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. ABSTRACT

The computer programs which have been used in the past three years by
Princeton University's Econcmetric Research Program for épectral analysis of
economic time series are presented in this Research Memorandum.

There are essentially three programs. The first program computes
power spectra of an arbitrary number of series. The second program computes
power spectra of sets of up to fourteen series and cross spectra of every
combination of two series in the set. The third program computes, in addition
to the power-'and cross-spectra, the multiple and partial correlation of these
spectra of sets of up to six series. Of each of these three programs, there
is a Tukey-Hanning and a Parzen-version; both versions are presented here.

The programs are written in the Fortran-language for a computer of a 1it- _
tle over thirty-two-. thousand memory-locations. In the power- and cross-spectra
programs one to two thousand locations have been séved‘to enable the inclusion
of a subroutine that will instruct the computer to plot the results. In the
multiple and partial correlation subréutine of the third program use has been
made of the facility to perform:complex—arithmetic operations on the IBM 7090,
However, a version of this subroutine which uses only ordinary-arithmetic
operations is given in the Appendix.

The Tukey-Hanning version of each program is fully described and
printed in extenso. The Parzen-version only to the extent that it deviates
from the former. In addition, the inputs and oﬁtpgts of both versions of the
third program, applied to a series of only 24 observations, have been printed.
For a description of the results derived from these programs the reader is
referred to the forthcomihg'publication, "Spectral Analysis of Economic Time
Series,”" by C. W. J. Granger in association with M; Hatanaka (Princeton

University Press, 1964).
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. POWER SPECTRUM PROGRAM

This program is designed to compute the spectrum of a series. Pro-
vision has also been made for filtering the series before the computation of
the spectrum takes place and for recoloring afterwards. This particular pro-
gram can be used for series of up to 16,000 observations. Moreover, since
the computations are pérformed on one series at the time, there is no limi-
tation on the number of series that can be processed by this program.

There are two versions of the program depending on the particular type
of spectral window that is to be used. In the first version, the Tukey-Haﬁning
estimates are computed where the second one produces the Parzen estimates. The
first version will here be completely described; the second cne only to the

extent that it deviates from the first.

I- Tukey-Hanning version

a) Main program

The first card to be read is a control cardlandicating how many series
(nrsers) have to be processed. The second card indicates the number of obser-
vations (nrdata) contained in each series, whether the series has first to be
filtered or not (indicated by a positive number or a zero in thé Tield named
?nrfics?), and at how many frequency-points (nrlags) the spectrum has to be com-
puted. As a general rule thé number of frequency-points should not exceed one-
fourth of the number of cbservations minus one.
After the control cards the data are read, which are supposed to be
given in fields of width 12, in fixed point format and with an accuracy of 8
decimals at the most.-

Immediately after the data have been read, the machine is instructed to

1) All control cards have fields of width 10.




print them, 80 that the series, on which the ccmputation is to be performed,
is identified. This has been found to be good Practice when a great number
of series have to be processed.

The next step depends on whether one Wants to fllter the series first
before computing its power spectrum or not. Usually, when the spectrum is
camputed for the first time, one has not a good idea of the power at the
various fre@uencies and will therefore refrain from-filtering the series.

A zero in the field of the control card called "nrrics" is all that is
needed in that case. However, if one wants first to remove certain fre-
quencies, e.g., the trend or the seasonal from the original series in order
to get a better idea of the'power?at other frequencies, one can achieve this
by putting a positive number in the field "nrfics". This will then instruct
the machine to compute a moving linear combination of the series according

to the formula.
ﬁ)=dUX(ﬁ+c@)Xﬁ+lH“.+dMX(i+bD
or, in abbreviated form,

(1) X' (1) = g c(d) X (i +3-1) for i=1,2, ..., n - (k-1)
J=1

k stands here for the number of filter coefficieuts or the length
of the filter. Hence, if the original series X has n observations, the
length of the filtered series X' will then be 'n - (k-1). The c(j) in
the formula stand for the fi;ter coefficients; they are supposed to be given
in the fcrm of fractions, e.g., -0.333.i,, + 0.666...,.- 0.333...

After the data have been read and printed and the series has or has
not been filtered, its power spectrum can be computed. This is done in a

separate subroutine called "Subroutine POWERT," which will be described later.
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for i =1, 2, ey (m+l)l) where m is the maximum number of

lags and n the humber of observations.

The computation of the AUCVX (i) 1is performed in the first five
DO-lcops of the subroutine.
Next, the finite cosine series transform function of the auto-

covariances is calculated according to the formulae)

m+l . .
(5) AUCVIX (i) = '21 AUCVX® (3) cos illlléilllﬂ for i =1, 2, ..., (m+l)
J:

where

AUCVX' (1) = AUCVX (1), AUCVX' (i) = 2 AUCVX (1)

for 2<i<m and AUCVX' (m+l) = AUCVX (m+l)

The third and last step'is to Weight.the values of this auto-covariance

transform function according to the spectral window formulae:B)

SPECX (1) .5 AUCVIX (1) + .5 AUCVTX (2)

(6) SPECX (i) = .25 AUCVIX (i-1) + .5 AUCVTX (1) + .25 AUCVTX (i+1)
fori=2, 3, ..., m

SPECX (m+l) = .5 AUCVTX (m) + .5 AUCVIX (m+1)

To produce these Tukey-Hanning estimates of the powerspectrum it will

take the IBM 7090 for series of: ‘
180 observations and 30 frequency-points .26 minutes
180 "_ ).[.5 " .26 "
300 n l'_5 n . 27 "
300 " 60 ] .27 "
500 " 75 n” . 27 114

-

1) Though i actually runs from O through m, it starts here at 1 since
zero-subscripts are not acceptable in the IBM 7090 Fortran language.

2) Blackman-Tukey, op. cit., Section 21, p. 53.

3) Blackman-Tukey, op. cit., Section B, 5y.p."98.
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It should here be observed that even for series of 24 observations and
5 frequency-points it will take the IBM 7090 one quarter of a minute to produce
the spectrum. From this it can be concluded that most of the time stated here
is used for storage of the program in the computer prior to its execution.

The main program and subroutine POWERT are given on the followingME
pages.

As for the input, the first control card contains only.in its first
field a number, being the number of series that have‘to be processed. The
second control card containé in its: first fielé the number of data, in its
second field the number of filter coefficients if any and in its third field
the number of frequency-points at which the spectrum has to be computed. All
control cards have fields of width 10 and all fields are right-adjusted.

For the way in which the data are supposed to be given the reader is
referred to page 60.

On the same and following 6 pages the output for the unfiltered series
is shown and on page 68/76 the output for the filtered series. However, in this
program AUCVX (i), AUCVIX(i), SPECX(i) and RSPECX(i) are printed next to each
other rather than below each other.

Finally, it should be observed that if the series is not filtered
beforehand, SPECX(i) and RSPECX(i) are .identical. This last remark applies

to all following programs as well.
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TUKEY;HANNING VERSION DF-PONER SPECTRUM

DIMENSION C(SO)'X(16000).AUCVX(4000)oAUCVTX(#OOO)oSPECX(#OOO):B(SOPHT
1) ,FLTFCN(4000) 4RSPECX (4000) '
EQUIVALENCE !XyFLTFCN)v(X(SOOl)nRSPECX)v(X(9901)oB) ‘

COMMON X.AUCVX.AUCVTX.SPECX.NRSERS,NRDATA.NRLAGS.NRLSPlyPI,K

READ INPUT TAPE 5,1,NRSERS

K=1

READ INPUT TAPE 59 1yNRDATA,NRFICSNRLAGS
FORMAT(4110)

WRITE OUTPUT TAPE 6,2

FORMAT (//4xo6HNRDATAo4X06HNRFICS'4X'6HNRLAGS)
ARITE OUTPUT TAPE 6119NRDATA.NRF[CS.NRLAGS

IF (NRFICS) 39,39,3 :

READ INPUT TAPE 5049 (CLI),[=1,NRFICS)
FORMAT (6F12.8)

WRITE QUTPUT TAPE 6,5

FORMAT (/726X,20H FILTER COEFFICIENTS)
HRITE QUTPUT TAPE 6949(C(I),I=1,NRFICS)
READ [NPUT TAPE 5,4:(Xll)9l=loNRDATA)
WRITE GUTPUT TAPE 647K

FORMAT (/25X,20H URIGINAL SERIES NO 12/77)
WRITE QUTPUT TAPE 6949 (X(I),]1=1,NRDATA)
IF (NRFICS) 16,16,8 '
NROATA=NRDATA~(NRFICS‘II

D0 10 [=1,MNRDATA

CX=0.C

DU 9 J=1,40RFICS

IPIMLl=144~1]

CX=CX+C{J)eX{IPIML)

X{1)y=CxX

WRITE OUTPUT TAPE 6911,K

FORMAY (/2%X,20GH FILTERED SERIES N0 12/77)
WRITE QUTPUT TAPE 694y (XUL1)yI=1,NRDATA)
CALL POWERT : .

IF (NRFICS) 17417419

DO 1& [=1,NRLSP]

RSPECX{[)=SPECX(])

GO YU 27

DG 22 1=1,NRFICS

B(I)=0.0

NRFCS=NRFICS—-([~1)

CO 20 J=1,NRFCS

JPIMl=g+[-1

BUL)=E(I)+C(J)=C(JPIM])

IF (1-1) 22,22,21

Bll)=2.u=g(])

CONT INUE

FNRLS=4RLAGS

ANG=PI/FNRLS

D3 23 1=1,4RLSP1

Fi=1-1

FLTFCN(IL)=0.0

DC 23 J=1,NRFICS

FJd=J-1 . ’
FLTFCN(I)=FLTFCN(I)+B(J)*COSF(FJ#FI#ANG)
DO 26 I=1,4NRLSPL

PUT
PUT
PWT
PWT
PWT
PHT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWIT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PXT
PWT
PWI
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PUT
PWT
PWT
PWT

1/712/63

0020
0030
0040
0050
0060
0070
00a¢
0090
0100
ol10
0120
0130
0140
0150
0160
o0l70
0180
0190
G200
G210
0220
0230
0240
0250
0260
0270
028¢
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
C39¢
0400
0410
G420
0430
0440
0450
0460
0470
0480
0490
0500
0810
0520
053y
0540
0550 -
0560

B e T
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TUKEY-HANNING VERSION OF POWER SPECTRUM /127563

I[F (FLTFCNUIL)) 24,24,25 ' PHT 0570

24 RSPECX{I)=10.0##35 PWT 0580
GO TGO 26 PWT 0590

25 RSPECX{I)=SPECX(I)/FLTFCNI(I) PWT 0600
26 CONTINUE PWT 0610
27 WRITE GUTPUT TAPE 6,29,K PRT 0620
29 FORMAT (/7X,104HAUTO COVARIANCE FUNCTION,TRANSFORMED AUTO COVARIANPWT 0630
1CE FUNCTION,SPECTRUM AND RECOLORED SPECTRUM OF SERIES [2) PWT 0640
WRITE QUTPUT TAPE 6,30 PWT 0650

30 FORMAT (/9X.1HI,8X.8HAUCVX(I).13X.1HI,7X.9HAUCVTX(I),lBX.lHI.BXp PWT 0660

18HSPECXUL) 9 13X, IHI  TX 9 GHRSPECX (1) 44X/ /) PWT 0670
DO 31 I=1,NRLSPI PWT 0680
IMl=[~-] _ ' PWT 0690
31 WRITE GUTPUT TAPE 6932, ML, AUCVX(T)IMLyAUCVTXI{I),[ML,SPECXII), PRT 0700

LIML,RSPECX(T) PWT 0T71vu
32 FORMAT (4(9X,15,1PE20.7)) PWT 0720
42 IF (WNRSERS-K) 45,45,43 PWT 0730
43 K=K+1 PWT 0740

GO TU 44 PWT 0750
45 CALL EXIT PWT G760

ENC{19Cy09Gy0y091404041,0,0,0,0,0)



1) 4 ACXPR(4000) , AUCVTX(4000),SPE

SUBROUTINE POWERT
SUBROUTINE POWERT

PWT

DIMENSION X(lbOOO),SUMXL(4000).SUMXU(4000),PRDDXX(#OOO).AUCVX(#OOOPNT

CX(4000),WEIGTS(4000)

PWT

EQUIVALENCE (X.ACXPR).(X(5001).HEIGTS).IAUCVXpSUHXL)o(AUCVTXySUMXUPNT

1)y (SPECXsPRODXX)
COMMON xtAUCVXtAUCVTXpSPECXQNRSERS’NRDATAQNRLAGSQNRLSPI'PI'K

NRLSPI=NRLAGS+1 ‘
NRDTML=NRDATA~-NRLAGS

SUMX=0.G

DO 1 J=NRLSPLl,NRDTML
SUMX=SUMX+X(J)

SUMXLINRLSP1)=SUMX
SUMXU(INRLSP1)=SUMX

DG 2 J=1,NRLAGS '
SUMXL(NRLSP[)=SUMXL(NRLSP1)+X(J)
JJ=NRDATA-{J~-1)
SUMXU(NRLSP[)=SUMXU(NRLSP1)+X(JJ)
DC 3 J=1,NRLAGS

JJ=NRLSP1~J

JJJ=NRDATA-(JJ-1)
SUMXL(JJ)=SUMXL(JJ+1)+X(JJJ)
SUMXUtJJ)=SUMXU(JJ+1)+X(JJ)

DO 4 J=1,NRLSP]

PRCCXX{JY=0.0

MN=NRDATA-(J-1)

JM=J

Cu 4 [=1,MN
PREGXX(J)=PROUXX(J)+X(I)iX(JM)
JM= M+ 1

DG 5 I=1,NRLSP1

DENGM =/RCATA-(I-1)
FDEN=1+G/CENGM :
AUCVX(l)=FGEN*(PRODXX(I)-FDENGSUMXU(I)*SUMXL(I))
ACXPR{1)=AUCVXI(1)

- D3 10 I=2,NRLAGS

i1

17

ACXPRIT)=2.0%AUCVX(LY)
ACXPRINRLSPL)=AUCVXI(NRLSP1)
FNRLS=NRLAGS :
PI=3.141592865359

ANG=P [/FNRLS

CO 11 I=1,NRLSP]

AUCVTX{1)=G.0

FI=I-1

DC 11 J=1,NRLSP1

Fl=J-1

ANGLE=FJ*F [#ANG _
AUCVIX{I)=AUCVTX(I)+ACXPR(J)*COSF(ANGLE)
SPECX(1)=0.5%{AUCVTX(L)+AUCVTX(2))

DO 17 I=2,NRLAGS

SPECX(I)=0.25*(AUCVTX(l-1)+AUCVTX(l+l))+O.5'AUCVTX(I)

SPECX(NRLSPI)=0.5'(AUCVTX(NRLAGS)+AUCVTX(NRLSP1))
RETURN .
ENODCL,0,04C30,0, 10010'11010,0_'090)

PHT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PWT
PRWT
PWT
PWT
PHT
PWT
PWT
PWT

" PHT

PAT
PWT
PWT
PWT
PUT
PWT
PWT
PWT
PWT
PWT

1/12763

0780
0790
0800
0810
0820
0830
0840
0850
08606
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1275
1280
1290
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IT. The Parzen-version of the power spectrum program

The differences between this version and the Tukey-Hanning one are all
located in the subroutine in which the spectral estimates are computed.

b) Subroutine POWERPl>

In this subroutine the auto-covariance-function is first weighted
and then transformed'contrary to the procedure described in subroutine POWERT.
The computation of the auto-covariance function is moreover much simpler; on
the other hand the weights are of a much more complicated nature.

The auto-covariance function is now computed according to the formula:2)

(1) AUCVK(3) = 2 [ n_E;l)xt X (11) - & < t;l X, )( t%l Xt)]

for i =1, 2, ..., (m+l) where m 1is
the maximum number of lags.

The auto-covariance function is then welighted:

(8) WACVX (i) = WEIGTS(i) * AUCVX (1)
fori=1,2, ..., (m+l) as before.
The weights suggested by Parzen are:B)
WEIGTS(i) =1 - 6 (3)%(1-3) for1<i <l
’ m m - -2
(9)
. 1.3 m .
WEIGTS(1)=2(1-E) for3 +1<i<m+1

where m is the maximum number of lags.
The weighted auto-covariance function is then transformed into the Parzen-

spectral estimates:

1) The last P in this word is meant to indicate that this subroutine will pro-
duce the Parzen-estimates of the power spectrum.

2) Privately communicated to me by Clive Granger.

3) See Table II of Parzen's article "Mathematical Considerations in the
Estimation of Spectra,” in Technometrics, Vol. 3, May 1961, p. 186.
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m+l : )
(10) SPECX(i) = = ACXPR(j)  cos (,!'l)xgl-l)ﬁ
, 3=1
for i =1, 2, ..., (m+l) as before,

where ACXPR(1) = WACVX(1)

ACXPR(j) = 2 WACVX(J) for j =2, 3, ..., m

and  ACXPR(m+1) = WACVX (m+1).

The time-estimates for this version are identical to those of the
Tukey-Hanning version. As indicated before, it takes very little time to
execute the program once it is &tored in the machine.

The main program is the same as that of the Tukey-Hanning version.
However, subroutine POWERP differs from POWERT and is given on the next page.

The input is the same as in the Tukey-Hanning version.

