL IO 
COMMOl2O 
COPMO 130 
COMM0140 
COVMOlSO 
COMM0160 
COMMO170 
COMMO 180 
COMi40190 
COMM0200 
COMM0210 
COMM0220 
COMM0230 
COlrM0240 
COVM0250 
COMM0260 
COMM0270 
COPM0280 
COMM0290 
COVM0300 
COMM0310 
SMTHO 0 10 
SMTH0020 
SMTHOOJO 
SMTHO040 
SMTH0050 
SMTH0060 
SMTH0070 
S ~ T ~ 0 0 8 0  
SMTHOO~O 
SMTHOl 00 
SWTHO 11 0 
SMTHOl2O 
SMTH0130 
SMTH0140 

SPTHO 160 
SMTH 0 170 
SKTHOl80 
SMTHO190 
SMTH0200 
SMTH0210 
SMTH0220 
SMTH0230 
SMTH0240 
S M T H 0 2 5 0 
SMTH0260 
SMTH0270 

SMTHO~SO 

268 



t 

W H I T t ( O U T r l U O 4 )  

TO=T2 
20  CALL INTAG 

I F ( t T . L E . T I M L )  GO TO 155 
I F l k P C ( l l r h E . 1 )  CALL PROP 

Ll=l 
2 4  C A L L  OUTPUT 

28 IF(T2-TZEHO) 6 0 r 6 0 t 3 0  
30 LTZET-DET 

36 TIME = TYM(KG) 
I F ( h S M . L k . 0 )  GO T O  38 

37 IF(TIME.LE.ET) G O  T O  38 
TZ = TIME 
GO TO 2 0  

GO TC 20  
bo NALLZNALLSV 

N P C ( ~ ) = M O P T S V  
DCOMP=-DCOMP 
I F ( I C O U N T - N P C ( 7 ) )  6 4 t 6 2 ~ 6 2  

N P C ( 1 ) = 1  
L l = o  
GO TO 99 

64 ICOUNT=ICOUNT+l 
DO 66 I = l r 6  

66 F I T R ( 1 )  = G 
REWIFUD F I T  
REWING POH 
KDATASZ-1 
KDATA=-1 
KPHOP=-l 
NCOUNT=O 
i1=1 
BACKSPACE SCHACH 
BACKSPACE SC R A C H 
READ (SCRACH) h S T X r N P U , N P V , ( ( P ( I r J ) , I = 1 , N S T X ) , J = l r N S T X ) ,  

C A L L  IUENT 

38 T Z  = ET 

b2 ETZTFINAL 

A ~ ~ C U Z ~ I ~ J ~ ~ I ~ 1 ~ N S T X ~ ~ J ~ l ~ N P ~ ~ ~ ~ ~ C V Z ~ I ~ ~ ~ ~ I ~ l ~ N S T X ~ ~ J ~ l ~ N P V ~  

99 RETURN 
150 MTYP=MTP(KG) 

IF(KG.EQ.0)  GC TO 158 
CALL OBStRV 
DO 156 I = l r 3  
I F ( M H ( 1 r M T Y P ) )  1 5 2 r 1 5 4 r i 5 2  

152 i ( L S (  I ) = U F k (  1 ) - O A T  ( I , K G )  
IF (MTYP.6 l .S)  GO TO 153 
I F ( I . E O . 1 1  GO TO 153 
IF(A~S(~ES(I)).LT.3.1416) GO TO 153 
R E S ( : ) = R t S ( I ) - S I G h ( 6 1 2 8 j l B 5 3 0 7 1 7 9 5 8 6 ~ R E S ( I ) )  

RES(  I + 3 ) =  R t S (  I )/SP( 1) 
FLOS= FLOS + R E S ( I + 3 ) * * 2  
K U ( I ) = k C O U h T  
hC OUhT=NC OUNT- 1 
GO TO 1 5 6  

