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ABSTRACT

The computer program for correlation and spectral analysis
of reactor flow data operates on stationary time series data to
obtain any or all of the following statistics: mean, variance,
standard deviation, probability density function, autocorrelation
and crosscorrelation functions, and the frequency spectrum (Fourier
transform). The program is limited to two data records, each up
to 2000 points in length., These limits could be increased to
accommodate longer records. Statistics that have a functional
variation are presented graphically with the option provided for
detailed listing of functional values. The program can be expanded
to include other operations on the data by adding the appropriate
subroutine package, the data set being available in common storage.
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. INTRODUCTION

Interpretation of continupus data records from reactor flow,
temperature, and pressure signals is complicated by random variation
in signal level. These variations can be attributed tc turbulence,
local flow separation, instrument noise, or process variation.

For most purposes, the primary interest is in the mean signal

level, or in the detection of perigdic variation in the signal

that may be obscured by the noise. But studies of process variations
ryquire analysis of the random noise itself and usually, measure-
ment of the similarity between signals from different parts of the
system to establish correlations. .Visual comparison for correlation
of two or more noisy signals is difficult because the variations

are random, and therefore dissimilar.

The computer program"deScfibed in this report will character-
ize a noisy signal statistically in both the time and frequency
domains. It can be used to detect periodic signals buried in
noise, to establish the degree of correlation between random
signals, and to aid in establishing the source of process variable
fluctuations. Advantages of the program are:

e Modular form, permitting additional subroutines to be
2asily attached for further analyses

e Separate input subroutine that can be adapted by the
user for different types of data records, such as card
or tape
s Simple procedures for the user, because the program selects
optimal values for lag times in computing correlationms,
and the number of points for efficient Fourier transform

Appendix A contains detailed input instructions, Appendix B
gives a sample problem input; Appendix C, the output.




MATHEMATICAL FORMULATION

This program operates on stationary time series data records

in digital form to calculate any or all of the following statistics:

W Control |
w Program

Mean, variance, standard deviation
Probability density function
Autocorrelation function

Crosscorrelation function (for two simultaneously recorded
data sets)

Frequency spectrum (Fourier transform)

Figure 1 is a block diagram of program options.
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FIG. 1 BLOCK DIAGRAM OF PROGRAM OPTIONS




The mean, variance, and standard deviation of each data set
Pi,j are computed in the usual manner:

N
=7 =1 1
Mean = Pj = R 2: Pi,j (1

i=1

N
1 2

i = T . 2
Variance = 53 zz J) (2)

where N is the number of data points, and subscript i denotes a
point in the time series j. The sample standard deviation is the
square root of the sample variance. If two data records are being
correlated, the covariance is calculated by

N
ﬁl" 2: s1 7 ﬁl)(Pi,z - ﬁ;) (3)

and the coefficient of correlation by

2
s12

Xy  S$;*S,

p (4)

The probability density function is an estimate of the
probability of certain amplitudes being assumed by the variable
over a period of time. The procedure divides the range of
variation about the mean value into 50 intervals, and determines
the number of points Nj in the data set that fall into each
interval. The probability that the variable will assume a value
in a given interval is

N.
Ax A1 T
P[x-—éw<x$x+—2-—:|-——N (5)

The range of values is normalized on the largest (absolute) value
in the data set and plotted against the probablllty determined by
Equation 5.

Two signals may well be correlated, but not at the same instant
in time. In other words a change in one signal precedes a corre-
sponding change in the second signal by a short period of time,

A coefficient of correlation of signals recorded simultaneously




computed by Equation 4 would be ambiguous. The possibility

of a time shift or phase lag can be investigated by developing
the crosscorrelation function. One data record is shifted in
time relative to the other in discrete steps, and the coefficient
of correlation is recomputed after each step using Equations I,
2, 3, and 4, A peak in the plot of coefficient of correlation
versus time lag indicates the time relationship between the
variables being correlated. Numerically, the crosscorrelation
function is formed from these equations:

N-r
1
@12(1') = _N—r pi,l.pi"‘r,Z (6)
i=1
N-r
1
2, () = §¢ ;E Pisr,1°P1,2 7)
i=1

where N is the number of data peints describing each signal, and
r=1, 2, ..., Tpax is the number of equal time intervals by which
one signal is shifted relative to the other.

The autocorrelation function is used to test a signal for
similarity to itself at various intervals. Any periodicity will
be evidenced by a periodic autocorrelation function. The auto-
correlation function for a record of N data values is estimated
numerically by

N-r

1

@jj(r) il ZS Pi,j Pi+r,j r=1, 2, ..., r (8)
21

(=]

where r again is the number of time shifts.

The maximum value of r, for both the autocorrelation and the
crosscorrelation calculation, is determined by the recording rate
and the bandwidth resolution specified for the Fourier transform:

T oax = 1/(Be°At) = OL/Be | | (9}

where Bg is the specified bandwidth in cycles/second, At is the
time interval between data points in seconds/point, and o is the
recording rate in points/second. If ry,x computed from Equation 9
is greater than N/2, rp.. = N/2.
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Although the mean, variance, and distribution function are
sufficient to describe the magnitude of a random variable, they
give no indication as to the rapidity of variation with time.
For example, two random data signals may both have the same
variance, but one could be varying much more rapidly than the
other. To describe the time aspect of noisy data, the mean
square spectral density, or frequency spectrum, is used.
Essentially, the spectrum shows for a random function how the
total mean square value is distributed over the frequency range.
The spectrum can be computed from the raw data P(t) by numerical
integration of

F(w) = f p(t)e IWtqy | (10)
0

where w is the radiant frequency, t is time, and j is /~1. The
integral is difficult to implement in this form. The code utilizes
a fast Fourier transform algorithm'’? supplied by IBM to compute
the transform. In addition, advantage is taken of the Wiener
theorem,® which states that the mean square spectral density of a
random variable is the Fourier transform of its autocorrelation
function. Accordingly, first the autocorrelation function is
computed, and then the values are transformed to obtain the
frequency spectrum. This procedure is fast and accurate.

The frequency is incremented from O Hz to the maximum
frequency compatible with the recording rate, fp;¢x = 0/Tpax,
sometimes called the Nyquist frequency.

INPUT FOR THE COMPUTER PROGRAM

The input for this program includes a description of the
data: number of points, number of sets (1 or 2), recording rate,
and spectral bandwidth resolution (Appendix B). The subroutine
for reading in data should include the number of data points.
Other information is read as standard input from the main program.
The data record length (IMX) is governed only by machine capacity.
The program is presently dimensioned to accept two 2000-point
records. Longer data records would only require adjustment of the
dimensions of arrays P, R, and XXR, which are the data, auto-
correlation, and crosscorrelation arrays. The frequency resolution
desired for calculation of power spectrum should be no less than
20/IMX, where o is the recording rate in points/second, and IMX
is the number of data points. The resolution finally obtained
is usually slightly less than specified, because the Fourier
transform subroutine pads out the data set with zeros until the
number of points is a power of 2.

- 9 -




OUTPUT OF THE COMPUTER PROGRAM

The standard output includes the following:
® Problem title
e List of options specified
e Mean, variance, and standard deviation of each signal
e Single page plots of each statistical function computed
e The Nyquist frequency, number of lag values used to
compute correlations, and standard error associated
with frequency spectrum
The functions are plotted using the on-line printer, which
rounds off values to the nearest line and carriage position. In
addition, only 100 points can be plotted, so that information in
longer data records may not be shown. Therefore, the option is
provided for listing all points computed for each function, including
those plotted.

