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1

MATHEMATICAL-STATISTICAL AND DIGITAL COMPUTER

ANALYSIS OF TIME SERIES DATA

The purpose of this study is to develop a series of

computer programs for use in analyzing time series data

(waves) , such as EEG readings. Programs were used to

produc e re l iable  es t ima tes of correla t ions , spec tra ,

cross spec tra , and partial coherences of multi-channel

random processes. The software package was written to

be ea sily adap table to d i f f e r e n t sampling ra tes , amoun ts

of da ta , and numbers of channels. Provisions for digi tal

p r e f i l te r ing  of da ta , de trending , and smoothing (using a

number of lag windows) were also included. Techniques for

est ima ti on of spec tra by fitting single- and multi-channe l

autoregressive schemes to sampled data were also applied

and found to y ield resul ts consis ten t wi th the other

me thods . All programs were wri tten in FORTRAN and run on

the USNA/DTSS computer system .

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 



2
PREFACE

This study was undertaken as part of a Trident

Scholar Research projec t. It is the result of two

semesters of study during the academic year 1975-76.

The many hours which my advisor , Assoc.  Prof .  John

S. Kalme , spent contributing help and guidance are

sincerely appreciated. I would also like to thank

Assoc. Prof. Karel Montor for supplying EEG data , and

Maj. David A. Wright (CAF) for his assistance in digi-

tizing the data.

_____________ _________________________________ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



r ~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~
—

~~~~
--

~~~ ~~~~~
“

~~~~~~
— — — —

3

TABLE OF CONTENTS

• ABSTRACT 1

- - 

PREFACE 2

CHAPTER 1 4

Elementary Definitions 5

Discre te Implementation 8

Smoo thing 11

- CHAPTER 2 13

BIBLIOGRAPHY 31

APPENDIX A Program Listings 32

APPEND IA B Pro gram Outpu ts t09

I

- 

- 
__
•_•*—. ~- p - ~-— — - - - ---~~~~~~-—-—- ~~~~~~~~~~~ — . --



- ~~.nc 
-- - —

~ • 
~~~——-—-‘-- r~~~’” - - —-- - -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— —•- 

•—.‘=-- - ~~~~~~~ 

- 

~~~

t 4

-

~ CHAPTE R 1

.1 

—~ -- -~~~ ~~~~--— -~~~~~~~~~~~~~~~~~~ • ~~~~ -— ~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~• •,,

I

I. Elementary Definitions

A sample space fl is the Bet of all possible outcomes of an

experiment. Each possible outcome ~ R1 is called an elementary event,

A (non-elementary) event A in ..C~ is any subset of fl , any collection

of elementary events • A probability measure P defined on 12 is a

rule which to each event A in 11 assigns a real number P(A) (called

the probability of A) such that the following conditions are

satisfied:

(1) P ( Ø ) — o
(2) p(ri) — o
(3) If A are psirwise disjoint events, then P(u A ) ~.P(Ah )

A random variable X is a function defined on a sample apace fl,

which assigns a real or complex value to each elementary event cv .

The expectation ~(X) of the random variable is def ined as

I X(cv)4’P(c~.’) provided I / X ~-o4J ~(P( ~i) <~~~
Both integrations are performed In a Lebesgue sense.

A random process is a function of two variables, t and w,

where t is a real number or integer, and cii is an elementary event

in the sample sp ace f l .  Thus, X( t ,cu) is a random process if t is

allowed to vary over an interval, but X(t0 ci’) for a fixed t0 is a

random variable. Usually the second argument is omitted when

expressing a random variables X(t , .e.’) is written as x(t) .

A random proces.~ is said to be stationary in the wide sense if

E(X(t ) ’X(t + v)) depends only upon v, not t. This expectation is

called the correlation function of X and is denoted by R~(v).

If Y( t) is another stationary process defined on the same

~ 
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sample space, and £(i(t) Y(t + v)) depends only on v, then we say

that X and Y are jo intly stationary , This expectation is denoted

by R~~(v) and is called the cross correlation of the two random

processes X and Y .

The Fourier integral of the autocorrelation function of X is

called the power spectral density of X , and is evaluated by this

expression s

£(-f )~ LR~v~ e
The power spectral density of a process Indicates the amount of

energy the process contains In any frequency interval. For example,

EEG waveforms have much of their energy concentrated near 10 Hz ; if

such a wave were passed through a 10 Hz bsndpmss filter it would

lose relati vely littl e power . Thus, we w expect Its spectral
— density function to have a peak about 10 Hz.

Similarly, the Fourier intrgral of the cross correlation of

X and Y is called the cross spectral density of X and Y and is

denoted by SX).(f )s

Sxr (,ö) = L. Rxr (‘vi e
The cross spectral density represents the amount of power shared

by the two processes at any frequency. For example, the cro~ ~
spectral density of the input and the output of a ban dpsas filter

would have a very high cross spectral density over the frequencies

passed by the filter .

Of course, the autoco rrelat lon and cros s correlation functions

can be recovered from the spectral density and cross spectral

density functions , respectively, by using the inverse Fourier -“

~ 
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integrals.

If the processes X and Y are complex-valued , the definitions of
autocorre1atj o~ and cross correlation are modif ied to use the con-

jugate of the f irst terms

The coherence between X and Y is a normalized function of the
density functions:

The partial coherence of I and Y after the effects of a Third time

series Z have been removed is found using this formidable-looking
expressions

- I
~~r~z 

(,~) 

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

] [Sr~~~~ ‘~;:~T]
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II . Discrete Implementation

Suppose we have N observed value s of two processes X and Y.
- - 

We thus have x(t) and ~(t) defined only for t O ,1,2,.,.N—1 . We

then define the correlation functions in terms of an average

rather than an expectation s
H-b~ -~

R~ ~~~~~~ ~~~ ~~ 
) X (~ 

j~ (.-) ~~~~~~~~ ~~ r~r ~~~~
- - :

For most purposes It is necessary to determine correlations

only for values of v less than or equal to a certain limit L .

(Usually L is less than 10% or 20% of the number of observed data

points N .) For purposes of computation , extend the sequences X

and ‘1 to length N’ (which must be greater than N + L) by appending

zeros to the end; call these new sequences X ’ and T’ . Thus,

x’(t)—x(t) and Y’(t)”T(t) for tRO , 1, . . .N-1

but x’(t) ” 0 and y’(t)” 0 for t.’N,N+l , . , , N ’ -l

If the fast Fourier transform (FP’r) Is to be used, N ’ must be

a power of two.

Let 1’ (u) and ~~
‘ (u) be the Fourier transforms of X’ and V *

X( ..” )-l X ( -t e
$T
~~~

N

• iwa ~*.k~/~v
~~~.~ ae

Now form a new sequence in which each term is the product of

the complex conjugate of the corresponding ter m of i” and the

corresponding term of’ Y’; then take the inverse Fourier transform of

this sequence .

____________________
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When we insert the above expressiona for X’ (u) and Y ’(u),  and man-
ipulate the (finite) summati ons , we obtain the following s

C(~-i th : L : j~7~ e~
z
~ 

A.
4]f~ Y(4e’

~” ’ i
”
~
”

~ J. ) ((*)
$~.o l~so ~~‘.

W A  £4. (4 .Z -..)/M’

C (v-) = 
~~ 

)( ‘(1t) y ‘(4.) [
~ 

2~ e
~~~~ 4~~~

It is easily verified that the trigonometric expression in the

— brackets is equal to zero unless (s-t-v) Is zero or an tht gral

multiple (positive or negative ) of N ’ , in which case it is equal

to one . Because s and t are restricted to the range 0 to N’ -l ,

only two sets of (s , t) pairs meet this criterion.

If s-t-i~ -N’ , then t~”N’ -v+s , and t must be greater than N’ -v .

We are restricting v to be less than L , and N ’ exceeds N+L, so

N’-’v will be greater than N . However, x ’(t) o if t is greater than

or equal to N, because X’ is only an extension of’ I beyond N-I.

Thus , this set of (s , t) pairs contributes nothing to the sum.

If s-t—v~0, then s t+v and. t is restricted to the range 0 to

N ’ -v-l. Our expression then reduces to

C (“ ) = 
~~ X (t) ~~~

‘ (,t *,w-)

Again , because of -the wey in which the original sequences were

extended , Y’(t+v) is nonzero onl y if t+v is less than N, only if

_•

~

• . -~~~~~~~~~~~~~~~~~~~~~~
- • • ~~~~~ • - - -  -



_________- - - ~~~~~~~~~~~~

10

t is less than or equal to N-v-I . Therefore, N-v-I may be taken as

the upper limit of summation and we have the following relation s
p. 

~
..g 

_____

C (A’-) = ~ )(,Z’ ~~ 
(x +d ’) = ~~~~~

• /
~~~r 

(‘i”.)
1.0

Thus , by performing only three Fourier transforms we can obtain all

values of the correlation funct ion which interest us aimultan~ously.

One more tr ansform produces the cross spectral density function .

Observe That by substituti ng I and I’ for Y abd V the auto-

correl ation and power spectra l density functions of X would have

been obtained. By using the fast Fourier tra nsform to perfor m the

above calculations , estimates of spectra nay be very efficiently

generated on a digital computer . This method was realized in the

subroutine CROSS , which can produce either cross correlations or

autocor relation s.

—------- .•— —— - —------- --- - -•- •- -•------ -•- -—-J~~
.-•
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III . Smoothing

When a correlation function R(v) (in this section R can be

either an autocorrelation or a cross correlation) is Fourier trans-

formed to produce a spectral density function , the explicit relation

between R and S is

where h is the sampl ing interval , and f~ is the Nyquist frequency,

1/2h , which is the highest frequency which can be unambiguously

determined with a given sampling rate . The S indicate s that this

is a raw estimate of the density .

Unfortunately, the above expression is not a consistent esti-

mate In the sense of mean square convergence. Its variance does not

go to zero as the number of sampl e points increases, and a graph

of raw spectral estimates will oscillate wildly about the true

values of spectral density .

To improve the spectral estimates , It Is necessary to first

“smooth” or average the spectral values . A very simple but effec-

tive method is to replace each value of the spectral est imate

with a weighted average of the original and neighboring values :

~‘(o)=o .~ ~‘(o) + 0.5 ~ (i)

~(k)~O .25 ~
‘(k- 1) + 0 .5 ~(k) + 0.25 ~ (k+1) for k 1 , 2, . . . L-1

~ (L ) ” 0 .5 ~(L-l ) + 0 .5 ~‘(L)

This smooth ing method can be implemented by applying a “window”

to the correlation function :

R’(v) ” R(v ) ‘D(v/L)

where D is a weighing function defined as
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This  i s  kn own as a Tukey window . Another poss ib le  window ,
which resu l t s  in a d i f f e r e n t  degree of smoothing , is the
m o d i f i e d  Tukey window

O S t t  ~- O . ’1- (~ C OS1T~~( .

_  - -
~~~~~

- - - - - .-.--
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We cons ide r  random processes  { l~~ j~ n ,

• that is , for each t , X~(~) is  a random variable ,

where all  X (t)are  de f ined  on the same s ample spac e . We

assume E(~’~(’s)~’~ (t.-s),) = 
~~~~~~ 

(t,) does not depend on s1
where i can equal j .  Then

= 
5

~~~~~~~2~~tf S . (f) 
~

ç

If i~j , R ,~,~ (t) is ca l led  au toco r r e l a t i on  func t ion  of

X~ , and is the power spec t ral densi ty of X4 .
If  i~ j ,  

~~ (t) is cal led the c ross -co r re l a t ion  function

of and X. , and ~~~ (i-) is the cross -spect ra l  densi tyJ I J

funct ion.

Assu me E X (t) .o for all j and t .

Also , ~~~~ ~ ( t )d t

There exi sts a random spectral representatio n of the

~X .fr)

4X : (t) 5 ~zTrtA dZ~
, (~ )

where r _
~2JrA~t -iar-A,t

Z~ c A~
) — Z~~

(A
~
) ?.i .~~1. 5 ~~~~

-_ _
~~~~~~~~~~~~

._

.1 T—~o. J

--- -- -~~~- - -~
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The Z
~ 

(A) are processes with orthogonal increments and

E (A) d Z~j~) L ~~~~~~~~~~~~~~~~

5 ~ (A)~~(k) 5~ . g , (A ) GI K

whe re i can equal j .

Z~f~
)forms a random spectral measure . Let us consider  the

physical significance of ~~~ Ci-) .
Cons ider a linear time invariant filter with input a

stationary process X(t) and output Y (t) =

5~~~~2Tf)~ H(A ) dZ~ (A)

~
( 
~~ is called the transfer function. Then

and

= H(A)~ ~~~~~
Also ,

5~~Y ( ~~~l~~~~ g(f )  
=.

h ence if we can get estimates ~~~ (i.) for S,~y t~f) and

5~ ~ ) of 5,~ (~.)we can get an e s t ima te  H(c-) of

A• H(~ 
~~~~~~~~~~~~~~~~ 5~~

(
~
)

11 Also , H~~I A

is an e s t i m a t e  of the square of the ga in  J j- 1(~) I ’ .
Mos t of ten we do no t have explici t expressions for

-

~ I
1 • i  

-- --~~~~~~--_• .- --~~ _ _  ________
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Take for examp le a sys tem such as a ship which ac ts like a

blac k box . The waves X(t) act as an input forcing funct ion.

The ship proce ss es X(t) in some way and responds by

pi tching as an output Y(t) .
(Sometime s we can write

Y(t) £ e
L21

~
t

~~ HC~t) c~Z~ (x)

h (A ~~~ X (~
) ~~~~

where -
H(t) =~~~~O~)e

’ 
~~~~~

is ca l led  impulse response) .

We subjec t the ship model to wave s whos e spec tral dis tribu-

tion ranges over the frequencies it will actually encounter

and see how the ship p i t c he s .  If the ship encounters  waves

- of its natural pi tching frequency , the ship will pitch

badly. In this case the design must be adjus ted to bring

the natural pitching frequency to some frequency at which

the waves normally encountered have little energy . The

captain could also be warned of the sea conditions under

which he will have to alter course or speed to avoid danger-

our resonant pitching . As another example consider an RC

f i l t e r :
R

0- — ~~~~~~~~~~~~ —0

IN 
~~ (t) E0 (t) ou~~ -~

• I• 0— -— -.~~~ • . 
~~~~~~~~~~~ 

—0

---•- ••

~

--_ ---

~

-——--—- -—-

~

— 
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E (t) e ~~ (— ‘— d Z (A)
° .2k.. ~

- 2~r RC X

I-!. 5~~ (f) = 
(

~~ ~~~~~~~
-) S~. ~~~~.

1. 
0

This  is a low pass  f il t e r .  I t  passes low frequencies and

attenuates high fre quencies.

For the f ilter

I 
_ _ _  

C

. E~t ~ R ~ 
(t) ~u T

E0(t) e~~
t
~(~~~~~~~ ) dZ E. (k)

4T~RLC~$L
- 

.
~
.

_ _
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Thi s is a high pass filter. It passes high frequencies ,

but attenuates low frequencies.  One might wonde r how we

can es t imate  spectra for continuous parameter or analog

signal s by sampling at discrete time points and by using

the dig ital computer recover the spectra. In most

app 1 ica t~ ons S~(~) ~ 
0 for 

~~ ~ W for some V~J.

For high-qual ity speech

S~~ 
(.-) ~~ 0 iOo < ~ 0, 000 Hr

For multi channel telephony

S~~ (~.) ~ 0 300 < 3 f0O H~-
For high-quali ty music

30 <~ (~~o_ i ~~~) k ’/~~~- .

For EEG

S�~ (f) ~~~ o , j ç - ( > ~5ô i-k .

The following Sampling Theorum holds :

If a function of time-at) contains no frequency components

higher than W hertz , the time function can be completely

specified by determining the ordinate s at a series of points —

spaced ~~~ seconds apart .  Reconst i tut ion of the orig inal

t ime func t ion , i.e. , the signal wave form is possible  if the

sample pulses are passed through a suitable low pass filter.

This is impor tant in time division multiplex systems .

If ~ 0 for J 4  > V.1 , then
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X~’- ~~. ~~~~~~~~~~~~~~~~~~~~~~ ~..2W) 
~ ir~sJ(t_ 

~~
j

Let  the discrete time series 
~~~(t) t 0 ±i ±2 . - -/ I I )

he obtained by s ampl in g a con tinuou s p ar ame ter t ime series

t ime interv als of length &: X~ (t) = y~(t h)
S i m i l a r l y  d e f i n e  X’~ (t) 4’or t O~~± 1_ , - — - -
Let

R~~ (t) = R~~~~~ .(t~~~ )
‘ .3

Thi s  s a m p l i n g  can be ob ta ined  by us ing  a PDP8-E m i n i -

compu ter , w h i c h  inc orpor ates an ana lo g - to -di gital conver ter.

Then

~ air * kS 5X~X~ 
(~) e df

where

~~~~S (~ + 
~

) -
~~ ~4

Thus in order tha t  5~( X ~ (~ ) S ~~~~~~~~~~ 
(+)

we must  have S~~y (4.) 0 for

Otherwise we would get aliasing and frequencies above

w i l l  be fo lded  b a c k .  (One observe s th i s  in old wes te rns

where  the wheels  r o t a t e  backwards  when the stagecoach

starts and slows down). Thus the Nyquist folding frequency

For EEC we sample at 10 msec intervals , or to ge t a

power of 2 , we sample at -
~~~~~~ or sec. i n t e r v a l s  for  a

per iod  of 10 sec.  or less .
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Let X (~), X
(z)) - - - X (~) be sample:

taken at t ime in te rva l s  of length k .  Assume detrending

has been performed. We shall discuss the estimation of

A
The sample c ros s-cova r i ance  R~.~.(v) of lag V

be tween and X~ ( )  is def ined  to be

~~~ X~ 
(t)X~ (t+ v ) V 0) L 12) . - (s-i)

~~ X~(t )X~(t +v) v~

Rx~x~ 
(v) 0 , I V >

R~~~(v) ~~~ 
(—v )

The 
~~~~~~ 

are computed by using the FFT.

The sample cross-spectral density func tion or cross

periodogr am between and X~ ( )  is given by

~ 
—~-(~. x s) e’ ~~x~t ~~~ ~~~~~~ 

)

A _ ,a i r

~
R,

~~
cI(.)e .~h 4  241

~~~~~~.. R~~
(e) e .

. ~~~- - --- - - - - —------~~~-,.— —- - --- --——----—--_
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I N _ L l1-~ tk 2..

