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Editor’s Remarks

This publication is one in a series of trend-analysis programs made available recently in the COMPUTER
CONTRIBUTIONS. Each program differs in mathematical development and serves a different purpose. The
program presented here, "FORTRAN |V program for harmonic trend analysis using double Fourier series and
regularly gridded data for the GE 625 computer" by J.W. Harbaugh and M.J. Sackin, will be of interest to
those who wish to analyze data suspected of containing oscillatory phenomena. The program is a translation
of an earlier BALGOL program by Harbaugh.

Trend analysis is an important technique for geologic investigations; this importance is reflected in the
number of programs issued to perform trend analysis. The following table gives the user a quick check of the
COMPUTER CONTRIBUTIONS which will best fit his particular study.

Irregularly Spaced Regularly Spaced
Data Data
SDP 147
SDP 26
Nonoscillatory CC 3,
CC 10 i
cc 27
cEC 28
Oscillatory cC o é%P gg

For small computer
Same programs used for irregularly spaced data
SDP—Special Distribution Publication
CC—COMPUTER CONTRIBUTION

Although this version of the program was written for the GE 625 computer, users should have little
difficulty adapting it to other installations. With minor modifications it should readily be usable on machines
such as the IBM System/360 Model 40 and larger. The authors have used a general version of FORTRAN so
the program is not machine dependent.

For a limited time the program will be available on magnetic tape for $15.00. An extra charge of
$10.00 is made if punched cards are required.

* . 5 + . . wide ”
Active Member, ° Associate Member, ~Junior Member, American Association of Petroleum Geologists.



FORTRAN 1V PROGRAM FOR HARMONIC TREND ANALYSIS USING

DOUBLE FOURIER SERIES AND REGULARLY GRIDDED DATA FOR
THE GE 625 COMPUTER

by
J. W. Harbaugh and M.J. Sackin

INTRODUCTION

This publication describes a computer program
designed for analysis of surfaces using double Folrier
series. Analysis of surfaces in geology is known com=
monly as trend analysis; in statistics and economics,
the technique is regarded as a form of regression
analysis. In trend or regression analysis, a mathe=
matical function is fitted to data points so that the
function satisfies the least=squares criterion, which
is a criterion of "best" fit.

Most geological applications of trend analysis
have employed polynomials (for a review, see Har-
baugh and Merriam, 1968, p. 62-112). A commonly

used polynomial in trend analysis, for example, is

3 2

z=A+Bx+Cy+Dx2+Exy+Fy2+Gx + Hx"y
+ Ixy2 +Jy3,
where

z = dependent variable,

x = one of the independent variables, as for

example, the east-west direction,

y = the other independent variable, as for

example, the north=south direction, and

A to J = coefficients of the terms of the poly-

nomial .

Such d polynomial consists of a series of terms
containing regularly ascending integer powers and
may be used with either regularly gridded data or
irregularly spaced data. There is no inherent reason,
however, why other forms of mathematical functions
should not be used. Double Fourier series provide
one of a number of possible alternatives and are par=
ticularly useful where oscillatory phenomena are in-
volved. The general form of double Fourier series
may be written

M N m X
z = F(x,y)= Z:O )ri=0 Aon (cmncos T

nm . mmx nm
cos —H—X +b  sin cos ——HX
mn L

.. n . mwTx
+c smﬁz +d__sin
mn L

cosMTX
mn L

in ATY
sin H)'

As can be seen, such a series consists of terms con=
taining sines and cosines that represent regular wave
forms which are combined algebraically. Analysis
with Fourier series, then, consists essentially of de=
composing the observed data into a regular succession
of wave forms with different period lengths and am-
plitudes and may be termed harmonic analysis. As
with polynomials, such a function may be used with
either regularly gridded data, or with irregularly
spaced data. If the function is fitted to data on a
rectangular grid, the symbols in the function may be
defined as

z = dependent variable in observed function,
F(x,y) = Fourier approximation at grid point

XeYs

m = index of degree of terms pertaining to x
direction,

n = index of degree of terms pertaining to y
direction,

a_ = coefficient of cosine=cosine term of de-
gree mand n,

bmn = coefficient of sine=cosine term of degree
mand n,

c__ = coefficient of cosine=sine term of degree
mand n,

dmn = coefficient of sine=sine term of degree
mand n,

M = specified maximum degree of terms pertain=
ing to x direction,

N = specified maximum degree of terms pertain=
ing to y direction,

L = half of sampling length in x direction, or

k Ax/2,

H = half of sampling length in y direction, or
lAy/2,

x; = value of sampling interval in x direction,
i=0,1,2,.....,k,

y. = value of sampling interval in y direction,
b i=0,1,2,.0,1,
and
)\mn=]/4, m=n=0,
)\mn=l/2, m=0,n>0,orm>0, n=0, and
A_=1,m>0,n>0,
mn

For further explanation of the symbols and examples



of applications of double Fourier series to geological
data consult Harbaugh and Merriam (1968, p. 114~
154) and Harbaugh and Preston (1965).

A program for double Fourier series analysis of
surfaces with irregularly spaced data has been de-
veloped by James (1966). The ability to use irregu-
larly spaced data has many advantages, of course,
because many forms of geological data tend not to be
regularly spaced. If, however, data are obtainable
on a regular, rectangular grid, there are important
advantages because double Fourier series can be fit-
ted that contain wave forms whose smallest period
length in each direction of the grid is equal to twice
the grid spacing interval in that direction, although
aliasing may strongly affect the results. If the data
are irregularly spaced, however, the smallest period
length in a particular direction that may be effec-
tively obtained in the decomposition process is affect-
ed by the largest space between points in that direc-
tion. An effect is to limit the usefulness of double
Fourier series for surface fitting, where harmonic
analysis is an objective, if the data are irregular in
their spacing. Thus, there are major, inherent ad-
vantages in the use of data arranged on a rectangular
grid employing a program designed specifically for
use with gridded data. It should be pointed out that
although the spacing between rows in one direction
of a data grid need not be the same as the spacing
between columns in the other direction, the between-
column spacing must be consistent throughout, as
must the between-row spacing.

The program described in this publication is a
translation of a program written by Harbaugh in 1964
and described in the report by Preston and Harbaugh
(1965). The earlier version of the program was writ=
ten in BALGOL, which is a "dialect" of ALGOL-58.
Though BALGOL is an exceptionally powerful and
versatile language, compilers suitable for its use are
now infrequently used, whereas FORTRAN |V con-
tinues to be widely used. Consequently, the pro=
gram has been translated into FORTRAN [V so that
its use may be extended. The program listed in this
report has been tested with the GE 625 computer at
The University of Kansas. 1t should be usable with
other computers, including those of the IBM 360
series, with minor modifications.

The remainder of this report consists of a des=
cription of the computer program, including a listing
of the program statements and an example of output
obtained with the program, employing specific in-
put data,

MAJOR STEPS IN PROGRAM

A listing of the program is provided in Table
1. Each line is numbered at the left. In punched
card form, the line numbers would necessarily be
omitted at the left, and could be placed in card
columns 73 to 80. The major steps in the program
are as follows:

(14)
(15)
(16)
(17)
(18)

(19)
(20)

21)
(22)

(23)

(24)
(25)

(26)
(27)

(28)
(29)

Type declaration statements: lines 4-13
Set values of At lines 14-17

FORMAT statements: lines 18-63

Read NUMBER card: line 66

Read PROGRAM CONTROL and ALPHANU-
MERIC HEADING cards: lines 67-69

Set working variables: lines 70-109

If specified, read TERM cards: lines 110-113
If specified, read TRIGONOMETRIC ARRAY
cards: lines 116-124

If specified, read PROFILE PLOT cards: lines
127-130

Read DATA cards: lines 133-160

If specified, multiply data values by a scale
factor: lines 163-166

If specified, plot raw data values: line 169

If specified, provide for leveling of input data
by computation of matrix equation, matrix in-
version and calculation of residual values after
leveling: lines 172-199 and subroutine MATINY
If specified, plot leveled data points: lines 200-
204

If specified, fill parts of trigonometric function
arrays by calculation: lines 213-232.

Fill remainder of trigonometric function arrays
by assignment: lines 235-267

If specified, print or punch arrays of trigono=
metric function values: lines 268-292

Compute Fourier coefficients by multiplication
of data values by appropriate trigonometric
values and summing: lines 295-391

Compute harmonic vector values: lines 393~
397

Print, or print and punch, arrays of Fourier
coefficients, and harmonic vector magnitude
values: lines 399-424

Skip to step 31 if Fourier series are not to be
calculated: line 430

If specified restore tilt to leveled initial data
and add tilt to Fourier surface data: lines 436~

- 440

Compute sums of squares of observed data val-
ves: lines 442-449

Steps 24, 25, 26, 28, 29, and 30 are repeated
for each surface evaluated on current data set.
Numbers of terms in x and y directions increase
in successive surfaces.

Evaluate Fourier series: lines 453-542
Calculate leastsquares fit of surfaces lines
544-547

If specified, plot strip maps of calculated
Fourier series at data points: line 548

Routine for plotting strip maps of observed data
values, leveled data values, and evaluated
Fourier series values: lines 554-583

If specified, calculate residuals and print them
out as strip maps: lines 586-604

If specified plot profiles along specified hori-
zontal and vertical rows: lines 608-723



If additional terms are to be evaluated on cur=
rent data set, go to step 24: line 724

If additional data sets are present, go to step
5: lines 726-727.

(30)
(31)

INPUT TO PROGRAM

An example of input data is given in Table 2.
The input for a run starts with a NUMBER card which
gives the number of data sets in the run. Each data
set that follows should contain the following forms of
information:

(1) PROGRAM CONTROL CARD

(2) ALPHANUMERIC HEADING CARD

(3) TERM CARDS (optional)

(4) TRIGONOMETRIC ARRAY CARDS (optional)
(5)  PROFILE PLOT CARDS (optional)

(6) DATA CARDS

The specific forms of information and their punched-
card formats are as follows (in order of columns,
variable, format, and description):

NUMBER Card

1-5 NUMBER 15 Number of data sets in

the run

PROGRAM Control Card

AST Al

BL Al

Bl Al
=10 SCALE F7.2

Punch an asterisk (x)
Leave blank

Punch "i*

If L=1 (cols. 47-49) data
points will be multiplied
by SCALE

Number of rows in data
array. Should be an odd
integer not greater than
71 unless array dimen=
sions are increased
Number of columns in
data array. Should be
an odd integer not grea=
ter than 73 unless array
dimensions are increased
Maximum number of N
terms for the data set,
i.e. the maximum har-
monic number in the
vertical (y) direction of
the data array. Should
not exceed 25 unless
array dimensions are in=
creased.