Appendix C includes data for output of sample problem,
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APPENDIX A
DETAILED INPUT INSTRUCTIONS

Data Record Inmput. The user should insert an appropriate READ
instruction (with FORMAT statement) into subroutine TRASH to
read his data into the array P(I1,J), where I =1, 2, ..., IM{;

J =1, 2; and IMX is the number of data points in each record J.
If the data are on cards, they should be placed last in the input
stream. The sample input described in Appendix B and shown in
the listing below provides for reading data punched on cards.

SUBROUTINE TRASH(NSIG,IMX,ALPHA)

COMMONP ( 2000,2) ,R(1000,2),KUE({5) ,NO,XXR{1000),V(2)
DIMENSIONRMKS(8) ,HEAD(5),A(100,3)

DATA HEAD/'FUNCTIONS CONSIDERED'/,RMKS/'SAMPLE OF FIRST 100 DATA P
10INTS'/,  N,NL,NS,NXS,NYS,XMIN,XMAX,YMIN/ 100,0,0,0,1,0.,100.,0.
2/

READ NUMBER OF DATA POINTS PER RECORD, IMX
IMX=201

LOAD DATA INTO ARRAY P(I,J)
D010J=1,NS1G
READ(5,100) (P(1,J),I=1,IMX)
100 FORMAT(16F5.0)
10 CONTINUE

IF(KUE(1).EQ.O)RETURN




IDENTIFICATION CARDS
(Two cards for each run)
Card
Card Column Identification _ Remarks

1 1-14 Number of problems in Integer, right-justified

Tun
5-80 Problem title Alphameric, up to 156
1-80 Problem title Character
{continued)
3 1-5 Options requested Integer KUE(I} = 0, 1, 2, or 3.
KUE(1) = 1 Plot of first 100 data points
KUE{2) = 1 Amplitude probability density function
= 2 List pf PDF values
KUE(3) = 1 Autocorrelation
= 2 Plot of autocorrelation
= 3 List of autocorrelation function
KUE(4) = 1 Crosscorrelation of two signals (no plot)
=2 Plot of crosscorrelation
= 3 List of crosscorrelation
KUE(5) = 1 Fourier transform of the autocorrelation
function (mean square spectral density)
=2 List of transform coordinates
KUE(I) = 0 if option
not used
3 6-9 Not used. Reserved

for expansion of
KUE(I) coding

3 10 Number of data Integer 1 or 2
records in problem

3 11-15 Recording rate, Floating point
points/second

3 16-20 Frequency resolution Floating point

desired in calculation
of spectrum,
cycles/second

- 12 -




APPENDIX B
SAMPLE PROBLEM INPUT

As an example, a complete analysis was made of flow rate
recordings from two pumps drawing from a common source and
discharging into a large header. The pump suction heads were
reduced considerably below design value as part of a test of the
system behavior under simulated emergency conditions. The pumping
rates were unsteady, and it was of interest to correlate the
transients in the two systems as well as determine the mean flow
rates and characteristics of each.

The data for the input required for the problem were coded
on punched cards and read in with the statement shown in sub-
routine TRASH (page 11). Appendix C shows the output. All
options were requested.

- 13 -
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APPENDIX C
SAMPLE PROBLEM OUTPUT
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CROSS CORRELATION FUNCTION PLUTTED AND ALL COMPUTED VJN.UES LISTED

MEAN SQUARE SPECTRAL ODENSITY COMPUTED FROM THE AUTOCORRELATION FUNCTION AND PLOTTED
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BASIC STATISYICS UN THESE SIGMALS ARE AS FOLLOW

THE MEAN AMPLITUCES ARE -04060 AND le374
1 VARJANCE= 0e4322 AND THE SYANDARD DE VIATIUN=® 00,6574

Ca0165 AND THE STANDARD DEVIATION= 0,1283

FOR SIGNAL NO.

FOR SIGNAL NCO. 2 VARJANCE=

FINALLYTHE COVARIANCE IS =0.002 AND THE COEFFICIENT OF CORRELATION IS

FOR SIGMAAL NO. 1 MAXIMUM VALUEa 141100 MINIMUM= -0.9700

FOR SIGNAL NOs 2 MAXIMUM VALUE= 147100 MINIMUM= 1,0900

-0.027
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P/PMAX=0,54
P/PNAX =D 484
P/PMA X=

PRGB=4305
PROB =4 040
PROB=4005
PROB=4)25
PROB=,025
PROB=,0

PROB=,010
PROB=,015
PROB=045

P/PMAK==~s 32 PROB=40

P/PMAX==,T2
P/PMAX=—~,52
P/PMAKE~4 32
P/ PMAX= =412
P/PMAX=0,08
P/PMAX=0,28
P/PMAX=0 448
P/PMA X=04 68
P/ PMAX=( 488

PROB=,030
PROB=,030
PROB=, 045
PROB=.015
PROB=40L0
PROB =, 005
PROB=,020
PROB=, 025
PRDB= ,040

P/PMAX=—o,88 PRDB=.C

P/PMA K==y 68
P/PMAX=~ o4 8
P/PMAX=~=aZ8
P/PMAXE=408
P/PMAX =G e k2
P/PMAX=0s 32
P/PMAX=0a52
P/PHAX®DaT2
P/PMAX=(0.92

PROB =4 055
PROB= 4040
PROB=, 015
PROB=, 010
PROB=,020
PROB =, 020
PROB=,010
PROB =,020
PROB =, 025

P/PMAX=~,84 PROB=,0

P/PMAX =—q 6%
PIPMAX=~, 44
P/PMAXm=g 24
P /PMA X==¢ D4
P/PMAX=D .16
P?PMAX*O.BO
P/PMA X=0,506
P/ PMAX=0,T6
P/PHAX=0, 96

PROB=,065
PR)B=, 035
PROP=,.020
PROB=4 015
PRIB=.020
PROB=,220
PROB=, 020
PROB=,015
PROB=,00%
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NORMALIZED AMPLITUDE (P/PMAX] AND PROBABILITY

PIPHAX!***"E PROB=40 P/ PMAX=—e96 PROB=40 P/PMAX==492 PROB=40Q P/PMAX=—y §8 PROB=4005 P/PMAX==484 PROB=,005
P/PMAX==¢ B0 PRUB=e 005 P/PMAX=—¢ 76 PRDB=e010 P/PMAXK==4T2 PROB=.Q P/PMAX==,68 PROB®4005 P/PMLXn=-, 64 PROB=, 025
PrPUAX =460 PROB540L5 P/PMAX=~456 PROB=,015 P/PMAX==.52 PROG=. 040 P/PMAXa=,48 PROB=, 020 P/PMAX==,44 PRO}B=,030
P/PMAX=2—~ 40 PROB=,015 P/PMAX=~,36 PROB=,0 P/ PMAX=~o32 PROB=,025 P/PUAX==,28 PROB=4050 P/PMAX*=424 PROB=.040
P/PMAX=~o20 PROB=4030 P/PMAX=~elb PROB=,050 P/PMAX®-¢lZ PROD®.025 P/PMAXw—,08 PROB=,020 P/PMAX®-404 PRID¥,065
PIPHAKa—o00 PROB=,040 P/PMAX®=0,04 PROB=,025 P/PMAX=0.08 PROB=,030 P/PMAX50,12 PROB=. 040 P/PMAX»0.1% PFOB=.025
P/PMAX=0,20 PROB2,040 P/FMAXZ0.24 PROB=.035 P/PMAX=D.28 PROB=.020 P/PMAXx0,32 PROB=,065 P/PMAX=D,36 PRDB=, 025
P/PMAX#0 .40 PROB=,020 P/PMAX20,44 PROB=,035 P/PMAX=0e448 PROB=,015 P/PMAX=(0,52 PROB=,0 P/ PMAX=0456 PRDB=,020
P/PMAX=0.560 PRCB=,035 P/PMAX=046% PROB=,015 P/PMAX=0e68 PROB=40L5 P/PMAX2(0,72 PRO3%,020 P/PMAX=0sT76 PROB=.0
P/PMAX=0.80 PROB=4005 P /PMAX=0.84 PRO8=,0 P/PMAXK=0.88 PROB=.0 P/PMAX=0,92 PROB=.0 P/PMAX®0,96 PRIB=,0
P/PHAX=1,00 PRCB2,005 P/FMAX=
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LIST OF AUTOCORRELATION FUNCTION VALUES: NORMALIZED BYR(14J)=