1 S3 CONT IFdJE 

1 5 4  HES(lI=O. 
R E S ( I + 3 ) = 0 .  
K O ( 1 )  = 0 

156 CONTAlvUt 

SMTHO280 
SMTH0290 
SMTH0300 
SMTH0310 
SMTHO32O 
SMTH0330 
SMTH0340 
SMTH0350 
SMTH0360 
SMTH0370 
SMTHO 38 0 
SMTH0390 
SMTH0400 
SMTH04lO 
SMTHG420 
SMTH0430 
SMTHO440 
SMTHO4SO 
SMTH0460 
SMTHO470 
SMTHO48O 
SMTH0490 
SMTHO 500 
SMTH05l.O 
SMTH0520 
SMTH053O 
SMTHO540 
SMT ti 0 5 5 0 
SMTH0560 
SMTH0570 
SMTHOSBO 
SMTH0590 
SMTH0600 
SMTH0610 
SMTH9620 
SMTH0630 
SMTH0640 
SMTH0650 
S M T H 0 6 6 0 
SMTHOo70 
SMTH068O 
SMTH0690 
SMTHO7 00 
SMTH0710 
SMTH0720 
SMTH0730 
SMTHO 7 4 0 
SMTH0750 
SMTH0760 --- 
SKTH0770 
SMTH0780 
SNTHO 7 9 0 
SMTH 0 8 0 0 

SMTH0820 
SMTH0830 
SMTHO84O 
SMTHO850 
SMTH0860 
SMTHO87O 

S M T H O ~ ~ O  
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. 

TO 36 
158 TIME=TZERO-lO. 

S M T H O ~ ~ O  
St’THO890 
SMTH0900 
SMTH0910 
SMTH0920 
SMTHO930 

GO TO 37 SMTH094O 
1000  FORMAT(//5X6HPOINTS4X~4HTYPE~3X~4HTIME~6X~4HRESlt9Xt4HRES2t9X~4HRESMTHO95O 

XS3,9X~BHWGT.RESl~SX~BHWGTIRES2~5X~6HWGT~RES3~5X*9HLOSS FCTN) SMTH0960 
1002 F O R M A T ( l X ~ I Y ~ l H ~ I 4 ~ 1 H t I 4 ~ l X ~ I 2 ~ ~ X ~ F ~ O ~ 3 ~ 7 ( ~ X t E ~ 2 ~ 5 ) )  SMTH0570 
1004 FORMAT(///20(lH*)t25HBEGXN BACKWARDS SMOOTHINGt7S(lH*)) SMTH0980 

SMTH0990 
. __ END 

. 
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c OMM 0 0 1 0 
c 0 ttr4 0 02 0 
COMM0030 
c o m  o 04 n 
C 0 M fc, 0 0 5 0 
COE”MOG60 
c gp:;4 r: 0 70 
C 0 M M 0 0 8 0 
C Ob’ ,M 0 0 Y 0 
cob’Mo1oo 
COVMOllO 
COKM0120 
C OKM 0 1 3 0 
C 0,W 0 1 4  0 
C 0 P M  0 1 5 G 
C 0 b’M 0 1 6 0 
COMMO1’10 
COvMOlaO 
COVM0190 
c OV#M 0 2 0 0 
COb‘M02 10 
COVM0220 
COb’t40230 
COMM0240 
COGM0250 
COVP0260 
C 0 b’, M 0 2 7 0 
COVMO28O 
COb!PO290 
COV’MO3OO 
COE”MO310 
STAT0010 
STAT0020 
STATGO30 
S T A T 0 0 4 0  
STAT0050 
STeTOOEO 
STAT0070 
STAT0080 
STAT0090 
STAT0100 
STAT0110 
STAT0120 
S T A T  0 130 
STATOLUO 
STAT0150 

4 



FUNCTION 
DIMENSXOK h(L)tT(l)tY(l) 

T / \ u  ( TARGt N v T t Y) 

I F ( N ( ~ )  )lllt14t111 
lli CONTINUE 

I = h(2) 
6 IF(TARG - T(I))3v2*1 
1 IF(N(3119t5t9 
5 1 = 1 + 1  

4 1 = 1 - 1  
8 TAB = (Y(I+i)*(TARC - T(1)) - Y(I)*(TARG 
7 N(2) = I 
99 RETURN 
1 1 1 = 1 - 1  
2 TAB = Y(I) 