For the output the resder is referred to page T8/84 for the unfiltered
series and page 86/9h for the filtered series. Comparing these spectral estimstes

with the Tukey-Hanning ones shows the difference in the results.
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SUBROUTINE POWERP

SUBRUUTINE POWERP
DIMENSION X{16000), WEIGTS(#OOO)yPRDDXX(4OOO)1AUCVX(4OOO)'
INACVX(4000),ACXPR(4000).SPECX(4000)
EQUIVALENCE (X, ACXPR).(X(5001),NEIGTS)o(AUCVX DUMACX) 4 (WACVX,
1DUMWCX) 4 { SPECX s PRODXX)

COMMON X, AUCVX, HACVX,SPECX,NRSERS.NRDATA NRLAGS y NRLSP1,PI,K "
NRLSPL=NRLAGS +1

NRDTML= NRDATA =~NRLAGS

FNRLS=NRLAGS

PI=3.14159265359

ANG=PI/FNRLS

SUMX=0.0

DO 1 J=1,NRDATA

SUMX=SUMX+X(J)

NRLSU2=FNRLS/2.0+1,0

0O 2 I=1,nNRLSU2

FI=i-1 .
WEIGTSUI)=1.0-(6.0%FI##2/FNRLS*#2)#(1,0~-FI/FNRLS)
NLO2P1=NRLSO2+1

LU 3 T=NLU2P1,NRLSPIL

Fl=1-1

WELIGTS(I)=2.0%(1.0- FI/FNRLS)**B

L0 4 J=1,NRLSP1L

PRUCXX(J)=C.0

MN=NRUATA-({J- l)

JM=J

PG 4 I=1,MN

PROCXX{J)= =PROCXX(J)+X (1) eX(IM)

JM=JgM+ i

DENUM =%RDATA

FOEN=1,)/0ENOM

CO 5 I=1,NRLS5PI

AUCVX{T)=FCEN®* (PRODXX{I)-FDEN#SUMX*SUMX)
0O LC I=1,NRLSP1
WACVX{L)=wE IGTS(I) sAUCVXLT)
ACXPREL1)=WACVX(1)

DO 15 [=2,NRLAGS

ACXPR{ITI)=2.C%WACVYX(])
ACXPR(MnLSPl)‘WACVX(VRLSPl)

BO 17 I=1sNRLSP1

SPECX(I)=0.0

FI=1-1 ’

CC 17 J=1,42L5P1

FJ=J-1

ANGLE=FI=F.J#ANG

SPECX(1)= SPFCX(I)+ACXPR(J)*CUSF(AVGLE)
RETURN
E\JD(lpU]C‘yC,O,O.11(4'0'1'0’0'0'0'0)

PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP

PUWP

PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PP
PWP

PWp

PWP
PWP
PWP
PWP
PWP
PWP
PWP
PWP
PP
PWP
Pwp

PWP

PWP

PHP
PWP

PP
PWP
PWP

PWP.

PWp

7/12/763

0780
0790
0800
0810
0820
0830
0840

0850

0860 -
0870
0880
0890
0900
c910
0920
0935
0940
0950

096G

0970
0980
0990

‘1000

1010
1020
1030
1040
1050
1060
1070
108G
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
119¢
1200
1210
1220
1230
124G
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POWER- AND CROSS-SPECTRUM PROGRAM

This program is designed to.compute for several sets of series:

a) the spectrum of each series in the set.

b) the cross spectrum of every combination of two series in the set.
¢) the following cross spectral estimates of every such combination:

1) cross amplitude

2) coherency (squared)
3) eain

4) phase

d) the spectrum of the residuasls for every such combination.

In general, the sets contain'more then two series and the computations

have been arranged in such a way that first the spectrum of each series in the
set is computed before the calculation of the other statistics takes place.
This way all épectra are computed only once, resulting in some saving of machine
time. The price that has to be paid for this is, of course, the storage of the
spectra, once they have been computed so that they can be called in when needed
in the computation of the other statistics.

The program is designed for series with a maximum of 1200 observations,
since not many economic time series seem to contain more observations. This gl—
lows  the inclusion of up to fourteen series per set. Buf it is, of course,
Possible to use this program for sets of more and shorter or fewer and longer
series. All that has to be done isg to change the numbers in the dimension state-
ments at the beginning of the main_program and the subroutines.

Similar to the power spectrum program, there.are also two vefsions of
this program, one producing the Tukey-Hanning estimates, the other the Parzen
estimates. Again the first version will here be completely described and the

second one only to the extent that it deviates from the first.




I. Tukey-Hanning version

a) Main program

The first two cards are c§ntrol cards}) The first one indicates how
many sets (nrsets) there are, the second one»how many series (nrsers) there
are in each set, the number of observations (nrdata) contained in each series,
whether the series have first to be filtered or not (indicated by a positive
number or a zero in the field called "nrfics")and at how meny frequency-
points (nrlags) the spectra and cross spectra have to be computed.

After these control cards, the data are read and stored in a two-
dimensional array XX (i,4) , where the second index identifies the series.
This is done to insure that in the gqmpufation of the cross spectra the series
are matched with their own spectra rether than with those of other éeries.

For, as explained in the introduction, the spectra are in this program computed
in a separate subroutine, the result of which is stored in a special two-dimen-
sional array SPECXX (i,4) . By also storing the series in the same order as
their spectra the chances of an improper matching of series and spectra are
practically eliminated.

It is, of course, possible to save the storage locations now set
aside for the series by reading them once more after their spectra have been
computed and before the>computétion of the cross speétra‘is to be started.

But then one has to make sure that the series are properly matched with their
spectra.

The date are again supposed to be given in fields of width 12, in
fixed point format and with an accuracy of 8 decimals at most. Immediately
after the series has been read, it is. printed for reasons which were givgn
before. ”

Then, it is agein possible to filter the series before the spectrum

i{s computed and to recolor the latter sfterwards. The reader is referred to

1) A1l control cards have fields of width 10.
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the Power Spectrum Program (espeCially page 2 and 3) for the meaning 6f the
terms "filtering" and "recoloring". Here it should suffice to remark that
if one wants to make use of this facility, it is necessary that all series
of a set should pass the same fllter and be recolored in the same way. Fin-
ally, it should be remarked that the filtered series are stored back at the
seme locatlions in which the original series were stored.

The next step is the computation othhe spectrum,which takes place
in subroutine POWERT. The result is stdred iﬁ a special two-dimensional array
SPECXX (i,{),, where the second index againvidentifies the series.

After éll sepctra have been computed; the cross spectra and cross
Spectral estimates are compﬁfed fs} eve;& comﬁ&natidn of two series in the set.
This computation takes place in a separate subroutine, subroutine CROSST, which
will be described: later.

Once all spectra and Cross spéctra have been computed, they need to
be recolored if the series have been fiitered beforehand. For g description
of this recoloring procedure, one is again referred to the Power Spectrum
Program.

Finally, the spectrs of the "residuals", being somewhat similar to
the residuals in ordinary regression analysis, are computed. This should give
one an idea of possible other periodicities in the second series Y which are

not shared by the first series X. The computation of the spectra of the

residuals is based on the formuls:
(11) SPECRS (i) = (1 - COHSQ (1)) * RSPECY (i).

COHSQ stands here for the square of the coherency of series Y on
series X and will be defined later; it is computed in subroutine CROSST.

RSPECY (i) stands here for the (original or recolored) spectrum of the Y series.
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The reader should however be cautioned that the coherency, as it is
computed in subroutine CROSST, will not always lie in the range from 0 to ;l’
On the contrary, it is quite possible by using this subroutine to obtain co-
herencies between plus or minusg 10 at some frequency-points. It will be clear
that in those cases not much meaning can be attached to the resulting spectrum

of the residuals.

b)) Subroutine POWERT

This subroutine is identical to the one deseribed on page 3 and b

except for the printing of the results which now takes place in the siubroutine.

c¢) Subroutine CROSST

Analogous to subroutine POWERT, the first step in computing the cross

spectra is the calculation of the cross covariance functions of Series X and

1)

Y according to the formulae:

1 n-(i-1)

. 1 n n-(1 l)
(12) CRCVXY (i) =D til x,G Yt_(i_l) - m<t§iy >< >

1 " n-(i-1)

| . : n-(1 1)
(13) CRCVYX (i) = =TT Y X (i-1) - m(zx >< >

t=1 \t=1i

fori =1, 2, ..., (m+l) where m
is the maximum number of lags and

n the number of observations
The computation of these cross covariance functions is performed in

the first five DO-loops of the subroutine.

Next, the cross-covariance-transform functions are computed according

2)

to the formulae:

1) See Granger-Hatanaka "Spectral Analysis of Economic Time Series," 1963,
Section 6.3,

2) See Granger-Hatanaka, op. cit., Section 6.3.
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41 | _ .
(k) co (1) =% g (CRCVXY' (3) + CRCVYX' (3)) cos (q-l)m(l-l):r
. Jj=1 ‘ ‘
.and
. +1 o N .
(15)  quap (1) = % 3 (CRCVXY® (J) - CRCVEX' (j)) sin (J'l)m(l-l)n
J=l

for i =1,2, ..., (m+l)

I

where CRCVKY' (1) = CROVKY (1), CROVXY' (i) = 2CRCVXY (i) for 2<i<m

ard CRCVKY' (m+l) = CROVXY (m+l) and similarly for the CRCVYX'(i).

The third and last step is to weight these cross-variance transform

-functions.according to the spectral window formulae:

Weo (1) = .5 co(1) + 5 CO(?)

(16) WCO (1) = .25 (CO(i-1) + 50 CO(1) + .25 Cco(i+1)
| | for i = 2y 3pceey m.
WCO (m+l) = .5 CO(m) + .5 CO(m+l)
WQUAD (1) = .5 QuaD (1)
(17) ! WQUAD (i) = .25 QuUAD (i-1) + .50 QUAD (i) + .é5 QUAD (i+1)

for i'=2, 3,..., m.

\ WQUAD (m+l)= .5 QUAD (m+1)

\ The resulting WCO(i) and WQUAD(i) are the real respectively imag-
inary parts of the crbss;speétra.'
Finally, four cross_sﬁectral estimates are computed in this subroutine,
namely: |

1) The Cross Amplitude according to the formula:

(18) CRAMPL (i) = ~J‘W002(i) + WQUADE(i) for 1 =1, 2,..., (m+l)
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2) The Coherency (squared) defined as:

WCO(1) + wQuap© (1)

| for i=1, 2, «v., (m+l)
(19) CoHSQ (1) = sppow(1) * sPECY(1) T

where SPECX (i) and SPECY (i) stand for the spectral estimates of series
X and Y. As has been remarked the coherency, as it is computed in this

subroutine, will not always lie in the range from 0 to 1.

3) The Gain.
This is something similar to the coefficient of regression of series

Y on series X. It is defined as:

_ Jwco?(1) + wquan®(1)
SPECX (i)

(20) GAIN (i) for i =1, 2, ..., {m+l)

4) The Phase, computed according to the formula:

(WQUAD(i)

(21)  PHASE (i) = ARCTAN (=roriy~ for i =1, 2, ..., (m+l).

Given a set of Ut series, it will take the IBM 7090 for series of

180 cbservations and 30 frequency-points .66  minutes
180 " 45 o .95 "
300 " 45 "o 1.09 "
300 " 60 weo 1.48 "
300 " 75 "o 1.9%. "

to produce 4 powerspectra and 6 cross-spectra (one for each combination of .

2 series).
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Comparing the First time-estimate with thé one given on page 4 one
may conclude that it takes this computer for a series of 180 observations and
30 frequency-points .40 minutes to compute 2 sets of 6 cross-spectra and the
b cross-spectral estimates aésociated with each of them. From the time-
estimates which has'just been given it can also be concluded that the number
of frequency—points‘has a greater influence on the required amount of time
than the number of observations.

The main program and the'two_subroutine POWERT and CROSST are given
on the following 8 pages. The only difference between subroutine POWERT of
thé powerspectrum program and that of this program is that the printing of the
results takes now place in fhe subroutine.

As for the input, the first céntrol card containg only in its first
field & number,_being the number Qf sets that have to be brocessed. The second
contrél card‘contains in its first field the number of series in the set, in
its second field the number of observations of each series (all series in a
éet have to be of the same length!), in its third field the number of filter
coefficients if any and in its fourth field the nuﬁber of frequency-points at
which the spectrum has to be computed. As before, a;l control cards have
fields of width iO and all fields are right-adjusted.

The format in which the data are supposed to be given is shown on
page 60. |

The output is shown on page 60/66 for the unfiltered series and

page 68/76 for the filtered series.
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TUKEY-HANNING VERSION OF POWER- AND CROSS-SPECTRUM

DIMENSION CT(50),XX{1200914)4X11200),SPECX(300),SPECXX(300,14),
1Y{1200),SPECY(300),8(50),FLTFCN(300),RSPECX{300),RSPECY(300),
2COHSQ(300) 3 SPECRS(300),WEIGTS{300)

EQUIVALENCE (X(301),RSPECX) s (X(901),SPECRS)(Y(301),RSPECY),
L{Y{90L1)+FLTFCN)

COMMON X, Y, SPECXySPECY,COHSQyWEIGTS yNRSERS,NRDATA,NRLAGS ¢ NRLSP1,
1PI,LyM

READ INPUT TAPE 5, L4NRSETS

K=1

READ INPUT TAPE 541,NRSERS,NRDATA,NRFICS,NRLAGS

FURMAT(4]10)

WRITE DUTPUT TAPE 6,2

FORMAT (/74X 6HNRSERS,4X, GHNRDATA, 4X,6HNRF[CS,4X 6HNRLAGS)

WRITE QUTPUT TAPE 691 sNRSERS,NRDATAZNRFICSsNRLAGS

IF (NRFICS) 649643 .

REAG THPUT TAPE S5,4,(C{I)3I=1,NRFICS)

FORMAT (6F12.8)

WRITE CUTPUT TAPE 6,5

FORMAT (/26X420H FILTER CCEFFICIENTS)

WRITE QUTPUT TAPE 6,4,(C(I)yI1=14,NRFICS)

6 L=1

39 READ INPUT TAPE 5,4, (XX{T4L)e[=1,NRGATA)
WRITE QUTPUT TAPE 6,7sL

7 FORMAT (/25Xs20H URIGINAL SERIES NO 12/7)

WRITE GUTPUT TAPE 644,(XX(I,L),I=1,NRCATA)
IF (NRFICS) 50,50,8

8 NRLATA=NRUATA-(NRFICS-1)
LU 10 [=1,NRDATA
CX=0.0
0BG 9 J=1,NRFICS
[PIml=144~1

9 CX=CX4C () exXX1IPIML,L)

10 XX(I4L)=CX
WRITE GUTPUT TAPE 6411,L

LL FURMAT (/25X,20H FILTERED SERIES NO 12/7)
WRITE CSUTPUT TAPE Grby (XX({I4L)sI1=1,NRDATA)

50 0C 91 [=1¢NRDBATA

51 X{UI)=XX(1,L)
CALL POWERT
DO 52 I=1,%RLSPIL

52 SPECXX(1,L)=SPECX(I)
IF (NRFICS) 54,54,453

53 NRCATA=NRDATA+(NRFICS-1)

54 [F (NRSTRS-L) 56456455

59 L=L+1
GC Tu 37

b6 L=1
IF (NRFICS) 58,58,57

57 NRUCATA=HRDATA-({NRFICS-1)

28 DC 99 I=1,I20DATA

59 X{I)=Xx(I4L)
CU 60 1=148RLSPL

60 SPECX(1)=SPFCXX(I,L)
M={ +]

Gl UG 62 1=1,%RDATA

PCT
PCT
PCTY
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCY
PCT
PCT
PCT
PCT
PCT
PCY
PCT
PCT
PCT
PCT
PCY
PCT

PCT

PCT
PCT
PCT
PCT
PCT
perT
PCT
PCT
PCT
PCT
PCT
PCIT
PCY
PCT
PCT
PCT
pCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
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0020
0030
0040
G050
0060
0070
¢080C

(090

0100
0110
0120
0l3¢0
0140
Cl50
0l60
0170
0180
0190
200
0212
0220
0230
0240
0250
260
02713
Jz280
0290
0300
U3l
C320
0339
0340
0350
0360
0370
G380
039¢C
040G
0410
0420
¢430
0440
G450
34560
0470
G480G
C49C
0507
0510
0520
0533
3540
3950
0560
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63
16

17
18

19

20

21
22

26
217
28

29

30

31
32

33

36
37

42
43

45
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TUKEY-HANNING VERSION OF POWER-~ AND CROSS-SPECTRUM

YOI)=XX(14M)
DO 63 I=1,NRLSP1
SPECY(L)=SPECXX(I,M)

CALL CROSST

IF (NRFICS) 17,17,19

00 18 I=1,NRLSP1
RSPECX(I)=SPECX(])
RSPECY(I)=SPECYI(])

GO TG 27

DO 22 1=1,NRFICS

B‘ I)=0.’:J‘

NRFCS=NRFICS-(1-1)

0Q 20 J=14NRFCS

JPIM1=J+I~1]
BUI)=B(I)+CLI)C(IPIML)

IF (1-1) 22,22,21
BlI)=2.0s8(1)

CONT INUE

FNRLS=NRLAGS

ANG=PI/FNRLS

00 23 [=]1,NRLSP1

Fi=1-1

FLTFCNE D) =0.0

DO 23 J=1,NRFICS

Fy=J-1
FLTFCN(l)=FLTFCN(l)+B(J)*COSF(FJ*FI*ANG)
DO 2¢ I=1,a0LSP1

IF (FLTIFCHUT)) 24,24,25
RSPECX{[)=12,0%235
RHSPECY(1)=10,0%e35

GG 10 26
RSPECX{I)=SPECXITI)/FLTFCNI(T)
RSPECYU L)=SPECY(I)/FLTFCN(])
CONT [ L~

DO 28 I=1,NRLSP1
SPCCRS(K)=(I.O-CDHSQ(I))!RSPECY(l)
WRITE CGUTPUT TAPEL 692F% 9L o M

FORMAT (/21X,29HRECOLORED SPECTRUM OF SERIES [2,5H AND [2,40H AND
LSPECTRAL [CSTIMATES OF THE RESIDUALSZ/)

WRITE CUIPUT TAPE 6,30

FORMAT (?QX,IHI.SX.QHRSPECX(I)plZX.lHI;BX'9HRSPCCY(I)-l?XalHIpSX.
I'IHSPECRS(L),18X//) ‘

DU 31 [=1,4%LSP1
IM1=1~1

WRITE CIUTPUT TAPE 6,32.IM11RSPECX1[),IMl.RSPECY(I).IMl,SPECRS(l)

FORMAT (15Ky3(6X,14,1P20.7)) .
IF UNRSERS=M) 36,436,433
M=p+]

GO rg 61

I[F (NRSFRS=(L+1)) 42,42,37
L=L+1

GO TO 58

IF (NRSZTS-K) 45,45,43
K=K+1]

GO TO 44

CALL EXIT

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCY
PCT
PCT
PCT
PCT
PCT
PCY
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCTY
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT

. PCT

PCT
PCT
PCT
PCT
PCT
PCT
PCTY
PCI
PCT
PCT
PCT
PCTY

1712763

0570
0580
0590
0600
0610
620
3630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
G760
07170
07180
0790
0800
0810
0820
0830
0840
0850
0860
c870
ossc
4890
0900
091
0920
0930
£940
U950
0963
J97)
098¢
0990
1000
1010
1020
1030
1040
1050
106D
1070
1380

1090

1100
1110
1120
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ENE( 1’0'0.0’0’0' 1'0,0'1'0'0’0'0’0)
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SUBROUT INE POWERT

SUBROUTINE POWERT ‘ ‘
DIMENSION X(1200).SUMXL(300).SUMXU(SOO)cPRODXX(300).AUCVX(300).
LAcxpalaoO),AUCVTX(300).SPECX(300).Y(1200).SPEcv(300).c0Hso(300).

