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Improved Digital Filters for
Evaluating Fourier and Hankel Transform Integrals
Walter L?yAnderson
Abstract

New algorithms are described for evaluating Fourier (cosine, sine)
and Hankel (JO,Jl) transform integrals by means of digital filters. The
filters have been designed with extended lengths so that a variable
convolution operation can be applied to a large class of integral transforms
\ having the same system transfer function. A lagged-convolution method is
also presented to significantly decrease the computation time when computing
a series of like-transforms over a parameter set spaced the same as the
filters. Accuracy of the new filters is comparable to Gaussian integration,
provided moderate parameter ranges and well-behaved kernel functions are
used. A collection of Fortran IV subprograms is included for both real
and complex functions for each filter type. The algorithms have been

successfully used in geophysical applications containing a wide variety

of integral transforms.
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Introduction

Digital filtering techniques to evaluate oscillatory-type convolution
integrals have become a widespread method reported in the geophysical
literature. For example, Koefoed et al (1972) developed Hankel transform
filters for functions encountered in electromagnetic depth soundings.
Anderson (1973) extended this method to Fourier cosine transforms. Das
et al (1974a, 1974b) proposed several specific filters used in
transformations of resistivity sounding curves. Anderson (1974) used
a standard set of Hankel and Fourier transform filters to evaluate a wide
class of integral transforms required in computing electromagnetic field
components about a finite electric wire source.

In all these papers, the main advantage cited for using digital filters
over direct numerical integration is the increased speed of the calculation.
An order of magnitude or more in speed improvement is not uncommon, but
this is usually achieved with a reduction in accuracy.

This report briefly reviews the filter design process for convolution
integrals. A new method is presented to improve the designed filter
coefficients so that increased accuracy is possible at very little
sacrifice in computational speed. A variable cutoff convolution method is
described which utilizes the nature of the input kernel function and
filter response to approximate the integral given a truncation tolerance.
An algorithm is descriﬁed for evaluating Fourier (cosine, sine) and Hankel
(JO,Jl) transform integrals for well-behaved kernels.

Additionally, a special lagged-convolution algorithm is developed to
significantly decrease the overall computational time over variable

convolution. This method is especially advantageous when computing a set

of like-integrals where the transform parameter is equivalent to an
incremented shift in the sampled filter.
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Sixteen similar, but self-contained, Fortran IV computer subprograms
utilizing the new filtering algorithms are listed in appendix 1. The
subprogram naming convention used is given in tables 2 and 3. Each of
these routines contains comments to explicitly define the calling
parameters. With minor changes, the Fortran IV subprograms should be
acceptable to most current-day digital computers. Some examples, using
the improved filters, are tabulated in appendix 2.

Finally, the new filtering methods are discussed in light of other

recently published techniques.



Filter design
The method of designing digital filters for Hankel transform integrals
presented by Koefoed et al (1972) may be generalized to other type

integrals expressed as a linear system convolution in the form

K(x) = f k(y)s(x-y) dy, (1)

where k(y) input function (also called kernel function below)

s(y) = system transfer (or filter) function

K(x)

1

convolved output function.

We may consider (1) as either time-domain or frequency-domain
convolution. By Fourier transform theory (e.g., see Papoulis, 1962) linear
convolution is equivalent to multiplication in the transformed-domain;

that is,

e T~ A o

K(x) = k(x)s(x), (2)

A A

where K(x)+> K(x),k(x) +> k(x),and s(x) +> s(x) are Fourier
transform pairs. For a known system input-output relation, the transformed
system (filter) response is

A A

sl > KlIWklx), (3)

A A ~

provided k(x) is not identically zero for some x , and both system input

and output functions have band-limited Fourier transforms. The latter is

A A ~

required so that s(x) + 0 for x > =



The filter impulse response is the inverse Fourier transform of
;(;) , but would not be useful for convolution unless truncated to a

reasonable finite length. To this end, we first choose a discrete sampling
of N points spaced Ax apart and obtain ;(;j)’j il T 2gN0 The sampling
results in a Nyquist frequency of 1/(2Ax). A suitable truncation may be
obtained by cutting-off the transformed response at the Nyquist frequency.
Note this is equivalent to multiplying ;(;) by the Fourier transform of
the function sinc(xj) = sin(nxj/Ax)/(wxj/Ax).

The truncated response is inverse Fourier transformed to obtain the
sampled filter impulse response (hereafter simply called filter weights
or filter response). In some cases, it is advantageous to shift the
resulting filter response to further minimize the magnitude of the filter
tails, For example, see Koefoed (1972) for the reason of the oscillating
behavior of the filter response and the suggested shift at zero crossings.
If proper input-output functionals are used, then the final filter response
should asymptotically approach zero in both abscissa directions.

Application of the filter weights to specific input functions in (1)

is given by the non-circular convolution sum

E

K(x) = Wik(x—ai), (4)

i

™

1

]

where W filter weights; i = 1,2,...,NW=number of weights,

X

transform parameter
8y = filter abscissa corresponding to Wi 5
Thus, the convolution integral (1) has been reduced to a straight-

forward summation given in (4), and the predetermined filter weights remain



constant for all classes of convolution integrals having the same system
transfer function.

In practice, many transform integrals encountered range over (0,~) and
therefore a transformation to the range (-w,) is required before applying
(4) to a given kernel function. For example, the Hankel transform of

integer order n»0 1is defined as

H(b) = Z gh(g)J_(bg) dg, (5)

where gh(g) = modified kernel* for Hankel transforms,
and Jn(bg)= Bessel function of the first kind of order n.

Similarly, the Fourier sine or cosine integral is given by

@ sin
F(b) = 6 £(g), ,c(bg) ds. (6)

If we let x = 1n(b),y = 1n(l/g)and after multiplying by e¥, equations
(5) and (6) become respectively,

e He) = of dehle DI & 0y (EENNE, dy )

-—00

and

e F(e®) = 1 (£e I 7 sine™ )} gy @)

-0

*Many texts define gJ, (bg) as the Hankel kernelj however, we will adopt
the definition given in (1) and consider J,(bg) the system transfer

function with h*(g) = gh(g) the system input kernel function.
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Equations (7) and (8) are expressed in the convolution form (1),
which is assumed when applying equation (4). Multiplying by e” ensures
that the system response approaches zero for both large and small filter
abscissas.

An important consideration in designing digital filters is the choice
of known input-output function pairs. In previous work by Koefoed et al
(1972) and Anderson (1973), certain known Lipschitz integrals were used to
develop Hankel (JO,Jl) and Fourier cosine filters, respectively. Both
papers illustrate filter responses that are characterized as oscillatory
decreasing functions in both abscissa directions. The integral forms
previously used for filter design are indicated by (¢) in table 1 (The
sine-transform form was previously used by the author, even though the

filter weights were never published).



Table 1. Some known integral transform pairs.

*

T F = Integral FORM; T = test TYPE; (a»0,b>0 for all F,T)
e 34 I3 xe™3X3 (bx) dx = b/(a? + b2)3/2 ¢ *
I3 32 e xze'aszl(bx) dx = b exp(-b2/4a)/(2a)2

1 I Jy(a/x)3; (bx) dx = J,(2/aB)/b

S 2 e73X3 (bx) dx = (JaZ+ b2 -a)/(b/aZ+ b2)

I %5 i (Je(ix)-l)Jl(bx) - :2(}Z§fn a/b) /4, 2;?

9] 5 €73%3 (bx) dx = 1/ (a%+ b2)k ¢
.59 Is xe'aszO(bx) dx = exp(-b2/4a)/2a *
2 3 Ty Jg(a/x) 3, (bx) dx = J0(2v§3)/b

2 it r20) (x a%) Jo(bx) dx = ker(ab)

2 4al5 2 x//a%+ x2 Jo(b%) dx = 73/

%% i /5 €3 cos(bx) dx = a/(a%+ b?) ¢

3 2 F: exp(-a2x2) cos(bx) dx = y/mexp(-b2/4a2)/2a *
558 2 3y(a/x) cos(bx) dx = sin(a®/4b)/b

5 1% 1/(a%+ x} cos(bx) dx = ne”2P/2a

Y S 3% (1-e73%) /x cos(bx) dx =} &n [ b2+ 4a?y
| /5 €% sin(bx) dx = b/ (a2+ b?) el ¢
&b e exp(-a?x2) sin(bx) dx = /b exp(-b2/4a?)/4a3
N s5 sin(a?/x) sin(bx) dx = maJ;(2a/b)/2/b

it e Iy x/(a%+ x%) sin(bx) dx = ye"2P/2

dor 5 /2 e (1-e") /x sin(bx) dx = tanL{ab/ (b2+ 2a2)}

¢ previous design form
% new design form



If the filter response could be made to decrease more rapidly in
both abscissa directions, then the filter efficiency as a convolution
operator would be enhanced. Systems with rapidly decaying input-output
function pairs have this desired narrow-band property. A search through
tables of integrals, such as Gradshteyn and Ryzhik (1965), revealed many
of the integral transform pairs given in table 1. By inspection of table
1, several promising design forms are evident. After considerable
experimentation, the new filter design forms were chosen as indicated

by an (*) in table 1. Note, however, the J. - form was not changed,

1
because the rate of decrease of both input-output functions was deemed
sufficiently rapid. The remaining filters were significantly improved by
using the indicated form change.

The resulting final filter responses are illustrated in figures 1-4.
In these figures, we have arbitrarily reduced the abscissa range for display
purposes. The full or extended length of each filter is contained in
the subprograms given in appendix 1. The reason for extending the filter
length will be discussed in the next section.