GO TO 7 
9 IF(TARG - T(I-1)) 4tllt12 
3 IF(N(3))5vlOv5 

IF(I-h(1)) bv4v4 

10 IF(TARG - T(I-A))12t11~4 
1 2 1 = 1 - 1  

18 X=1 
IF(I-l)lBt8t6 

GO T O  8 

RETURN 
END 

14 TAB = 0. 

Martin Nariatta Corporation 
Denver, Colorado, June 6 .  1969 

TAB 0000 
TABTOOlO 
TABT0020 
TABT0030 
TAB10040 
TABT0050 
TABT0060 
TABT0070 
TABTO 080 
TABT0090 - T(I+l)))/(T(I+l)-T(I)) TABTOlOO 
TABTO110 
TABT0120 
TABT0130 
TABT0140 
TABT0150 
TABT0160 
TABT0170 
TABTO180 
T ABT 0 190 
TABT0200 
TABTO21 0 
TABT0220 
TABTO230 
TABT0240 
TABT0250 



APPENDIX 

DATA CONDITIONING 

A 

Dur ing  p o s t f l i g h t  a n a l y s e s  s t u d i e s  t h e  measurement  d a t a  must  
be  c o n d i t i o n e d  b e f o r e  b e i n g  used  i n  STEP. The a i r b o r n e  measu re -  
men t s  r e c e i v e d  f rom t h e  t e l e m e t r y  s i g n a l  mus t  be decoded ,  d i g i -  
t i z e d ,  c a l i b r a t e d ,  t ime c o r r e c t e d ,  e d i t e d ,  smoothed ,  and  € o r m a t t e d  
f o r  u s e  on t h e  PQR t a p e .  The  d a t a  a re  n o t  smoothed i f  t h e y  a re  
t o  be  used  on t h e  FIT tape .  The r a d a r  t r a c k i n g  d a t a  must  b e  e d i -  
t e d ,  a n d  f o r m a t t e d  f o r  u s e  on t h e  F I T  t a p e .  Methods t h a t  were 
u s e d  on t h e  PRIME program- p o s t f l i g h t  a n a l y s e s  a r e  p r e s e n t e d  f o r  
a c c o m p l i s h i n g  t h e s e  d a t a  c o n d i t i o n i n g  t a s k s .  These  methods a r e  
c e r t a i n l y  n o t  u n i q u e ,  b u t  n e v e r t h e l e s s  do  s u g g e s t  one  way of  per-  
f o r m i n g  t h e  d a t a  c o n d i t i o n i n g .  

C o n s i d e r  a s i n g l e  c h a n n e l  of t e l e m e t r y  d a t a  t h a t  h a s  been  de -  
coded ,  c a l i b r a t e d ,  a n d  d i g i t i z e d .  F o r  e a c h  d a t a  p o i n t ,  t h e i r  
c o r r e s p o n d s  a time. T h i s  time must  be  c o n s i s t e n t  w i t h  t h e  r a n g e  
t ime t h a t  i s  r e c o r d e d  w i t h  t h e  t r a c k i n g  d a t a .  I f  t h e  t e l e m e t r y  
t ime i s  o b t a i n e d  f rom a n  a i r b o r n e  c l o c k ,  t h e n  t ime c o r r e c t i o n s  
o n  t h e  t e l e m e t r y  d a t a  may be  n e c e s s a r y .  These  t ime c o r r e c t i o n s  
c a n  b e  o b t a i n e d  by  compar ing  r ange  t i m e  and  t e l e m e t r y  t ime a t  
p o i n t s  where  d i s c r e t e  e v e n t s  o c c u r .  T h i s  compar i son  w i l l  y i e l d  
c o r r e c t i o n s  t h a t  c a n  be  made t o  t h e  t e l e m e t r y  t ime b r i n g i n g  i t  
i n t o  a g r e e m e n t  w i t h  r a n g e  t ime .  The measurement  d a t a  may a p p e a r  
as shown i n  f i g u r e  A l .  