2WEIGTS(300)

EQUIVALENCE (X, AUCVX) 4 (X(301),ACXPR), (X(601) yAUCVTX) 5 (Y, DUMY),
LISPECX, SUMXL ), (SPECY,DUMSPY), (COHSC, SUMXU) » (WE [GTS » PRODXX)
COMMON x.v.specx.SPECY.COHSQ.WEIGTS.NRSERS.NRDATA.NRLAGS.NRLSPL,
IPIsLyM

NRLSP1=NRLAGS+1

'NRDTML=NROATA-NRLAG

SUMX=0.¢ '

DO 1 J=NRLSPL,NRDTML

SUMX=SUMX+X (J )

SUMXL (NRL5P1)=SUMX

SUMXU(NRLSP1)=SUMX

DO 2 J=1,NRLAGS

SUMXL {NRLSP L) =SUMXL (NRLSPL) +X(J)

JJ=NRDATA-(J-1) A
SUMXULNRLSP 1) =SUMXUCNRLSP L) +X(JJ)

CO 3 J=1,NRLAGS

JJ=NRLSPL-y

JJI=NRDATA-(JJ~1)

SUMXL (JJ)=SUMXL(JJ+1)+X(JJJ)
SUMXULJII ) =SUMXU(JI+1) +X(JJ)

0O 4 J=1,4RLSPI :

PRCUXX{J)=0.0

MN=NRLATA-(J-1)

JM=

DU 4 I=L,my

PROCXX(J)=PRICXX(J)+X (1) %X (JM)

JM=JM+] :

DO 5 [=1,4RLSPI

PENGM =NRUATA=([=1)

FOEN=1.3/i:ENGH

AUCVXUT) =FLLN® (PRCOXX (1) ~FDEN®SUMXU( )% SUMXL (1))
ACXPR{1)=AUCVX(L)

DC 10 L=2,MLAGS

; ACXPRITI)Y=2.0=AUCVX (1)

ACXPRINRILSP 1) =AUCVXINRLSP])

FNRLS=NILAGS '

PI=3.14159265359

ANG=PI/FNRLS

BC 11 I=1yN3LSPL

AUCVTX(L)=0,0

Fi=1-1

0C 11 J=1,5NRLSP1

Fld=J-~1

ANGLE=FJwF]#AN(
AUCVTX(I)=AUCVTX([)+ACXPR(J)*CGSF(ANGLE)
SPECK(l)=O.5*(AUCVTX(l)+AUCVTX(2))

DC 17 I=2,NRLASS : ,
SPECX(l)=G.25*(AUCV[X(l—1)+AUCVTX(I*1))+0.5*AUCVTX([)
SPECX(JRLSPl)=U.5*(AUCVTX(NRLAGS)+AUCVIX(NRLSP1))
WRITE QUIPUT TAPE 6,18,L

FCRMAT (/17X,84H AUTO COVARIANCE FUNCTION,AUTO COVARIANCE TRANSFOR

IM FUNCTICNY ANG SPECTRUM OF SERIES 12) .

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCY
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCr
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT

pCT
PCT

PCT -

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCY
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
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1140
1150
1160
1170
1180
1190
1200
121¢
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
137G
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
l48y .
1495
1500
Islu
1529
1530
1540
15590
156
15706
1589
159¢
160u
1610
1620
1630
1640
1650
1660
1670
1680 .
1690
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SUBROUTINE POWERT

WRITE QUTPUT TAPE 6,19
19 FORMAT (/24XleIp8X,8HAUCVX(I)913X.1HI.8X,9HAUCVTX(I)-lZX:lHIaBX,

LBHSPECX{1)419X//) )

DO 20 I=1,NRLSP1

IMl=[-1
20 WRITLE OCUTPUT TAPE 6,21,IM1.AUCVX(I)oIMlyAUCVTX(I)olMl,SPFCX(I)
21 FORMAT (15X,3(6X,14,1PE20.7))

RETURN

END(11010.010'0'71)0'0'110'030)0)0’

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
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1700
1710
1726
1730
1740
1750
L760
1770
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SUBROUTINE CROSST

SUBROUTINE CROSST PCT
DIMENSION X(lZOO),Y(1200).SUMXL(300)nSUMYL(300)nSUMXU(300)oSUMYU PCT
1(300)-PRUDXY(300)»PRUDYX(300)9CRCVXY(300).CRCVYX(3OO)yCCXYPR(BOO) PCTY
2.CCYXPR(300).CD(300),QUAD(300).WCD(300).NQUAD(BOO)pRSQ(300)oCRAMPLPCT
3(300).SPECX(300),SPECY(300).CDHSQ(300)vGAlN(300).PHASE(300):HEIGTSPCT
4(300) ' PCT
EQUIVALENCE (X.CRCVXY).(X(BOI).CD).(X(bOl).NCU).(X(901).RSQ),(Y. PCT

1CRCVYX).(Y(301).QUAD).(Y(601).WQUAD).(Y(901)oPHASE).(SUMXL.ACXPR).PCT
Z(SUMYL'ACYPR)'(SUMYU,CCXYPR),(SUMXU|CCYXPR),(PRODXY,CRAMPL’. PCTY
3{PRODYXsGALN) PCT
COMMON X.YpSPECX’SPECY:CDHSQ'NE16751NRSER$1NRDA[A1NRLAGS:NRLSPI' PCT
IPI, LM : PCY
NRLSP1=NRLAGS+1 . PCT
NRLCTML=NRDATA-NRLAGS . . PCT
SUMX=0,0 i PCT
SUMY=0,0 ' _ PCT
DO 1 J=NRLSP1,NRDTML PCT
SUMX=SUMX+X(J} PCT

L SUMY=SUMY+Y(J) PCT
SUMXL (NRLSP1) =SUMX . PCT
SUMXU{NRLSP1)=SUMX PCT
SUMYL{NRLSPL1)=SUMY PCT
SUMYU(NRLSPL) =SUMY PCT
CC 2 J=1,NRLAGS PCT
SUMXL(HRLSPI)=SUMXL(NRLSP1)*X(J) PCTY
SUMYL(NRLSPI)=SUMYL(NRLSP1)+Y(J) PCT
JI=NRDATA-(J-1) ‘ PCT
SUMXU(NRLSP1)=SUMXU(NRLSPl)*X(JJ) PCT

2 SUMYU(NRLSPI)=SUMYU(NRLSP1)+Y(JJ) PCTY
00 3 J=1,NRLAGS PCT
JJ=NRLSP1-) PCT
JJI=NRLATA-{JJ~1) PCT
SUMXL(JJ)=SUMXL(JJ+1)*X(JJJ) PCT
SUMYL(JJ)=SUMYL(JJ+1)*Y(JJJ) PCT
SUMXU(JJ):SUMXU(JJ+I)+X(JJ) PCT

3 SUMYU(JJ)=SUMYU(JJ+1)*Y(JJ) PCT
DO 4 J=1,NRLSP) PCTY
PRCDXY{J)=0.0 PCT
PREDYX{J)=C.L.0 PCT
MN=NRCATA-{(J-1) PCT
JM=] PCT
00 4 [=1,MN PCT
PRCUXY(J)=PQUDXY(J)+X(l)'Y(JM) PCT
PRUUYX(J)=PQUDYX(J)+Y(l)*X(JM) PCY

G JM=gM+] PCT
DC 5 I=1,NRLSP] PCT
DENOM =NRDATA-(I-1) PCT
FDEN=1.0/0ENGM . PCT
CRCVXY(l)=FUEN*(PRUDXY(I)-FDEN*SUMYU(I)*SUMXL(I)) PCT

5 CRCVYX([)=FDEN*(PRGDYX(l)—FDEN*SUMXU([)*SUMYL(l)) PCT
CCXYPR{1)=CRCVXY(]) ‘ PCT
CCYXPR{1)=CRCVYX(1) . PCT
CO 10 I=2,NRLAGS ‘ PCT
COXYPR(L)=2.0=CRCVXY(]) PCT
10 CCYXPRUTI)=2.0%CRCVYX(I) PCTY

CCXYPRENRLSPL)=CRCVXY(NRLSP1) PCT

1/12/763
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1800
1810
1820
1830
1840
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1900
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203u
2040
2050
2060
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2090
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2120
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2140
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2200
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224¢C
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2290
2300
2310
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234G
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SUBROUTINE CROSST

CCYXPR(NRLSPL)=CRCVYX(NRLSP1) PCT

FNRLS=NRLAGS PCT
PI=3.14159265359 : PCT
ANG=PI/FNRLS PCT

DO 11 I=1,NRLSP1 PCT
CoOtI)=0.0 PCT
QUADIIT)=0.0 PCT
FI=1-1 v PCT

DO 11 J=1,NRLSP1 : PCT
FJ=d-1 PCT
ANGLE=FJ=F 1 =ANG PCT
CO(l)=CU(l)+.50*(CCXYPR(J)+CCYXPR(J))*COSF(ANGLE) PCT

11 QUAD(l)=QUAD(I)+.50*(CCXYPR(J)—CCYXPR(J))*SINF(ANGLE) PCT
WCO(1)=0.5=(CO(L)+CO(2)) PCT
WQUAD(1)=0.5%QUAD(1) PCT

DO 17 I=2,NRLAGS PCT
ACOLT)=0,25#(CO(I=-1)+CO(I+1))+0.5%CO(I) ' PCT

17 WQUAD(T)=0.25#%(QUAD(I~1)+QUAD(I+1))+0.5%QUAD(]) PCT
WCO(NRLSP1)=0.5#(CO(NRLAGS)+CO{NRLSP1)) PCT
WQUAD(NRLSP1)=0,5*QUAD(NRLSP1) , ' - PCT
WRITE OUTPUT TAPE 6,18,L,M PCT

18 FORMAT (/9X,93HCROSS COVARIANCE FUNCTIONS,CROSS COVARIANCE TRANSFOPCT
2RM FUNCTIONS AND CROSS SPECTRUM OF SERIES [2,5H AND [2) PCT
WRITE OUTPUT TAPE 6,19 PCT

13 FORMAT (/24X,1H[.8X99HCRCVXYIl),lZXngI,lOX.SHCO(l),l#X,lHI,lOX, PCT
26HWCG(I) 4 19%X/7) PCT
CG 2G I=1,NRLSP1 PCT
[Ml1=1-1 PCT

20 WRITE QUTPUT TAPE 6921y IML,CRCVXY(T),EML4COCT)IML,WCU{T) PCT
21 FORMAT (15X,3(6Xy14,1PE20.7)) PCT
WRITE CUTPUT TAPE 6,22 PCT

22 FORMAT (/24X.1HI,8X.9HCRCVYX(I)712X91H199X.7HQUAD([).IBX.IHI.QX, PCT
28HWWUAC(I1),18X//) PCT
BU 23 I=1,NRLSPL PCT
IMl=1-1 PCY

23 WRITE GUTPUT TAPE €921 IM1,CRCVYX(T)sIMLyQUADCI), IML,WQUACI(I) PCT
DU 26 I=1,NRLSP] PCT
RSQUI)=WCUL T ) =22+ WQUAD( ) #u2 PCT
CRAMPL{I)=SQRTF(RSG(1)) PCT
COHSQULI)=RSQUI)/(SPECX(I)*SPECY(I)) PCT
GAIN(1)=CRAMPL(I)/SPECX(1) PCT
ACCITN=P] o PCT

IF (WCG(1)) 26,26,25 PCT

25 ACDITN=AUDITN-SIGNF(PI,WQUADI(I)) PCT
26 PHASE(T)=ATANF(WQUAD(I)/WCO(I))+ADDITN PCT
WRITE QUTPUT TAPE 6,27,L,M PCT

27 FORMAT (/38X,y35HCROSS SPECTRAL ESTIMATES OF. SERIES 'I2,%4 AND I2) PCT
WRITE OUTPUT TAPE 6,28 ‘ PCT
28 FURMAT (/9X,lHI,8X,9HCRAMPL([):IZXoIHIsllX.QHCOH.SQ(l)yQX'IHIgLZX.PCT

L7THGAINT L) s 10X, 1HI 3 12X 8BHPHASE(I)//) : . PCT
UC 29 I[=1,NRLSP1 PCT
IM1=1-1 PCT

29 WRITE OUTPUT TAPE 6v301lM1:CRAMPL([)o[MvaUHSQ(I)fIMlvGAlN(l)lelvPCT
1PHASE(]) PCT
3C FORMAT (6Xe1441PE20.7,3(6X,1450PF20.8)) PCT

RETURN ‘ PCT
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II. Parzen-version of the power- and cross-spectrum program

As before, the differences between this version and the Tukey-Hanning
one are all located in the subroutines in which the spectral- and cross-spectral
estimates are computed.

b) Subroutine POWERP

This subroutine is identical to the one described on page 9 and 10
except for the printing of the results which now takes place in the subroutine.
e¢) Subroutine CROSSP
In analogy with the auto-covariance function the cross-covariance
functions are first weighted and then transformed contrary to the procedure de-
scribed in subroutine CROSST.
The computation of the cross-covariance functions is again much simpler;

in analogy with formula (7) they are computed as follows:

(22)  CROVXY(i) = = rm%gl& Y -l(; Y ><; x)
O R A 2 D W AN VAR

(23)  CROVYX(i) = & rn—(;-l)Y X 21 ( % X > ( sy )
O t “t-(i-1) n\yq t £o1 t/ |

for i =1, 2, ..., (m+l)
where m 1is the maximum number of lags.

These cross-covariance functions are then weighted:

(2k)  WCCVXY(i)

It

WEIGTS (i) * CRCVXY(i)

(25) WCCVYX (i) = WEIGTS(i) * CRCVYX(i)

for i =1, 2, ..., (m+l)
where the weights are given in formula (9).

The weighted cross-covariance functions are then transformed into the
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Parzen cross-spectral estimates:

m+l . .
(26)  Weo(i) = & %<CCXYPR(3) + CCTXPR(3) ) cos 4 1) {1-1)x
j=1
m+l g (§-1) (i-1)x
(27) WQUAD(i) = = §<CCXYPR(J') - CCYXPR(j))sin .
J:l .
for 1 =1, 2, ..., (m+l) as before

where CCXYPR(1) = WCCVXY (1)
CCXYPR(j) = WCCVXY(3) for J=2,3 ..., m
CCXYPR(m+1): = WCCVXY (m+1)

and similarly for CCYXPR(1) through CCYXPR(m+l).

The computation of the four cross-spectral estimates, namely, the éross-
amplitude, coherency (squared), gain and phase is according to formulae (18),
(19), (20) ang (21). |

It should here be observed that the resulting coherencies do now all
lie in the range fram O to 1. As a matter of fact, this has been the main
reason for deviating from'the Tukey-Hanning computational procedures. Conse-
quently, the spectra of the residuals which result from these coherencies assume
their full meaning.

The time-estimates for this version are again identical to those of the
Tukey-Hamming version.

The main program is also identical to that of the Tukey~Hanning version.
The two subroutines, however, are different and are given in the next 4 pages.

The input is the same as before.

‘For the output the reader is referred to page 78/8L for the unfiltered
series and page 86/9% for the filtered series. It appears that all coherencies
now lie in the range from 0 to 1, even if the series is filtered beforehand.

