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1 ' ~ .  ! iUPPL.EMfii iTARY NOTES 
I 

The multichannel c o r r e l a t i o n  program (MLTCOR) descr ibed i n  t h i s  
r e p o r t  i s  f a i r l y  genera l  and was developed t o  c a l c u l a t e  s t a t i s t i c s  
f o r  aerodynamic and atmospherical  turbulence based on the  crossed- 
beam technique.  The p i e c e w i s e  concept w a s  used i n  w r i t i n g  t h i s  pro- 
gram. A long-time series i s  l o g i c a l l y  broken u? i n t o  a s e r i e s  of 
smaller pfeces .  Cor re l a t ions ,  mean values ,  root-mean-square (RXS) 
values and var iances  are  Chen ca l cu la t ed  fo r  each piece alon:? w i t h  
t h e i r  s tandard  s t a t i s t i c a l  e r r o r s .  A dynamic s torage  a l l o c a t i o n  
scheme was used i n  th.e program t o  provide xiaxianum s to rage  fo r  da t a  
and t o  avoid t h e  use of f i x e d  1en;;th d a t a  a r r a y s .  Corre la t ions  can 
be performed on e s s e n t i a l l y  i n f i n i t c  length records .  Time scr ics  
data  a r e  brought i n t o  t h e  coniputcr i n  blocks t o  f i l l .  t he  avail .able 
s t o r a g e ,  and. d a t a  f o r  the maxirnum time l a g  a r e  saved froin the  prcvj-ous 
block t o  nialce c o r r e l a t i o n s  conti!wous across  the core  loads  of d a t a .  
Thc progrirrn i s  w r i t t e n  i n  FOCTILAN IV u s i n g  niodulrtr techniques and 
dynamic  s to rage  a l l o c a t i o n  . The 111;) t:heii-lnt:icx-tl forniul.c? t i o n  was d e v c l -  
oped in-hot:se by &'-SA a n c 1  tlic prozrarming ai.:tl  i n t e r fnc ing  t o  l%FC 
f , ? c i I i t i c s  :.xis accon:i~'l.i.c.hcd by %?-'fi:l. 
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FOREWORD 

This f i n a l  r e p o r t ,  e n t i t l e d  "Computer Program for  Crossed- 
Beam Studies  of Clear A i r  Turbulence, Program Descript ion 
(MLTCOR)," presents  t h e  r e s u l t s  of r e sea rch  undertaken by I I T  
Research I n s t i t u t e  (IITRI) from 14 May 1968 t o  13 August 1969. 
The research  was performed f o r  Nat ional  Aeronautics and Space 
Adminis t ra t ion (NASA), Marshall Space Fl ighf  Center,  Alabama, 
under Contract  NAS8-21300 (IITRIG Projec t  56145). 
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COMPUTER PROGRAM FOR CROSSED-BEAM STUDIES 
OF CLEAR A I R  TURBULENCE 

PROGRAM DESCRIPTION (MLTCOR) 

A .  Wachowski 
M.  R .  P h i l l i p s  

I I T  Research I n s t i t u t e  

SUMMARY 

The multichannel c o r r e l a t i o n  program (MLTCOR) descr ibed 
in  t h i s  r e p o r t  i s  f a i r l y  genera l  and was developed t o  c a l c u l a t e  
s ta t i s t ics  f o r  aerodynamic and atmospherical  turbulence based on 
t h e  crossed-beam technique. 

A dynamic s to rage  a l l o c a t i o n  scheme w a s  used i n  t h e  program 
t o  provide maximum s t o r a g e  f o r  d a t a  and t o  avoid t h e  use of f ixed  
length  d a t a  a r r ays .  
t i a l l y  i n f i n i t e  length  records .  
t h e  computer in  blocks t o  f i l l  t h e  a v a i l a b l e  s torage ,  and d a t a  
for t h e  maximum t i m e  l a g  are saved from t h e  previous block t o  
make c o r r e l a t i o n s  continuous ac ross  the core  loads of da ta .  The 
program i s  w r i t t e n  in  FORTRAN I V  usin:: :nodular techniques and 
dynamic s to rage  a l l o c a t i o n .  

Cor re l a t ions  can be performed on essen- 
Time series da ta  are brought i n t o  

The piecewise concept w a s  used i n  w r i t i n g  t h i s  program. A 
long-time series i s  l o g i c a l l y  broken up i n t o  a series of smaller 
pieces .  Cor re l a t ions ,  mean va lues ,  root-mean-square (WS) values  
and var iances  are c a l c u l a t e d  f o r  enc-li ? i e c e  along with t h e i r  
s tandard s t a t i s t i ca l  e r r o r s ,  

The program uses  s t rong  and v e r ~ r  e f f e c t i v e  detrending and 
normalizat ion techniques (see Appendix C )  developed over t h e  
years  t o  cope wi th  problems encount a L 1 d  whi le  a t tempting t o  
d e r i v e  meaningful information from ';.rodynamic and atmospheric 
da ta .  The detrending and normalizLtt;r ln techniques employed 
minimizes t h e  effects  of DC s h i f t s  : : i i r l  [.rends a s  w e l l  as d r i f t i n g  

1 



gains which are  unavoidable.  Un t i l  r ecen t ly ,  methods used were 
n o t  adequate for  e x t r a c t i n g  meaningful information f o r  r e l i a b l e  
d a t u  i n t e r p r e t a t i o n .  

The a s soc ia t ed  e r r o r s  are ca l cu la t ed  as guide l ines  f o r  
i n t e r p r e t i n g  the  d a t a  (see Appendix D ) .  The parameters can be 
muiiitored concurrent ly  with"piecewise" averages f o r  analyzing 
d a t a  behavior.  When these  e r r o r  parameters exceed "bui l t - in"  
concidence l i m i t s ,  t h i s  r e f l e c t s  a degree of s t a t i o n a r i t y  t h a t  
wou1.d n o t  be acceptable  t o  t h e  previous accumulation of  pieces .  

The program provides f o r  accumulating over s epa ra t e  per iods 
of t h e  data record  with provis ions f o r  d e l e t i n g  ind iv idua l  d a t a  
pieces  wi th in  t h e  accumulation per iod.  
pieces  can be discarded o r  accumulated i n  such a fashion t h a t  
only t h e  s t a t i o n a r y  p i eces  (within c e r t a i n  confidence l i m i t s )  
are used i n  t h e  accumulation. 

With t h i s  provis ion  d a t a  

The mathematical formulation was developed in-house by NASA 
and t h e  programming and i n t e r f a c i n g  t o  MSFC fac i l i t i es  w a s  ac- 
complished by I I T R I .  

1. MATHENATICAL FORMULATION 

The purpose of t h e  computer program i s  t o  s t a t i s t i c a l l y  
analyze a given set of  simultaneously recorded t i m e  h i s t o r i e s  
which r ep resen t  t h e  output  of a group of  meteorological sensors.  
The des i r ed  s t a t i s t i c a l  a n a l y s i s  i s  based on t h e  mathematical 
model (Ref. 1) of a s t a t i o n a r y  and i n f i n i t e l y  long-time h i s t o r y .  

2 



Within t h i s  model, accu ra t e  mean values ,  RMS values ,  c o r r e l a t i o n  
func t ions  and covariance funct ions would be  defined by t h e  t i m e  
i n t e g r a l s  l i s t e d  in  Table  I. Each of t h e  c o r r e l a t i o n  ca l cu la -  
t i o n s  would be performed f o r  s eve ra l  combinations of s i g n a l  p a i r s .  
One signal, xj, i s  always t o  be taken from t h e  group of  records 
j = 1, 2, 3 ,  t h a t  i s  t o  be delayed in  t i m e .  The o the r  signal, yk, 
i s  t o  be taken from t h e  remaining s i g n a l s  k = kl, k2.. .$, f o r  
which the need of  a t i m e  delay i s  n o t  a n t i c i p a t e d .  

The records of meteorological sensors  are unfor tuna te ly  
n e i t h e r  s t a t i o n a r y  nor  i n f i n i t e l y  long. The a c t u a l  c a l c u l a t i o n s  
w i l l  t h e r e f o r e  provide only var ious approximations t o  t h e  mathe- 
matical model. To d e f i n e  these mathematical approximations ade- 
qua te ly ,  i t  i s  necessary t o  de f ine  a number of  terms and t o  
in t roduce  t h e  symbols used i n  def in ing  t h e  opera t ions  t o  be per- 
formed on t h e  input  da ta .  

A. D e f i n i t i o n  of Symbols 

1. Independent Variables.. 
t Observation t i m e  

T I n t e g r a t i o n  t i m e  

AT 

i 

Piece l eng th  

Piece number 

e Sampling per iod 

Sampling rate 1 
e 
b Sample reduct ion f a c t o r  

- 

1 
be- E f f e c t i v e  sampling rat.e 

- 
e = be E f f e c t i v e  sampling per iod 

AT 
M = be 
7 Time l a g  

Number of  samples per p iece  

3 



TAl3LE I 
PWI?HEMAT'I.CAT-, ANALYSIS OF STATIONARY, 

INFINITELY LONG-TIME HISTORIES 

DESIRED 
STATISTTCS TIME I N T E G R A T I O N  

x . ( t )  d t  
J 

Mean Values 

d t  

2 < x  ,. = 
3 

Mean Squa re  Values 

l i r n  
T -T 

4 4  

l i r n  
T -T 

4 4  

rn 

x ? ( t )  d t  
J 

S e c o n d  M o m e n t  About 
Mean 

<027 
k 

m 
1 1 

= l i r n  T q - T q - l  p ( X j ( t )  

4-1  
Tq-Tq- l -+  O0 t = T  

m 

= l i r n  

4 - 1  
t = T  T -T 4 ~ x 1  

4 4 - 1  

- < x > ~ )  2 d t  

- <  y>k)2 d t  

4 



Maximum t i m e  l a g  

Minimum t i m e  l a g  
'max 

min 
AT T i m e  l ag  incremcnt 

7; 

Number of l a g  po in t s  7max"'min 
AT L =  

Number of samples per  l a g  i n t e r v a l  AT 

e 
P =  - 
J Index of  delayed channel 

K Index of undelcclj: 1 r-hannel 

X Delayed channel 

Y Undelayed channel 

Accumulation s ta r t :  t i m e  

Accumulation end t i m e  
9 

t 

tq+l 

2 .  Operators.  - 
0 S t a t i s t i c  

T T i A T  

7 y i  = Piecewise mean AT 
1 

T = (i-1)AT 
m 

m Accumulative mean 
i=l 

- \2 P i  ec e w  i s e 
s t a t i s t i ca l  e r r o r  

m m = * x -  1 (mi- m m j  
i=l 

I:. (*. c: uinu 1 at: i v  e 
s l a t i s t i c a l  e r r o r  

/\\rerage over  t i m e  l a g  'mil,! 
- 2- max 
'max 



3 .  Specia l  Notations.-  To  i n d i c a t e  t h a t  an average has been 
performed on a bas i c  quan t i ty ,  which i s  dependent upon a number 
of  v a r i a b l e s ,  a s p e c i a l  no ta t ion  i s  used. A subsc r ip t  t o  t h e  
r i g h t  of a symbol i n d i c a t e s  t h a t  t h e  subsc r ip t  i s  v a r i a b l e ,  while  
a subsc r ip t  t o  t h e  l e f t  of a symbol i n d i c a t e s  an average has been 
performed wi th  r e spec t  t o  t h i s  subsc r ip t .  Thus, t h e  b a s i c  piece-  
w i s e  accumulative mean may be dependent on t h e  delayed and 
undelayed channels j and k ,  and the  t i m e  l a g  T .  This  would be 
ind ica ted  as 

(-) 

The average over t i m e  l a g s  would be ind ica ted  as 

' max 

Th i s  s p e c i a l  n o t a t i o n  i s  requi red  t o  i n d i c a t e  some of t h e  e r r o r  
terms ca lcu la t ed  i n  t h e  program. 

B. Basic Computations 

The processing of  very long records through a computer wi th  a 
l imi t ed  s to rage  capac i ty  i s  poss ib l e  by breaking t h e  record i n t o  
successive p i eces  of l eng th  AT. A t i m e  i n t e g r a l  over such a 
s i n g l e  p iece  i s  then approximated by summation over t h e  samples 
n = 1, 2 ,  ... M ,  which are  contained in  t h e  piece.  Averages over 
longer per iods  may then be e s t ab l i shed  by accumulating t h e  i n -  
formation from a11 p ieces ,  i = 1, 2 , . . . , m .  The r e s u l t a n t  "ac- 
cumulative" mea;i can be averaged f u r t h e r  by summing over a l l  t i m e  
l a g s  (Ref.2) a =  -L + 1, -L + 2 ,  . . .  Y -1, 0 ,  1, ... + L and over 
s eve ra l  s p e c i a l l y  s e l e c t e d  channels ( j  = 1, 2 ,  3 and k = ki, k2,  

kN). Table I1 gives a l i s t  of such bas i c  averages.  

The devia t ions  from s t a t i o n a r i t y  may a l so  be p a r t i a l l y  removed 
by ass igning  s t a t i s t i c a l  weights and o rd ina te  s h i f t s  (Zief. 3 and 
Appendix C )  t o  each piece.  

c 

6 



TABLE I1 
%ASIC AVERAGES 

~ 

AVERAGE SAMPLING SUMMATION 
~ 

Piecewise Average 
(S ingle  p i ece )  

- 
t - n e  

AT =MF 

~ ~- 

Accumulative Aver age 
( A l l  previous p ieces)  

i = 1,2, ..., m 
= mAT Tq - Tq-1 

- 
( ) = Output of  accumulation 

subrout ine ,  Table  I11 

T i m e  Lag Average 
( A l l  lags and p ieces)  

i = 1 , 2 , . . 0 , m  
L E  

+ T - R  - = + Tmin + asr 

Channel Average 
(Se lec ted  channels 
a l l  p ieces)  

j = 1 ,2 ,3  



This provides a mult i tude of  d i f f e r e n t  accumulative averages,  
which d i f f e r  from a s t r a i g h t  time i n t e g r a l  by t h e  p a r t i c u l a r  
weight,  and s h i f t s  t h a t  were chosen. Four such accumulation 
procedures ( l i s t e d  i n  Table 111) are used s i n c e  they have proved 
very e f f e c t i v e  in removing temporal t r ends  of  s ta t is t ical  aver-  
ages.  

The des i r ed  s ta t i s t ica l  averages l i s t e d  in  Table I cannot 

The 
be ca l cu la t ed  exac t ly ,  s i n c e  any dev ia t ion  from s t a t i o n a r i t y  and 
i n f i n i t e  record  l eng th  w i l l  in t roduce s ta t i s t ica l  errors. 
s tandard s ta t is t ical  e r r o r s  of  t h e  var ious  averages l i s t e d  i n  
Table 11 can be ca l cu la t ed  by employing t h e  devia t ions  from t h e  
piecewise means from t h e  accumulative means. 
s tandard e r r o r s  are l i s t e d  i n  Table  I V .  These s tandard e r r o r s  
are func t iona l ly  dependent on i n t e g r a t i o n  t i m e ,  T = Tq - Tq-l and 
al lows one t o  i n d i r e c t l y  determine some dominant dev ia t ions  from 
s t a t i o n a r i t y .  Furthermore, t hese  e r r o r s  are r equ i r ed  whenever 
t h e  confidence l i m i t s  of  t h e  var ious  averages are requested.  

The associated 

Each new piecewise average i, is used t o  continuously up- 
d a t e  t h e  accumulative averages over t h e  previous m pieces .  
l e a d s  t o  two r ecu r s ion  formulas f o r  updating t h e  accumulative 
averages (Ref.4) and t h e  s tandard e r r o r  of  t hese  averages.  

This  

The r ecu r s ion  r e l a t i o n s h i p s  a r e  as follows. 