)=

£ f 2
~ 

5
~~

(
~ T(~~~

k) 5 ( ~
)
~~ 

—

~~~~N s(N~~ (Tr (c. _ x )
~~~ )

~. , (f ) , 
a s N —-3 ~~

But if for example X~&)is Gaussian we have approximately

> ~~

or 2 Ix.. ~~ 

~~~ )5~~j+)
V,4~~(I~~,~, (4)) ~5

The periodogram itself is not a good estimate of the

spectrum . it  is not a consistent estimate in the sense of

me an square convergence . Its variance does not go to zero

as N i nc reases .  To get  a good e s t i m a t e  of 5~.,~ (f) we

mus t “smooth” the periodogram .

Take for the moment

A)~~ S W(A~ o)I~.~. (0c) c40~



•—~~~~-- •- __.J•—~~ ~~~~~~~~~,—--- _- .----•  
_____-~~- 

~
—-“ -_ -- - --- •---•— •-•--- --•.-- -

—
~~ f W(A-~) 5~~~ &) d~ ~

4 5 W (~)d~ ~~~j

~~ir 3~ ~~
L(A ~)6 (o()Jo( 40(i)

~~~~gq~l~~ (~~~~cA) ) ~ ~~~~~~ 5~~ (A ~~ (5 w ’ (° ) c~~~)

Let M ~~ N . Choose M/K, ~ or ~~~~~

We use e s t i m a t e s

k(~~) R (v) e~~
1
~~~~

‘ . 3  Iv I~~M

I< (-i’) = k~(~(-) ; < (O)~~i ~c~ ( t ) . ~ o ~~~~~ kI~ 1~
V4~~(5~~~.(5.)) 

~

I S K L(L~~~~~

Approxima te confidence intervals for the ~~~~~ (~) can

be found by using the fact that the random variable

~~

~~~~~ (~) 
where

We choose poin ts ~~~z 
~~~

- -- for  /<~~~~~ f Z  .. -
, 

t-f

to estimate the spectra.

Then A

,~~~~(.& ç5) ~ j~E~;_~.1 K(-~) ~~~~ 
e 2M 

• •~~ - - . - -~~~~- • -  -— - - - —-
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~he co m p u t a t i o n s  f o r  R~ ~~~
. (v) and the sums in

J
are  p e r f o r m e d  by e f f i c i e n t  use of the FFT .

~se u-ed the lag window -:

( i — ~~~;,~’2~~+ ~, I ( L (~
2 ( I— R~

I)3 ) 2 - ~~

Then 1
The p ro gr am ~11JLSPEC T e s t i m a t e s  the  spec t r a  by us ing  the

above lag ~..i ndo w .

Anothe r  method I used invo lves  the use of a

m o d i f i e d  pe r iodogram and c ros s -pe r iodograms  us ing ccs ine

t a p e r .  Then the m o d i f i e d  pe r iodog rams  are averaged over

neighboring points.

A m o d i f i e d  p e r i o d o g r a m  is of the form

U ~~~~ w~
t q)

We have  w r i t t e n  programs  which  involve  new methods

- of spec t r a l  e s t i m a t i o n , namely  the f i t t i n g  of au to reg res s ive

schemes to g iven t ime series .

The p rog ram AUTOREG e s t i m a t e s  s p e c t r a  by fitting auto-

regressive schemes to time series. We solve for O~~ Q..~.,

(with 
~~ ~~ ) the fo ll owin g sys tem of

equa t ions

~

- • - — —---—— - . • -—- -~~~~~~~~~~~~ -. - —-•-- . -—— •-- —— -~~~~~ —- .~~~~
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A

~~~. o5R~~(t-s) ~ , t — ~~,2, . _ _  
,

5 ‘0

~ ~~(- t) ~~~ 
(t) = 

~ ~~ X (J) X (j~ t)
J 31

The are computed  b y us ing  s u b r o u t in e  CROSS.
The are compu ted by u s in g subrou tine
LEVNSN .

Let Z
~
.
‘ 0

The sp e ct ral es tima te is g iven by

—

~~~~~ 

L

Pick 13 ...~~ L ) 
~)~

)
~%

Evaluate

c _ J p  j— for J ~~~~~~~~~~~~~~~~ . . .

Let

~~~~~~~~ 
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2 5
The p r o g r u n  SPC F CL I ’K e s t i m a t e s  s p e c t r a  b > a v e r a g in g

m o d i f i e d  p e r i o d o g r a m s .

The p r o g r a m  MAU TOR EG e s t i m a t e s  m u lt i c h a r in e l  s p e c t r a

and cross-spectra by f i t t i n g  m u l t i d i m e n s i o n a l  a u t o r e g r e s s i v e

sche1~ies to the inultichanne l time series.

Let  —

- - . - - R 1~~v) 1

- .  .

•
~~~~~)

A A TR(- v) = R (v)

R (v) =-fr~~ XJ(t)X K(t+v)

F.
’ 

A

A ~~~~~ - $ • ( ~) 1
A A

where 5-k (f)is an estimate of 5~~~ (i) .

Let  A (°) L i d e n t i t y  m a t r i x .

..• -- — — - .  .• —-.- -— --- •
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A

Let A (j) for j  = I
~~~Z , . .

~~~ 

p)” be V I X V L  
26

m a t r i c e s  w h i c h  are s o l ut i o n s  of the  sys tem of m at r i x  equa t ions

A A

~~ A j ~~~(j -~ ) = 0
3 = 0

for / ‘  1, 2 , ..,

( 0 ~~ * n~ zero  m a t r i x )
I’ ~~~ A

Let  V~ = Z ik (3) R(j )
• - J o

Then we estimate the spectral density matrix by

A - A ~ir k -‘I j Y.~4E A(.))e _J I
L e t B 2

L =

We eva lua te  5~ (fl at p o i n t s  ç ~~.

fo r  ~~~~~~~~~~~~~~ 13
Let  O for  j  ~ P1+I~ ~~~~~~~ , .213- 1

Then

~ ( ~ 2G..L 

~(j) e~

All calcula ti on s are performed usin g FFT .
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The e l e m e n t s  of the m a t r i x  ~~(v) are computed by

s u b r o u t i n e  MAC , o u t p u t t e d  in m u l t i p lexed  form .

The m at r ices A (i) ,~ (2.) . - . ,

are  computed  b y the subroutine MULL E V.

Several of the programs involve simulatio n of time

~;eries with specified spectral densities. We can simulate

FEG or any time series with almost any spectra. Let

.
~ xe~)} he a sequence of  independent observations from

N(0 ,l) (white noise ).

Let YCt) = ~~~~~~~ X (t ÷ ”t ) (digital filter).

Then

fo r  ~~.L c. ~ J .

1
5~~

(
~.) = )  E~~~e j L~

~-
If we take 2.. 

~~~~~~~ 
‘
~~~ - as the L - t h

- L
p a r t i a l  sum of the  F o u r i e r  s e r i e s  of the f u n c t i o n

~her e  Sry(5- ’~ is a g i v e n  f u n c t i o n , Y ( )  wi l l  have

spectral density 5~~(~- )
Each X (~~) can be ob ta ined  by t ak ing

where  R1 , 
~~~~~~~ - -  , are random numbers  f rom the

compu te r .

W e t ~~ok

S i m u l a t i o n  was u s e f u l  fo r  t e s t i n g  p rograms . 

________  _ _ _ _
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We define coherence for time series X and Y

2~
‘T
~
(f) = 

5 (i) 5 (i)

Par tial coherence of and Y(- ) when the ef fec ts

of Z (~) are removed

( ) 2..

~1) r 
_ _ _  

~~~~~~~~~~

— 

~ ~-c ~ n (~) —
L _~~zz ..7/ j j..

Let %? 2’~ be the e f f e c t i v e  degrees of freedom .

Let ~f (4.) be an es t imate  of

Let  
~~~~ 1f)  ~~~~~ , y(~

.) = .~.

Let t-o.
~h ’ c~ ) -

~~ ~~~~~~ 
- 

1 — Z  
(% I

Then t~.~h ’(1(’~.)) where ~(~.): ~‘
~v (~).

has approxima tely a normal dis tribu t ion :

“— Nc h ’(~ (~))+ 
~~~ 75’

provided r~ > ZO ~~ 0. V ~ ~ 0 .

- • If  * 0 and if i~~
-) °

then
41

F2~~,~1)
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wher e 

~~~~~~~~~~~~~ is a random variable having an F

di stribution with degrees of freedom ~, and ~~~~~

Thi s can be used to test the null hypothesis H~Yyc
’f)~~

0

against the alternativ e i-f , : > 0 .

I f  ~~~~~~ TXY. L (i.) has the same d i s t r ibu-

— t i o n as

Spectra and cross-spectra and partial coherences can

be used to l o c a l i z e  b r a i n  tumors and ep i l ep togen ic  foci

in the brain.

Suppose we wan t  to tes t  whether  Z dr ive s X and Y.

(Z m i g h t  be an epileptogenic focus).

Assume

~~~~~~~~~ ~~~ ~~~ 
(~)

S
~~~(f), 5~ (.ç-) , Szz (j ) are s i g n i f i c a n t l y

d i f f e r e n t  f rom zero  over a c e r t a i n  f requency  range .

Assume y’,
~

. y (%) ~ 0 , Y~z - ~ (f) ~ ~ but ‘y~~~ (+) 0 .

Then we would suspect  that  Z d r ives  X and Y.

Supp ose we wan t to te st whe ther Z d r ives  X 1~~~ X, ., . . , X 11

Apply the above ana lys i s  to a l l  pos s ib l e  subse ts  of the

-

. 

record ings taken three at a time . Suppose all the spectra

6~~~~~(~~) , ~~~~~~~~~~~~~~~~ 
‘x~z(~

) ,5x x ( f ) , ~~~~~~~~~~~~~~~~~ 
i~ ~j ,

are n o n z e r o  for  a l l  L.~~j , but  
~~~~~~~~~~~~~~ ~

. 0 for i~ j .-

~ 

• • ~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - . —-. - - . —  r-~~ ::~~~~- ~~~~~~~
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Then we would suspect s t rongly  that Z dr ives  X ., Y~.,. ~~~~~~~ .

Th e prev iousl y descr ibed  partial coherence spectral

analy sis can be extended to a large number of data channels

to test whether a linear combination of channels drives

o ther ch annels .

The multichaime]. coherence spectra and partial

coherence spectra are computed by the program SPCTBGTK.
The program also plots the partial coherence spectra as

well as the coherence spectra . 

--~~~—--- -~~~~~~~~~~~ - • -—•----- —--
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APPENDIX A

PROGRAM LISTIN GS
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MULS P ELT

100 * D I M E N S I O N  X ( N S * L X ) ,R 1 ( L R *N S *N S ) ,~i ( M )  ,F( M ) ,S(M *N S *NS )
110  * D I M E N S ION C (MI*NS*NS),TLAG (2*LP—l),Z(2*LP— u ,TLAGA (Lr?)
120 * PS= N U MH ER OF CHANN EL S
130 * LX =NUMRER OF DATA R)INTS FROM EACH CHANNEL
140 M 1 =M~~l = L E N OTH OF T I M E  LAG
1 50 LR=MAX IMUN DESIRED l IME LAG .LE . LX
100 ~ L=SMALLEST INT EG ER SUCH THAT LX~ =2**L170 * M MAX IMU~ LAG , M 2** U4— 1 )
I ~

) * N IS DEFINED SC) THAT 2*M=2 **N
190 H=LENGTH OF SAMPLING I NTERVAL
200 * LNXS=L X*NS
210 ~ LRDS~ 5=LR*~1S*NS220 * M l ~~i~ JS = :~1 *N5 *N5
230 D I M E N S I O N  X (320,2) ,R1 (50 ,2,2) ,~l ( J 2 )  , F( 33) ,S( 142 )  ,C(33 , 2 ,2 ) ,TLAG (99 )
240 ~.,Z (09) ,TLAGA (50)350 CHAPACTEI? CH (2)/ ”1 ” ,”2”/
200 DATA NS,LX ,M , M1 ,LP ,L , N ,LX N S,LRNSNS, IN/2,320,32,33,50,Q,o,640,200,2/
270 LI BRARY Il P EMA V ” , “N LOON ” , “CROSS ” , “~‘l PAR Z” ,“MACOP” , “CO QUAD ” ,“MOVE”
2~i0 ~,, “NOR ~ AG” ,“ 0011 ERE ” , “OLL) PLO” , “GFSOPT” , “B 10”, “SMALL” , “ PLOTI R”
290 I=I ./o4 .
300 OP EN F ILE 2 ,”t IT IDAT” , “NUMER IC”
3 10 ~l E A !) ( 2 ) X
315 cALL v~P A R Z ( M , ~1) 

-

320 00 1 J= 1 ,NS
330 I CALl. R E M A V ( L X ,X ( I ,J ) )
340 CA LL M A C O R ( N S , LX , X ,LR ,P1 ,LXNS ,LRN SNS ,L)
350 CALL CO0U AD ( 9 , N S ,M ,N ,~~, R 1 ,S ,M1 ,L R )
360 CALL CO H hP E ( .41  ,NS , S,c)
3 70 00 7 J 1  ,~~1
3~~ 7 F ( J ) = J — l
390 •)O 500 J~= 1 ,N~~— l
100 jO -. K~ J+1 ,N S
1 10 v~P ITE(0, 300) CH (J) ,CH( K)
420 300 F O P M A f ( ’  COHER EN CE FOR CHAN N ELS ‘,~~1 ,‘ AND ‘,A l )
~30 CALL OLL) a~L O ( C ( 1 ,J ,K ) ,F ,M )
150 lOU FOPMAT (IH ,2(F6.2,4X ,EQ .2,oX)/)
4o0 ~R I T E ( U , 10 2)
470 102 F O P M A T ( 5 ( I H  , / ) )
1W) 500 COI4T IIJUE
400 DO 105 J= 1 ,N S
500 1D1 I T E ( U , 107 ) C H ( J )
) 10 107 F O R M A T ( ’  AUTOS PECT RA t O P  C H A N N E L  ‘,A I
20 CALL OL D P L O ( C ( l ,J , J) , F , M )

540 105 r~R J T E ( O , I 0 2)
~i50 LX) 700 != l ,N S — l
~j 0 LX ) 700 J=T+ 1 ,NS

ITE (0 , 001 ) CII ( I) , CH ( J)
5H() 001 F O P M A T ( ’  CROSS C O R RELATION BE ThE EN CHANN EL S ‘,A l ,‘ ANt) ‘,A l )

. )9() i) () 108 L= 1 ,L Q— I
j UL) T L A U ( L ) = 1..—LP

1
• 

33
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MUL SPECT ( continued)
6 10 108 Z (L )=PI (LR —L+ I ,J ,I)
620 LX) 109 L = LR,L R+ L R -I
630 TLAG (L)=L—LP
640 109 Z (L)=RI (L—LR+1- ,I ,J)
6 0  CALL PLO1TP(Z ,TLAG ,L R +L R — I )
6o0 i~R I T E ( 0 , l 0 2)
670 700 CONTINU E
680 L)() 70 1 K = l ,LR
600 70 1 T L A G A ( K ) = K — I
700 [JO 801 J= l  ,N S
710 v~R I T E ( 0 ,5 O I ) C H ( J )
720 501 FO R MAT ( ’  AUTO CORRELATION FOR CHANNEL ‘,A l )
730 CALL PLOTTR (RI (I ,J ,J ) ,TLAGA ,LR)
740 dOl ~RITE(0,I 02)
750 PR INT , X
760 STO P
770 END

3’I
_
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100 * NS=EFF ECTJ yE NUMBER OF SCANS READ IN
1 1 0  * N V =NU :/ B EP OF CHA NN ELS
120 ~ N R = N U M R E R  OF F R E Q U E N C Y  RAND S ( A  PO~ ER OF 2 )
140 ~ N SCA N S=t4~ T- 1E LEAST PO~~Er? OF 2 .GE. N S
I S O  SR = SA M P L I N G  RATE = I /H
l-o Q * X — I N P U T SEQ I E S ( A R R A Y )
170 * ~~A PPA Y FOL? STOR ING CPOSS SI~ECTPA
lbU * IDIMP=NV1 x(~~Vl+ 1 )* (N r~+ l )190 D I M E N S I O N  X ( 1 0 2 4 ,4 ) , P ( 660)
10 5  REAL F ( 3 3 ) , ., 2 ( 3 3 , 4 , 4 , 4 )  ,SP ( 33 )
200 COMPL EX S(33 ,4 , 4 ) , S l 1 3,S223, S 123 , S I I 2 ,S332 ,S 132 ,S22 1 ,S33 1 , 523 1
2 10  C H A R A C f E R  C H ( 4 ) / ” I ” , ”2 ” , ”3 ” , ”4 ”/
220 DATA NS ,NV ,NP,SR ,,~J/80O ,4 ,32 ,64 .o ,3. 14 159265/
225 L I B R A R Y  “ CCA~ ”
230 LI PRARY “FAS I” ,“ TRAN S” , “OLD PLC )” , “GFSORT” , “1310 ” ,“ SMA LL”
240 OPENE ILE 2 , “FCHL )AT ” , “ N ( J M E P  IC ”
250 R F A D ( 2 ) ( ( X ( J , I ) , J = 1  , N S ) , I = I , N V )
2o0 * DETP EN ~) EACH SER IES RY SU I ~T R A C 1 I N G  FROM EACH S E R I E S
270 * ITS LEAST SOUAP ES L I N E A R  R~~ PESS I0U L I N E
280 FN S N S
2V U TBAR =0.5*(FNS+I.)
300 •rSU MsQ= (FNS* (FNs+1 .)* ( FNS+ ENS+ l • 

))/o .
3 10 00 76 12=I ,N V
320 SUi~~0.
330 CR SPR O O.
340 ) ( )  77 I I = I ,N S
350 SUM~SU.~+X (II ,I2)
360 77 CP SPI-?O = CR S P R O + F L O A T ( I I ) * X ( I I , 12)
370 FMEAN=SUM/FNS
380 PEiA= (CPSPRO —FNS*T~AR*EMEAN )/(TSUMS0~ FNS*TBAR*TRAR)
390 tiC) 76 II =1 ,Ni
400 ~/ ‘~ ~I , 12 ) = X (  I I  , 1 2 ) — F M E A N — F 3 E T A * ( I 1 — T R A P )
430 ~ ~ INLX ~~ E ACH SER I ES “U TH A COSINE TAPER
440 I R = N 5 / 1 0
450 R= IR
460 Jo 80 I I = I , I R
470 r I1 ~~T 1
460 r I N j F I  l — D .5
490 ,, INLX)h=O.5*( I .0— CO S( PI * FJ NT/ R))
500 13=NS+ I— Il
510 DO 80 12=1 ,N V
520 X ( I l , r 2 ) = v ~ INDO ~, *X (  11 , 12 )
530 80 X ( 13 , 12)= ,4 IN D OrI *X ( 13 , 12 )
550 LO02NS~~)560 NSCANS=I
570 54 IF(~~S.LE.’~SCANS)G0 To 55
580 LOG2NS=LOG2~iS+ I
590 N SCAN S= NS CA N S+N SCA N S
000 -JO TO 54
620 55 IF(IJS.E0.NSCANS)G () TO 74

35-
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SPCTROTK (continued )

630 * ZERO ) OUT THE LAST PA RT OF EACH SERIES  IF THE NUMBER OF SCANS
640 * IS NOT A PO~~ER OF 2
650 I I P E G N = N S + I
660 DO 75 I l = I I B E G N ,NS CANS
670 DO /5 12= 1 ,N V
680 75 X ( I I , I2 ) = 0 .
690 74 CC)N T IN U E
700 JF (MOD (NV ,2)) 70,82,70
7 10 * IF THE NUMBE R OF SER IES IS ODD , F I L L  A DUMMY SERIES ~ 1TH ZEROS
720 70 N V I =N~ +l
730 h O 83 II = I ,N SCAN S
740 83 X(I ) ,NV I )= U.0
750 GO i ( )  85
760 82 N~~I = N V
770 85 CONTINU E
780 IDI;ItP NVI* (NVI+1)* (NB+1)
790 CALL TRAHS (P , I D I M P ,X,NS UANS ,NV I ,NR ,L()G2NS)
800 * CROSS SPECTRA ESTIMATES ARE IN AR RAY P
810 * THE CROSS SPECTR AL ESTIMATES IN ARRAY P ARE SCALED BY MULTIPLU INC
820 * BY CI
830 ~dNDP t ’~R=F N S— I .25*R
840 FSCANS=NSCANS
850 FNR=N R
800 FD=FSUANS/ (Ft413+FNH)
870 Cl=0.25/(SR* (FD+I.)*MNDPMR)
1380 IROMSP= N[3+NP+2
890 ICOLS P= (NVI* (NV )+I))/2
900 ISIZE P=IROY~SP*ICDL5P
9)0 DC) 95 Il=l ,ISIZE P
920 95 P (Il)=C1 *P (I1 )
925 NPI=N 13+1

200 J =I ,NV
035 iA ~ 2*NB1 * (!1Vl* (Jl ) ((J_1)*(J 2))/2_J)
940 DO )0 K=J ,NV
945 I J K = I  X +2 *N HI *K
950 LX) 200 I= l ,NMI
970 200 S ( 1 ,J , K ) = C M P L X ( P ( I J K + I+ I — 1 ) , ( — l . 0 ) *p ( I J K + I + I ) )
980 DO 20) J= l  ,N \ s — l
000 DO 20 )  K J+I ,FJV
1 000 DO 20) 1= 1 , 11131
1005 CSS=CCA E3 (S (I ,J ,J))*CCAP (S (I ,K ,K))
1010 IF (CSS—l.OE—07) 17 ,18 ,18
1 0 2 0 ) 7  S ( I ,K ,J ) = ( 0 . 0 ,0. 0)
1 030 00 10 20)
1 040 lb  S( I , K, J ) = C MPLX ( CCAB ( S( I, J ,K)) **2/CSS ,0.o)
1050 201 CONTINU E
1 060 00 202 J I= l ,N V—2
1070 LX) 202 J 2= J l+ 1 ,U V— 1
1 080 DO 202 J3=J2+ l ,N V
1090 DO 202 I= l ,N R I

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  - - -
~~~~~~~~~~