This is not always so in the Tukey-Hanning version as can be seen on page T35 for

instance.
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SUBROUT INE POWERP

SUBRUOUTINE POWERP

DIMENSION X(1200),WEIGTS(300},PRODXX(300),AUCVX{300)sWACVX(300),
1ACXPR(300),SPECX(300),Y(1200),SPECY(300),COHSQ(300)
EQUIVALENCE {X,AUCVX){X{301),yWACVX)} o {X{601)ACXPR),,(Y,PRODXX)
COMMON XyY9SPECXySPECY,COHSQyWEIGTSyNRSERSyNRDATAZNRLAGS s NRLSP1,
IPIsL M

NRLSP1=NRLAGS+1

NROTML=NRDATA~-NRLAGS

FNRLS=NRLAGS

PI=3.14159265359

ANG=PI/FNRLS

SUMX=0,0

D0 1 J=1,NRDATA

SUMX=SUMX+X(J)

NRLSOZ2=FNRLS/2.0¢+1.0

DO 2 I=1,NRLS02

Fi=I-1
WEIGTS(1)=1.0-(6,0uF[ua2/FNRLS*##2)%(1,0-FI/FNRLS)
NLOZ2P1=NRLSO2+1

DO 3 [=NLOZ2PLlsNRLSP1

FI=1-1

WEIGTS(I1)=2.0%#(1.0-FI/FNRLS)%%3

DO 4 J=1,NRLSP1

PRULIXX{J)=C. 0

MN=NRCATA-(J-1)

JM=J

PC 4 l=1oMN

PROCXX{J)=PROCXX{J)+X{T)%X(JIM)

JM=JM+]

DENOM =4ROATA

FOEN=1.0/70DFNOM

DU 5 [=1,4RLSP1
AUCVX(I)—FDEN*(PRODXX(I)-FDEV‘SUMX*SUMX)

DO 10 [=1,NRLSP1

WACVX{TI)=WEIGTS(I)=AUCVYXIT)

ACXPRI1)=WACVXI{1)

DU 19 I=24NRLAGS

ACXPRIL)=2.0%#WACVX(I)}

ACXPRINRLSPL)=WACVXINRLSP1)

DU 17 I=1,NRLSPI

SPECX{1)=(C.0

FI=1l-1

DI 17 J=1,NRLSP1

FJd=Jd-1

ANGLE=FI1=F J#ANG

SPECX(tI)=5 PELX(l)+ACXPR(J)*COSF(ANGLE)

WRITE OUTPUT TAPE 6,.18,L

PCP
PCP
PCP
PCP
PCP
PCP
pCcP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCcp
PCP
PCP
pCcP
PCP
PCP
PCP
PCP
pCP
PCP
PCP
PCP
PCP
PCP
pCP
pCP
PCP
PCP
pCP
PCP
pCcP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
pCP
PCP
pCP
PCP
PCP

FORMAT {/17X,84H AUTO COVARIANCE FUNCTION, WEIGHTED AUTO CUVARIANCPCP

1€ FUNCTLON AND SPECTRUM OF SERIES 12)
WRITE (QUTPUT TAPE 6,19
FORMAT (/24X 1HI 48Xe BHAUCVX{1)913XelHI ;9XsBHWACVXI(I),12X,1HI,8X,
1BHSPECX(I)419X//)
DJ 20 I=L,NRLSP1
IM1=1-1
WRITE UUTPUT TAPE 6,21, IML,AUCVX(]),IML, WACVX(I),IML,SPECX(I])
FORMAT (15X,3(6Xs14,1PE20.7)) o

PCP
PCP
PCP
PCP
PCP
PCP
PCP
pCP
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SUBROUTINE POWERP 1712763

RETURN

PCP 1700
END(lpOQ0,0.0.0g 19010'1'0'0)0,010)
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SUBROUT INE CROSSP

SUBROUT INE CROSSP PCP
DIMENSION X{1200),Y(1200),PRODXY{300),PRODYX{(300),CRCVXY (3001}, PCP
LCRCVYX(300),WCCVXY(300),WCCVYX(300),WEIGTS{300),CCXYPR(300), PCP.

2CCYXPR(300),WC0O(300),WQUAD(300),RSQ(300),CRAMPL(300),SPECX(300), PCP
3SPECY(300),COHSQ{300),GAIN(300),PHASE(300)

PCP

EQUIVALENCE (XoCRCVXY)'(X(301).WCCVXY)n(X(bOl)vNCU)o(X(QOl)nRSQ). pcp
LEY,CRCVYX), (Y{301),WCCVYX),(Y(601),WQUAD),(Y(901),PHASE), (PRODXY, PCP
. 2CRAMPL ) » (PRODYX, GAIN)

PCP

COMMON X,Y,SPECXySPECY yCOHSQ)WEIGTS NRSERS,NRDATA,NRLAGS,NRLSP1, PCP
1PI LM pce
NRLSP1=NRLAGS+1 pPCP
NRDTML=NRDATA-NRLAGS pCcP
FNRLS=NRLAGS pPCP
P1=3.14159265359 PCP
ANG=PI/ENRLS PCP
SUMX=0.) PCP
SUMY=0.0 pPCP
DO 1 J=1,NRDATA pPCP
SUMX=SUMX+X({J) pCcP
SUMY=SUMY+Y (J) PCP
DO 4 J=1,NRLSP1 pce
PRODXY(J)=C.0 pcp
PRCLYX(J)=C.0 pCcP
MN=NRCATA-(J-1) pce
JM=J pCP
DO 4 I=1,MN PCP
PROCXY(J)=PRODXY(J)+X{1) =Y (JIM) pcp
PRUCYX(J)=PRODYX{JIY+Y{I)uX(JM) pCP
JM= M+ ‘ pce
DENCM=5ROATA pCcp
FUEN=1.0/0ENOM pce
DO 5 I=1,NRLSPL pcp
CRCVXY(I)=FDEN={PRGDXY(I)-FDEN®*SUMY#*SUMX) pCP
CRCVYX{1)=FPEN=(PROCYX{I)-FDEN#SUMX#SUMY) pCP
DU 10 I=1¢NRLSPL pCP
WCCVXY(I)=WCIGTS{I)*CRCVXY(I) pcp
WCCVYXUI)=wEIGTS{L)2CRCVYXIT) pce
CCXYPR(L)=WCCVXY(1) pPCP
CLYXPR{L1)I=WCCVYX(]) pCcP
DC 15 [=27,NRLAGS pce
CCXYPREI)=2.0#WCCVXY () pCcP
CCYXPR{1)=2.0#WCCVYX(]) PCcP
CCXYPR{NRLSPL)=WCCVXY{NRLSP1) PCP
CCYXPR{NRLSPL}=WCCVYX(NRLSP1) pPCP
DU 17 I=1,NRLSPL PCP
WCCLI)=0.0 PCP
WQUAD(I)=0.0 pCP
FI=I-1 pce
DO 17 J=1,NRLSP] pCp
FJ=J-1 pce
ANGLE=F [ #FJ#AN{ ‘ pPCP
WCCLI)=WCUlI)+ 50 (CCXYPR{J)+CCYXPR(J))*COSF{ANGLE) PCP
WQUAD( 1 )=WQUAD(I)+ «50# {CCXYPR{JI-CCYXPR(J))=SINF(ANGLE) PCP
WRITE QUTPUT TAPE 6418,LM pCcP

FORMAT (/9X,23HCROSS COVARIANCE FUNCTIONS,

WEIGHTED CRUOSS COVARIANPCP

1CE FUNCTIGNS AND CROSS SPECTRUM OF SERIES I2,5H AND 12) pce

7/12/63
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SUBROUTINE CROSSP

WRITE OUTPUT TAPE 6,19

19 FORMAT (/24X'IHI.8X.9HCRCVXY(I).12X.1HI.8X.9HNCCVXY(l)leX.lHl-9X.PCP

L6HWCO( 1) ,19%/7)
DO 20 I=14NRLSP]L
IMl=1-1
20 WRITE QUTPUT TAPE 6!21!IM10CRCVXY(I"IMI'WCCVXY‘I)DIMI)HCO(I’
21 FORMAT (15X.3(6X,l4.1PEZO.7))
- WRITE DUTPUT TAPE 6,22

PCP

PCP
PCP
PCP
PCP
pcp
PCP

2z FORMA1 (/24X,1Hl.8X.9HCRCVYX(I).lZX.lHl:8X19HWCCVYX(I);lZX-lHI:QX.PCP

LBHWGUAD(T),18X//)
D0 23 I=1,NRLSP1
IMI=1~1
23 WRITE OUTPUT TAPE 6921vIM1vCRCVYX(I)QIMIQWCCVYX([)'IMI’NQUAD(l)
D0 26 I=1,NRLSP]
RSQ(I)=NCO(I)"2+NQUAD(I)*¢2
CRAMPL(I)=SQRTF(RSQ(I))
COHSQ(!)=RSQ(I)/(SPECX(l)*SPECY(I))
GAIN(l)=CRAMPL(I)/SPECX(l)
ADDITN=P]
[F (WCUlTI)) 26426,25
25 ADD[TN=ADDITN—SIGNF(PI.NQUAD(I))
26 PHASE([)=ATANF(HQUAD(I)INCU(I))+ADDITN
ARITE GUTPUT TAPE 6+27,L4M
27 FORMAT (738X, 35HCROSS SPECTRAL ESTIMATES OF SERIES I245H AND 12)
WRITE UUTPUT TAPE 6,28 '

PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP
PCP

28 FOURMAT (IJX,lHI.BXp9HCRAMPL(l)chX.lHI,llX.QHCDH.SQ(I).9X:1HI:12X,PCP

17HGAIN(l).IOXolHIol2Xp8HPHASE(l)//)
DC 29 I=1,aRLSPI
Ixvl=1-1

PCP
PCP
PCP

29 WRITE OUIPUT IaAPE 6,30-IM1vCRAMPL(l)pIMI.CDHSQ(l)oIMlaGAIN(I)cIMI.PCP

1PHASE(1)

30 FORMAT (Gx'1491PE20-7,3(6X'[410PF20.8))
RETURY
ENIH 170:010:0.0'1p0'0911010’01()'0)

PCP
PCP
PCP

1712763
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2604
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POWER- AND CROSS-SPECTRUM PLUS CORRELATION PROGRAM

In addition %o the statistics which are computed in the power- and
cross-spectrum program this program'will also Compute:
a) the multiple correlation coefficients of each series in the set,
b) +the partial correlation coefficiehts for every combination of
| two series in the set, and
c) two partial cross spectral estimates of that combination, namely:
1) +the partial coherency (squared)

[ v

2) the partiai gains

For a good understandiné of the‘sequénce“infwhich»the;cqmpUﬁétiOns are
performed, it is necessary to point out that there is a fundamental difference
in the way in which on the one hand the spectra and cross spectra and on the
qther hand the correlation coefficients are computed. Geometrically this can

be shown in the following way. Let the figure ABCDEFGH
H

/
- | |
: .//_' ) 7 th
o C : i S,
D -~ || ’Pi',j,m & m lgg
Oth lag — > /1’//
i P ) "/’+ ,!—-_-._ —— i —
3,0 ~ _—E
- /
~
-
- k
/
e -
A 3 B

represent a 3-dimensional block of spectra and cross spectra. In the power

spectrum and cross spectrum program:this block 'is built up along lines running

from points P, . on the front face ABCD to corresponding points P, |
1,450 ' 1,d,m

on the back face EFGH.  Now suppose that this 3-dimensional block is partitioned
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- Blym

- in as many (m) equaily thiek slices as ﬁhere are lags. ‘Theﬁ each computation
of the'co;relation coefficients refers to the front.face of a particular slice.
In other words, the last compufation takes place in a plane which is perpen-

| dicular tq the direction in which the original block of spectra and cross-
spectra is built up.

Algebraically, this can be stated as follows: let the power-~ and
cross-Spectfa be elements of a 3-dimensional matrix identified by three in-
dices, the first two of which, i and J, indicate the series that are in-
volved in the computafion and the'third‘oﬁe, k, the lag to which the compu-
tation is related. In the cdmputation'of the spectra and cross spectra the"
third index, k, changes most rapidly, running from O through m where
m stands for the maximum number of lags.i On the efher hand, in the compu-
‘tation of the correlation coefficients the i and J 'change;most rapidly,

running from 1  to n, where n is.the number of series in the set.

From the foregoing presentation it will be clear that-all spectra
and cross spectraAhave firsf‘to be ceﬁputed and stored before the compu- |
tation of the'correlation coefficients can etart. In order to include as
many s‘eries in the set as possible, it has become necessafy'fcoeconomize
on the memory-space needed for the storage of intermediate results. The
computations have therefore been arranged ip such a way thatnthe spectra‘
‘and Ccross epectra'are computed simultaneously in one sﬁbroutine rather than
in tﬁo separate ones. The consequence of this arrangement is, of course,
that the spectrum of & partlcular series is computed several tlmes in thls
program rather than only once. To put it differently, machine time has beenz
sacrificed in thls program in exchange for memory-space.

Also, only two partial cross spectral estimates, the coherency
(squared) and the phase, are eomputed in thisvprogram ahd not the partial

' cross amplitude and partial gain nor the partial residuals, though it could
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have been done without much effort. The main reason for this is again the
desire to save as much memory-space as possible in order to increase the
number of series in the set. Moreover, the idea of partial correlation in
combination with spectral analysis is a rather novel‘one and has still to be
further explored.l) Therefore, it has been decided to compute only those
estimates the meaning of which is most readily understood.

As presented here, the program will process series of up to 1200
observations, since this seems at ﬁhe moment to be the maximum number of
observations for an economic series. Given this limitation, it becomes
possible to perform the computations on sets of up to six series. But
again, one can suit one's own need by changing simultaneously the dimension
statements at the beginning of the program and the subroutines.

In the computation of the correlation coefficients extensive
use has been made of the facility to perform complex arithmetic operations'
on the IBM 7090. However, in order to make this program also suitable for
machines which do not have this facility, the subroutine in which these
correlation coefficients are computed is also given in a form which involves
only ordinary arithmetic. For this the reader is referred to the Appendix.

Finally, there are also two versions of this program, one pro-
ducing the Tukey-Hanning statistics, the other one the Parzen statistics.
As before, the first version will here be completely described, after which

a brief indication of the differences between the two versions follows.

I- Tukey-Hanning version

a) Main Program

The first card is again a control caréﬁindicating how many sets

(nrsets) have to be procesged. The second card indicates how many series

1) The reader is referred to Section 5.8 of earlier mentioned Granger-
g tanaka book for the meaning of these correlation-coefficients.
All control cards have fields of width 10.
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(nrsers) there are in each set, the number of observations (nrdata) contained
in each series, whether the series have first to be filtered or not (indicated
by a positive number or zero in the field‘called."nrfies"), and at how many
frequency points (nrlags) the spectra and cross spectra have to be computed.
Then the first series is read and stored in the one-dimensional
array X(i). As before the data are sﬁpposed to be given in fields of
width 12, in fixed roint format and with an accuracy of 8 deéimals at most.
Right after the series has beeh read, it is printed. This is followed by
the reading of the second series, its storage ih the one-dimensional array
Y(i) and its printing.
Then, there is again the Possibility of filtering both series be-
-fore their spectra and Cross spectra are computed. After the series have
been filtered, tﬁey are stored back in the same locations in which the orig-
inal series were stored.
The next step is the computation of the specfra and the cross-
spectra of bbth series in subroutine POCROT. The results are stored in the
'3-dimensional array SPECTR(i, j,k) 1in which the first two indices, i ‘and Js
“indicate the series and.thevthirdﬂigdeg;k,the appropriate lag. To be more

specific, let us assume that earlier presented three-dimensional block is

separated by the diagonal‘plane BDFH in two equal parts as follows:
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The spectra SPECX and SPECY are then stored in the BDFH plane, the WCO,
the real part of the cross spectra in the BCDFCH block above the BDFH plane
and the WQUAD, the imaginary part of the latter in the ABDEFH Yblock below
the BDFH plane. To put it in algebraic terms, the spectra are stored in
that part of the SPECTR-matrix for which the i and J indices are the sgme,
the cross-spectra WCO and WQUAD at those parts of the matrix for which

the i and 'j indices are different.

After the first combination of two series of the set has been pro-
cessed, the next combination has to be read in from data cards. It should
here be observed that the order in which these series are supposed to be
gilven is such that the second series is changed most rapidly. Hence, the
series should be paired off as follows: (1,2), (1,3), (1,4) .... (1,n),
(2,3), (2.4) ... (2,@), eees; ((n-2), (n-1)), ((n-2), n), ((n-1), n) where
h  stands for the number of series in the set. |

Only after the spectra and cross spectra of all series have been
computed and stored, the computation of the correlation coefficients can be
started. This is done in subroutine PARCOC (or PARCOR if there is no facility
to do complex arithematic) to be described later.

This is then followed by a recoloring of the spectra and cross spectra
if the series have been filtered beforehand.

Finally, the spectra of the residuals are cdmputed, a description of

which has been given in the cross spectrum program.

b) Subroutine POCROT

This subroutine is a combination of the two subroutines POWERT and
CROSST. The only difference is that the results are now also stored in the

three-dimensional matrix SPECTR (i,j,k).




c¢) Subroutine PARCOC

As has already been explained in‘the introduction, the computation
of the correlation coefficients ié performed in a plane which is perpendicular
to the direction in which the original block of spectra and cross spectra has
been built up. Stated differently, there is no change in the third index (k)
of earlier mentioned three-dimensional matrix as long as a set_of correlation-
coefficients is in the process of being computed. In other words, the result
of that computation is a set of correlation coefficients at a particular lag
k. |

The input of this subroutine consists of the oufput of subroutine
POCROT, being the spectra SPECX and SPECY and the real (WCO) and imaginary (WQUAD)
part’ of the cross spectra. From these spectra at some fixed lag k the
covariance matrix COVARS is built up, which is an Hermitian matrix. That is
to say, its elements (except those along the principal diagonal) are complex
numbers or to be more precise, the elements below the Principal diagonal are
the complex conjugates of the ones above that diagonal. In order to operate
on such a matrix computationally,»it is broken up in two separate matrices,
the elements of the first one consisting of the real part of the complex
numbers, the elements of the second one of their imaginary part. This is
illustrated in the following picture:

COVARS (real) COVARS (imag‘)
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As has already been said in the introduction, in this subroutine
extensive use has been made of the facility to perform complex arithmetic
on the IBM 7090. This made it feasible to write a concise and at the same
- time efficient computer program. However, another version of this subroutine,
which does not require complex arithmetic, will be presented in the Appendix
to suit the needs of those who have no IBM 7090 at their command.