Accumulative averages: 

Standard e r r o r  of accumulative average: 

n 

8 
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TABLE I11 
ACCUMULATION PROCEDURES 

- 
TYPE ACCUMULATION SUBROUTINE sm 

S t r a i g h t  T ime  
In t eg ra t ion  

L 

i=l 

S t a t i s t i c a l  Weighting 

Ordinate S h i f t s  

Combined Weighting 
and Shift ing”’ - - 

0 0  j i  k i  

I- If t k e  piecewise means a r e  not given as a funct ion cC t i m e  l a g ,  
tGlr 3ccurr : I ~ t - i c , m s  d arid t are  t o  be replaced with the  s u b s t i t u t i o n s  



TABLE IV 
STANDARD ERRORS 

s L2XA.T I ON TYPE 

Standard Error  
of  Piecewise 
Average i=l 

1 Standard Error  
o f  Accumulative 
A v cr ag e i=l 

Standard Error  
of  T i m e  Lag 
Average 

n 
+L 

Starkclard E r r D r  
of Channel 
A U  el- Ei e 



The values  f o r  t h e  f i r s t  p i ece  are assumed 

-1 

t o  be 

1 
and 

In summary, t h e  purpose of t h e  program i s  t o  analyze simul- 
taneously recorded t i m e  h i s t o r i e s  of  meteorological data by cal- 
c u l a t i n g  an average of  mean values ,  RMS values ,  and covariance 
func t ions ,  which approximate t h e  mathematical model of s t a t i o n a r y  
and i n f i n i t e l y  long-time h i s t o r i e s  t o  t h e  l a r g e s t  p r a c t i c a l  
amount. Several  averaging procedures (Table 11) can be used 
which provide d i f f e r e n t  approximations by assigning t h e  statis- 
t ical  weights o r  o rd ina te  s h i f t s  t o  each p i ece  l i s t e d  i n  Table  111. 
The success of  t h e  var ious averaging procedures i s  then e s t ab l i shed  
by monitoring t h e  a s soc ia t ed  s tandard errors (Table IV) as a func- 
t i o n  of i n t e g r a t i o n  t i m e .  
v i a t i o n s  from s t a t i o n a r y  i s  provided by t h e  weights and s h i f t s  
t h a t  r e s u l t e d  i n  t h e  smallest s tandard e r r o r s .  

A rough desc r ip t ion  of  t h e  a c t u a l  de- 

2. GENERAL D S C R I P T I O N  

The b a s i c  program s t r u c t u r e  for MLTCOR i s  shown i n  Figure 1 

Each l i n k  of t h e  program i s  
and c o n s i s t s  of LINK 1 - t h e  input  l i n k ,  LINK 2 - t h e  c o r r e l a t i o n  
l i n k ,  and LINK 3 - t h e  output  l i n k .  
r e l a t i v e l y  independent of t h e  o the r s  a l lowing f o r  s epa ra t e  exe- 
cut ion of each of  t h e  l i n k s .  
l i n k s  i s  s to red  on magnetic tape  and read i n t o  s to rage  when 
execut ion of an ind iv idua l  l i n k  i s  i n i t i a t e d .  Since each l i n k  
i s  r e l a t i v e l y  independent, they are executed as overlays with 
each l i n k  occupying t h e  space of t h e  previous one, and i n  t h i s  
way providing f o r  more d a t a  s to rage  i n  each l i n k .  

Common information requi red  between 
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The overlay diagram f o r  t h e  program i s  shown i n  Figure 2 .  
The b a s i c  funct ions performed by each l i n k  are ou t l ined  i n  t h e  
f i g u r e  and are  descr ibed in  more d e t a i l  i n  t h e  later sec t ions .  

The main program i s  a small  execut ive program which con t ro l s  
t h e  execut ion of  t h e  var ious l i n k s  and provides f o r  common s t o r -  
age. The flow c h a r t  f o r  t h i s  program i s  shown i n  Figure 3 .  The 
main program allows f o r  t h e  execution of each l i n k  sepa ra t e ly .  

LINK 1 performs c a l i b r a t i o n  of t h e  d a t a ,  sample reduct ion ,  
and determinat ion of a moving mean. The output  from LINK 1 i s  
a block in te rmedia te  tape  f o r  use  i n  L I N K  2 .  Blocking of t h e  
tape  i s  used, i . e . ,  more than one t i m e  sample p e r  phys ica l  record,  
since i t  decreases t h e  length  of tape  requi red  t o  s t o r e  t h e  d a t a  
and speeds t h e  input loutput  t i m e  f o r  reading and w r i t i n g  t h e  da ta .  
The blocking of t h e  in te rmedia te  t ape  in  L I N K  1 and unblocking 
i n  LINK 2 are automatical ly  taken care of by t h e  program. 

LINK 2 i s  t h e  main computational po r t ion  of t h e  program and 
w a s  designed t o  accommodate mul t ip le  au to  and c ross  c o r r e l a t i o n  
reques ts  w i t h  v a r i a b l e  t i m e  l ags .  A s p e c i a l  dynamic s to rage  
a l l o c a t i o n  scheme w a s  used t o  provide maximum s to rage  f o r  da t a .  
This  scheme avoids t h e  use of f ixed  length  da t a  a r r a y s  i n  t h e  
program which would l i m i t  i t s  usefu lness .  The dynamic s torage  
a l l o c a t i o n  scheme makes i t  poss ib l e  t o  t radeoff  between t h e  number 
of channels t o  be co r re l a t ed ,  maximum t i m e  l a g s ,  and number of  
c o r r e l a t i o n s .  I n  f a c t  i f  t h e  c o r r e l a t i o n s  spec i f i ed  r e q u i r e  too 
much s t o r a g e ,  t h e  number of  c o r r e l a t i o n s  requested i s  automatic- 
a l l y  reduced u n t i l  t h e r e  i s  s u f f i c i e n t  s to rage  t o  run t h e  problem. 

The piecewise concept of a n a l y s i s  w a s  used i n  c r e a t i n g  t h e  
program. A long-time series is  l o g i c a l l y  broken up i n t o  a series 
of smaller p ieces .  Corre la t ions ,  mean values ,  RMS values and 
var iances  are then ca l cu la t ed  f o r  each p iece  along wi th  t h e i r  
s tandard s t a t i s t i c a l  e r r o r s .  Calcu la t ions  f o r  each p i ece  are 
accumulated and pe r iod ic  p r i n t o u t s  can be used t o  monitor piece-  
w i s e  s t a t i s t i c s  and e r r o r s .  
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C o r r e l a t i o n s  can be performed in  LINK 2 on e s s e n t i a l l y  
in f in i te  records .  Data are continuously brought i n t o  t h e  computer 
in  blocks t o  f i l l  t h e  a v a i l a b l e  s to rage ,  and d a t a  f o r  t h e  maximum 
t i m e  l a g  are saved from t h e  previous block t o  make c o r r e l a t i o n s  
continuous ac ross  c o r e  loads  of  da ta .  
products  f o r  t h e  c o r r e l a t i o n s  i s  t h e  most t i m e  consuming por t ion  
o f  t h e  program, t h e r e f o r e ,  t h e  piecewise c o r r e l a t i o n s  and statis-  
t ics  are writ ten o u t  on a magnetic t a p e  c a l l e d  t h e  Information 
R e t r i e v a l  Tape (IRT) so t h a t  t h e  d a t a  may be  r e t r i e v e d  i n  LINK 3 .  

Calcula t ing  t h e  lagged 

The c o r r e l a t i o n s  formed in  LINK 2 are read back in  LINK 3 
t o  form modified c o r r e l a t i o n s .  
ope ra t ions  can be performed such as normalizing, detrending,  o r  

subtracting 
of  t h e s e  opera t ions  can be performed ind iv idua l ly  o r  in  combina- 
t i o n  t o  form modified c o r r e l a t i o n s .  The modified piecewise statis-  
t i cs  are then  summed t o  form a new accumulation. P r in tou t s  o r  
p l o t s  of  t h e  o r i g i n a l  o r  modified c o r r e l a t i o n s  can be made f o r  
each p i ece  o r  f o r  t h e  f u l l  accumulation. 
l a t i o n s  are performed in  LINK 3 ,  a number of  modified c o r r e l a t i o n s  
can be obtained without  rerunning t h e  lagged products which were 
performed in  LINK 2 .  
f r equen t ly  than  t h e  o t h e r  l i n k s  t o  o b t a i n  va r ious  modified cor-  
r e l a t i o n s .  

A t  t h i s  po in t  a number of s tandard 

Any t h e  product of  t h e  means t o  form t h e  covariance.  

S ince  only minor calcu-  

It i s  expected t h a t  LINK 3 w i l l  be run  more 

3. DYNAMIC STORAGE ALLOCATION 

In dea l ing  wi th  l a r g e  systems on a computer a number of 
problems arise due t o  t h e  l i m i t a t i o n s  of internal s torage .  
many cases t h e s e  l i m i t a t i o n s  can be overcome through t h e  use of  
a u x i l i a r y  memory such as magnetic tape ,  d i s c ,  o r  drum. A pena l ty  
i s  pa id  in t i m e  f o r  t h e  use  of t hese  types of s to rage ,  and gen- 
e r a l l y  a method o f  more f u l l y  u t i l i z i n g  t h e  high speed co re  
s t o r a g e  of t h e  machine, a t  t h e  c o s t  of program complexity, i s  
w e l l  worthwhile. For many problems of a p r e d i c t a b l e  n a t u r e  ( s ize  

In 

16  



of a r r a y s ,  flow of  processing) preplanned s to rage  a l l o c a t i o n  i s  
bes t .  When t h e  problem's flow of processing and a r r a y  s i z e s  are 
d a t a  dependent and v a r i a b l e ,  dynamic s to rage  a l l o c a t i o n  i s  nec- 
essary .  

C h a r a c t e r i s t i c s  of dynamic s to rage  a l l o c a t i o n  are: 

0 The program a t  run t i m e  i s  n o t  d i r e c t l y  executable ,  
but r e q u i r e s  parameters t o  be set t o  a l l o c a t e  storage,, 
It i s  n o t  known in  advance where i n  memory d a t a  a r r a y s  
w i l l  be he ld  a t  execute t i m e .  

0 

Most opera t ing  systems provide good methods of  dynamic s t o r -  
age a l l o c a t i o n  f o r  programs through t h e  use of overlays.  
r o u t i n e s  can be placed on l i n k s  and c a l l e d  i n  a t  execute t i m e  
when needed as mentioned i n  t h e  previous sec t ion .  Unfortunately,  
FORTRAN I V  does n o t  provide t h e  same f l e x i b i l i t y  f o r  da t a .  
example, an a r r a y  f o r  s t o r i n g  1000 values  f o r  s i x  channels would 
r e q u i r e  t h e  statement:  Dimension X (6,1000). This  would r e se rve  
6000 l o c a t i o n s  of high speed core  s to rage  and l i m i t  t h e  t o t a l  
number of  channels t o  s i x  and d a t a  po in t s  t o  1000. I f  a problem 
requi red  only two channels of d a t a ,  then 2000 memory loca t ions  
would be used and 4000 l o c a t i o n s  would be wasted. 
i t  would n o t  be p o s s i b l e  t o  run a problem wi th  e i g h t  channels and 
only 700 d a t a  po in t s  per  channel, even though t h e r e  i s  s u f f i c i e n t  
t o t a l  s to rage  i n  t h e  X a r ray .  This  i s  due t o  t h e  column method 
of a r r a y  s to rage  used i n  FORTRAN. A b e t t e r  method of  usage i s  
des i r ed  which p laces  no a r b i t r a r y  s i z e  r e s t r i c t i o n s  on t h e  
problem, and u t i l i z e s  high speed core  memory as e f f i c i e n t l y  as 
pos s i b l e  . 

Sub- 

For 

Furthermore, 

The dynamic s to rage  a l l o c a t i o n  method used i n  MLTCOR i s  
based on t h e  use of  one l a r g e  a r r a y  o r  d a t a  pool t o  s t o r e  a l l  
v a r i a b l e  d a t a  a r r a y s .  This array c a l l e d  U(1) i s  dimensioned f o r  
20,000 l o c a t i o n s ,  Storage i s  a l l o c a t e d  by ass igning  po in te r s  
which are f ixed  po in t  numbers t o  i n d i c a t e  where an a r r a y  i s  
s to red  i n  U(1). The s to rage  p o i n t e r s  are set from d a t a  values  
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r ead  i n  from cards .  A s  used i n  LINK 2 of t h e  program, U ( 1 )  t o  
U(KESM), i s  used t o  s t o r e  t i m e  l a g  information, and U(KESM) t o  
U(KD) i s  used t o  s t o r e  s tandard e r r o r s ,  accumulative sums, p iece-  
w i s e  sums and c o r r e l a t i o n s .  The remainder of t h e  U a r r a y  i s  used 
t o  s t o r e  data poin ts .  This  po r t ion  of t h e  U a r r a y  i s  t r e a t e d  as 
a two-dimensional a r r a y  with dimensions (NCH,N) where N i s  t h e  
t o t a l  number of d a t a  po in t s  and NCH i s  t h e  number of  channels. 
Both N and NCH can b e v a r i a b l e .  

The d a t a  s t o r e d  i n  t h e  U a r r a y  and space reserved  f o r  r e s u l t s  
are used by v a r i a b l e  dimension subrout ines .  
of t h e  information i s  communicated t o  t h e  subrout ines  through t h e  
ca l l  statement. As example of  a v a r i a b l e  dimension subrout ine  
which w a s  a c t u a l l y  used i n  t h e  program is:  

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

SUBROUTINE ACCPC (S , S2, S3 ,DATA ,N ,NC) 

1 
C 

2 

3 

ACCUMULATE SUM AND SUM OF SQUARES 

DIMENSION S(NC) ,S2(NC) ,DATA(NC,N) 
DIMENSION S3(NC) 
XN=N 
DO 1 L-l ,NC 

WRITTEN BY A.  WACHOWSKI 

s (L) =o . 0 
s2 (L) =o . 0 
DO 3 J = l , N C  
DO 2 I = l , N  
S (J) =S (J) +DATA (J , I) 
S2 (3) =S2 (J)+DATA (J, I) *DATA ( J ,  I) 
S (J) =S (J) /XN 
SZ(J)=S2(J)/XN 
S 3 (J) =S2 ( J )  -S (3) **2 
CONTINUE 
RETURN 
END 
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This  subrout ine  c a l c u l a t e s  t h e  average, t h e  average of  t h e  squares ,  
and t h e  var iance  f o r  N d a t a  po in t s  and NC channels. 
S,S2 and S3 are used t o  s t o r e  t h e  r e s u l t s  f o r  each channel. The 
a c t u a l  cal l  statement in  t h e  main subrout ine of LINK 2 would be: 
CALL ACCPC(U(KMP9, U(KRP), U(KPSM), U(KK), MSUB, NCH) t h e  f ixed  
po in t  numbers i n d i c a t i n g  t h e  s to rage  l o c a t i o n  in  t h e  U a r r ay .  
This  simple example i l l u s t r a t e s  how t h e  ordinary subsc r ip t ing  
c a p a b i l i t y  f o r  c a l c u l a t i o n s  i s  r e t a i n e d  wi th  t h e  dynamic s to rage  
a l l o c a t i o n  scheme. The example i s  q u i t e  simple but shows how t h e  
o the r  computational rnodul es are w r i t t e n .  

The a r r a y s  

4 .  LINK 1 - THE INPUT LINK 

LINK 1 of  t h e  MLTCOR program reads  r a w  da t a ,  t r a n s l a t e s ,  
c a l i b r a t e s ,  condi t ions ,  and writes a buffered output  t ape  f o r  
subsequent input  t o  LINK 2 f o r  mul t ip l e  c o r r e l a t i o n s  and statis-  
t ical  c a l c u l a t i o n s .  The flow c h a r t  f o r  LINK 1 i s  shown i n  Figures  
4 and 5. LINK 1 w a s  programmed using modular techn'iques, v a r i a b l e  
dimensioning and dynamic s to rage  a l l o c a t i o n .  A l l  opera t ions  on t h e  
r a w  d a t a  w i l l  be done i n  t h e  DATA s to rage  a r r a y  except t h e  buf- 
fe red  output  da t a .  The d a t a  s to rage  i s  dimensioned t o  8000 words 
t o  s t o r e  t h e  maximum number of words t h a t  might be blocked on 
e i t h e r  o f  t h e  two types of  input  tapes  (ESSA o r  MSFC). 