3]
R
Ri
R{
R
R
Al
R
R

1,J)=0.4300 RI{

6.Jl=0.6796
1l Jb==0 3738
162 J)==02509
éls JI=0e 2650
26¢J 1043628
3144} 21091
36'..' J==4o3979
41,y J1==o0731
46, J)=0e 3782
5140120,2191
S6yddl == 2765
61.J)=“03437
66¢rJ1=0,61370
71'.”-0‘4092
Tosd)=040177
8l ,Jdi=~e 3953
865 J)=~e 1907
91+ J)=043360
S6y 1203179

R
R{
Ri
R
R(
R(
RI
Ri

2¢J 12044093 RI(

TeJi=—a0310
12+J 3= 44044
17rJl==q41550
220J1 =04 3414
2TeJ =0 ,4,2933
32 #J) x=,2068
37rJi=—e3796
424J1=0,0361
4Ted} =0e 4055
52¢d1=041206
57y J)==a3422
621 J1=—42773
6T 202387
T2+ J) 2043746
T7:J i==,0926
82 ¢ J)=—u4105
BTydi=—,0845
924J1%0,3956
QT4 =0,2285

R
Rt
R
R{
R{
R
R
R(
R
R
R(
R(
R{
R{
R
R{
i
R{
R{

3, J1=0,3589 R

83J)=—41390
135J) ==, 4066
184J dx=q C450
234415043935
2840150, 2044
33,0)5-,2894
384J) ==y 3344
43yJ 12041439
484J120a4013
5340 )=0s 01456
58 3J) =-e3843
634J) ==4 1895
6814 12003227
73 4J) 2043125
78yd 1mmg 1952
834J J=—.3952
B8 +J) =0, 0307
9314 )70, 4243
98 yd) *0e1249

R{
R{
R{
R

R

R
R{
R{
R
Rt
Ri
Ri
R
Ri
Ri
R
R{
R
Ri

Hed)=0e 2819 RI

GeJ jm-y 23463
1443 ==,3B06
19.J"00°ﬁ34
244 J)=0,4156

291 #0.1027

3+|J"‘.3513
399 )= 2648
G4y J Y204 2414
49 3J1=043656
54y 3) m=, 0920
59 J)zwa 3987
G g 3) 5=y QB59
69, J)=0.3817
Thed=0,2272
T99dh»—q 2840
B4y d)nay, 3528
89,J)1=0.1470
94y Jh=0, 4202
9944 1=0,0136

Ry
Ri
R

4430014E-01a LAG INCREMENT{SEC)=

S9J)=0,1863
10yJin=o 3168
1S'J|=“o3273
204+ 41 =04 1700
25, J 12044051
309J) == 0044
35rJ)=—a 3886
4Dy J)=—a17560
45]!.” =Ue 322‘9
50:J 12043030
58 J)==,1909
60y J)==e3851
65,J)=0,0259
TO0: ) =0.4119
759412041268
80yJ) s—43533
85, J)a—,2826
90, J1=0,2511
959 J) =0,3838

100y J)m=0e0963
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LI5T OF AUTOCORRELATION FUNCTION VALUES, NORMALIZED BYR{lsJ)=»

RA
R
RI
R
R
R
R
R
R
Re
R{
R
RI
Ri
R{
Rt
Ri
R
Ri
R{

lsJd)=0,0164 R

64.0) == 0057
lly Jha=,0015
loeJ}=0.09012
21y d)==40003
264 J)=20.0036
31y J)==e 0040
364 dbx-e 0012
41l 4y 4)1=0.0015
46y J)=0. 0002
51,Jl=-.0016
56, J1=0. 0025
6lyd)m=o0012
66y J=—e0023
TleJ}=0. 0037
769 J)==20024
81l,+J)=0.0012
86y J)==40031
91 5 J)=0.0007
94y .J)=0. 0040

R{
R{
R{
R{
Rt
R
R
R
Re
R{
R
R
Ri
R
R{
R{
R(
R
R{

2¢J1%0.0115 RIL

Trd) ==, 0076
IZ'J,=—.0005
17,Ji=0,0017
22.Jl=0-0001
27y Ji=0,0022
3Ted)=»= 0006
424J4)=0,0030
474} ==y DO0SE
52'Jl=—.0013
57441 =0,0030
62+J)==,0025
679} a—ga0003
72941 =04 003%
771J’=-10033
82 ,J1=0.,0020
BT’J Ja= o Q043
9Z’J"0¢0023
97, J) =0, 00386

RI
R
R{
R
R{
R(
Rt
R(
R
RA{
Rt
RI
RI
R
RI
R{
R{
RI
RI

334 J )=0.0052 RI(

BeJi==2007%
13,J) =0, 0000
18401700013
23 4J)=0400156
28yJ 1 =0. 0001
33,4)==,001%
38¢J) =0 0002
‘03|J 1=0,0035
48|J’=-00011
535 )%=, 0015
58441040027
634J)==0 0034
6Byd 1=0.,0012
732412040033
T8ed 1==0 0031
834J)1=0.,0017
88,J) =~ 004]
93¢ d I=0e0047
983 J1 20,0026

R
R{
R(
R(
R{
R
R
R{
R{

R{ "

R{
R{
Ri
R
Ri
Ri

Ri

R
R{

954 Ve=g0053
14 ¢4}'20,0006
1994 20,0003
24 9J1%0,0031
29y 4} m=, 0019
344J Juma 0014
394 3)%0,0003
4by 30,0027
49 4 d)e=o0013
549d) memy 0004
5930 )80,0016

64 ¢J) w0043

69 4)=0,0024
T4+ 419040019
79, )=, 0022
844 20,0008
891J) == 0028
949J41=0,0053
994 J120,0004

R{
R
R{
R{
Ri
R
R
R
R{
R{
R{
Ri{
R{
Ri
Ri
R{
R{
R
Rt

-

1e63684E~02¢ LAG INCREMENTISEC )=
49 J)=0s 0008 RI

Sedl 3= 0024
104 3 ==4,0029
15,J})=0,0008
20441 ==,0003
254 J1=0,0039
20 ==,0034
35,J01=-,0016
40y 41=0,0008
45,J)=0,0012
50;\.' p=~Qa0018&
55:J)=0,0011
604J)=-,0000
65 ¢ J ) ==40036
T0;J) =0, 0029
T5¢J)2=,0001
B0y dia=o000%
85,J1%- 0008
90441200011
95, J) =0 0045

100,J)=-,0023
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L15T OF ALL VALUES DF CROSS CORRELATION FUNCTICGN

NO. PTS = 199 OT= 0.1000

~e3T0T= 2t 09T =43942~43624=42971=41980-, 08260602100, 11 720200904 265906 29570s 33090, 333204 30750,25250420830.16010,10450,0421

#0339~41)86—4 20894 3120=4 3982043070 4116—03008742925~41894~4052504077004183104265T0422420,35510435310.,33570, 29110.2335
«16940.10430,0428-00097- 4074801676~ 02663-4 3423~ 3945341 TT-44028=9 34054 23T0=210480,02720,153004261504+ 344400 39700,4150
2356600 3475002771001890040936=40054=30978=21736=02482-03116= 93568~ 43768=43682=-,330T~42534=4146%4 02550, 093804 18810,2542
+30020430850430010425930,215202 182904149906 09265040292 =4 0387410721783~y 2365927520 2895=,2835-02617-,202T~a1264~,0266
¢08130. 17090, 235404 26500427240+24880.21100417010412670.09420406950031 7402324 09354 1653-,2249-22761~42970-22905~42607