Returning to the matrix COVARS, the elements of which are complex
numbers, it will now be shown how the multiple correlation coefficients and
the partial correlation coefficients are obtained from it. To this end the
COVARS-matrix is partitioned such that there is one single element in the

upper left corner as is shown in the following picture:
1 n-1

s Ty e e e N

'1<D A \ 1

=
Assuming that COVARS is an nxn Hermitian matrix, A will then be a 1 x(n-1)
vector, B a (n-1) x 1 vector and C a (n-1) x (n-1) matrix. The compu-

tation of the multiple correlation coefficients of series (£) is then performed

according to the formula:

(28) COREIN (€) = A * CI * B / COVARS (1,1)
for 4= 1, 2, ..., n where n stands for the number
of series. CI stands here for the inverse of the complex matrix C; its

computation is based on a method, which is given by Ianczos.l) It essentially

1) C. Lanczos, "Applied Analysis," 1956, Chap. II, Section 20, pp. 137-138.
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amounts fo the construction of a matrix with twice the dimensions of the
original matrix by putting the imaginary parts of the elements in matrix-
form to the right of ang below the matrix formed by their real parts. The
1nverse of thls 2nx2n matrix can then be obtained by one of the con-
' ventional methods. The method which has been adopted for this program is
& rather special one and will be described later.
Once CORELN (1) has been computed and stored, the stage is set for the com-
putation Of‘CORELN (2) This is done by placing the first row and first column
in the (n+i)s row and (n+l)St column of the COVARS-matrix for temporary
storage. Then all rows of this matrix are shifted one row upwards and all
colums are shifted one column to the left. The result will be that the
second row and second colimn will now occupy the position of the former
first row and first column and that the second dlagonal element will now
be in the upper lert corner. The same computational procedure will then
produce COREIN (é). This process is carried on till all n multiple cor-
relation coefficients are computed and stored. The last row of the three-
dimensional matrixvCORELN (n,n,k), where k stands for the particular lag
at which the computation is berformed, has been saved for the storage of
the n multiple correlstion coefficients.

To compute the partial correlation coefficients for every combin-
ation of two series in the set, the COVARS-matrix is now Partitioned in
such a way that the matrix in the upper left corner is a 2 x 2 matrix con-
sisting of L4 (complex) elements. Consequently, A becomes then a
2 x (n~2) matrix, B a4 (n-2) X 2 matrix and C a (n-2) x (n~2) matrix.
Having cemputed the inverse of the latter, it is again premultiplied by A
and postmultiplied by B; the result will then be a 2 x 2 matrix, the ele-

ments of which will in general be complex numbers as well. This latter
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matrix is then subtracted from the 2 x 2 covariance matrix in the upper left
corner resulting in a D-matrix of size 2 x 2 from which the partial corre-
lation coefficients are derived.

It should here be remarked that since the elements of the D-matrix
are complex numbers, the partial correlation coefficients will have a real
and an imaginary part. The real part of the partial corrélation coefficients

is then computed according to the formula:

(29) real part of COREIN (f,m) = real part of D(1,2)/D(1,1) * D(2,2)

for 4 =1, 2, ..., @-1) and m ={+1),L+2),...

where n stands again for the number of series.

Similarly, the computation of the imaginary part of the partial correlation co-

efficients is based on the formula:

(30) imag. part of COREIN ({,m) = imag. part of D(1,2)/D(1,1) * D(2,2)
for £ =1, 2, ..., (n-1)

and m = (+1), @+2), ..., n.

Once they have been computed, the real and imaginary parts of the
partial correlation coefficiénts are stored in compact form in the first (n-1)
rows of the three-dimensional matrix CORELN (n,n,k).

Finally, the partial phase and partial coherency (squared) are computed

according to the formulae:

imag. part of COREIN (4,m) )
real part of CORELN ({,m)

i

(31) PHASE (4,m) = arctan (

(32) COHSQ (£,m)
for £ =1,2, ..., (n-1) and
m= d+), £+2), ..., n where n stands for

the number of series.

(real part of CORELN(/&,m))2 + (imag. part of CORELN (*E,,m))2
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Once the reai and imaginary part of the first partial correlation
coefficient CORELN (1,2), the first partial phase PHASE (1,2) and the first
partial coherency (squared) COHSQ (1,2) have been computed, the second column
and second row of the COVARS-matrix are plaéed in the‘ (n+-l)St columnvand

(n+l)St

row. Then all colums except the first one are shifted one place
to the left and all rows, except the first one, one place upwards. This
brings the third column and third row where the second column and second
row were before, so that the real and imaginary part of CORELN (1,3), of
PHASE (1,3) and of COHSQ (1,3) can be computed. This process is continued
until the second index has run through all values from 2 1o n. Then the
first column and first row are placed in the (n+-l)St column and (n+1)St
-row of the COVARS-matrix and all columns are now shifted one place to the
left and all rows one place upwards. This will Place the second column
and second row where the first column and first row were before, so that
the stage is set for the computation of CORELN (2,3), PHASE (2,3) and
COHSQ (2,3). After this computation, the same procedure of interchanging
columns and rows which was described before will make the second index
run through all values from 5 to n and so on. Consequently, the partial
correlation coefficient, the partial Phase and partial coherency are computed
in the sequence (1,2), (1,3), ... (Lm), (2,3), (2,4) ... (2,n) ...
((n-2), n), ((n-1), n). Once they have been computed, they are stored in
compact form in the three-dimensional matrix CORESP ((n-1),n, k).

Once all these statistics have been computed at a particular lag k,
the whole process is repeated for the next value of k. This is continued
till k has run through all values from 1 to m, where m is the maximum

number of lags.
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tion coefficients. Again it appears that the number’of frequency-points has a
greater influence on the required amount of time than the number of observations.

The main program and the three subroutines POCROT, PARCOC and INVERT
are given on the following 11 pages.

As for the input, the control cards are the.same as for the power- and
cross-spectrum programs. Also the format of the data is the same. However, the
series are now supposed to be given in all possible compinations of two series
at a time! Consequently, the data deck of this program contains for a set of
3 series 2x as many cards as that of the power- and cross-spectrum program, for
a set of 4 series 3x as many and so on.

The output is shown on page 60/68 for the unfiltered series and page

68/77 for the filtered series.
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greater infiluence on the required amount of time than the number of observations.

The main program and the three subroutines POCROT, PARCOC and INVERT
are given on the following 11 pages.

As for the input, the control cards are the.same as for the power- and
cross-spectrum programs. -Also the format of the data is the same. However, the
series are now supposed to be given in all possible combinations of two series
at a time! Consequently, the data deck of this program contains for a set of
3 series 2x as many cards as that of the power- and cross-spectrum program, for
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The output is shown on page 60/68 for the unfiltered series and page

68/77 for the filtered series.
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11

12

13

14
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k5
TUKEY- VERSION OF PONER AND CROSSSPECTRUM PLUS CORRELATION PROGRAM

DIMENSION C(50),X(1200),Y(1200),SPECX(300), SPECY{300),B{50),FLTFCNCCT
1(300),RSPECX (300}, RSPECY(300).CUHSQ(300).SPECRS(300).HEIGTS(300). cCcyY

ZSPECTR(6 64300) CCT
EQUIVALLCNCE (X{301), RSPECX).KX(901)ySPECRS).(Y(BOI).RSPECY). CCT
1(Y{901),FLTFCN) CCT
COMMON XoYoSPECXySPECY,COHSQ,WEIGTSSPECTR,NRSERS, NRDATA,NRLAGS, CCT
INRLSPL4PIsL M cCcT
., READ INPUT TAPE 5,1,NRSETS cCcTt
K=1 ccr
READ INPUT TAPE 5,1,NRSERS,NRDATA, NRFICS,NRLAGS CCT
FORMAT(4T110) CCT
WRITE OQUTPUT TAPE 6,2 CCT
FORMAT (//4x'6HNRSERS'4X16HNRDATA14X16HNRF[CS$4X96HNRLAGS) CCT
WRITE DUTPUT TAPE 6,1 sNRSERSyNRDATA,NRFICSsNRLAGS _ (ool
IF (NRFICS) 6,6,3 CCT
READ INPUT TAPE 5,4,(C(I1),1=1,NRFICS) . cCcT
FORMAT {(6F12.8) cCcT
WRITE CUTPUT TAPE 6,5 CCy
FORMAT (/20X,20H FILTER COEFFICIENTS) cCcr
WRITE OUTPUT TAPE 6444{C(I)eI=1,NRFICS) . CCT
L=1 cCcrT
M=L+1 cCT
READ INPUT TAPE 5,4,(X{(I),1=1,NRDATA) cCr
WRITE OQUTPUT TAPE 6,7,.L CCT
FORMAT (/25X,20H ORIGINAL SERIES NO 12/7/7) . CCT
WRITE OUTPUT TAPE 6444,{X{1),1=1,NRDATA) CCT
IF (NRFICS) 12,12,8 cecr
NROATA=NRDATA-({NRFICS-1) (4
EC 10 1=14HRDATA cCcT
CX=0.0C cCT
DU 9 J=14NRFICS CCT
[PIMI=[+]-1 ) cCT
CX=CX+C(J)=X(IPIML) CCT
X{I)=CX cCT
WRITE GUTPUT TAPE 6,11,L cCcr
FORMAT (/25X420H FILTERED SERIES NO 12/7) cCT
WRITE QUTPUT TAPE 644,(X(1),I=1sNRDATA) CCT
NRDATA=NRDATA+(NRFICS-1) CCT
READ INPUT TAPE S,4,{Y{I),I=1,NRDATA) - cCr
WRITE QUTPUY TAPE 6,7,M (o )
WRITE CUTPUT TAPE 644,(Y(1),1I=1, NRDATA) ccr
IF (NRFICS) 16516413 : CCv
NRDATA=NRDATA-{NRFICS-1) CCT
0AQ 15 I=1,NRCATA cCcTY
CY=0.90 ‘ CCT
DO 14 J=1,NRFICS - CCT
IPIMLI=f+Jd~1 CCT
CY=CY+{(J3)=Y(IPJIM]) CCr
Y(I)=CY CCT
WRITE OUTPUT TAPE 6,411 ,M CCT
WRITE QUTPUT TAPE 6+4,(Y(1),1=1,NRDATA) cCcT
CALL POCRUT CCT
IF (NRFICS) 17,174,192 cCcr
D0 14 I=1sNRLSPL ok ol |

17

RSPECX(I¥=SPECX(I) ccrt

1/12/63

0020
0030
0040 .
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
016C
0170
0180
6190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
6300
0310
0320
0330
6340
0350
0360
0370
0380
0390
0400
041G
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
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19

2C

21
22

23

24

25
26
27
28

29

30 FORMAT (24leHI.8X,9HRSPECX(I)olZXolHI;BXy9HRSPECY(I)
19HSPECRSI(1),18X%X//)

31
32

33

34

36
37
38
40
41

42
43

45

TUKEY- VERSION OF POWER AND CROSSSPECTRUM PLUS CORRELATICON PROGRAM

RSPECY(I)=SPECY(I)
GO 10 27

DO 22 [=1,NRFICS
BL1)=C.0
NRFCS=NRFICS-(1-1)
DO 20 J=1,NRFCS
JPIMI=J+I-1
BUI)=BLI)#CIJ)=CIIPIML)
IF (1-1) 22,22,21
B(I)=2,0%B(I)

CONT INUE
FNRLS=NRLAGS
ANG=P1/FNRLS

DG 23 I=1,NRLSPI
FI=1-1
FLTFCN(T)=0.0

DO 23 J=1,NRFICS
Fd=d-1

FLTFCNUI)=FLTFCN(I)+B(J)#COSF(FJ*F[#ANG)

DO 26 I=1,NRLSP1

IF (FLTFCN(I)) 24424,25
RSPECX{I)I=10.0%#%35
RSPECY{I)=10.0%#35

GO Tu 26

RSPECX{I)=SPECX{I)/FLTFCN(I)
RSPECY(I[)=SPECY(I)/FLTFCN(I)

CONT INUE
0C 28 I=1,NRLSPL

SPECRS(I)=(1.0~-COHSQII))#RSPECY(])

WRITC LUUTPUT TAPE 6929,L,M

FORMAT (/21X429HRECOLORED SPECTRUM OF SERIES [2,5H AND [2,40H AND
LSPECTRAL ESTIMATES OF THE RESIDUALS//)

WRITE QUTPUT TAPE 6,30

C0 21 I=1,NRLSP1
IMl=1~1

WRITE CQUIPUT TAPE 6432,IM1,RSPECX(I),
FORMAT (19X,3(6Xs14,1PE20.7))

IF (NRSERS-M) 36,36,33
M=p3 ]

IF (NRFICS) 35,35,34
NRUCATA=RDATA+(NRFICS-1)
GO Tu 35

IF (NRSUZRS-{L+1)) 40,40,37
L=L+1

I[F (NRFICS) 39,39,38
NRLCATA=NRDATA+(NRFICS-1)
GO 1O 39

IF (NRSERS=2) 42,42,41
CALL PARCOC

IF (NRSTTS-K) 45,45,43
K=K+1

GO TJ 44

CALL EXIT

EV[-(1!010.010.0’lp()n011|010|01070)

46

.lZX,lHI,BX.

IM1,RSPECY(I),IM1,SPECRS(I)

cCr
CCT
ccr
CCT
ccr
cCy
cCr
cCcy
(99 )
CCT
ccr
ccy
ccT
ccr
cCcT
CCT
cCT
o108 )
CCT
cCr
cCcrT
ccr
cecr
ccr
CCTt
cCT
CCrT
cecrt
ccr
ccr
CCT
cCT
cCcr
ccr
ccr
CCT
ccry
ccr
cCr
ccr
cer
ccr
ccy
ccr
ccr
Ccy
ccy
ccr
ccr
ccr
ccry
CCT
cer
ccry
cCcy

1712763

0570
0580
0590
0600
0610
Q&
G630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
6850
6860
0870
0880
0890
0900
0910
0920
0930
0940
G950
0964
037G
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
Loso
1090
1100
1110



SUBROUTINE POCROT

SUBROUTINE POCROT

DIMENSION X(1200),Y(1200),SUMXL{300),SUMYL{300),SUMXU(300),SUMYU
10300),PRODXX{300),PRODXY(300),PRODYX(300),PRODYY(300),AUCVX(300);
2AUCVY(300),CRCVXY{300),CRCVYX(300},ACXPR(300),ACYPR(300),CCXYPR
3(300),CCYXPR(300),AUCVTX(300),AUCYTY(300),C0(300),QUAD{300),SPECX
4(300),SPECY(300),WCO(300),WQUAD(300),RSQ{300),CRAMPL(300),COHSQ
5(300),GAIN(300),PHASE(300),WEIGTS{300)4SPECTR{646,4300)

cCcTY
ceT
ccr
ccT
CCT
ccr
cCcT

EQUIVALENCE {XyAUCVX,WCO)s(X(301)4CRCVXY),{X{601),AUCVTX),(X{901),CCT
1C0), (Y, AUCVY,WQUAD) 4 (Y(301),CRCYYX),{Y(60L) 4AUCVTY),(Y(901),QUAD),CCT

2(SPECXy SUMXLyACXPR) 3 (SPECY, SUMYL ,ACYPR) 3 {COHSQy SUMXU,CCXYPR) ,
3(WEIGTS,SUMYU,CCYXPR) s (PRODXXsRSQ) s (PRODXY,CRAMPL ), (PRODYX,GAIN),

4(PRODYY 4 PHASE)

COMMON X9YySPECXsSPECYyCOHSQ,WEIGTS,SPECTR,NRSERS yNRDATA, NRLAGS

INRLSP1,PI,LeM

NRLSPI=NRLAGS+]
NRDTML=NRDATA~NRLAGS

SUMX=0.0

SUmY=0,0

DO 1 J=NRLSPL1,NRDTML
SUMX=SUMX+X(J)

SUMY=SUMY+Y (J)

SUMXL (NRLSPL1)=SUMX
SUMXU(NRLSP1)=SUMX
SUMYL(NRLSP1)=SUMY
SUMYU(NRLSP1)=SUMY

DO 2 J=14NRLAGS
SUMXLINRLSP1)=SUMXL (NRLSPL)+X(J)
SUMYL(INRLSP1)=SUMYL{NRLSPL)+Y(J)
JI=NRDATA-(J-1)
SUMXULNRLSP1)=SUMXUINRLSPL)Y+X(JJ)
SUMYUINRLSPL)=SUMYU(NRLSPL)+Y{JJ)
DO 3 J=1,NRLAGS

JJ=NRLSP1-J

JJJ=NROATA-(JJ-1)
SUMXLEJJ)=SUMXLIJI+L)+X{JJJ)
SUMYLUJJ)Y=SUMYL{JJI+1)+Y(JID)
SUMXULJIJY=SUMXU(JIJ+1)+X(Jd)
SUMYULJJ)I=SUMYU(JIJ+1)+Y(JJ)

DO 4 J=1,8RLSP1

PRCCXX(J)=0.0

PRUDXY(J)Y=C.O

PRGOYX(J)=C.0

PROCYY(J)=C.0

MN=NRDATA-(J-1)