A. Input Tapes 

There are two inpu t s  t o  LINK 1 of t h e  MLTCOR program: 

0 ESSA format which i s  t h e  output of t h e  d a t a  logging 
system loca ted  a t  ESSA, Boulder, Colorado (Figure 6 ) .  

0 MSFC format which i s  t h e  output of t h e  d i g i t i z e r  
l oca t ed  a t  NASA in  Huntsv i l le ,  Alabama (Figure 7). 

19 



I CALCULATE I CALIBRATION 

I I 

DATA RECORD /M w 

SET OUPUT 
BUFFERS AND 
INITIALIZE 

ARRAYS 

UNPACK 
ESSA 

ID RECORD 

I CALCULATE I CALIBRATION 
I 
DATA RECORD c= 

Figure 4 LINK 1-1 

20 



x 

CALIBRATE 
RAW DATA 

I 

ACCUM. SUMS 
AND SUM OF 

SQUARES FOR RMS 

CALCULATE 
MOVING 

BUFFERED 

Q 
DIFFERENCE, 

O - e  
CALCULATE 
STORAGE 
WINTERS 

c 
I 1 

CALCULATE 1 C E Y  I 
DIFFERENCES 

n 

FINAL STOP 

DATA INFOR- 
MATION 

cl, KETURN 

Figure 5 LINK 1-2 

2 1  



IDENTIFICATION 
(Header Record) 

Contains 53 36-bit  words 

PRE 
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Signal 

PRE 
Calibration Maximum 

Signal 

Start Data 

1 End Data 
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EOF 
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I 
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Figure 6 ESSA Data Logger Output Format 
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B. Input Problem Parameters 

The problem parameters t h a t  are input  t o  LINK 1 by t h e  user  
are descr ibed here.  

NBEAMS 
NFLSKC 
NFLSKD 
MVMEAN 

NCENDF 

NOBEAM 

NWHICH 
TIMSAM 
VALMAX 
VAWIN 
START 
STOP 
NFILE 

MSFC 
IFREQ 

LTN 
NBLK 

NSTART 
NBOB 
PLYBCK 

To ta l  number of  beams i n  t h e  fan system 
Number of  f i l e s  t o  sk ip  €or c a l i b r a t i o n  d a t a  
Number of  f i l e s  t o  s k i p  f o r  d a t a  
Number of  samples i n  t h e  moving span i f  
moving mean des i red ;  I f  no t  MVMEAN = 0 
Central  d i f f e rences  NCENDF = 1 (Yes) 
NCENDF = 0 (No) 
To ta l  number of beams t o  perform moving mean 
o r  central d i f f e rences  on 
Beam numbers being a f f e c t e d  
Rate a t  which d a t a  are sampled a t  d i g i t i z i n g  t i m e  
Maximum c a l i b r a t i o n  value 
M i n i m u m  c a l i b r a t i o n  va lue  
Start  time on input  t ape  (Max is  5) 
Stop t i m e  on inpu t  t a p e  (Max i s  5) 
Number of  f i l e s  to s k i p  on t h e  ESSA formated t ape  
for t h e  c a l i b r a t i o n  f i l e  
MSFC format (1 = Yes, 0 = No) 
LINK 1 output  frequency; Example, IFREQ = 3; 
Every t h i r d  sample output  t o  tape  
Logical t ape  number inpu t  da t a  i s  loaded on 
Number of  records/block des i red  on LINK 1 
output  tape  
Number of  starts and s tops  (Max = 5 )  
Always set t o  0 (used i n  debugging) 
Playback rate ( the  r a t i o  of  t h e  d i g i t i z e r  t ape  
speed t o  t h e  recorded d a t a  tape  speed r e l a t i v e  
t o  real t i m e )  

C. Central Differences 

Central  d i f f e rences  are ca l cu la t ed  from t h e  da t a  by 
- 

(i) '(i+2) - ' ( i)  
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Where 

i =  L y 2 , 3 , 4  .....) N - 2  samples 
on the d a t a  r c x o r d .  

D. Movizrg Mean and Sample Reduction 

F i l t e r i n g  i s  yerformcd on the c a l i b r a t e d  da ta  by passing t h e  
d a t a  through a moving mean span p rese l ec t ed  by t h e  u s e r ,  p r e f e r -  
ab ly  an odd i n t e g e r .  T h i s  i s  performed on the  e n t i r e  d a t a  record 
o r  s e l e c t e d  d a t a  i n t e r v a l s  con t ro l l ed  by t h e  input  parameters 
(Sect ion 7A).  
one sample a t  a time, 

The d a t a  are passed through t h i s  span success ive ly ,  

(a where 
Each d a t a  sample,X 

N-4. K - I - 7  

N-l N-Z 
I( goes from (2 t o  'e-(- 

where N = number of  samples i n  t h e  moving 
span, and T = i n t e g r a t i o n  t i m e  

i s  c a l c u l a t e d  and an opt ion  is provided t o  r e t r i e v e  from the  
f i l t e r e d  d a t a  any sample rate f o r  output t o  t h e  in te rmedia te  t ape  

by incrementing K through t h e  d a t a  a t  thr d e s i r e d  r educ t ion  rate. 
This  performs t h e  sample reduct ion .  

E. Ca l ib ra t ion  

1. Sine  Wave Ca l ib ra t ion . -  A c a l i b r a t i o n  s i g n a l  i s  put  on t h e  
analog t a p e  a t  some s p e c i f i e d  frequency \c.i t h  a peak-to-peak va lue  
of 1.414215 v o l t s .  
i s  determined by c a l c u l a t i n g  t h e  RMS o f  t h c  s i n e  wave. 

The peak va lue  of thc d i g i t i z e d  raw d a t a  counts  
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where X(i)  = Raw data sample i n  d i g i t i z e r  

and N = number of  samples used 
counts  

The pea!; values  are then determined by 

= RMS X 1.414215 Peakmax 

and 
P ealcm in = -RMS X 1.414215 

The c a l i b r a t i o n  constant  i s  then ca l cu la t ed  by 

Calmax - i n  
c =  Peakmax- Peakmin 

Where 

= Maximum engineering u n i t  input  by user  

= M i n i m u m  engineering u n i t  i npu t  by user .  
Calmax 

C a l m i n  

The c a l i b r a t e d  d a t a  f o r  the AC signal then becomes 

X ' ( i )  = X ( i ) C  

An opt ion  i s  provided t o  ca l ih ta te  t h e  s t ep -ca l ,  u t i l i z i n g  t h e  
s i n e  wave, by making t h e  following ca l cu la t ions  

Peakmax = RMS 

The c a l i b r a t i o n  constant  i s  then ca l cu la t ed  f o r  t h e  s tep-ca l  by 
Calmax G O  
Peakmax - 0 c =  

= Maximum engineering u n i t  input  by user  

= Minimum engineering u n i t  input  by use r .  
where Calmax 

Calmin 
The c a l i b r a t e d  da ta  f o r  the DC s i g n a l  then becomes 

X ' ( i )  = X ( i ) C  



2 .  S tep  Ca l ib ra t ion . -  A c a l i b r a t i o n  signal i s  p u t  on t h e  analog 
tape  where t h e  100 percent  s i g n a l  l e v e l  i s  1 v o l t  and t h e  0 per-  
cent  l e v e l  i s  0 vo l t s .  This  s i g n a l  i s  then d i g i t i z e d  where mini- 
mum r a w  counts a re  a t  t h e  0 v o l t  l e v e l  and maximum r a w  counts are 
a t  t h e  1 v o l t  level.  The minimum and maximum values  are determined 

by 
N 

and, N 
- 1 

'min - 
i=l 

and t h e  c a l i b r a t i o n  cons tan t  i s  then ca l cu la t ed  by 

Ca?,-iax - Calmin 
c =  

I n  t h e  s t e p  c a l i b r a t i o n s  f o r  t h e  DC s i g n a l  where t h e  s lope  i n t e r -  
cep t  i s  n o t  zero,  a co r rec t ion  i s  appl ied  by c a l c u l a t i n g  a b i a s .  

- 
BIAS = - Xmax + Calmax C 

The c a l i b r a t e d  d a t a  for the DC s i g n a l  becomes 

X ' ( i )  = X ( i ) C  + BIAS.  

F. Essa Data Logger Output 

The ESSA d i g i t a l  ou tput  t ape  format c o n s i s t s  of one o r  more 
f i l e s .  Each f i l e  c o n s t i t u t e s  d a t a  f o r  one tes t  which i s  iden t f -  
f i e d  by a header record .  The format of t h e  header record i s  shown 
i n  Figure 8 .  
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1. Tape Number 6 Characters 

2. Organization 

3. File count 

4 .  Date 

5. Time (Start) 

6. Time (End) 

7. Name of variable 

12 Channels 

8 .  Calibration value 
minimum 

12 Channels 

9. Calibration value 
maximum 

12 Channels 

10. Sampling rate 

11 Sample reduction 

12 . Anemometer information 

6 Characters 

6 Characters 

3 Digits for day of year 
2 Digits for year 
1 Digit spare 

Time in sec 
6 Characters 

Time in sec 
6 Characters 
(Greenwich Time) 

6 Character ndmes 
72 Characters total 

Characters /Channel 
12 Characters total 

Characters/Channel 
12 Characters total 

6 Characters sample/sec 

6 Characters 

6 Characters 
54 Characters total 

c 

Figure 8 ESSA Header Record 
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Indiv idua l  da t a  records c o n s i s t  of no t  more than 13  words 
of 1 2  b i t s  each. 
t h i s  i s  followed by 1 2  words - one f o r  each channel. This  record 
c o n s t i t u t e s  one sample t i m e .  The ind iv idua l  da t a  records are 
grouped toge ther  i n  a block of some 30 records and a r e  w r i t t e n  as 
a s i n g l e  phys ica l  record on magnetic tape.  

The f i r s t  word i s  a record count o r  t i m e  word; 

The first and last  physical  record conta ins  30 c a l i b r a t i o n  
records wi th  minimum and maximum l e v e l s  recorded. 

G. MSFC D i g i t i z e r  Output 

The MSFC d i g i t a l  output  t ape  format c o n s i s t s  of c a l i b r a t i o n  
and d a t a  f i les.  The c a l i b r a t i o n  f i l e  contains  an i d e n t i f i c a t i o n  
record and one o r  more data records wi th  t h e  c a l i b r a t i o n  signal. 
The i d e n t i f i c a t i o n  record i s  two 36-bi t  words (Figure 9). The 
c a l i b r a t i o n  d a t a  record  c o n s i s t s  of a 24-bi t  time word and t h e  re- 
mainder of  t h e  record i s  f i l l e d  wi th  11-b i t  d i g i t i z e r  words no t  
t o  exceed 8000 11-b i t  words. The d a t a  f i l e  i s  formated t h e  same. 

1. Time Sca le  
2. Data Type 
3. Number of Scans 
4. Number of  Beams 

BCI* 24 b i t s  
BCI 6 b i t s  
B C I  24 b i t s  
B C I  1 2  b i t s  

* 
BCI - Binary Coded Information 

~~ ~~ 

Figure 9 MSPC HEADER RECORD 

5. LINK 2 - THE CORRELATION LINK 

Flow c h a r t s  f o r  LINK 2 are shown i n  Figures  10 and 11. These 
are f i r s t  l e v e l  flow c h a r t s  which present  t h e  general  flow of 
con t ro l  but  no t  t h e  d e t a i l e d  processing. Referr ing t o  Figure 10 
t h e  subrout ine begins by r e s t o r i n g  COMMON from t h e  intermediate  
tape  produced by LINK 1. The problem parameters are then read 
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SET 
STORAGE 
POINTERS 

I 

ALLOCATE 
STORAGE 

Q 

No 

DECREASE 1 

Figure 10 LINK 

I SET NUMBER OF I PIECES FOR 
STORAGE I AVAILABLE 1 
I 

PIECE 
AVERAGE AND 

ACCUM. 

2-1 
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Figure 11 LINK 2-2 
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spec i fy ing  p iece  length ,  p r i n t  i n t e r v a l ,  time-lag range and 
increment, and f i n a l l y  t h e  c o r r e l a t i o n s  t o  be performed. 

A l a r g e  degree of f l e x i b i l i t y  has  been b u i l t  i n t o  t h e  
program f o r  t h e  user  i n  spec i fy ing  c o r r e l a t i o n s ,  
d a t e  varying input  tape formats and provide f o r  e f f i c i e n t  s torage  
and processing,  t h e  c o r r e l a t i o n  requests w i l l  be analyzed f o r  t h e  
t o t a l  number of  channels requi red  and a new i n t e r n a l  channel nun- 
ber  w i l l  be ass igned f o r  use wi th in  t h e  program. Thus, a t y p i c a l  
reques t  may appear as: 

To accommo- 

J = 2, K = 5,6, 4 * 0 
J = 3 ,  K = 8,4,2,3,W 

where J i s  t h e  delayed channel number on t h e  input  tape and t h e  
K's are t h e  undelayed channels.  
1 2  channels but  t he  c o r r e l a t i o n  reques ts  above r equ i r e  only s ix ,  
The unused channels w i l l  no t  be s tored  during t h e  computations 
and a new channel number w i l l  be assigned i n  t h e  program as follows: 

The input  tape  may conta in  up t o  

New Old 
1 2 
2 3 
3 4 
4 5 
5 6 
6 8 

The i n t e r n a l  i d e n t i f i c a t i o n  number s i m p l i f i e s  handling i n  t h e  
program and w i l l  never be of concern t o  t h e  user  s ince  a l l  output  
i s  in terms of  t h e  o r i g i n a l  channel assignments on t h e  input  tape.  

The t y p i c a l  c o r r e l a t i o n  reques t  i s  shown in  Figure 12.  A 
s e r i e s  of t a b l e s  a r e  b u i l t  up i n  L I N K  2 which are used t o  s impl i fy  
processing.  The f i r s t  t a b l e  NCHID (Figure 1 3 )  is  formed from the  
J ' s  and K's spec i f i ed  i n  the  c o r r e l a t i o n  reques ts .  NCHID c o n s i s t s  
of a l l  channels t o  be used, delayed o r  undelayed, i n  c a l c u l a t i n g  
t h e  co r re l a t ions .  
on t h e  input  da t a  tape.  

The channel numbers correspond t o  t h e  pos i t i on  
The t a b l e  NCRPC gives t h e  number of  
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J = 2, K = 5, 6 ;  4*0 

J = 3, K = 8,4,2,3*0 

Figure 12 C o r r e l a t i o n  R e q u e s t  

NCHID 

'~ 

SORT 

NCHID 

N W C  

NCRPC 

NCTBL 

NCTBL NCD W C R  

1 1  
2 2  

NCRT - 

~ 

Figure 1 3  T a b l e s  
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c o r r e l a t i o n s  requested f o r  a p a r t i c u l a r  delayed channel and t h e  
t a b l e  NCT13L g ives  t h e  channel numbers of t h e  delayed channels f o r  
a given delayed channel.  

T h e  t a b l e  NCHID i s  s o r t e d  t o  put a11 channels i n  the  order  of 
increas ing  channel numbers and t h e  t a b l e s  NCRPC and NCTBL are con- 
s t r u c t e d  with t h e  new channel numbers, which are assigned from 
the order  of NCHID. Thus, f o r  t h e  example, t h e  o r i g i n a l  channel 2 
becomes channel 1, channel 3 becomes channel 2 ,  etc.  The t o t a l  
number of channels t o  be used i s  NCH. 

Af te r  t h e  channel numbers have been reassigned two new t a b l e s  
are  formed c a l l e d  NCD and NACR. The t a b l e  NCD c o n s i s t s  of  t h e  
t o t a l  nuriibcr o f  delayed channels and t h e  new channel numbers. 
T h e  t a b l e  NACR i s  an accumulative count of t h e  c o r r e l a t i o n s  
requested.  