Another critical factor in filter design is the choice of the
sampling interval Ax. Koefoed et al (1972) discussed the fundamental
sampling problem applied to a certain kernel function fof a homogeneous
earth model. Their analysis showed a sampling Ax = (2n 10)/10 would
reproduce the kernel between sample points with an absolute error
approximately less then 10-5. Obviously, if we decrease the sampling a
smaller error is possible, but at the sacrifice of generating many more
filter weights. Thus a compromise betweén algorithm speed and accuracy

is unavoidable.
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FILTER WEIGHT
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1
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Figure 1.---Filter response for Hankel JO-transform.
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FILTER WEIGHT
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Figure 2.-—-Fiiter response for Hankel Jl—transform.
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FILTER WEIGHT

2.0
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Figure 3.---Filter response for Fourier cosine-transform.
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FILTER WEIGHT
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Figure 4.---Filter response for Fourier sine-transform.
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Therefore, after much experimentation, the sampling was fixed at
Ax = .20 v (&n 10)/12 for all redesigned filters. This only increases
the number of weights slightly over the (£n 10)/10 interval, while
enabling greater accuracy in convolved results. The improved accuracy
is also attributable to extending the filter tails, particularly for
certain input kernels. True integration truncation error for arbitrary
kernels is difficult to explicitly derive, because it depends on data
sampling, filter length, and the kernel behavior. Details on expected
filter accuracy are‘given in the next section.

One criterion used in selecting design input-output functions and
sampling intervals was to produce convolved results comparable in accuracy
to single-precision Gaussian quadrature for moderate ranges of the
transform parameter (i.e., b in equations (5) or (6)). Limiting cases
(b >0 or b > =) generally yield erronous convolutions when using a
finite length sampled filter. Therefore, other numerical integration
methods, such as Gaussian quadrature with convergence acceleration by Euler's
transformation, are advised in this case (e.g., see Anderson, 1973, or
Anderson, 1974). Methods designed exclusively for highly oscillatory
integrals (e.g., see Boris and Oran, 1974) are suggested for extreme

parameter problems.
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Algorithms

The Fortran IV subprograms listed in appendix 1 reflect the final
improved filters designed for Fourier (cosine, sine) and Hankel (JO'JI)
transform integrals. Separate versions for both real and complex kernel
functions are provided. In all cases, the kernel function must be supplied
by the user as an external written function subprogram. It is mandatory
that the external function (a) is monotonically decreasing as the argument
increases, (b) does not have any singularities in the range of integration,
and (c) is correctly coded. Violation of any of these assumptions may
produce unpredictable results.

The substitution used to obtain equations (7) or (8) from (5) or (6),
respectively, is implicitly assumed by all subprograms. However, the user
must normalize the convolved sum after execution by the factor e = b.
Sufficient comments concerning the calling parameters are given at the
beginning of each routine, along with additional remarks on parameter
relationships. The aléorithm itself is not annotated, and consequently
the following discussion outlines the general methodology and contributing

factors.

The original filters published by Koefoed et al (1972), and verified
by Anderson (1973), used a fixed number of weights during the convolution
process. As later pointed out in a note by Verma and Koefoed (1973),
many selected kernel functions damp to zero rapidly and so it is wasteful
to multiply by the ends of the filter tails; that is, the contribution of
the filter tails may be negligible to the total convolution sum. Consequently
Verma and Koefoed proposed a truncated coefficient set approximately 15%
shorter than their original filters designed for certain electromagnetic

kernel functions. 16



This concept was further exploited and a generalization using the
notion of a variable cutoff method with extended filter tails was adopted
in this report. Here, a total filter length of approximately 250 weights
are stored in DATA statements. For a given input kernel function obeying
the above assumptions (a)-(c), and for a particular filter, we begin the
convolution process in a fixed central region of the filter response
containing about 20 weights (the central region is chosen such that weights
decrease in absolute value beyond the region). Within the central region
an absolute maximum convolved product is established. Then, depending on
the nature of the kernel, the algorithm proceeds in either direction beyond
the central region by accumulating products until the absolute magnitude
is less than a prescribed tolerance times the central maximum. For complex
kernel functions, the tolerance criterion is applied in parallel to both
real and imaginary parts; both tests must be satisfied separately before
the complex convolution is accepted.

Since the filter damps rapidly in both abscissa directions, the
variable convolution may be terminated after using a few additional terms
on either side of the central filter region, if the kernel is sufficiently
decaying. Of course, this depends on the indicated tolerance controlling
the truncation. In general, a smaller tolerance will result in increased
accuracy, mainly because more filter weights are applied over a larger

abscissa interval.
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The extended filter length is particularly useful in minimizing
truncation error when convolving with slowly decreasing and/or oscillatory
kernel functions. Thus a large number of weights are supplied to enable
increased accuracy for small tolerances, and to handle special function
classes. For typically well-behaved kerneis, the number of weights needed
is nominal for a moderate tolerance. It should be emphasized that true
integration truncation error is not directly related to the requested
tolerance. The tolerance factor is simply used to terminate the variable
convolution process, whereas the integration error depends on the sampling
interval as well as the filter extent. However, in many cases, the toleran
may be thought of as an approximation indicator--that is, a truncation
is done so that additional weights would not alter the convolution sum with
respect to the specified tolerance.

In any event, it appears a larger class of integral transforms may be
evaluated as aresult of the variable convolution method. The uncertainty
in determining exact error bounds for certain function classes may be
investigated, if desired, by varying the tolerance and/or applying other
numerical integration methods as control checks. More work is needed here.
As a starting point, some test results are listed in appendix 2, where the
transform pairs in table 1 were tested with various parameter ranges and

tolerances. These results are discussed in more detail in the next section.

18



The basic subprograms are classified according to the notation

defined in table 2.

Table 2. Basic subprogram naming convention.

General notation Specific names

Hankel transform
+ RHANKO RFOURO

PRIR - I e T e 5 |
Real 'R HANK O '+ order 0
e . : order 0 (or COS) REANK1 RFOURI
_________ ZHANKO ZFOURO

Fourier tr f
5 g Rt i ZHANK1 ZFOURI

Routines for both real and complex functions are provided, mainly
to speed the operations when dealing with real functions. It should be
observed, however, that it is possible to compute two real transforms
in parallel using a complex routine by placing the real functions in
the real and imaginary parts of an external complex function.

A special lagged-convolution method evolved by observing the fact
that if one computes transforms over a parameter sequence {gn bi’i sl g A
spaced exactly the same as the filter, then it is possible to minimize
kernel function evaluations as the sequence continues. This may be
accomplished by storing all kernel evaluations on the first execution.
Then on subsequent calls, an incremented integer lag (equivalent to the
shifted sample spacing) is used to perform lagged-products with appropriate
filter weights and previously saved kernel evaluations. New kernel
computations are stored only when needed by the variable convolution method.
The lagged-convolution algorithm yields significant improvements in time
over direct variable convolution whenever the kernel is not a simple elementary
function. It should be pointed out that each lagged-convolution subprogram

requires additional storage space to hold the kernel values. Alsc, a storage-
roll feature is utilized so that the parameter sequence may be of any length.

19



The special lagged-convolution subprograms are classified according

to the notation defined in table 3.

Table 3. Special subprogram naming convention.

. General notation : Specific names

Lagged Hankel transform

Real +T§--f"ﬁ--'b7 « order 0 (or COS)
' LAG
Complex+i?

RLAGHO RLAGFO
: .| RLAGHL RLAGF1
F 1% order 1 (or SIN) ZLAGHO ZLAGFO

Laggeé Fourier transform ZLAGH1 ZIAGF1

Specific details on executing the lagged-convolution subprograms are
given at the beginning of each routine listed in appendix 1. It is worth
reading COMMENT statements: NOTES (2)-(4) for details on using the
lagged-convolution method for intervals spaced differently than the
filters.

Finally, all algorithms (direct or lagged) contain a special case
which may occur only when the kernel is identically zero (or underflows
the machine exponent range) throughout the fixed central region of a filter.
This is considered extremely rare and should not occur in typical applications.
If it does occur, then a reverse scan is attempted at both filter ends
and convolution proceeds toward the central region until a zero-value is

again encountered.
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A final comment regarding oscillatory kernels: because of the
possibility of computing values near a zero of an oscillating kernel
function, a very small tolerance is advised; otherwise a premature
cutoff could occur during the variable convolution algorithm. The
computer algorithms can be easily modified to use an alternate truncation

procedure especially designed for oscillatory kernels.
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Filter tests

A large group of known integral transforms was evaluated for various
parameter ranges using each subprogram. Some of these results are listed
in appendix 2, where columns headed by F and T correspond to the transform
pairs given in table 1. The values listed in column L represent the number
of weights applied for the given tolerance. Appendix 2 has been separated
into two parameter sections: (1) moderate b, and (2) small and large b.

. Parameter a was moderately chosen. The computed absolute error is denoted

as |DIFF|, and the relative error is RELERR=|DIFF/EXACT]|.

The filtered results would be expected to agree well with exact
values for the design forms, especially for moderate b. Somewhat surprising
is the good accuracy achieved when using slowly decreasing or oscillatory
kernels. The worst case, in both sections, appears to be for F=T=3, where
the kernel Jo(a/k) is both oscillatory and slowly dampening.

It should be noted that extremely large relative errors (e.g., see line
F=1, T=2, A=.1, B=4) usually indicate the exact value is near zero. In
other cases where RELERR > TOLERANCE, the magnitude of the absolute error
IDIFFI is generally less than the tolerance. What exceptions do exist, are

usually for extreme parameters or poorly behaved kernels.

As pointed out earlier, when the transform parameter b becomes quite
small or large, the extended finite-length sampled filter may not be -adequate
for some kernels. In this special case, Gaussian quadrature or other numerical
integration methods are often better. The results in section (2) of appendix 2
were purposely generated for very small and large b while using a small tolerance.

Because of the extreme b range, many exact or filtered results underflow to

identically zero (this was due to the machine word-length and floating-

point exponent range * 10i38 ). Nevertheless, the generality of the variable

convolution method produced acceptable results in nearly all cases.
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Discussion

IOther numerical methods for evaluating convolution-type integrals
are noteworthy. In particular, Cornille (1972) outlines series methods
and asymptotic expansions useful in numerical integration of Hankel
transforms. Tsang et al (1974) present a fast Fourier transform (FFT)
method in evaluating electromagnetic field integrals, and Shubert and
Lin (1973) discuss computation of convolution integrals by solving an
\ analogous differential equation numerically. The last two methods claim
significant computation time improvements over direct numerical integration,
namely Simpson's rule or Gaussian quadrature.