JM=J

UG 4 I=1,MN
PROCXXCJ)=PRODXX(J)+X(T)#X{IM)
PRODYY(J)=PRODYY(J)+Y(1)=Y(IM)
PRCCXY(J)=PRODXY(J)+X(T1)=Y(JIM)
PRCLYX{J)=PRODYX(J)+Y{I)#X{JM)
JM=JM+1

00 5 I=1¢NRLSPIL

DENCM =NRDATA-(I-1)
FDEN=1.0/DENUM

AUCVXUI)=FDEN#(PRODXX{I)—FDEN#SUMXU(I)#SUMXL(I})
AUCVY(T)=FDEN*(PRODYY{I)-FDEN#SUMYU(I)=SUMYL(I))

ccr
CCT
CCT
cCcT
cCT
CCcT
CCT
cCcr
ccy
CCT
CCT
CcCcTt
ccr
ccr
CCT
CCT
ccy
ccr
CcCT
CCt
ccr
cecr
CCT
CCT
cCcr
cct
cCcr
CCT
cCy
CCT
CCcry
ccr
CcCcry
ccr
cCcry
ccr
CCT
ccT
ccr
ccr
ccr
ccT
)
cCT
ccr
ccr
CCcr
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1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
143G
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
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SUBROUTINE POCROT 1712763
CRCVXY(1)=FDEN={PRODXY(1)~FDEN*SUMYU(T)*SUMXL(I)) CCT 1690
> CRCVYX(L)=FDEN®(PRODYX{I)~FDEN*SUMXU(T)*SUMYL(1)) CCT 1700
WRITE OUTPUT TAPE 6,61 ,M CCT 1710
6 FORMAT (/32X,46HAUTO AND CROSS COVARIANCE FUNCTIONS OF SERIES 12, CCT 1720
15H AND 12/7) CCT 1730
WRITE OUTPUT TAPE 6,7 CCT 1740
7 FORMAT (9x.1Hx.9x.aHAucvx(x),12x.1H1,9x.aHAucvvtx).12x.1H1.8x. CCT 1750
LOHCRCVXY{T) 912Xy LHI 48Xy 9HCRCYYX{ 1) 43X7/) CCT 1760
DO 8 I=1,NRLSPI] CCT 1770
IM1=[-} CCT 1780
8 WRITE QUTPUT TAPE 6, FeIM1yAUCYXLL) s IM14AUCVY (1) IM1,CRCVXY (), IMICCT 1790
1,CRCVYX(1) CCT 1800
9 FORMAT (4(6Xe14,1PE20.7)) CCT 1810
ACXPR(1)=AUCVX(1) , . CCT 1820
ACYPR{L)=AUCVY(1) CCT 1830
CCXYPR(1)=CRCVXY(1) CCT 1840
CCYXPR{1)=CRCVYX(1) CCT 1850
DU 10 I=2,NRLAGS CCT 1860
ACXPR(I)=2.0#AUCVX(]) CCT 1870
ACYPR(I)=2,0%AUCVY(]) CCT 1880
CCXYPR(1)=2.04CRCVXY(I) CCT 1890
10 CCYXPR{I)=2.08CRCVYX(]) CCT 1900
ACXPR(NRLSP1)=AUCVX{NRLSP1) CCT 1910
ACYPR(NRLSP1)}=AUCVY{NRLSP1) CCT 1920
CCXYPR(NRLSP1)=CRCVXY (NRLSP1) CCT 1930
CCYXPR{NRLSP1)=CRCYYX(NRLSP1) CCT 1940
FNRLS=NRLAGS CCT 1950
PI=3.14159265359 CCT 196C
ANG=P [ /FNRL S CCT 1970
D0 11 I=1,NRLSP1 | CCT 1980
AUCVTX([)=0.0 CCT 1990
AUCVTY(I)=0.0 CCT 2000
CO(1)=0.0 CCT 2010
QUAD(I)=0.G CCT 2020
FI=I-1 CCT 2030
DO 11 J=1,NRLSPL . CCT 2040
Fd=J-1 CCT 2050
ANGLE=FJ#F [ %ANG CCT 2060
AUCVTX(I)=AUCVTX(I)+ACXPR(J)*COSF(ANGLE) CCY 2070
AUCVTY(1)=AUCVTY(1)+ACYPR(J)*COSF ( ANGLE) CCT 2080
COCL)=COLI)+.50%(CCXYPR(JI+CCYXPRIJ) ) %COSF ( ANGLE) CCT 2090
L1 QUAD(I)=QUAD(I)+.50%(CCXYPRIJ)I-CCYXPR(J))*SINF(ANGLE) CCT 2100
WRITE OUTPUT TAPE 6,12,L,M CCT 2110
12 FORMAT (/27X,56HAUTO AND CROSS COVARIANCE TRANSFORM FUNCTIONS OF SCCT 2120
LERIES 12,5H AND 12/77) CCT 2130
WRITE OQUTPUT TAPE 6,13 CCT 2140
13 FORMAT (9XyLHI+8Xy SHAUCVTX(L)12X s LHI 8y FHAUCVTY (1) 412Xs 1HI,10Xs CCT 2150
15HCU(T) 5 14X, LHI,9X, THQUAD T ) 14X/ /) CCT 2160
DO 14 [=1,NRLSP1 CCT 2170
IM1=1-1 CCT 2180
14 WRITE GUTPUT TAPE 6, 99 IM1, AUCVTXUI), IM1,AUCVTY(I) o IM1,CO(1) 1M1, CCT 2190
1QUAD( 1) : - CCT 2200
SPECX{1)=0.5%{AUCVTX(1)+AUCVTX(2)) CCT 2210
SPECY(1)=0.5*|AUCVTY(l)+AUCVTY(2)) CCT 2220
WCO(1)=0.5#(CO(1)+CO{2)) CCT 2230

WQUAL(11)=0.5#QUAD({ 1) CCT 2240
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SUBROUT INE POCROT _ 1/12/63
DO 17 I=2,NRLAGS CCT 2250
SPECX{I)=0.25+{AUCYTX{I-1)+AUCVTX{I+1))+0.5#AUCVTX(]) CCT 2260
SPECY(I)=0.25#{AUCVTY(I-1)+AUCVTY(I+1))+0.5AUCVTY(I) CCT 2270
WCO(I)=0.25#(CO(I-1L)+COlI1+1)}+0.5=2CO(I) CCT 2280
17 WQUAD{I)=0.25#({QUADII-1)+QUAD(I+1))+0.5%QUADI(I) CCT 2290
SPECX({NRLSP1)=0.5#{ AUCYTX{NRLAGS)+AUCVTXINRLSPL)) CCT 2300
SPECY{(NRLSPL)=0.5# (AUCVTY(NRLAGS)+AUCVTY(NRLSP1)) CCT 2310
WCO(NRLSP1)=0.5#{CO(NRLAGS)+CO{NRLSPL)) CCT 2320
WQUAD{NRLSP1)=0,5#QUAD(NRLSP1) . , CCT 2330
WRITE OQUTPUT TAPE 6,18,L,M CCT 2340
18 FORMAT (/36X,38HSPECTRUM AND CROSS SPECTRUM OF SERIES 12,5H AND [2CCT 2350
1/7/7) CCT 2360
WRITE ODUTPUT TAPE 6,19 CCTY 2370
19 FORMAT (9XylHI9Xs8BHSPECX(I) 12Xy 1HI 9%, 8HSPECY(]1),12X,1HI,10X, CCT 2380
16HWCO(I Y 913X, LHI ,9X BHRQUADLI) 43X/ /) CCT 2390
DO 20 I=1,NRLSP1 CCT 2400
IMl=[~1 CCT 2410
20 WRITE GUTPUT TAPE 6y 93 IM1,SPECX{I),IM1,SPECY{I),IML,WCC(I),IML, CCT 2420
LWQUADI( 1) : CCT 2430
DO 24 I=1,NRLSP1 CCT 2440
SPECTR{LsLs [)=SPECX(I) CCT 2450
SPECTR{MeM, 1) =SPECYLI) CCT 2460
SPECTR(L,Mp I)=WCO(I) CCT 2470
24 SPECTR(M,L, I)=WQUADI(I) CCT 2480
DO 26 I=1,NRLSP1 CCT 2490
RSQUTI=WCO(1)®#2+WQUAD(I) %42 CCT 2500
CRAMPLII)}=SQRTF{RSG{I)) CCT 2510
COHSQUII=RSQ{I)/(SPECX(I)#SPECY(I)) CCT 2520
GAIN(I)=CRAMPL({I)/SPECX(I) CCT 2530
ADDITN=PI CCT 2540
IF (WCOILI)) 26,26425 CCT 2550
25 ACDITN=ADDITN-SIGNF(PI,WQUAD(I)) . CCT 2560
26 PHASE(L)=ATANF(WQUAD(L)/WCO(I))+ADDITN CCT 2570
WRITE OUTPUT TAPE 6,275k, M CCT 2580
27 FORMAT {(/38X;35HCROSS SPECTRAL ESTIMATES OF SERIES I2,5H AND 12) CCT 2590
WRITE GUTPUT TAPE 6,28 CCT 2600
28 FORMAT (/39Xy1HI 48Xy 9HCRAMPLIT) 312X 1HIyL1X;9HCUHAaSQIT1) 49X, LHI,12X,CCT 2610
LTHGAINCI) s LOXy LHI 12X BHPHASE(I)//) CCT 2620
DU 29 I=1,NRLSPL CCT 2630
IMl=1~1 CCT 2640
29 WRITE CUTPUT TAPE 6,30,IM1,CRAMPL(I),IM1,COHSQ{T)IML,GAIN(I),IML,CCT 2650
1PHASE( ) CCT 2660
30 FORMAT (6XyI4s1PE20.753(6Xs14,0PF20.8)) CCT 2670
RLTURN CCT 268C

END(].'0,0QO'OQO' 1909091?09090’070)



43

-~ O

1C

1}

SUBROUTINF PARCOC

SUBROUT INE PARCOC

CCr

DIMENSION SPECTR(b.quOO)pCC(lO 10) yCORELN(6+6,300),CURESP{5,6,300CCT

1)9X(1200)+SPECX{300),Y{1200),SPECY{300),COHSQ(300),WEIGTS(300}
DIMENSION CUVARS(7.7)1A(2’5)1B(5,2)1C(515)|CI(5,5)'AXCI(Z.S),
1AXCIXB(2,2),D(2,2)

ccr
CCcT
ccT

EQUIVALENCE (X,DUMX),(Y,DUMY), (SPECX, DUMSPX)1(SPECY.UUMSPY):(CDHSQCC[

1, DUMCOS ) ¢ (WEIGTS, DUHNET)O(SPECTR.CORELN)
COMMON X,Y,SPECX,SPECY,COHSQ,WEIGTS, SPECTRyNRSERS,NRDATA,NRLAGS,
INRLSPL,PIaL¢M

NSP1=NRSERS+1

NSM]I=NRSERS~1}

NSM1X2=NSM]l=2

NSM2=NRSERS-2

NSM2X2=NSM2%2

KK=1

D0 1 J=1,NRSERS

DO 1 I=1,4J

COVARS(I4J)=SPECTR(IyJyKK)
COVARS(J, I )=SPECTRI{I,J,KK)
COVARS(!.J+7)-SPECTR(J,I.KK)

COVARS{J, [+7)=-SPECTR(J,1,KK)

DO 2 I=1,NRSERS

COVARS(I,1+7)=0,0

L=1

DO 3 I=1,NSM]

Al(l¢1)=CUOVARS(1l,1+1)
B(Ivl)=CDVARS(I+1'l)

DO 4 I=1,NSM]

DO 4 J=1,4SM1

ClIo,J)=COVARS(I+1,J+1)

D0 5 I=1,NSM]

II=1+NSNHL

DG 5 J=1,NSM1

JJ=J+NSM]

CCUI,u)=Ctl,)

CC(I4JI)=ClI,U+5)

CClITlad)==ClI,J+5)

CClIf,Jd)=Cl1,J)

CALL [NVERT {(i{SM1X2,CCySING)

IF (SING) 8,8,6

WRITE QUTPUT TAPE 607

FORMAT (/40X,39H INVERSE NOT COMPUTABLE 8Y THIS ROUTINE)
GO T 12

DO 9 I=1,NSML

DO 9 J=1,NSM1

JI=J+NSM1

CI(I,Jd)=CClI1,J)

CIUIJ+5)=CC([,JdJ)

DO 10 I=1,NSMI

AXCI(1le1)=¢0.0,0.0)

DO 10 J=1,NSM1
AXCI(lp[)zAXC[(lpl)*A(lpJ)*CI(Jv[)
AXCIXB(111)=(O-OQO-O)

DO 11 I=1,NSMIL

AXCIXB(l,1)=AXCIXB(1, LI+AXCI(1,1)eB(I,1)
CURELN{NRSERS L oKK)= AXCIXB(1,1)/COVARS(1,1)

CcCcT
CCT
ccr
CCTt
cCcT
108 )
CCT
ccT
ccr
ccr
CcCcrt
ccr
ccr
cCcr
CCT
cCcr
cCcT
CCcT
ccrt
ccr
cer
cCrt
ccy
ccr
ccr
cecr
CCT
CCcT
cer
cCy
cct
cer
CCT
cCT
ccr
CCT
ccr
ccr
ccrT
ccr
ccr
ccr
ccr
ccr
cCcr
ccry
ccr
ccr
ccry
ccT

7/12/63

2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2360
2970
2980
2990
3000
3010
3020
3030
3040
3050
306C
3070
3080
3090
3100
3110
31290
313¢
3140
3150
3160
3170
318¢
3190
3200
3210
3220
3230
3240
3250



12

13

14

16
17
18

19

20

21

22

23

24

25

26

217

28

S
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SUBROUTINE PARCOGC

DO 13 I=1,NRSERS
COVARSENSPLs 1) =COVARS{1,1}
COVARS(I¢NSPL)}=COVARS{Is1]
COVARS{NSPL1,NSP1)=COVARS{1,1)
00 14 I=1,NRSERS

DO 14 J=1sNRSERS
COVARS{[,J)=COVARS{I+1,J+1)
L=L+1

IF (L-NRSERS) 15,15;16

L=1

M=1

DO 19 I=1y2

0O 19 J=1,NSM2
A{L,J)=COVARS(1,J%+2)
B{Js1)=COVARS{J+2,1)

DO 20 I=1,NSM2

DO 20 J=1,NSM2
ClI,J)=COVARS{I+2,J+2})

DO 21 [=1,NSM2

II=1+NSM2

DO 21 J=1,NSM2

JJI=J+NSM?

CCl{Isd)=C([sJ)
CClI4JJ)=C{1,J+5)
CClIIyed)=—ClIsJ+5)
CCUITedI)=ClIoJd]}

CALL INVERT (NSM2X2,CC,SING)
IF (SING) 23,23,22

WRITE CUTPUT TAPE 6.7

GO TO 34

DU 24 1=1,NSM2

DC 24 J=14NSM2

JJI=J+NSM2

CI(I,J)=CLlIsJ)
CI(Isd+51=CC(1,JJ)

DO 25 I=1e2

DO 25 K=1,NSM2
AXCI(1sK)=(0.040.0)

0BG 25 J=1,NSM2
AXCLEISK)=AXCI(IKI+A{TI,J)=CI{JsK)
DO 26 I=1,2

DO 26 K=1,2
AXCIXBLIKI={0.000.0}

DO 26 J=1,NSM2
AXCIXB(14K)I=AXCIXB{I KI+AXCI{LJ02B{J,K])
DO 27 I=142

CO 27 J=1,2
DU1,J)=COVARS(I,J)~-AXCIXB{IJ}
DIVISR=D(1s11#D(2,2)

IF (CIVISR) 28,28,29
DIVISR =10.0#%36

G0 TO 30

9 DIVISR=SQRTFIDIVISR]

CORELN({LsM,KK)I=D(1,2)/DIVISR
NRSRML =NRSERS~-L
LPM=L+M

CCY
cCTY
cCcy
cCcy
)
ccT
cCcT
ccr
9
cCcT
(0 ]
cCr
CCT
cCr
CCT
CCT
CCT
CCT
cCT
ccr
cCcT
ccr
ccr
ccrt
CcCT
CCcYy
cCT
ccr
cCT
ccr
Cct
cCcT
CCv
cCcT
cCcT
ccr
ccr
cCcrT
ccy
CcCcy
cCT
ccr
CCT
ccr
CCcT
cCcr
cCct
ccr
CCcT
CCT
cCct
ccr
ccr
cct
()
cCcT

/12763

3260
3270
3280
3290
3300
3310
3320
3330
3340
335¢C
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
35490
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
373¢C
3740
3750
3760
3770
3780
3790
3800
3810



31

33
34

35

36

37

38

39

40

41
42
44
45
46
47
48
49

50

51

52

52
SUBROUTINE PARCOC

CORELN(NRSRML ,LPM,KK)=D{144)/0IVISR
ADDITN=PI

IF (CORELN(LMyKK]) 32,32,31
ADDITN=ADDITN-SIGNF{PI,CORELN{NRSRML,LPM,KK)})
CORESP(L yM,KK)=ATANF(CORELN{NRSRML ¢LPM,KK)/CORELN{(L M, KK))+ADDITN
CORESP(NRSRML yLPMyKK)=CORELNIL M ,KK) #2382 +CORELNI{NRSRML JLPMyKK) ##2
DO 35 I=1,NRSERS

COVARS(INSPl,1)= CUVARS(Z'I)
COVARS(I,NSPL)=COVARS(],2)
COVARSINSPL,NSP1)=COVARS(2,2)

DO 36 I=1,NSP1

DU 36 J=24NRSERS
COVARS(I5J)=COVARS{1,J+1)

DO 37 I=2,NRSERS

DO 37 J=1,nNSP1
COVARS([4J)=COVARS({I+1,J)