S PCTI3OT K ( c o n t i n u e d )

$ 095 PE S R E A L ( S (  I , J 3 ,J 3 ) )
1100 S11 3= S (I ,J1 ,JI)* (I .0—S (I ,J3,JI))
1 1 1 0  s223= I ,J2 ,J 2 ) * ( I . — S( I ,J3 ,J 2 ) )
l i i i  I l - ( R E S — I . O E — 0 7 )  901 ,002 ,902
1 1 1 2  901 S123=S ( I,J l ,J2)
$ 1 1 3  GO TO) 903
1120 902 S123=S (I,J1 ,J2)—S (I,J l ,J3)*CONJG (S (I ,J2,J3))/RES
1125 903 li- (cCAP(S113)*CCAP (S223)—I.OE- .07) 601 ,602,602
1I2o 601 ?~2 (I,Jl ,J2 ,J3)=U.0
1127 GO) TO 202
1130 602 .l2( r, J I ,J 2 , J 3)= (CCAB (SI23)**2)/(cCAp :S1l3)*~CAB (S223))
1135 RES=REAL(S (I,J2 ,J2))
1140 S11 2= S (r, Jl ,JI)*H.0—S(1,J2 ,JH)
1150 S332=S(I,J3 ,J3)*(l.—S (I ,J3 ,J2))
11 51 IF (RES—I .OE—07) 1 001 , 100 2 , 100 2
115 2 1Q0 1 S132=S (I,Jl ,J3)
Ii 53 GO TO) I 003
1160 1002 S132=5 (I,Jl ,J3)—S(I,J I ,J2)*S(I,J2,J3)/RES
1165 1003 IF (CCAP (S112)*CCAB (5332)—l•OE—07 ) 701 ,702,702
1166 701 h2 (I,J1 ,J3 ,J2)=0.0
1 1 o7 GO TO) 202
l1 7u 702 ,

~? (I,Jl ,J3,J2)= (CCAB (S132 )**2)/(CCAB (S112)*CCAB (S332))
li - IS PES=R EAL (S( I ,J1 ,J i ))
1180 5221=S (I ,J2,J2)* (l.—S (I,J2,Jl))
11 90 S33l=~ (I,J3 ,J3)* (l.—S (I,J3,JI))
1 1 91 IF (RES—l.OE—07) 110 1 ,1102 ,1 1 02
1192 1 1 0 1 S231=S(I ,J2,J3)
1193 GO) TO) 1103
1200 1102  S231=5 (I ,J2 ,J3)—S (1 ,J1 ,J3)*CONJG (S(I ,J1 ,J2 ))/RES
12 01 1103 I F ( c C A ° ( S 2 2 1 ) * C C A B ( s 3 3 1) — l . O E — 0 7 )  801 ,802,802
1202 801 M2 (I,J2,J3,J1)=0.0 -

1~ ~~0O TO 202
$ 2 0 5 802 ~2( r ,J2 ,J3 ,J I ) = ( C C A B ( S 2 3 1 ) * *2 ) / ( C C A P ( 5 2 2 1 ) *C C A R ( 5 3 3 1) )
12 10 202 CONTINUE
1 2 l 3  CON1 I N T J E
$220 DC) 7 J= l , N B I
1230 7 F (J)=J—I
$ 240 DC) 500 J=1 ,~4~ —l
1 250 DO) 500 K =J +1 , tI V
1 260 MPIT E(0,300)CH(J),CH (K)
$2 62 300 FORMAT (’ COHERENCE FoR CHANN ELS ‘,AI ,’ AND ‘,A l

• 1263 DC) 310 1= 1 ,1413 1
1264 SP(I)=R EAL (S (I,K,J))
I 267 319 CONT INUE
1268 CALL OLDPLO (SP,F,NB)
$ 269 ~R ITE C 0,l02)
1270 102 FORMAT (25 (IH ,/))
$280 DC) 500 L= 1 , N V
1285 I F ( ( J — L ) * ( K — L ) ) 4 1 8 ,500 ,4 18
1287 418 DC) 512 I=l ,NR1

137 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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• SPCTBG1K ( c o n t i n u e d)

$2 88 SP (I)=~2 (I,J,K ,L)1293 512 CONT INU E
1295 MR !TE (0,301) CI-I (J) ,CH (K),CH (L)
$300 30$ FO RMAT ( ’ P A R T I A L  CO H ERENCE BETh EEN CHANNELS ‘,A l  , ~ AND
13 1 0 &Al ,/,’ AFTER THE INFLUENCE OF CHANNEL ‘,A I ,’ HAS BEEN R EMOVED ’)
$ 320 CALL OLDPLO(5P,F, t4 B)

- • 1 330 r~R I T E ( 0 , I02 )
I 335 500 CONTINUE
1 340 DC) 417 3=1 ,N V
$ 350 WPITECO ,317)CH(J)
$360 317 FOR MAT ( / AUTOSPECTR A FoR CHANN EL ‘,Al )
$ 365 IX=2 *NBI * (NVI * (J—I)—C (J—1 )*(J—2))/2)~~1
$370 DO 416 I= I ,NR1
1 390 416 S P ( I ) = P ( I X + I + 1)
1410 CALL O L D P L O ( S P ( I ) ,F ,N R )
1 420 417 r~RITE (0,I02)$430 STO P
$ 440 ENL)

38 
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S ECTCLTK

$00 ~ NS~~E~ F F C T I V E  ~U ’A ~ ER OF CHANNEL S R E A D  I N
1 10 * NV~NUM PER OF CHANN ELS
$20 * ~ R = N U M B E P  CF F R L Q U E N C Y  ~A i~~i~ ( ~ ~-~i ’~ER OF 2)
I 40 * JSC~~S IS ALSO ) A J~h~EP OF 2
150 * SR=SAMPLI i~3 RATE= I/H160 * X= IUPUT S L 1 ? I E S ( A R R A Y )
1 70 * ~-=A R - ? A Y  FOR ~; 

~CN INC CRo SS SPF ~~~? A
180 D T 1 E N S I O N  X C 1024 , 2 ) , P( 1 98) , S ( 1 3 2 ) ,C ( 13 2 ) ,F (j 3 )
I85 DL’- .ENsroN s1(:~ ,2,2)100 C H A R A C T ER C H ( 2 ) / ” I ” , ”2”/
200 EQU I V A L E N C E  ( S ,C)
2 0 $ E Q U I V A L E N C E  (5 , 5 1 )
210 DPi A N S , N V ,N , J S C A N S , S R , P I / 3 2 0 , 2 , 32 , 1024 ,64. ,3.14159 265/
21 5 LI ~

4
~ARY “F AS T” , “ T R A N S ”  , “M () yE” , “ N()RMAG” , “ COHERE ”  , “PLOT” , “GFSOPT”

21 0 -~ , “~~I G ” , ” SM ALL ”
€~~~ 0 0) h-NE- I LE 2 , “ ~T 1[)Af ” , “ NU~A ER IC”
~~-~~- J REM)(2) 00 X (J , I) ,J= 1 , N S )  ,I= l ,N 1)
2 4 )  * ~H : : R E N ! )  THE S E R I E S  N Y SU B TRACTING FROM EACH SER I ES ITS
~~ * LF~~S~ SQ UARES L I N E A R  R EGRESSION L I N E
2~~0 r N S N S
2 7 J  r~~~~=0.5 *( F N 3 + 1  .0)
280 T S U R 5 0 = ( F N S *( F N S + 1  • 0 ) *( F N S + F N S + I  .0) )/ 6 . O)
290 DC) 7o I 2 = 1 , I J J
300 SU \=0 .0
310 CPSPRO=O.0
3~~0 DO) 77 I i  = 1 , N 5
330 SUM=SU .+X (Il ,12)
340 ~ 7 CR5 PRO ~~~~~~~~~~~~~ 11 ) *X ( II ,I2)
350 FMF A ~J=~~J £A / i~N
360 FE I A= ( cRs PRo —F: ;~~:~ A p ~~F M E A N / ( T su M s Q — F N s *T R A P *T R A p )

- i70 Do 7~i Il =1 ,‘JS
- -PEG=F ,~FAN +-~~FA* (FL ( A i (II )--TRA R )

390 ~ X (  I I  , I 2 ) = X (  11 , I 2 ) — F R EC
400 76 CONTINUE
41o * ~i r o 1~ EACH ~F~~IES ~ ITH A COSINE TAPER
420 IR=NS/I0
4 3fl R I ~440 DO) 79 II =1 , I R
450 FI I = r I
455 F I N T = F I I — 0 .5
460 ~ I ND0~ =0.5~~( I .0— COS( P r *F I N T / P )
470 I 3 = N ~3 + I — I I
480 DC) 80 12= l ,N V
490 X ( II .12) =~ I NL ) O , i *X (  1 1 , 1 2 )
500 80 X ( I 3 , I 2 ) = ,~I 1i!) O~4 * X ( t 3 , I 2 )
510 79 Co N T I N U E
520 LOG2N S=0
530 NSCANS=I
540 54 IF (N’ .LE.NSCANS)C () TO) 55
550 LOG2NS=LOO2NS+ 1

3q 
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SPC T CL I K ( c o n t i n t , e J )

560 NSCANS=NSCANS+NSCAOS
570 00) To ~4
580 55 I F ( t ~S.[~O .N SCA N S ) G ( )  TO 74
590 * ZE R O OU 1 THE LAST P A RT CF EACH SERIES IF THE NUMBER OF
600 * SCANS IS N OT A POh EP OF 2
6 10  I I B E G N =N5 + $
o20 DC ) 15 11 = II PEG , N S . ~AN S
o30 DO 75 12 = 1  , NV
640 75 X (  I I  , 12 ) = U . 0

• 650 74 CONTINUE
660 I F ( ’~O D ( N V ,2 ) ) 7 0 ,82 , 70
670 * U- T 1~ N U M B E R  OF S E R I E S  IS ODD , F I L L  A DUMMU S E R I E S  ~ ITH ZEROS
680 70 NV I= t~.:ó90 00 Hi  I $ = I ,NSC AN S
700 83 X ~ I , N V I ) =0 .0
710 ~J() A U  d _

• 720 ~2 NV t = N ~
1.~~u ~i5 CON I N O E
740 I D I M P = N V I * ( t V I + l  ) * ( N p + I
750 CALL TPANS( P,I[)IMP ,X,NSCANS ,N V I  ,N B ,LOG2NS)
loO * CROS.~ SPECFRUM ESTIMATES ARE TN A RRAY P
770 * FH E CPOSS SPECTRUM ESTIMATES TN A RRAY P ARE SCALED BY
mo * ~UL T I PL Y IN C RY C
700 ,

~ v i P ~ t - N S — I  .25*P
FiflO rSCA~~5 N S C A N S
810 F - = N B
820 FD=FSCANS/ (FNB+FN~~)830 CI ~ ) .25 / (SR* ( F f l+1 .0)*riNDP~ R)
840 IRO,1SP=N r~+NF3+2850 IUO LSP ( N V I * ( N V I + 1 ) ) / 2
860 ISIZE p=IRO~iSp*ICOL5p8i~ “

~ 95 I I = 1 , I S I Z E P
880 95 P( 11 )  =C 1 *p( 11)
89 0 N R I = J R + I
9 00 ) ()  I ~o) 3 = 1 , N V I
9 10  00 1 000 K=J ,~4 V $
920 00 1 000 1= 1 , “~F31
930 SI (I ,J,K)=P (2*NF~l* (NV1* (J— l )— ((J— I ) * ( J — 2 ) ) / 2 + K — J ) + J + I - . I )
935 IF(J—K)99 ,I 000,1 000
940 99 Sl (1,K ,J)=P (2*NBI* (NVI* (J—l )— ((J_I)* (J—2 ))/2+K_J)+I÷1)
945 1000 CONTINUE
950 CA LL COHERE (NRI ,N V I ,S,C)
9o0 DC) 7 J=l ,NBI
970 ~/ F ( J ) = J — I
980 DC) 500 J=I- ,NV— I
990 DC) 500 K=J+1 ,N V
$ 000 ‘sRIIE (0 ,300)CH(J),CH (K)
lob 300 FC)RMAT(’ COHoPENCE FOR CHANNELS ‘,A I ,’ AND ‘,A l )
1020 CALL PL O T(C( l + N B l * ( J — f l + N B l * N V I * K~ i ) ) , F , NB
$040 $00 FORMAT (IH ,F5.0,4X,E9.2/)

110 
-



SPCfCLTK (contir ~ued)

10 ) 50 ~N I 1 E ( 0 , 1 02 )
1Q60 102 I-OPMAT (S (IH , / ) )
1Q70 500 C L J N I f t - I U F
1080 DO) lOS 3= 1 , -~V
1 090 ‘Od TF( 0 , 107 ) Ci {( J )
I I  00 107 F-CRMAI ( ‘ AUTOSPECfRA FoR CHANNEL ‘,A 1)
1 1 1 0  CALL PL()T(C( I+N H I* (J— I )+NHI *NVI * (J— $ )),F ,N~ )1 12 5  lOS CO N T I N U E
1 130  STO)P
1 14 0  END

-1
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AU A OR EU

1 00 L I B R A  fl Y “NL OU ~ ” , “C RO SS” , “R E MAV ” , “LE VNSN ” , “ FFT” , “CCA P” , “OLD PLC)” , “GF SORT”
10 1 ~.,“PIU” ,”SMALL”
l b  * LP =2 *U ~$20  C I M : : N S I ( ) N  X ( 3 2 0 )  , P l  064 ) ,A ( 6 4 ) .00 33) , F ( 33)
130 COM PL EX A C ( 6 4 )
1 41) ~ 2**LL IS T I l E  ~: ALL EST POv~ER o F  2 ~ ITH LX.LF .2 **LL
150 DATA LX , N~~,L~~,LL , L I / 3 2 0 ,32 ,64 ,Q ,6/
I oO D A i A  11/0.0 15625/
1 70 OPE N F- ILE 3, “~1PIJ~ ” ,“N UMEPIC”
180 P E A D ( 3 ) ( X ( I ) , XX , I = I , 320)
190 CALL R -~M A V ( L X ,X )
200 CALL CRO SS ( LX , X , X , L P , R 1 ,LL )
2 10  CALL LF V N S N ( L ~~,P1 ,A ,S ,M )
220 NRI=NB + 1
230 M l = M + 1
2.40 DO 2 L= I ,M I
250 2 AC (L)=C.~1PLX (~~(L),0.0)260 M 2 = M l + l
2o5 N B 2 = N P + N 0
27-C 1)0) 1 I L= ‘~t2 , ~ 2
280 1 1  AC ( L ) = ( 0 . O ,O. 0)
201) * 2 *OR=2 **L l
300 CALL F F T ( A C , L I )
3 10 DC) J K = I , N~fl320 3 U ( K ) = ( H * S ) / C A I 3 S ( A C ( K ) ) * * 2
330 1)0 1 J=1 , 33• 341) 1 F (J) J— I
350 CALL OLD P L O ) ( G ,F ,N P )

- 370 11)0 FOPMAT (IHO ,F5.2,4X ,E9.2/)
380 ENI)

- i

I- ~
I
~

L I Z
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MAU TO) PEG

I 00 LI BRARY “CROSS” , “M OVE” , “NORMAG” , “REMAV” ,“OLD PLO”
I 0$ & , “GF SORT” ,“BIG” ,“SMALL” , “P ZERO” , “Z ER O )” ,“COHERE ” , “MA IN VI ’
$02 &,“MOVEC” ,” RRA INY” ,”MATMUL” ,”FFT”
$03 &,“MULLEV ”
11 0 * LR=2*NF,LXN S=LX*NS
$20 * LM =S~ ALLEST INTEGER SUCH THAT LX.LE.2**LM
$ 25 DIMENSION BRB(2047,2)
$30 DIMENSION X (1 024,2),R l (2 ,2,o4),A (2,2,64),AP (2,2,64),R(2,2,64)
13 1 &,Mp (2,2, o4) ,VA (2,2) ,VB (2,2) ,DA (2,2) ,DR(2,2) ,CA (2 ,2) ,CP (2,2)
$32 &,S(33,2,2),C(3.3,2,2),F(33)
140 COMPLEX AC (64),Sb (2 ,2,33),CD13(2,2),ST(2,2)
141 &,CVA (2 ,2)
IS O CHARAC A ER CH (2)/”1” ,”2”/
1 -00 EQUIVALENCE (S ,C)
$65 EQU IVALENCE (NS ,NV )
170 L)ATA LX ,LXNS/ 1 024,2048/
180 DATA NS ,NB ,LR ,L1 ,LM/2,32,64,6,I0/
$90 OPENF ILE 2,”NPUH” ,”NUMEPI C”
200 PEAD (2) ( PPR (J, I)~~J=1 ,2047)21 0 OPEN E ILE 3, “NCH2” , “NUMERI C”
220 READ (3) (BPR (J ,2),J=I ,2047)
222 DC) $99 1 1= 1 ,2
224 DC) 109 1 3=1 ,1 024
226 199 1 X (J ,1)=F RR (1+2* (J—l),I)
230 LX) 7 J=1 ,NS
240 7 CALL REMAV (LX ,X (1 ,J))
250 CALL MACC NS,LX ,X,L R , R 1 ,LX N S,LM)
2o0 CALL MULLEV (NS ,LR,RI ,A ,A P,R,PP ,VA ,VB ,DA ,Dp,CA ,CB,M)
270 130 5 I 1 ,N S
280 00 5 J=l ,NS
290 5 CVA (T,J)= CCPLX ( VA (I,J),o.0)

NRI =N A+ 1
310 00 1 1=1 ,N S
320 [)O) 1 J=l ,NS
330 M l=M + l
340 DO) 2 L=l , M I
351) 2 AC (L)=CM PLV (A (J,J ,L),0.0)
360 M2=MI +l
365 N P 2 = N P+N R
370 DO $ 1  L=M2 ,H R 2
380 II AC (L) (0.0 ,O.O)
390 * 2 *NB=2**L I
400 CALL FFT (AC ,L I
410 DC) I K=1 ,N B I
420 I Sl (I,J ,K)=A C (K)
43o LX) 4 K= 1 ,N BJ
440 CALL M A I N V ( N S , S l ( l , 1 , K ) ,CDR)
451) DO 3 1=1 ,N S
460 DC) 3 J=$ ,N S
470 3 SI (I ,J ,K)= CQNJG (CDR(J ,J))
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MAUT OR E G ( c o n t i n u e d )