It would be interesting to compare speed and accuracy runs between
these methods and the subprograms presented in this report. Seemingly
the lagged-convolution method compares favorably with the differential
equation approach, in that both methods take advantage of previously
computed kernel values. Similarly, the FFT method and lagged-convolution
apparently have comparable operations for parameter sets using the same
integral form, particularly when using the same sampling interval. If
various transform integral forms are required, the FFT method essentially
designs a filter for each integral form; in this case, the predesigned

filters of this report would have an advantage over the FFT method.
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Appendix 1l.--Source listing of subprograms
A complete listing of each subprogram named in tables 2 and 3 is given in

the following order:

Subprogram Beginning line number Page
RHANKO 1 27
RHANK1 157 31
RFOURO 325 35
RFOUR1 504 40
ZHANKO . 680 45
ZHANK1 845 : 49
ZFOURO 1022 54
ZFOUR1 1210 59
RLAGHO 1395 64
RLAGH1 1611 70
RLAGFO 1839 76
RLAGF1 2078 82
ZLAGHO 2314 88
ZLAGH1 2538 94
ZLAGFO 2774 100
ZLAGF1 3021 106
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O® N RSN

REAL FUNCTION RHANKO(X,FUN,TOL,L)
Ce=INTEGRAL FROM O TO INFINITY OF "FUN(G)#J0(G#B)#DG"™ DEFINED AS THE
C REAL HMANKEL TRANSFORM OF ORDER 0 AND ARGUMENT X(=ALOG(B))
C BY CONVOLUTION FILTERING WITH PEAL FUNCTION "FUN"e=AND
C USING A VARIABLE CUT»OFF METHOD WITH EXTENDED FILTER TAILSBssss
C
Ce=BY W,L,ANDERSON, U,8,GEOLOGICAL SURVEY, DENVER, COLORADO,

c
Ce=PARAMETERS!

X ® REAL ARGUMENT(=ALOG(B) AT CALL) OF THE HANKEL TRANSFORM
FUN(G)® EXTERNAL DECLARED REAL FUNCTION NAME (USER SUPPLIED),
NOTED IF PARMS OTHER THAN ¢ ARE REQUIRED, USE CONMMON IN
CALLING PROGRAM AND IN SUBPROGRAM FUN,
THE KEAL PUNCTION FUN SHOULD Bk A MONOTONE
DECREASING FUNCTINN AS THE ARGUMENT G BECQMES LARGE, .,
TOL® REAL TOLERANCE EXCEPTED AT CONVOLVED TAILS=«Il,E,;
IF FILTER#FUKKTOL#M4AX, THEN REST OF TAIL I8 TRUNCATED,
THIS 15 DONE AT BQIH KNDs OF FILTER, TYPICALLY,
TnL <=2 ,0001 18 USUALLY 0XeeBUT THIS DEPENDS ON
THE FUNCTIODN FUN AND PAPAMETER X.eeIN GENERAL¢
A "SMALLER TOL" wiLL USDALLY RESULT IN "MOKE ACCURACY"
BUT WITH "MORE WEIGHTS® BEING USED, TOL IS NOT DIRECTLY
RELATEND TO TKUNCATION ERKORs RUT GENERALLY SERVES A8 AN
APPROXIMATION INDICATOK,,, POR VERY LARGE OR SMALL B,
ONE SHOULD UBK A SMALLCRK TOL THAN RECOMMENDED ABOVE,,,
L= RESULTING NO, FILTKER WIS, USED IN THE VARIABLE
CONVCLUTINN (I DEPLNDS ON TOL AND FUN),
MYN,L=20 AND HMAX,L=193=«WHICH COULD
OCCUR 1F TOL XS VERY ShALL AND/OR FUN NOT DECREASING
VERY FASTaes

DOO0OOOONOOOOOO0n0OnnnNOannn

CweTHE RESULTING REAL CONVOLUTION SUM IS GIVEN IN RHANKO) THE HANKEL
C TRANSFORM I8 THEN RHANKO/b WHICH I8 TU BE COMPUTED AFTER EXIT FROM
C THIS ROUTINE, .4,

C

Ce=UBAGEe= PRHANKO" (8 CALLED A8 FOLLOWSS
C "o

C EXTERNAL RF

< sus



8¢

41
42
43
44
45

47
48
49
50
51
52
53
54
55
56

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
T3
74
7%
76
77
78
79

81

C RyRHANKO(ALDG(B),RF.?OD:L)/B
¢ ses

¢ END

¢ REAL FUNCTION RF(G)

C 20 o UBER BUPPLIED CODE, 4

C END

C

Ce=NOTES

c

o

2,

(o EXPSUNDERFLOW!'S TO 0,0qusvee
c

G

G

C

¢

C

CweJOEXTENDED

(1)¢ EXP2UNDERFLOW'S MAY OCCUR IN EXECUTING THE
STATEMENT FpHCTION €0(IX) BELOW) HQWEVER,
THIS 18 OK PROVIDED THE MACHINE SYSTEM S8ETS ANY & ALL

(2), BSO0ME NON=ANSI FORTRAN STATEMZNTS ARE USED

(E4Gt DO 120 1=128,1,*1), BUT IT WOULD BE SIMPLE TO CONVERT
THESE STATEMENTS TO ANSI FCRTRAN,

FILTER WEXGHT ARRAYSH

IF NECE3SARY e

C NOTEY ABSCISSA CORRESFONDING TO WEIGHT YS GENERATED

C TO SAVE 8YTORAGE (SEE STATEMENT FUNCTION CO(CXII) BELOW),
DIMENSION YT(193),Y18T76),Y207€),Y2¢41)
EQUIVALENCE (YTC1)oYR(1))oCYTCTT)Y2(1)),CYT(153),Y3(1))

i

DATA Yi/

5,8%6572)E=04,

228,900781§Eaqy,
Jei ,0693474Ew]0,
‘-1.31063415'10.
Sel, 5315381810,
6e1,6850378E~10,
7e1,5043752Ee10,
Bel,9946096Em11,

@A R S WIN > O

1,3222770Ew10,
7.,0795382F=10,
2,0904225E%09,
5,2930786E=09,
1,2577400E=08,
2,8983953E=08,
6,5740536E208,
1,4784461%=07,
3,3094739E=07,

7.4143477E»11,~7,8395365E=11,
9,8790055Em11,79,8675347Em11,
1,2543400Ew10,1,197939G6E30,
1,6153229E%10,~1,4238602E«10,
2,1319755E=i0,=1,6232115Ew10,
2,5243813E1C,=1,6909302E=10,
4,2417062Ew10,~1,3690001E~10,
£,6188220Em10,56,6964033E=12,

1,1219600E=09,
2.0600379Ew»09,
4,0409101E=09,
8,3164338E=02,
1,766630)Ea08,
31,8268851E~08,
8,3864288Ew08,
1,83501974E=07,

3,5531442E=10,
1,2535947E~09,
3,3642886E%09,
8,2021B05E+09,
1,9143695508,
4,31712685E~08,
9,8652323E03,
2,2129198E=07,
4,9402868E807,

8,7489547E=1},
1,1118797E=10,
1,4200767E=10,
1,8486236Ewi0,
2,AB24144E=10,
3,4934366E-10,
8,2458440E~10,
8,5276151Ee10,
1.,5061956E%09,
2,9646623E=09,
5,7687700E=09,
1,2083635E«08,
2,5953011E~08,
5,6590075E=08,
1.24488115-07,
2,7524203E«07,
6,1030809E=07,



6¢

112
113
114
118
116
117
118
119
120
1214
122

9 7,38%1802E«07,
1 1,6474556E%06,
DATA Y2/
3,6701680E=06,
8,1726989Em086,
1,8194388E=0S,
4,0499432F~08,
9,0141902Ew05,
2,0062570E~04,
4 ,4651421E=04,
9,9374746Em04,
2,2115938K=03,
4,92142445=03,
1,0946310E=02,
2,4289325k-02,
5,3264829E»072,
1,1000121E=01y,
1,6049224F-014,
Twl,5331864E=01,
8 3,9009601E=01,

A DWNE OE® IR S WA -

9,0939667E=07,
2,0207696Ew06,

4,4934101E«06,
9,9954201E=06,
4,9486730Ex05,
1.1012552E=04,
2,4507680ka04,
5,4541300E=04,
1,2138120E«03,
2,7012673E=03,
6,01067005403,
1,3365017ER02,
2,9612896E=02,
6,3465091Ew02,
$.,2681102Ew0Y,
1,4170064E00],
©2,9094670ER01,
1,7999785Cw03,

1,1024727E=06,
2,4591294E%06,

5,4770076E=06,
1.219.‘255'05'
2,7145562E%05,
6,0421440E=08%,
1,3448017E=04,
2,9930366Em04,
6,6612648E~04,
1,4824945E=03,
3,2991969E=013,
7,3405529E=03,
1,63514985E=02,
3,6070402E=02,
7.7664144E%02,
1,4543025En01,

1,3554600E=06,
3,0131400E=06/

6,7015208E=06,
1,4909101E%05,
3,3174088E«05,
7,3822001E#0S,
1,6428337En04,
3,6560582E=04,
8,1365181E=04,
1,8107657E=03,
4,0295817E=03,
8,9643706503,
1,9910907E=02,
4,3876936E=02,
9,2918324Ew02,
1,5832248Ew01,

By188108E=02,21,1330934E=02,
~2,9084653E=01,%2,9708634E02,

wd,{856139E01,

1,5317216E=01,

9 6,5184953E=02,%1,0751H06En01, 7,8429567Ew02,%4,6019124E=02,
1 2,5309571Ew%02,%1,3904423E%02, 7,8187120E~03,m4,5190369E=03/

DATA Y3/

3,6749320E%04,
5,3212947E=05,
7.7499433Ew06,
1,1293371E%06,
1,6458373E=07,
2,3985272Ew08,
3,4954514¥ =00,

N O PR D W N

CweggENDATA

C

“2,263%296Ew04,
«3,296788RER05,
»4,7882430Ex06,
“6,9778174Ew07,
“l,016R954E=07,
«1,48495208a0y,
«2,1597005E~09,