Maximum number of M
terms for the data set
Should not exceed 25

unless array dimensions

BAOWN —

11-13 NR 13

14-16 MC 13

17-19 NT 13

20-22 MT 13

23-25

26-28

29-31

32-34

35-37

38-40

41-43

44-46

47-49

50-52

53-55

ITRGOP

JAROP

INTOP

JVALOP

JPRTOP

JRESOP

JDTOP

IPCHOP

JPROF

JCOFOP

13

13

13

13

are increased

=1: Calculate trigono-
metric arrays

=2: Read trigonometric
arrays

=1: Output trigonometric
arrays on device speci-
fied by IPCHOP (cols.
65-67)

# 1: Do not output
Specified form of data
array values

=1; Read as integers

=2: Read as decimal -
point numbers

=3: Read as 0's and 1's
which will be converted
to =100 and +100

=4: Read as integers and
reverse all algebraic signs
=1: Read term cards and
evaluate Fourier series
#1: Do not read or eval-
vate

=1: Print evaluated Fou-
rier series as strip maps
#1: Print only the head-
ing to the maps

If JVALOP # 1 the value
of JPRTOP is immaterial
=1: Calculate residuals
and print as strip maps
#1: Do not calculate or
print

=1: Print original data as
strip maps

=0: Do not print

=1: If JAROP =1 print
trigonometric arrays

=2: If JAROP =1, punch
trigonometric arrays

= other value: Arrays
will not be printed or
punched; if JAROP # 1,
the value of IPCHOP is
immaterial

=1: Multiply data values
by SCALE

;2/1: Do not multiply

=1: Read profile plot
cards and (if JVALOP
=1) calculate and print
profiles (horizontal or
vertical or both)

#1: Do not read, calcu-
late, or print

=2: Punch Fourier coef-
ficient arrays and har=
monic vector magnitude
arrays



56-58

59-61

62-64

LVLOP

JTILT

JPLAN

13

13

13

#2: Do not punch

=1: Level the original
data before computing
Fourier coefficients

#1: Do not level

=2: Restore tilt to data
and to Fourier series if
data points were leveled
#2: Do not restore tilt
=JDTOP+1: Print level-
ed data as strip map

= JDTOP: Do not print
If LVLOP#1 the value
of JPLAN is immaterial

ALPHANUMERIC HEADING Card

1-80

LA

TERM Cards

20A4

Punch any alphanumeric
information

These cards should be present if and only if

JVALOP = 1 (cols. 32-34 of control card).

(1) Term Card A

1-5 IR
(2) Term Card(s) B
1-5 NTERM

(3) Term Card(s) C

1-5

MTERM

15

1615

1615

Number of times the
Fourier series is to be
evaluated

Punch IR integers in
nondescending order.
The ith value represents
the number of N terms,
i.e. the maximum har-
monic number in the y
direction, in the ith
calculation of the Fou-
rier series (i=1,2,.

IR). The last (hlghest)
term should not exceed
NT (cols. 17-19 of con=
trol card)

Punch IR cards in non-
descending order. The
ith value represents the
number of M terms, i.e.
the maximum harmonic
number in the x direc—
tion, in the ith evalua-
tion of the Fourier ser-
ies (i=1,2,...,IR). The
last (highest) term should
not exceed MT (cols.

20-22 of control card)

TRIGONOMETRIC ARRAY Card

These cards should be present if and only if

ITRGOP = 2 (cols. 23-25 of control card).

Insert here the frlgonomei'rlc array cards pun=

ched in a previous run, in which the values of NR,
MC, NT, and MT were the same as in the present

run,

PROFILE PLOT Cards

These cards should be present if and only if

JPROF =1 (cols. 50-52 of control card).

(1) Profile Plot Card A

1-10

11-20

21-30

31-40

41-50

51-60

TOP

BASE

AMP

VSCALE

HP

VP

F10.2

F10.2

F10.2

F10.2

10

110

(2) Profile Plot Card(s) B

1-5

6-10

etc.

(3) Profile Plot Card(s) C

IVALS

1615

1-5

JVALS

1615

Maximum (extreme right
hand) value of the plof
of observed and calcu-
lated data profiles
Minimum plot value
Amplitude of magnifica-
tion of residual values.
Gives numbers of charac-
ter positions (e.g. 0.02)
per unit increase in plot=
ted residual value, where
zero value is at center
of plot, and width is 30
characters

Width in character posi-
tions of plots of observed
and calculated data pro-
files. Maximum value =
30.0

Numbers of horizontal
profiles to be plotted;
nonnegative

Number of vertical pro=
files to be plotted; non-
negative

Punch the HP values
specifying the row index
values of the horizontal
profiles to be plotted.
Omit if HP =0

Punch the VP values
specifying the column
index values of the ver-
tical profiles to be plot-



ted. Omit if VP=0

obtained in the following sequence if all forms are

6-10 desired (Table 3):
etc. (1) Plot of observed data values on a rectangular
grid. If array is large, output will be in the
DATA Cards form of successive, parallel vertical strips
- which can be pasted together.

Data values in rows, NR rows, MC columns, (2)  Listing of sine and cosine values for four arrays.
as specified in cols. 11-13 and 14-16 of control (3) A, B, C, and D arrays of Fourier coefficients.
card, Start each row on a new card. Otherwise (4)  Harmonic vector magnitude array.
punch 8 data values per card. Format is 8110 if (5)  Plot of evaluated double Fourier series at each
INTOP = 1,3, or 4, and 8F10.4 if INTOP = 2. grid point for series of specified degree in each

direction.
OUTPUT FROM PROGRAM (6)  Plot of residual values at each grid point ob-

tained by subtracting evaluated series from
observed value.

Profiles of selected rows.

Profiles of selected columns.

Forms of output from the program depend upon
options specified in the input data. The following 7)
forms of output data for a given input data set are (8)

REFERENCES

Harbaugh, J.W., and Merriam, D.F., 1968, Computer applications in stratigraphic analysis: John Wiley
& Sons, New York, 282 p.

Harbaugh, J.W., and Preston, F.W., 1965, Fourier series analysis in geology: College of Mines, Arizona
Univ., v. 1, p. R=1-R-46,

James, W.R., 1966, FORTRAN 1V program using double Fourier series for surface fitting of irregularly spaced
data: Kansas Geol. Survey Computer Contr. 5, 19 p,

Preston, F.W., and Harbaugh, J.W., 1965, BALGOL programs and geologic applications for single and
double Fourier series using IBM 7090/7094 computers: Kansas Geol. Survey Sp. Dist. Publ. 24, 72 p.



Table 1.- Listing of statements in program, including a subroutine for matrix inversion.

N N e e
WP OO®NO VBN O OO OU B Gl

ny
F N

06-29-68

Q00

~N Oy UKAN DO -

8
9
10
11
12
15

28
27
8
2
29

30
33
35
40

POINTS ON A RECTANGyULAR GRID., FORTRAN 1lv,

DOURLE FQURIER SERIES PROGRAM FOP REGULARLY SPACED DATA
POINTS ON A RECTANGULAR GRID. FORTRAN v,
J, W, HARBAUGH AND M, J, SACKIN
INTEGER AST,KP,VP,P,0,8L,BI
INTEGER ASTPLT(95)
LOGICAL TWO
DIMEN§ION NeEM(25)  MTERM(25),LINE(73), IVALg(15),JvALg(15),LA(20)
REAL_.SINN1(2§.35\.Tcoswl(?5.35,.791NMJ(25.36,,rcnSMJ(zs,sé,,
1X(71,73),4(25,25).B(25,25),C(25,25),D(25,25),P5(25,25),
2ALAM(2,2):XS(71,73), APMAT (3,3, DATVEC(Z),COVEC(3)
EQ) I,,ALENCE (DAT EC(1),CO EC(1))
coMMBN 4, B, c, D, %, ASTELT, NTERM, MTERM, LINE, IVALS, JVALS,
1 LA, TSINNI, TCOSNI, TSINMJ, TCOSMJ, PS, ALAM, XS
ALAM(1,1)=0.25
ALAM(1,2)=0.5
ALAm(2.1)=0.5

ALAM-2,2y=1.0

FORMAT (1H1,2044//)

FORMAT(16H COSINE MJ ARRAY)

FORMAT(1g¢H SINF MJ ARRAY )

FORMAT(16H ~OSINE NI ARRAY)

FORMAT(16H cINE NI AnpAY )

FORMAT (65H BLOT OF LEWELED ORIGINAL DATA VALUES. WITH APPROXIMATE
1ZERO MEAN, s,/

FORMAT (zoH, A ARRAY OF FOURIER COEFFICIENTS//)

FORMaAT (3 His ARRAY OF FOURIER COEFFICIENTS//)

FORMAT (X2H1C ARRAY oF FQOUR{ER COEFF,CyENTS//)

FORMAT (32H1D ARRAy OF FOURIER cosrr{c ENTS//)

FORMAT (Z2H1HARMAONIC VECTOR MAGNITUDE ARRAY//) _ ‘
FORMAT(89H VALUES OF EVALUATED DOUBLE FOURIER SERIES AT SPECIFIED
1GRIp POINTS, NUMgER OF cOLUMNS = ,13,19H, NUMgeR OF ROWS =,13,

2 1H,s 20H NU4BER oF M TERMS = 13, 22H, NUMBER~OF N TERMS =4 13,
3 36H, PERCENT OF TOTAL SUM 0OF SQUARES =, F8.2,

4 18H,  SCALE FACTOR =, F8.,2//)

FORMAT(1HO,2¢15) _

FORMAT(10H STRIP ONg)

FORMAT(10H gTRIP TWO)

FORMAT(12H STRIP THREE,

FORMAT(4H » 7F14.2)

FORMAT(,,H STRIP FOUR)

FORMAT(%514.5>

FORMAT  (/(9E14.5)) ‘
FORMAT (38H RESIDUAL ALUES, NUMBER OF COLUMNS = 13,19H, NUMBER OF
1 ROWS =,13,21H, NUMBER OF M TERMS =, 13//,

2 214 NUMBLR Op N TpRMS = 3,184,  SCALg pACTOR =, (B8.2///})
FORMA . (26H EORIZONTA PROFILE OF RO, 16)
FORMAT (1H . 2F9.2] F10.3, 15, 2H 1% 95A1 ///)

FORMAT(27H VERTICAL PROFILE 0F COLUMN, 16) ,

FORMAT (47H PLOT OF 0BSERVED DATA VALUES,» NUMBER OF ROWS =/ 13,
1 22H, NUMBER OF COLUMNS =, 13, 17H, SCALE FACTOR =, F8.3///)
FORMAT( 27A4)

FORMAT(10F8.4)

FORMAT(1H ,16F8.4//)

FORMAT(3A1, F7.2, 2313

DOURLE FOURIER SFRIES PROGRAM FOR REGULARLY SPACED DATA



55 41 FORMAT(1615)

56 43 FORMAT( 4F10.5,2110)

57 44 FORMAT(8F10.4)

58 45 FOpMAT(8110)

59 46 FORMAT (31HNOBSERVED CALCULATED RESIDUAL, 11X, BHNBSERVED,
69 1 24X, 10HCALCULATED, 22X, BHRESIDUAL,,)

é 47 FORMATfilH PLOT TOP =» F e 3 SH, PLOT BASE =, F 23
6 1 12H, SCALE =, Fg.3, 15./ 3§H RESIDUAL AMPL!FICA}ION FACTOR =,
63 ? F603' 7Hl M =, ISJ 7Hl N =, 13)

84 ICD = 43

65 NMRUNS=1

66 READ(5,41) NUMBER

67 5000 READ(5,4U)AST.3L:?InSCALE,NR,MC.NT:MTnITRGOP:JAROP.INTQP:JVALOP.
68 1JPRT0P.JRESOP.JDTOP: IPCHOPnL' JPROF, JCOFOPp LvLorP, JTILT, JPLAN
69 EAD (5,30) LA

70 BMCzuMC

71 FNR=NR

72 Ni_ NR-1

73 N2= N1/2

7 N3=NR+1

7 Nd= N3/2

76 N%= N1/4

77 Mi= MC-1

78 M2= M1/2

79 M3= MC+1

80 M4= M3Z/2

81 M5= M1/4

82 FLTM. M2

83 PH = 3,1415926/FLTM

8 FLTN= N2

8 PL = 3.1415926/fFLTN

86 FilTmz Ml

87 FtTN: N

88 RLH _ 4,0/(FLTM#FLTN)

89 M9 ='M5~1

20 N = N5+1

91 M7 = Mda+1

92 N7 = Nd+1

93 MTT = 2% (MT/2)

94 NTT = 2%(NT/2)

o5 FLTN= N1

96 FNS _ FLTN/a.0

97 FN5F N5

98 IF(FNS.LE.FNSFY GO TO 546

929 N8 = NS+4
100 GO Tn 547
101 546 N8 = N5
102 547 FLTM = M1
103 FM5 =z pLTM/4,0

104 FuSF = 45

105 MB=M5+1

106 IF (FM5 (LE. FMS5Fy M8=M5
107 DATVEC(1)=0.0
108 DATvEC(2)=0.0
109 DATVgc(3)=0,0

110 IF(JVELOP.NE.i) GO TO S60
111 READ(5,41 , IR
112 READ (5,41 ) (NTERM(1Q)» 1Q =1,1R)
113 READ (5,41 ) (MTERM(IQ), 10 =1,1R)
114 560 CONTINUE . :
1158 C READ IN VALUES FOR TRIGONOMETRIC ARRAYg IF CALLED FOR (ITRGOP z2)