480 CAI .L M A TMU L( N S, Ct)~ ,CVA ,ST)
490 CALL MATMUL U4 S , S T , S I  ( 1 , 1 , K ) , C013 ) —

500 00 4 ~~l ,NS
510 DO 4 J=l ,NS
520 4 S1 (l,J ,K) CDB (I,J)
530 DO 10 I=) ,NS
540 0)0 $0 J=f, N S
550 DO $0 K=1 ,NE~I
5o0 S (K,I,J)=REAL (S1 ( I,J ,K))
570 IF(J—I)9,l0,10
580 9 S ( K , J , I ) = — A I M A G ( S l ( I , J , K ) )
590 10 CO N i1N UE
950 CA LL COHERE (c4Rl ,NS ,S ,C)
900 DO 97 J=I ,NBI
970 97 F (J)=J—1
980 DC) 500 3=1 ,NV— I
990 DC) 500 K =3+1 ,N V
$ 000 MRIT E(0,300)CH(J),CH (K)
$ 010 300 FORMAT (’ COHERENCE FOR CHANN ELS ‘,AI ,’ AND ‘,A l )
$020 CALL OLDPLC)(CCI ,J,K),F, NB)
1 040 bOO FORMAT (IH ,F5.0,4X,E9.2/)
$0 50 ~R I T E ( 0 , 1O2 )
1 060 102 F C ) P MAT ( 2 5 ( l l - {  ,/ ) )
$ 070 500 CONT INU E
i0~0 DO $05 J=i ,N V
1 085 ~R ITE(0,1O2 )$090 ~iRTTE (0,l07)CH (J)1100 $07 FORMAT (’ AOJTOSPECTRA FoR CHANNEL ‘,A I )
11 1 0  CALL OLDPLO(C (1 ,J ,J),F , NB)
1125 105 CONTINU E
1130 STO P
1~~~” END
$ 200 ~)‘BROUTINE ESCAL (N,A ,B)
1210 * SYMMETRIC MATRIX INVERSION BY ESCALATOR METHOD
1 220 DIMENSION A (N ,N),B(N ,t4)

• $ 230 DO S !=1 ,N
1 240 DC) 5 J=l ,N
1250 5 B (I,J) 0.0

4 $ 260 B (l ,I)= 1 ./A (l ,l )
1270 TF (N .E0.I)RETURN
1280 00 40 M=2 ,N
1 290 K=M— 1
1300 EK=A(M ,M)
1310 DC) JO 1 I ,K
1320 00 $ 0  J=$ ,K
1 330 10 ED EK—A (M,I )*R(I ,J)*A (J,M)
1340 B(M ,M)= l . / EK
$ 350 IX) 30 I=I ,K
$ 360 DC) 20 J~ 1 ,K

• $370 20 R ( I , M ) = B ( I ,M ) — 8 ( r, J) *A (J ,M ) / E K
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MAUTUPEG (contin’ied)

$380 30 P(~1 ,I)= N ( 1 ,M)
1 390 DO 40 I= 1 ,K
14 1)0 1)0 40 J = l , K
1411) 40 HO I ,J ) =P( I , J )  +~3( I , M ) * R ( M  ,J )  *EK
1420 R E T U R N
$430 END
1 0 0 SUBROUTINE FAPD EJ (N ,A ,AINV ,DET ,AD JU G,p)
1510 LIBRARY “CCAR”
$520 DU.IEN5ION A L~,C) ,A TNV (N ,N) ,A[)JU000 ,N) ,P(N)
1530 COM PL EX A ,A 1 N V ,D~ T ,AI )JU G , P
1540 COM PLEX PN
$550 Nt4 =N *r l
$5o0 CALL AO V EC (NN ,A ,AI NV )
$570  DO 4 K=1 ,N
1580 P ( K ) = ( O . 0 ,0 .0)
1590) DC) 2 I=b ,N
boOO 2P (K )=P (K )+A IN \ (I ,I)
1610 P (K)=P (K)/FLOAT (K)
1620 IF(K.rO.N)G () TO) 5
$ 6 30 CALL MO VE C ( 14 *N , A I N V ,ADJUG )
1 o40 IX) 3 I= l ,N
1 650 3 ADJIJO ( T ,I)= A INV ( I,I)—P (K)
1 6o0 4 CALL RPATNY (.i ,N ,I ,A ,N ,N ,I ,APJU G,A I N V ,1 )
$070 5 CALL MOVEC(tl*N ,AL)JUG,A INV )
1 o80 E 3 0 = l . O E — 3 0
$ 690 IF (CCAR (P(N)).LT.E30)Go) TO) 7
I 700 130) 0 1= 1 ,N
I 71 0 L)O 0 3=1 ,N
1 720 PN = P0~’~)

LI 1730 6 A IN ~~( 1 ,3)  =A I N V (  1, 3 ) / R N
1 740 7 DET=P (N)

“ IF(MC ) P( N ,2 ) .EQ. I ) R ET U RN
I 760 )ET =—DET
$ 770 00 8 I=l ,N
I 7H() 1)0 ~3 J =1 ,N
1 700 8 APJ000 !,J)=—AR JU G( 1,3)
1 800 RE I U R i J
1810 ENI )
1000 SUI 3 POU T IN E S C A L I ) ( N , A , P ,DET )
$ 910 * S Y M M E T R I C  M A T R I X  INVERSION 13Y ESCALATOR METHOD
1920 * ALSO ) COMPUTES DETERMINANT o F A
1930 DIMENS ION A (N ,N) ,F~~N ,N)$940 DC) 5 I= 1 ,N
1 950 DC) 5 J=I ,N
1 960 5 R (I,J) 0.()
$ 970 B (I ,I )=I ./A C 1 ,1 )
1980 DET=A (l ,1)
1 990 I F ( N . E 0 . I ) R E T U P N
20)00 DC) 40 M=2 ,N
2010 K=M— l

•1



MAUTOREG (cont in u ed )

2020 EK = A C M , M )
2030 DO $0 I=1 ,K
2040 DO) 10 3 = 1 ,3
2050 10 E K = E X — A ( M , I ) *B ( I ,J ) *A ( J ,M )
2060 DET=D ET*EK
2070 B ( M , M ) = 1 ./EK
2080 DO 30 1=1 , K
2090 DO 20 J = l , K
210020 P(I,M)=B (I,M )—R (I,J)*A (J ,M)/EK
2 1 1 0  30 B ( M , I ) = R ( I , M )
2 120 DC) 40 1 1  , K
2 130  DO 40 J =1 ,K
2140 40 R (I,J)=B (I,J)+R (I,M)*B (M,J)*EK
2150 RETURN
2 160 END
22 00 SUBROUTINE STMEO (M ,N,A,B,C)
22 10 * N MAX = LARG EST VA LU E OF N TO) RE PROCESSED
2220 * NONDU MM Y D I M E N S I C ) N  S( NMAX ,N M A X )
2230 * FOR EXAMPLE , IF N M AX=4 ThEN
2240 D I M E N S ION S(4 ,4)
2250 DIMENS ION A C M , N ) , B ( N ,N ) ,C(M ,N )
2260 CALL MO VE (N *N ,B ,S)
2270 CALL ESCAL( !’1,S , R)
2280 DO ) I I= l , M
2290 IX) 1 J = I  ,N
2300 A (!,J) 0.0
2310 DC) 1 K= l ,N
2320 1 A ( I , J ) = A ( I , J ) + C ( I , K ) * R ( K , J )
2330 CA LL tAO VE (N *N ,S ,B )
2340 RETURN
2350 END S

24~~ SUBROUTINE SIMEOD (M ,N ,A ,R,C,D)
2410 * NMAX=LARGEST VALUE OF N TO) RE PROCESSED
2420 * NUNDUMM Y DIMENS ION A (NMAX ,NMAX )
2430 * FOR EXAMPL E, IF NMAX= 4, THEN
2440 DIMENS Io N S( 4 , 4)
2450 DIMENS ION A (-~,N),B (N,N),C (M,N)2460 CALL MOVE (N*N ,B,S)
2470 CALL ESCALD (N ,S,R,D)
2480 DC) I I=l ,M
2490 LX) 1 J=1 ,N
2500 A ( I , J ) 0 .O
2510 DO) 1 K =l , N
2520 I A ( I , J ) = A ( I , J ) + C ( I ,J ) * B ( K , J )
2530 CALL M O VE ( N *N ,S , R )
2540 RETURN
2550 END
2600 SUBROUTI N E M A C ( N S , LX , X , L R , R I ,LX N S , L )
26 10 * S U R R O U T I N E  MAC COMPUTES THE MULT I CHANNEL AUTOCORRELATION OF
2620 * THE NS CHANNEL T I M E  S E R I E S  X

11~~ 
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2630 * LX=LENOTH OF FACH TIME SERIES IN EACH CHANN EL
2040 * N S = N U M B E R OF CHANNELS
2050 * LR~ !)E S IR E )  LENGTH OF CORRELATION , LR.LE.2**L
2r~oJ * L IS SMALLEST IN TLO JER SUCH THAT LX.LE .2 **L
2670) * LX N ~~=LX* N 3
2o80 ~0 N C U M M Y  ) I M E N S  IO N S(LF ) , ~1 ERE LF. CJ E.A N T I CI PATE D LR
2600 1) r M E N  I ON X ( L X N S )  ,R1  ( NS , IS ,1~~2700 0 r y ~E N s I o u  5 ( 6 4 )
27)0 :)o I 1= 1 ,NS
2720 1 1 1+( I—l )*LX
2730 DC ) 1 3=1 ,NS
2740) J1= 1+ (J— I )*LX
2750 CALL CROSS (LX ,X (11 ) ,X (J1) ,LR ,S,L)
2760 LX ) I <= 1 , LR
277 1) 1 P I C 5 J , I ,K ) = S ( K )
2780 R E I U P N
2790 EN I )
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PIG -

100 FUNCT ION BIG (A ,M)
110 DIMENSION A(4)
120 f~=A (1 )130 DC) I K=2 ,M -

140 IF (A (K)—H) l ,l ,2
150 2 P A (r () 

-

160 I CONTINUE 
-

$ 65 BIG=P
I 70 RETURN
180 END
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RRAJ N

$00 SUBROUTINE PRA IIIi (N RA ,NCA ,LA,A ,’V~~,NCR,LR,B,C,LC)
1 10 D r ME ~s fou  A (NRA ,NCA ,LA) ,B (NCA ,NC9,LB),C (NRA ,UCR,LC)
121) COMPL EX A , P ,C
130 * L C =L A + L R—1
1 41) CALL Z E R O C N R A *N C P *L C , C)
IS O DO) I I= I ,LA
boo DO I J=l ,LP
170 K=I +J—1
180 DO) I M 1 ,NRA
190 LX) 1 i l= 1 ,NCH
200 DO I L= 1 ,tI CA
210 I C (M ,~4 ,K) C(M ,N ,K)+A (M ,L, I)*f3(L ,N ,J)
220 RE I1 JRN
230 END
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100 FUN C T ION CCAR( X)
110 C0i PL EX X
I ~u CCAP ( REAL ( X ) **2+AIMAC3 ( X ) **2)**O.5
130 RE TURN
14C END

50
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I C ) ~~~— ?E

1r~0 30 H P O ) U I’ I N E  (213H LR1 ’( ~I ,N~ ,S , C)
1 1 0  D I M L ’ J S ION SO 41 ,N S , N S )  ,C ( Ml  ,NS ,N5
121 ~- )~J I v A L E ~~CE (S ,C ) IS A ! ! _ O v ~ ED
I 3u * SU EROUT I ~ F CO OL EE CO ~PU TE5 HE M ACN I TU P E AN D r H A S E  ANGFL OF
I 4 fl * i H E  C H 1R~~ CY , A3 i~ELL AS AIJ T O S PECT I?A , EAC O SCALED TO h A V E  I 1~ LA~ 3F3 iI l’ O ~ V A L U E  U N I  ii
I ~~~~~ 

1)0 10 •JP=2 ,NS
1 1’~ J =3 H— I
I HO IA )  10 ~=J P , N ;
I Q’~ DC ) 10 1= 1 , 11
$ ( S)~ -

) IE (S ( I, J ,J)*5 ( I ,~\,< ) .FO .C .f l ) G ( )  j O  $ 0
200 o o = s o R N A r i ~~o 3 r ,J , K * * 2 + ; C r , K , J ) * *2 ) , ( s ( J ,J ,J ) * 3 ( r , K , K ) ) ) )  

4205 IF (AHSO5 ( I,J ,<)).LF.I.OF—0 7)G() f ()  10 1 
- 

-

210 PH=ATAN2(S ( I,K ,J) ,S (I ,J ,K))
220 102 C ( I , J , r0 0()

I 230 10 C O T ,t~,J)= IHO .*?~1/3.I4159265
240 DC) 20 3=1 ,N5
250 CALL MOVE (~~I ,S( I ,J ,J) ,C(  I , J , J )  )

• 
I 

2b0 20 CALL NORMAG (MI ,C (I ,J ,J))
27’) R E TURN
2d0) 101 PH=SIGN (1.5707063,S (I,K ,J))

I 290 00) 10 I 02
301) EN I )  -;

1
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I
I

5i1~ 

— ‘——~~~~~~~~~ -- - -~~~~~~~ -- - -‘- •~~- -•- ••~~~~~~~ - - ——- ‘•-~~~~~~~~~-



- - -~~~~~ --~~~~~ ‘~--~ ~~~~~~~~~~~~~~~~ 
—‘

~
-- ---—-- --- 

~
—- --

~~
—-- - - -‘- - -- -

~~
---—- — --—- --- ---

~
- -

~~~
- - ‘-

CC ) ) U A .i

IOu SU P R O I J T I N E  CCY ) UA D ( H , US , M , N ,4 , R I , S ,M I ,LR)
11 0 * SUF -~P D ( J 1 I N F  CO QUA F ) COMPU t ES THE M A T R I X  OF E M P I R I C A L  AUTOS PECTRA ,
I 22 * COSPECTRA , Am ) 0UADR .ATU~ E SPEoTRA FR OM THE MU LTI —CHANNEL
I 30 ~ A- T() CORP FLAT IC)N FUNCT JON
40 * N $ = N i ~~~ER OF T I M E  S E R I E S  OQ CH A NNELS

I ~0 * **( N— I ) ,1 I =0+ 1 = T I M E  LENGTH OF CORPLAT I ON
I 00 * ~ 0 I ) =1 , ~ C I ) =)
1 70 * 1) IM EN S I ON CC N M )  , ~ H E R E  N ~ IS N ON DU ~M Y 0 IMENS IC)N >=Ti~ ICE
80 * THE . • 4A ~~I:4 IIN LAG 4

1~)fl D I M E N S I O N  ~ ( ~) ,R I  ( L R , N5 , N 5 ) , S ( M I  ,NS ,N S)
200 Co M PLE X CO $00)
210 30) 20 J=1 ,N~221) j o 20 “=J , NS
231) [)O $0 1= 1 ,~240 L: ’,~E N = P I  O I  , J , K ) + R I  ( I , K , 5 1)
251) 000=PI ( I ,J ,K )— R I ( I ,E ,J)
2ou R I (I ,K,J )=i ( I)*Of l f l
270 l 0 R l ( T , J , K ) ~~~( I ) * t : V E N
2]’i 20 R 1 ( I ,J ,K)=R 1 ( l ,J ,K)*0.5
280 DO ) 40 3= 1 , NS
291) DO 40 K=J , N S
300 LA) I 1= 1
In I CC I ) = C M P L X ( R I (  I , J , . < ) , R I (  I , K , J ) )

3~~o DC ) 2 I =MI
330 2 CC I)= (0.,O.)
340 CALL N L OG {-J ( N ,C, — I . ,
350 5(1 ,J ,~~)=H*R EAL (C( I ))
361) 1)0) 3 1=2 ,01
370 i SoI ,J ,<)=H*o pP~ LOC (r ))+~ EAL (cuoI+MI—r )))
i8() T F O j — 1 < ) 7 , 40 , 40
39( 7 DC)
40(, 4 - , .< , J ) = H * ( P E A L ( C (  I ))— REA LCC (MI +MI— I ))
4~ u 40 Cft~ I$ JUE4~’j ( ) 

* s( r, J ,
V IS THE COSPECTRAL DEN S ITY OF THE JTH AND KTH

4 7~ * CHANNEL EVALUATE !) AT LAG I-I IF K>=J , AND EQUAL TO
480 * ( W A D S k FCTR AL DENSITY EVALUATE !) AT LAG I—b IF K<J , FOR 3=1 ,MI
490 RETURN
500 ~N[

52
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10 - ) 5;Uf-HOUT [NE L•~ Nx ,X ,Y ,Li~,R I ,L
1 1 0  1) ~ lF’1’ ; I O N  X X (  ‘1~~A X )  , Y Y J 1 A X )
1?fl (~~) . t pu; < C X C  ~- 4 A x ) ,c~~( i ; A . o , cC i - 1 A x )
I 30 * U \A X IS  A N L C S .~~J ~ D I  ~l- 1, 10 0  >=2 **C L + I  ) , N E E P  E 2**L I 5  H F
~O * S A l l  > t  ~

) )  P Or- 2 SO ’ H A T  U- \1 X~~~2**L
ISO D I M ~ INS ION X C  L E N X  , Y (  L I X )  ,PI ( L R )
lofl CO~~-i EY C X C  2 0 4 H )  , L ; Y C  2’ 48 )  ,CC2u 4-fl
I (i’~ EQU I -

~ 
I~U F N C F  C -CX ,C)

• 1 /0  * [~< < = L~~0(
I c~0 L [M A RY  “OL 000 ’’
IHO L~ = 2 * * C L ÷ 1)
I ~)0 [)() I J~ I , L i:~ x
1 ~~ oX ( 3) =0- ~~~ C :< ( J )  ,-0 .0)
200 I C~ O J ) = C 4 P L X ( Y ( J ) ,0.~~)
2 1 0  DC ) 2 J = L F I X + I , L ’
2 15  C X (  J )  = 0 0 . 0 , 0 . 0)

2 C Y ( J ) = ( U . U ,0.f l )
300 C A L L  01. 0000 L + I  ,CX , — 1 .i) , L2
3 10  CA l L 00000 C L+ I , C~ , —I .0 , L2 )
321) l ) C )  4 J - I  ,L2
3~~) 4 C O 3)  =000300 C < ( 3 ) )  *~~~ 03
340 :A LL N L O ( ; 0 (  L+ I , 0 , 1 .0 ,L 2 )
351) 1 1 0 )  5 3=1 , LR
L C)L) - j  R I  ( 3 )  =

~~ E A L ( C (  3 ) )  /E l : )AT ( L 1~N X )
•3 7-~- * R I  ( 3 )  =TH E OROSS O ? P 3J~f I O N  OF X A N D  Y FVA L~JAT EJ ) ~ C
idO * L~ G ( J — I ) , J= 1 , 2 , . . . V + 1
iOO ~ [- I J Rf i
1 00 ~0 I -

53
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I ) F : j P M N

b oo N U OR O IIT  I N N  DH J ? f - ~ O 05 , NV ,SCANS )
1 1 0 * N .S = N U N S L : R OF SCANS
I ~- (J* TI iF  EQ LU)~ I NO I -; U.S NI ) .1.0 DH T RFND A T IN E SEP [ES
I 33 * PY SUM T P AC T I IJG ItS LEAST SQ UARES R E G R E S S I O N  L I N E
I 4u * FROM E~ C l1 C U A N 0 ~- OF Ak N~ CHANNEL TIME SERIES
$5 0  O I M E N S I O N  S C A N S C N S ,N V )
100 rNS NS
170 T M A 4 = 0 .S~~( r - 0 N + 1 .0)
1 80 TSUMSQ= (FNS* 0~-NS +l .u)*(2.0*FUS+I.O))/6.0
190 DO 7o I2= I ,N V
200 SUM = O .-3
2 10  CR SP R O = u . 0
220 LX) 77 I I  = 1 , N S
230 S U M = S U M + S C A U . S( I I  , ~2)24u CRS P PO =C k SP kO+F L O A~~( J 1  ) * S 0 A N S ( I l  , 12 )
250 77 Co OT INU E
260
270) M ETA = (CRS P RO — EN S *T P AP *F M EA N /(TSUMSQ—FNS*TBAR*TBAR)
280 DC) 78 I I  = 1 , NS
200 FREG=F:A EAN+BETA* (FLC)AT ( II )—T PAR)
300 SCANS ( II , 12) =NCANS ( 11 , 12)—flEC
31 0  78 C O N T I N U E
320 76 C O N T I N U E
330 ~ E TUPN
-i43 EN D

1. 
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ES CA L

101) : ; OIF ’P Q H ~ I N I - 130 AL ~ N ,A ,H
II j  * L~y l~ML j Rl (~ )ATH JX I N VEPS 101 ~Y ~.sCALAIX)R MET HOD
I 20 Dl  M~- N -

~ ION A C N , N ) , ~( .. , 0)
I 30 1)0 5 I =1 , N
I 40 I X) 5 3= I , N
I NO -) 

~
( I , J ) =u.U

lou ~( 1 ,1 ) =1 ./AC I , I
$ 70 IF (i .l :).I ) H - f W ’N
$ 80  DC) 40 1=2 , 0
100 :~~~— l
200 E K = \ ( , - )
21 0  IX) 10 1= 1 , 1
220 DC) 10 •J= I ,~.
230 I 0 : - t ) E K _ t ~O M ~~I ) * L (  I , J ) *A ( J , . ) )
241) ~(M ,’~)= l ./ EN
250 DO 30 I = 1 ,K
200 DC ) 20 J=I ,K
270 20 HO I ,M ) =r ~( I , M ) — K (  I , J ) *A ( J , M ) / E K
280 3u HO M • I) =P ( I , M )
200 1) 0)  40 I= I ,K
301) 1)0 ) 40 .J= l  , K
310 40 H( I ,J)=3 ( J ,J)-+-~ ( I ,0)*RO M ,J)*EK320 P E T U R N
331) EN I )

55-



FSC ALE)

no SU 13~0t~ F [N 
- ESCA L I ) (  N , A , B , PET)

I i  (1 * SY H M ! O R  IC MA lI? IX IN VEPS ION RY ESCALAtOR METHOI)
$2 3 * ALSO ) COMPUTES I)E FERMINANT OF A
I 31) I) ! M E N S ! O N  A ( N , N ) , P ( N , I )
14-3 .30) 5 1=1 ,U
ISO 1)0 5 J= I ,N
I o U  N H ( I , J ) = 0 . ( )
170 k (  1 , 1 ) = I  ./ A (  1 ,1 )
180 ) E T = A ( ~~, I )
I ) ’ ~ I F ( N . F ) .  1 ) R E T L J R N
200 0)0) 40 0=2 , )
2 10  K = M — I
220 EK = A (
230 DC) $0 T= I ,K
24fl DC) 10 3=1 ,3
250 10 EK =EK—A (M., j ) * H (  I
2o0 1)ET =~~E i *E K
270 P(~~,.’-~)=I./EK280 DO) 31) I = I , K
200 30 20 3=1 ,K
300 20 P ( I , 0 ) = R ( I , . i ) — H ( ! , J ) *A ( J ,M ) / E K
310 30 F3 ( M , I ) = B O I , M )
320 LX) 40 1=1 ,K
330 DO 40 J = I ,K
340 40 P(I ,J)= I~3 (I, J)+P(I ,M)*B (~~,J)*EK
350 RETURN
3o0 EN !)

I 
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MA 1)1) 03

21t 01) SO BROUT I N F M A I ’ )O LJ O N , A , A INV , O FT , ADJUG , P)
24 I 0 L IHRAPY “COAM ”
2420 0 ! A h : N S I 0 ~-J A O . , N) ,A I N V O N , J ) ,A D JUG(N ,N) ,p( N)
243u 000 OH X A , A J O v , I )E 1 , A DJUG , P
24 4 0  COM PlEX i~N
2451) 0 0= 0 * )

2400 OAL I. • .IO V EC ( NN ,A ,A IN~~
)

24 7~ 00 4 K I  ,N
2480 r ’( K ) = O 0 . 0 , U . 0 )
2490 1) 0) 2 1=1 , 0
25fl~’ 2 L- (E )=P (K )+~ IN~ ( 1,1 )2 5 1 0  r~( K ) = P ( K ) / F L O A T ( K )
2520 I F ( K . E Q . N ) G ( )  To 5
2531) C~ LI. MO ) - I E C (  0*0 , A IN V . ADJUO )
254~ IX )  3 1=1 ,N
25N0 3 A D J U G O  I ,  I )  =A J N V O  1 , 1 ) — M (  K )
2560 ii CALL B R A I J Y O . ~, N , 1 , A ,N , N , I , A I ) JUG ,.A I N V , I )
257 0) ~ CALL ;, - O V E C ( i , *N , A DJUG ,A I N V )
2S80 130=1 .0E—30
2500 I F (  C O A H O  P ( N  ) ) . 1 1 .  E30)C)() tO 7
2o00 130 0 1= 1 , 11
2 313  130) o 3= 1 , 0
2c 2() PN = P( N )
2O30 o  A INV ( I ,J)=A fN~~O I , J)/pN
2o40 / I ) FT =P (  )
2o50 IF(:.~O[)( N , 2) .E0. I )  RETURN
2Oc~) I)FT=— flrt
2u70 DO ) 8 1=1 ,N
2o00 DO S 3= 1 , -)
2690 0 A I ) J U G ( I , J ) = — A L ) J U C 3 ( I , J )
2700 R E T U R N

, I U E ’JD

.

~ 