2,6729062E%03,%1,6073718Ex03, 9,7715622E=04,=5,0804407E=04,

1,3960805E~04,=8,6172618E«05,
2,0304203Em05,1,2543926E=05,
2,9584108Ew06,%1,8278645E06,
4,3113019E=07,=2,6637753E«07,
6,26429807E%08,»3,8819969E=08,
9,1563774Em09,%5,6573541E=09,
1,3343946Em09,°8,2447148E=10,

5,0941033Em10,w3,1474631F=10, 1,9447072Ew10,+1,2015685E~10,
7,8241055Ew11,94,5871468Ew11, 2,8343095E=11,%1,7513137E=11,
6,9049613E=12/

CweSTATEMENT FUNCTInNw= INCLUDES ABSCISSA GENERATIONI
COCTIVEFUN(EXP (eX4FLOAT(IL)®,20w26,30455704))#YT(II)

RHANKOZ0,0
CMAXZ0,0
L=18



0¢

123
124
128
126
127
128
129
130
131
132

156

110

120
130

140
150

160
170

DO 110 1=129,146
C=CO(T)

RHANKO=RHANKOSC
CMAX=AMAXL (ARS(C),CMAX)
CONTINUE

IF(CMAX ,EQ,0,0) GO TO 150
CMAX=TOL#CMAX

nn 120 13128,1,e4
C=COo(I)

RHANKO=RHANKO4C

ltzh’l
IF(ABS(C)LE,CMAX) GO TO 130
CONTINUE

pn 140 1=147,193
C=C0(I)

RHANKO=RYANKO+C

L=L+1
IF(ABS(C),LE,CMAX) GO TO 190
CONTINUE

Gn TO 190

D0 160 I={,128

c=Cc0(1)

RHANKO=RHANKO+C

LalL4}

IF(C,EQ,0,0y) GO TO 170
CONTINUE

DO 180 I=193,147,
C2CO(L)

RHANKO=RHANKO+C

L=L+l

IF(C,EQ,0,0) GO TO 190
CANTINUR

RETURN

END



ke

157

164
162
163
164
1659
166
167
164
169
170
174
172
173
174
175
176
177
178
179
180
181
{182
163
184
185
{186
187
188
{18¢
19¢
191
192
193
194
195
£ 96

REAL FUNCTION RHANKi(X,FUN,TOL,L)
Ce=INTEGRAL FROM 0 TO INFINITY OF "FUN(G)®#J1(G®B)#DG" DEFINED AS THE
C PREAL HANKEL TRANSFORM OF ORDER { AND ARGUMENT X(®ALOG(B))
C BY CONVOLUTION FILTERING WITH PHEAL FUNCTION "FUN"=eAND
C USING A VARIABLE CUT=QFF METHOD WITH EXTENDED FILTER TAILSsees
c
Ce=BY W,L,ANDERSON, U,S,GEOLOGICAL SURVEY, DENVER, COLORADO,
C
Ce=PARAMETZRS?

b4 & REAL ARGUMENT(3ALOG(DY AT CALL) OF THE HANKEL TRANSFORM
FUN(G)® EXTERNAL DECLARED RUEAL FUNCTION NAME (USER SUPPLIED),
NOTE? IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
CALLING PROGKAM AND IN SUBPROGRAM FUN,
THE REAL FUNCTION FUN SHOULD BE A MONOTONE
DECREASING FUNCTION A3 THE ARGUMENT G BECOMES LARGE, .
T0L® REAL TOLERANCE EXCEPTED AT CONVOLVED TAILS==I,E,.»
IF FILTER®FUNSTOL®MAX, THEN KEST OF TAIL IS TRUNCATED,
THIS IS DONE AT BOTH ENDS OF FILTER, TYPICALLY,
TolL <= ,0001 IS USUALLY OKe=BUT THIS DEPENDS ON
THE FUNCTION FOUMN AND PARAMETER X,..sIN GENERAL,
A "SMALLER TOL" WILL USUMATLLY RESULT IN "MORE ACCURACY"
BUT WITH "MORE WEIGHTS"™ BEING USED, ToL IS NQT DIRECTLY
RELATED TO TRUNCATION FRROR, BUT GENERALLY SERVES AS AN
APPROXIMATION IMDICAIOR,,, FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SMALLER TgoL THAN RECAMMENDED ABQVEs e«
L= RESULTING NO, FILTZR WIS, USED IN THE VARIABLE
COHNVOLUTION (L UEPEHDS ON TOL AND FUN),
MIN,L=15 AND MAX, L=236=«yHICH COULD
OcCURr IF TOL IS VERY SMALL AND/OR FUN NOT DECREASING
VERY FAST,es

s ¥ Ye e ez Ne oo ez i o Noto o No R No o Ro Ko ]

CeeTHE RESULTING REAL CONVOLUTION SUM IS GIVEN IN RHANK{j) THE HANKEL
C TRANSFORM I8 THEN RHANK1/B WHICH IS TO BE COMPUTED AFTER EXIT FROM
C THIS ROUTINE,qe4,

&

Ce=USAGEw= "RHANK{® IS CALLED AS FOLLOWS!H
C ere

C EXTERNAL RF

C LA



197 c RaRHANKY (ALOG(B),RF,TOL,L)/B

198 C eae

199 € END

200 (o REAL FUNCTION RF(G)

201 (< ee s USER SUPPLIED CODE, .,

202 € END

203 (o5

204 Ce=NQTES}

208 (o (1)e EXPUNDERFLOW'!S MAY OCCUR IN EXECUTING THE

206 C STATEMENT FUNCTION C3(1X) BELOWp HOWEVER,

207 ¢ THIS IS 0K PRNVIDED TNE MACHINE SYSTEM SETS ANY & ALL

208 C EXPeUNDERFLOW'S TO 0,05400vs4

209 ¢ (2), SOME NON«=ANS! FORTRAN STATEMENTS ARE USED

410 c (FEeGt DO 20 Jag$,1,=1), BUT IT WOULD BE SIMPLE TO CONVERT
211 c THESE STATEMENTS TO ANSI FORTRAN, IF NECESSARY,es

212 (e,

213 ¢

214 C

218 CewJi{«EXTENDED FILTER WEIGHT ARRAYSH

16 C NOTE: ABSCIS3A CORRESPONDING TO WEIGHT 18 GENERATED

2147 C T0 SAVE STORAGE (SEE STATEMENT FUNCTION C1¢II) BELOW),

218 DIMENSION WT(236)sWh(T76),W2(T76),43(76),W4(8)

219 EQUIVALENCE (WTC1),WiCL)) o (WTCTT),w2(1)) e (WTC153),W3 (1)),

220 1 (WT(229),%W4(1))

221 DATA W1/

222 18 ,8863805Ewin, 1,1293814E=09,=1,2050872E«09, 1,2696232E=09,
223 201,3223909K%09, 1,3642393E=09,1,3969439E=09, 1,4225941E=09,
224 321,4427475E09, 1,4580582E=09,=1,4682563E=09, 1,4732179E=«09,
228 421,4735606E209, 1,4719870Fn09,=1,4727091F=09, 1,4828225E=09,
226 Sel,5102619E=09, 1,5667752E=09,«1,6634522E=09, 1,8172900E=09,
227 622,0412753E209, 2,3595230Ew09,02,766107T7E=09, 3,3592874E=09,
228 7=4,0940172E=09, 5,0571045F=09,+6,2604109E=09, 7,8269461E~09,
229 8%,7514701E=09, 1,2267639E=08,«1,5312389€=08, 1,9339924E=08,
230 902,4126297E~08, 3,0576829Ew08,=3,8060204E~08, 4,8423732E~08,
231 1=6,0081116E=0R, 7,6787475E«08,«9,4700993Ew08, 1,2192844E~07,
232 2¢1,4918997E=07, 1,9392737E=07,%2,3464786E=07, 3,0911127E=07,
233 I»3,6815394E07, 4,9413800Ex07,5,7554168E07, 7,9301529E=07,
234 428,9502818E=07, 1,2794292Ew06,=1,3811469E~06, 2,0789668E=06,
235 5«2,1069398E«06, 3,4103188Fe06,*3,1584463E=06, 5,6639045E=06,
236 604,6059955E%06, 9,5561672E=06,~6,4142B5%FE=06, 1,6440205E~05,
23 728,2010619E=06, 2,8945217Ew05,8,6348466E«06, 5,2317398E=05,



€€

238
239
240
241
202
243

251

2558

289
259
260
261
2562
263
264
265
266
267
26H
269
270
2714

273
274
275
276
217
278

8
9
1

1
2
3
kK

©3,9915035E=06, 9,7273612E=05,
7,2023760E=0%, 3,6620099E=04,
S,R623480E=04, 1,5226779T-03,

DATA W2/

3,4640868E%03, 6,7790582E=03,
1,8201316E=02, 3,0866143E=02,
8,4285526F =02, 1,2773175E01,
2,36263056%01, 2,4895081E~01,

5.3,4376222E=01,%2,9042175E=01,

§

- D@ NA DO D@

WLV S W™ OO IO D WA -

w4 ,6748595€001, 1,5280945E-01,
7,9740830E«02,26,6934498E=02,
3,865195R8F«02,73,2935834F02,
2,1259541E=02, =1 ,5526278F«(2,
1,2402225FE»02,«1,0873526E=02,
7,3506490E03,=6,4551136E03,
4,3752213¢«03,=3,8438703F=03,
2,6071577E%03,=2,2908274E~03,
1,5540998Ew03,=1,36555606L=03,
9,264497)E"04,=8,1406593E=04,
§,5229955E404,+4,6530352E%04,
3,2925334E=04,22,89313892E~04,
1,9628455F«04,=1,7247455E=04,
1,1701502E=04,%1,0282068E=04,
DATA W3/
6,9758436F*05,%6,1296474E=05,
4,1586435E%05,+3,6541840F~05,
2,4791718F05,22,1784390E«05,
1,4779578Ew08, =1 ,298H765E=05,
8,8108499F=06,=7,7420630F=06,
5,25258926%06,=4,6154325E=06,
3,13132356%06,%2,7514911K806,
1,8667342E206,=1,6402859E=09,
1,1128220Le06,+9,778{908F=07,
6,h335060E%07,~5,8286113Kw07,
3,5537334E«07,93,4738689F=07,
2,3561531F=07,2,0701397E=07,
1,403896FE=07,=1,2333746Ew07,
8,3612164E=08,=7,3443411E~08,
§,974042RF=08,04,3665572E~0E,
2,9472826Ew08,=2,5819439E~08,
1,7223359E=08,%1,4387369F=08,