El 
7- 

I 
Time 

F i g u r e  A 1 . -  Measurement  Time H i s t o r y  

S e v e r a l  t y p e s  of  anomol i e s  a re  p r e s e n t e d  i n  f i g u r e  A l .  A t  

of a p p r o x i m a t e l y  n i n e  e r r o n e o u s  d a t a  p o i n t s ;  a t  D i s  m i s s i n g  
d a t a ,  a n d  a t  E a n o t h e r  s e r i e s  of e r r o n e o u s  d a t a  p o i n t s .  The 
f i r s t  p rob lem e n c o u n t e r e d  i n  t h e  d a t a  c o n d i t i o n i n g  t a s k  i s  t h a t  

A a n d  B s i n g l e  w i l d  p o i n t s  c a n  be  s e e n ;  a t  C i s  a s e r i e s  
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... 

o i  dctc?r, , ,FiiL,q; wilere s u c h  anoi , lv i ies  o c c u r .  One mus t :  the,, d e c i d e  
ii a n d  how the da t a  s h o u l d  be  r e p l a c e d .  F i n a l l y ,  t h e  d a t a  are  
smoothed i f  t hey  are t o  be used  on t h e  PQR tape .  

A .  Dete rmina t ion  of Anomolies 

Erat ic  d a t a  can  be manual ly  i d e n t i f i e d  by p l o t t i n g  t h e  d a t a .  
T h i s ,  however, i s  v e r y  t ime  consuming. Ano the r  way i s  t o  form a 
d i f f e r e n c e  t a b l e  f o r  t h e  d a t a  as t a b u l a t e d  below 

t - 
0 

0 .I 

0 . 2  

0 . 3  

0 .4  

0.5 

0.6 

0 . 7  

0 . 8  

0 . 9  

where 

x - 
0.563 

0 . 8 6 5  

1.175 

1.491 

1.814 

2.145 

2.483 

2.827 

3.171 

3.520 

Dx 

0.302 

0.310 

0.316 

0 .323  

0.331 

0.338 

0 .344  

0 .344  

0.349 

2 
A X  

0 . 0 0 8  

0.006 

0.007 

0 .008  

0.007 

0.006 

0 

0.005 

3 
A x  

-0.002 

0.001 

0.001 

-0.001 

-0.001 

-0.006 

0 .005  

For wel l -behaved d a t a  t h e  h i g h e r  d i f f e r e n c e s  remain small .  
Should a w i l d  p o i n t  o c c u r  i t  can  immedia t e ly  be  i d e n t i f i e d  by a 
r a p i d  change i n  t h e  h i g h e r  d i f f e r e n c e s .  F o r  example,  i f  a t  t = 
0 . 5  l e t  X = 4.145 i n s t e a d  of 2.145.  The e r r o r s  i n  t h e  d i f f e r -  
e n c e s  f a n  t o  t h e  r i g h t  as f o l l o w s :  
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- t - X nx 2 
A X  

3 
A X  

0 0 .563  
0.302 

0.310 -0.002 

0.316 0.001 

-- 2 .ooo 0.323 
I .  8?L; ---- 2.008 

-6.001 -c-- A - -  2.331 

-1.662 5.999 ----- 2.006 -- -2.006 
0.6 2.483 

.344 --- 
0 . 7  2.827 0 --- 

,344 .005 
0 . 8  3.171 .005 

.349 
0 . 9  3.520 

0 . 1  0.865 S O  .008 

0 . 2  1 .175  0.006 

/ 0 . 3  1 . 4 9 1  0 .007  ---- 
4- -  

e-- 
0 . 4  

0.5-== 4.145 -3 .993 

- z  
-- -- -- 

-- 

Such e r r o r s  can be d e t e c t e d  b y  t e s t i n g  t h e  second o r  h i g h e r  
d i f f e r e n c e s .  When a n  e r a t i c  change o c c u r s ,  a w i l d  p o i n t  o r  a b r u p t  
change i n  t h e  d a t a  i s  d e t e c t e d .  Where a b r u p t  changes a re  known 
t o  o c c u r  ( e . g . ,  eng ine  i g n i t i o n  o r  shutdown) t h e  d i f f e r e n c e  t es t  
shou ld  be n e g l e c t e d .  