~~~~~



I

F ~~

I n )  SU HR011 T I N N  FA ~ T( X I ,Y I ,M ,N)
1 1 0  * Sur-POUT I O N  FAS T () D TA IN S F I N I T E  FOUR IE R TR AN SF OP MS OF THE PA I RSO F
12 0 *SFRJ ~ -S X A U )  Y
$30  1) IM E !0 ; ICN X (  1024 ) , Y ( 10 24 )  , Y I  ( N )  , Xl  ( N )
I 23 DO 19 3= 1 ,U
$34 X(J)=X l(J)
135 I~~~ Y ( J ) = r I ( J )
140
1 50 D O) 1 L= 1 , 0
b C )  I t A X = 2 **( I— I )
170 J D F L T = 2 *I A A X
180 AP G=o.2 83 1853/FL ( ) A T O J I ) F L T )
190 C =COS (A ROJ )
200 S=SIN (ARG )
210 0=1.0
220) V=0.0
230 00) I 1= 1 , I M A X
240 1)0 2 J = I , U ,JDEL T
250
2o0 XJ=X (J)+X(K)
280 Y J = Y O J ) + Y ( K )
290 X K = X ( J ) — X ( K )
300 Y K = Y ( J ) — Y ( K )
310 X ( K ) = U * X K _ V * Y K
320 Y ( K ) = U * Y K + V * X K
330 X O J ) XJ

F 340 2 Y ( J ) = I J
351) UT=C*IJ —S*V
300 V= C*V+S *U
370 1 U = U i
3130 3=1

- I T = ) J /2
H 400 i ”A X N—I

4 10  DO) 3 1=1 , [MAX
420 I F ( I . G E . J )  GO) TO 5
4 31) X T = X ( J )
440 X (J)=X (I)
4 L ,() X ( I ) = X T
400 YT= -r’ (J )
470) Y (J)=R I)
40fl Y( 1)=YT

- 490 ~i501) 4 IF (K.GE.J) CO TO 3
510 J = J—K
520 =K/2
530 GO) TO) 4
54() ~
542 Do 21 J=b ,N
544  X 1 (J)=X (J)
5~ 6 21 Yl (J)=Y(J)

5~ 
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FAST (contin’,~d)

550) PEiII PN
boo END

5q 
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FE T

O () SIJ HPOU T I N H FFT ( X , M
1 ( 0  CO -~ ‘~LH X X (  1024) , U , ~ , T
I I f l
I~~u NV2=N/2
$ 3 0  N M I = N — I
14 1) J= I
$ 50  1)0 7 [= 1  , 01 I
I ~~

) IF (I .GE .3) 00) TO) 5
I to T = X O J )
l~~fl X O J ) = X ( I )
I Q O  X( I)=T
200 5 K = t 1 V 2
2 1 - 3  n IF ( K.GE.J ) 030) 10) 7
220 J= J—K
231)
240 (i() IC) o
250 7 J =J÷K
2;~ 01=3.14150265358979
270 IX) 20 L=I ,M
280 LE=2 **L
201) L E I = L E / 2
300 U = C  I .0 ,0.0)
3 10  ~ =C M P L X ( C O S( P !/ F L O A T ( L E I  ) ) , ( +1  . 0 ) *S I N ( P I / F L O . A T ( L E I  ) ) )
3~ 0 00) 20 J = I , L E I
3J~~ ) LA) I D  I=J , N ,LE
340 IP=I+LE I
35-5-) T=XO IP ) *Ij
Jo~ X C I . ’) = X ( I ) — T
370 $ 0 X ( I)=X ( I)+T
38(3 20 U =0*0
301) RE T U R - 1
403

~,0
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FIL iM P

no NU PPC )U I ( N E  E l  LTEP ( LX ,N~ T, ~~~ ~ T, X , U , Y , LN2N )
h O  D I M E N S I O N  A~~( NN T )  , P~T ( L X )  , X ( L X )  , Y ( L Y )
I 20 1.Y . L E . L X — N ~ T+ 1
1 30) * N ,, i=2 *L + l , 2 **L ,42 [ 1 .GE .LX
I 40 1)0 1 3 =1 , N 0j
150 I
13 ’) 1) 0 ) 2 J = N V ~T+ b ,LX
170 2 ~ i ( J ) = 0 .0
Ic ~.) CALL CROSS (LX ,(4T,X ,LY , Y,LO2N)
$ 90  MN LX
200 DC ) 3 J= I ,LY
210 3 Y ( J ) = F N * Y C J )
220 r3 E T U RN
230 MN!)



_ _ _  -

r i~- t

I O U  S U F 3 R O I J C I 1 I E  FTELT~~( A , N~i l  ,N F 3 2 ,AF , M ,AT, N F3 I )
1 1 /  U 1~~E N S I O 0  A C  -J~ 1)  ,A T( 0 9 1 )
I ?’) CO) - .P L FX AF(092)
I ~ ~~~~~~~~~~~~~~~~~~~~~~~~ , N~O =NB+ )
$ 4 0  -\ F ( I ) = 0 ~~0L X ( A ( I ) ,0.0)
I - 0 DO) I 3 =2 , N~ I
I oU I c. : ( j ) =c o p L x (2 . *A (J ) ,r).o)
I I 00 2 3 = 0,, 1+1 ,U R2
$ 0  2 A r ( J ) = ( O . 1) ,U. 0)
0’ CALL F r T ( A F ,, .3 )

200 1) 3 3 J = I ,NP 1
2 1 0  i A l ( J ) R E A L ( A F ( J ) )
2 2 1  i-~E T U R N
23u cNfJ -