1:5220520E=05,
2,2062958Ew04,
1,4538718Ew03,

8,0328420E=03,
4,0106549E=02,
1,6020907E~01,

1,8614373E=04,
7,3874539E=04,
3,1930365Em03/

1,4484339Ew02,
b,4527872E=02,
2,1948043E~01,

1,2586300Em01,=5,1060445E=02,

1,1564736E=01,

4,9253431E~014,

3,3346541E02,%8,2485252E=02,
5,5150465Ew02,%4,5868721E-02,
2,6303994E02,2,4475127E02,
1,6192037E=02,%1,4158101E=02,
9,5392016E~03,w8,3723743E-03,
5,6696335E%03,»4,9803353E+03,
3,31772023E=03,%2,9672872E=03,
2,01287945703,=1,7686705E=03,
1,1999085E»03,1,0543497E=03,
7415315595=04,%b6,2854459Ew04,
4,2643446Ew04,%3,7470650Em04,
2,5421910E«04,=2,2338447Ew04,
1,5155278Ew04,=1,3316089E~04,
9,0345135E05,7,9388568Ew05/

5,3650978Ew05,%4,7327436E#05,
3,2109174E=05,»2,8214208E»05,
1,9141864E«05,»1,6819888E=05,
1,1411426E005,%1,0027182E05,
6,0029235E06,5,9777053E=06,
4,0555553Em06,23,5636118E406,
2,41171236E06,2,1244417E=06,
1,4413051E906,71,2664597E=06,
8,5319028Fw07,=7,5494920E=07,
5,1213356E=07,24,4998431ExCT,
3,0527169E207,=2,6817250E~07,
$,65F012E=07,%1,5979545E»07,
1,08352945207,%9,5185048E08,
6,4505118E=08,%,6648167E=08,
3,8321109E=08,%3,3616717E=08,
2,2594957E=08,1,97453533E08,
1,3003472E~08,=1,3240058En08,



ve

304
30%
106
107
jom
309
310
It
312
313
314
318
316
247
318
349
j2n
324
322
323
324

¢

Ce=gg
c
Ceo=ST

10

20
30

40
50
80

70
80

90

9 9,6723739E«09,8,2794392E=09, 7,0438407E=09,=5,9509676E%09,
1 4,9882408E%09,94,1443813Ew09, 3,4088114E=09,22,7712762E=09/
DATA W4/

{ 2,2217311F=09,%1,7504755E~09, 1,3485207E=09,=1,0080937E=09,
2 7,2300885E=10,%4,8860666E=10, 3,0121413Ew10,%9,1649798E=11/
ENDATA

ATEMENT FUNCTINNe=« INCLUDES ABSCISSA GENERATIONG
CICIIISFUNCEXP(eX4FLOAT(XI)®,20«17 ,0))8WT(I1)
RHANK 20,0
CMAX30,0
L=423
N 10 1=86,98
C=C1(I)

RHANKI=RIIANK] 4C
CMAX=AMAXLL (ABS(C),CMAX)
CONTINUE

IF(CHAX EQ,0,0) GD TO 60
CMAX<TOL#CMAX

DO 20 1285,1,-1

C=Ci(I)

RHANKi1=RHANK] +C

L=Elhel
IT(ABS(C),LFE,CMAX) GO TO 30
CONTINUR

DO 40 1=299,236

C=C1(1)

RHANK1=RHANK4C

L=Lt
IF(ABS(C)LE,CMAX) GO TO 50
CONTINUE

RETURN

Dn 70 I=1,85%

C=C1i(I1)

RHANK12RHANK1+C

L=L sy

IF(C,EQ,0,0) GO TO 80
CONTINUK

DO 90 I=236,99,w1
CaCi(1)

RHANK1=2RHANK] +C

L=lel

Ir¢C,EQ,0,0y GO TO S0
CONTINUE

GO TO %0

END



G¢

328
326
327

364
362
363
164

REAL FUNCTION RFOQURO(X,FUN,TOL,L)
Ce=INTEGRAL FROM 0 1O INFINITY OF "FUN(G)#COS(G®B)#DG" DEFINED A8 THE
C REAL FOURIER COSINE TRANSFORM WITH ARGUMENT X(=ALOG(B))
C BY CONVOLUTION FYLTERING WITH REAL FUNCTION "FUN"==AND
C USING A VARIABLE CUTwOFF METHOD WITH EXTENDED FILTER TAILS,ess
C
Ce=BY WoL,ANDERSON, U,53,GEOLOGICAL SURVEY, DENVER, COLORADO,

c
C==PARAMETERSI

X ® REAL ARGUMENT(=ALJG(H) AT CALL) OF THE FOURIER TRANSFORM
FUN(G)= EXTERNAL DECLARED REAL FUNCTION NAME (USER SUPPLIED),
NOTEs IF PARMS QOTHER THAN G ARE REQUIRED, USE COMMON IN
CALLING PROGRAM AND IN SUEPROGRAM FUN,
THE REAYL FUNCTIOM FUN SHOULD BE A MONOTONE
DECREASING FUNCTIiON AS THE ARGUMENT G BECOMES LARGE, 4,
0= REAL TOLERANCE EXCEPTED AT CONVOLVED TAILS®PeI K.y
IF FILTERK#FUNSTOL#*M4AX, THEN REST OF TAIL IS TRUNCATED,
THIS 13 DONE AT BOTH KIUDSs OF FILTER, TYPICALLY,
Tol €= ,0001 IS USUALLY nKe=BUT THIS DEPENDS ON
THE FUNCTION FUN AND PAPAMETER X,,,IN GENERAL,
A "SMALLER TOL" wILL USUALLY RESULT IN "MORE ACCURACY"
BUT WITH "MORE WEIGKIS" bBEING USED, TOL Is NOT DIRECTLY
RELATED TOQ TRUNCATION ERROK, BUT GENERALLY SERVES AS AN
APPROXIMATINN INDICATOR,,, FOR VFRY LARGE QR SMALL B,
ONE SHOULD USE A SHALLER I0fi THAN RECOMMENDED ABOVE 4,4
L= RESULTING KO, FILTEK WIS, USED IN THE VARIABLE
CNNYOLUTION (L DEPENiS ON TOL AND FUN).
MIN,L=24 AND MAX [=281»=yHICH COULD
OCCUR IF TOL IS VERY SMALL AND/OR FUN NOT DECREASING
VFRY FA8T, .,

nonononanaonanaonoaonnnNnnNnanNnaaan

CwsTHE RESULTING REAL CONVOLUTION SyM IS GIVEN IN RFOURO) THE FOURIER
C TRANSFORM IS THEN RFOURND/B WHICH IS TO BE COMPUTED AFTER EXIT FROM
C THIS ROUTINE, ¢

C

CealUSAGE=« "RFOURO® IS CALLED AS FCLLNWS!:
C LN

C EXTERNAL RF

c et



9¢

369
370
37
372
373
374
3715
376
17
178
179
480
184
182
383
384
188
3186
i87
g8
189
3190
391
392
393
394
395
396
197
398
199
400
404
402
103
404
408

==NOT

annnoOonNnonoOonnNnoOaoOnann

Co=COS=EXTENDED FILTER WEIGHT ARRAYSt

RaRFOURO(ALOG(B),RF,TOL,L}/B

END

REAL FUNCTION RF(G)
+e2USER SUPPLIED CODE, 44

END

E8¢

(1)e EXP=UNDERFJ,OW!'S MAY OCCUR IN EXECUTING THE
STATEMENT FUNCTION CO(I1) BELOWs; HOWEVER,
THIS IS5 OK PRNOVIDED THE MACHINZ SYSTEM SETS ANY & ALL
EXPoUNDERFLON'S TO 040gp0eve
(2), SOME NON~ANSI FORTRAN STATEMENTS ARE USED

(EeGt DO 120 I=148,1,=1),
THESE STATEMENTS TO ANSI FORTRAN,

BUT IT wOULD BE SIMPLE TO CONVERT
IF NECESSARY e

C NOTES$ ABSCISSA CORRESFPONDING TO WEIGHT 1S GENERATED

BAVE STORAGE (SFE STATEMENT FUNCTIUN CO(CIX) BELOW),
DIMENSION YTC281),Y1(76),Y2(76),¥3(76),Y4(53)
EQUIVALENCE (YT(1),YSC3)), CYTC77),¥2(1)),CYT(153),%¥3CL)),

¢ 10

1 (YT(229),Y4(1))

DA WN > ORI D WK -

DATA Y1/
5,1178101E~14,
6,4179780E=14,
1,7534103Ee11,
2,3315757E=113,
4,0349917E-13,
8,3911655E%13,
1,9534564E=12,
4,3927341Fw12,
1,0063229E=11,
2,2720055Ew11y,
5,075166RE=11,
1,1227336K=10,
2.49327430e10,
§,5502537E%10,
1,2354R00E%09,
2,7499027E09,
6,1205950E09,

2,9433849F=14,
1,3085746Ew15,
7,93734982e1¢,
1,9714260E~13,
5,2203985E+13,
1,1709731E-12,
2,6289768E=12,
5,7526904E=12,
1,24879F4kuly,
2.7452596Ex11,
6.,1094382E=11,
1,3676464Ew10,
3,0470661E=10,
6,7793669E=10,
1,5085255Ew09,
3,35694925E«09,
7,4703399E.09,

2,5492522Ew14,

1,9034819En14,

1,1989957Eei3,=1 ,2216234En14,

2,123%658E=13,
2,8920132E=13,
5,98347223E=13,
§,3165595E12,
2,9167697Ew12,
6,6569552E%12,
1,5134682Em11,
3,4025443E-11,
7.5492982E=11,
1,6720269E=10,
3,7198526E%10,
8,2810031E~10,
1,8432253E=09,
4,1025670E=09,
9,1312760E=09,