The f i r s t  l o c a t i o n  of t h i s  t a b l e  i s  set t o  zero.  Location 2 
i s  set t o  t h e  number of  c o r r e l a t i o n s  f o r  channel 1, loca t ion  3 i s  
the t o t a l  number o f  c o r r e l a t i o n s  f o r  channel 1 + 2 ,  etc.  In gen- 
eral ,  t h e  l a s t  loca t ion  in  t h e  t a b l e  i n d i c a t e s  t h e  t o t a l  number 
o f  c o r r e l a t i o n s ,  NCRT. For t h e  above example, NCRT = 5. The 
t a b l e  NACR i s  used t o  l o c a t e  information on t h e  c o r r e l a t i o n s  i n  
the  da t a  pool  o r  U a r r ay .  

Figure 14 shows t h e  t o t a l  a l l o c a t i o n  of s to rage  i n  t h e  work- 
ing  a r r ay  U .  The a r r ay  i s  broken up i n t o  5 bas i c  p a r t s .  The 
f i r s t  p a r t  c o n s i s t s  of miscellaneous cons tan ts ,  which i s  a series 

max to ‘max of t i m e  l ags  from - T 

p a r t  i s  f o r  s torage  of t h e  s tandard e r r o r s  of 7, x, and F. The 
t h i r d  p a r t  of t h e  a r r a y  U i s  devoted t o  t h e  accumulations J , T, z. The fou r th  por t ion  o f  U i s  used t o  s t o r e  t h e  piecewise s t a t -  
i s t i c s  of 02 ,  X, ? and t h e  c o r r e l a t i o n s  XY (RJK) as w e l l  as t h e  
t i m e  l a g  average of t h e  c o r r e l a t i o n s  (,,E). The remainder of t h e  
U a r r ay  from U(KP) i s  used t o  s t o r e  sample po in t s  f o r  t h e  chan- 
n e l s  t o  be used, It  should be noted that  a l l  the above regions 
are v a r i a b l e  i n  length  and p a r t i c u l a r l y  t h e  c o r r e l a t i o n s  (RJK) 

and v e l o c i t y  l ags ,  The second 

- - 
- 
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STANDARD 
ERRORS 

ACCUMULATIVE 

PIECE 

(NTLAGS) (NCRT+l) 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCRT * (NTLAGS+l) 

Figure 14 LINK 2 Storage A l l o c a t i o n  
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r e q u i r e  t h e  l a r g e s t  amount of s torage  NCRT 9: (NTLAGS + 1). NTLAGS 
i s  t h e  t o t a l  number o €  p o s i t i v e  and nega t ive  l a g s  f o r  t h e  co r re l a -  
t i o n s .  The p o s i t i o n  p o i n t e r  names and required space i s  shown 
i n  Table V. 

Tota l  s to rage  f o r  t h e  r e s u l t s  i s  equal t o :  

KP = (NCRT + 1) (NTUGS) 3. 9 NCH + NCRT (NTLAGS + 1) 

Storage f o r  d a t a  samples w i l l  be 20,000 - KP. Thus t h e  
s to rage  i n  L I N K  2 i s  c o n t r o l l e d  by t h e  c o r r e l a t i o n  reques t .  
fewer t h e  number of c o r r e l a t i o n s  requested t h e  more s to rage  can 
be a l l o c a t e d  t o  d a t a  samples. 

The 

Referr ing t o  t h e  flow c h a r t  f o r  LINK 2 (Figures 10 and 11) t h e  
t o t a l  s torage  requirement t o  run a problem i s  checked. This  i s  
given by t h e  r e l a t i o n s h i p ;  

(NCRT 3- 1) (NTLAGS) -4- 9 NCH 

+ (MSUB + MAXINC) * NCHC20000 
+ NCRT 9: (NTLAGS + 1) 

A T  where MSUB = - - and 
e 

' max - MAXINC = 
e 

which provides s u f f i c i e n t  s to rage  f o r  a t  least  one piece.  I f  t h e  
s to rage  i s  exceeded, then t h e  c o r r e l a t i o n  r eques t  i s  automatical ly  
reduced u n t i l  t h e r e  i s  suf f ic ien t  room to run t h e  problem. This  
i s  accomplished in  t h e  program simply by reducing t h e  counter M) 

which i s  t h e  t o t a l  number of delayed channels. 
determining NCRT from t a b l e  NACR (Figure 13) and i s  a l s o  used in  
c o n t r o l l i n g  t h e  computation of  t h e  c o r r e l a t i o n .  
simply reducing ND reduces t h e  s to rage  requirements and t h e  compu- 
t a t i o n s  performed. I f  t h e  s torage  requirements are exceeded then 
the  s p e c i f i c a t i o n s  are reduced and a d i agnos t i c  i s  pr in ted .  
t i o n  of ND t o  less  than one w i l l  terminate  t h e  run. If t h e r e  i s  
s u f f i c i e n t  s to rage  t o  run t h e  problcn then t h e  COMMON area and t h e  

ND is  used in  

Consequently, 

Reduc- 
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TABLE V 

P I E C E W I S E  S T A T I S T I C S  

P O S I T I O N  
POINTER VARIABLE DIMENS I O N  

1 

KESM 

KEAM 

KEASM 

KASM 

KMA 

KRA 

KPSM 

KMP 

KRP 

KT P 

LAG VALUES 
(Time, Veloc i ty )  

Lzf .x 
7 - 

2 CT 

a 
;;z 

IF VELLAG # 0 
(NTLAGS) e ( N C R T + ~ )  

IF VELLAG = 0 
NTLAGS 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCH 

NCRT* (NTLAGS+l) 
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var ious  t a b l e s  formed from t h e  c o r r e l a t i o n  r eques t s  are w r i t t e n  
o u t  onto t h e  IRT which i s  used i n  L I N K  3 ,  and t h e  s to rage  p o i n t e r s  
are set  as shown i n  Table  V. 

Connector 2 (F igure .10)  begins t h e  main p a r t  o f  t h e  program. 
A read subrout ine  i s  c a l l e d  t o  f i l l  t h e  working a r r a y  U ,  s t a r t i n g  
a t  KD, from t h e  in t e rmed ia t e  t ape  from LINK 1. I f  a l l  channels 
are n o t  used by t h e  program during a run,  t h e  d a t a  w i l l  n o t  be 
s t o r e d  by t h e  subrout ine.  Thus, i f  only two channels are t o  be 
c o r r e l a t e d ,  a l l  s to rage  w i l l  be used t o  s t o r e  t h e  corresponding 
X and Y d a t a  po in t s .  
then X,  Y1, Y2, etc . ,  would be s to red .  
i s  f i l l e d ,  t h e  number o f  p i eces  in  c o r e  s t o r a g e  i s  set and t h e  
a c t u a l  c a l c u l a t i o n s  begin a t  connector 1. The c a l c u l a t i o n  modules 
are writ ten as v a r i a b l e  dimension subrout ines .  The CALL statement 
t o  these  subrout ines  pass  t h e  a c t u a l  s to rage  l o c a t i o n  of d a t a  and 
r e s u l t s  s t o r e d  in U. Only t h e  piecewise c o r r e l a t i o n s  are per-  
formed i n  t h i s  l i n k  and writ ten onto t h e  IRT. S t a t i s t i c a l  e r r o r s  
are  c a l c u l a t e d  f o r  only nontime dependent averages.  Pe r iod ic  
p r i n t o u t s  can be c o n t r o l l e d  by t h e  v a r i a b l e  IPRINT set by t h e  use r ,  
which g ives  t h e  frequency of p r i n t o u t .  

I f  more than one undelayed channel i s  used, 
A f t e r  t h e  working s to rage  

I n  genera l ,  more than  one p i ece  w i l l  be h e l d  i n  core  s to rage  
a t  one time. This  depends, of course ,  on t h e  number of c o r r e l a -  
t i o n s  reques ted  and t h e  t o t a l  number 
genera l ly  t h e  d a t a  p o r t i o n  o f  t h e  U array w i l l  appear as in  Fig-  
u r e  15a. MSUB i s  t h e  number o f  d a t a  po in t s  f o r  t h e  p i ece  l e n g t h  
AT. N j  

Thus, d a t a  s t o r a g e  w i l l  appear as i n  Figure  15a t i m e  l a g ,  T 

a t  t h e  beginning of LINK 2. There will be a number of p i eces  of  
length  MSUB and enough d a t a  p o i n t s ,  N j  , t o  complete t h e  c o r r e l a -  
t i o n  c a l c u l a t i o n s  f o r  t h e  l as t  piece.  When t h e  c o r r e l a t i o n  f o r  
t h e  las t  p i e c e  has been performed then the N j  
moved, as shown i n  Figure  15b, t o  t h e  beginning of t h e  d a t a  area 
and s u f f i c i e n t  d a t a  i s  r ead  in  t o  f i l l  the e n t i r e  d a t a  area again.  

of channels requi red  bu t  

i s  t h e  number of d a t a  p o i n t s  rcnquired f o r  t h e  maximum 

max 

d a t a  p o i n t s  are 
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Tllc  nvci-agiii:; operat ions and c o r r e l a t i o n s  a r e  performed aga in ,  
rrllis procedure i s  continued f o r  successive core  loads as shown i n  
Figur-c 2 5 c .  Uy t h i s  method, of  opera t ion  c o r r e l a t i o n s  are  kept 
continuous ac ross  core  loads  of data  s i n c e  t h e  d a t a  f o r  t h e  maxi- 
mum t i m e  l a g  i s  saved from t h e  prcwious block. I n  genera l ,  as 
slrlown i n  Figure 15d, t h e  channel averages f o r  a p iece  r ep resen t s  
MSUB da ta  po in t s  whi le  t h e  c o r r e l a t i o n s  are over MSUB + N 
po in t s .  A s  long as t h e r e  i s  s u f f i c i e n t  room t o  s t o r e  one piece ,  
MSUC + N R ,  t h e  c o r r e l a t i o n s  can be performed without  t h e  l o s s  of 
any information. 

da t a  a 

6 .  LINK 3 - THE OUTPUT LINK 

Link 3 of  t h e  MLTCOR program performs a number of  func t ions  
o t h e r  than output ,  It  i s  i n  t h i s  l i n k  of t h e  program t h a t  t h e  
b a s i c  c o r r e l a t i o n s  formed i n  L I N K  2 are modified t o  a i d  in  de te r -  
mining nons ta t ionary  trends. 
formed on t h e  c o r r e l a t i o n s  such as normalizing, (dividing by t h e  
product o f  t h e  s tandard dev ia t ions  f o r  each channel) detrending, 
(which c o n s i s t s  of s u b t r a c t i n g  t h e  t i m e  l a g  average from t h e  cor- 
r e l a t i o n s )  and t h e  covariance (formed by sub t r ac t ing  t h e  product 
of t h e  means of t h e  two channels from t h e  c o r r e l a t i o n s ) .  Any 
combination of these  s tandard  opera t ions  can be performed on t h e  
c o r r e l a t i o n s  read i n  from t h e  IRT. 

Standard opera t ions  can be per-  

The flow c h a r t  f o r  LINK 3 i s  shown i n  Figures 1 6  and 1 7 .  
L I N K  3 can be run a number of times wi th  t h e  same output from 
LINK 2. The f irst  ope ra t ion  performed by t h e  program i s  reading a l l  
COMMON v a r i a b l e s  from t h e  IRT and ‘ the c o r r e l a t i o n  con t ro l  t a b l e s  
which were set  i n  LINK 2.  The use r  i s  then allowed t o  read  i n  
from d a t a  cards  t h e  p i ece  numbers of  p i eces  t h a t  are t o  be de l e t ed  
i n  forming t h e  modified accumulations.  The opt ions  f o r  forming 
t h e  modified c o r r e l a t i o n s  are read on another  d a t a  card.  The ac- 

- t are  next  s e t  from da ta  cards .  The  cumulation per iod,  tq+l 
format f o r  t hese  d a t a  cards i s  descrilwti  i n  Sect ion 7 .  
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Figure 17 LINK 3-2  
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With t h e  information suppl ied above i t  i s  poss ib l e  t o  s e t  
cons tan ts  f o r  t h e  a l l o c a t i o n  of  core  s torage .  The same dynamic 
s to rage  a l l o c a t i o n  scheme t h a t  w a s  used i n  LINK 2 i s  used ir, 

LINK 3 except t h a t  a l a r g e  block of  s torage  i s  n o t  requi red  f o r  
t h e  raw da ta .  In f a c t  it i s  only necessary t o  s t o r e  one set  of 
piecewise c o r r e l a t i o n s  a t  a t i m e .  The remainder of s to rage  i s  
used f o r  modified c o r r e l a t i o n s  arid e r r o r  terms. The a l l o c a t i o n  of  
s to rage  f o r  L I N K  3 i s  shown i n  Table V I .  Column 1 o f  Table V I  
g ives  t h e  name o f  t h e  f ixed po in t  v a r i a b l e  used as t h e  s to rage  
po in te r  f o r  t h e  U a r r ay .  Column 2 de f ines  t h e  q u a n t i t i e s  ca l cu la -  
t ed  wi th  t h e  dimension shown i n  column 3 .  The piecewise s t a t i s -  
t i cs  ca l cu la t ed  i n  LINK 2 are a l s o  s to red  i n  LINK 3 .  The same 
s to rage  p o i n t e r  names used in  L I N K  2 ,  shown i n  Table V, are used 
i n  L I N K  3 .  

In  LINK 2 t h e  accumulative c o r r e l a t i o n s ,  t i m e  l a g  averages 
and t h e  corresponding s tandard  e r r o r s  were n o t  ca l cu la t ed  s i n c e  
i n  genera l  t hese  q u a n t i t i e s  will vary depending on t h e  de le ted  
p ieces .  These q u a n t i t i e s  are ca l cu la t ed  in  LINK 3 f o r  the un- 
modified c o r r e l a t i o n s  and s t o r e d  a t  KATP and KEXP as shown in  
Figure 18, which shows t h e  t o t a l  s to rage  a l i o c a t i o n  f o r  LINK 3 .  

Refer r ing  t o  Figure 16 and 1 7  t h e  main loop of L I N K  3 begins 
a t  connector X1. The piecewise c o r r e l a t i o n s  are read from t h e  
IRT and s t o r e d  as shown in  Figure 18. The p i ece  number i s  checked 
t o  see if it  i s  t o  be de l e t ed ,  I f  it i s  d e l e t e d  another  p i ece  
i s  read and checked. I f  t h e  p i ece  i s  n o t  d e l e t e d ,  then t h e  cor-  
r e l a t i o n s  are accumulated and then modified. The modif icat ions 
t h a t  can be made are given by 

depending on t h e  following l o g i c a l  v a r i a b l e s .  
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POSITION POINTER VAR IA BLE DIMENSION 
-- 

1 
LTLAG 
LVLAG 

I CHA 

IESM 

IEAM 

IEASM 

I E X P  

LASM 

LMA 

LRA 

LXA 

MPSM 
MMP 

MRP 

MT P 

KEX P 

KAT P 

Nuinber of  pieces selected NT P 
T i m e  lags  

V e l o c i t y  lags 

=2 -2 A =JKA 

A2 (72) 

A2 (2) 

i 

i 
' r  A2 (xy) } 

NTLAGS 
NCRT 9; NTLAGS 

(if velocity lags requested)  
NCD 

NCH 

NCH 

NCH 

NCRT'k (NTLAGS+l) 

NCH 

NCH 

NCH 

NCRT* (NTLAGS+l) 

NCH 
NCH 

NCH 

NCRTik (NTLAGS+l) 

NCIIT;? (NTTAGS+l) 

4 4. 