M=M+1

IF (M-NRSRML) 18,18,38

DO 39 I=1,NRSERS
COVARSI(NSPL,I)=COVARS({1,1)
COVARS{I,NSP1)=COVARS(I,1)
COVARSINSPL NSPL1)=COVARSI(1,1)

00 40 I=14NRSERS

D0 40 J=1,NRSERS
COVARS{I,J)=COVARS(I+1,J+1)

M=M+1

IF {(M=NRSERS) 38,38,41

L=L+1 _

iF (L-NRSERS) 17:42,42

KK=KK+1

IF (KK- NRLSPl) 43,443,544

WRITE OUTPUT TAPE 6,45,NRSERS

(o §
ccr
ceT
ccr
ccr
ccT
cer
ccr
ceT
ccT
cCT
cCcT
ccrY
ccT
ccT
ceT
ccrT
ccy
ccr
ccr
ccr
ceT
ccr
ccT
ccT
ccT
ccTt
ccr
ccr
ccrT
ccr
ccT

FORMAT (/18Xe37H MULTIPLE CORRELAYION COEFFICIENTY OF 12,44H TIMECCT

1SERIES AT SUCCESSIVE FREQUENCY-POINTS //)

WRITE OUTPUT TAPE 6446,(LyL=1,NRSERS)

FORMAT (5{5X,1HI+6X, 10HTIMESERIESIZ2))

WRITE OUTPUT TAPE 6447

FORMAT (/71X)

DO 48 K=1,NRLSP1

KMl=K~-1

WRITE CUTPUT TAPE 64499 {KML4,CORELN(NRSERSyL4K)yL=1,NRSERS)
FORMAT (5(164F18.8))

WRITE QUTPUT TAPE 6,50,NRSERS

ccy
ccr
ccr
CCT
ccr
ccr
ccr
ccr
cer
cCcT

FORMAT (/18X,36H PARTIAL CORRELATION COEFFICIENY OF 1I3,45H TIMECCT

1SERIES AT SUCCESSIVE FREQUENCY-POINTS //)

WRITE QUIPUT TAPE 6,51 _
FORMAT (L1I1X,1lHI,11Xy9HREAL PART$T7X,1lHI 11X, 9HIMAG PART 7Xs1lHI411X

19HCOR.SQUL) 3 7TXe 1HI o 12X, BHPHASE(I)44X)

FORMAT (/50X 10HTIMESERIES I13,4H AND 137/}
DO 53 L=1,NSML

NRSRML=NRSERS-L

DO 53 M=1,NRSRML

LPM=L+M

WRITE DUTPUT TAPE 6,52,L,LPM

DO 53 K=1,NRLSP1

KM1=K~-1

cCT
cCcT

»CCT

ccT
ccr
cCcT
cCcTy
ccr
cCcT
cCcr
CCrY
ccr

1/12763

3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
43690
4370
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SUBRUUTINE PARCOC 1/12763

53 WRITE OUTPUT TAPE 69549 KML,CORELN{L yMyK) yKML ,CORELN{NRSRML 3 LPM,K),CCT 4380

1KM1,CORESPINRSRML ,LPM,K)} s KM1 ,CORESP(L yM4K) CCT 4390
54 FORMAT (4X92(18,F20.8)32(185F20.8)}) CCT 4400
RETURN CCT 4410

END(15040,05050514C40515050,050,0)
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SUBROUTINE INVERT (N,A,SING) 1712763
SUBRULUTINE INVERT (N,A,SING) CCT 4439
DOUBLE PIVOT PROGRAM FOR MATRIX INVERSION CCT 4440
DIMENSION A(10,10),P(10,10),Q(10,10) CCT 4450
THRES =1.0£-20 : CCT 4460
SING=0.0 CCT 4470
NLESS1=N-1 CCT 4480
LU 3 I=1,N CCT 4490
CU 3 Jd=l,8 ‘ CCT 4560
IF {(I=-J) 142,1 CCT 4510
1 P{1,J)=0.0 CCT 452C
Glled)=C.D CCTY 4530
GO 13 3 CCT 4540
2 PlIsJ)=1.0 CCT 4550
QiIsd)=1.C ) CCT 4560
3 CONTI.UE CCT 4570
DG 20 K=1,NLFSS1 CCY 4580
BIGA=0.. CCT 4%90
KPLUST =K+l CCT 4600
DO 8 I=K,sil _ CCT 4610
DU 8 J=K N : ‘ CCT 4620
IF (A(T,J)) 445,45 CCT 4630 -
4 ARSA==A(T1,J) CCT 4640
GO Tu ¢ CCY 4650
5 ABSA=AlLl,J) CCT 4660
U IF (BISA-ADSA) 7,8,8 CCT 4670
7T BIGA=ANSA CCT 4680
LARGI=J CCY 469¢
LARGI=T CCT 4700
-8 CONTIuu-x CCT 4710
IF (LARSI-K)Y 25412,9 CCT 4720
9 00 L0 =K ‘ CLT 4734
ASTCRE=A(T,K) CCT 4740
AL K)=a0[,LARGY) ’ CCT 4750
10 ACL,LAMSS)Y=ASTLURE CCT 4760
2O 11 I=1,4 ' CCT 4770
QSTURE=H{T4K) : CCT 478y
QUILK)=CUTLARSY) CCT 4790
Il GUISLAYIJ)I=QSTORE CCT 4300
I2 1F (LARGI-K) 25,166,413 CCYT 481G
F3 00 14 Jd=K,N "CCT 4820
 ASTURE=A(K . J) CCT 4830
CAKeJY=AMLAWGT D) CCT 4840
14 ALARGIZJY=ASTURE CCT 4650
DC 15 J=1,.: CLT 4669
PSTURE=P(K,J) : CCT w879
PIKyJY=P{LARGIJ) ) CCT 488
15 PLLARGIZJ)=PSTURF CCT 48945
16 AMAG=ADSFIAK,K)) CCT 4900
IF (AMAG-THRES) 24924,17 . CCT 4914
17 DU 19 [=K,NLESS1 CCYT 4920
RMPY=A({I+1,K)/A(K,K) CCT 4930
BC L8 UL=KPLUSl,n CCT 494C
18 A(I+14L)SALI+1L4L)~RPMPY®A(K, L) CCT 495U
Afi+l,%)=Ce ’ CCT 4960
CO 19 LL=1Ll,y CCT 4972

19 PUI+LyLL)=P{[+]1,LL)-RMPY&P(K,LL) CCT 493D



SUBROUTINE INVERT (N,A,SING)

DO 20 J=K,NLESSI
CMPY=A(KyJ+1)/A(K4K)
AlKyJt1)=0.0

CG 20 L=14N
QILyJd+1)=QIL,J+1L)-CMPY*Q(L,K)
AMAG=ARSF(A(NsN))

IF (AMAG-THRES) 24,24,21

DO 22 J=1l,i

DU 22 I=lgn

QUL ,J)=C(L,J)/7A004,3)

00O 23 I=14N

DO 23 J=1N

All,Jd)=0.C

DU 23 L=1,N
AlTed)=A01,I)+Q(I,L)2P(L,J)
GO TQ 2%

S5ImG=1.0

RITURN

El\‘l‘( lgC’.C"OpOoO,l'O,OleO'O'OvODO)

25

cct
CCT
cer
ceT
CCT
ccrt
ccr
ccr
ccT
cCcT
cCT
ceT
ccr
cCT
cCcr
cCcr
cCcr
cCT1

1/12/763

4990
5600
5010
5020
5030
5040
5050
5060
5070
5080
%090
51060
5110
512G
%130
%140
5150
5160
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II. The Parzen-version of the power- and cross-spectrum plus correlation program

The only difference between this version and the Tukey-Hanning version
is the way in which the auto- and cross-variance functions are computed, weighted
and transformed. This is here dbne in subroutine POCROP, which deviates from
subroutine POCROT in the same manner as subroutine POWERP deviates from POWERT
and CROSSP from CROSST. Since these latter four subroutines have been de-
scribed before, not much more needs to be said hére.

Again, there is no difference between the time-estimates for this and
the Tukey-Hanning version of the program.

The main-program and the two last subroutines are also identical to
those of the Tukey-Hanning version. Only subroutine POCROP is different and
is given on the following 3 pages.

The input is again the same as before.

The output is shown on page 78/86 for the unfiltered series and on
page 86/95 for the filtered series. It appears that even if the series is
filtered beforehand all multiple and partial correlation coefficients lie in

the range of -1 to + 1. As can be seen on page 76/%?ﬁthis is ' not always so in

the Tukey-Hanning version.
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T FCRMAT (Hx.lHI.QXdeAU£VX€i)wLZXngIgQXg8HAUCVYlH)gl&Xle!.BXg

51
SUBROUTINE POCROP

~ ’

SUBROUTINE POCRUP

DIMENSION X(1200),Y(1200),WEIGTS{300),PRODXX{300),PRODXY(300),
1PROCYX{300),PRODYY(300),AUCVX{300),AUCVY(300),CRCVXY(300),
2CRCVYX( 3001, WACVX{300) s WACVY{300),WCCVXY{300),WCCVYX(300},
IACXPR{300) s ACYPR{300) ,CCXYPR{300)5CCYXPRI300),SPECX(300),
4SPECY(300),WCO(300),WQUAD{300) 4SPECTRI6,65300),RSQ(300),

SCRAMPL(300),COHSQ(300),GAIN{300}4PHASE(300])

cce
cce
cce
cee
cee
cce
cee

EQUIVALENCE (X'AUCVXyNCO)9(X(301)vCRCVXY)p(X(6Ol),NCCVXY)v(X(QOl)gCCP

L1ACXPR) 3 (Y, AUCVY g WQUADY 5 (Y {3013 sCRCVYX) o {Y(601) s WCCVYX) 5 (Y(901),
2ACYPR) » { SPECX s WACVX) 5 { SPECY s WACVY ), {COHSQ,CCXYPR) s (IWEIGTSCCYXPR) ,CLP
3{PRUDXX¢RS6) s (PRODXY,CRAMPL) 3 (PRODYX,GAIN)y (PRODYY,PHASE)

COMMON XsYySPECX,SPECY,COHSO,WEIGTS s SPECTRyNRSERS ¢ NRDATA, NRLAGS,

INRLSPLyPIsL oM

NRLSPL1=ARLAGS+1

NRCTML=NRDATA-RLAGS

FNRLS=NRLALS

PI=3.1415949265357

ANG=PI/FNRLS

SUMX=C.e

SUMY =0,

DG 1 J=1l,\NRDATA

SUMX=SURXEXTLJ)

SUMY=SUMY+Y(J)

NRLSO2=TN2LS/2.0+1.0

U 2 I=144R0LS802

Fi=1~-1
WEICTS(l)=l.O-(b.O*FI%ﬁZIFNRLS**Z)*(leO—FI/FNRLS)
NLGZ2PI=RLS02¢+]

DO 3 1=<LG2PL,yNRLSPL

FI=[-1

WUIGCTSUL)=2.0%{1.0-FI/FNRLS)#«3

1) 4 J=1,4RLSP

PRUDXX{I)=0.0

PRUCKYI1IJ)}=0.0

PROLYX{(D)=C.0

PRUOCYY{J)=C.0

MN=NRCATA-{J-1)

JM=J

NU 4 I=148074
PROCXX{JI)=PRODAX{I)I+X {2 X(JIM)

PRCCYY LAY =PRA0YY(JI+Y (1) eY({JM)

PRCUXY (I =PROCXYLI) XL oY IM)
PRCCYXAJY=PR0CYX{J)IeY LD ) e X dM)

JM=gm+

DENCM=RUATA

FLEN=1.0/00H0M

DG5 I=lenNRL5P1 :
AUCVX{ LY =FLENE(PRUDXX (I )=FDEN=SUMXESUMX)
AUCVY( L) =F0Z is (PRODYY (I )=FOEN=SUMY&SUMY ]
C%CVKY(l):FEFN*(PHuDXY(I)‘FDEN*SUMY*SUMX)
CRCVYK(l):FDEN*(PRCDYX(I)“FDEN“SUMX*SUMY)
WRITD UUTOUT TAPE Ge6.L M

FORMAT (/32K,40HAUTC AND CROSS COVARIAGCE FUNCTIONS OF SERIES 12,

150 AL K22/}
ARITE GUTPUT TAPE 647

cce

cce
cee
cce
cce
cee
ccp
cCcp
cce
ccp
cce
cce
cce
cee
cce
ccep
cce
cce
cop
cce
cce
cce
cce
cce
cee
cece
ceP
cee
cce
cce
cep
cep
ccp
cgee
cce
cee
cee
cee
cee
cee
cce
cce
cep
cee
ccp
cce
cce

1712763

1130
1140
1156
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1363
1370
1380
1390
1400
1410
1420
1437
1440
145C
1460
LaT1?
148C
14990
1500
i51¢C
1520
15305
154C
1553
156C
157C
1580
190
1600
1610
1625
1630
LG&S
1650
166%
1670
1580



SUBROUTINE POCROP
19HCRCVXY(I).lZX,lHI.BX.9HCRCVYX(I).3X//) v ccp
DO 8 1=1,NRLSPL ccp
IM1=1-1 cce

8 WRITE QUIPUT TAPE 6y 99IM14AUCVX(L),IM1,AUCVY(1),IML,CRCVXY{I), IMICCP
1,CREVYX(T) cee
9 FORMAT (4(6Xe14y1PE20.7)) cce
DO 10 [=1,WRLSPL cce
WACVXEI)=4dEIGTS(I ) #AUCVX () cce
WACVY(I)=WEIGTS(I)#AUCVYI(I) cce
WCCVXY({ [)=wEICTS(I)#CRCVXY(]) cce

1C WCCVYXUL)=WEIGTS(I)*CRCVYX(I) cee
WRITE OUTPUT TAPE 6,.12,L,M cce

12 FORMAT (/27X,56H WEIGHTED AUTO AND CRUSS COVARIANCC FUNCTIONS OF scecp
1ERIES 12,5H AND 12/7) cee
WRITE UUTPUT TAPE 6,13 : cce

13 FORKAL (9x.1Hl.9x.8HwACVX(I)pIZXlel'9X,8HHACVY(I)plZX.lHI.BX, cee
LIHWCCVXY (L) g 12Xy LHI s 8X 4 SHWCCVYX( 1) ,3X//) cece
DO 14 [=1,8RLSP1 - CCP
[Ml=1~1 cep

14 WRITL CUTPUT TAPE &, 9,IM1, WACVX(I),IMI, WACVY (1) IML,WCCYXY(I), CCP
LIM1,WCCYYX(IT) cce
ACXPR(L)=WACVX(1) cee
ACYPR{1)=WACVY (1) cce
COXYPR{L)=wCCVXY(L) cce.
CCYXPR(1)=wCCVYX(1) cep
CG 15 [=2,NRLAGS ccp
ACXPRUI)=2,2%WACVX(]) cep
ACYPR(1)=2.0=WACVY(]) cep
CCXYPR(I)=2.0#WCCVXY(]) cee

15 CCYXPR{I)=2,08WCCVYX(]) cce
ACXPREVRLSP L) =WACVX(NRLSP]) cee
ACYPR{NRLSPL)=WACVY(NRLSPL) ccep
CCXYPRUIRLSPLI=WCCVXY (NRLSPL) cce
CCYXPRIVRLSPL) =WCCVYX(NRLSPL) cce

0O L7 1=21,2°05P1 cce
SPECX(I)=0.0 cee
SPECY(I)=UuL1 cece
WCCTI)=0a2 cecp
AGUADCTL ) =0, 0 ccep
FI=I-1 cee
CC 17 J=1,4RLSP1 cece
Fd=J-1 cee
ANGLE=F I rFJuANS ' cece
SPECX({I1=SPZCX([)+ACXPR{J)}*COSF(ANGLE) cep
SPELY(l)=SPECY([)+ACYPR(J)*CUSF(ANGLE) cece
WCSL I =wCO( 1)+ +50% (CCXYPRUJ)¥CCYXPRIJ) ) *COSFLANGLE) ccp

L7 WOUADCT ) =WLUAT(I) + .SO*ICCXYPR(J)—CCYXPR(J))*SINF(ANGLE) cece
WRITE CUTIPUY TAPE GelB,L, M cece

18 FiuRMAT (ljax.JaHSPECTRUM,AND CRAOSS SPECTRUM OF SERIES [2+5H ANG L2CCP
1/7) cecp
ARITE CUTPUT TAPE 6,19 cee

19 FORMAY (0X.1HI.9X.8HSPECX(I).12X.1Hl.9X.8HSPECY(I)112X'1H1.10X. cece
LTGHWCTT) ¢ 13Xy LHL 39X BHWQUAD LT ) 3 3X/7) - ccp
LC 20 [=1e7RLSPL _ cep
IMI=]-1 cce

20 WRITE DUTPUT TAPE ¢, V9 IML,SPECX(I) g IML,SPECY(1),IM1,WCO(L),IMl, CCP
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1690
1700
1710
1720
1730
1740
1755
1760
1770
1780
1790
1800
1810
182¢
1833
1840
1850
1660
1870
1880
1890
1900
1910
1920
1930
1940
1950
19606
1970
198y
1990
2004
2010
2025
ZC30
204C
2050
2060
2070
2080
20696
2100 -
21l1v
2120
2133
214G
2150
2160
21L7¢
218¢
21990
2200
2219
2220
2230
2240
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SUBROUT INE POCROP
1WQUADLI) ’ ' cee
00 24 I=1,NRLSPL : cee
SPECTRILysLs [)=SPECX{L} cee
SPECTR{MgM, 1) =SPECY{I} cee
SPECTR(L My 1) =WCOLL) cce
24 SPECTR(MsbL, [ )=WQUADLI) cee
DO 26 [=1,NRLSP1 1 , cee
RSU(I)=WCO([)222+WQUAD( T} #22 , cce
CRAMPL{ I)=SQRTFIRSQ{L}) cee
COHSQUI)=RSQUI)/{SPECX{1}aSPECY(I)}) _ ccp
GAIN( [ )=CRAMPL{I)/SPECX(I) cece
ADDITN=PI - cce
IF (WCCUI1)) 26426,25 cep
25 ADCITN=ADDITN-SIGNF{PI,WQUAD(I}) cCcP
76 PHASE(I[)=ATANF(WQUAD(I)}/WCO{I))+ADDITN ' cee
WRITE OUTPUT TAPE 6,27sL oM cce
27 FURMAT (/38X,35HCRCSS SPECTRAL ESTIMATES OF SERIES I[2,5H AND [2) CCP
WRITE CUTPUT TAPE 6,28 cep
28 FURMAT (/QX,1H198X99HCRAMPL(I)912X,LH1911X59HCUH@SQ(E)o?leHKv12X9CCP
LTHGAIN( 1) s 10X, LH1 5 12X BHPHASELL )/ /) . cee
GO 29 I=1,N2LSP1 cece
[M1=1-1 ' cep
29 WRITLD GUIPUT TAPE 6930y1ML.CRAMPL(IBgIMlgCOHSQ(I)glMlgcAIN(I).IMl.CCP
1PHASEL L) cep
36 FORMAT (OXe[4olPE20.7¢316Xs14,0PF20.8)1} cee
RE TURN | cee

ENDLL,E voc(}soeuw1y‘-’p0919090909090)

T/L2/763
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AEEendix

Subroutine PARCOR

This subroutine will perform the same computations as subroutine PARCOC
without resorting to the complex-arithmetic facility of the IBM T7090. The
second dimension of the matrices COVARS, A, B, CI, AXCI, AXCIXB and D has
therefore Been doubled in order to enable the storage of the feal part of the
complex numbers in the first and their imaginéry part in the second half of
the reserved locations. Furthermore, each statement involving complex arith-
metic has been decomposed into one dealing with the real part of the complex
numbers and the othef with their imaginary part. For the rest, the two sub-
routines are the same.