7



116 IF(ITRGOP.NE.2) GO To 515

117 DO 511 J = 1,M9

118 511 READ (5,33) (TCOSMJ(M,J)» M = 1,MT)

119 DO 512 J =1,M9

120 512 READ _(5,33) (TSINMJ(M,Jy, M = 1,MT,

121 po 513 1 =1,N9

122 513 READ(5,33) (TCOSNI(N,I)s» N = 1:NT)

123 p0 514 1 = 1,N9

124 514 READ (5,33) (TSINNI(N,I), N = 1,NT)

125 515 CONTINUE

126 c READ IN DATA TO CONTROL PROFILES IF CALLED FOR (JPROF =1)
127 IF(JPROF.NE.1) GO TO 516

128 READ (5,43) TOP,gASE,AMP,VScALE, HWP,VP

129 IF (HP.GT.0) QFAD(5,41) (IVALS(I), I=1,Hp)

130 IF (VP.GT.0) READ(5,41) (JVALS(J), J=1,VP)

131 51 CONTINUE
132 c REAp IN pATA IN INTEGER FORM IF INTOP = 1
133 IFCINTOP.NE.1) GO TO 523
134 DO 522 1_1,NR
135 READ(5,45) (LINE(J), J=1,MC)
136 Do 502 J=1:MC

137 522 x(I,J) = LINE(D)
138 523 CONTINUE

139 o READ IN DATA POINTS IN DECIMAL-POINT FNRM IF INTOP = 2
140 IF(INTOP.NE,?) GO TO 525

4 D0 5,4 I=,"NR
%4 524 READ(5.44) (X(IsJys» J =1,MCH

143 c READ N DATA CONSISTiNg O [NTgggR ONgS AND 7oROS AND TugN TRANS
144 o FORM yAL,ES SO THAT 0 = =100.0, AND 1 = 190.0, IF INTOP = 3
145 525 IF(IN OP VE 3y 60 TO 529

46 DO 5,6 I-jnNR

45 QEAD(s. Y (LINE(J), J =1,MC)H
148 DO 526 J = 1,MC
149 IF(LINE(JI.NE. Q) GO TO 527
150 X(1,J) = =100,

15 GO Tn 526

55 527 X(Il,J) = 100.0

1 526 CONTINUE

1 4 o READ IN DATA IN REGULAR INTEGER FORM AND THEN RFVERSFE ALGEBRAIC
155 c SIGN IF INTOP = 4

156 529 IF(INTOP.NE.4)G0 TO 531

157 DO 530 I = 1,NR

158 READ(5:45)(LINE(J) s JE1.MC)

159 DO 530 J=1.MC

140 533 X(1,4) = ~LINECJ)

161 531 ~ONTINUg

162 c HULTIPLY DATA POINT vALUES By A SCALE FACTOR IF L =1

163 IF(L.NE,1) GO TO 533

164 DO 532 1 =1sNR

165 DO 532 J =1,M¢

166 532 X(1,J) = SCALE*X(I,J)

167 533 CONTINUE

168 c PRINT OUT ORIGINAL DATA VALUES IF JpToP = 1

169 IF(JDTOP-EQ.1) GO TO 461

170 535 ONT1Nug

171 ¢ LEVE. ORygINAL DATA [F LVLOP EQUALS 1

172 IF(LVLOP. NE 1) 60 TO 459 )

173 c THIS SECTION USES PIERSONS ARITHMETIC PROGRESSION METHOD
174 APMAT(1,1) = 5,16666667%#FMCuFNR*(FMC=1,0)%(2,0%FMC~1.0)
175 APMAT(1,2)=20,25% FNR#(FNR=1,N)*FMC#(FMC-1.0)

176 APMAf(jo3)=0.S*FMC*FNR*(FMC-1.0,
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177

78
176
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
206
206

208
209
210
211
212
213
214
215

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

6”1

622

669
661

658
659

715

739
752

APMAT(2,1) _0,25%FNR* (FNR=1,0)#FMC% (FMC-1.0)

APMAT ( 1
APMAi(Bn&):O.QG}NR*FMC*(FNR*1.0)
APMAT(3,1) = APMAT(1,3)

APMAT (X 12y=0.54FMC#FNR® (FNR-1,0
APMAT<3'3)-rNR* FMC

DO 621 I=1,NR

Fl=1

Fi=J

)

DATVEC(1)=DATVEC(1)+((FJ=1.0)*X¢1,J))
DATVEC(2)=DATVEC(2)+((FI-1.,0)#X(1,J))

DATVEC(3)=DATVEC(3)+x(1,J)

6666667 *FNR*FMC* (FNR-

1.0)*(2.0‘7NP’1.0)

NeXT CALCULATE COgprICIgNTS OF LgVeLING PLANE BY MATRIX INVERSION
CALL SUBROUTINE FOR INVERSION TO OBTAIN COLUMN VECTOR COVEC( ).

CALL MATINV(APMAT.COVEC,3,3)
CALCULATE RESIDUAL VALUES FRNM PLANE
DO 622 I=z1,NR

F1 = 1

D0 622 J=1,MC

FJ=J ‘
XC1o)=X(1sJ)=(COVEC(1)*(FU=1.0)) -
CONTINUE

(COVEC(2)#(F1~1.,0))~COVEC(3)

I[F (JPLAN.NE.1 .OR. JUDTOP,NE.Q) GO TO 660

JDTOP = 2
GO Tn gel

IF(JPLAN.NE.2, OR.JDTOP,NE.?) g0 TO 659

JPLAN=1

DO 658 1=1,NR
DO 658 J=1,MC
XS, =X, )
GO TN 9935
CONTNUE
FN4=N4

FM4=M4

CALCILATE TRIGONOMETRIC ARRAY VALUES IF ITRGOP = 1

IFCITRGOP.NE.1] GO To 752

EAL CULATE VALUES pOR (N=1)/2 ANp (M=1)/2 gLgMgNTS Of TRig ARRAYS,

ILLTNG MIDRONS. MIDCOLyYMNg, AND ANY
ASSTIGNMENT
DO 715 N_2,NT
FN=N
XNPL=(FN=1.0)#*pPL
Do 715 1=1+N9
Fi=1
ARGNT= XNPL*(FN4=FI)

TCOSNI(N,I)=  COSCARGNI)
TSINNI(N»I)=  SINCARGNID)
pO 739 M=2,MT

FM1=M-1

XMPH=FM1#PH

DO 739 J=1,M9

Fd=J

ARGMJ = XMPH & (FM4-FJ)
TCOSMJ(M, J)Y=COS(ARGMY)

TSINMJ(M, Jy=SIN(ARGMJ,

CONTINUE

REMAINING FLEMENTg BY

FILL CTHER QUARTER OF TRIGONOMETRIC ARRAYS INDEXED ON N AND 1

DO 716 Nz2,NTT,?
DO 716 [=2,N8
N7TzN7=



238 TCOSNI(N,N71)==TCOSNI(N,I)

239 716 TSINNICNsN7I)= TSINNI(N,I)

240 IF(NTT.LT.NT) NTTT=NT

241 IF(NTT.EQ.NT) NTTT=NT-1

242 DO 717 N=3I,NTTT,2

243 DO 717 1. 2,N8

244 N7I=N7~1

245 TCOSNI(N,N71)=TCOSNI(N, 1)

246 717 TSINNICNsN71)==TSINNT(Ns1)

247 c FILL TCOSNI AND TSINNI ROW AND COLUMN WHERE ZERN ARGUMENTS EXIST
248 DO 722 1=1,N2

249 ~ TCOSNI(1,1y21.0

250 722 TSINNIC(YL, v>~ .0 4

251 c FILL OTHER QUARTER OF MJ TRIGONGMETRIC ARRAY

252 DO 740 M=2,MTT,2

253 DO 740 J=2,Mg

254 M7J=M7=J

258 TCOSMJ(M, M7J)=~-TCOSMU(M, J)

256 749 TSINMJIM,M7U)Y=TSINMI (M, )

257 IF(MTT.LT.MT) MTTT=MT

258 IF(MTT.EQ-MT) MTTT=MT"1

259 DO 741 M=3,MTTT,2

260 Do 741 J=2,48

261 M7J=M7~J

262 TCOSMJ(M, M7 )2 TCOSMI (M, J)

263 741 TSINMJ(M,M7U)z=TSINMJ(M,J)

2¢ c FILL TCOSMJ AND TSINMJ ROW AND COLUMN WHERE ZERN ARGUMENTS EXIST
26 DO 746 J=z1,M2

266 T1COSMJ(1,U)=1,0

267 746 TSINMJ(1,J):0.0

268 IF(JAROP-NE.1) GO TO 956 _

269 C OUTPUT TRIG ARR,YS ,ccORDING TO OPTIONS

270 WRYTE (6,1) LA

271 WRITE(6,2)

272 DO 915 J=1,M9

273 IF (TPCHOP .EQ, 2)WRITE(ICN,33) (TCOSMJU(M,J),M=1,MT)
274 IF (1PCHOP ,EQ. 1) WRITE (6,35) (TCOSMU(M,J)y,M=1,MT)
275 915 CONTINUE

276 WRITE (6,1) LA

277 WRITE(6:13)

278 Do 928 =1,M9

279 IF (TPCHOP .EQ. 2)RITE(ICD,33) (TSINMJII(M,J) , M1, MT)
280 IF (1PCHOP .EQ. 1) WRITE (6,35) (TSINMJ(M,J),M=1,MT)
2a1 928 CONTINUE

282 WRIT. (6,1) LA

283 WalTE(6,5)

284 DO 942 1=1,N9

2&5 IF (!PCHOP .EQu 2)WRITE(ICD;33) (TCDSNY(NAI)vN:1)NT)
086 ~IF (IPCHOP .EQ. 1) WRITE (6,35) (TCOSNI(N,I)sN=q4 ,NT)
287 942 CONTINUE

288 WRITE (6,1) LA

289 wRITF(é 6)

290 DO 955 I=1.,N9

291 IF (1PCHOP ,EQ. 2)WRITE(ICD,33) (TSINNI(N,I1y,N=1,NT,
292 IF (IPCMOP .EQ. 1) WRITE (6,35) (TSINNT(N,T),N=1,NT)
293 955 CONTiNUg

294 c COMP;TE FOURIER COEFFICIENtg

295 956 DO 1056 Moi, MT ’

296 DO 1026 N=1,NT

297 A(M,N)=0,0

298 B(M,N)=0.,0
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299
300
301
302
303
304
305
J06
07
08
309
310
3
313
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
334
332
333
334
335
336
337
338
339
34y
341
342
343
344
3458
346
347
348
349
380
354
352
383
354
358
356
357
358
359