021582 13€4~0 034900 061000 146304 221800 269504284404 28190,26000.22390417670413520,0913040289=,0390~41205=, 2070~. 284&1~-, 2396
#3699 34 T4=a2930-42136=410410400910412770022790,29980433350.32270428910, 242604 18960e 12790406034 021 6= 0944~ 1589~,19]10
e2151-422T6~02346=42201-41918-41523-,0988-203350,03950,10910.,1775022100.2327045199904,16090,11290,07320.04690.02640.0148

#02T1=408l0=41232-41336- 21455415350 1401~e 1194~ 09194 0794~2 0531~, 0111 0. C381 0. CB000410830,13%510.14230,12210.0881

FUURIER TRANSFRM OF AUTOCORRELATION FUNCTION FOR POWER DENSITY ANALYSIS
W0e OF PTS TO COMPUTE SPECTRUM=L= 100
KECORDING RATE = ALPHA = 10.0 PTS/SEC

THE NYQLIST FREQUENCY FOR THIS DATA IS 5,00 HI
THE FRECUENLY INCREFMENT IS = 0,100 HI

REAL TIME STARTING POINT ASSIGNED TO DATA WAS 0e( SEC,CONTINUING FOR 20e 10 SEC.

DATA PACODEL QuT 1O 128 PTS, CCMPUTED RESULUTICN IS 0.0781 H2
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THE FREQUENCY INCREMENT IS5 = 0,078 HZ




-02..

G.C HZ
04 39HZ
Os ¥8HZ
L. 17HZ
1e56HZ
1s95HL
26 T3HL
3elaHe
3452H
3, SLHZ
4. 30H2
4 GIHE

DATA PADGED QUT TO

RM5=
RMS=
RN¥S =
RMS=
RMS=
RMS=
RMS=
RMS=
RMS=
RMS=
RMS=
RMS=
RMS=

le 629
14851
14996
0.871
0.480
De 279
0,209
Ca22%
04256
D.289
0e305
Ge 300
0.275

128 PTSe.

Oe O8BHEZ
Qa4 THL
CuB6H1Z
L+.25H2
lebgHL
24 03HZ
2e 42HL
Ze8LlHL
3,20H2
3.59H2
3.%8HI
Ge 3THZ
4aTTHZ

COMPUTED

RMS=
RMS=
RMS =
RMS=
KMS=
RMS=
RMS=
RMS =
RM35=
RMS=
RMS=
RMS=
RMS=

le8l8B
166373
1.252
0e 437
0:274
02293
Ce323
Qs 344
Qe 346
De 322
04288
0e237
06190

0el6HL
0o 55HZ
Ce94HI
1+33HZ
14 T2HZ
2411HZ
2a30MZ
24B9H]
3.28HE
34 6THZ
4 4Q6HL
4eb45HZ
buBOSHZ

RESOLUTION IS Ga.0T781 HZ

RMS =
RMS =
RME=
RMSe

RMS="

RM5=
RM§=
AMS«
RMS5=
AMS=
RMS =
RMS=
RMS=

1.748
2.631
0,515
04459

0.4T7

Q449
De423
0,371
0.313
0e247
04187
0u167
0. 149

0. 23HZ
Oeb63HZ
12 02HEZ
le%IHL
le BOHZ
20 19HZ
2.58HL
2e 9THL
3.36HE
3, T5HL
Gy L4HIT
4453HZ
44 92HZ

RMS=
RMS=
RMS=
RMS =
RMS =
RMS=
RMS=
RMS=
RMS=
AMS=
RM 5=
RMS=
RM S=

0. 874
l.108
0o 894
0,723
0.594%
Qaal5
0.371
0. 277
04196
0,156
Qe 162
0.200
Ce 240

0. 31H2
D TOHZ
la 09HZ
1e48HZ
L«8THZ
22 THI
246612
3, 05HZ
3, 44HL
3.83HZ
4e22HL
4ablH?
5. 00HE

RMS =
RMS=
RMS=
RMS=
RMS =
RMS=
RMS=
AMS=
PMS=
RMS =
RMS=
RMS=
RMS =

3.327
21063
l.LO3?
0a72%
Jeat94
2335
Os 220
Qel72
Os 182
Je217
0425%
De 283
0295
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THE NYQLIST FREQUENCY FOR THIS DATA IS

HZ

5. 00

THE FREQUENCY INCREMENT IS = 0,078 HI




c10%*0
e e
0t0*0
c1c0°0
6000
£00*0
2Ic*cC
6100
c2C"0
»Z0*0
SEQ*0
66C"C
€E0%0

=5Wy
=SWy
=SWY
=Shy
=SHY
=SWY
=Sy
=SWY
=SHd
=SNY
=SWY
=SHy
=§wY

ZHOO *g
HI9*y
IHZZ *%
IHED*E
Hep €
ZHS0 *E
H99" 2
IHLZ *2
HLe*1
Mey*1
TH60*Y
IHOL*0
MIE*0

600 "0
600+0
iloo*o
L00°0
600*0
210 %0
L10%0
§20°%0
L1c %0
$20%0
060 “0
?10°0
800%0

= WY
=SHY
«SWY
=5 Wd
=Sy
=SWY
»SHY
=SHY
=S WY
=SWY
S WY
=SHY
=SWY

IHZ6
7HES Y
IH® 1"y
IHGL *€
H9E ¢
THLE*2
IHES 7
HET*Z
7H08 *1
THT9* T
7HZ0*1
ZHES "0
HEZ*0

600°0
L0OD®0
800%0
0t0 %0
210°0
S10%0
Z20°0
sto*o
S10°0
920*0
ZZo*0
001°0
€10°0

=Sy
=SHY
=S
=Shy
=5WY
=SKHY
=SHYd
=Sk
=SWY
=SWY
=SWY
=SWY
=5NY

IHYB* Y
ZHGY ™
ZH9O0* Y
THL9"E
IHBZ*E
IHeE"2
1HOS "2
IHT1*2
HZLT
IHEE"T
7H%5*0
IHGS "0
ZH9T%0

L00°%0
600°0
110°0
€10*0
€100
»10%0
L10%0
6000
2200
6500
§21°0
SeQ"0
1zo*o

=SWy
=Sy
=SWY
*SWY
=SKWY
=SHY
aSHY
=ShY
=SWY
=SWy
=SWy
=SWY
=SWY

IHEL Y
ZHLE* Y
ZHB5 *¢
IHES"E
HOZ *E
IHTI8*Z
ey e
THED *2
IHy9*1
THEZ*1
IH98"D
IHLH "0
2HBD %0

110°0
100
110"0
1100
»10*0
Z10°0
o10*0
220%0
»10°0
[£0%0
0L0"0
96070
z2zo*o

=SWY
=S¥
=S Wi
=Sy
=SWy
=SHY
=Sy
sSKHY
=S
=5WY
=SHY
=SWY
*SWY

IHES
7H0E" Y
THIG *¢
IHIS "€
THZT "€
THEL *2
IH4E"T
THE6 "1
THIS "1
THLT®*1
THEL®0
IH6E"0
IH 00

32 -
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APPENDIX D

LISTING OF CODE (FORTRAN IV)