L -
~~~~~~~
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U FOE LI

100 3 0 0 N ’ O U T I N N  oNNi-I :i oii ,A ,N~~I , X ,Y ,L,O ,L2)
1 10  DI MIN’; 100 A ( J~~l ) , ) O L 2 )  ,XCL ) , Y( L)
120 1 3 f ~ ~A ~/6.2R3l 4 5 3 /
I 3 )  * : . I J .i + 1 , L ? . 0 E . L l
14 0 LI=L+ 1
I ~ 30 5 1 I.
1 ~~~~~ o . 0 M ) H *X (  K )
170 30) I l=2 , L
I do I CO I) =0 (C I) — Y (I—I )) /0 X ( I) — X CI —I ))
b O O  j (  I ) = 3 .
203 ~C L I  ) = ) .

210 00) 2 I =2 , J o I
223 I = P * E L ) A j O  [ — 1 )
2~~U iT=I *T
22 A ( I ) = 0 .
250 L)O) 3 J 2 ,LI
2~ 3 3 .40 I ) =AO I)+ (O (J—l )—0( 3) ) * C O C O T * X ( J _ I  ) )/TT
273 2 AO I ) = (A O  r)+ (Y(L)*S JN (T*xoL ))— YO I)*STN~(F*X ( I ) ))/T)*2
2c s— ) F 2 . 0*( r~( L) **~O L) —1 0 1 )  *X ( I

~~ 00) -
~ J=2 ,L

3~~f~ 4 ~~~~~~~~ Y ( J ) — ~ (J— I ))*(X OJ )+X (J—I ))
31 0 A O I )= T
321) RON ‘I N ii
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1 i~ F S

I 00 SUHOOU il N E u -0-li~T S( IF) ,L,~~T5,NN2 )IIu * N,~2=2*L+ I
I 20 0 I M E N S I O N  .~ I S( N~ 2 ) —

130 JAT A 0/3.1415927/
I 4u  I F - O L . N - ) . 0 )  00) TO 2I
1 5~ r-0K =L/ 10—2
$ 0 0  H K K = F K + O . 5
I iN) o L L
I 1-10 IX ) 22 15= 1 , L
$ 0 0 5= 10
2~ 0 IN N EX I=O L+ 1 )+ jS
2 10 H S= ( I . ) +CC ) S(  Pt *5/FL) )/(4.0*FL)
220 22 ~) TSO I N D E X I  ) = F 4 N * S I N (  P I *F K K *S/ F L ) / S I N (  P I *S / ( 2 . O *F L ) )
23-” DC ) 23 I S= I  , L
24u  J f l 1 ) E X I = L + l — I S
250 INDEX2=L +l+rS
200 23 ~T S ( I ! $ D E X I  ) =~4TS( INDEX2 )270 i~T S O L + l ) = F K K / F L
280 R E N U R N
200 21 i d j O ( I  ) = I  .0
301j OF TUEN
31-u tO !)

‘Ii
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01- SORT

I O N) S U O R O U F  INN (;Fso ? 1 (  0 ,0 , 0)
1 10 DIMENSI C )N U( -1) ,F L.\)
$ 2 3  0 = -
I a- : ’ 20 .~=N/2140 J HC :-I ) 30 ,40 ,J3
150 iO K = —N
10 1) J 1
$ 7 0  4 1  1=3
51) 40 L= r + o

19U  10 O 3 (  1)  ~~;( L )  ) 50 , 60 ,60
200 50 P = ( J C J )
2 10  3 ( 1 )  =G( L )
220 I C L ) = 1 3
23 -3 ~~~~ 1)
240 rO I ) E ( L)
250 0 0 0 ) = E
2c~fl 1=1— N
270 t o O I—I )~~0 , 4c , 49
243 30 J=J+I
20k ) Ir(J — K ) 4  I , ‘ - ,20
300 40 R E I ~i~~N
J I L l  -01!) 
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1.1 V N - N

I 01) NUE3RO U T O NE H V tJ SN ( LP , P , A ,S , M )
I I  N) D I~. 005 ION H O  LR , A (  OP

1 2 ’  ~=P (l
130 0=L - ( 2 )

4 ’) A C  I ) = I  .0
I N ) -3= 0

- h o - - 11- O LE? .10 . I ) p ru p~I 7 )  LA ) 4 L=2 , LR
I d ’ )  A ( L ) = — I ) / ~0 193

_ - ( ~lc.) IF (L. E ).2)(3() TO) 2
210 Ll =(L—2)/2
72-  L 2 = L I + I

- 2 3 )  DC) 1 J 2 ,L2
2’~~0 HOLD = A C J )
25’) r-.= L — J + 1
2o3 AOJ )= .A (J)+A (L)*A (M )
2 70  1 A (  r )  =A ( K ) + A ( L ) * 1 3~)LI )
250 IFC2*L1.HO .L—2 ) (3U TO 2
290 A (L24-l )=A (L2+I)+A (L )*A (L2+1)
300 2 V = ’~+ A C L ) *D
305 ~~~~~~~
307 OR I:4T ,o , V
3 $ ’ )  I F N S — V ) / /  —0. 05 )~~,5 ,o
320 5 I F ( ~- . U E . I 5 ) P E T U R 0
330 o I F O L . E Q . L P ) P E T U R N
342 D = u . 0

— 
J5~ 1)0 4 1=! ,L

- Jo’) K = L — 1 + 2
37 ’ - 4 ) = D + \ ( J ) * P O K )
3~~° R E t U R N

- - - -
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A C

I 2~fl ;U~ h ’0UT 1 O E  k~ C ( O S , LX , X , LN , fl , LX N5 ,L
2 IC )  5U PROU C J O E  MAC CO M PUTES TH U MU LT I C H A N N E L  A UTO COP PE LAT ION OF

1 22 0) * t H E  OS CHANNEL TIME SERIES X
1230 ~ I X = T  LU , i  C ) A L H  I I? . 1- SF ~f F S  I F A CH ‘ ~A N N F L
124 0 )  * , 0 = i O : 3f- ~ ON C H A N N E L S
1 250 LP= )ES I P~— 0 LF0 ’ ;TH OF CUPO EL A T I O N , L R .  LE.2 ** L
1 200 * L I S M A L L E S T  I i C F ~

; ER Su CH! TO AT LX .LE.  2**L
I 27fl * Lx :-1s =Lx *s
12 00 * . 0S :3U ’M y J )  I N F O N  I O N  SC LF ) , -d -i E R E  LF . G E . . 4 O i I C  J?ATEL ) LR
I 2) 0  N I .0 EO ~ ION X OL X NS ) , R I ( O S , OS , LR )
13°~ D I : . E N S I O . I  5 0 ) 4 )  -

I i l  0 133 I 1= 1  , 1S
I 3~-0) I i  = 1 + 0 1 — I )  *~~~~~

I 330 ‘)()  I J = 1 , 15
I i4U J l = I + ( J — 1  )~~L~1 350 o -~1.L C R O S O ( L X , Y (  I )  , X ( J $  ) ,LP , S ,L )
1 MoO 1) 0 - 1 K = I ,
I 37U I P 1 0  J , I , K )  = ‘- ;(

I 3 - o t ) H~i lJ -~ i
I 3 9 )  001)

— -~~~~~ - —-— -.- - r -  ---- - - -- -- -- -~ — -~- - —- - — 
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I O U  SUNPOU, J O E  M A C O R C N S , LX , X , L P , P I  , LX NS , LPL- ~NNS ,L )
11 0 ~~‘;U - H ~ i ( N E  M A .COP COO PUTES THE - - O H  I CHANN EL AUTO ) C O R R E L A T I O N
I 7) * Or- TI E OS—O H 40013!. T I M E  SER I ES X
I ~ LX= 2010111 OF EA CH t I M E  SER I ES IN EACH CHA NN EL

~ :03=0 ~~~~~ Or— CHANNE LS
I 5fl 139= 13 :5 t R E E  1~H O ’~TH OF C O R R E L A T I O N , LR .LE. (LX—I
l o u  ~ L IS  T U E  SMALL ESI  JNT~~UE P SUCH THAT LX .LF.2**L
I In A I ,~N X = L X * N — ; , Lr ?NoT ;  =LP*NS*’) S —

I r~) D!~ E N S I OJI  X (  L X N S )  , 9I ( L R N 5 N S )
I Q~~~ LA) I I= I ,OS
200 I I  = 1 + 0  I — I  ) *LX
2 3 CC ) I 3 = 1  , 15
221) 3 1 = 1 + 0 3 — I  )*LX
;~s~ I J = 1 + l . -? * O I-- I ) + L P * o ) * ( j — I
~ 40 I C A l L  C R ( I S S C L X , X( I I )  , X ( J l  ) , LP , R I  ( 1 3 )  ,L)
250 .‘ N j ) J p L
2o ’) L Oll ’-

1



_ ~~~~-— -- - - - - - ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ——-~~~~~—- - ‘ -~~ -— - - - - - -

MA IN -
~

1 000 5 U R R C ) ~J i I  N E  ~A IN ‘~ C ) , A , R)

I S I~) CO OP ! - X  A , ~DFT , A )J1iG , P
1520 P 1 - E N  ( ON A O J I J G ( 4 , 4 )  , P ( 4 )
1530 13 f : , , N N’$ I n N  A (  ~ , , N O N , N)
I 510) SA I L  r A ~~f l F J 0~ , A , N ,PET ,AP~JUG , P )
I 550 P V1U I N )
I 500 FNI~ 

—--5----- - - --5- -- - - - — - - -5- - - -~~-- _ _ _ _ _



___________________ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

k A TOO L

$0 0  SU - R O I I C I N E  . /~A T M I J L ( I I , 4 , R ,C)
I I U J OMP I . F X 4 ( 0 , 0) ,!( 0,0) ,C( U, N)
I 20 IX) I 1=1 ,N
I 33 30 1 3=1 , 0
I -2 j  ~ C 1 , 3)  =0 u .U , U . ’ ) )
ISO 1)0) I o= i ,:-~I c:- ’) 1 CC I , J )  =c I ,J + A C  i ,~- : *~~o o ,J
1 70 R E i ~ I EN
I HO oNI)

70
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I
MO VE

I 00 SU P R O ) U T I t )  E MC ) yE C L X , X , Y )
1 10  DIMENSION X (LX),Y (LX )
I 20 LX) 1 1= 1 ,LX
$ 3 0  1 Y ( r ) = X ( I )
1 4() RETURN
150 EN !)
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MO V EC

I (JO S U P R O U T I E I E  ko / E C ( L X , X , Y )
II ’) DJWEOCS(0N X (LX ) ,Y (LX )
L~0 CO)~~PLE. ( X,Y
130 DC) I I=l ,LX
140 I Y (I)=X ( I )
ISO R ETURN
I o u  END

72.



_ _ _ _ _ _ _ _ _ _  5 -— —  —-5-- - - -5--.- -— 5- ..- - —  -.- - ——-5. - 5—

MU LL E V

2400 S U B R O U T I N E  MU LL E V ( N ,L F ,R , A ,AP ,R , 9P , VA , VB ,DA ,D B , CA ,CR ,M )
2410 DIMENSION R (o ,N ,LF) ,A (N ,N ,LF) ,AP ( N ,N ,LF) ,R ( N,N ,LF)
2420 &,RP (N ,N,LF) ,VA (N ,N), VR (N ,N),DA (N ,t4) ,L)B(N,N),CA (N ,N),CB (N ,N)
2430 CALL RZ ERC )( N *N *LF ,A )
2440 CALL RZERO ( N *N *LF ,B )
2450 DC) 2 1= 1 ,0
2460 DO I J=I ,N
2470 V A ( I , J) R (  I , J , 1
2480 1 V R ( I , J ) = R ( I ,J , I )
2400 A (I,I, I) 1 .
2500 2 P ( I , I , I ) = I .
25)0 CALL ESCALD (N ,VA ,CB, 1))
2520 M=0
2530 DV=D
2540 IF (LF.E0.I)RETURN
2550 DC) 8 L=2,LF
2560 CALL RZERO (N*N ,DA )
2570 DC) 5 I=b ,N
2580 DC) 4 LI=l ,L
2590 LD=L—LI+1
2600 DO 4 K = I , N
2610 DC) 3 3=1 ,0
2620 3 DA (I,J)=DA (I ,J)—A ( I,K ,LI)*R(K,J,LD)
2630 4 CONTINUE
2640 DO 5 3= 1 ,0
2650 5 D P ( J , I ) = 1)A (  I ,J)
2660 CALL SrME O N ,N ,CA , V13,DA
2670 CALL SIME0000 ,N ,CR ,VA ,DB ,DETVA )
2680 IF ((DV—DErVA )/DETVA—0 .05)100,I00,200
2O90 bOO I F ( M . G E . 1 5 ) R E T U RN
2700 200 DV DETVA
2710 M = M+ )
2720 CALL M O V E C r ~J*N *L ,A , A P )
~730 CALL MO VE (N *N *L ,B , PP )
2 , 4~ DO 7 J= I ,N
2750 LA) 7 K=1 ,N
27o0 DC) 6 LI=1 ,L
2770 L D = L — L I + l
2780 1)0) o 1=1 ,N
2700 A (1,J ,LI)=A (I,J ,LJ)+CA (1 ,K)*BP(K ,J,LD)
2800 6 B(I,J ,LI)= R (I ,J ,LI)+CP (I ,K)*AP (K ,J,LD)
28 10 D C) 7 I = I , N
2820 VA ( I ,J ) = V A ( I , J ) — C A ( I , K ) *L ) R ( K , J)
2830 7 V P ( I ,J ) = V B ( I ,J ) — C B ( I , K ) * D A ( K ,J)
2840 8 COOT INU E
2850 R E T U R N
2860 END

75
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N LO(;N

b OO) SUBROUTINE N1L000(N ,X,SIGN,LX)
10 1* N M A X = L A R U EST VALU E o F  N 10) RE PROCESSED
102* ;-4O NDUM M Y D I M E N S I O N  M ( NMAX )
1 03* FOR E X A M P L E , IF N M A X = b O O , THEN
11 0 DIMENSI oN M (I00)
119* DIMENS IC)N X (2**N)
l 2 0  D I M E N S I O N  X ( L X )
130 Co M PL EX X , ~K , HOLD , 0
140 DO I I= 1 ,N
150 I M (I)=2**(N—r )
1 ôO IX) 4 L=I ,N
1 70 NE3LOCK=2** (L—I)
18() LULOCK=LX/NBLOCK
190 LRHALF=LBLOCK/2
21)0 K=O
210 DO) 4 I RL O CK =l ,N RLOCK
220 Fr~=K
230 FLX=LX
24U V=SION*o.2U31853*FK/FLX
250 r~K=CM PLX(C0S(V),SIt J (V ))2ô1) ISTART=L RLOCK*( IBLO CK—I
270 DO ) 2 I = I  , L~ H A LF
2~0 J=J START+ I
29u JH = J + L R HALF
300 0=X (JH)*1~K
310 X (JH )=X (J)—0
32() X (J)=X (J)+0
.331) ~ Co NTINUE
340 DO 3 1=2 ,1
350 11= 1
361) IF(K.LT.M (I)) (30) TO) 4
37 -  ~ ‘= K— M ( r )
3~() 4 ~=, +M ( II)
300 K = O
400 LX) 7 J=I ,LX
4 1 - ’) I F ( ( . L T . J )  CC) TO S
420 H O L P = X O J )
430 X(J) =X (K+b )
440 X ( K + I  ) *I()L!)
450 5 DO 6 1=1 ,:4

-$ 4o0 11= 1
471) I!-(K.LT.M (I)) 30 TO) 7
480 O K=K—M ( I)
490 7 K =K+M (II)
500 rF (5IGN .LI.u .o) RETURN
511) DO d r = l , LX
520 8 X( I)=X ( I)/FLX
530 RETUR N
541) END

741
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NO PMA O

I O U  SU P P C ) U I I N E  N C ) R M A L I O L X , X )
110 D I M E N S ION X ( L X )
$ 25 R=0 .0
$30 1)0) 10 I= I ,LX
1 41) IOB=A -AAX I (A RS (X (I )) ,B)
145 J F ( R . E 0 . u . 0 ) R E T U R N
ISO DC) 20 I= I ,LX
boO 20 X (I)=X ( I)/13
$ 7 0  R E T U R N
180 END

7~
— 
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OLD PLO)

bO o SU B R O U T I N E  OLD PLC )( 03 2 , F I ,M )
11 0 3 I M E I I S I O N  0 3 2 ( M )  ,F b (M)
I l l DIMENSI o N F(o4),G(64)
11 9 CHARAC CEP BLANK (63)/63*” “I
12 1 CHARACTER STAP/”*”/
1 31) R O U N D (  X )  =X + .5
132 00 iS 1 =1 ,M
133  U ( I ) = 6 2 ( I )
134 15 F ( I ) = F I ( I )
141) 10 i-U= (RIG (G ,M)— SMALL (G ,M))/42.
145 JF(FG .LE.1 .OE—07)GO TO) 998
I S O  DO I K=l ,M
100 (3(K) C (K)/FC
170 1 F (K)=2 .0*F(K)
180 CA LL GFSORT(G,F,M)
190 DO 19 K=b ,5
200 19 v~RItE (O,23)210 23 FORMAT (1H
220 GI~~J (1)*FG230 ~R I T E ( 0 , l 0O )Gl
240 ( 3 LAST = J ( I )
250 IX) 2 J=1 ,M
260 LCD IF =ROUNDO GLAST—G( 3))
270 IF (LGDIF)8,8,6
20 6 DC) 7 L=1 ,LGDIF
290 CXJ (GLA ST —FLOAT ( L )  )*FC
300 7 M R I T E ( O , 1 00) GG
310 I (JO FC ) RM AT ( 1 H , E0 .2 ,~ I’)

320 d LFD I F = R O U N D ( F ( i ) + I  •)
330 ~iPITE (O,I O1)(8LANK(K),K= 1 ,LFDIF),STAR
340 101 FC)RMAT ( 1 H+,1OX ,64A1)
35 A 5~~=Q(J)

360 ~RITE C0 ,2OO)
370 200 FORMATM OX ,32(’ I’))
380 iiRITE (O,210)
390 2 10 FORMAT( I 1)X,’ 0 I 2 3 4 5 6 7 8 9 I I  13 IS 17 $9 2 1’ ,
41)0 &‘ 23 25 27 29 31 ‘)
410 RE 11JPN
420 998 HRITE (O ,I04 )G (1)
430 104 F ORMA T ( ’ALL VALUES A R E  EQUAL TO’,E9.2)
440 R ETURN
500 END

7~
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11)0 *10
- 110  F L 2 I N L ) ,0

120 FL3IND ,0
I 30 *200
140 S T A
I SO CLZ E
I oO CLA
1 70 tAD MT ICKS
180 C L A P
190 CLA
200 tAl) K5500
2 10  CLOE
220 CLA
230 STA
240 DCA FL2 (NI)
250 STA
260 DCA FL 3IN I )
270 DCA TALL Y
280 LOO P , CLSK
200 J M P  .— 1
295 CLSA
300 JMS SAM P
310 ISZ TALLY
320 JMP LOO P
330 tI LT
340 SAMP, U
350 CLA
360 TAt) K2000
370 JM S A D CON V
380 622 ! / CDF2
390 L)CA I F L 2 I N D
400 TAr) K200 1
410 JMS ADCONV
‘~~0 ~23I /CDF34ju ‘)CA I FL3 IND
440 J;,P I SAM P
450 A[)CO (IV, 0
40() A DSC
470 ADCV
480 A DSF
49 1) J M P  .— I
500 A DP F -)
b i n JMP I ADCONV
520 K200I , 200 1
530 K2000, 2 000
540 t A L L Y , 0
550 MTICKS , — 1 4 15
50() <5500, 551)0
o70 *3(X)
~~~(‘ D I St - , I_ AS

77
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PDP (continued)

590 SMA
o00 JMP • +3
6,0 6231 /CDF3
620 J M P  +2
630 622 1 /CDF2
640 CLA
650 DCA TALLY
652 TAD K2000
654 0552
656 CLA
658 0552
660 TAD I tALL Y
670 o55 1
680 CLA
600 JSZ TALLY
700 J M P  .—4
7 10 JM P L) I SP
720 $

78
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PLOT

I 00 3LJ HROUTI NE PLOT( 02 ,F I , M )
1 ) 0  D I M E N S  ION 0 2 ( M )  , F I  ( M)
I I I  DIMENSION E ( 6 4 ) ,006 4 )
1 19  C H P - P A C t E P  KLANK(63 )/ 03*”  “,
12 1  C H A R A C t E R  STAP/ ” *”/
130 RO U N D (  X ) = X + .5
132 DO $ 5  I = l ,M

3.3 00 I ) = 0 2 (  I )
134 15 F (I )= }—I (I )
140 l o FG = ( B I U ( U ,M ) — S M A LL ( O , M )  )/42.
I 4 5  I r ( F O J . L E . I . OE — 0 7 ) G ( )  TO 998
ISO DC) I K= l ,M
160 (3(K)=C (K)/FG
170 I F ( K ) = 2 . 0 * F ( K )
180 CALL GESORT (U ,F,M)
100 D C ) 19 K I ,5
200 $0 ~ R I T E ( O ,23 )
21 0 23 F O W - ) A t C  I H
220 UI=0 (l)*FG
230 M I R I T E ( U , 10 0 ) U I
240 0LAS1~~~( I )
250 DO 2 3= 1 ,M
260 L C D I F = R O U N D ( G L A S T — G ( J ) )
270 J F ( L G I J J F ) H ,8,6
280 6 00 7 L=I ,LCDIF
290 GU = ( GLA ST— FL OA T ( L )  ) *FG
300 7 ~iRITE (O ,I0O)G(J
.310 100 FORMAT (  I FI  , E9.2,” “)

320 8 L E D I F = P O U N D ( E ( J ) + 1 . )
330 ~R 1 T E ( - J , 1 O I ) ( P L A N K ( K ) ,K= 1 ,LF DIF ) , sTAR
340 10 1 F OP! -kA T ( I H + , b O X ,o 4 A I )
350 2 ULAST=U (J)
360 ~ P I T E ( U ,200 )
~~‘() 200 F O R M A T C I O X ,32( ’  I ’ ) )
3HtJ ~JRITE O0 ,2I0)
300 2 i 0  F O R M A T ( I O X , ’ 0 I 2 3 4 5 6 7 8 9 Il 13 15 17 19 2I’,
400 8’ 23 25 27 20 31 ‘)
410 R ETURN
423 ~98 hPITECO ,104)C (I)430 104 F O R M A T ( ’A L L  VALU ES ARE E QUAL TO’ ,E9 .2 )
440 R E T U R N
501) END
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PLO UP

100 SUBR C )UFIFJE PLOUI? ( YI  , X ,M )
1 1 0  D I M E N S  I ON Yl (i.\ ) ,X( M) ,1 0128 )
1 2 0  CHAR~ C L E R  L I N E ( 6 3 ) / 6 3 *”  ~/ , BLAU/ ’ “/ ,STA R/”*”/ ,DOT/” .”/
12 9 00 00 I =b ,M
I 3 u  -)9 Y ( I ) = Y I (  I )
I i l  ~ M A L L = Y O  I
14fl ~IG=5MA IL
I S o  LX ) 40 I = 2 ,M
IoU ~A L U E = I ( I )
170 IF (VAL ’JE—E3 IO)2O ,20,I0
1 0  10 R IG= VALUE
190 30 tO ) 40
21)0 20 rF (VALUE— SMALU 3O,4o,4o
2 10 30 S M A L L = V A L U E
220 40 CONt INU E
230 J F ( A B S ( R I G ) — A B S ( 5 M A L L ) ) 5 0 , o0 ,60
240 ~() S C A L E = A F 3 S ( S M A L L ) / 3 1
250 130) TO) 70
200 60 SU,ALE=A RS (BIG)/31 .
270 70 IF (F-k IC—SMALL )IO0 ,80,100
280 dO ~PI fE (O ,90)BIG295 90 F OP oA T (  ‘ NO ) GRA PI-I CAN BE DPANN SINCE ALL VALU ES ARE ‘,E 15 , 7)
300 R ETURN
310 100 ~‘R I T E ( 0 , b b 0 ) P IG ,SMA LL ,SCALE
320 1 1 0  FORMAT ( ‘  LARGEST VALU E IS ‘, E 15.7 ,/ , ’SMALLEST VALUE IS -,
33 0) l~EI5.7,/,’ MULT IPLY EA CH ORD INATE PEAD rNG BY THE SCALE FACTOR ‘,E 15 . 7 )
340 LX) 10 K = 1 ,5
350 10 ,~P I T E ( 0 ,23)
360 23 F O R M A T ( I H
370 CC) 1 30 1= 1 , M
380 130 Y (I) Y( 1)/SCALE
3Y) ,,, c(0,210)
400) 210 1- ~RMAT (9X,’—30—27—2 4—2 l— I8—I5—b 2 —9 —o —3 0 3 6 9 12’,
4 11) 8’ I S  18 21 24 27 30’)
420 ) i~R I T E ( 1) , I 2O)
43 1) 120 R ) P M A T (  l b  X ,2 I (‘I ‘ )

/141) DO) 1 3 1 1= 1 ,63
45)) 13 1 L I~J E( I ) = B L A N
460 DO 1000 I = 1 , M
470 V A L U E = ( ( I )
480 IN D E X = 3 2 . + VALU E
481 INL )EX=AAX0 (IIID FX ,I
4o� INDEX =MIOO ( INDEX ,63)
491) LINF (32)=IX)T
500 L I N F (  l O D E X ) =STAR
5 10 i~P h i E ( 0 , 1 8 0 ) X ( I ) , L I N E
521) LINE ( I N D E X ) = R L M I
5 31) I-U S Fo)RMAT (F7.2 ,3X,6 oA t )
540 I 0(Y) COOT IN U E
550 R ETURN
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PFMA ~

I 0)0 ~;U f ~P oUt  ( N E  R E M A V (  LY , Y)
1 1 0  D I M E N S ION Y ( L Y )
127 S~ 0.()1 30 DO 10 I= I ,LY - :141) 10 S=S+Y (I)
I S O  AV S/FLOAT (Li)
!oO DC) 20 I=I ,LY
170 20 Y (  t ) = ~t ( I ) — A V
180 R E T U R N
190 END
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I O U  SU ~P0U t  J O E  R Z E R C ) ( L X , X )
110 D I M E N S ION X ( L X )
120 DO) I I~ l ,LX
130 I X ( I ) ~~0.O
140 RETURN
I S O  END 
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S I ME 0

1400 SUBRo UTINE SIMEOOM , N ,A ,R,C)
1410 * N~ AX=LA PCEST VALU E OF N TO) BE PRO CESSED
I 420 * NUOD U MM Y DI  ME NS ION SO N M A X  ,N M A X
1430 * FOP E X A M PL E , IF O M A X = 4  TH EN
1 440 D I M E N S I o N  S( 4 , 4 )  -
1450 D I M E N S I O N  A ( M , N )  , R ( N , N )  , C ( A ,N )
l 4oO CALL , t O I E ( N *N , R ,S)
147 1) CA LL E S CAL ( . 4 ,S ,B )
1480) DC) I 1=1 ,M
1400 DC ) 1 J=I ,N
1500 A( J, J)=0.0
1510 DC) 1 <= 1 ,O
1520 ) A ( I ,J ) A ( I , J ) + C ( I , K ) * B ( K ,J )
1530 CALL o O V E ( ~~*N ,S , R )
1 540 R E T U R N
1550 END 
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S I M EQ 0

b O O  S U B R O U T I N E  S I M E t I D ( M ,N ,A, 9 , C ,I ) )
1610 * NMAX=LA R (J EST VALUE OF N TO) RE PROCESSED
1620 * N O N D U i - ~MY D I M E N S I O N  A (  N M AX ,NMAX )
1630 * FOR EXAMPLE , IF  N M A X =4, THEN
1640 DIMEN SION 5(4,4)
1650 DIMENS roo AC M , 1) , F3 ( N ,N) ,00 M , N
1000 CA LL . .~OV E ( O *N , R ,S)
I 6 7 0  CALL E S C A L D (N ,S , R ,D )
1680 DO ) 1 I = I ,N
1690 IX) 1 3=1 ,0
1 700 A (I,J)=O.0
1 7 1 0  DC ) I ‘= 1 , 0
1720 1 A (I ,J )=A (I ,.J)+C (I ,J)*B (K,J)
1 730 CALL M0 ) VE O ~~*N ,5 , R )
1 740 R E T U R N
I 7D0 ENL )

~1

IL - - _-~~~~~~~



-—-—-- 5-—,- -.