The d i f f e r e n c e  t e s t  i s  implemented i n  t h e  d a t a  c o n d i t i o n i n g  
t a s k  as f o l l o w s .  The n d a t a  c h a n n e l s  are  s t o r e d  i n  c h r o n o l o -  
g i c a l  o r d e r  on magne t i c  t a p e  where e a c h  r e c o r d  c o n t a i n s  
p o i n t s  f o r m a t t e d  as follows 

N d a t a  

where m i s  t h e  number of data  c h a n n e l s  ( o r  separate measure- 
m e n t s ) ,  and N i s  t h e  number of time p o i n t s  p e r  r e c o r d .  The 
d a t a  a r c  t h e n  p rocessed  through a computer program t h a t  t e s t s  
t h e  second d i f f e r e n c e .  When a d i . f f e r e n c e  exceeds  a g i v e n  v a l u e  
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. 
the  e r r o n e o u s  p o i n t  i s  f l a g g e d  on a t a b  p r i n t o u t  as w e l l  as on a 
magnet ic  t a p e  on which t h e  d a t a  are  r e c o r d e d  u s i n g  t h e  f o l l o w i n g  
format : 

T(N) I ( N , l )  I(N,2) . . . I(K,m) X(N,l)  X(N,2) . . . X(N,m) 

The m f i x e d  p o i n t  f l a g s  f o r  each  l i n e  of d a t a  I ( . ) l )  1 ( . , 2 )  . . . 1 ( . , 2 )  a r e  no rma l ly  z e r o .  I f  a w i l d  p o i n t  i s  d e t e c t e d  i n  
. channel  k i t s  f l a g  I ( . , k )  i s  s e t  t o  one.  I n s p e c t i o n  of t h e s e  

f l a g s  on t h e  t a b  p r i n t o u t  a l l o w s  immediate i d e n t i f i c a t i o n  of t h e  
time and d a t a  channe l  f o r  which a n  e r a t i c  p o i n t  h a s  been d e t e c -  
t e d .  

I f  u n e q u a l l y  spaced  t i m e  i n t e r v a l s  o c c u r  i n  t h e  d a t a ,  d i v i -  
ded d i f f e r e n c e s  can be used i n s t e a d  of t h e  o r d i n a r y  d i f f e r e n c e s  
shown above. Should d a t a  gaps occur  as i n  D of  f i g u r e  A l ,  t h e  
d a t a  shou ld  be r e p l a c e d  i f  t h e y  a r e  t o  be used i n  t h e  PQR t a p e .  
For  d a t a  t o  be used i n  t h e  FIT t a p e ,  t h e  gap need n o t  be  r e p l a c e d .  
T h e r e f o r e ,  as t h e  d a t a  a r e  be ing  t e s t e d  f o r  w i l d  p o i n t s ,  t h e  t ime 
i s  s i m u l t a n e o u s l y  t e s t e d  f o r  g a p s .  When a gap i s  d e t e c t e d ,  t h e  
l i n e  of d a t a  i s  w r i t t e n  on t h e  t a b  p r i n t o u t  and o u t p u t  t a p e .  Be- 
cause t h e  m i s s i n g  d a t a  are  unknown, z e r o s  a r e  w r i t t e n  f o r  t h e  
X s  and t h e  f l a g s  I(i,j) s e t  t o  one. The t i m e  i s  o b t a i n e d  
by l i n e a r  i n t e r p o l a t i o n  u s i n g  p o i n t s  a d j a c e n t  t o  t h e  gap.  

The o u t p u t  t a p e ,  c a l l e d  o u t p u t  tape 1, and t a b  p r i n t o u t ,  which 
a r e  u l t i m a t e l y  produced by t h i s  f i r s t  s t a g e  of p r o c e s s i n g  con- 
t a i n s  t h e  t imes ,  f l a g s  and d a t a .  Where t h e  d a t a  a re  c o r r e c t ,  t h e  
f l a g  i s  z e r o .  Where d a t a  have been d e t e c t e d  t o  be e r r o n e o u s  o r  
missing,  t h e  f l a g  i s  1. 

B .  Data Replacement 

Data t o  be  used on t h e  FIT tape  r e q u i r e s  no f u r t h e r  p r o c e s s -  
i n g .  F i n a l  f o r m a t t i n g  w i l l  u se  o n l y  t h o s e  p o i n t s  h a v i n g  z e r o  
f l a g s  on o u t p u t  t ape  1 above.  F o r  d a t a  t o  be used on t h e  PQR 
t a p e ,  r ep lacemen t  of w i l d  p o i n t s  and gaps i s  performed n e x t .  The 
o u t p u t  t a p e  1, r e s u l t i n g  from t h e  p r o c e s s i n g  i n  S u b s e c t i o n  A 
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A P P E N D I X  