SEPT 69) 0S/360 FORTRAN H

IMPILER OPTIONS - NAME= MAIN,JIPT=009LINECNT=58,SOURCEEBCDTIC,NOLIST,NODECK,LDADyMA

SUBRIOUT INE FOJR1 (DATAsN,y ISIGY) FF1 1

C THE COOLEY-TUKEY FAST FOURIER TRANSFORM IN USAS] BASIC FORTIAN, FF1 2
C NOTE-- IT SHIOULD NOT BE NECESSARY TQ CHANGE ANY STATEMENT IN THIS FF1 3
¢ PROGRAM 50 LONG AS THE FORTRAN COMPILER USED STDORES WAL AND FF1 4
C IMASINARY PARTS ADJACENTLY IN STORAGE. FF1 5
. C TRANSFORM(K) = SUM(DATA(J}*EXPIISIGN*2*PI*SQRT(~-1)*(J-1)*(K-1) FF1 6
C /N1) s SUMMED OVER ALL J AND K FROM 1 TO N. DATA IS A ONE- FF1 7
C DTMENSTIINAL CIMPLEX ARRAY ({I.E.» THE REAL AND IMAGINARY PARTS ARE FF1 8
C ADJACENT IN STORAGE, SUCH AS FORTRAN IV PLACES THEM) WHNSE LENGTH FF1 9
C N=2%%K, K.GE.O (IF NECESSARY, APPEND ZEROES TO THE DATA). ISIGN FF1 10
C IS +1 OR -1. IF A -1 TRANSFIRM 1S FOLLOWED BY A +1 ONE (OR VICE FF1 11
C VERSA) THE QORIGINAL DATA REAPPEAR, MULTIPLIED BY N. TRANSFIIM FF1 12
C VALUES ARE RETURNED IN ARRAY DATA, REPLACING THE INPUT. THE TIME FF1 13
c IS PROPORTIONAL TO N*LOGZ (N)y, RATHER THAN THE NAIVE N#*%*2, FF1 14
C ACCURAZY IS ALSD GREATLY IMPROVED, THE RMS RELATIVE ERROR BEING FF1 15§
C BOUNDED BY 6*SQRT{2)*LDG2(N)*2*%(-B), WHERE B IS THE NUMBER OF FF1 16
C BITS IN THE FLOATING POINT FRACTION, WRITTEN BY NORMAN BRENNER 2JFFF1 17
C MIT LINCOWLN LABJRATORY, JULY 1967. THIS IS THE SHORTEST VERSION FF1 18
c OF THE FFT KNOWN TO THE AUTHOR. FASTER PRIGRAMS FJIUR2 AND FOURT FF1 19
c EXIST THAT OPERATE ON ARBITRAFRILY SIZ2ED MULTIDIMENS IONAL ARRAYS. FF1 20
c SEE-~ TEEE AUDID TRANSACTIONS (JUNE 1967), SPECTAL ISSUE ON FFT. FF1 21
DIMENSIGN DATAL(1) FF1 22

1PQ=2 FF1 23
I1P3=1PO*N FF1 24
I3REV=1 * FF1 25

D0 50 I3=1,1P3,1IPO ‘ FF1 26
IF{I3-I3REVI10,20,20 FF1 27

10 TEMPI=DATA(]I ) FF1 28
TEMPI=DATA(13+1) FF1 29
DATACI3)=DATA{I3REV) FF1 30
DATA(I3+1)=0DATA(I3REV+1) FF1 31
DATA{I3REV)=TEMPR FF1 32
DATA(13REV+1)I=TEMPI FF1 33

20 1P1=]P3/2 FF1 3%
30 TF(I3REV-IPL)I5Cy50,4%0 FF1 35
40 13KEVY=I3REV-]IP1 FF1 36
1Pl=IP1/2 FF1 . 37
IF{IPL-IPJ150930,30 FF1 38

50 I3REV=I3REV+IP] FF1 39
IP1=IFPC FF1 40

60 IF(IP1-123)70,100,100 FF1 41
70 1P2=1P1%2 FFL 42
THETA=6,283185307T/FLOAT(ISIGN*IP2/IPO) FFl1 43
SINTH=SIN(THETAs2.) .FF1 44
WSTPR==2,«SINTH®SINTH FF1 45
WSTRPI=SIN(THETA) - : FF1 46

WR=1. Frl &7

WI=C. . FF1 48

DT 30 11=1,1IP1,1I°0 FFI 49

DO 80 I3=I1,IP3,IP2 FE1 50
124=13 FF1 51
T23=21Z2A+IP1 FFl 52
TEMPR=WR«JATA(IZB)~WI*DATA(I28+1) FF1 53

TEVMP I=Wi*DATA( I2B+1}+WIXDATA{]2B) FF1 54



NPTS=FF/ BE1

NPTS=s ND. OF CALCULATED TRANSFGRM PTS LELNYQUIST FREQ
IF(NPTS..GT.200)160TQ71
DO701=1,120
A{l,1)=sFLOAT(I~1)*BRE1
A‘I,2’=Qo
IF{I.LE.NPTS)ALL 92 )=SQARTH{DATA(L 1) *%24DATA(2, 1 )%%2)

70 CONT INUE
M=1
GOT373

THIS PLOT SCHEME EVENLY SPACES PTS FR0OM O TO NYQUIST FRER

Tl M=ITMAX/200+1
DOT21=1,100
AlI 1) =FLOAT {M%{I-1)} )%*BEL
RMS=DATA(] JM¥] ) &%2+DATA(2 ¢M*T ) %%2

T2 A(I,2)=5QT(RMS])

DEFINE UPPER END OF FREQ SCALE

73 CONTINUE
X=FLOAT (M} *100.%BE]}

DOT41=1,20

T4 TFIXLES*FLIATLINIGOTOTY?

77 QWL=5.%FLOAT (I}
CALLPLOTY{INOsAs10042 yNLyNSsHEADL yNXSyNYS, QWO QWL ¥YMIN,YMAX)
BEPLOT=FLDAT (M) *BE]

WRITE(6,103)}FFBEPLOT

IFIKUE(S) JNEL2)IGDTOBD
ONMLY WRITE VALUES UP TO NYQUIST FREQUENCY
12TMAX=NPTS
DOT6I=1,I12TMAX,5
DCT5)=1,5
HZI(J}=FLOAT(1+J=2)%*BE]
TS5 RMSS(J)=SQRT(DATA(]L T+ J-1)%%24+DATA(2,1+J-1)%%2)
76 WRITE(G6,111MHZLI),RMSSL) ) J=1,+5)
80 CONTINUE
100 FORMAT(18A4)
102 FORMAT {(3F10.2}
103 FORMAT(' 0! " THE NYQUIST FREQUENCY FOR THIS DATA IS, Fb.2,2X'HZY//
11Xy *THE FREQJENCY INCREMENT IS ="' F6.3,' H2Y//)
104 FORMAT(*1 o/7 /7 4 1X'FOURTER TRANSFRM OF AUTIOCDRRELATION FUNMCTION FO
1R PIWER JZNSITY ANALYSISY)
106 FORMAT (*Q*,'NO. OF PTS TO CIMPUTE SPECTRUM=L=?,TS5/1X'RECORDING RAT
. 1E = ALPHA = '"F5,.1,' PTS/SECY/}
108 FORMAT('C','DATA PADDED OUT TO*',I5,' PTS, COMPUTED RESDLUTINN IS+,
1FT7.4¢" HI'Y}
109 FORMAT{ 0% ,"REAL TIME STARTING PQOINT ASSIGNED TO DATA WAS'F5.2,
‘ 1 IX'SEC,CONTINUING FDOR'F104.2s LX'SEC.'/)
110 FORMATI{31I1)
111 FORMAT(LXs 5{3XF6e29 HZ Y4 2X"RMS="F8.3))
RETURN
END