S M A I I .

I O U  F U N C T ION S M A L L ( A , M )
11 0 D I M E N S I O N  A ( - A )
1 20 S=A ( I )
130  DC ) I K = 2 , M
141) IFCA (K )—S )2 ,1 , I
IS O 2 S A(K)
160 1 Co N T I N U E
loS SMALL=S
170 R ETUR N
180 EN D

--5 --  —- 5--— 5-- --



I
I

100 SUPROUiINE TRANS (P,IDIMP,Y ,N ,NV ,IIB,LOG2NS)
105 0 IESNSION Y( 1 02 4 ,N V )
11 0 DIMENSION P (IDIMP)
I 20 M=LOG2NS
130 DC) I I= I ,NV— I ,2
140 1 CALL FAST (Y (1 ,I),YM ,14-b) ,M ,N)
I S O  N T=N/2
l~~0 DO) 8 I=b ,NV ,2
170 DO ) 8 J=2 ,NT
180 K=N—J+2
190 iI =CY (J ,I+I )— Y (K ,I+I))
200 T2= (Y (K ,I )—Y OJ , I))
210 Y ( J , I ) = Y ( J , I ) + Y ( K , I )
220 Y ( J , I + b ) = Y ( J , I + I ) + Y ( K , I + I )
230 Y C K , I ) = T I
240 8 Y ( K , I + I  ) =T2
251) DO ) 17 I = I ,N V
260 Y (b ,I)= 2.O*Y (l ,I)
270 17 Y (UT+ I ,I)= (2.0)*Y (NT+ 1 ,I)
280 14E=N/(4*NB)
90 IIM IN iI E+ b
31)0 IIMAX=NT —NE
3 10 J I S ’fE P =NE+N E
320 L=b
330 DC) 2 I=I ,NV
340 DO) 2 J=I ,NV
350 P ( L ) = Y ( I , r ) * Y ( 1 ,J )
360 P(L+I)=O.0
370 LX) 3 K = 2 , I I M I N
380 M=N—K+2
390 3 P ( L ) = P ( L ) + 2 . 0 * ( Y ( K , I ) * Y O K ,J ) + Y ( M , r ) * Y ( M ,J ) )
400 L=L+2
410 DC) 4 II IIM IN , T T M A X ,IISTE P
“

~ P(L)=0.0
43)) -~( L + 1 ) ~~J .0
440 r. — A X = I I + I I S T F P
450 DC) 5 K=I I,KMAX
460 ‘-A=t~—K +2470 P ( L )  = P ( L ) + Y ( K , I ) * Y ( K , J ) + Y ( M , I ) * Y ( M , J )
480 ~. P (L+I )=P (L+1 )+Y (K ,I)*Y C~A ,J)~ Y (M ,I)*Y (K ,J)
490 4 L L+2
bfl0 P(L)=.YU4T+I ,I)*Y (NT+ l ,J)
510 P (L+l)=U.0
520 K M I N = N T + 1 —N E
530 DC ) 0 K = K M I N ,NT
540 M = N — K + 2
550 6 P(L)=P (L)+2.,)*(Y(K ,I)*Y(K,J)+Y (M ,I)*Y (M ,J)
bOO 2 L=L+2
570 R E T U R N
580 END

5 --
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U N P A C K

I fl() LE1 1=0
II OL )IM A (4006),S (13)
120 E I L E  ~ I : I I p (J B ,S

130 FOR J = I TO L0F(~~b
140  REA l )  # 1 : S$
ISO CHANG E 5$ TO) S
I o() FOR K= 0 TO) 3
170 LET 1=1+ 1
lc3 0 LET AOI)=16*S (3*K+1)+INT (S (3*K+2)/bO)
190 LET 1 1+I
200 LET A O L )  =2 56 *MO DOS (3 *K +2 )  , I 6 +S(3 *K+3)
210 N EXT K
220 N EXT 3
230 SCRATCH # 1
240 FoR 3= 1 TO I
250 uP ITE #1: A (J)
260 NEXT 3
270 END
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I
vI PA R Z

I O U  S U B R O U T I N E  v s P A R Z ( M ,~4 )
110 D I M E N S I O N  ~ ( M )
129 ** M IS AN EVEN INTE GER
I30 DO I .J=1 ,M/2 +1
141) I ~(J)= 1 .—o .*(FLO)AT(J—I )/FLOAT (M))**2+6 .*(FLOAT (J—i )/FLOAT (M))**3
IS O) DC) 2 J=M/2+2,M
1-o O 2 ~-~(J)= 2.*(b . —FLC)AT (J—I)/FLC)AT (M))**3
1 70 RETURN
180 END



7. RO)

1 (N) S U B R O U T I N E  Z E P O ( L x ,X .
11 0 D I M E N S I o N  X ( L X )
120 CC)MPLEX X
131) IF (LX.LE.0)PEfUPN
140 DO 1 1 1 , LX
IS O I X (I)~~(0.O ,o.o)
b OO’) RETURN
170 END 

-- 
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LPSFLT I

100 L ) ( M E N S I O N  v~T ( � 1) O 5)  , i~1’S(4 9 )  ,A I (2095 )  ,~~I ( 2 O 4 7 )
11 0 L IF~~A RY “N L O G N ”  , “CRo SS” , “GEN~f[S” , “ F I L T E R ”
120 O P E N F I L E  l ,” P I JU ” , ” N t 1 M F P I C 9
130 R E A I ) ( I )  ( A I ( J ) , J = b ,2005)
140 CALL GEN ~4 T S ( 2 , 24 , r1 T S ,49 )
I S O  CAL L F I L l  ER 2OQS ,49 , Y4 L ’S ,~NT , A I  , 704 7 , H I  , 12 )
170 ()~ ENFILF 2,”NPUB” ,”NUMEP IC”
Ib U ‘~RITE( 2 )Rb
250 S A O P
2o0 E N D

- .~~~—
- -
~~~~~~~~ 
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LPSFLT2

IOU D I M E N S I C ) N  ~iT (2095 )  ,V1T5 49) ,A 2 ( 2 005) , R2 (2047 )
11 0 LIB~)ARY “NLOGN ” ,”CROSS ”,”OENVlTS” ,”FILTER ”
14 0 CALL 13EN~.T S(2 , 24 ,~ITs ,4 o)
190 O P E N F I L E  3 , ” CH 2 ” , ” N U M E R J C ”
200 R E A P ( 3 )  ( A 2 ( J ) , J = l , 209 5)
2 10  CALL FI L ’L ’E RC 2 O 9 5 ,49 , y T S ,~~T, A2 ,2047 , R2 , 12)
230 OPEN !- I LE 4 , ”N CH2 ” , ” N U M E P I C ”
240) ~RITEO4)B22 5 Q  STC) P
260 END
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-
~ U’) 6 CO~ITI • U r~
‘Yl ) UI) 7 !=1 ,C F 1
I (YI UI) I J=2,4
71’) 7 S (I,J,I)=S (I ,1 ,J) -

L)1) L)() 201 J=I ,~ V—I
I ~0-) Do 231 K=J+I ,
1610 DC) 201 I I ,~’Ii3 I
162’) CSS=CCAR S !,J,J))*CCAr3 (S (I ,K,K))
I 63i-) !F (CSS—I.OE—0/) 17 ,18,1d
1640 17 S(t ,K,J)= (0.o,o.0)
I 6~0 00 10 21)1
1 660 Ia S(I ,K , J ) = C~~P LX ( C C A R ( S ( I , J ,K ) ) * *2 /CSS ,0. 0)
161’) 201 CDNTflI UE
1 630 DO 202 J l = I ,~-I V — 2
1690 DC) 202 J 2 = J l + l , I~V~~I
17(X) DC) 202 J3=J2+ I ,NV -

Ill ) Do 202 1=1 , ~13 I1720 ~?ES=~EAL (S ( I,J3,J3))1730 SI I 3=S( I ,Jl ,J 1 )*( I .0—S(I ,J3,J 1 ))
174’) -S223=S (I,J2,J2)*( 1 .—S (T ,J3,J2))
I 75() I F ( I 1 E S — I . O E — 0 l )  901 ,902 ,902
1760 90) Sl23~S (I ,J1 ,J2)1 770 01) To 903
1 780 902 SI23~S(1 ,JJ ,J2)—S(I,JI ,J3)*Cm!JG(S(I,J2,J3))/RES
1/ 90 903 1t (CCAD (S1 13)*CCAB (S223)—I .OE—07) 601 ,602,602
1300 601 ,l2( I ,Jl ,J2,J3)=0.0
131’) CO TO 202
132’) 602 ~42 (I ,J1 ,J2,J3)= (CCAB (S123)**2)/(CCA!3CS1I3)*CCAl3 (S223))
Id.30 ~ES=~ EAL (S (1,J2,J2))1d’l ”) SI 12=S (I ,J1 ,JI )*( I •0—S(I ,J2,J 1 ))
135’) S332=S(I ,J3,J3)*(I.—S(I,J3,J2))
136) !F(PES—1 .OE—07) I0fl l ,1 002,1 002
131:) 100 1 S132=S (I ,J1 ,J3)
I ~~~~~

‘) 01) 101 1)03
13’)) 1002 .3132=S (I ,JI ,J3)—S (I ,J1 ,J2)*s(I,J2,J3)/RES
191)’) 1 003 IF (CCA3 (S112)*CCAI3 (5332)—l,OE—07 ) 701 ,702,702
191 ) /OI  2 (I ,JI ,J3,J2)=0.0
1 92- ) 00 IC) 202
193 ’ 

~ •-~2(1 ,JI ,J3,J2)=(CCA3(5J32 )**2)/(CCAB (s112)*ccAB (~~132))1)4’) PES= ‘~ AL(S(I ,JI ,J1)) - -

195’) S221= •;U ,J2,J2)*(1.—sU ,J2,J 1 )
196~ ~33I=~;( I ,J3,J3)*C 1.—SC I ,J3,Jl ))19 1.) It (~’?E,j—I.0E—0i) l1 0 1 ,1102 ,1l02
1 93() 1 1 01 ~i23I=S (I ,J2,J3)I 990 CC) 10 I I 03
2000 1102 S23I=S (!,J2,J3)—S (I ,JI ,J3)*CONJG (SCI,J1 ,J2))/RES
201’) 1103 IF(CCA~ (s22I)*ccA~ (S 33I)—1.oE—o7) 801 ,302, 802
2020 301 thi2 (I ,J2,J3,JI)=0.0• 2030 00 10 202
2040 302 .~2 (I ,J2,J3,Jl)= (CCAf~(S231)**2)/(cCABCS221)*CCA3(S331))2050 202 C(flITI NUE
2060 CONTINUE
2070 DC) 71 J=1 ,NBI
2080 71 F (J)=J— l
2093 DC) 501) J=I ,NV— l
2100 Do 500 K~ J+I ,NV
2 I 1 ’  /~~ I f E ( 0 ,30 0 ) CH ( J ) ,C H ( K )
2 120 300 F0~ MA T (’  CC*IEI?ENCE FOfl CUANNELS ‘,A1 ,~ AND ,A I )

- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



‘~1 ‘3’) DC) 3 1 9  I = 1 ,~~H I
-‘I ‘ i ’)  ~~~~

‘(  I )=~ EAL ( 51 I, K , J )
‘lj ) 3I~

; 
~,) ‘;f INu~

•‘ I Y) CA L L ()L 3)P 1 .’)( SI-~,F , NH
? I I.) ‘ I iN C 0, 1 -02 )

2 1 3)  I ~) 2 F0~~~AT (5 (  H-I ,/ ) )
21 ‘93 DO ‘a O )  L 1  ,

“ 770-0 I F ( ( J — L ) * ( K — L ) ) 4 I , 3 ,500 ,413
7213 4 I~ oo 512 1= 1 ~~~ I
722) 3? (I)=1~ (I ,J,K ,L)

• ?2i ) SI? ~2 :rr f  I ‘!UE
224’) ‘~

‘k !‘IE( 0,301) C~( U) ,CH( K) ,CF- I(L)
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) v~I?I i’N (0, 102)
7:~ -J’) 500 c’:) ’~ ~I UUE
2303 !~O 417 J=1 ,~IV
73 10 ~~IIL~( 0, 3~ 7)C~

{( U)
232’) 3 1 ‘I H)R- ’~A T ( ’  A UT OSPEC TP A1 FOR CHAMNEL ‘,A I
2 3 3  I x=2*’4~ I * (  ~ V)  *( J— 1 )— CC U— I )*(J— 2 ) )/2)— I
234 0 1)0 4 1  ~ 1=) , 1Z~ I‘

~~,l’ ,~~~ ) 4 1 6  -iP( !)=RI~AL (S (I ,J,J))
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163 1 XCI, J)=LC! )
I 6~ CA LL F SAVF L ( “~1P1 SDA f” , “ “, I)
I /0 oPEr’IFITJ~ 2, “~lNSrMT” , ‘1NUM ERIC”
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‘I - )  I ) A i A 

1 ,I:~~~, I j , ~-~r , J ’ C A ’JS , SU, P 1/11)00 , 2 , 32 , 1024 , 64 ,,  3. 14 I 59255/
~ I. LI I I H , A R I’ “ r A ” I  “ , “ ~ ~A IS” , “ MO V E 51 , “ ‘ ‘iAG~’, “C’C)F-IEPP” , “PLOI ‘ , “ ‘)t—SO Pl “

— 2 I~ A , “H I1;”, i- ’’ ;~~A LL”
221) o~~ ’ i  ILE 2 , ‘‘~J ’ I S ’ )A j ’ ” , “ NU’ ’ERIC”
230 ~~ C~~~~~~( 2 )  C C X  ( U , I )  • J= I ~~~~~ 1= 1 , M V )
) * D i  i~~~~ 

I )  If St  l bS  L3Y SU3T ~~A c~1 I I~~ H~ ) EA C H F ( I F ~ I I S
,) ) ) * T L A~~~ i ~~ U A ~~~S LI NEA I~ ~ E GRE SSI  ON LI  “IE

• ‘ ‘“ i() H~S=~~;2 t )  ‘I 3 A  ‘) . j * ( r N ~’) + I  . 0)
2~~”) 1 SL ~ 

S’)=( I L *  FN ~;+ I .0 * i ’N S + k — N S +  I .3 ) ) /6.0
290 DO /6 1 2= l ,f’IV
3~) ’) SLP =1) .()
.31’ ) (~~~~ . F I’) ’) •fl
~) )  I~~

) / I I I  = I M5
I~3’) ( J ? . ’.; J~1+- < ( 1 1 ,1 2)
‘~~0 7’! (;~~l~~~jJ 

~
•) =CF?SPRr~+FLC)AT ( II )*X( I I , 12)

~~~~~~ F o  t. =~ .pc,~ ’;s
• 1’, ’) 

~~~~~~i A = (  CI ..-U)—F ~IS*T~3AR *F~4 E A i - l ) / (  1SIJ i0— ”)S*Tf3 A R*T~ A R )
3/ ’)  D~ ‘1~ 1 1= 1  , :\J 5
3.3’) FPN’ ;= F ’ i  -~A D + P E f A *(  FL O A ’fC 1 1 —  I K A R  )
39’) 7-~ X C I I , 12 ) X (  I I , I ? ) — F R E G

4 1) ’) 16 ~ O~J 1 I N U F
4 1 1 )  * ~~J~

, )() t ,~(’I.l SF~I~~I N ~ ~ LT H A COS INN T A PE ’~ —

47 ’) I i ~= ’-1S/1 0
4 3’) P=L’
4 ~~

‘) L~~) / 9  I I  = 1 .1
- 1 ) ’) t - I I = I I
4 1 ’) I : 1 ? ’ i =r H _ ’hb

: 1 ’  ) C ~ 
- = ‘ ) .~~~*(  I .0— C )SC p I*VI~\I i”/ I- ) )

- ‘  .‘~~~, 1 3 ’  
~+ l — 1 I

4-JO H I 2=~~ •
1’)’) X (  I I  , [ 2)  =~‘:~ r 1j ) ’ ) , j *XC 11 , 12 )

• - / / )  b() X C  13 , 12) =~ I ND0 Y~*XC 13 , 1 2 )
~ 1’) 7,9 -~;O~’II’ j ’ IUE
1
) ))  L ;2 ’ J - = ’)
~~30

~4() 54 Ib(~ - 1i . LN .NSCANS)GO TI) -ci”

• 55”) T _ 002TIS=LOG2NS + I
5 6 )  NS CA~ N= ’1SCAt4 S+NSCM S
~ 11) 01) i 1) ~ 4

55 1 I - C ~H . E ’) . NSCAMS ) r,() ‘cc) 74
5k,)’) * L N R ( )  ‘)IJ I ’ l’ HE LAST l~’A I~T OF EACH :iEI? I E’-~ IF l IC E  Ui&3 FR oF

• 5 (Y) * SCA NS [3 !101 ~ P(WIER OF 2
511) 1 fl~~r’,q= ’-I’;+l
52’) 1) 1 ) ‘15 I I 1 1 H I:0~4, ~I5CAP~S6 30 00 75 1 2 = 1  ,NV

/0/
_ 

_ _ _ _



~)4 I )  / ‘  X C I I  • 12) 0. ()
6~~~ 74 (2C’-1~ I~ U~
“5’ ’i- I i - ( ‘ ‘O D (  I . ’ , ? ) )  /0 , )? , /0

7’) * I~ ~ I~~ NU” 4 12 1? ~~ 5i :? I t : S  I~
’ 1)00 , FILL A D’J’’ ’U SNI~I ES ,dTo ZF RO~‘

/ ‘) ~V I =  11+ 1
I” Vfl 1)1) d 3 1 I = I , HSCA ~N/03 bi X C I I , IVI )=0.0
110 01) 11) ~i512) 32 r-I V I= ’UV

d~ C0N~ ’ 1 N U F
‘14’) I[) IMh- ) =~J-I I * C N V I + I  )*(~ b+I ) - -  - - -
1’s’) CALL i’2 A N S (  P , 101 ‘iP , X • NSCA NS , NV I , N3 • L (X32 ’ -I S)
/60 * CROSS SPECT RUM ESTIMAI FS ARE IN AR RAY i~  ‘
/ / 0  * THE C WSS SPECTPW-~ ESTI~4ATES IN ARRAY P A RE SCALED 3Y
f~ () * p

~ULf IPLY 1 1--IC 13Y C
/ 190 i~NOP~I~~=F’1S— I • 25*2
,V)0 I-SCA NS= ’~IS CA” 1S - - -II) FNl3=N :-~
:12’) F )=F S )A ’ JS / (  FN B +F~-fl~
- i3’) c I = o .2 5 / c Sp *( F D + I . 0 ) * o T J r ) p~4 p )  ‘

:34”) I j~( ) , i ,S P i ~3+N [3+2
-~5•’) r c oL SP = t : I v I * u v I + I ~~~,2 --‘

dS”) I S I L F r - ~= I  Rth’4 SP *I COLSI~-~7’) 1)’) 95 I I = I , I S I Z E P  - ‘ ‘  - -

33i) VS PC II )=C I* P(  I i)
3 91) N;3 I ~ -1o + I 

-

~CX) DC) 1 000 1=1 ,UV I
‘913 DC) 1 000 K=J,1-IV I
920 01) I000 I=I ,~43I
130 SI (I ,J,K)=~ (2*N~3I* (MV1* (J—I )— ((J—I )* (J—2 ))/2+K—J)+I+I_I)

~ 3 >  I F ( J ~ K ) ’9 9, 1 000, 1 Q00
940 99 S1N,K ,i =P(2*IIB1* (Nv%*cJ~ 1 )—C (2- - ‘*(J*2))/2+K—J)+I+I)
94~ 1 000 Co’ -I ’ f I ’ ~UE
950 CALL COFIERE( !1E3 I • ~‘V I , S , C)
96) DC ) I J=I ,NJI
97’) 7 F ( J ) = J — l - --

Yd’) DI) 51)1) J= I , NV— 1
Do 500 t<= J+ 1 , NV

100 ) ‘ I T E ( 0 , 300 ) C H ( J ) ,CH C~< )
10 I - 31)0 t O ~~~ A ’f ( ‘ COHERENCE FOR CHANNELS ‘ • A l  • ‘ A~ D ‘,A l )
10,, ) L; - f ’LOf (C( l+ ” IUI* (J— I )+ Ni3 l * f1V I* ( K— I )) ,F,NB)
104 ) 100 r )R~i A F I I H  ,F5.0 ,4X ,E9.27) -

105’) .‘ih I IN (  0 , 102) 
-106’) 11)2 t~O4- ’ iA i (5 (  1 1-1 , / )  )

1 0 / )  500 C i Y I I I N U E
1 0 )  DC) lob J 1  , ‘JV --

I 0 - ~D .H-~IT:~ (0 , 102)
10’) ’) . I T ~ ( ’0, 107 ) CH~ J)  -

~ 
-

II’)’) 101 FoR~-~A f(  ‘ AU ’I ’OS ?EC TRA FoR CHANNEL ‘ , A 1)
I I I )  CAT _ I , p T_ o ’r (c( 1+N~~I* Cj — I )+NflI*FIVI* (J— I )) ,F , ”IB )
1 1 2 5  I 05 coI TI ‘WE
111’) STOP
1 1 4 ’ ) EN!)

- / 042

“—- -~~ ‘ -- - - -~~~~- ‘-- -—— “ -~~~~~~~~~~~~
-
~~~~