Subroutine PARCOR is given on the next 5 pages. It contains 28 more

cards than subroutine PARCOC since the latter contains 28 statements which in-

volve complex-arithmetic operations.



. 98
AXCIXB(1,1)=0.0 : CCT 3270

AXCIXB(1,3)=0.0 . CCT 3280
L0 11 I=1,NSM] ) ‘ A CCT 3290
AXCIXBULy3)=AXCIXB(Ly3)+AXCI(Ly[)#BUIo3)+AXCI(L,145)2B([,1) CCT 33060
AXCIXB(1lyl)=AXCIXB(Llyl)+AXCI(1,I)#B(I,1)-AXCI(1,1+5)%B(1,3) CCT 3310
CORELN(NRSERS LyKK)=AXCIXB(1ls1)/COVARS(1,1) CCT 3320
00 13 I=1,NRSERS CCT 3330
COVARS(NSPL,I)=COVARS(1,1) , CCT 3340
COVARS(NSP1l,147)=COVARS(1,1+7) CCT 3350
COVARS(I,NSP1+7)=COVARS(I,8) CCT 3360
COVARSUI,NSPL)=COVARSII,1) . CCT 3370
COVARS(NSPLleNSPL)=COVARS(1,41) CCT 3380
COVARS(NSP1,NSPL1+7)=COVARS(1,48) CCT 3390
DO 14 [=1,NRSERS CCT 3400
LO 14 J=1,NRSERS _CCT 3410
COVARS(I,J+7)=COVARS(I+1,J+8) CCT 3420
COVARS(I4J)=COVARS{I+1,4J+1) CCT 3430
L=L+1 CCT 3440
I[F (L-NRSCRS) 15,15,16 CCT 3450
L=1 CCT 3460
M=1 CCT 3470
CU 19 I=1,2 CCT 3480
g 19 J=1,NSM2 , - CCT 3490
AlI.J)=COVARS(1,J#+2) CCT 3500
AlT9J#5)=C0OVARS([4J+93) ' CCT 3510
BUJy[+2)=COVARS{JI+2,[+7) CCT 3520
BUJ,I)=COVARS(J+2,1) , CCT 3530
DO 20 1=1,NSM2 ' CCT 3540
0O .20 J=1,NSMs2 . CCT 3550
CUIyJ+5)=COVARS{[+2,J+9) : CCT 3%56C
C(IyJ)=COVARS([+2,J+2) . CCT 3570
DS 21 T=1lynNSM2 CCT 3580
[T=1+N5M2 CCT 3590
CO 21 J=1,NSM2 CCT 3600
JJ=J+NSM2 CCT 3510
CClI J)=ClI,J) ' CCT 3620
CCUIoJJI=CUI,J+5) CCT 3630
CClIT,J)==ClI,J+5) CCT 3640
CClII,Jdd)=ClI,Jd) ' CCT 3650
CALL INVERT (NSM2X2,CC,4SING) ‘ _ CCT 3660
IF (SING) 23,23,22 , CCT 35670
WRITE CUTPUT TAPE 6,7 : CCT 3689
GU Tu 34 ' CCT 369C
CO 24 I=1.NSM2 . CCT 3700
00 24 J=1,nSM2 CCT 3710
JJ=J+NSM2 CCT 3720
CI(IsJ)=CClisd) : _ CCT 3730
Cltl,J+3)=CClI,,JJ) CCT 3740
Cu 2% [=1,2 CCT 31750
LO 25 K=1,NSM2 CCT 3760
AXCI(I4K)=0.0 CCT 3770
AXCI(I4K#+5)=0.C : CCT 378¢C
B2 2% J=1,iSM2 CCY 3790
AXCECT o K+5)=AXCIULsK+S)+A(L,J)*CI(J,K+5)+A(T,0+5)=CI(JyK) CCT 3800
AXCLIUTaK)=AXCIUL oK) +AC T4 ) RCILD K)=ALLJ+5)8CI(JeK+5) - : CCT 3810
DG 20 I=142 CCT 3820
1 26 K=1,2 ‘ CCT 3830

AXCIXBlI4K)=C.C CCT 3840



) 98
AXCIXB(1,1)=0.0 : CCT 3270

16
17
18

19

20

21

22

23

24

25

AXCIXB(143)=0.0 R CCT 3280
DO 11 I=1,NSM1 . ‘ . CCT 3290
AXCIXBUL1s3)=AXCIXBUL1o3)+AXCI(1,1)*BUI,3)+AXCI(L,I+5)=B(1,1) CCT 3300
AXCIXBUlyl)=AXCIXB{LyL)+AXCI(1,1)#B(I,1)~AXCI(1,1+5)%B(1,3) CCr 3310
CORELN(NRSERS L yKK)=AXCIXB(1l,y1)/COVARS(1,1) CCT 3320
00 13 I=14NRSERS CCT 3330
COVARS({NSP1l,1)=COVARS(1,1) . CCT 3340
COVARSINSPL,I+7)=COVARSI1,I+7) CCT 3350
COVARS{I MSP1+7)=COVARS{I,8) CCT 3360
COVARS(IoNSPL)=COVARSI(I,1) . CCT 3370
COVARS(NSP1,NSPL)=COVARS(1,1) CCT 3380
COVARS(NSP1,NSPL+T7)=COVARS(1,8) CCT 3390
DO 14 I=1,NRSERS CCT 3400
L0 14 J=1,NRSERS . CCT 3410
COVARS(I,J+7)=COVARS([+1,J+8) CCT 3420
COVARS(I4J)=COVARS{[+1,J+1) CCT 3430
L=L+1 CCT 3440
IF (L-NRSCRS)} 15,15,16 CCT 3450
L=1 CCT 3460
M=1 CCT 3470
CU 19 I=1,2 CCT 3480
1 19 J=1,NSMm2 CCT 3490
AlT+J)=COVARS(1,J¢+2) CCT 3500
A(L,J+5)=COVARS([,J+3) CCT 3510
D(Jy [+2)=COVARS{JI+2,]+7) CCT 3520
B{Jd,[)=COVARS(J+2,1) CCT 3530
D3 20 1=1,NSM2 CCT 3540
LU 20 J=1,NSM2 CCT 3550
CUlyJ+5)=COVARS([+2,J+9) CCT 3560
ClIyJ)=COVARS([+42,J+¢2) CCT 3570
DS 21 I=1,4NSM2 CCT 3580
[I=1+NSM2 CCT 3590
CO 21 J=1.NSM2 CLT 3600
JU=J+NSM2 CCT 3510
CClILsJd)=C(I,4) CCT 3620
CCUI4Jd)=C(I1,J¢5) CCT 3630
CCUILsd)==Cll,d¢%5) CCT 3640
CClITyJdd)=C(L,3) CCT 3650
CALL INVERT (NSM2X2,CCySING) CCT 3660
[F (SING) 23,23,22 CCT 3570
WwRITE QUTPUT TAPE 6,7 CCT 36849
GU Tu 34 CCT 369C
CO 24 I=1,NSM2 CCT 3700
D0 24 J=1,nSM2 CCT 3710
JJI=J4+NSM2 CCT 3720
Cltl,4Jd)=CC(i,J) CCT 3730
Clil,J+5)=CC{1,3I) CCT 3740
Gu 25 [=1,2 CCTY 3750
LO 25 K=1,NSM2 CCT 3760
AXCI(I4K)=GoV CCT 3770
AXCI{I,K+5)=C.C CCT 3780
00 25 J=1,05M2 CCY 3790
AXCLIUL oK#S)=AXCIU L s K45 )+ALT ) %CI(JoK+D)+ALT,,U+5)=CI(J,K) CCT 3800
AXCTCT o KISAXCIUEaK)Y#ACT o J)#CTI(J,K)~ALLyJ+5)2CI1J,K+5) - CCT 3810
LS 20 I=l,2 CCT 3820
£ 26 K=1,2 CCT 3839
AXCIXBUIK)}=C.C CCT 3840



26

27
28

29
30

31
32
33
34

35

36

37

38

40

41
42

44
45

AXCIXB(I,K+2)=0.0
DO 26 J=1,NSM?

AXCIXB([.K+2)=AXCIX8(I'K+2)+AXC[(IpJ)'B(JoK+2)+AXCI(l
AXCIXB(l.K)=AXCIXB(I'K)+AXCI(InJ)*B(J.K)—AXCI(IoJ+5)*B(JpK+2)

00 27 I=1,2
DO 27 J=1,2

CUI4J+2)=COVARSII4J+7)~AXCIXB(I,J+2)

DUL+J)=COVARS(I,J)-AXCIXB(I,J)
DIVISR=0(1,1)#D(2,2)

[F (OIVISR) 28,28,29

DIVISR =10.0%%36

GO Tu 30

CIVISR=SQRTF(DIVISR)
CORELN(L )M KK)=D(1,2)/DIVISR
NRSRML=NRSERS-I

LPM=L+M

CORELN(NRSRML,LPM,KK)=D(144)/DIVISR

ADDITN=PI
IF (CORELN(L,M,KK)) 32,32,31

ADDITN=ADDITN—SIGNF(PI.CORELN(NRSRMLpLPMpKK))
CURESP(LpMJKK)=ATANF(CORELN‘NRSRML'LPMDKK)/CGREL
CURESP(NRSRML.LPM:KK)=CORELN(L9M

LG 35 [=1,NRSEXRS
CDVARS(NSPI:!)=CUVARS(2.I)
CUVARS(NSPL:If7)=CDVARS(2pI+7)
CDVARS(I.NSP1+7)=CDVARS(X'9)
CGVARS(I,NSP1)=CUVARS(Iy2)
COVARS(NSPI:NSPI)=CGVARS(2.2)
COVARS(NSPI.MSP1+7)=COVARS(2.9)
DO 36 I=1,48P1

CU 36 J=2,NRSiRS
COVARS(I,J+7)=CUOVARS(I,J+8)
COVARSIUT,J)=CUVARS{I,J+1)

BO 37 I=2,NRSERS

DU 37 J=1,NSP1
CUVARS(11J+7)=CUVARS(I+1:J+7)
COVARS(I,J)=CUVARS(I+1,J)
M=M+]

IF (M-NRSRML) 18,18, 38

GO 39 I=1,NRSERS
COVARS(NSP Ly I)=COVARS(L, 1)
COVARS(NSPL,1+7)=COVARS(1,1+7)
CUVARS(I.NSP1+1)=CUVARS(198)
COVARS(I4NSP1)=COVARS(I,1)
CDVARS(NSPL.N5P1)=CDVARS(lpl)
COVARS(NSP[.MSP1+7);CUVARS(1.8)
LU 40 I=1,NRSERS

CO 40 J=1,NRS¥FRS
COVARS{I,J+7)=COVARS(I+1,J+8)
CUVARS{I+J)=CUVARS({I+1,J+1)
M=M+]

[F {M-NRSERS) 38,38,41

L=L+1]

IF (L-NRSERS) 17,42,42

KK=KK+1

[F (KK-NRLSPLl) 43,43,44

WRITE CUTPUT TAPE 6,45,NRSERS

FORMAT (/1bX,37H MULTIPLE CORRELATION COEFFICIENT OF

2 J+5)#B(J,K)

N{LsMyKK))+ADDITN
1 KK) ##2+4CORELN(NRSRML g LPM,KK) %#2

ccr
cCcr
(|
cCcr
cCcr
ccr
ccr
ccr
CCT
ccr
ccr
ccr
ccr
ccr
cCcr
ccr
cCrT
ccr
)
cCcr
cCcr
cCcr
CCt
CCT
CCcT
cCT
ccr
cCcr
ccr
cCcr
cecr
ccr
ccT
ccr
ccrt
ccr
cecr
cCr
ccr
CCT
ccr
cCi
cCcr
ccr
ccr
ccr
ccr
ccr
Cir
CCT
ccr
CCT
ccr
ccrT
CcCr
ccr
cCr

TIMECCT

3850
3860
3870
3880
38990
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4730
4240
4250
47260
4270
4280
42930
4300
4319
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420



_ 100 |
ISERIES AT SUCCESSIVE FREQUENCY-POINTS //) cer

WRITE QUTPUT TAPE 644645 {LyL=1,NRSERS) cCr
46 FORMAT (S(SX,1HI.6X,10HTIMESERIESIZ)) CCT
WRITE OUTPUT TAPE 64,47 ) CCTt
47 FORMAT (/1X) CCT
DO 48 K=1,NRLSP1 cecr
KM1l=K-1 cCT

48 WRITE QUTPUT TAPE 6.49,(KMI,CDRELN(NRSERS.L'K).L=1.NRSERS) ccrt
49 FORMAT (5(]6,F18.8)) CCcT
WRITE OQUTPUT TAPE 69504 NRSERS CCT

50 FORMAT (/18X,36H PARTIAL CORRELATION COEFFICIENT OF 13,45H TIMECCT
LSCRIES AT SUCCESSIVE FREQUENCY-POINTS 77} CCT
ARITE OUTPUT TAPE 6,51 CCT

51 FORMAT (11X,1Hl.llx,9HREAL PART ¢ 7Xs LHI 11X, 9HIMAG PART.TX,lH!.lleCCT
19HCDH.SQ(I).7X.1HI.IZX.8HPHASECI)v4X) ccry
52 FORMAT {/750X, LOHT IMESERIES I13,4H AND [3/7) cCry
CO 53 L=1,NSMl ‘ ceT
NRSRML=NRSERS~-L CcCrT

80U 53 M=],NRSRML CCT
LPM=_+M ccr
WRITE QUTPUT TAPE 6,52,L,LPM cCcT

DO 53 K=1,NRLSP1 cCT
KMl =K~} CcCT

93 WRIITE QUTPUT TAPE 6.54.KM1,CORELN(L.M.K),KML;CORELN(NRSRMLpLPM,K),CCF
lKMl.CORESP(NRSRML-LPM.K),KMl,CORESP(L.M,K)- CCT
54 FORMAT (4X.2([8.F20.8)o?([8pF20.8)) ' cCT
RETURN ccr
ENC CCY
SUBRUUTINE [NVERT {NsA,SING) CCT
DOUBLE PIVOT PROGRAM FQOR MATRIX INVERSION CCT
CIMINSION A(lO,lO)oP(lO:lO)tQ(lOle) cCr
THRES =1.0F-23 : cCcr
SING=0.0 CCTY
NLESSLI=il-1 cCr1

LC 3 I=1,N CCrT

CU 3 J=1,N cecT

IF (I-J) 1,241 CCT

1 PUI,J)=0.0 ccr
Cl1,4Y=0.0 cecr

GO OTO 3 CCr

2 PllyJd)=1.0 CCr
Wlled)=1.0 CCr

3 CONTINUE ccr
) 20 K=1,4NL¥ESSE cCcr
BIGA=0.D CeT
KPLUSI=K+] cer

L0 8 I=K,n cCcT

NC & J=K,N . ccT

LE (ALL4d)) 4,5,4 ' CCT

4 ABSA=-A(1,J) ’ cCr
GO TuU o6 cCr

5 ABSA=A(I,Jd) . cCrT
6 IF (BIGA-ARSA) 7:,8,8 ' CCr
7 B3ICA=ABSA cecr
LARGI=J cecr
LARGI=I cCry

8 CONTINUC CCT

IF (LARGJ-K) 25,12,9 ()

4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
45990
4600
4610
4620
46130
4640
4650
46690
4670
4680
4690
4700
4710

4720 °

4730
4740
4750
4760
47170
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4330
4940
4950
4360
43970
498C
49906
5000