SEPT 69) 05/3@0 FOSTRAN H

IMPILER OPTIONS - NAME= MAINyOPT=D0,LINECNT=58,SOURCE,EBCDIC 4NILIST,NIDELK,LO0AD 4MA
SUBRIJUTINE SPEC (T TMAX ALPHA NS 1G4 BE)
THIS S5JBROJTINE ARRANGES THE TRANSFORM CALCULATION AND PLNTS RESULTS
ITMAX=NUMBER OF ODATA POINTS
ALPHA=DATA RECORDING RATE (PTS/SEC)
TINIT=REAL TIME ASSIGNED TJ BEGINNING OF DATA SIGNAL
QWO=INITIAL FREQUENCY, HZ
OWL= FINAL FREQUENLY PLOTTED QUT
DQWVFREQUENCY INCREMENT, HZ
COMMONP(200092) yR{1000,2) yKUE (5] oNOXXR(1000),VI(2}
DIMENS IONA{100,2),DATA(2,2000),HEADL(13)4HI(5)RMS55(5)
DATAHEAOL/'ROOT MEAN SQUARE OF TRANSFORM/
WRITE(64104)
1 CONTINUE
TINIT=0.0
TIMAX=1TMAX
L=ALPHA/BE
IF(L GE.ITMAX/2IL=ITMAX/2
BE=ALPHA/FLOAT (L)}
QW0=0.0
ITMAX=L
WRITE (6 ,106) ITMAX ;ALPHA
FF=ALPHA/2.0
C (FF IS THE FOLDINGyOR NYQUIST,FREQUENCY)
WRITE(6,103)FF,4BE
DT=1.27ALPHA
TTOTAL=TIMAX*0OT
WRITE(69109)TINIT,TTOTAL

O OO0 N

DOBOK=1,NSIG
C PREPARATION FOR COOOLEY TOOKEY SCHEME
DO2 1=1 ¢ ITMAX
DATA(L,E)=R(I 4K)
2 DATA{Z2,11=0.

€ PAD CUT DATA SET TO NEXT POWER OF 2 WITH ZEROS
ICK=1TMAX+]
DO4N=4 412
4 IF(1ITMAX.LE.2*2N)GOTOS
5 IND=2x%%N
C COMPUTED BANDWIDTH RESOLUTION IS LESS THAN BEy BECAUSE JF PADDING

BEISALPHA/FLOAT( IND)
WRITE(H,138)IND,BE]
DO3I=ICKyIND
0aTa(1,1i=0,
3 DATA(2,1)=0.
CAtL FOURL(DATA+IND,-1)
C UPON RETURN, THE TRANSFORM VALUES ARE STRED IN DATA
12 CONTINUE

NC=NO+1
NL=0
N3=J
NX5=0
NYS=1
C. PLOTTING SCHEME SEEKS TO PLIT WITH GREATEST POSSIBLE DETAIL



SEPT

69)

087363 FORTRAN H

MPILER OPTIONS - NAME= MAINyOPY=00,LINEUNT=58,S0URCZE JEBCDIZ JNOLTST,NODECK ,LOAD,MA

C
C
v

e N alel

120

130

140

150

SUBROUTINE CROSS {NyL)
SEIES HAS ALREADY BEEN NORMALYZED

COMMONP({200052) yRI1000+2) s KUELS) sNO+XXRI1000) ,VI(2)
DIMENS IONXR([500,21)
00130J=1,L

NJ=N-J+1

SUMR =0 .

SUMS =0,

DG1231I=1,NJ

1J=1+)-1
SUMR=SUMRI+P(I1,1)%P(]1J,2)
SUMS=SUMS+P (13,1 )1%P{1,2}
FNJ=NJ

XREJy L I=SUMR/AFENJRVI L)%Y 2))
XR(Jy2) =SUMS/{FNJIHVIL ¥RV ({2 ))

THE NEGATIVE SIDE OF A LAGS B (XR(J,1)) TS THE REFLECTION
OF B LAGS A THRU THE QORDINATE AXIS. THUS A CONTINUDUS T0SS COVARTANCE
FUNCTION IS FORMED FROM THEM AS FOLLOWS—-

00140 I=14L

XXR{1)=XR{L-]1+]1,2)

I1=L+1

IEND=2*L-1

DO150 I=11,IEND

XXR{I)=X3{I-L+1s1)
THE CROSS—-COVARIANCE FUNCTION IS NOW DEFINED BY 2%L-1 PTS. THE
LIERO TIME LAG POINT IS XXR(L)

RETURN

END

e S AN 1 7 4



SEPT

69)

DS/360 FORTRAN H

JMPILER OPTIONS =~ NAME= MAINyOPT=(Q0,L INECNT=58,SO0URCEEBCDIZ yNOLTST,NODECK,LOADMA

C
c

C

OO

50

100
110

120
130

SUBROUTINEAUTO(K yNyL 4 INT)
THIS SUBRIUTINE I8 FROM THE SSP-IT LIBRARY, AUTC COMPUTES
THE AUTOCORRELATION FUNCTION OF P{IsJ) FOR LAG TIMES O 7] L

AND STORES IT IN THE ARRAY R

COMMONP (20009209 R{100042sKUE(S) ND,XXR(1000),VI(2)

AVER =0. 0 )

TF{N=-L) 504504100

R(I,K’=Oc

RETURN

DO 110 I=14N

AVER =AVER+P(] ,K)

FN=N ,

AVER=AVERSFN

CALCULATE AUTICIVARTANCES

DO130Jd=1,L+INT

NJ=N=J+]

SUM=0.0

DN 120 I=14NJ

[J=1+0-1

SUM=SUM (P (I +K)=AVER)*(P{IJ,K)=-AVER)
FNJ=NJ

RUJyK)=SUM/FNJ

RE TURN

END

4TI
AUTD

AYTO

AUTI
AUTO
AUTD

AUTD
AUTO
AJTO
AUTD

AUTO

AUTO
AUTOD

04
MO

M0

04
05!
051

08’
054
05!
05¢

05¢

o 1.11
0561



CALL PLOTYUND gAgNgZyNLyNSIHEADL ¢ NXS oNYS o XMIN G XMAX Y MIN,YMAX)
WRITE(GE1LI(RMKS2(I)9I=1,413),0T7

IF(KUE(4) «NEL3)GOTO302

NCCF=2%_ -1

WRITE(G6 4104 INCCF DTy {XXR(I},I=1yNCCF}

302 CONTINUE

100 FORMAT {(20A4)

101 FORMAT(215,43F10,0)

102 FORMAT({1X,y *BANDWIDTH RESOLUTION SPECIFIED TOO SMALL. PESET TOtT16)

103 FORMAT {']7 % ktedoedkdekkokkkokl ESS THAN 100 CROSS COVARJIANIE PAINTS )

104 FORMAT( ¢10,°LIST OF ALL VALUES OFf CROSS CORRELATION FUNCTION®/'0°Y,
1°NJ. PTS =115, DT=? FB.4/'0'2y{20F6.4))

105 FORMATH{'1%* ,* LIST OF AUTOCORRELATION FJUNCTION VALUES, NIRMALTZED BY
IR(14J)=919E15.59%. LAG INCREMENTUSEC)="0OPF10.5/"0"y( 5(* R{*Ta,"',
2i='F6.41)))