PIECE 
NUMBERS 

T U G  

VLAG 

CHANNEL 
AVERAGES 

(NCAV) 

ERRORS 

ACCUMULATIVE 

PIECE 
MODIFIED 

-3 
aka; 

A2 (;') 

A' (x> 
2 2  (x 1 

A2 (E) 

=2 d 

- _I 

XY (mwdc) 

-2 

X 

a 
- 

X2 

XY (niwdc) 
_. 

zXY (mwdc) 

FROM 
L I N K  2 

?IECE 
;TATISTICS 

Figure 18 LINK 3 Sto rage  Al loca t ion  
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- - 
COVAR = .FALSE . x j  . y k = o  

= 1. 
j 

NORM = .FALSE . CT 

DTREND= .FALSE. 

‘k = 1. 

PRENLT= .FALSE. T* = 1. 

I f  t h e s e  v a r i a b l e s  a r e  t r u e ,  then t h e  q u a n t i t i e s  t a k e  on t h e i r  
r e s p e c t i v e  va lues .  

These modified c o r r e l a t i o n s  are then used t o  determine t h e  
s tandard e r r o r s .  The f i n a l  p a r t  o f  t h e  program i s  a t es t  f o r  
t h e  d i f f e r e n t  types of ou tput  and f o r  t h e  f i n a l  accumulation. 
Up t o  f i v e  accumulation per iods  may be  s p e c i f i e d  by t h e  u s e r  and 
a f te r  each segment t h e  accumulation reg ions  must be c l e a r e d  t o  
s tar t  a n e w  accumulation. The output  from LINK 3 i s  d iscussed  
in  Sec t ion  7B. 

7 .  USAGE 

A. Input  

Almost a l l  t h e  ca rd  inpu t  t o  t h e  MLTCOR i s  provided by use  
of t h e  NAMELIST s ta tement  except f o r  one alphanumeric t i t l e  card .  
The NAMELIST s ta tement  i s  descr ibed i n  t h e  FORTRAN IV manual, 
bu t  i n  genera l  i t  e s s e n t i a l l y  a l lows t h e  u s e r  f ree  form input of 
parameters.  The gene ra l  form of a ca rd  group would be: 

COL. 1 
$NAME 
X = 1.0 ,  y = 2.0 ,  ... etc ,  
$END 

The d e s c r i p t i o n  which foll.ows i s  taken from t h z  I B M  FORTRAN 
I V  manual, Form C 2 5 - 6 3 9 0 - 2 ,  and expla ins  the general. form t h a t  
d a t a  items m a y  t ake .  
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1. 

2. 

3 .  

Variab le  name = cons tan t  
where v a r i a b l e  name may be an a r r a y  element name 
o r  a simple v a r i a b l e  name. Subscr ip ts  must be 
i n t e g e r  cons t a n  t s 

Array name = se t  of cons t an t s  ( separa ted  by commas) 
where k k o n s t a n t  may be included t o  r ep resen t  k 
cons t an t s  (k must be an unsigned i n t e g e r ) .  The 
number of cons tan ts  must be equal t o  t h e  number 
of elements i n  t h e  a r r ay .  

Subscr ip ted  v a r i a b l e  = set  of cons t an t s  ( separa ted  
by commas) 
where k*constant may be inc luded  t o  r ep resen t  k 
cons t an t s  (k must be an unsigned i n t e g e r ) .  A d a t a  
i t e m  of  t h i s  form r e s u l t s  in  t h e  set of cons t an t s  
being placed i n  consecut ive a r r a y  elements , s t a r t -  
i n g  w i t h  t h e  element designated by t h e  subsc r ip t ed  
v a r i a b l e  . 

Constants used i n  t h e  d a t a  items may t ake  any of  t h e  
following forms: 

a. i n t e g e r s  
b. real  numbers 
c. double-precis ion numbers 
d. complex numbers, which must be wr i t ten  i n  t h e  

usua l  form, (Cl, C 2 ) ,  where C1 and C 2  are 
real  numbers 

e. l o g i c a l  cons t an t s ,  which must be wri t ten as 
T o r  .TRUE., and F o r  .FALSE. 

Logical  and complex cons t an t s  may be a s soc ia t ed  only wi th  
l o g i c a l  and complex v a r i a b l e s ,  r e s p e c t i v e l y .  The va r ious  inpu t  
v a r i a b l e  and op t ions  are explained here .  
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NAMELIST 
NAME 

$LINKN@ 
KRUN 

$NAMDAT 
NBEAMS 

NFLSKC 

NFLSKD 

MVMEAN 

DATA - 

Restart cons tan t  

SUBROUTINE 

MAIN 

Examp l e  : 

KRUN = 1,2,3 runs a l l  t h r e e  l i n k s  
in  sequence. 

KRUN = 2 w i l l  run only L I N K  2 .  

Number of beams o r  sensors  

Example : 

NBEAMS= 7 i n d i c a t e s  t h e r e  are  seven sensors  
o r  seven beams on inpu t  t ape .  

Number of  f i l e s  t o  be skipped before  reading  
MSFC c a l i b r a t i o n  records  

Example: 
NFLSKC = 3 i n d i c a t e s  c a l i b r a t i c n  d a t a  are 

in  f i l e  4.  

Number of f i l e s  t o  be skipped be fo re  reading  
MSFC d a t a  records  
Example: 
NFLSKD = 2 i n d i c a t e s  d a t a  are in  f i l e  3 .  

Moving mean span d e s i r e d  f o r  f i l t e r i . n g  da t a  
(preferab ly  an odd i n t e g e r )  
Example: 

MVMEAN = 11; t h e  f i l t e r  span t o  be used 
w i l l  be 11 p o i n t s ;  I f  MIMEAN = 0 ,  t h i s  
op t ion  w i l l  be. bypa-ssed. 

x 
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NCENDF 

N O B F M  

NWHICH 

TIMSAM 

VALMAX 

VALMIN 

START 

STOP 

Cent ra l  d i f f c r r n c e s  
Examp 1 c : 
NCENDF = 1; c e n t r a l  d i f f e rences  are  ca l cu la t ed ;  i f  

NCENDF = 0 t h i s  opt ion w i l l  be bypassed. 
The t o t a l  numbclr of beams on which t o  be operated 
Examp 1 e : 
N O B F M  = 3 i n d i c a t e s  t h r e e  beams of  NBEAMS on 

which t o  be operated;  i f  MVMEAN = 0 
t h i s  op t ion  i s  ignored. 

Which beams of  t h e  NBEAMS on which t o  be operated 
Example: 
NWHICH = 1,3,4 i n d i c a t e s  beams 1 , 3 ,  and 4 only;  

i f  M W E A N  = 0 t h i s  op t ion  i s  ignored, 
Sample ra te  of input  da t a  
Example: 
TIMSAM = 0 . 1  i n d i c a t e s  d a t a  were sampled a t  t e n  

Maximum value  f o r  c a l i b r a t i o n s  
Example: 
VAINAX = 1.0 ,  1 . 0 ,  1 .0  i n d i c a t e s  tliree channels are 

Minimum value  f o r  c a l i b r a t i o n s  
Example: 

S t a r t  t i m e  on raw da ta  input  tape 
( t h e r e  can be  up t o  f i v e  s t a r t  times) 
Example: 
START = 1 . 0 ,  1 . 5 ,  2 . 0 ,  2 .5 ,  6.0 i nd ica t e s  I i v e  

Stop t i m e  on raw data  input  t ape  
(There can be up to f i v e  s t o p  t imes) 
Examp 1- e : 
STOP = 1.4, 2 . O ,  2 .&, 5 . 9 ,  6 . 5  i n d i c a t e s  t h e  five s t o p  

samples per  s ec .  

c a l i b r a t e d  t o  maximum value of  1 . 0 .  

VALMIN = -1.0, -1.0, -1.0 

s t a r t i n g  po in t s  on t h e  input t ape .  

timcs fo r  each r e s p e c t i v e  s t a r t  time i n  the 
example above. 



NFILE 

MSFC 

IFREQ 

LTN 

NBLK 

NSTART 

NBOB 

PLY ECK 

Number of  f i l e s  t o  be skipped before  reading ESSA d a t a  
Example: 
NFILE = 3 i n d i c a t e s  ESSA d a t a  are i n  f i l e  4 .  
Flag  t o  t h e  program i n d i c a t i n g  PSFC formated t a p e  
Example : 
MSFC = 1 w i l l  t r a n s l a t e  MSFC forinated t apes ;  i f  
MSFC = 0 ,  program w i l l  t r a n s l a t e  ESSA formated tapes .  
Desired output  sample r a t e  t o  in te rmedia te  t a p e  
Example: 
IFREQ = 1; every sample w i l l  be output  t o  t h e  inter-  

IFREQ = 10; every t e n t h  sample w i l l  be output  t o  t h e  

Logical  t a p e  u n i t  i npu t  t ape  i s  mounted on 
Example: 
LTN = 10 i n d i c a t e s  t a p e  u n i t  10 i s  being used f o r  

Number of records  per  block on ESSA output  t a p e  
This  v a r i a b l e  i s  used t o  block t h e  output  i n t e rmed ia t e  
t a p e  and t o  a d j u s t  t h e  record  s i z e  of MSFC output  tape. 
Example: 
NBLK = 30 i n d i c a t e s  ESSA tapes  are blocked 30 records  

mediate tape .  

in te rmedia te  t ape ;  IFREQ must be - > 1. 

input .  

per  block and t h e  in te rmedia te  output  t a p e  
w i l l  be blocked 30 records pe r  block. 

Number of s ta r t s  and s t o p s  
Example: 
NSTART = 3 i n d i c a t e s  t h e r e  are  t h r e e  s ta r t  and s t o p  

N/A; t h i s  should always be  0 
Example: 
NBOR = 0 
Slow down r a t e  of  t h e  analog t a p e  r e l a t i v e  t o  t h e  
d i g i t i z e r  t a p e  

times. 
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NSTEP 

$ TIMES 
TSTART 
TIMMAX 
DELTAT 
IPRINT 

$ DELAY 
TAUMIN 
T A W  
DELTAU 
VELLAG 

SEPART 

$CORR 
J 
K 

Example: 
PLYBCK = 

F l a g  f o r  
Example: 

8 .0  i n d i c a t e s  t h e  analog t ape  w a s  
run  a t  one-eighth t h e  speed o f  t h e  
d i g i t i z e r  t ape .  
s t e p  c a l i b r a t i o n s  

NSTEP = 1 i n d i c a t e s  d a t a  are DC, bu t  a s i n e  
wave s i g n a l  i s  used t o  c a l i b r a t e .  

LINK 2 
S t a r t  t i m e  
Maximum i n t e g r a t i o n  t i m e  

P iece  l e n g t h  
P r i n t  frequency 
Example : 
IPRINT = 10 p r i n t o u t  every t e n t h  p i ece  

LINK 2 
Minimum l a g  t i m e  
Maximum l a g  t i m e  
Lag t i m e  r e s o l u t i o n  
Veloc i ty  l a g  c o n t r o l  
Example: 
VELLAG = 0 f o r  no v e l o c i t y  l a g s  

= 1 c a l c u l a t e  v e l o c i t y  l a g s  
Beam sepa ra t ion  

Delayed channel number. 
Undelayed channel numbers 
(No more than s ix)  
Examp 1 e : 
j = 1, K = 2 , 3 , 4 ,  3;’;O 
T h i s  ca rd  group i s  repea ted  f o r  as many 
c o r r e l a t i o n s  as r equ i r ed .  J = 0 s i g n a l s  
t h e  l a s t  c o r r e l a t i o n  r eques t  thus  a 
rninimurn o f  two SCORR groups a r c  rcqui red .  

ASS I G N  
LINK 2 
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SUBROUTINE 

$DELETE 
NUMPCE 

NPRINT 

$MODIFY 
DTREND 
NORM 
COVAR 
PREMLT 
PLOT 

SACCUM 
NO 
BEGIN 
END 

LINK 3 
Piece numbers (maximum of ten  numbers 
per  group) This card group is  repeated 
as o f t e n  as requi red .  
NUMPCE = 1O;yO s i g n a l s  t h e  l a s t  card group 
Exampl e : 
NUMPCE = 5,7,8,10,12,14, 4;yO 
P r i n t  frequency f o r  LINK 3 

Logical  va r i ab le s  
I f  t r u e ,  detrend 
I f  t r u e ,  normalize 
If t r u e ,  form covariance 
If t r u e ,  mul t ip ly  by T 

I f  t r u e ,  p l o t  on SC 4020 

LINK 3 

LINK 3 
Accumulation number 
S t a r t  t i m e  
End t i m e  
Up t o  f i v e  accumulations may be s p e c i f i e d ;  
t h e  l a s t  group is ind ica t ed  by NO = 0 
Example: 
NO = 1, BEGIN = 0.0, END = 1 . 5  

The l a s t  d a t a  card  f o r  LINK 3 i s  a comments card which 
desc r ibes  t h e  type  o f  accumulation procedure used. Th i s  i s  an 
alphanumeric d a t a  ca rd  wi th  up t o  72  columns a v a i l a b l e  f o r  a 
comment. It d i f f e r s  from t h e  o t h e r  d a t a  cards  in  t h a t  t h e r e  i s  
no NAMELIST a s soc ia t ed  wi th  i t  and i t  should be  t h e  l a s t  ca rd  
of t h e  da t a  decks. 

B. Output 

The output  from t h e  MLTCOR program has  been organized i n t o  
a series of  s tandard r e p o r t s  t h a t  a r e  p r i n t e d  o u t  from t h e  t h r e e  
b a s i c  l i n k s .  These reperts were prepr red  wi th  t h e  use  o f  a 
special- program ca5 l ed  SOFT ( S i r q ~ l e  O : j t p u t  Format  Transla!:or) . 
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The SOFT program t r a n s l a t e s  r e p o r t  s p e c i f i c a t i o n s  i n  a s i m p l i -  
f i e d  form t o  FORTRAN I V  format s ta tements  which w i l l  produce t h e  
des i red  output .  The SOFT program is a s tandard SHARE program 
a v a i l a b l e  from IBM, SHARE d i s t r i b u t i o n  number 3379. The types 
of r e p o r t s  t h a t  can be expected from t h e  var ious l i n k s  of  t h e  
program are shown i n  Figures 19 through 23. These output  r e p o r t s  
are t h e  p r inc ipa l  form of output  from t h e  program but  i t  i s  
poss ib l e  t o  r eques t  p l o t s  of t h e  c o r r e l a t i o n s  and modified cor-  
r e l a t i o n s  f o r  an S C  4020, Cathode Ray Tube Output Recorder.  
These p l o t s  are requested by s e t t i n g  PLOT = T i n  t h e  $MODIFY 
namelist  group of  parameters.  Examples of  t hese  p l o t s  are shown 
i n  Figures 24 through 27. 
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Figure 23  Final T a b u l a t i o n  
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APPENDIX A 

MLTCOR COMPUTER PROGRAM LTSERS MANUAL, 

1. INTRODUCTION 

The purpose of t h i s  manual i s  t o  es tabl ish a thorough 
understanding af h o w  t o  use the  MLTCOR program and explain 
i n  d e t a i l  the input parameters, and some of the  system 
features of t he  XBM 7094 and the Univac 1108 EX V I I X .  

Restrictions and problems a u s e r  might encounter a r e  
explained i n  de t a i l .  
are self-explanatory. 
problems i n  jobs tha t  have been set up. 

Program diagiiostics a re  l i s ted  and 
These help the user  t o  i d e n t i f y  

2. I N P U T  PROBLEM PARAIuETERS 

A. L I N K  1 

1. 

2. 

3. 

4.  

KRUN 

NBEAMS 

NFLSKC 

NFLSKD 

Restart  constant. 
Example : 
KRUN = l,2,3; runs a l l  three l inks  i n  sequence. 
KRUN = 2; w i l l  run only LINK 2. 

N u m b e r  of beams o r  sensors. 
Example: 
NBEAMS = 7;  indicates there  a re  7 sensors o r  
7 beams on input tape. 

N u m b e r  of f i l e s  t o  be skipped before reading 
MSFC Calibration records. 
Example : 
NFLSKC = 3 ;  indicates calibration data a r e  
i n  f i l e  4. 