C
C

C
C

c

1

1015

1

1019

1

1
1023
1

1
1022

1

1
1024

1

1
1025

1

1
1027

1

C(MiN)=0.0
D(MsNy=20.0
DO 1919 [=2,N2
I1=N3~1
p0 1019 J=2,M2
JJ=y3-J
A(M, N)=A(M NY (XD, DX (TT, D)X (1, d)ex 1], JU))e
(TCOSMJ(M, JT*TCOSNI(N 1))
IF(M,EQ,1) GO TO 1015
(M.N)= (Mo Ny C(XC(I, J)*X(II =X Lod=X(11,JJ))w
BMJ(M »J)#TCOGNI (N, 1Y)
IF(N, Ea 1) GO TO 1019
C(MaN) CIMINY+ ((X(TsJ)= XCIToJIeX(Ta g =X(11rJU))™
(TCOSMJ(M, UI#TSINNT(N,1)))
IF(M.Eq 1) GO TO 1019
D(M, N)—D(M N)* ((X(I J)'X(II J)’X(I JJ)‘X(I!:JJ))“
(TSINMJIM» J)*TSINNI(NsT)Y))
CONTINUE .
COMMENT CALC VALUES FOR TOP AND sorron ROWS O DATA ARRAY,
OMITTING THOSE IN FIRST, MID AND LAST COLUMNS
Do 1022 J=2,M2
JJ=M3-J
A(M, N) A(MINY 4 (0.5%(X(1,U)+X (1, JJ)+X(NR, Jy+X(NR, NNRRR
TCOGMJ (M, Jy#yCOgNI(Ns1Y)
IF(M,EQ.1y GO TO 1023
BIM)NI=BIMINY + (0.58(X (1, )=X(1,JJ)+X(NR»J)=X(NR,JJ))®
TSINMJ(M, J)#TCOSNT (N, 1))
IF(N,EQ.1) GO 10 1022
CEMyNI=CIMINY + (0.5%(X (1, )X (1, JJ)=X(NR,J)=X(NR,JJ))#
TCOSMJ(Ms JY*TSINNT (N, 1))
IF(M.EQ.1) GO TO 1022
DUMINIZD(MIN) + (0,58 (X1, 0)=XC1,JJ)=X(NR,JY+X(NR,JJ))*
TSINMJ(M, JY*TSINNI(N, 1))
CONTINUE
COMMENT CALC VALUES FOR FIRST AND LAST COLUMNS OF DATA ARRAY,
OMITTING THOSE IN TOP,MID AND BOTTOM ROWS
DO 1725 1=2,N2
11=N3"1
ACMyNYZA(MINY + (0,58 (x(],1)+X(I1,1)exc], MCy+X(11,MCy)#
TCOGMJ(M,1)#TCOGNTI (N, 1))
IF (M,EQ.1) GO TO 1024
B(M)N)=B(M,N) , (p.5#(X(1, DI XTI 1) =X (T MCY=X(T T, MCY ) ®
TSINMJ(M, 1) #TCOSNT (N, 1))
IF(N.EQ.1) Gp To 1025
C(MsN)=C(M,N) + (n, S#(XC1,1)=XCIT, 1) X (T, MCY=X(1T,MC)) %
TCOSMJ(M,1)#TSINNT (N, 1))
IF(M.EQ«1) GO TO 1055
D(MsN)Y=D(M,NY & (0, 5w(X(T,1)=-X¢I1,1y~x¢I,Moysxcll,Moyya
TSINMJ(M, 1) #TSINNT (N, 1))
CONTINUE
COMMENT CALC VALUES FOR FOUR CORNERS OF DATA ARRAY
ACMINIZACMINY & (0,25#(X(1,1)4X(1.MCY4X(NR,1)&X(NR,MC)) &
TCOSMJU(M,1)#TCOSNI(N,1))
IF(M.EQ:1) GO TO 40327
B(M,NY=B(M,N) + (0,25#(X(1,1)-X(1,MCI+X(NR,1)=X(NR,MC) )
TQINMJ(M,1)#TCOSNTI(N, 1))
IF(N.EO.1) GO TO 1028 ‘
CIMaNI=C(M,N) + (0.25%(X(1,1)+X(1,MC)=X(NR,L)=X(NR,MC))*
TCOSMJ(M,1)#TSINNI(N, 1))
IF(M Eqg.1) GO TO 1028 (
D(MsNIED(M,NY + (0,258 (X(1,1)=X(L1,MC)=X(NRs1)*X(NR,MC))#
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360 1 TQINMJ(M,1)#TSINNI(N,1))

361 1058 CONTINUE

362 C COMMENT CALC vALUES FOR MID-COLUMN AND MIDROW, OMITTING THOSE T
363 C EDGES AND CENTER gF DATA ARRAY

364 DO 1030 J=2,M2

365 JJ = M3I-Y

kTY) A(MINI=ACMINY +((X(Ng»J) + X(N4»JJ)I*TCOSMI(Ms J))

347 IF(M:ED.,1) 6O TO 1030

368 BiMonIEBIMINY + ((XINGsJ) = X(NA,JIYIRTSINMI(M, )

369 1030 CONTINUE

370 DO 1031 1=2,N2

374 11 = N3-1 _

372 A(MaN)=A(MINY +C(X(I,M4) + X(I1,M4a))#TCOSNI(N,I))

373 IF(N;EQ.1) GO ;0 1031

374 CCMyN,2C(MANy TOOXCT,ME, = XCI1,M4, 8TSINNICN, T,

375 1031 CONTINUE '

376 c COMMENT CALC VALUE FOR MIDPOINT

377 A(MsNIZA(MINY + X(N4,M4)

378 C COMMENT CALC VALUES IN MID-COLUMN AND MIDROW ON OUTER EDGES
379 c OF pATA ARRAY _

380 ACMIN)=ZA(MsN) +(0.5%(X(1,M8) + X(NGsM4))#gCOGNT (N, 1))
381 A(MpNy=A(M,Ny + (0.5#%(X(N4,1, * Xt§4.Mc,,~TCOSMJ(M,1,,
382 IF(M.EQ.1) Go TO 1033

383 B(yrp)=B( ) + (0.58(X(N4,1) = X(N4syCII*TSIyyJ(ys1))
384 1033 IFTN .EQ, 1? 80 TO 1032 N N " A

385 CIMaN) ZC(MINY + (0.58(X(1,M4y X CNR,M4)) #TSINNT (N, 1))
386 103> CONTINUE

387 c COMMENT MULTIPLY gy REcIPROgAL OF L TIMES H

388 A(MyN) = RLH®A(M,N)

389 B(M)N) ¢ RLH#B(M,N)

390 C(MiN) = RLH*C(MsN)

394 D(M)N) = RLH#*p(M,N)

392 c COMMENY COMpytE yECTOR MAGNITUDE vALyEg

33 PS(M,Ny = SORT(((A(M,Ny#wA(M,Nyy+(B(M,Ny#B(M:Nyy+(C(M,Ny#C(M,Ny,
394 1 +(D(M N)#D(MaN)Y)))

395 1024 CONTIN E

396 c COMPUTE 7ER0/7ERO POWER SPECTRUM SQUAREROOT VALUE

397 PS(1,1y = PS(1,1)#0.25

398 o OUTPHT COEFFICIENT ARRAYS AND POWER SPECTRUM SQUARE ROOTS
399 WRITE(6,8)

400 DO 1101 N=1,NT ‘ )

401 1101 WRITE (6,23) (A(M,N)Y, M=1,MT)

402 WRITE(6:9)

403 DO 1102 N=1,NT _

404 1102 WRITE (6,23) (B(Ms/N)» M21,MT)

405 WRITE(6,10)

406 DO 1103 N=1,NT ,

407 1103 WRITE (6,23) (g(MsNy» Mz1,MT)

408 WRITE(6,11)

409 DO 1104 N=1,NT .

410 1104 WRITE (6,23) (D(M, Ny, Mzi:MT)

411 WRITE(6+17)

412 p0 1105 N=1,NT

413 1105 WRITE (6,23) (pS(ysn)s y=1syT)

414 IF(JCOFOP.NE.2) 6o TO 1119

415 DO 1111 N_1,NT

416 1111 WRITE (ICD,22) (A(M,N), M=1,MT)

417 DO 1112 N=1,NT ‘

418 1112 WRITE (Igpr22) (g(M,N), M=1,MT)

419 Dpg 1113 N=1.NT

420 1113 WRITE (¢ICD,22) (C(M,N), M=1,MT)
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421 DO 1114 N=1,NT

422 1114 WRITE (I1CD,22y (D(M,N)Y, M=1,MT)

423 DO 1115 N=1.NT

424 1115 WRITE (I1CN,22) (PS(M,N), M=1,MT)

425 1119 CONTINUE

426 c COMMENT CALCULATE SUM OF DATA VALUES AND SUM OF SQUARED DATA VALUES®
427 c COMMENT CLEAR pATA ARRAY,XS(1,J)TO ZERO TO USE FOR STORAGE OF
428 c EVAL|JATED FOuplEg gERIEg 1O Ny AND My ORNER

429 JPLAN = 0

430 IF(JVALOP.NE. 1y GO TO 2334

434 DO 1202 I=1.NR

432 DO 1202 J=1,MC
433 1202 XS(1,J)=0.0
434 o CoMMENT THIS SECTIgy RESTQRES TILT To ORIGINA. DATA AND Tg
435 c FOURIER TRANSFORM VALUES AT DATA POINTS
436 IF(JTILT.NE.2) GO TO 1210
437 DO 4759 I=4,NR
438 DO 1759 J=1,M(C

439 x<I.J>=x(1.J>+covec<1)urLoAT(J-i)+covsc<2>*FL0AT(,—1)+covecc3>
440 XS(I,J)th(I,J)¢COVEC(1)*FLOAT(J-1)+C0VEC(2)*FLOAT(I-l)*CQVEC<3)
441 1759 CONTINUE

442 1210 SuMx=0.0

443 SUMY2=20.0

444 p0 1299 I=1,NR

445 Do 1290 J=1,nC

446 SUMX =SSUMX +  X(1,J)

447 1290 SUMY2=SUMY24X (I,J)*X(1,J)

448 GRID= FNR«FMC

449 ZOR=SUMY2~-SUMX#SUMX/GR{D

450 c COMMENT EVALUATE FOURIER SERIES AT EACH GRID POINT IF JVALOP =z 4
4%q c COMMENT EVLAUATE FOURIER SERIES FOR IR DIFFERENT NUUMBERS OF TERMS
452 c AS SPECIFIED IN NTERM( ) ARRAYS

5 I =0
484 LsTMF=0
455 LSTNT=0
456 4000 CONTI{NUE
487 10 = 10 + 1
458 ISTMT= LSTMT+1
459 ISTNT= LSTNT+1
440 LSTMT= MTERM(1Q)
461 LSTNT= NTERM(10)
462 TWO = .FALSE, ) )
443 IF CISTMT.GT.LSTMT .0R. ISTNT.EQ.1) G@& TO 1730

464 IM = ISTMT
485 LM = LSTMT

466 IN = 1

487 LN = JSTNT - 1
468 Go Th 1680
469 168t IM = 1
470 LM = LSTMT
471 IN = ISTNT

72 LN = LSTNT
473 TWO = .TRUE.
474 1680 K=0

475 SUMVAL=0.0
476 SMVAI'2=0.0

477 Do 1749 I=1.N2

478 L=0

479 KEK*?

480 IB=I+N4
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481
482
483
28
8

486
487
488
489
490
4919
492
493
494
495
496
497
498
499
500
501
509
503
504
545
506
507
508