111 FORMAT( "0 313A4,3X' TIME INTERVAL='F8.,4,' SEC/PT')

RETURN
END



SEPT 69}

IMPTLER OPTIUNS - NAME=

¢

T OEn0

i

210

300

087360 FORTRANV H

SUBKIJT INEAUCIR{T IMXyNSIG,ALP4A,RE)
AUCOR SETS UP COMPUTATION COF AUTO- AND CROSS-CORIELATION FUNCTION S
COMYONP{200092) sR{L00042) +KUE{S] oMD$XXR(1000),V(2)
DIMENSIONA(LID 92 Yo HEADI{13),RMKS{13),RMKS2(13),RM(S3(13)}
PLITTING MATRIX A MUST HAVE EXACT DIMENS ICNS
DATA NevMaNSaNXSeNYSy XMINg XMAXs YMIN,YMAX/100492+040909 Qe sl0deys—1a4
11./,RMKS2/'CROSS COVARTIANCE FUNCTION OF DATA SIGNAL '/
ZRMKS/SAUTICIORRELATION FUNCTION® /,HEADL/*NORMALIZED CORRELATION FUN
3CTIGN'/
NN=IMX
NL=0
L=ALPHA/BE
TF{LGT.IMX/2)L=1MX/2
INT=]
DT=1./ALPHA
IF(SVUE(3).EQ.0)60TD250
IF(KUE(3).EQ.2)GOTO250
D025049=1,NSIG
IF(KUE(3).GE«1)CALL AUTO({J NN¢LoINT)
AUTO IS THE SUBRDUTINE WHICH COMPUTES THE AUTOCORRELATION FUNCTION
NN=z NJ. OF DATA PDINTS
L = MAXIMUM LAG TIME TO BE USED
THE REMAINDER OF THIS ROUTINE HANDLES THE DETAILS OF
PLOTTING THE AUTOCORRELATION FUNCTIONINORMALIZED)
IF(KUE(3).EQ.1)GOTO250
I111=0
M= /100+1
DD21011=1,100
ACIIy 1 )=FLOAT{MR(TII~1})%DY
A{IIy2)=2.
IF(M*ITJLELLYA(IT ¢2)=R{MxI],J}/R{]1,J)
CONTINUE
XMAX=FLIAT(EO0®M)%DT
NG=NJ+1
XMIN=O,
CALLPLOTY(NGCsAsNyZyNLeNSsHEAD]L yNXSeNYSsXMINGXMAX Y MIN,YMAX )
{ OS/350 LIBRARY SUBRIUTINE)
WRITE(G,111) IRMKS{I) +I=1,7),DT
IFIALPHA/BE GT JFLOAT(LIIWRITE (S, 10211
IF(KUE(3} .NE.3)GOTQ250
WRITE(OH,10S)IRI1,J) DT (I R(T4J},1=1,4L}
CONT INUE
IF{KUE(4) .EQ.CIGOTO302
CALLCROSS(IMX,L)
TF(KVUEl%).LTL2)GNTDAOZ
XMIN=-50.%DT
XMAX =50 ,*%DT
IF(2%L-1.LT.100}MWRITE{6,103)
IF(2%L=-1.LT.100)6072302
LOAD PLOT ARRAY ’
DO3001=1,100
A(Iy LI=FLOATLI=-50)%DT
A{l ,2) =XXR{L+T=-50)
NO=NO+]

MAINy OPT=00 s LINECNT=58,5S0URCE, EBCDIC,NOL ISTHNIDECK,LIAD,MA



SEPT 69) 0S/363 FORTRAN H

WP ILER OPTIONS -~ NAME= MAINyOPT=00,LINECNT=58,ySOURTE +EBCDTIZ fNOLISTGNIDECK ,LOAD4MA
SUBFOUTINE PDFIIMX4NSIG)
DIMENSIONAKMX(51) sA{51,2) yHEAD( 6) 4RMKS(20)
COMMONP ({22009 2)9 RUL10009 2 e KUE(S) yNI S XXR{ 1000) ,V{ 2)
DATA HEAD/'PRUOBABILITY OF QCCURRENCEY/
TMAX=IMX

: DA JI=] 4NSIG
C FIND MAXIMUM VALUE GF FUNCTION (ABSQLUTE}
BiG=0.
SMALL=0.
DO10I=1,1M9X
IF(BIG-P{I4J))2,10,4
2 BIG=P{1,J)
GOTJI10
4 TF(P(T +J)aLToSMALL)SMALL=P{I,J)
10 CONTINUE
IF(BIG+SMALLIIL,12,412
12 PMAX=BIG
GOTA13
11 PMAX==SMALL
13 CONTINUZ

=1
DX=,02
C COUNT THE NJUMBER OF TIMES THE FUNCTION HAD AN AMPLITUDE INX+-DX
DO 30M=1,51
K=0
DO2GI=1,1IMX
PIJ= PlLl+J)/PMAX
IF{IX~UX )} eLT o Pls ANDPIJLELCX#DXPIK=K+]
20 CONTINUE
AKMX (M) =<
AM=M
==1.0¢2. O%AMEDX
30 CONT INUE
C BUI LD PLOTY MATRIX
C PLJT X (D'LESS) VS. PROBABILITY OF X
DO42M=1,51
AMLl=M~-1
AMyll)=-] 42 .%AML%DX
40 AlM,2) =AKMX(M)/TMAX
NO=N1J+ ]
NL =)
NS=0
NXS=0
NYS=]1
CALLPLOTYINDCyA 35192y NLyNSsHEAD yNXS)NYSe=1 .l oo YMIN, ¥ MAX)
WRITE(6,112)PMAX
IFIKUE(Z) . NE.2)GOTOBO .
WRITELSH,110)0(A(M,1),A(My2)4M=1,51)
BO CONTINUE
110 FORMAT(*) ' ,*NORMALIZED AMPLITUDE (P/PMAX) AND PROBABILITY'/'07%, (51
1Y P/PMAX='F 4,2, PRIB='F4.3,1X))}
112 FORMAT (L1 X,* NORMALIZED PPOBABILITY DENSITY FUNCTION?,SX'[PMAX=t®,
1 F8a3y' "} :



SEPT 69) 0S/362 FORTRAN H

JMQILER OPTIONS - NAME= MAIN,COPT=00,L INECNT=58, SOURIE JEBCDIC 4NOLIST,NODECK 4L OADMA
SUBRUUTINE BASIC(IMX,NSIGyALPHA)
¢ THE BASIC PRIGRAM COMPUTES AND WRITES OUT THE BASIC STATISTICS
C ON THE DATA,
DIMINSIONAVGP[Z2) yVAR(Z)
COMMUNP{Z2000+2)sRULI000s 21 e KUE(5) ¢ND 4 XXR{100D) 4,V 2)

. Tux=] MX
o EACH SIGNAL IS TAKEN IN TURN
D0SD J=1,NSIG
SUM=0. 0
c ITS MEAN VALUE (= AVGP} FOUND

0020 I=1,IMX

20 SUM=SUM+P(] +J)
AVGP{ J)=5JM/TMX

c AND ITS5 VARTIANCE(=VARJ)) & STANDARD DEVIATION{=V{J)) COMPUTED

VD30 I=],IMX

30 SUM=SUM+{P(I s J}=AVGP{J})*%*2
VARLJ)=SUM/ (TMX-1.0)

50 V{J} =SQRT(VAR(J))}
TF(NSIG.EQ.1)GDTD65

SuUM=0.0
C NEXT, IF NSIG=2, THE COVARITANCE & CNEFFICIENT OF CORRELATION IS
C CIMPJTED

DD6C I =1 1MX
60 SUM= SUM+(P(Ioll—AVGP(l))i(P(I,2)-AVGP(2I)
COVAR=SUM/ {TMX~-1.)
COEF=COVAR/ZIVILI*V(2})
65 CONTINUE
c ALL GOF THIS INFORMATICGN IS WRITTEN OUT
WRITE(64100)
WRITE(64101)CAVGPULJ ), =14NSIG)
WRITECG64102)(JsVAR(JI) yVIJ) ,J=1,NSIG)
IF{NS IGL.EQ.10560T067
WRITE(6,1233)COVAR,COEF
67 CONTINUE
TO CONTINUEy THE MEAN VALUE 3F EACH SIGNAL TS SUBTRPACTED
FROM THE DATA RECORD, SO THAT THE MEAN IS MNDW ZERZ.
ON70J=1,NSIG
DOTOI=1 o IMX
0 PUI)=P(] 4J)~AVGPIJ)
100 FORMAT (*1t, JOX*BASIC STATISTICS ON THESE SIGNALS ARE AS FOLLOW')
101 FORMAT(* 0" ,* THE MEAN AMPLITUDES ARE',F3,34' AND'sF8.3)
102 FOR#AT{*0",*F32 SIGNAL NO.',72," VARIANCE=",FB.4s' AND THE STANDAR
10 DEVIATION=',F8.4)
103 FORMAT(*0O! y*FINALLY, THE CDVARIANCE IS'F% 34" AND THE COEFFICIENT D
1F CORRELATION 1S',F8.3}
RETURN
END

OO



OO

20

104

PreP ARATION FIR PLOTTING A 100-2T7 SAMPLE OF THE JDATA RECIRD
{A{I,J)=ARRAY USED BY THE PLOTTING SUBRIUTINE WHICTH STORES INFO
T0 BE PLOTTED

D020 I=1y IMX

IF(I.GT.10Q)GOTO2¢C

T=1

A(I,l}=T

A(TI+2)=P(141)

A(I,3)=0.