Number of files t o  be skipped before reading 
MSFC data records. 
Exanpl e : 
NFLSKD = 2; indicates data are  i n  f i l e  3 .  
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5 .  

6. 

7.  

8. 

9. 

10. 

11. 

12. 

MVME U4 

NCENDF 

NOBEAM 

NWHICH 

TIMSAM 

VALMAX 

VALMIN 

*START 

13. *STOP 

Mov.i.ng mean span desired for  f i l t e r i n g  data. 
(Preferably an - odd integer) e 
Example: 
MVMEAN = 11; thc f i l t e r  span t o  be used w i l l  
be 11 poin'is. If MvMJ3AN = 0 ,  t h i s  option 
w i l l  be by-passed. 

Central differences. 
Example: 
NCgNDF = 1; central  differences a re  calculated. 
NCENDF = 0 ;  t h i s  option w i l l  be by-passed. 

The t o t a l  number of bzams on which t o  be operated. 
Example: 
NOBEAM = 3; indicates 3 beams of NBEAMS on which 
t o  be operated. 
If MVMEAN = 0 ,  t h i s  option i s  ignored. 

Which beams of the NBE.4MS on * h i c h  t o  be operated. 
Example : 
NWHICH = l ,3 ,4 ;  indicates beams ,1,3, and 4 only. 
If MVMEAN = 0 ;  t h i s  option i s  ignored. 

Sample rate of input data. 
Example : 
TIMSAM = .1; indicates data w e r e  sampled a t  
10 samples per  second- 

Maximum value for calibrations.  
Example: 
VALMAX = 1.0, 1.0, 1.0; indicates three channels 
are cal ibrated t o  maximum value of 1.0.  

M i n i m u m  v a l u e  fo r  calibrations.  
Example: 
VALMIN = -1.0, -1.0, -1.0; indicates three 
channels are calibrated t o  m i n i m u m  value of -1.0. 

Sta r t  t i m e  on raw .data input tape. (There can be 
up t o  5 s tar t  t i m e s ) .  
Example: 
START = 1.0, 1 . 5 ,  2 . 0 ,  ? . ! I ,  6.0; indicates 5 
s ta r t ing  points  on the :input tape. 

Stop t i m e  on raw datct j n p u t  tape. (There can be 
up t o  5 s top t i m e s )  I) 
Example: 
STOP = 1.4, 2 . 0 ,  2 . 4 ,  5 .9 ,  6 .5 ;  indicates the  
5 stop t i m e s  f o r  each 1 c.::pclctive s t a r t  t i m e  i n  
the  example above. 



14. NFILE 

15. MSFC 

16- IFREQ 

17. LTN 

18. *NBLK 

Number of f i l e s  to be shipped before reading 
ESSA data. 
Example: 
NFILE = 3; indicates ESSA data a.re i n  f i l e  4. 

Flag t o  the  program indicating blSFC formated tape. 
Example : 
MSFC = 1; w i l l  t rans la te  MSFC formated tapes. 
If MSFC = 0, program w i l l  t rans la te  ESSA formated 
tapes. 

Desired output sample r a t e  to  intermediate tape. 
Example: 
IFREQ = 1; every sample w i l l  be output t o  the  
interm.ediate tape. 
IFREQ = 10; every tenth sample w i l l  be autput t o  
the  intermediate tape. IFREQ must be 2 1. 

Logical tape u n i t  input tape i s  munted on. 
Example: 
LTN = 10; indicates tapz uni t  10 i s  being used 
€or input 

N u m b e r  of records per block on ESSA outp;lt tzpe. 
This variable i s  used t o  block the output i n t e r -  
mediate tape and t o  adjust  the record size of 
MSFC output tape. 
Example: 
NBLK = 30;  indicates ESSA tapes a re  blocked 30 
records per block and the  intermediate output 
tape w i l l  be blocked 30 records per block. 

19. NSTART N u m b e r  of s t a r t s  and stops. 
Example: 
NSTART = 3; indicates there  a re  3 s t a r t  and stop 
t i m e s .  

20. *NBOB N/A. This should always be 0.  
Example : 
NBOB = 0. 

21. PLYBCK Slow down r a t e  of t he  analog tape r e l a t ive  t o  the  
d i g i t i z e r  tape e 
Example : 
PLYBCK = 8 - 0 ;  indicates the analog tape was run  
a t  1/8 the  speed of the d ig i t i ze r  tape- 

22-  NSTEP Flag f o r  s tep  calibrations.  
Example: 
NSTEP = 1; indicates data a re  DC, but a s i n e  wave 
signal i s  used  t o  calibrate. 
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23. NDEBUG 

24. RUN 

25. ORGAN 

1. COVAR 

2. START 

3. STOP 

4. DELTAT 

5. I R I N T  

6. TAUMIN 

7 -  TAUMAX 

8. DELTAU 

1ntermedia.te printout of t i m e  series data. 
Example : 
NDEBUG = 0 ;  no printout 
NDEBUG = 1; I D ' S  and calibration data printed.  
NDEBUG = 2; I D ' S  calibration and t i m e  series 
data printed.  

Ident i f ies  run number. 
Example : 
RUN = 633 207 

Ident i f ies  organization- 
Example: 
ORGAN = 613 MSFC 

B. LINK 2 

Removes the mean from each data piece. This 
option i s  a logical operation and should be set 
t o  t r u e  (T) o r  f a l s e  (F) 
Example: 
COVAR = T i  mean f o r  each data piece w i l l  be 
removed. 

S t a r t  t i m e  f o r  LINK 2 i f  d i f ferent  from LINK 1, 
o r  i f  res ta r t ing  program a t  LINK 2. There 
can be up t o  5 s t a r t  t i m e s .  

Stop t i m e  f o r  LINK 2. S a m e  as above- 

Data piece length. 
Example: 
D e l t a t  = 450.0; piece length of each correlation 
w i l l  be 450-0 seconds long. 

Intermediate printout option 
Example : 
I F R I N T  = 10; every tenth piece calculated w i l l  
be printed.  

M i n i m u m  lag  t i m e  of correlations.  
Example: 
TAUMIN = 0.0 :  there w i l l  be no t i m e  displacement 
of correlated data for the  first lag 'po in t .  

Same a s  above except €or the maximum lag  t i m e o  

Interval between lag points. This a l so  determines 
the number of lag points used- 
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9. 

10. 

"VELLAG 

SEPART 

11. *J 

12.  K 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

NUMPCE 

NPRINT 

NORM 

DTREND 

PREffiT 

PLOT 

*NO 

8. BEGIN 

This should be set t o  ' IO" o r  1 1 1 1 '  . 1 i f  velocity 
as a function of t i m e  lags a re  desired. 0 i f  not. 

Physical separation of the  correlated beams. 
These should be specified i n  the same order a s  
correlations a r e  specified. 
Example: 
SEPART = 128.0, 180-0; the f i r s t  two beams 
correlated a re  separated by 128.0 meters. 

Undelayed channel t o  be correlated. 
Example: 
J = 5; channel 5 w i l l  be the  undelayed channel. 

Delayed channel t o  be correlated. There can be 
up t o  s i x  undelayed channels. 
Example: 
K = 1 ,2 ,3 ,4 ,5 ,6  

c. LINK 3 

Piece numbers t o  be deleted from the accumulation 
of pieces. 
Example : 
NUMPCE = 6, 18, 19, 31; these pieces w i l l  be 
deleted from the  accumulations. There can be 
up t o  t e n  deletions. 

Intermediate printout of correlations from 
LINK 3. Same as IPRINT i n  LINK 2. 

Correlations w i l l  be normalized i f  t h i s  option 
is set t o  ( T ) .  S e t  t o  (F) i f  correlations a r e  
not t o  be normalized. T h i s  i s  a logical  operation, 
Example: 
NORM = T; correlations w i l l  be normalized 

Removes the  trend i n  the  data being correlated. 
Logical operation same a s  above, 

Multiplies the  correlation value by i t s  
associated t i m e  lag. Logical operation same 
as  above. 

Plots  a l l  correlations.  Logical operation same 
a s  above. 

Accumulation number 

T ime  t o  begin accumulation 
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9. END T i m e  t o  end accumulation 

10. Blank card or  card containing alphanumeric da ta  explaining 
the type  of n-iodifications used on the da ta ,  

3 e INI?UT/OUTPUT TAPES (7094) 

A. System Tapes 

(1) Al:(N/A)i System res idence  containing l i b r a r y  subrout ines .  

(2) A2: ( 5 )  : Card inpu t  ( namelist  data ) 

( 3 )  A 5 t  (8) i Program res idence  containing source o r  object 
program. 

(4 )  A6: (10) : LINK 1 output .  

(5) A8: (N/A) i 4020 p l o t t i n g  output  

(6) B1:  (6) i Reports output  (LINK 2 and L I N K  3) e 

(7) B 3 : ( 2 ) ;  Overlay tape. 

(8) B5: (9) i Non-system input .  

(9) B6: (11) ; LINK 2 output .  

Input/Output Tapes (1108) 

All system usage i s  located on mass drum storage.  U s e r s  
i npu t  and output  tapes are selected a t  run t ine as  s p e c i f i e d  
on the 1108 run cards  op t iona l  t o  the programer. 
set-up) . (See job 

4. DIAGNOSTIC 

A .  LINK 1 

(1) End of f i l e  on inpu t  t ap2  (B5) - 
(2) Irrecoverable p a r i t y  error on t a p e  ( B 5 )  

( 3 )  System messages, 
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B e  LINK 2 

(I) Storage exceedea. 

(2)  Correlations not specified correctly.  

(3 )  Time span and' piece off e 

(4)  Time span greater than pieces. 

(5) Insuff ic ient  data i n  t i m e  in terval .  

(6) Duplicate channelso 

(7) System messages. 

C- LINK 3 

(1) System messages. 

5 .  USERS RESTRICTIONS AND NOTES 

A. LINK 1 

(1) At dig i t iz ing  time, the number of words per physical 
record should not exceed 6000. T h i s  will a l l o w  enough 
area i n  the dynamic storage f o r  data conditioning. 

(2) The  logical  record lengths of the intermediate tapes are 
controlled by the NBCK constant. For ESSA tapes t h i s  
must be the number of records p3er blocked record on the 
input  tape. For MSFC N9LK controls the number of records 
per blocked record output. These blocked records should - not exceed 512 words. Usually NBLK = 30. 

(1) To eliminate storage overflow, the  following calculation 
should be made: 

[,,,,, - (NTLAGS t NCRT x NTLAGS x VELLAG + 9 x NCil: 

3- NCRT x (NTLAGS 4- 1) + MAXINC x NCH / (MSUB x NCd) - > 1 d 
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W i e r e  : 
NTLAGS two t i m e s  number of l a g s  p lus  one 
NCXT t o t a l  number of c o r r e l a t i o n s  
VELLAG input  cons tan t  
NCH t o t a l  number of channels being used 
NAXINC maximum time l a g  divided by t i m e  sampled 
MSUB number of samples pe r  p iece  

NOTES 

c. L I N K  3 - None 

LINK 1 

(1) (12 .  and 1 3 . )  Stop t i m e  w i l l  be ad jus t ed  t o  the l a s t  t i m s  
on input  tape on te rmina t ion  of LINK 1, and passed on t o  
LINK 2 i f  LINK 1 and LINK 2 are run i n  sequence. I f  
LINK 2 i s  run as a restart  it i s  the r e s p o n s i b i l i t y  of 
the use r  t o  get the stop t i m e  from LINK 1 output .  

(2 )  (18.) I f  NBLK i s  s e l e c t e d  such that  the'number of words 
per plocked record exceeds 512  core loca t ions ,  some 
cons tan ts  and machine i n s t r u c t i o n s  are destroyed. 

( 3 )  (20.)  This cons tan t  i s  used t o  p r i n t  o u t  t i m e ,  l / square 
r o o t  of t i m e ,  mean and RMS va lues  f o r  each channel- 

NOTES L I N K  2 

(1) (9.) Considerable amomit of s to rage  i s  needed f o r  these 
values  i f  s eve ra l  c o r r e l a t i o n s  are requested.  I f  core 
storage i s  marginal th is  should be set t o  I 'O" and the 
number of c o r r e l a t i o n s  t i m e s  the number of lags w i l l  be 
saved. 

(2)  (11.) There can on ly  be one I I J "  f o r  each set of l l K l s ' l .  

These can be repea ted  u n t i l  there has  been 1 2  c o r r e l a t i o n s  
spec i f i ed .  

( 3 )  (11.) I f  au to  c o r r e l a t i o n s  3re requested then a DC t r e n d  
i s  c a l c u l a t e d  by removing the square of t h e  means from the 
area  i n  under t h e  c o r r e l a t i o n  f o r  each auto c o r r e l a t i o n ,  
and square r o o t i n g  t h e  valuc.  The a rea  i n  under t h e  curve 
rep laces  X2 i n  the s tandard e r r o r  ca l cu la t ions .  

NOTES L I N K  3 

(1) ( 7 . )  There can be up t o  f i v e  accumulation spans and each 
span number i d e n t i f i e d  by number 7,8,9 can be repeated 
up t o  f i v e  t i m e s .  



6, J O B  SETUP 

JOB SET-UP ( 7 0 9 4 )  

$JOB NASA-JAYROE B I N  3 0 9 , 4 7 0 9 6 0 , 0 0 , 1 1 , 1 4 M C E  
$EXECUTE I B  JOB 
SIBJOB FIOCS , MAP 
$FILE -UNIT03-, NONE 
$FILE -UNITOS-, NONE 
$FILE -UNIT13-, NONE 
$FILE -UNIT14-, NONE 
$FILE -UNIT15- , NONE 
$IEDIT SYSCKl, SCHFOl 
$IBFTC MLTCOR 

END 
$DATA 

$LINKNO 
KRUN=l, 2 , 3 , 4  
$END 
SNAMDAT 
NBEAMS= 2 
NFLSKCzO 
NFLSK-1 
MVMEAN-0 
NCENDF=O 
NOBEAM= 2 
NWHIC!H=l, 2 
TIMSAJYI=. 00005 
vALMAx=1.0,1.0,1.0,1.0,1.0 
VALMIN=-l.O,--l.O 
START=O .O 
STOP=. 5 
NFILE=O 
MSFG1 
IFREQ=l 
LTN=9 
NBLK= 40 
NSTAFIT=l 
NBOB=1 
PLYBCK=l- 
NSTEP=O 
NDEBUG=l 
$END 

MLTCOOOO 

7 3  



$ IDINFO 
RUN=GH 993 
ORGAN=GH MSFC 
$END 
$CVARNC 
COVAR=T 
$END 
$TIMES 
STOP=.4900 
DELTAT= .012 
IPRINT=O 
$END 
$DELAY 
TAUMIN=O .o 
TAUMAX= .002 
DELTAU= .00005 
VELLAGO 
SEPART=.Ol, .02, .03, -04,  .05 
$END 
$CORR 
J=1, K = l ,  5*0 
$END 
$CORR 
J = O ,  K=6*0 
$END 
$DELETE 

NI?RINT=5 
$END 
$MODIFY 

$END 
$ACCUM 

$END 
SACCUM 

$END 

NUMPCE=10*0 

NORM=F, DTRENIZF, PREMLT-F, PLOT-T 

NO=l, BEGIN=O.O , E N W . 4 4 4  

NO=O, BEGIN=O . O ,  E N S O .  0 

NO MODIFICATION - - 
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JOB SET-WI? ( 1 1 0 8 )  

-RWN,T C S U 2 0 4 , 4 7 0 9 6 0 ,  JAYROEBIN309 ,10 ,999  
-ASG,T 9 ,T ,  36124 
-ASG,T 1O,T 
-ASG,T 1 2 , T  
-FOR, IS MLTCORtMLTCOR 

. 