510
11
12

513

514

515

516

547

518

519

520

521

522

523

524

525

526
337
528
529
530
531
532
533
534
535
536
537
538
539
540
544

II:I@'K

DO 1740 J=1,M2
L=L+2

J8=J+M4

Jd=dp~

D 1?40 M=zIM, LM
I?iM:NE.i) GO TO 1690
P=

GO Tn 1691
1690 P=2
1691 DO 1740 N=zIN,_N
IF(N,NE,1) GO TO 1692
Q=1
GO To 1693
1692 Q.2
1693 CONTINUE _ .
XS(I,J) =XS(1,J) +(ALAM(P,0)#( TCOSNI(N, 1)#((A(M,N)#
1 TCASMJU(M,J)) + (BIM/NI*TSINMJ(M, Y)Y + (TSINNI(N,])®
2 ((C(M,N)aTCOSMI(M,Jyy + (D(M,NyY«TSINMU(M,U))y))
XS(IR,UB)=XS(IB,UB)+ (ALAM(P, Q)% (3COSNT(N,IT)*C(A(M,N)#
1 TCOSMU(M, JJT) =(BIM,NI*TSINMI(M, JUI))=(TSINNIU(N, T1)#
2 ((C(MINI*TCOSMU (M, JJ)) = (DIMINI®TSTINMI(MsJJIIIIY)
XS(IBsJ )=XS(IB,J )+ (ALAM(P,NY*(TCOSNI(N, 11 #((A(M,N)*
1 TCOSMJ(M,Jyy+ (B(M,Ny*#TSINMJ(M,J 5y )~(TSINNI(N, ]y
2 ((CCMsNIRTCOSMJ(MsJ 1) + (D(MsNI®TSTINMI(M» JIII) D))
XS¢l »JBY=xS(l ,JIB)Y+ (ALAM(P, Q)% (TCOSNI(N, I Y*((A(M,N)*
1 7CogMJI(M, U )=(BIM,N)®poINMIIM, JJ))) +CpgINNTEN, 1) *
2 ((CUM,Ny#TCOSMJ(M,Jdyy = (D(M,Ny*#TSINMI(M,Jdyyyyyy
1749 CONTINUE "
DO 1729 M=IM,LM
IF(M/NE 1) GO TO 1494
Pz1i
0 Ton 1695
1694 gz?
1695 DO 1729 N=IN,LN
IF(N.NE.1, GO TO 1696
Q=1
GO Tn 1697
1696 Q=2
1697 k=0
DO 1717 ;=1,N2
KzKe?
IB=1+N4
11:18-K ,
XS(I,M4)=XS(1,Ma)+«(ALAM(P,Q)#((TCOSNT (N, T)*A(M,N))+
1 (TSINNI(N»T)*C(MsNI)))
XS(1grMa)=XSCIgsMa)+(pLaM(P,O)®((TCOSNT(N, TI)%,(M,N))~
1 (TSINNI(N,II5#C(MsNY)YY)
1717 CONTINUE
K=0
Do 1727 J=1,M2
KeK+o
JB=J+M4
JJ=JB~K , _
XS(N4,J) = XS(N4,J) + (ALAM(P,Q)* ((A(M,N)#TCOSMJI(M, )
1 + (B(M,NY#TSINMJI(M, ) _
XS(NgrJB) = XS(N4+JB) + (ALAM(P.Q)Y*((A(MINI®TCOSMI(M:JJ)Y)
1 - (B(M,N)*TSINMJU(M,JUY) )
1727 CONTINUE ,
XS(N4 ) M4y = XS(NA, M4y + (ALAM(P,Qy®A(M,N))
1729 CONTINUE
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542 1730 IF (TSTNT,LE,LSTNT ,AND, ,NOT,TWO) GO TO 1681

543 o COMPUTE TOTAL SUM OF SQUARES

544 DO 1737 1=1,NR

54% DO 1737 J=1:MC o

546 1737 SUMVAL = SUMVAL + (X(l1,J)=xS(lsJ)y*e2
547 PCTS=100.0#(1.0 ~(SUMVAL/Z0R))

548 IF(JPRTOP,EQ.1) GO TO 9930

549 WRITE (6,1) LA

550 WRITE(6,95)MCyNR,LSTMT,LSTNT,PCTS, SCALE
551 GO To 1847

582 C PLOT STRIP MAPS OF OBSERVED DATA VALUES, LEVELLED DATA VALUES, OR
553 C EVALUATED DOUBLE FOURIER SERIFS

554 9930 DO 9931 K=1,4

555 WRITz (6,1) LA

556 IF (JDTOP.NE.1Y GO TO 9932

557 WRITFE(6,29) NRaMC,SCALE

558 GO 7o 9933 .

559 9932 IF (JPLAN.NE.1) GO To 9934

560 WRITE(6:7)

561 g0 Tn 9933

562 9934 WR{TE(6,15) MCsNRsLSTMT+LSTNT,PCTS,SCALF
563 9933 GO TN (9917,9918,9919,9921), K

564 9917 WRITE(6,17)

565 GO Tn 9935

566 9918 WRITE(6,18)

567 GO Tn 99%5

568 9919 WRITF(6,19)

569 GO Tn 9935

570 9921 WRITE(6,21)

571 9935 M=26#K = 25

572 MH = MINQ M+25,MC)

573 DO 99036 1=1,NR

574 DO 9937 J-M,MH

575 9937 LINE(J) = XS(I,)

576 9936 WRITE(gr1g) (LINE(J)Y, JzMsMH)

8577 IF (MH.gQ.MC) g0 TO 1845

578 9931 CONTINQE

579 1845 CONTINUE

580 IF(JDTOP.NE.1)y GO TO 1846

581 JDTOP=)

582 GO Tn 535

583 1846 [F(JPLAN.EQ.1) GO To 659

584 1847 CONTINUE ]

58% c IF JRESOP=1, CALCULATE AND PRINT RESIDUALS
586 IF(JRESOP.NE.1§ Go To 1949

587 p0 1901 Kk=1,4

588 WRITE (6,1) LA_ ) _

589 WRITE 6,25y MC,NR,LSTMT,LSTNT,SCALE
590 GO Tn (1917,1918,1919,1921y, K

594 1947 WRITE(6+47)

595 GO Tn 1905

593 1918 WRITE(6,18)

594 Go Tp 1902

595 1919 WRITE(6,19)

596 GO To 1902

597 1921 WRITE(6,21)

598 1902 M = 56%K - 55

599 MH = MINQ(M+25,Mc)

600 DO 1903 I=1,Np

601 DO 1904 J=M,MH

602 1904 LINE(I)EX(1sJ)=XS(1sJ)
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603 1903 WRITE(6,16) (LINE(J),J=M,MH)

604 IF (yH.EQ.MC) GO TO 1949
605 1901 CONTINUE

606 1949 CONTINUE

607 c PRINT PROFILES IF JPROF =1
608 IF(JoROF.NE.1) GO TO 2333
609 plFF = TOP~BASE

610 BD=BAgE/DIFF

611 c PRINT HORI,ONTAL PROFILES
612 IF (HP.EQ.E) GO TO 3598

é DO 0 I=zqHP

613 1h=3050s (13

615 WRITE (6,1) A

616 WRITE (6,26) 1IH _
617 WRITE(6,47) TOP,BASE,VSCALE,AMP,LSTMT,LSTNT
618 WRITE(6146)

619 DO 2720 J=z1,M¢

620 K=Mé4-J

621 IT= ((X(IH,J)/DIFF)-BD)#VSCALE
622 IF(IT-GT-30) 1T=30

623 IFCIT.LT.0Y 17=0 ‘

624 KCAL=z((XS(IH,J)/plFF)=Bp)#vsSCAlLg
625 KB1= 3i=Iy

626 1F (KCAL,GT.30) KCAL=30

627 IF(KCAL,LT.0) KCAL=D

628 KB2= 3u~=KCAL

629 RESID = X(IWs D=XSCIH' D)
630 KRES=(RESID#AMP)+15.0

631 IF(KRES,GT,30) KRES_30

632 IF(KRES.LT.0) KRES=0

633 C FILL PLTAST( )ARRAY FOR PLOTTING OF ASTERISKS
634 DO 3500 JJ=1,IT

635 3500 ASTPI T(JJy=BL

636 IT1=1T+1

637 ASTPLT¢IT1)=AST

638 IT2=17+2

639 KBT=kB1+1T1

640 DO 3501 JJ=1T2,KBT

641 3501 ASTPLT(JJ)=BL

642 K3T=KBT+1

643 ASTP| T(KBT)=BI

644 KCAL=KCAL.KBT

645 KBT=kBT+1

646 - p0 3502 JJ=KBT,KcAL

647 3502 ASTPI T(JJ)=BL

648 KBT=kCAL*+1

649 ASTP| T(KBT)_-AST

650 KSo=KkBT+KB>

651 KBT=kBT*1

652 DQ 3503 JJ=KBT,KB2

653 3503 ASTPi T(JJ)=BL

654 KByzkB2+1

655 ASTPI T (KBTy=B1

656 KRES_KRES+KBT

657 KBT=KBT+1

658 DO 3504 JJ=KBT,KRES

629 3504 ASTP T(JJ)=BL

660 KBT=KREs*1

661 ASTP| T(KBT)zAST

662 KBT=KBT*1

16



663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
94
895
696
697
]
§9%
700
701
702
703
704
70
70
707
708
709
710
711
712
713
714
71
71
717
718
719
720
721
722

3505
22290

3598

3600

3601

3602

3603

3604

3605
2221

IF (kBT .GT,
DO 3505 JJ=kBT,95

ASTPI'T(JJ) =BL

95) Go 10 2220

NRITE(é 27) X(IH,J)sXSCIH,J),RESID,K, ASTPLT
PRINT VERTICAL PROFILES

IF (VP.EQ.0)
DO 2221 J=1.,VP

WRITE

(6,1) L

IH=JVALS ()

WRITE

(6'28)

WRITE(6,47)

WRITE

(6,46

DO 2221 I=1,N

K= N4-1

GO 70 3498
A

TH
TOP,BASE,VSCALE, AMP, LSTMT,LSTNT

R

IT=C((X(1,1H)/DIFF)~BD)#VSCALE)
IF(17.67.30)
IFCITLT. 0y 1 ,
KCAL=((XS(1,1HT/DIFF)~BD)*ySCALE
Kg1=30~-1T
IF KCAL,LT. 0
KB2=30-KCAL

RES{D=

X(

1T=30
T=0

yKCAL=0

1H)=XS¢ 11 H)Y

KrRes=resDbaMp + 151g
IF (KRES.GT,30) KRES_30
IF(KRES.LT.0) KRES=0

FILL PLT,ST¢
Do 3400 J =1,

AS;PIL

T(JJ)=BL

171 17T+1
ASTPI'T(IT1)=AST
1T2=1T+2
KBT=kB1+1T1
DO 3601 JJ=1T2,KBT
ASTPI'T(JJ)_BL
KBTzKBT*i
ASTPLT(KgT)=pl
KCAL =k CAL +kBT
KBT=KBT+1

Do 3602 JJ=KBT,KCAL

ASTPI'T(JJ)=BL

KBT:KCAL+1
ASTP_T(KBT)=AST
KB2=KBT+kB2
KBrzKBy+1

DO 3603 JUJ=KBT,KB?

ASTPVT(JJ)=BL

g =KR2+1
ASTPR| (KBT)°BI

KREg=KREg+KBy

KBT= KBT*l
DO 3604 JJ=KBT,KRES

ASTPLT(JJ)=BL

KBT KRES+1
TPL (KBT) =gt

K TSK

T+1

IF (kBT .GT,
RO 3605 JJ=KBT.95

STPIIT(JJ)=BL

WRITE

(6,27)

) ARR,Y FOR PLOTTING OF ASTERISKS
T
!

95) GO TO 2221

X{1,IH),xS¢1,1H),RESID,K,ASTPLT
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723
724
725
726
727
728

NO® NNONSH GNP~

.
o

[ENEVEY
» GINY

T T
O® 4O W\n

N NN
N 2O

Qaataoaoan

20

60
89
85

109
1c5

CONTINUE

IF ¢1@ ,LT, IRy GO TO 4900

NMRUNS=NMRUNS+1

IF (NMRUNS ,GT, NUMBERy CALL EXIT

GO Tn 5pg0
END

SUBRAUTINE MATINV(A,B.N,NS)

OF ORDER N, BY tHE GAygg=JNRDAN METHOD.