7,9981520E=14,
3,4161340E~13,
7,8015306Em13,
1.7578463Ew12,
3,9044344E=12,
8 ,4555678E=12,
1,85014R ERLY,
4,0875985Ew11,
9,1445759Ew11,
2,0423244En10,
4,5449934E~10,
1,0112626Em09,
2,2503397E=09,
5,0077487E=09,
1,1143911E=08,



LE

408
407
408
409
410
411
432
413
414
415
416
417
418
419
420
A21
422
423
424
az%
426
427
a28
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446

9
i

- O VLN FELWNN ™ ODIOR S WN

1,3622929E~08,
3,0321709E=08,
DATA Y2/
6.7491070E=08,
1,5022907E=07,
3,3441046Em07,
7,4443665E%07,
1,6573073E=06,
3,6898R16E=06,
8,2160716E06,
1,R296530E05,
4,07%1046E=0%,
9,0780005E053,
2,0221521Ew04,
4,5093748E04,
1,0051938E=03,
2,2421056E=03,
5,0020666Ew03,
1,1160132F=02,
2,4800811E=072,
5,3905163Ew02,
1,03771908=01,
DATA Y3/

1.6623917E=08,
3,6992986E=08,

8.2317946E=08,
1,8316969E=07,
4,0756197E=07,
9,0679753Ew07,
2,0174273E<06,
4,4879625E«06,
9,9826691E=06,
2,2202672Ew05,
4,9372484E«05,
1,0976837E=04,
2,43968338Ea04,
5,4213338E04,
1,2041401E=03,
2,6730676E=03,
5,9289668E«03,
1,3119627Ew02,
2,8793704%e02,
6,0804660E02,
1,0377718E«01,

1 7,1685138K202,=3,9473064F002,
25,6018995Ew0),.6,80503688Ex01,
3 1,3766748E400,%8,0373222E=01,

4

VO DO WNSe W O@IOON

2,0324094E=08,
4,5237482E=08,

1,0069271E=07,
2,2413747E«07,
4,9894278E=07,
1,1107379E=06,
2,4728798E=06,
5,5059521E=06,
1,2260527E=05,
2,7305154E=05,
6,0820947Em05,
1,3550409E=04,
3,01970185=04,
6,7315347E=04,
1,5011708E~03,
3,39%0581Ew0]3,
7.447109056=03,
1,605319%E«02,
31,6762063Ea02,
T,7061738E=02,
1,1892208Em=01,

2,47986§0E=08,
5,5183434E=08/

1,2279375E=07,
2,7322865E=07,
6,0793233E«07,
1,3525651E=06,
3,0090445E=06,
6,6935820E=06,
1,4888061E=05,
3,3109672E~05,
7.,361957{E~05,
1,6365675E=04,
3,6370760E~04,
8,0800951E=04,
1,7942344En03,
3,9815050E=03,
8,82335(0E~03,
1,5472767Em02,
4,2228780E=02,
8,3874501E=02,
9,0437429E=02/

*1,507g720L«08,4,0489859E=04,

w1 ,5094224Ew01},
*1,0869529E400,

6,6304064Em01,
1,2812892E400,

«5,0341082E=01,4,4274455E~02,
1,5207664K=01,=1,0920260Ee01,
4,1611799F=02,»3,0880012E=02,
1,3021442E=02,+9,8085025k=03,
4,20731645=03,3,1745026E03,
1,3640816E=03,«1,0293934Ew03,
4,4230399E04,3,3386183Ex04,
1,4348659E04,%1,0028284Ex04,
4,6537684E=05,=3,511988TE=05,
1,50937685+0%,e),1390572Fw05,
4,8933713E%06,%3,6942830E=06,
1,5875917E%06,=1,1980090E=06,
5,1458650E=07,«3,8817581E<07,
1,6623514E%07,»1,2514102E=07,
5,2741581E=08,3,9296610E=08,

2,0913102E=01,=1,9999661E=01,
T.8179956Ew02,=5,6651561E=02,
2,3072559E202,=1,7311631E#02,
7¢3943529€=03,5,5769516Em03,
2,3974154E03,=1,8076122E%03,
7,7602952604,=5,862351BEn04,
2,5195025E%04,71,9013541Em04,
8,1716174E=05,=6,1667509E=05,
2,6503388E=05,»2,0000904Em05,
8,5359318E«06,%b,4869407En06,
2,7875625E=06,~2,1038241E=06,
9,0396030E=07,m6,8208296E=07,
2,9272267E%07,2,2067921E=07,
9,4034535E08,~7,0556837Em08,
2,9107255E=08,»2,1413893En08,



teR )

447
448
449
450
451
452
453
454
458
456
AS7
48R
489
460
461
462
4863
464
468
466
467
468
4569
479
471
412
4713
474
475
476
471
478
479
480
481
482
483
i84
485
186
187

Ce=gsg
C

1 1,5742032E=08,»1,1498608E=08,
DATA Y4/

{ 6,8816619F=09,98,9679825E09,

2 2,0235313E»08,m1,4725545E=08,

8,75618T({Em09,=7,2939446E»09/

1,4258275Ew08,01,9564299E~08,
5,4632820Em09, 3,5995580E~09,

3a9,5287133E%09,

1,1460044Ew0Of,e1,0250532E=08,

7.,4641748E=09,

424,4703465E»09, 2,0499053E»09,%4,45806353E=10,24,0374336E~10,
5 7,0321001E=40,=6,7067960Ee10, 4,9130404E»10,=2,8840747E=10,
6 1,2373444€w10,91,5260443Ewi],e4,20275598w8,

7a5,9273937Em11,
8al,1210098Eeqy,
9+1,8476851En12,
1o1,51614790=17,
266,2131435E13,
342,5397802E=13,
4a1,16879686E~11,
5«5,6047478E=14/
ENDATA

4,6588766Em11,%3,2054182Em11,
5,9567021Em12,23,2427012E12,
1,84204T4EmT 7, mi 836 2842E~12,
1,2627657Em1 2, wl,0129176Em12,
4,8745900E13,43,8703630E=13,
2,0824130E=13,m1,7123163E=13,
9,7664016Em14,28,2977176En14,

6,1985474E=11,
1,9831€637E=11,
1,7241847E»172,
7.9578625Em13,
3,1172547E»13,
1.4113344Em13,
7,2515267E=14,

Cem8TATEMENT FUNCTIONew INCLUDES ABSCI33A GENERATIONG
COCII)=FUN(EXP(wX+TLOAT(II)*,20"30,30251236))#YT(II)

ito

120
130

RFOURO®EC,0
CMAX20,0
L3222

DN 110 1=149,170

c=Co(I)

RFOURG=REOURO 4C
CXAX=AMAX{ (ABB(C),CHAX)

CONTINUE

IF(CMAX,EQ,0,0) GO Y0 150

CMAX=TOL#CMAX

DO 120 13148,1,1

C=CO(T)

RFOURO=RFOURO4C

L=L+1

IF(ABS(C).LE,CMAX) GO TO 130

CONTINUE

DO 140 I=174,2014

c=C0(1)

RFOUKO32RFOUROSC

L=i+l

1F(ABS(C),LE,CMAX) GO TO 190
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720 Ce=USAGE=w= "ZHANKO® I8 CALLED AS FOLLOWSH

T2t C 2a0

722 e COMPLEX Z,ZHANKO,ZF

723 C EXTERNAL ZF

724 C LN ]

725 Lo Z2=2HANKO(ALOG(B),2F,TOL,L)/B

726 C L]

727 0 EMD

7.8 C COMPLEX FUNCTION ZF(G)

729 € s 2 USER SUPPLIED CODEq e

730 (¢ END

731 c

732 Ce=NOTES

7313 e (1)e FEXP=UNDERFLOW'S MAY OCCUR IN EXECUTING THE

734 ¢ STATEMENT FUNCTION CO(CII) BELOWs HpWEVER,

735 (o THIS IS OK PROVIDED THE MACHINE SYSTEM SETS ANY & ALL

736 o EXP=UNDERFLOW'S TO oo°vnooo.

737 (o (2)y SOME NON=ANSI FORTRAWN STATEMENTS ARE USED

734 [ (EeGt DO 120 1=128,1,=1), BUT YT WOQULD BE SIMPLE TO CONVER?Y
739 (o THESE STATEMENTS TOQ ANSI FORTRAN, IF MECESSARY,

740 €

741 (o]

742 &

43 Co=JO=EXTENDED FILTER WEIGHT ARRAYS:

744 C NOTE? ABSCISSA CORPRSPONDING TO WETGHT 18 GENERATED

145 C TO gAVE STORAGE (SEE STATEMENT FUNCTION CO(CII) BELDW),

746 DIMENSION YT(393),Y1(76),Y2(76),Y3(41)

747 EQUIVALENCE (YT(1),Y1(1)),(YTCTT7),¥2(¢1)),(YT(153),Y3(4))
748 DATA Y1/

749 1 5,9565723IE=0g, 7,1143477E=11,=7,8395565E«11, B8,7489547E=11,
780 2e8,9007811E=11, 9,8790055E~11,~9,8675347E=11, 1,1118797E=10,
751 301 ,0893474E%10, 1,2543400kK=10,=1,1979399E=10, 1,4200767E=10,
752 4=1,3106341E=10, 1,6153229F=10,~1,4238602E«10, 1,8486236E=10,
753 5wl ,5315381E*10, 2,1319755E~10,=1,6238115E=10, 2,4824144E~10,
754 6el ,6B850378F=10, 2,9243813E=10,=1,6909302E«10, 3,4934366E~10,
7558 T=l,6043759F*10, 4,2417082E~10,%1,3690001Em10, 5,2458440E=10,
756 8+8,9946096FE=11, 6,6188220F~10,=6,8904033Ew)12, B8,5276151E=10,
757 9 1,3222770E=10, 1,1219600E~09, 3,5591442E=10, §,5061956E=09,
758 1 7,0795382E«=10, 2,0600379E~09, 1,2535947E=09, 2,8646623E«09,
759 2 2,0904225E~09, 4,0409101E=09, 3,36472886E=09, 5,7687700E=09,
760 3 5,2930786F=09, 8,3164338E=09, 8,2021809E«09, 1,2083635E-08,