IF(NSIG.EQ.2)VA(I43)=P(1,2)

CONTINUE

NO=1

M=NSIG+1

CALL PLITY{NDsAsNeMyNLyNSyHEAD s NXSeNYSy XMINy XMA X, YMIN,YMAX)

WRITE(6,104)} (RMKS(I),41=1,8)

FORMAT( 0"y 8A4)

RETURN

END



104 FORMAT (*J*'y40X*FIRST 100 DATA PJIINTS ARE PLOTTED?')
105 FORMAT('0* y40X* AMPLITUDE PROBABLITY DISTRIBUTION COMPUTED AND PLOT
LTEDY)
106~ FORMAT (10 440X *AUTOC ORRELATION FUNCTTON COMPUTED!)
107 FORMAT('0'940X*ZROSS CORRELATION FUNCTION COMPUTED! )
108 FORMAT{*0%,40X*MEAN SQUARE SPECTRAL DENSITY COMPUTED FRNM THE AUTO
LCORRELATION FUNCTION AND PLOTTED?)
109 FORMAT{'C',40X'AUTOZORRELATION FUNCTION PLOTTED®)
110 FNRMAT (*0%,4)X*AUTOCORRELATIDN FUNCTION PLITTED AND ALL COMPUTED v
1ALUES LISTED®)
111 FORMAT{'0',40X*CROSS CORRELATION FUNCTION PLOTTED')
112 FORMAT('0" ,40X®* CROSS CORRELATION FUNCTION PLOTTED AND ALL CJ42UTED
1 VALUES LISTED')
113 FORMAT{'0',40X*PROBABILITY DENSITY FUNSTINN PLITTED AND ALL >0MPUT
1ED VALUES LISTED')
STOP
END



SEFT 691} 0S/7360  FORTRAN H

JMPILER OPTTUNS — MAMES  MAINGOPT=30,L INECNT=58,SOURCEERCOT T W INLISTHyNIDECK 4L 348D, M4

C THIS 15 THE CONTRCL PROGKAM wHICH DTRECTS THE SEQJENMCE DF CALCU-
B LATTONGS.  TT READS THE BASIC INSTRUCTION CODE AND WRITES & TITLE
C PaGE Fuk THeE PRINT OUT.

COMMOUNPLZ2OUC0r2Y o RL1IDC02) 2 KUELS) y MOy XXR{ICO0 )¢V (2)
DT MENS TONPMKS (39)
FEAD(S 1 COINPROB,RMKS

C (AMKS 1S AN EXPLANATORY TITLE oTWO CAEDS IN LENGTHaWHICH WTLL HELD
" 4P THE PRINTOUT)
DO15IPRUR=1 ,NFROR
READ(S, 101 )KJE,NSIG, ALPHA, BE
C THE KUE(T) COUE DIRECTS THE PROGPAM, AS FOLLOWS
C KUE(1)=1 CALLS FDF PLOT ©OF FIRST 100 DATA PTS
C KJE(2)=1 CALLS FOR AMPLITUDE PRIBABILITY DENSITY FUNCTTON
r. =2 CALLS FOR LISY OF PDF VALUES
o KJE({3)=1 CALLS FJIP AUTOCNRRELATION
c =2 CALLS FOR PLOT 0F AUTQCORRELATION
r =3 CALLS FOF LIST OF AUTOCCORRELATIGN FUMCTIDN
" CJE(4)=]1 CALLS FOR CROSSCORRELATION OF TwWwD SIGNALS(ND PLOT
a =2 CALLS FOR PLOT 0OF CRNOSSCORRELATION
C =3 CALLS FIRX LIST NF CROSSCORRELATT N
T KJE(5 =1 CALLS FUR FOURTER TRANSFORM OF THE AUTICIRRE-
o LATION FUNCTION{MEAN=SQUARE SPECTRAL DENSITY)
r, =2 CALLS FIR LIST OF EMS TRAMSFIIM CONRODTINATES
C
C NSTG= MUMBER NF DATA RECOFDS TN PREOBLEM {1 9R 2)
C ALPHA=FECURDING RATE, PTS/SEC
r RE=CPS FE DLUTI“N Dﬁsznsn FOP POWER SPECTRUM CALCILATINN
WRTTE( Gyl C2)RMKS
WA ITE{ 6y 103)
TF{KUE(L) EQeLIANRITE(H,106)
TE{KUE(2) WEQe L) WRITE(6,105)
TF(KUE(2)  EQ 2 INFITE{E,113)
TF(KUE(3) cEQ.1IWRITE(H 4,106}
TE(SUE{ 31 EQ2IWRITE( 6,169}
TF(KUE{3) oEQWBIARITE(6,110)
TF(KUE{ 4) JEQ. 1V WRITE(6,107)
TF(KUE(4) s EQe2ZIARTITE(6,111)
TFAKUE(4) e EQe3IWPITE(6,112)
TF(SUL(5) WNELCIWRTITE( 6, 108)
COLL TRASHINSIG,IMX, ALPHA)
C {T?48H WADS IN THE BASIC DATA P(T,d). IT ALSA RETJPNG THE NOOF
C OATA PTS, IMX)

CaLl BaSIC{IMXINSIG, ALPHA)
C {BASTIC wILL WRITE JUT ITS FIMDINGS BEFORE RETURN)
TF{KJE(2) JNE.OJCALLPDF{TMX,NSIG)

TFICUEL3 )W NELOICALL AUCDR{IMX,NSIG,ALPHA ,3E)
TROKJE (D) o WEDIICALL SPEC(IMY, ALPHALNSTGyRE)

15 CONTIMUE

150 FORMAT (1%, 1944720 AL)

101 FORMAT(5]1 41542F5.0)

102 FORMAT ("1, 19A4/ /11Xy 2CA&/ /1T

103 FORMAT (XX' THE %OLLH&TMG NDERAT IONS ARE PERFIRMED /P01y 40X 355877 5T
IATISTICS ZOMPUTED {MEAN,VIZRTANCE STAMDARD DEVTIATION,COEFFYCTENT 0OF
2 CORKELLYIONDY)



80

.90

100

DATALIZ2BI=DATA{ 124 )-TEMPR
DATALI28+41 )=DATA{I2A+]1)-TEMP]
DATA(I2A4=DATA(IZA)¢TEMPR
CATAL TZ2A+1)=DATA{I2A+ 1) +TEM>]
TEMPK =WR
WE=WREWSTPI-WI*WSTPI +WR
WI=WI*WSTPR4TEMPREWS TP I+ ]
IP1=1P2

G2 0 60

RETURN

END

FF1
FF1
FF1
FF1
FF1
FF1
F=1
FF1
FF1
FF1
FF1

55
56
57
58
59
60
61
62
63
64
65