A=~1NVERQE REPLACEg A

THE VECTOR B CONTAINS THE CONSTANT VECTOR WHEN MATINV IS
CALLED, AND THIS 1S REPLACED WITH THE SOLUTION VECTOR,

N IS NOT TO EXCEED 20,

A, N, AND B IN THE ARGUMENT LIST ARE DUMMY VARIABLES

DIMENGION I1PIyOT(50), INDEX(50,2)
DIMENSION A(NS, NSysB(NSy»PIVOT(50,

EQUIVALENCE (IROW, JRON).(ICOLUM JCOLUM).(AMAX.T,QNAP)

INITIALIZATION

DO 20 J!l:N

IPIVAT(J)=0

DO 550 I1=1,N

SEARCH FOR PIVOT ELEMENT

AMAX=0,

Do 105 J=1,N

IF(IPIVUT(J)"l)GU 105,60
100 K=1,N

IP(IPIVOT(K,-1)80.100.740

IF (ABS(AMAX)~ABS(A(JsK))) B5,100:100

IROW=J
1CaLIM=K
AMAX=A (J,K)
CONTINYE
CONTINUE

IPIVATCICOLUMY=IPIVOT(ICOLUMY+1

INTERCHANGE ROWS TO PUT PIVOT ELEMNT ON DIAGONAL
IF(XRON'ICOLUM)140 260,140

Dg 200 L=1.y

SWAP=A (IROW, L)
ACIROW,LY=ACICOLUM,L)
ACICOLUM,L)=SWAP

SWAP = B(IROW)

B(IRAW)Y = B¢ICOLUM)
B(ICALUM) = SwAP
INDEX(1,1)=IROW
INDEX(1+2)=1CNALUM
PIVOT(1)=ACICALYM,1COLYM)

DIVINE PIVOT ROW BY PIVOT ELEMENT

ACICALUM, ICOLUMY =1,
DO 350 L=1.N
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44
45
46
47
48
49
50
51
52
53
54

56

7
8

59
60

62
63
64
65
66
67
68

459
553

630

705
710
749

ACICALUM, L)=A(ICOLUM,LY/PTIVOT(])
B(ICOLYM) = B(ICOLyYM) 7/ PIvortl)

REDUCE NON-PIVOT ROWS

Do 550 Li1=1,N
IF(L1’ICOLUM)4J0:550 400
T:A(Li IcoLyMy
A(L1,ICOLyMy=0,

DO 450 L=1sN

A(L1,L)y=A(L1,L)-A(CICOLUM,

Ly*T

B(Ll) = B(Li) - BtICoLUM)*T

IﬁT HANGE COLUMNS
Do 710 1=1,N
LaN+1=~1]

IFCINDEX(Ls1)=INDEX(L,2))630,710,430

JROW=INDEX(L,1)
JCOLM=INDEX (L 2)

DO 705 K=z1,N
SWAP=A(K, JRoW)

A¢(Ks JROW)I=A (K, JCOLUM)
ACK, JCOLUM)=SWAP
CONTNUE

CONTINUE

RETURN

END
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Table 2. - Listing of example input data used to obtain output listed in Table 3. Each line represents a card.

1
L

1.00 31 25 5

5 1 1

1 1 1

1 1 o0©

1 2

1

TRIAL RUN OF DOUBLE FOURIER SERIES PROGRAM WITH SYNTHETIC DATA 1

1
5
5 .
4000400
15
12
237500
-38.4295
~-73.0705
2347500
142480
-11e3292
148980
1.2480
~221925
23.8190
7548619
=22e1926
-26.6869
369434
863041
-64192
1441456
179784
-6e4192
250477
-305728
-82.6087
2540478
4348292
-64.,1876
-13845276
4348293
3343798
-58.8627
-99.4073
3343798
-1e4743
“1408817
1544891
=-1e4743
-3445729
3445035
120.2879
-3445729
-33.8446
4]1 46067
11347811
170902
-2443012
-51.9784
17.0902

=2000400

-9.4705
3447266
02659

-0e7639
~-12.7450
440680

869446
~5245850
4e4156

11.7371
523067
066692

4eT7760C
-9.3568
-446212

~72053
4542430
-7.5306

~1449621
6841029
-5.7094

=11.4506
3545507
-0e3735

244054
~35.7492
441785

171070
-95.1899
33721

20.0268
8943796
-443007

367065
1e2828
_1506799

0e0?

-319506
14644506
317500

~-2.9288
-98065
445594

2845818
~161.5206
-2642394

3640726
~-181.9416
~3446869

108076
-41e9269
-113266

-3043879
1619519
285118

-5642302
272.3838
5447254

-4349887
18745093
4445872

lett767
—-52e2427
15988

4667254
=2T71e4541
—42e¢5729

4942121
~26445711
-4643805

-1443000
6561275
139994

30400

=-13.7170
211.0958
663341

-3.2206
-446382
247298

9.3627
-219.0329
—2e4344

1341337
=251+7014
464440

307125
=-57e¢3439
-0.9215

~12.9878
2314733
61876

—24e6247
39343487
11.8643

~21¢5532
28167429
117715

-449123
=50e1617
59184

123091
-35645585
-0-4874

127026
-34543073
00684

-1349379
12446829
1243813

2864269
169.7499
~33.9269

-146179
-046055
01382

~31e2124
-1706374
3448493

-35.7868
-196.1821
4162867

-9¢3416
-40e5801
114907

2948529
190.7887
-3441830

51e¢4936
32144016
-60e6264

3545589
23444169
-4348091

-1007442
-273741
849810

~53.9986
-267¢1558
594986

_5404651
-251e2420
611349

Te1654

132.6960
—908049

20

4647962
4444083
-4042267

-0e4109
065924
-1.0090

-47.8086
~4147620
392833

=-55¢5265
-4543782
4646837

-13.1755
-1.49925
11.6437

5064299
59.5687
~-4241808

865887
93.0961
~-73e7334

626948
697274
~5448722

=10.0524
3e4184
507951

=7748500
-52.1568
6342803

=76e2448
-35.9313
628007

2643743
7845185
-2343350

157500
=7842570
—7¢2430

-2.0634
0.0588
-0.0879

~1841457
809778
648338

~18.6869
97.7005
Te4209

—1e5119
309132
03183

2145836
~7345693
~9e7654

329231
-135.1476
-1542816

2241725
=-974890
~1145147

445474
2444459
-0e7356

=2645729
14441232
843139

-213086
15443179

57013

2041811
‘102971
-12+8437

~-3348360
-119.7830
264060

-646353
Oe1449
1.3510

259395
1218046
-2541516

365932
14342368
-309398

141415
368700
—9¢1849

~2648819
=12449065
2564401

=-5545561
—218¢1235
4664742

-47¢1590
—-158e6462
351206

-305144
2646578
=3e9920

4348050
2018919
~42e¢3975

513514
202.6134
‘4404574

~T75875
-53e4870
848154



10541890
-152 8399
-33045818

105.1891

191.8821
=29243239

-59741133
191.882?7
2334031

-3756287

~-714.8726
23344033
2057499

-35745782

=613.9219
2057501
119.0905

=241 4035

~33344799
1190906

12.6226
-77.9595
-1.5756
126226
-6741612
6241127
2361974
6741612
-91.7123
1266186
2958383
-91.7123
-6441554
1077189
19448933
~6441555
-13.9271
4048913
313172
-13.9272
233141
_2007546
-8244522
233141
273311
-39.6140
-87.1923
2743311
341429
-13e4442
-447292
31429
260477
2941086
88.0727
-26.0478
-3648309
5241839
117.9167
-36.8310

—2803394
14447900
2443228

-6243398
27145666

24,2033

~-8144940
31343057
~134901

~75.5193
24342851
309916

—4647160
9341666
2046314

-8.7876
=-6444627
2941886

209015
-15743356
2667472

309262
~-153.4077
161059

2144985
—7544977
348365

3.0484
17.0796
-3.7041

-11.0355
6609882
-3.9136

=12.6945
5246562
10697

-3e¢3379
-3.2192
663466

8e&197
-53.8998
Te7304

134370
~6244092
443870

-172847928
62342530
12504998

=24448525
115745930

26048586

=304¢%298
139346456
30341029

~27442735
11927735
2777500

=-164.9074
6362030
17362257

—-26e2417
-17.8391
368354

8066187
-478.6878
—-71e4720

11645713
-582.0333
-111.7435

8345711
~368e2122
-83.6196

1848361
-37.1075
-21e9272

—30.8272
18549978
2746301

~3T76604
18641119
3646001

-6e7946
12.2509
82367

320481
=177.6122
-295119

477496
=23640199
-464.0929

—6242994
9237742
3445899

-11263669
1695.0824

58.0780

-139.6027
204448924
716502

=-128.7077
176846156
676855

-8246730
9743337
46,6084

=21.5170
2645626
1669241

2846436
-656.9816
~-9.2778

49.6563
-832.8879
~-22.7078

401947
54842942
=21.4002

1444680
~82.0394
~-10.8459

~7.8207
24345536
00609

~13.6074
25742824
4454573

-341560
201830
15085

123309
24748792
-448528

198040
~33549837
-Be7152

1136060
77965943
“13404943

21649064
1401.8507

~257e5424

26401974
168242596
=31644935

22841295
14557498
=277e¢6294

12343829
80940922
=15642232

‘100950
3641515
-8e5866

-89.5646
=52543435
994529

-110.0369
~677e¢1237
12845727

-69.6350
45447581
8449650

~6¢3194
—-81le3443
11.8193

3646659
18342925
-39.9827

3649299
199.3614
=42.7572

«5316
133476
-53989

-33e3170
-199.7887
3766471

-4541124
=270e7403
527046

2]

2021038
25867927
=17245510

37246844
42449572

-319.0056

45141854
49148305
-388e.4724

39148551
417.6724
”34007852

21747153
2296447
-193.9830

846291
10,0610
-15.0709

-143.2163
-148.6667
117.2638

-183.5323
—19344196
155+4844

-121.9320
=13449530
1060765

'190@065
=3444102
1948299

5269214
378159
~4246934

567955
44,1138
-4708819

50697
-340920
—543175

-5440938
-5743190
4448376

=74.0503
~7349955
6247528

8448783
—-28243591
-42 0049

14249056
=56440974

-6847479

163.7033

=703.8224~

=79e¢2345

133.7499
~622e74 41
-66.7560

6449554
—35341657
-3548521

—11.5902
—215853
-040216

-62.8505
2224243
2546609

-71.6811
28844385
3246049

~4446913
189.2987
2246821

~5e9271
2245870
59758

189981
-9547426
-5e9733

1840620
-102.0154
~740393

=-1.9510
=-159844
046921

—225836
83,7653
945692

-2745690
11947762
12,2777

-122.0178
—4978032
10442296

~24444543
-932.8117

20061320

-31542358
11372126
2483736

—=2960641
-99247923
2217627

-19245125
-55545957
13062979

-515896
—26¢8921
1640695

643621
359.1803
=702330

1117040
46344032
-97.0111

8741648
3084892
671257

2449243
483310
-1244009

—2746356
—13642649
281897

—-39e3629
=14741097
323112

-115577
-15.8172
52892

279393
1355632
~27e4265

470405
1879144
=39.9384



-21.8131
384514
6543010

646091
-0.3828
-2645390
646091
266583

-3443411

-8743568
26465873
2347500

-3844295

-73.0705
237500

844183
-2548035
-1.0012

—2.2598
2546463
-4.4683

-10.2276
523455
-3.7203

~-9¢4705

3447267 ¢

02659

29.4888
=126.6199
—-29.8131

—7e4358
599476
5.6012

-3445606
18042983
328032

-319506
14644506
3147500

13.6434
-18648963
-6.8893

-140749
7641840
-047973

'1301034
25144190
449806

-13.7170
21140959
63341

22

2445312
-15243180
30.0312

112515
581874
-11e4133

3466404
199.7523
-39.6619

2864269
1697500
-3349269

-4147299
~-41.1888
3664265

1641259
15.0016
-12.3328

5561133
522765
~4640963

4647963
4444083
=4042267

-13.8131
69.0097
648689

Te6170
-25e6465
—-2e3707

2045134
-90.8567
=-845065

15.7500
-7842571
=74¢2430

321361
1069860
—-238586

-3e49502
-39.9694
73206

-3341835
-139+9514
295298

-3348360
-119.7830
264060



Table 3. = Output from program obtained with data listed in Table 2.