.) . 
e 

END 
-MAP, I L  MA1N;MAIN 

SEG MLTCOR 
I N  MLTCOR,DEC002 
SEG A&*+ (MLTCOR) 

SEG BB*, (IPlfLTCOR) 
I N  DECK 2 1  
SEG CC*, (MLTCOR) 
I N  DECK31 

-XQT,D MAIN 
SLINKNO 
KRUN=l, 2 , 3 , 4  
$END 
$NN,AT 
NBEAMS=9 
NFLSKGO 
NFLSKBO 
MIMEAN=O 
NCENDF=O 
NOBEAM=O 
NWHICH=O 
TIMSAM=l.O 
VALMAX=l. 0 
VALMIN=l .O 
STAR-0 .O 
STOP=180.0 
NFILE-0 
M S F G O  
IFREQ=l  
LTN=9 
NBLK=40 
NSTAR-1 
NBOB=O 
PLYBCK=l .OO 
NSTEP=O 
NDEBUG= 2 

I N  DECOO3. 

$END 
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$IDINFO 
R U W 6 H  100 
ORGAN =6H MSFC 
$END 
$CVARNC 
COVAR=F 
$END 
$TJNES 
DELTAT =40.0 
IPRINT=O 
$END 
$DELAY 
TAUMIP,T=O . 0 
TAUMAX= 20.0 
DXL’JAU=l.O 
VELLAE-0 
$END 

J=4,K=4,5*0 
scorn 
$END 
$CORR 
J = O ,  K==6*0 
$END 
$DELETE 
NUMPCE= 10 *O 
NPRINT=l 
$END 

NOWi=F, DTRENBF, PREMLPF, PLOT=T 
$END 
SACCUM 
NO=l, BEGIN=O. 0,  E N I P 1 2 0 . 0  
$END 
SACCUM 
NO=O,BEGIN=O.O,END=O.O 
$END 

-PMD, E - F I N  - F I N  - F I N  - F I N  

$MODIFY 

STRAIGHT TIME 
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APPENDIX €3 

PROGRAM LISTINGS 
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7 3  

7 1  

x 

18 
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80 



81 



82  



83 



DECK033C 



7 
6 

3 
99 

98 
4 

C 
C 

55 
5 

11c 
40C 

11 

8 

4c7 

.I 2 

C 

50C 
198 

4C2 

85 



403 

4C1 

404 

495 

406 

111 

12c  

2c10 

19s 

23.1 

2cc 

207 

202  

129 

LO1 1 

zc3 

2 C 4  

29e 

235 

86 
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DECK0300 
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15 
11 

16 

1 

3 
1c 

4 
1 2  

5 

6 
C 
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IF (NCAL .EO-  0 )  NDATb=hUCS 
I F  ( h C b L  e G E e  1)  N O A T A = \ D k S  

W R I T E  QCs1112$ h P E A C S ~ ~ ~ ~ C b k S ~ N O k S l r Y O V S p N C d L P N W C S , ~ ~ R R ~ ~ S C A L E  
I F  (NDERLG .EC. 3 )  GO, 'Z 20GC 

2 C C O  C e N T I N L E  
C HEAC CATA 

8 C 2 N T I N L . E  
G0 TE 1 

C R E A 0  CATb k040 AKC PLACE IF; CAT6( 1 )  ARRbY 
I T I P E = G  

C T R A h S L A 7 E  T INE 
C A L L  FLC ( I T I M E 1 1 7 ~ 7 4 r i r  1 0 A T A )  
I F  ( I T I P E - I T I ~ E ' L )  7 3 1 3 r 2 3 1 1 * 2 9 € . 1  

2010 NCTR=NCTR+L 

2011 I T I P E l = X T I P E  
N C Y L = 1 I: C C 0 C 13 e h C  T Q 

R T X Y F = I Y I P E + N C Y L  
S T I r F = ( R T I Y E / T i r S C L ) / P L Y Y C K  
IF (NDEBLG .fC- C )  CC' T 2  2331 
W R I T E  ( 6 9 1 1 1 3 )  K T 1 " E  

2CC1 C E N T I A b E  
R T  I PE =R T I ME-T I M S A M  

114  R T I V F = R T I M E + T I F ' S A P  

1 9  I F  ( R T X F E  .LT. S T A R T ( I S 1 ) )  CP T P  2CC 
I F  ( I R E C F G )  1 7 q 1 8 r 1 7  

IF (?TIYE aGT.  S T P P ( I S 1 ) )  CL' T l l  2 0 1  
Gb TC 16 

20C I I = I I + f V E E A P S  
NC E IJ f! T = hC @ U NT + NE F AM 5 
I F  ( h C 2 U h T  .GE. N C W S 1 )  Ccd T B  1 
G0 T P  1 1 4  

2 C 1  I F  (IS1 .GE. ILSTART) G Z  T i l  2tt 
I S L = I S L + l  
G0 Ti? 2 C C  

202 IERQ=2 
G0 T0 9 f 9  

18 D A T A ( I ) = R l X F E  
1-1 + l  

1 1 x 1  I + 1  
LW= 11 /3+  1 
I PI I II - 3 *  (L k-1)  
I B T =  12s I c+2 
I D A T = O  
C A L L  F L C  I I O A T ~ 2 h ~ l O ~ l E T ~ I C f i f A ( l ~ ~ )  
O A T 4 l  I ) = I D A T  
Z Z f  = A N C (  E Y K  ( !  P+11 t l C A  I b l L k )  
I F  (IZI .Ut, 3 )  CATA(I)=-OATb(II 
I = X + l  

*dC2 L h  T= \ 5  G? L %r+ NF E I IM S 
I F  ( 1  , f E .  Y O A T A )  GZ TE 116 

0 0  i c c  J = i , w E A P s  

1 C O  C O K T l h U f  

IF ( Y C ~ L L ~ T  .CE. F I C W S L )  C B  T e  1 
G e  TB l i 4  

116  I F  (NCELkT , L l .  hOwT,L) i0 1 2  1 1 E  
I F  ( h C A L  .GE. 1 )  G3 Ti '  1 1 C  
IRECFG= I 
GOI T e  L L C  

I YECFG=-1 
118  IF (NCAL .GE, 1 )  GI: 18 I l l :  

11C C Z I L T I R L F  
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IF (FrCbL-1) 1 4 t t 3 r Z 1  

G 0  T G  ( L r 2 2 p ? t r ? t 2 1 ! r l F R R  
13 C A L L  S l h C A L  ( S A T A I N C A T ~ ~ Y S T E P ~ I E R R J  

21  CALL STPCAL [ C A T A p N L A T B  1 
22 IRECFG-i 

I TI NE 1 = G  
NCTR-G 
NCYLsC 
I = L  
G @  T Z  15 

14 CeKTINbf  
999 RETCkh 

E NO 

OECK 03Of 
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62  C e N f I N l r E  
RETURN 
ENC 

OECKOOQ3 

DECKOOOC 
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C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

NUCCRV= 1 7 5  
N B E A P = L Z  

S Y S l E P  P I Q A V E T E R S  

N W E  OESCHIPTICh T h P E  CI l r rEYSIEY 

M A X S T R  - wbxi tww S T B R A G E  CF c a r t  ~ e v r ,  I 
P A X C H h  - Y A X I C U P  hU*ltEH &IF C H A h N F L S  I 

M A X C R  - YbXIPUly C E d R E L # T [ B N $  P E R  Cb4rJ)ufL I 

WAXSTQ- L 2 5 C O  
EJAXCHP\= I t  
M A X C R  = C 

I h r E Y M E D I A T f  76PE 
I R T = l l  
I C A T =  1C 
N F L A C = C  
N H L K = 3 C  
N 'rlPR e :, P E A'' :, 4 .' 

7 P  C C 4 R A V  E I € Q.5 
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I V P E  0 I H E N S  IBN 

c 

2 

e 
c 

97 

3 

r, 
t 
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C 
C 
C 
C 

9 3  

8 2  

01 
84  
83  
86 

C 

t 

C 

30 U(l)=C.C 
6 

e p a f h  L R B P  
c 
G S E T  h U P U F 8  2 F  P I F C E S  
C 

KK=KS+ 1 

6 0  T P =  STZP ( Io - S T A K T  ( I ? 1 
K N P = 1  

NUYST=TF/ESf4PP +.5 
NF = T P / C E L T A T  + e 5  

c 
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9 



J 

100 



01 



102 



DECKOOOC 
S3FPTOOl C 
S0K 0 002 2 
SERT003C 
sna TOO4 c 
SBRT0050 
SBRT006 '3  
§ @ R T 0 0 7 C  
S0RP OOR c 

S B R P O O S C  
W R T O  E c c 
S D R T C l 1 C  
SBYTOA20 
SERTOt33 
SBRTOL4C 
S 3 4 T O  150 
s 3RT c 14 c 
St3STO17:: 
Sir R T C 1 A C 
S a R T C L R l  
S 0 K f  C 19 C 
SWRTOLOC 
SZRVD2 II c 
SBR'hC22C 

s0w~01)a I 
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SIBFTC DECK2C 

E 
C PRINTS ALL ERRBR HESSLGES 
C 
C URITTEN BY A .  WACHEkSKl: 
C NAHE OESCRiPTI @h 
C 
C I T Y P E  = F R I N T  0PTI0N 
C MESS = ERRBR MESSAGE 
C 
C 101 = IKFBRMATILN tN MESSAGE 
C I D 2  = 
C 
c 

SUBReUT,ihE ERHBRi I T Y P E I P E S S ~  IOlp102) 

U I C E F i S I E h  C E S S ( 4 )  
EQUIVALEhCE (IDX.FD1) ~ ( I D Y I F C Z )  
NUP=4 
1 OX= I D  1 
I D Y  = I C2 
If(ITYPE.NE.0) G @  TO 1 

C INITIALIZE CBFiSTAhT CNfeRFITlBN FER SPECIbL 
C FBHVATS 

RETURb 
1 IF(ITVPE.NE.1) G0 Ti4 2 

WRITE(tr!l) ( Y E S S f I  1 r I = \ r f J U k ) s  IC19 IC2 
11 F a S M A T ( 4 A 6 r Z I 5 )  

9ETURh 
2 I F ( I T Y P E o N E o 2 )  G&? TB 3 

&?I  TI: (6 p 1 2  1 [ M E S S (  I )  r I = l  p'4'av )#FClrFC2 
12 F 0 9 ~ 4 T 1 4 P 6 p 2 E 1 4 . 7 )  

SETURS 
3 IFtITYPF.NE.3) G C  Ti3 4 

C 
E OPEN 
c 

(;ZETURN 

QETkRh; 
E NO 

4 c e h r i w i  

DECKOOOO 

T V P E  CiCENSIeN 

1 
I (NU%) 
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S I B F T C  DECKZF 

C NAME C E S C W I P T I E K  TYPE OXWENS IdN 
C P I E C E h  15  5 Ci‘RRELATI E h  
C k R I T T F N  YY 4 .  SACI‘ehSKI 
C 
C 
c x  -ARRPY F0R CYCFLAYEC CHANNELS R XfNCHtRSUIl 
C Y  -4RQAY FER CFLAYEG CHANNELS R Y ( N C l - r r S U e ~  
c RLAGS - N L P P E R  a F  LaGs I 
C TLAG - T I F E  LAG ARRAY R T L I S I N L I G S + I )  
C E S P P P  - E F F F C T I V E  SAWPLINC P E R 1 2 0  R 
C NCO -CELdY ED CH4NFiEL I 
G NCU - U h C E L b Y F O  C H A N t J E l  1 
C h C H  -hrbPeER CIF CHANhrELS I 
C PSUB -Nt.!Ff?ER O F  S A P P L E S  I 
C R  -CQRXELATKBh ARRAY R 
c 

SUSRBUT IhF CgKLAT ( XeY .hLbGSe TLACI ESPPPehCCthCUthCHlMSUBIR) 

OIHEFiS1 eh X (  hCb.r”SI.,fl) ~ ~ ( K C H ~ H S L D ) , T L d G ( h L A C S )  f 1) 
YfL= \LAGS+ 1 
XPSU9-rCSLB 

K l = N L a G S + L  
Q ( K l  )=C .C 
KZ*I\LbG S-L +2 
R ( K 2  ) = C  .C 

02 2 L = l r N T C  

IIzTLAf ( L )  / E S V P P + e S  
00 1 1=l,VSUB 
I P = I I + ?  
R ( K ~ ) = R ( E L ) + % ( N C C I X ) ~ Y ( ~ C U , I ~ )  
I F ( L  .FC. I! Ga T 2  1 
R(K3)=Q(KZ)+X (NCDI I P )  * Y  (NCUI 1 )  

1 C e h T i N U E  
R ( K f ) = R ( K l ) / X P S G C  
I F ( L  .EC. 1 )  C0 T e  2 
R ( K Z ) = R ( K Z ) / X C S U B  

2 C P F i T I K L F  
RETURFI: 
E YD 
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OECKOOOO 

DEC a oooc 
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cw 1220 

DECKOQOO 
4 

1.10 



L 

c 

c 
c 
c 
c 
c 
t 
e 
6 
c 

c 
c 



C 
C 
C 

C 

C 
c 
C 

C 

C 

C 

L TL4G=N S 1 
LVLAG=LTLAG+NTLbGS 
I CH 4 =  L V 1 4 G  + :JC H T * A  I L  A G  S * l L  SG 

C R R 2 P S  
I ESH- I C i i b + h C  
!€At+=  IESC+hCH 
tEASE(= I  E A C t N C H  
1 E X P = l  E b S P + Y C H  

A C C L P U L A T I B h  
LASP= I E X F +  hCS I * ( h rL AGS* I ) 
L MA = L A S Y + N  CH 
L Q A = L C A + h C C  
lxa= LY A +hCtJ 

~ P S ~ I L X A + ~ C R T . ( ~ T L A G S + I  1 
PMP=IvPSC+KCH 
MRP= c Y P+hCtJ 
PTP=u H P t  hC H 

CPCIFItD C 0 R R E L A f I e h S  

1 1 2  
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702 
9 0 3  

c 
c 
C 

C 
t 

6 
e 

6 6 7  

153@ 

l v e C  I F l E C  
MR=C r P + K  R t 
# A P = L X A + K 9  1 
MER= I F X F + K R I  



IF ( K R L h  .hEo 4 )  C 0  1 8  701 
CALL L f h K ~ ( N L A G S ~ N f L I G S e O f L T A U ~ ~ ( L T ~ A G ~ e ~ ~ ~ ~ P ) ~ ~ ~ ~ l ~ ~  

701 C e N T I N L E  
35 C I K T I N C E  
3 2  C e N l l h L E  

704 C e N T I N U k  
AaACCT I C-A 5 T A R  
B=ASTBP 
C =ACC T I C t O  E LT AT 

I F  ( A  . t E .  0 )  GE T11 101 
G 0  TP, 30 

I F  ( C  . C E O  ASTBP)  IfNC*.TRG€q 

101 I F ( i t i A C . E G * N A C )  GB T 0  IC0 
I E N O = . F A L S E *  
I N A C = I Y b C + l  
G e  Ti? 25  

1 C C  C E N T I h L E  
I F  ( P L O T )  GB T0 6C5 
GO TB 6 C C  

CALL CLEAN 

R E h I h C  I A T  
RETCRN 
E NC 

605 C e N T I N U E  

606 CeFtTINIJE 

Of CKOOOO 
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D E C K 0 5 0 0  

OECKOOOC 

OECK COD0 
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J I R F T C  DECK4 

C 
C THIS SL8RBLTIF ;E  SETS N FBSITIBNS aF X 1 2  Z E P Z  
C 

S U E R E L T I N E  C L E 4 9  f h r  X )  

oiumisi e h  x ( 1  
DE 1 I - l r N  

1 X(I)=O.C 
RETURN 
E N D  

DWK033C 
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F #  1500 

Ff4 152C 

1 1 9  
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c 

1 2 1  



, 

1 2 2  



APPENDIX C 

DETRENDING AND NORMALIZATION OF CORRELATION FUNCTIONS 

Corre la t ion  a n a l y s i s  i s  s t r i c t l y  v a l i d  only f o r  s t a t i o n a r y  
d a t a ,  i . e . ,  experiments, where the  t e s t  environment i s  ti-me i n -  
v a r i a n t  I n  t h e  piecewise c o r r e l a t i o n  techniques t h e  condi t ion 
of s t a t i o n a r i t y  i s  approximated by i n t e g r a t i n g  only over a s h o r t  
p iece  o f  a record  of length  AT s i n c e  i t  i s  hoped, t h a t  i n  t h i s  
sho r t  i n t e g r a t i o n  time t h e  environment does n o t  change. How- 
ever ,  co r rec t ions  f o r  DC s h i f t s  and t r ends  as w e l l  as d r i f t i n g  
ga ins  can no t  be avoided, i f  more accu ra t e  averages have t o  be 
obtained by averaging over many p ieces .  