a b o v e ,  i s  r e a d  i n t o  a program, which  r e p l a c e s  a l l  d a t a  w i t h  Ilar;s 
e q u a l  t o  one ( w i l d  p o i n t s  and g a p s ) .  
a c c o m p l i s h e d  by f i t t i n g  d c u b i c  po lynomia l  t o  f o u r  "good" p o i n t  
bounding  t h e  gap  o r  w i l d  p o i n t .  
i n L e r p o l a t i n g  the c u b i c  po lynomia l  f o r  t h e  e r r o n e o u s  o r  m i s s i n g  

a .  The f i t t i n g  p o i n t s  f o r  t h e  i n t e r p o l a t i n g  po lynomia l  a r e  
s p r e a d  as shown i n  f i g u r e  A2 s o  t h a t  n o i s e  i n  t h e  f i t t i n g  d a t a  ' 

w i l l  n o t  be  e x a g g e r a t e d .  

The p o i n t  r e p l a c e m e n t  i s  

The p o i n t s  a r e  t h e n  r e p l a c e d  by 

Legend: 

Data p o i n t s  

I F i t t i n g  d a t a  1 
M i s s i n g  d a t a  

I n t e r p o l a t i n g  
0 polynomial,  

X 

T iine 

F i g u r e  A 2 . -  Replacement  by I n t e r p o l a t i o n  

The p o i n t s  t o  wh ich  t h e  p o l y n o m i a l  a r e  f i t  a re  c i r c l e d  i n  
f i g u r e  A 2 .  I f  k p o i n t s  are  t o  be  i n t e r p o l a t e d  i n  t h e  gap ,  t h e n  
t h e  f i r s t  and  k -+ 1s t  p o i n t s  on e a c h  s i d e  of  t h e  gap  a re  used  
t o  f i t  t h e  c u b i c  p o l y n o m i a l .  A s  t h e  g a p s  and  w i l d  p o i n t s  a r e  r e -  
p l a c e d  by i n t e r p o l a t i o n  t h e i r  f l a g s  a re  s e t  t o  2 .  

O c c a s i o n a l l y ,  c u b i c  p o l y n o m i a l s  c a n n o t  be  used  t o  repi:Lcd 
w i l d  p o i n t s  o r  g a p s .  I n  s e t  C o f  f i g u r e  A l ,  i t  c a n  be sec:l 
t h a t  a c u b i c  p o l y n o m i a l  would u n d o u b t e d l y  r e p l a c e  t h e  data i r ,  
p r o p e r l y .  However, a n  i n d i v i d u a l  knowing what  p h y s i c a l  Ly occc i r red  
d u r i n g  t h i s  t ime  m i g h t  be  b e t t e r  a b l e  t o  f a i r  a r e a s o n a b l e  c u r v e  
t h r o u g h  t h e  r e g i o n .  T h e r e f o r e ,  a s e c o n d  way o f  r e p l a c i n g ,  da t a  is  
by c a r d  i n p u t .  The u s e r  s p e c i f i e s  t h e  t i m e ,  c h a n n e l ,  a n d  v a l u e  
f o r  t h e  d a t a ,  and  t h e  program i n s e r t s  i t  on o u t p u t  t a p e  2 f l a g g e d  
w i t h  a 3 t o  d e n o t e  t h a t  i t  was p r o v i d e d  by t h e  u s e r .  

C .  Smooth ing  

The d a t a  on o u t p u t  t a p e  2 r e s u l t i n g  f rom t h e  d a t a  r e p l a c e m e n t  
t a s k  above ,  is  n e x t  i n p u t t e d  i n t o  a program t h a t  smoo thes  i t .  I f  
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time d c r i v a t i v e s  of t h e  d a t a  a r e  r e q u i r e d  ( a s  i s  t h e  c a s e  w i t h  
strapped-down a c c e l e r o m e t e r s  and g y r o s ) ,  smoothing and d i f f e r e n -  
t i a t i n g  o c c u r s .  
t h e  PRIME program are  c l a s s i f i e d  a s  l i n e a r  f i n i t e  memory smooth- 
i n g ,  and smoothing and d i f f e r e n t i a t i n g  formulas  ( s e e  r e f .  3 ) .  
The smoothing formula  assumes t h e  form 