TRIAL RUN OF DOUBLE FOURIER SERIES PROGRAM WITH SYNTHETIC DATA 1
PLOT OF OBSERVED DATA VALUES, NUMBER oF ROWS . 331,

STRIP ONE
23 -9
1 0
LY ¥ 8
26 11
né 4
25  e7
43 .14
33 =11
-1 2
34 17
=33 20
i7 3
105 =28
191 =62
233 =81
205 =75
119 =46
12 -8
67 20
=91 38
-84 21
»i3 3
23 =11
27 =42
3 LR
.26 8
36 13
=21 8
6 .2
26 =19
23 9

3y
=2
28
36

49
=14
-128
244
304
=274
-164
.26
80
116

=6
32
47

13

.12
.24

=21

12
12
-13
.62
-112
-139
-128
-82
-21
28

40
14
-7
=13
-3
12
19
13
=1

-1l

28
-1
=31
«35
-9
29
51
35

=10

123
-1
-89
=110
.69
-6
36

36

=33
=45
=24

11

28

46

=47
=55
-13
50
86

=10

-77

26
202
372
451
391
217

-143
~-183
~121

~19

52

15
-2
-18
-18

.21
20
84

142

163

=13

20
{5

w2b
»55
<47

-122
244
=315
-296
192
-51
64
111
87
24
«27
<39
=11
27
47
32
-3
33
-33

36

«30

=44

.14
34
41

a24
=152

292

.375

.357

=241

62
126
107
40
-20
.39
13
29
52
38

34
=38

=35
=95
89

144
271
313
243
93
64
=157
153

17
66
52
w3

=62
=25
25
52
34

NUMBER 0OF COLUMNS 25,

146
-9
~161
~184

~274
-264

65

1157
1393
1192

636

.17
~478
-582
~368

18%
186
12
-177
-236
=126
5@
180
146

=656
832
=548
-82
243
257
20
247
335
=186
76
251
214

-267
=251
132
779
1401
1682
1455
8n9
36
=525
-677
-454
afq
183
199
13
=199
«270
-1%2
%8
199
169

23

474
491

417

41
15
52
44

=78 w119
0 0

80 121
97 143
30 36
73 =124
«135 w218
»97 w158
24 24
144 201
154 202
-1 =53
=282 w497
=564 8932
=703-1137
=622 #992
«353 @553
=21 =26
222 359
288 463
189 308
22 48
*95 m136
~102 wid?
15 =13
83 135
119 187
69 106
=25 =39
»50 =139
«78 mi1?

120
113
=51
~330
-597
-714
=613
=333

SCALE FACTAR .

-4
-7

5

=1
-4

-3

1,000
k1 6
4 2
“26 w2
-34 a4
.11 0
28 6
54 11
24 11
1 5
-42 n
.46 0
13 12
125 34
240 58
3n3 71
277 47
173 46
%6 16
-71 -9
111 w22
-83 a2
«21 =10
27 n
36 4
8 {
-29 -4
46 B
-29 -b
5 0
z2 4
31 6

=33

34

59
61
-9

134

«257

=316

w277

156
-8
99

128

84

«40n
-1
39

46

62
-23
=172
=319
-388
w3d4n
=193
-15
117
155

106

.5
44

62

=15

=11

12

-2
-8

-7

243

29
26

233

23



TRIAL RUN OF DOUBLE FAURIER SERIES PRAGRAM WITH SYNTHETIC DATA 1

CoSINE MJ ARRAY

1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000

=1.0000
‘0-9659
“00866{3
«0.,7071
-0.2588

0.0009

1.0000
0.8660
0.5000
=0.0000
=0.5000
=0.8660
=1.0000

=1,0000 11,0000
=0.7071 0.500N
0.000C =0.5000
0,7071 =1.0000
1.0000 =0.5000
0.7071 0.500"
=0.0000 1.,0000

TRIAL RUN OF DOUBLE FAURIER SERIES PROGRAM WITH SYNTHETIC DATA 1
SINE My ARRAY

0,
0,
g,
0,
0.
0
0

0.0000
p.2588
0.50¢8
0.7071
0.864603
0.9659
1.0000

=0.0000
=0.5000
=0 18—660
=100600

0.0000 =0,0000
0.7071 =0.86610
1.,0000 =0.8660
7.7071 0.0000

=0.8§63 =O-0000
=0.5000 =0.7071
0.0000 =1.0000

0.8660
0.8660
=0.00010

TRIAL RUN OF DOUBLE FAMURIER SERIES PROGRAM WITH SYMTHETIC DATA 1
COSINE NI ARRAY

1,0000
1.0000
1.,0000
1,0000
1,0000
1,0000
1.0000
1,0000

=1.0000
=0.978%
=0.9133
<0.8090
«0.6491
=0.5000
=0.3090
30-1045

0.9135 =0.,8090 0.6691
0.6691 =0.3090 =0.1045
0.3990 0.3090 =C.8090
=0.5000 1.0000 =0.5000
=0.8090 0.8090 0,3090

TRIAL RUN OF DOUBLE FAURIER SERIES PROGRAM WITH SYNTHEYIC DATA 1

SINE N1 ARRAY

0.
0,
0.
0.
)
0
0
0.

0.0000
0.2079
0.4067
0.5878
0.743%
0.8660
0.9511
0.9948%

=0.0000 0.,0000 =0.0000
=0.4067 0.,5878 =0.7431
=0.7431 0,9511 =0.9945
=0.9511 0.9511 =0.5878
=0.9945 0,.5878 0.207%
=0.8860 =0.0000 D0.8660
=0.5878 =0.5878 0.9511
=0.2079 =0.9%511 0.4067

HARMONIC VECTOR MAGNITURE ARRAY

0.107%0F 02 0%67201F 02 0.80802E 02

0.52479F 02 0:81982FE 02 0.96390FE 02

0.57428EF 02 0:90559F 02 0.10474E n3

0.62626F 02 0;99604F 02 0.11354F 03

0.68015F 02  0:10900F 03  0.12268E 03

24

0.94403E
0.11086F
0.11903%
0.12763F

0.13656F

0,10800F
0.12534F
0.13340F
0.14183EF

0.15058E

03
03
03
03
03



A ARRAy OF

0.43000E
0.45000F
0.47000F
0.49600F

0.51000F
ARRAY OF
0.
0.
0.
0,
0,
ARRAY OF
0.
0.27000F
0.33000F

0.39000E

0,45000F

ARRAY OF

0.
0,
0,
0.

0.

FOURTER EOEFFICIENTS

02
02
02
n2
02

0 54000F 02

0:56000F 02

0:58000F 02

076000CF 02
0:62000F 02

0,65000E
0.67000E
0.6%9000E
6. 71C00E

0.73000E

FOURTER COpfFFICIENTS

0:40000F

0744000E

0548000F

0.,52000F

0;56000F

02
02
02
02
02

0.48000F
C/52000€E
0.56000€E
1.60000F

0.64000E

FOURIER CORFFICIENTS

02
02
02
02

b

0:32000F
0:380N00F
0:44000E

0+50000F

02
02
02
02

0.

0.37000E
0.43000F

0.49000E

0.5%5000E

FOURTER CORFFICIENTS

0y
0725000F

0733000F

02
02

0741000F 02

0:4%000E 02

0.
0./27000E
0.35000E
0,43000E
0,51000F

na
ne
02
ne

02

02
02
0?2
02

02

02
02
ne

02
ne
)
02

25

0.7600n0F
0.78000F
0.80000F

0.82000F

0.84000E

0.5%000F
0.60000E
0.64000%
0.68000F
0.72000¢E

0.

0.42000E
0.48000F
0.54000E

0.60000F

0.

0.29000F
0.37000F
0.45000F
0.53000E

02
02
02
02
ne

02
02

02

02
02
02
02

0.87000NF
0.89001F
0,91009F
0.93000F

0,95000F

0.64000F 0

0.68000F

0.,72000F

0.76000F

0.80000F

0,

0.47000F
2,53000F
0.59000F

0,65000F

g.

0.31000F
0.39000F
0.47000F

0.55000F

02
02

ne

(=]
V)

n?2

02

02

nz2



TRIAL RUN gF DoUBLE FaURIER SERIES PROGRAM WITH SYNTHETIC DATA 1

VALUES OF EVALUATED DAUBLE FOURIER SERIES AT SPECIFIED GRID POINTS,

NUMBER OF M TERNS &

STR{P ONE
23 -9
1 0
.22 8
26 11
=6 4
25 w7
43 w14
33 =11
-1 2
.34 17
=33 20
17 3
105 <-28
191 =62
233 =81
205 =75
119 =46
2 =8
=67 20
=91 30
w64 21
=13 3
23 =11
27 =12
3 -3
.26 8
=36 13
=21 8
6 w2
26 =10
23 (14

-2
28
36
10
«30
-56

43

46
49
.14
-128
-244
=304
-274
-164

8g
116
83
18

30

=6
32

47

=13
62

=112

=13

5

28
-1
=31

35

29
51
35
=10
=53

=54

113
216

264

123
-1
-89
<110
.69
-6
36
36

NUMBER OF N TERMS =

46

=47
=55
=13
50
8é
62
=10
-77

26
202
372

391

217

-143
-18%3
-121

=19

52

i5
=2
-18

-1
21
32
22
-4
.26
-21
20
84
142
163
133
64
“11
42
71
.44
-5
18
18

=1

.27

=13

20
15

=33

-6

-3
43
51
-7
=122
-244
=315
296
192
251
64
111
87
24
«27
«39
~11
27
47
32

=3

=38
=11
23
36

©182
=292
375
357
#2471
=77
62
126
107
40

=20

-13

5

34
=12
“52
~52

-

45

68

35

=95

=89

144
271
313

93
=64
=157
153

17
66
52
nd
=53
=62
=25
25
52

34

146
-9
-164
~181
-a4
161
272
187
.52
~271
-264
65
623
1157
1393
1192

«17
-478
-582
-368

37

185

186

12
-177
~236
-126

59

180

146

211
wd
219
»251
=57
231
393
281
=50
«356
»345
124
923
1693
2044
1768
974

<247
335
=186

746

211

169

-170
-196
-dn
199
321

=27
=267
~251
132
779
1401
1682
1455
809
36
=525
-677
=454
wBq
183
199
13
=199
=270
-152
58
199

169

26

44 =78 mitd

0 0 9
-41 80 121
<45 97 143
-1 30 36
59 =73 =124
93 =135 w218
69 =97 m158

3 24 26
-52 144 201
-35 154 202
78 -1 =53
258 =282 =497
424 «564 w932
491 =703=1137
417 =622 w992
229 =353 =555
10 21 =26
-148 222 359
-193 288 463
~134 189 308
-34 22 48
37 «95 w136
44 =102 =147
-3 <15 w15
-57 83 133
=73 119 187
-41 69 104
15 =25 =39
52 =90 139