£80
6814
682
683
684
685
86
687
688
669
¢90
691
692
£93
£94
€99
696
(;97
699
699
700
701
702
703
704
708
706
707
708
708
710
711
712
713
714
7158
716
717
718
719

COMPLEX FUNCTION ZHANKO(X,FUN,TOL,L)
Ce=INTEGRAL FROM O TO INFINITY OF FFUN(G)#JO(G#R)#DG" DEFINED AS THE
C COMPLEX HANKEL TRANSFORM OF ORDER ¢ AND ARGUMENT X(=ALOG(B))
€ BY CONVOLUTION FILTERING WITH COMPLEX FylCTION "FUN"=wAND
C USING A VARIABLE CUT=0OFF METHOD WITH EXYENDED FILTER TAILS, 400
e
CweBY W.L}ANDERSON, U,8,GEOLOGICAL SURVEY, DENVER, COLGRADO,
C
Ce~PARAMETERS

X & RKAL ARGUMENT (=ALOG(B) AT CALL) OF THE HANKEL TRANSFORM
FUNCGYs EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER .SUPPLIED)
UF A REAL ARGUMENT G,
NOTE: IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
CALUING PROGRAM AND IN SUBPRDGRAM FUN,.
THE COMPLEX FUNCTION FUN SHGULD RE A MONOTONE
DECREBRSING FUNCYTION AS THE ARGUMENT G BECOMES LARGE,,,
FOR REAL®ONLY FUNCTIUNS, SUBPROGIRAM "RKRHANKOM® IS ADVISEDS
HOWEVER, Tw0 REAL=FUNUTIONS FU1(G),F2(G) MAY BE
INTEGRATED I4 PARALLEL BY WRITING FUN=CMPLX(F1(G),F2(G))
TOL=® REAL TULFRANCE EXCEPTED AT CUNVOLVED TAILB=wI«E.)
IF FILTER#FUNCTOL¥MAX, THEN REST OF TAIL Y85 TRUNCATED,
THIS IS DONE AT BOTH ENDS OF FILTER, TYFICALLY,
TOL <= ,000% I8 USYALLY OKe=BUT TH1S DEpENDS ON
THE FUNCTION FUN AND PARAMETER X,,,IN GENERAL,
A "SHALLER TOL" WILYL USUALLY RESULT IN "MORE ACCURACY"
BUT WITH "MUKE WKIGHTS" :iNG USED, TOL IS NOT DIRECTLY
RELATED TO TRUNCATIOU ERRURy BUT GENERALLY SERVES AS AN
APPROXYMATION INDICTAINR,,, FOR YERY LARGE 0OR SMALL B,
ONE SHOULD USE A SHALLER TnL THAN RECOMMENCED ABQVE. .«
L= RESULTING nO, FILTZR W18, USED IN THE VARIABLE
CONVOLUTION (L DEFENDS ON TOL AMD FUN),
MIN,1,520 AND MAX,L=19)e=ij1Ci4 COULD
OCCUR 1¥ 7T0OL IS VERY SHMALL AND/OR FUN NOT DECREASING
VERY FASTqee

oonancaonnanaoaonaonoaannonooacoan

CeeTHE RESULTING COMPLEX CANVOLUTINN SUM TS GIVEN IN ZHANKOjp THE HANKEL
C TRANSFORM IS THEN ZHANKO/3 WHICH IS TO BE COMPUTED AFTER EXIT FROM

C THIS ROUTINE,.e,

C



6¢

A88
489
490
491
492
493
494
4Q8
496

%03

160
170

180
190

CONTINUE

GO TO 190

DO 160 I=1,{48

c=C0(IX)
RFOURO=RFOURO4C

L=L+1t

IF(C,EQ,0,0) GO 1O 170
CONTINUE

DN 180 1=281,171,=4
C=¢0(1)
RFOURO=RFOURO+C

Lﬂb’l

1F(C,EQ,0,0) GO TO 190
CONTINUR

RETURN

FND



0%

504
508
%506
897
508
509
510
514
512
5113
514
S
546
By
518
8§19
%20
521
vn22
523
H24
528
528
527
528
529
530
531
532
533
534
535
536
537
538
539
$40
541
542
543

REAL FUNCTION RFOURY(X,FUN,TOL,V)
CemINTEGRAL FROM O 1O INFINITY OF "FUN(G)#SIN(G#B)#DG" DEFINED A8 THE
€ REAL FOURIER SINE TRANSFORM WITH ARGUMENT X(=ALOG(B))
C BY CONVULUTION PILTERING WITH REAL FUNCTION "FUN"=~AND
C USING A VARIABLE CUTwOFF METHCD WITH EXTENDED FILTER TAILS,,s,
C .
Cu®BY W.L,ANDERSON, U,8,GEOLOGICAL SURYEY, DENVER, CCLORADO,
C
Ce=PARAMETERS?

X ® REAL ARGUMENT(=ALOG(H) AT CALL) OF THE FOURIER TRANSFORM
FUN(G)® EXTERNAL DECLARED REAL FUNCTION NAME (USER SUPPLIED),
NOTES IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
CALLING PROGRAM AKRD IN SUBPROGRAM FUN,
THE RZAL FUNCTION ¢UN SHQULD BE A MONOTONE
DPCPEASING FUNMCTION AS THE ARGUMENT G BECOMES LARGE,,,.
T0L> REAL TOLERANCE EXCEPTED AT CONVOLVED TAILSe*=l,E,,
IF FILTER#FUNSTOL#MAX, THER REST OF TAIL IS TRUNCATED,
THTIS IS DONE AT EOTH ENDS OF FILTER, TYPICALLY,
TOL <= ,0001 1§ USUALLY (K==BUT THIS DEPENDS ON
THE FUNCTION FUN AND PARAMETER X,,4IN GENERAL,
A "SMALLER TOL"™ WILL USUALLY RESULT IN "MORE ACCURACY"
BUT WITH *MORE WEIGHTS" BiING USED, TOL 18 NOT DIRECTLY
RELATED TO TRUNCATINN ERPOR, BUT GENERALLY SERVES AS AN
APPPOXIMATION INDIZATOR,.. FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SuAufEn Tyl THAN RECOMMENDED ABQOVE. .
L= RESULTING NO, FILTER WIS, USED IN THE VARIABLE
CANVOLUTION (L DEPENDS Op TOL AND FUN),
MIN,L220 AND MAX,L=26bmewHICH COULD
OCCUR IF TOL IS VERY SHALL AND/QR FUN NQT DECREASING
VERY FAST s

aonononononoanNnaaonancnaacaOcanNnan

Ce=THFE RESULTING REAL CONVOLUTION SUM 18 GIVEN IN RFOURij) THE FOURIER
C TRANSFORM IS THEN RFOUR1/B WHICH IS8 T0O BE COMPUTED APTER EXIT FROM
C THIS ROUTINE,,,,

C

Ce=USAGEee "RFOURiI"™ IS CALLED AS FOLLOWS1
C a0

C EXTERNAL RF

C LU ]



187

544
54%
546
547
548
549
550
551
552
853
£54
55
£56
557
558
559
560
561
562
%63
%64
565
466
5617
568
569
579
571
G712
%73
574
57%
576
577
578
5§79
580
%84
582
481
584

CwoBIN«EXTENDED FILTER WEIGHT ARRAYS:?

C R=RFOURY (ALOG(B),RF,TOL,L)/B

c e

o END

o REAL FUNCTION RF(G)

c e0 s USER SUPPLIED CODE, ¢,

¢ ¥ND

<

Ce=NOTES!?

o (1)¢ EXPaUNDERFLOW'S MAY OCCUR IN EXECUTING THE

C STATEMENT FUNCTION C1(IXI) BELOWy HOWEVER,

c THIS IS OK PROVYIDED THE MACHINE SYSTEM SETS ANY & ALL
€ EXPoUMDERELOW!'S TO 04040e0e0

o (2): SOME NDN=ANS1 FORTRAN STATEMENTS ARE USED

¢ (E.G1 DO 20 1=190,1,«1), BUT IT WoULD BE SIMPLE TO CONVERT
c THEGE STATEMENTS TO ANSI FORTRAN, IF NECESSARY,as

€

€

C NOTE® ABSCISSA CORRESPONDING 10 WEIGHT 18 GENERATED

C TO SAVE STNDRAGE (SEE STATEMENT FUNCTION C1(IX) BELOW),
DIMENSIAN WT(266) ,W1(T76),W2(76),W3(76),W4(38)

FQUIVALENCE (WTCL1),WiC1) )y (CWTCTT) o W201)),(WT(153),W3(1)),

1

(WT(229),W4(1))

DATA Wi/

fel,1113940E=09,1,3237246E-12,

NP RS WA ODINR SN

1,7236635En12,e1,8227727E+12,
2,1473841E=12,»2,2575549F=12,
2,6718110E912,+2,8227693E~12,
3,3297565E12,23,5179095Ea12,
4,1464798E~12,4,379455%6-12,
5,1562809F=12,~5,4474462E=12,
6,4175083E212,06,7783691FE=12,
7,9864477E12,=8,434411CEn12,
9,93494396=12,=1,0493731E=11,
1,2370354E=11,=1,3067414E=11,
1,5390685 11,91 ,6249313Em11,
1,9131898E=11,#2,0209795E=11,
2,3340976F=11,22,5192263E~11,
2,9709129Ew11,=3,1382670E=11,
3,6981050E%11,%3,9059353kw11,
4,6010537E11,%4,8590396Ee11,

1,3091739Ew12,~1,6240954E=12,
1.,9255992E«12,=2,0335514Em12,
2,3946842E12,2,5292661Ee12,
2,9625171En12,3,1514006E=12,
3,7163306Ee12,23,9256378E=12,
4,6252131Ew12,94,8845227Em12,
5,7530277E=12,6,0760464E=12,
7,1595239Ewi2,=7,5618782Ew12,
8,9072422E%12,=9,4067705E=12,
1,1084900E~11,=1,1709937E=114,
1.3802200Ew11, =) ,4575980E=11,
1,7155934Ew11,1,8115%50E=11,
2,1352159Ew11,°2,25061735E~11,
1,6619319Ew11,%2,8122547E~11,
3,3149030&%11,%3,5013168E11,
4,1251694En11,4,3566777E=11,
5,1314761E=11,=5,4193353E11,