- ‘-‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_____- - - ~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~

1 11)0 * DI” ENS ION X ( N S * LX ) ,R1(LR* NS* NS) , ,~( M ) , F ( M ) , S(M* NS* NS) WkoIS~ Ec7 I
II ’) * D I M E ’ I ; I o N  C(MI*NS*fIS ),TLA C (2*LR—I ),Z(2*LR—1 ),I’LAGA (LR )
1 2 ’) * f :S~~ J iJ ’j BER 1)1: C’-’IANNELS
1 3’) * LX=N U IF3ER oF Mi’A PO INTS FROM EAcJ1 CHA’~INEL14’) * ~‘l=M+1=LEPJr,’fH OF TI M E LA G
150 * Ld=MAX IM UN DESIREr) TIME LAO .LE. LX
ISO * L=S’.IALLEST INTEGER SUCH THAT LX< 2**L
170 * M=t flAX IM UM LAG , M=2** (rI—I)
l i-3(,) * N IS OFFINEL) 30 THAT 2*M=2**N
190 * H=LE’J-’)TH OF SAIPLINC INrERvAL
2(X) * L~)X~~=LX *NS
2 10 * I 2M3~4 S= T L~~* rj 5* ~~;22-0 * ~ l NS’1S=M1*NJS*’4S
230 UIr ’E NSIC ) N XC I0Oo,2) ,R l ( 5 o ,2 ,2) ,~~(32 )  ,F( 33 )  ,SC 142 ) ,C( 33 ,2,2) ,T LAG (99 )
240 A ,Z( 99) ,TLA GA (50)
250 CHA RA CfNR CH( 2 )/ ” I” , “2”!
260 DATA ‘43 ,LX ,M,M1 ,LR ,L,N,LXNS ,LRNSNS ,IN/2. l 000 ,32 ,’33 ,50 ,I0 ,6,2000,200 ,2/
270 LI F 3 R A Q Y “ REMA sf” , “NLC)C1-I”, “CROSS”, “vWARZ ”, “MACOR ” , “COQUAD” , “M OVE”
280 ~~, “N OR- ’1 A C” , “COHERE” • “OLDPT_ O” , “3FSoRT~’, “H JO,”, “SMA , “PL OTT I?”
290 H=l ./64.
300 O P E N F I L E  2 , “~~1-I SDAT ” , “NU M E R I C ”
310 REAIi (2)X
315 CALL ;4I ~A R z ( M ,~~)
320 !)() I J= I ,NS
330 1 CALL R E HAV ( LX ,X ( I ,J ) )
340 CALL ‘IACOP(NS ,LX ,X ,LR .R1 ,LXNS ,LRNSNS ,L)
3~ 3 CA LL CC)0 UA !)( H ,NS ,M,N,~~,RI ,S, MI ,LR)
360 CAL L CO HE RE(M1 ,r4S ,S,C) 

-370 DC) ‘I J=I ,M I
331) 7 á - C J ) = J — I
390 DC) 501) J = I , NS— I
400 DC) 500 K=J+ l ,N S
410 ~/RITE (O,30O)CH(J),CH (K)420 300 FOPMAT (’ COHERENCE FC)R CHANNELS ‘,Al ,’ AND ‘,Al )
430 CAT .L OLDPLO (C ( I ,J ,K),F,M )
450 IOU FOR’4A ’f ( IH ,2 C F6.2 ,4X ,E9.2 ,6 X )/ )
460 ~ RITE(0 , 1 02)
470 102 FOR~~A T ( 5 (  IH ,/))
480 500 CONTIN UE
~~~ 1)0 lOS i=I ,NS
500 ~Y~11E(Q ,I0/ ) C H (J )
s lO  10, FOR 4AT ( ’ AUTC )SPECTRA FOR CH A NNEL ‘,A l
520 CA L!, C)L DPLO(C( l ,J,J),F,H)
540 105 421 IECO , 102 )
551) 1)0 700 I= 1 ,NS— I
560 DC) ‘/ 00 J = I + I , FLS
570 f~R11E (0,’)0I)c~ur ),cHu)Dd0 901 FORM A T ( ’  CR o SS CORRELATION BET~ EEN CHANNELS ‘,A l ,’ AND ‘,A l )
590 DO 103 L= I ,Lk— l
600 TLAG (L)=L— LR
610 108 Z (L)=RI(LR—L+ I ,J,I)
620 DC) 109 L=LR ,LU+Lk— )
630 TLAG(L)=L—LR
640 109 Z (L)=Rl (L—LR+1 ,I ,J)
650 CALL PLOITR (Z,TLA G,LP+LR— I)
660 V~RIT E(0 , 102)
610 700 CONTINUE
‘531) DC ) 101 K=I ,LP

- -  - - •x~~~~~~~  
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‘
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- -, ,, ‘- : .  ~~~~~~~~~~

6-fl 701 ‘rL A ’) -~~K = K — I
,00 1)0) uO I J I ,1i5
I I ; ‘~2 I i  E ( 0, -)~) 1 )C9( U)
/ 2  Y) I F’)~~ A T ( ‘ A~JTC ) COI- :RE LAT ! ON FOR C H A N N E L  ‘,A I) - -
73’) CALL r L ’ ) rc~ C R l  ( I  ,J,J) ,TL AGA ,T .R)
740 301 ~-U IE(0 ,lO2 )
1•_) ) pI~I:~T ,x
‘I5~ STOP -7 / ,  END

- 

‘
• ioq 



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~ ‘~~~‘~~~
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I
i ) 1 J  ~ ~ f “r- I LT:~2” , “ “ a — ’<F L ~I )’) LI k r tA ~~Y “ S l ’ i I ) A f ” , ~‘0EI- ~r L i ” , ”Or ? ’- iF L i ” , “ bI N O I J E ” , “ F 0 I ? i L I U * *~~ F S A V F L ”
I”) 1 3., ’’ ‘ J I , I)~~’1’’ , ‘‘Cr~OSS ‘‘
I I - ’) * l,zL . ’~E.!~X +2* L,  L=5()
I 73 * LX.~3E . IY+2* N,’l, ‘ ‘ ~=5()
130 I) IMH~~SIO~ LC 1 000),X ( l 000,4 ) ,X F ( 3 ) ,YF ( b) ,Y(d’)0)
140 & ,A. ’~ ( 1 0 1 )  ,)( 9) , ~~ ( 1000 ) , XLC 1 001,5) ,C (4 )
)4~i ~ ,A ( 4 ,D),l)( 4,~~),~.(4 ,5) -

i- i’) DAT A ~ ,1L ,LX ,LY , - H ,T - 2 ~ / 0 .0 I5625 ,I0flO ,91)0,~~00 ,I3I ,l’)/
I SO) DA 1 A 0 ( 1  ) ,CC 2 ) ,C ( 3 ) ,C (4 )/ 0 .4 ,”), 1 , 0 . 1 ,0 . 1 /
I 9() I)AI A XF/4 . ,5., ’f . ,o .,12. , I3 . , I5., I6. /
200 [)AIA YF/’) ., l., I.,0.,0.,0.5 ,0.5 ,0.1
2 1)  DATA A (  I , I ) ,D( I , I ) ,~~

( I • 1) 12. ,l., I .1
220 DATA A ( I ,2) , i ) ( I ,2) , ’~( I ,2 ) / 4 . , ’5. , I . /
2 3”) UK! A AC 1 ,3) ,DC I , 3) , V (  1 1 3)/ ,3 . ,  10., I .1
24 , )  D A I A  A C  1 • 4 ) , DC 1 ,4 )  • 4 0 1 ,4 )/ 4 .5 ,14 • , 2. /
250 DK1 A AC 1 ,5) ,3( I ,~~) ,4( 1 ,5)14 . .29 . • I .1
260 I)ATA AC 2,1) ,H( 2,1 ) ,4( 2, 1)/.I ,I1).,I./
2/3 I)A1 A A (2,2),t)(2,2),4(2,2)/.7,23.,I ./
2 i’) DA ’i A AC 3 , 1) ,;) ( 3 , I ) , ~

( 3 , 1)  / .d ,3,, 1. /
290 DAT A A (I ,2),[)C3 ,2),4(3,2)/.2,2s., I./
300 DATA A ( 4 , I ),U(4, I ),~~(4, 1) 1 .2 5 , 12., I.!
310 DA IA A C 4 ,2),flC 4,2),~4(4,2)/0.,1., 1./
32) DC) I K=I ,5
340 1 CAT L SI ~i0AT ( !1 , A C  I ,K)  • P C I  ,K) , ~( 1 ,f c) • LL, ~, LX , XL ( I ,K ) 

• ~~~~~~~~~~~~~~~~~34~ CALL 2 N O I S E ( L Z , L ,C C I ) )
350 Do 2 J = I , LX
360) X ( J , I ) = L ( J )
370) DC) 2 K = I , s
3:JQ 2 X ( J ,  I ) = X ( J , I ) + X Z ( J , K )
390 CALL o R ’ i F L r ( L y , y ,~~~T ,M’I ,Lz , x ( l , I ) , H , xF , yE ,b , y , ’) , -’,r , LN2 r-n
400 DC ) 3 N =2 , 4
4 10 1)0 4 < = 1 , 2
420 4 CALL S I - ~DA 1 ( H , A ( 1 J , K )  , D ( N , K ) ,~~( N ,K ) ,LL, Z , LY , X L (  I ,K) ,N r ,A # ,MT ,L~ 7 ’ )
4 30 CALL •‘ 1 N O I S E ( L Z ,Z ,C( N ) )
440 00 3 J=l , LY-f ‘150 X C J , N ) = 0 .

- 
‘~ s

47 3 5 X ( J , N ) X ( J , N ) + X L C J , K )
4 dC) 3 X ( J , N ) = X ( J , N) + Z J + Y ( J )
490 CA I. L F O  A ‘Ji L C “ t- CH f l A T” , “ “ , I )
500 OPE NE I LH 2 , “FCHD AT ” , “ -,UME2 IC”
51’) W R I T E ( 2 ) ( ( X ( I , J ) , I = 1 , L Y ) , J= 1 , 4 )
52’) STOP
530 ENI)

-icr
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10)  3UH r-3oJ~~I ’:~:
I I ’ )  ~I ’ ’ i ~~ i I O ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I?) * 1 X . 0~~,Ly+2*Na
130 * L%2 .G0. L4+ I
14 )  N~~

( r’ - ’~f —I  )/2
I ~~~ ) ~~i I =N4+ I
15”) CALL GE~~r L 1(  H , A~~( ‘‘4 1 ) ,~~4 1 , X F , Yi— , I_ .V , Q , L , 4 2 )
I/O L- () I _J= I ,
I -‘33 I I’f t (  0 4 I — J ) = A ~~( N~~l +j
I ’ , ’ CA L L  E I ! _~~E~-~( I . ~~, ’ f , AV , , , . 1 , X , LY , Y , L N 2 N )
733 ?E IURN
2 I )  E~I I ~ 

~~~~~~~ — -~~-—~~ -~~~~~‘--- ---~~~—--~~~~~~~~ -—- - - - -



I
• I 3 )  j 0j  - J I I~~: :~ i— ’ - : r L C ‘ , A I , ‘ ) , 0 , •;.. I , A )

II’ ) ~ I ‘ iI )1 A ( I
I -~ ) ~~~ .2 - 13 I 3
I 30 c= ,~ I/ ( I -1. /392 5~~3*0)
Ho I F ( i , .~~’). 1.’) )Go ‘

~~~
()  201)

l~~0 AC I )= (~)*H*,’,’)**2
I So C I=~ *H* ( 0—4 )
I 10 C 2 = t - k 1* ’ )
13-0 (‘ 3=I-’- k ;j * ( ’) +~~)
I ‘i ’

.) DC) I J= . -’, 0. ’~ I2 1’) K=J — I
2 12  A ( J ) = _ ( I ./ .~.**f l *( 2 ) 5 ( 0 I - .~K ) _ 2 . *3t)S ( C2*K ) + C ( ) S C C 3 *K ) )
72’) I CO~~i I ~2 3”) DC ) 2 J = I , ’J’ i l
7-i’) 2 t ( j ) = 3 * A ( J )

4 7:~~,) ~ ~~
‘
i U

260 221) C1=~-’~c 1 * ..
t 2 / O A C I )=Y’) .-. ) * C I **2

2 3o 1)0 3 J = 7  , N4 I
21 . ? =J— I
30-3 3 A C  i) = 0 — I .  (‘) ) * C  I . /K **2 )  * C COS C 01 * K ) —  I .0)
31 ’ )  DI) 4 J= I ,N’J I
; )  4 ,A 1 ) J )~~~~~k A ( J )

332 RNi J i l
340 ENr ’

iro7
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I 1’) S’f l — -~OiJ~’I ~ S L IL)A’i’ ( 14 ,A I  ,0 ,~3 , Z , L ,LX , X , t I ’ i j, .A~’I , ’NT .L N 2 t I )
I I )  OI k ’E ’ ’ ,3 1’ -’ I 

~ (L~~), x ( Lx ) ,A4 C ;- D- l T ) ,,ir ( LL)
I . ) * LZ . - .LX +7*Ufi=LX+NI’4T— I
I ~) ~‘~~

=(  N -’ 4 j —  1) / 2
I 4  ) N O I  = N 4 + I
1~i ) CA LL S P < F L I (  LI

, -~ 1 , 1’) , 4 , N% I , A :- ’ lC N ~~I
ISO DO I I , NJ

- 1/ 0  1 A v ~
( \ D ’41 — J ) A/1 ( N41 +J)

I ~.) CA T ~. ‘
~N0ISU ( LL , L , I .0)

I’ ,’ CAI .L F I L ! E  ( T Z , N ’~I [ , A t ~!, ) 4 ’i ,L , LX , X , L ; ) 2 N )
2 )”) iU~-?N
2 1 )  E -I 1.~

~W8
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PR OGRAM OUTPUTS
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COHERENCE FOR CI~ANNEL5 I AND 2

.85E+0O

.84E+Oo

.e2E+oo

.80E+oO
• 79E+OO
.77E+OO
.76Ei-’OO
.73E+OO
.72~tOO
.71 E+OO
.69 E.0O
.68E+OO
.67E+OO
• 65 Ei~O0
.64~~i’O0
.61 E+O0
• 60E+00
.58 ~+Oo
.57E+OO
• 55E+ 00
.53 ~+QO
.52 E+O0
• SOE+ 00
.49 E+OO
•47E+OO

.45E+0O
• 44E# O0
.4ZE+oO

- -

•3$~’Oo
.37Es00 - ;

.35E- ’ OO
• 34E+O0
.3ZE+0O
•3I E~oo
.29Es00
• 27EP00

.ZSE+O0 ‘

.24E.e.OO

•Z3t~00
•ZZE+O0
.21EpOO

I I I  I I I  I I  I 1 1 1 1 1 1 1 ! !  1 J 1 1 1 1 1 )  I T
0 1  ~~3 4 ~~~6 7 8 9  I I  3 15 17 19 ZI 23 2~ 27 29 3i

E~ G COHE~~ EP4CE ESTt Pl #~TE 0ST4 ,NEb ~ Y USIIJ t P~ ’OC R’A M ?fU S.SPE~CT

5,~r1~’L,,.sG Ra~T E :  ~9 Pff~ ~EC0~4~ , PEQ~ EES OF F~ EE00M 37 
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AOTOSPECTRA FOR CHANNEL I

.IOE+O I

.-;  I ‘~ -

. 1 -4- 1 ’

. 1 ’
• 1OE+OO

• I

• - / - - -
~~~~~~

• 50 E+OO

—

• .-JE+OO

I” - - -- 

-

.SI E—OI --

I I II  1 1 1 1 1 1  J I I I  I I I i  [ 1 !  T I !  I ] ) )
0 I 2 3 4 5 6 1 6 9 II I3 ir 17 19 21 23 25 27 2? .31

EEG ,luTo SPECTRUM ESTI MATE O~~,~’NE~o a~’ usu~ P~o~QAt1 r fUL.5Pff  Cr
37 peG~~EE5 ~~F F~~E~ DOM
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AUT05PE~CTRA FOR CHANNEL 2.

.IOE+O l

. 98E’OO

.SOE+OO
• / , - -?
./
• ,

‘
,- -:- 

-

•

.

• ‘I - -- -

. - i )  ‘,-

• f - ‘ r-

• ‘~~~~~ - -:- -

H .50E+OO

:

- - - -I

. _ ~~~~) _ - _
-

_ - I -

• --I-

• 2~~~ -:— “ - -

.23Es00
If . ~I 

- -  - -

• I 7E+OO 
- -- - -.1 1 1  1 !  I f  I f  I I T i l l  I f  I I I  I l l  I T  I I I  i l l0 I 2 3 4 5 6 7 8 9 II 13 15 I? 19 21 23 25 27 29 31

EEG A UTO5?EC1~~L’M EST IMATe o~~~r”~ ’~~~ ~ V USI t..JG PRoGQ~~M MIJLSPECT
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~~he purpose ~f this study is to develop a series of computer programs
for use in analysing time series data (waves) - such as E~) readings.

Programs were used to produce reliable estimates of correlations ,
spectra , cross spectra , and partial coherences of multi—channel random processe s
The software package was written to be easily adaptable to different sampling
rates, amounts of data , and numbers of channels. Provisions for digital pre- ”
filtering of data , detrending , and smoothing (using a number of lag windows)
were also included. Techniques ~ r estimation of spectra by fitting single— and
multi-channel autore gre sscve schemes to sampled data were also applied and found
to yield results consistent with the other methoda.~~ -~~~~~

All program were written in FORTRAN and run on the USNA/DTSS computer
system. All data and charts included in th. paper.
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