44 =78 w119

.73
1
75

36

143

=330
«-597
-714
-6(3

=333

NUMBER OF COLUMNS s 25,

PERCENT OF TOTAL SUM OF SQUARES 100,00,

-4
-7

-5

-4
=15

=24

20
29
26

16

-3

-3

N(IMRER AF ROWS =
SCALF FACTOR =

31

-26
~-34
-11
28
54

a4

-42

.46

-71
111

-R3

-46

-29

2

31

-2

-4

12
34
58
71
67
46
16
-9

=22

-4
-8

-6

-Af

-43

=9

29
128

84

-ap
-1
39

4k

62
62
-23
172
19
288K

sér

-42
-47
-5

44

X1,

1,00

-¢8

26

23

-22

-26

25
43

13

-47
-91
-64
-13

?3

26

23



TRIAL RUN OF DOUBLE FAURIER SERIES PROGRAM WITH SYNTHETIC DATA 1
RESIDUA| VA UESY NURBER oF Ca_UunS = 25, NUMBER oF RoWS = 31, nUyBER oF y TERuS = 5
NUMBER OF N TERMS = 5, SCALE FACTAR = 1.00

STRIP ONE

0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0

o o
=] =)
o o
o (=
o (=3
[= =]
o o
o =
o o
o o
(=] o
< =3
o o
o o
o o
o o
o =)

[=]
o
o
o
o o o
o
o
o
o
o
o
=
o
o
o
o
=

27



TRIAL RUN OF DOUBLE FAURIER SFRIES PROGRAM WITH SYNTHETIC DATA 1

HORIZONTAL PROFILE OF ROW 15
PLOT TOP = 4000,000,  PLOT BASE =  «2000.000, _ SCALE =30.000,
RESIDUAL AMPLIFICATION FAETOR = 0,020, M= 5 N = 5

OBSERVED CALCULATED RESIDUAL OBSERVED CALCULATED RESIDUAL
233,40 233140 0,000 12 1 . 1 . 1 ®
81,49 #8149 =0,000 11 | \ . 1 . 1 *
»304,53 =304753 0,000 10 1 » 1 . 1 ®
w139,60 139760 =0,000 91 . 1 » 1 *
264,20 264720 0,000 81! . ! . 1 .
451,19 451719 0,000 71 . 1 . 1 &
163,70 163074 0,000 61 * 1 . 1 »
315,24 =315/24 =0,000 5 1 * ! * ! *
«375,63 «375.63 =0,000 41 » 1 . 1 *
313,31 313?131 0,000 31 . 1 . 1 *
1393,65 1393.64 0.001 21 . 1 . 1 "
2044,89 2044.89 0,001 11 * 1 » 1 v
1682,26 1682.26 0.004 01 . 1 * ! w
491,83 491783 0,001 =11 . 1 » 1 C
«703,82 =703:82 0,000 =21 . 1 . 1 v

«137,21 1137721 =0,001 =31 . 1 * 1 *
714,87 =714!87 0,000 =4 I . 1 * 1 #
13,49  «13,49 0,000 =5 1 . 1 . 1 w
303,10 303,10 0,000 -6 1 » 1 » 1 .

71,65 71.65 0,000 =7 I » ! . ! *
®316,49 =316.49 =0,000 =8 1 * ! U 1 #
388,47 =388147 =0,000 9 1 * 1 . 1 3
79,23 79,23 =0,000 -10 1 . 1 * 1 =
248,37 248,37 0.000 =11 , » ; . ' .
233,40  233.40 0,000 =12 1 . 1 . 1 v

28



TRIAL RUN OF DOUBLE FAURIER SERIES PROGRAM WITH SYNTHETIC DATA 1

VERTICAL PROFILE OF CoLUMN 12
PLOT TOP = 4000,000,  PLOT BASE = «2000.000,  SCALE =30.000,
RESIDUAL AMPLIFICATION FACTOR = 0.020, M = 5, X =z &

OBSERVED CALCULATED RESIDUAL ABSERVED CALCULATED RESIDUAL
211,10 21110 0,000 15 1 . ! * ! *
=4,64 =464 0,000 14 ] . ! . ! »
©219,03 ~219.03 =0,000 13 1 * 1 . 1 *
=251,70 =251.!74 0,000 12 1 » 1 . 1 #
#57,34 «57134 =0,000 11 | * ! » 1 ®
231,47 231.47 0,000 10 1 * 1 * 1 *
393,35  393.35 9,000 9 1 » t * 1 M
281,74  281.74 0,000 8 1 . 1 . 1 .
=50,16 =50,16 ~0,000 71 . 1 » 1 »
=356,56 =356.,56 =0,000 6 1 » 1 . 1 *
=345,31 =345731 =0,000 51 * 1 . 1 M
124,68 124.68 0,000 41 * 1 . 1 .
923,77 923,77 0,000 31 * 1 » 1 *
1695,08 1695.08 0.001 21 . 1 » ! ¥
2044.,89 2044.89 0,001 11 * 1 . 1 .
1768,62 1768.61 0,001 [ * 1 # 1 *
974,33 974,33 0.001 =1 ] . 1 . 1 @
26,56 26756 0,000 =2 1 * 1 . ! #
=656,98 =656.98 0,000 =3 | M ! * 1 ®
«832,89 «832:89 =0.000 =4 1 » 1 . 1 *
=548,29 -548,29 =0,000 =5 I . 1 » 1 ®
82,04 «82:04 0,000 =6 1 » 1 * 1 *
243,55  243.55 0,000 =7 I * 1 . 1 M
257,28  257%28 2,000 -8 | » 1 » 1 “
20,18 2018 0.000 =9 I * 1 * ! #
=247,88 =247,88 ®0,000 <10 | * 1 * 1 “
«335,98 335298 «0,000 =11 1| . 1 . ! *
186,90 «186i90 0,000 wt2 I * ! * 1 *
76,18 76:18 0,000 =13 ! * 1 » ! ®
251,42 25142 0,000 =14 | . 1 * 1 v
211,10 211.10 1,000 15 1 . 1 * ! *
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FORTRAN 1V program for harmonic trend analysis using double Fourier series and regularly gridded data

for the GE 625 computer

Date: June, 1968

John W. Harbaugh, Stanford University, and

Author, organization:

Michael J. Sackin, Kansas Geological Survey

Direct inquiries to: Avuthors or

Name: D-F. Merriam Address: Kansas Geological Survey

University of Kansas
Lawrence, Kansas 66044

PUI’POSG‘/deScripfion: Computes coefficients of Fourier series, and evaluates and plots the function. Also

computes and plots residual values.

Mathematical method:

Restrictions, range:__Allows up to 71 x 73 grid points and up to 25th harmonic in both directions,

Computer manufacturer; General Electric _ Model: 625

FORTRAN |V

Programming language:

Memory required: K Approximate running time:

Special peripheral equipment required:

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program) All options have

been tested on a wide variety of data sets. When adapting the program to another machine, set ICD to

device number of card punch. Number is 43 on GE 625, If different on other machine, change statement

on line 64 accordingly.
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COMPUTER CONTRIBUTIONS

Kansas Geological Survey

Computer Contribution

1.

o

— —t
N
Y

NV 00 N o0 o AW

NN
-

N N NN N N NN
NV 00 N AN

NV 00 N0 v AN

Mathematical simulation of marine sedimentation with IBM 7090/7094 computers, by JiWls
Harbaugh, 1966 . :

Agenerallzed two-dimensional regressnon procedure by I R Dempsey, 1966 & ®

FORTRAN 1V and MAP program for computation and plotting of trend surfaces for degrees 1
through 6, by Mont O'Leary, R.H. Lippert, and O.T. Spltz 1966 . .

FORTRAN II program for multivariate discriminant analysis using an IBM 1620 computer by
J.C. Davis and R.J. Sampson, 1966 . . ., i

FORTRAN 1V program using double Fourier series for surface f|ttmg of |rregu|ar|y spaced
data, by W.R. James, 1966. . .

FORTRAN IV program for estimation of cladistic relatlonshlps usmg the IBM 7040 by R.L.
Bartcher, 1966 . .

Computer appllcatlons in the earth sciences: Colloqunum on classification procedures,
edited by D.F. Merriam, 1966 .

Prediction of the performance of a solution gas drive reservoir by Muskat's Equatlon by
Apolonio Baca, 1967. .

FORTRAN 1V program for mathematical simulation of marine sedimentation with IBM 7040
or 7094 computers, by J.W. Harbaugh and W.J. Wahlstedt, 1967 .

. Three-dimensional response surface program in FORTRAN 1] for the 1BM 1620 computer, by

R.J. Sampson and J.C. Davis, 1967

FORTRAN 1V program for vector trend analyses of directional data by W.T. Fox 1967

Computer applications in the earth sciences: Colloquium on trend analysns edited by D.F.
Merriam and N.C. Cocke, 1967 :

FORTRAN 1V computer programs for Markov chain expenments in geology, by w.C. Krumbem,
1967 . &

FORTRAN 1V programs 'to determine surface roughness in topography for the cDC 3400 com-
puter, by R.D. Hobson, 1967 ;

FORTRAN 11 program for progressive Imear flt of surfaces on a quadratlc base usmg an IBM
1620 computer, by A.J. Cole, C. Jordan, and D.F. Merriam, 1967 . .

FORTRAN 1V program for the GE 625 to compute the power spectrum of geologlcal surfaces,
by J.E. Esler and F.W. Preston, 1967. . .

FORTRAN 1V program for Q=mode cluster analysis of nonquantstatlve ‘data usmg 'IBM 7090/
7094 computers, by G.F. Bonham"Carter, 1967 . .

. Computer applucatlons in the earth sciences: Colloqunum on time=series analysus, D.F.

Merriam, editor, 1967 . .
FORTRAN 11 time=frend package for the 1BM 1620 computer, by il C Davis and R. J
Sampson, 1967 . .

. Computer programs for multivariate analysns in geology, D.F. Merrlam edltor 1968

FORTRAN 1V program for computation and display of prmcupal components, by W.J.
Wahlstedt and J.C. Davls, 1968 . .

. Computer applications in the earth sciences: Colloquwm on S|mu|at|on D.F. Meriam

and N.C. Cocke, editors, 1968 ‘

Computer programs for automatic contourmg, by D B Mclntyre D D. Pollord “and
R. Smith, 1968 . ‘

Mathematical model and FORTRAN v program for computer simulation of deltaic sedimen-—
tation, by G.F. Bonham=Carter and A.J. Sutherland, 1968 . .

FORTRAN 1V CDC 6400 computer program for analysis of subsurface fold geometry, by
E.H.T. Whitten, 1968 . .

FORTRAN 1V computer program for simulation of transgressnon and regressnon "with contmuous
time Markov models, by W.C. Krumbein, 1968 .

Stepwise regression and nonpolynomlal models in trend anaIysns by A.T. Miesch and J.J."
Connor, 1968

KWIKR8 a FORTRAN 1V program for multlple regressnon and geologlc ‘trend anaIysns, by
J.E. Esler, P.F. Smith, and J.C. Davis, 1968 . .

FORTRAN 1V program for harmonic trend analysis using double Fourier series and regularly
gridded data for the GE 625 computer, by J.W. Harbaugh and M.J. Sackin, 1968 .

$1

$1
$1
$1
$1

$0.
.00

$1
$1
$1
$1
$1

$0.
.00

$1
$1

$14
$1.

$1
$1
$1
$1
$1
$1
$1
$1
$1

.00
$0.

$0.
$0.
$0.
.00

50
75

75

.00
.00
.00

75

.00
.00
.00
.00

75

.00

00

.00
.00
.50
.00
.00
.00
.00
.00
.00
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