Smoothing and d i f f e r e n t i a t i n g  formulas  used on 

n-1 

where C i s  t h e  v a l u e  o f  a smoothed p a r a b o l a  f i t  t o  n d a t a  

p o i n t s  r l ,  r2, . . ., r and e v a l u a t e d  a t  t h e  end p o i n t  

n.  The ak a r e  t h e  c o e f f i c i e n t s  of t h e  l i n e a r  f i l t e r  and are 

c a l c u l a t g d  as f o l l o w s ;  

n 

n 

w i t h  

1 8 ( 2 n  - l>a + 3 0 s  +- 3(3n2 - 3n + 2) 
n ( n  + 1 ) ( n  + 2) Pl = 

where a i s  t h e  amount of l a g  o r  l e a d  1.e. Cn - - Rn%). For 

n-1 
an  end p o i n t  f i l t e r  a = 0 ,  f o r  a m i d p o i n t  f i l t e r  QI=  - - 2 
w i t h  n odd. 

f 

For smoothing and d i f f e r e n t i a t i n g ,  C i n  e q u a t i o n  ( A l )  i s  

n d a t a  
n 

t h e  f i r s t  d e r i v a t i v e  of a smoothed p a r a b o l a  f i t  t o  t h e  
p o i n t s  rl, r2, . . ., r and e v a l u a t e d  a t  p o i n t  n w i t h  

n 
l a g  or  l e a d  a. The c o e f f i c i e n t s  are c a l c u l a t e d  from e q u a t i o n  
(A2) with 
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- 180(n  - 1 +- 2a) 
P3 - nT(n2 - l ) ( n 2  - 4 )  

where T i s  t h e  f i x e d  t i m e  i n t e r v a l  between a d j a c e n t  d a t a  p o i n t s .  

Equa t ion  (Al) i s  a n  end p o i n t  f i l t e r  s i n c e  t o  f i n d  C t h e  n 
n d a t a  p o i n t s  b e f o r e  and i n c l u d i n g  r are used.  By a s i m p l e  
t r a n s f o r m a t i o n  t h e  end p o i n t  f i l t e r  can  be c o n v e r t e d  t o  any o t h e r  
t y p e  f i l t e r  by mere ly  s h i f t i n g  t h e  p o i n t s  b e i n g  used t o  t h e  r i g h t  
of C by means of a. 

n 

n 

An obvious d i f f i c u l t y  a r i s e s  when a t t e m p t i n g  t o  a p p l y  t h e  f i l -  
t e r  n e a r  t h e  beg inn ing ,  or end of a t a b l e  o r  a c r o s s  a d i s c r e t e  
s u c h  as t h r u s t  i g n i t i o n  o r  t e r m i n a t i o n .  A t  t h e  b e g i n n i n g  a t a b l e  
t h e  f i l t e r  i s  commenced as an end p o i n t  f i l t e r  and "grown" t o  a 
midpo in t  ( o r  wha teve r  i s  d e s i r e d )  f i l t e r  as t h e  f i l t e r  i s  walked 
through t h e  d a t a .  A t  t h e  end of a t a b l e ,  a midpo in t  f i l t e r  i s  
grown i n t o  a n  end p o i n t  f i l t e r .  A t  d i s c o n t i n u i t i e s ,  t h e  f i l t e r  
i s  changed from midpoint  t o  e n d p o i n t  a t  t h e  d i s c o n t i n u i t y .  Then 
it i s  r e s t a r t e d  as an end p o i n t  f i l t e r  on t h e  o t h e r  s i d e  of t h e  
d i s c o n t i n u i t y  and grown back t o  a m i d p o i n t  f i l t e r .  On t h e  PRIME 
program, t h e  f i l t e r  span  (number of p o i n t s  N) was d e c r e a s e d  as 
t h e  d a t a  n o n l i n e a r i t y  i n c r e a s e d .  When t h e  v e h i c l e  was o u t  of a t -  
mosphere and t h e  d a t a  v e r y  smooth a n  e l e v e n  p o i n t  f i l t e r  was used.  
T h i s  was reduced t o  a f i v e - p o i n t  f i l t e r  d u r i n g  in -a tmosphe re  maneu- 
v e r s .  

L 
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