Detrending procedures and normalLzation are thus necessary 
f o r  each p i ece ,  t o  c o r r e c t  f o r  t h e  change of environment, p r i o r  
t o  averaging over more than one p iece .  

Detrending procedures are developed by assuming, t h a t  DC 
s h i f t s  and t r ends  may be l i n e a r l y  approximated, over a record 
p i ece  of  length  AT. The recorded two s i g n a l  time h i s t o r i e s ,  
x and y ,  may then be expressed by t h e i r  s t a t i o n a r y  components 
x l ( t )  and x 2 ( t )  and t h e  a s soc ia t ed  t r ends  i n  t h e  following way: 

I x( t )  = x l ( t )  + alt + bl 

= x,( t )  + a2 t  + b2 

f o r  ( i -1 )  AT 5 t 5 i A T  i 
The condi t ion  of s t a t i o n a r i t y  means, t h a t  t h e  mean values  of  
t he  s t a t i o n a r y  components should vanish.  
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- 1 - 
x1 - - m i 

x l ( t )  d t  = 0 

- ( i - I )  AT 

1 - -- 
x2 - -  AT i. 

x 2 ( t )  d t  = 0 

( i -1)  AT 

Furthermore t h e  c o r r e l a t i o n  funct ion of  t h e  s t a t i o n a r y  components 

( i -1)  AT 
Xl(t)  x2 ( t  + 7)  d t  (3) 

should g ive  zero area, when averaged over t h e  t i m e  l a g  range of 
i n t e r e s t ,  (121- T ~ ) )  o therwise t h e  s t a t i o n a r y  components could 
n o t  be expressed by supe rpos i t i on  of  harmonic waves. This con- 
d i t i o n  l eads  t o  

The detrending problem may now be def ined by determining, what 
t h e  co r rec t ions  o f  t h e  a c t u a l  c o r r e l a t i o n :  

iAT 

(5) 

a r e  necessary t o  r e t r i s v e  thz  c o r r e l a t i o n  (R12(~)i)  o f  t h ?  
s t a t i o n a r y  components Tlisse co r rec t ions  w i l l  now be der ived.  
A l l  over bars and t h e  s u b s c r i p t s ,  are dropped from t h e  cor- 
r e l a t i o n  func t ion ,  as 3 matter of  convenience. 
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The r e l a t i o n  between t h e  access ib l e  c o r r e l a t i o n ,  R (T)  and 
XY 

t h e  d e s i r e d  c o r r e l a t i o n ,  R 1 2 ( ~ ) ,  m a y  be expressed as 

R XY (T)= ( x l ( t ) + a l t + b l ) ( x 2 ( t + ~ ) + a 2 t + a 2 * r + b 2 ~  = x1 ( t )  x2 (t+-c) 

+ 2 I AT (a,t + bl) (a2t + b2 + a 2 i )  d t  

( i - l ) A T  

The f i rs t  average on t h e  r i g h t  hand s i d e  i s  the des i r ed  c o r r e l a t i o n ,  
R12(7) f o r  p o s i t i v e  values  of T .  

vanish according t o  equat ion (2) .  The f o u r t h  and f i f t h  averages 
may a l s o  be neglec ted ,  as may be shown, througfi an i n t e g r a t i o n  
by p a r t s .  To i l l u s t r a t e ,  w e  t ake  t h e  fou r th  average: 

The second and t h i r d  averages 

t=(i-1)AT t ' = O  

In t h i s  equation t h e  f i r s t  term vanishes t)ec:siise of equation ( 2 ) .  
The inner in tegrand  of t h e  second i n t e g r a l  i s  an accumulative 
mean, which approaches zero i n  an o s c i l l a t o r y  manner. This t e r m  
might,  t h e r e f o r e ,  also b e  neglec ted  as s t a t e d  above. The s i x t h  
term i n  equat ion (6) i s  an i n t e g r a l  t h a t  ma:; be  given i n  c losed 
form: 

t = i A T  

'I AT 
t = (i -1) AT 

(a,t + bl) ( a 2 t  + b2 + a2?;) dt 
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S u b s t i t u t i n g  a l l  t h e s e  averages i n t o  equation ( 6 )  one 
o 1) t a i  ti s 

Negative va lues  of 'i are introduced i n  t h e  c o r r e l a t i o n  
programs by switching channels 

2 
Rxy(-7) = ( X ( t + T )  y ( t ) )  i = R12('T) + a la2  3- AT + (a 1 b 2 +a 2 b 1-2- )AT 

The equat ions (9) and (10) are now reduced t o  experimentally 
a c c e s s i b l e  terms i n  two s t e p s .  The f i r s t  s t e p  i s  t o  e l imina te  
t h e  Constant bl and b2. This i s  accomplished by employing t h e  
piecewise averages,  

alAT 
x(t> = % ( t )  4- al t + bl = - 2 + bl (11) 

and 
a2AT 

t ) + a 2 t + b 2  = - 
+ b2 m = x2( 2 

The conetant  i n  equat ion (9) and (10) may then be transformed a s  
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S u b s t i t u t i o n  of equation (11) through (13) i n t o  equat ions (9)  
and (10) g ives  

and 

Both expressions d i f f e r  only w i t h  r e spec t  t o  t h e  l a s t  term. 
The second s t e p ,  t h e  e l imina t ion  of  a l  and a2,  i s  accomplished 
by expressing t h e  l e f t  hand s i d e  of equations (14)  and (15) i n  
terms of t h e  covariance func t ion ,  

(16) 
subs ti t u  t ing  

(17) 
gives  

- -  
CXy(7) = Rxy(z) - x y - a 2 Xz fo r  T - 0  

Comparing equation (18) wi th  equation ( 1 4 )  gives an expression 

t h a t  i s  v a l i d  f o r  p o s i t i v e  and negat ive  time de lays .  The l a s t  
term may be ca l cu la t ed  by integratinc: equation (19) over the 
t i m e  delay range and by applying equnt 1011 ( 4 ) .  
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This g i v e s  t h e  f i n a l  r e s u l t :  

c . 

DC s h i f t s  and t rends  are thus el iminated from piecewise c o r r e l a -  
t i o n  func t ions  by t h e  following procedure: 

(a) Subt rac t  t h e  piecewise mean8 and Ti p r i o r  t o  t h e  i 
product i n t e g r a t i o n .  

(b) S h i f t  t h e  r e s u l t i n g  c o r r e l a t i o n  curve by t h e  amount 
CCI 

u n t i l  t h e  a rea  under t h e  s h i f t e d  covariance 
'c (C,) i 
curve vanishes .  

S e v e r a l  important conclusions fol low: 

(1) The usual  t ransformation between c o r r e l a t i o n  and 
covariance funct ions 

- -  
C x y = R  - x y  

XY 

i s  n o t  v a l i d  i n  t h e  presence of L'( : : j f t s  and t rends .  The 
t r a w l a t i o n  x y must be replaccd r .;he a r e a  s h i f t  C and = XY 
the shape of C and R may be q u i t < -  d i f f e r e n t ,  a s  ind ica ted  
by t h e  shape co r rec t ions  a2 X(T)  i n  equation (18). 

c -  

XY XY - 

(2) The area s h i f t  of t h e  zutocovariance curves 

t +%I 

gives a d i r e c t  estimate of  the TIC: t . L - m d s .  
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which, in  t u r n ,  may be used t o  c a l c u l a t e  t he  DC s h i f t s  

The amplitudes of  t h e  s t a t i o n a r y  cotriponents are  given 
by t h e  s h i f t e d  covariance a t  zero t i m e  l a g .  The usual  
p r a c t i c e  of  normalizing wi th  t h e  unshi f ted  covariance 
curve i s  i n c o r r e c t .  

The accumulation over many p ieces  can c o r r e c t  f o r  
environmental  v a r i a t i o n s  oE t h e  gain f a c t o r s  a s  wel l  
as f o r  DC s h i f t s  and t r ends ,  by normalizing wi th  t h e  
amplitudes o f  t h e  s t a t i o n a r y  components. This  gives  
t h e  accumulative normali-zed covariance funct ion 
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(5) The assumption of l i n e a r  t rends  may be checked by 
c a l c u l a t i n g  t h e  r a t i o  

Within t h e  assumptions made i n  equat ions  (1) through ( 4 ) ,  t h i s  
r a t i o  should be equal  to one. 

(6) Additional checks are o f fe red  by t h e ,  accumulative 
Statistical e r r o r  of t h e  RMS amplitudes.  
e(?) (T and A(> (T should be more 

Y m  
s t a t i o n a r y ,  a f t e r  removing t h e  DC t rends  through 

The curves 

x m  

equations (26) and (27). 
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APPENDIX D 

EXPECTED ERROR CURVES 

L e t  ( ) denote a s t a t i s t i c ,  i . e . ,  a f i r s ,  o r  second order  
two channel product mean value between s i g n a l s  X and Y .  The 
piecewise average of t h i s  s t a t i s t i c  i s  def ined a s  

LAT 

(-)i = 'j AT ( 1 d t *  
( i - 1 ) A T  

The expected e r r o r  curves of t hese  piecewise averages are der ived 
from t h e  hypothesis  t h a t  a l l  p i eces  of a long record  belong t o  
t h e  same populat ion o f  experiments,  i .e .  , t h a t  they have been 
recorded in  t h e  same environment, In  t h i s  case, t h e  accumulative 
mean 

m 

i=l 

should asymptot ical ly  approach a l i m i t i n g  o r  t r u e  value,  E [ (-)I , 
with inc reas ing  record  length  T = mAT. T h i s  t r u e  mean dev ia t e s  
from t h e  sample mean (=)m, by t h e  amount (-), - E [ ( - ) I .  
t h e  experiment could be repea ted  many times, each repeated run 
would g ive  a d i f f e r e n t  dev ia t ion  of  t h e  accumulative mean, ( ) m ,  
from t h e  t r u e  mean, E [(-)I. Then t h e  dev ia t ion  should f u r t h e r -  
more follow t h e  x2 d i s t r i b u t i o n .  Knowing t h i s  d i s t r i b u t i o n ,  one 
can express t h e  expected s t a t i s t i c a l  e r r o r  of t h e  accumulative 
mean by 

- 
I f  

P-= 

The c a l c u l a t i o n  of t h e  cons tan t  A w i l l  he t r e a t e d  l a t e r .  The 
a c t u a l  e r r o r  might d e v i a t e  from t h i s  expected e r r o r  w i th in  a 
confidence i n t e r v a l ,  which i s  a l so  given by t h e  X 2  d i s t r i b u t i o n .  

13'1 



Only 10 percent  of a l l  repeated runs  w i l l  show an e r r o r ,  which 
i s  smaller than t h e  lower confidence l e v e l ,  subsc r ip t  0 .1  

f o r  10 percent  of a l l  runs.  However, 90 percent  of  a l l  repeated 
runs w i l l  show e r r o r s ,  which are exceeded by t h e  upper confidence 
l e v e l ,  subsc r ip t  0 .9  

f o r  90 percent  o f  a l l  runs.  The expected e r r o r  curves might 
thus be summarized as: 

lower confidence level . .  xo. 1,y 

m - 1  A ?lmfl expected error of accumulative mean. 

upper confidence l e v e l .  %.,gCrn) A 

6 F  
The func t ions  xOel(rn) and xo ,(m) are a v a i l a b l e  i n  s t a t i s t i c a l  
handbooks and are  given i n  Table V I I .  TII(J cons tan t  A has  t o  be 
ca l cu la t ed  fram the  actual  elrror curves .  

The p resen t  estimate of A i s  based on t h e  observat ions t h a t  
t h e  r e l a t i v e  devia t ion  of  t h e  s t a t i s t i c a l  e r r o r ,  

.. E [ (71 I -  E [nm - E [(-)I] 
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i s  p r a c t i c a l l y  independent of t h e  number of p i eces ,  m ,  t h a t  was 

used i n  t h e  accumulation process .  For a group of p i eces ,  one 
s m p l c  o €  t h e  accumulative s t a t i s t i c a l  e r r o r  may be ca lcu la ted  
d i r e c t l y  from the dev ia t ions  between t h e  piecewise averages 

(-)k around t h e i r  accumulative average (-->i 

where i = 2 , 3 ,  . . *  m.  

The expected va lue  of t h i s  e r r o r  i s  given by l/m A/*, 
and t h e  r e l a t i v e  d e v i a t i o n  between t h e  sample A m i  and t h i s  
most probable e r r o r  should be p r a c t i c a l l y  independent of t h e  
accumulation number i. The cons tan t  A ,  i s  now chosen such, t h a t  
t h i s  r e l a t i v e  dev ia t ion  becomes a ~rii~~imum. Choosing only t h e  
one combination of i p ieces ,  t h a t  i s  a v a i l a b l e  t o  a completely 
sequen t i a l  d a t a  process ing  l o g i c ,  i . e . ,  t h e  samples given by 
equation (6).  The above v a r i a t i o n  p r i n c i p l e  may be expressed as: 

- 

i=2 
'3- 

2 

= 0 (7) 

Carrying out  t h e  p a r t i a l  differez7t- 1 ! t . : n n  o f  equation (7) gives  
an a l g e b r a i c  equat ion for A .  The t i l '  &cion of  t h i s  equation g ives  
t h e  d e s i r e d  computer estimate of, f,. 

m 
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TABLE V I 1  

EXPECTED ERROR AND CONFIDENCE LEVELS* 

(a)  Expected error of accumulative mean 

(b) Associated confidence l e v e l s  

( c )  Confidence f a c t o r s  of X2 d i s t r i b u t i o n  

2 xo. 9 1 6  xo. l  xo.9 

2 m 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
14 
1 6  

25 
30 
61  
m 

0.0158 
0.211 
0.584 
1.06 
1 .61  
2.20 
2,83 
3.49 
4 .17  
4.87 
5.58 
7.04 
8.55 
10.1 
1 1 . 7  
15.7 
19 .8  
46.5 

m 

2 . 7 1  
4.61 
6.25 
7.78 
9.24 

10.6 
12.0 
13.4 
14.7 
16.0 
17.3 
19.8 
22.3 
24.8 
27 .2  
33.2 
39.1 
74.4 

m 

0.707 
0.817 
0.866 
0.894 
0.913 
0.926 
0.935 
0.942 
0.949 
0.953 
0.958 
0.964 
0.968 
0.972 
0.976 
0.980 
0.983 
0.992 
1 .0  

0.09 
0.27 
0,382 
0.46 
0.52 
0.56 
0.59 
0.62 
0.65 
0.67 
0.682 
0.709 
0.730 
0.750 
0.765 
0.792 
0.812 
0.873 
1 .0  

1.16 
1.24 
1 .25  
1 . 2 5  
1.24 
1.23 
1 . 2 2  
1 .22  
1 . 2 1  
1 . 2 1  
1.20 
1.19 
1.18 
1.17 
1 .17  
1.15 
1.14 
1.10 
1.0 

1 
-1, 
4, 

Computer es t imate  of A given by equation (8) Appendix C .  
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Table VI1 and equation (7) arc  be ing  added t o  t h e  programs 
CORFUN and MLTCOli such t h a t  t h e  expected e r r o r  curves 

may be added by t h e  computxr, t o  any accumulative e r r o r  curve 

A(=), = f ( T  " 1 1 2 )  
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