$8%
586
587
588
589
590
h91t
592
593
%94
595
n96
5§97
598
%99
h0O
601
502
603
604
6H0S
606
607
608
609
610
641
612
613
614
6198
616
617
618
619
20
621
622
623
624
6525

9
i
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OD VO A DWW ODLNOR D WA -

$,7236720E=11,=6,0455911E=1y,
7.1268224Fwiy,«7,5279775E=11,
DATA W2/
8,8668961E711,29,3621900E41,
1,1024087E~10,=1,164468C0E«10,
1,3733244E=10,+1,4510363E=10,
1,7110130E=10,=1,8074257E=10,
2,1300756E=10,«2,2498755E=10,
2,6511250E=10,~2,8001616E=10,
3,2994314E<30,23,4849209E-10,
4,1063982E~10,%4,3372666Ex10,
$,1105728Ee10,«5,3977672Fn10,
5,3601273E~10,=6,71759645=10,
7,9161025E910,%8,3606980F<10,
9,8533749En10,=1,0404508E=09,
1,2267331E=09,+1,2942905E«09,
1,9288164E=09,~1,60775244n09,
1,9129068E=09,=1,9857116E«09,
2,4312660E209,22,3959044E09,
3,2762318E%09,27,6082940E09,
5,3176554E09,=1,3960161E09,

6,3861222E=11,-6,7461492E~14,
7:9512249Em11,=8,3971327E=11/

9,8351764Em11,1,0438319E=10,
1,2301979E=10,71,2997646E=10,
1,5330772E%10,=1,6196550E=10,
1,9091922Ew10,2,0166306E=10,
2,3763936Ew10,=2,5100098E=10,
2,9575691E=10,=3,1238237E~10,
3,6808529Em10,=3,8878042E~10,
4,5811059E210,»4,8366049E=10,
5,7011632E210,=6,0215516E«10,
7,0955028E=10,=7,4942601E=10,
8,5317110Ew10,99,3270330E=10,
1,0993731E«09,%1,1605442E09,
143691677609, 1 442391 2E=09,
1,7035996E09,n1,7890471E=09,
2,1491608E%09,%2,1926779E=09,
2,7872500E209,=2,5610596E=09,
4,0251453E%09,92,3550563E09,
7,7704747E209, 1,1853546E=09,

1,27€0851E«08,
DATA W3/
4.6306744E=09,
2,0832812E-07,
1,005c815E-06,
4,9485823E%06,
2,44€9550F 0%,
1.2113828E004,
5,996999S5£04,
2,9643943E«03,
1,4539361E-02,
6,8559512E«02,
2,6192603R°01,

7.4264707E009,

5,4631686E~03,
2,92B0540E=07,
1.4779183E<04,
7,3545473Ee06,
1,6469246E«05,
1,8066494E«04,
8,9437312E-04,
4,4168923E«03,
2,1558670E«0¢,
9,9170852E«02,
3,2741321€=0¢,

9,0460168E202,=3,6051039F«01,

5,2205241Ee0¢,

1,5449673E+00,

243342187E=08,

9,6763087E=08,
4,5500888E=07,
2,2281335E%06,
1,1001003Ew05,
544441527E%05,
2:5954609E=04,
1,3338166E#03,
6,35773518Ew03,
3,1871854E»02,
1,4120770€ER01,
3,6407406E=01,

2,1869851E=08/

1,2823237E=07,
6,5992437E=07,
3,2994604E=06,
1,63B80539E=05,
B,1176726E=05,
4,0202288E«04,
1,9886697E~03,
9,7855105E=03,
4,6903548E=02,
1,9610835E=01,
3,1257559E%04,

“8,6324760Ew01,=6,1178720E=0],

8,0869203E~01,%6,2757149E=01,
7,0472994E~02,»3,1624462E=02,
4,0035936E=03,#2,2543784Ex03,
4,7658745E04,92,912588 TE~¢ 4,
6,7910334F«05,04,1914054Ew05,

“1,1617933E400,=2,6759896E=04,
3,4062630Ee01,21,5885304E=01,
1,4994058Ew02,%7,4821176E=03,
1,3160358E=03,»7,8636604E=04,
1,7685105E«04,1,1012416Ew04,
2,5881544C«05,»1,5965851Em05,



1%

626
627
628
829
£30
631
632
£33
#34
638
636
637
A8
39
£40
641
642
643
644
5498
hAB
647
640
649
650
6551
652
653
554
658
$86
5517
688
6§59
560
fib i
“H2
h6ld
564
A68
666

H
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9,8751880E=06,26,1006526E=06,

DATA W4/

1,£388425E%06,%8,8899353E=07,
2,0968284E%07,91,2955437E07,
3,0557711E%08,%1,8880390E=08,
4,4533423E209,2,7515696Ex09,
6,4904567E30,=4,0102999E~10,
9,4600354 w11 ,»5,8453314E=1 ],
1,3753460F=11,»8,5242656F«12,
2,0097683FE=12,1,2405412E-17,
2,9084993E13,1,79230061Eei3,
4,2025050E214,%2,1314731E=14/

ComgaFNDIATA

C
C

3:7692%43E%06,22,3287953E=06/

5,4926991E=07,~3,3937048E=07,
8,0046336E208,=4,9457371E08,
1,1665454Ee08,%7,2076428E09,
1,7001092Ew09,=1,0504494E=09,
2,4776763E«{0,=1,5310321E~10,
3,6119400Ew11,%2,2320056E=114,
5,2675102Fe12,«3,2543076E~12,
7a653053RBEm]13,=4,7191929E=13,

CemSTATESENT FUNCTINHee INCLUDES ABSCISSEA GENERATIONG
CI(TI)=FUN(RXP(~»X4FLOAT(XY)#,20»356,30455704))&WT(2II)

10

20
30

40
50
60

REFNDUR1%0,0

CHAX®0,0

’lg‘ﬂ

DN 10 1=194,208

C=Ci(Y)

RFOURI=RFOURL +C
CHAX=EAMAXT(ABS(C),CMAX)
CONTINUE

IF(CMAX,EQ,0,0) GO TO 60
CMAX=TONL®CMAX

DO 20 1=190,1,=1

c=01(1)

RFOURY=RFOURL4C

LxL+l

TF(ABS(C),LE,CMAX)Y GO TO 30
CNANTINUE

DO 40 13209,266

C=Ci(1)

REOURI2HFOURL «C

L3Led

IF(ABS(C),LE,CHMAX) GO TO S0
CONTINUE

RETURN

ro 70 I=4,190



79

&67
668
669
670
671
672
€73
674
67%
676
677
n78
&79

70
80

90

CsCicCI}
RFQUR{=RFOURS +C

LalLed

IF(C,EQ,0,0) GO TO 80
CONTINUE

Do 0 I=266,209,s4
c=Ci(1)
RFOURI=RFOURL4C

L=L+}

IF(C,EQ,0,0) GO TO 50
CONTINUE

G0 TO 50

END



LY

761
162
763
764
765
765
767
768
769
770
771
772
73
774
775
776
771
778
779
780

783
784

788
789
790
799
792

794
795
798
7917
798
799
100
ROt

g @I

DAL WN™™ O DA DWW

1,2%77400E=08,
2,8993953E=03,
6,5740136E=08,
1,4784461E~07,
3,3094739E~07,
7.3891802E-07,
1,6474556E~06,
DATA Y2/
3,67TN1680F=06,
B,1726G89Ew06,
1,8194288E~05,
4,0499452E=05,
9,0141902E=05,
2,006k2570E=04,
4,4651421k=04,
9,9374785¢E=04,
2,2115938E=01,
4,9214244E~03,
1,0%46310E«02,
2,4289325E02,
5,3264829E402,
1,1000821¥n01,
1,6049224E~01,

1.7666303E«08,
3,826R351Em08,
8,3964288E~98,
1,8501974E=07,
4,0974828E=07,
9,0939667E-07,
2,0207695E«06,

4,4914101F=06,
9,9954201E=06,
2,2239184E=05,
4,9486730E05,
1,1042552E=04,
2,4507580E«0N4,
5,4541300E=04,
1,2133120E«03,
2,1012679E=03,
6,0106700E=02,
1,3365017E=02,
2.9612896Ew02,
6,4455091E02,
1,2811102E=01,
1,4170064E01,

701,5331864Ew01,22,9094670E=01,

8

3,9009601E«01,

1,7929785E=01,

9 6,5184953E=07,=1,0751806%w01,
1 2,5309571E~02,»1,3904823E=02,

DATA Y3/

2,6729062E=01,=1,60737118E=03,
3,6749320E=04,=2,2633296E-04,
5,3212547E=05,¢3,2867886E«05,
7,7499633F«06,=4,7882430E«06,
1,1293571F06,6,9779174Ke07,
1,6458373E=07,»1,016R954E-07,
2,3965272E=08,»1,4319520E08,
3,4954514E909,=2,1397005E-09,
5,0941033E«10,=3,1474631E~10,

N OO 2NN D WN -

6,9049613Ew12/
CmeggPNDETA
o

1,9143895E=08,
4,3712685%=08,
9,8662321E=08,
2.2129198E=07,
4,9462868E=07,
1,1034727E=06,
2, 4591294E=06,

5,4770076E=06,
1,219¢425E»05,
2,714555%E=05,
£,0471440E=05,
1,3440017E=04,
2,9730366E=04,
6,065120485=04,
1,46247458=03,
3,2991969E=03,
7,3405529E%03,
1,6314985€E02,
3,6070402E~02,
7,7664144E=02,
1,4543025E-01,

2,5983011E~08,
5,6590075E=08,
1,2448811E=07,
2,7524203E-07,
6,1030809E=07,
1,3554600E=06,
3,0131400E=06/

6,701520eK=06,
1,4909101E=05,
3,3174088E=05,
7,3822001E~085,
1,6428337E~04,
3,6560582E+04,
8,136518(E=04,
1,8107637E=03,
4,0295617E=03,
8,9643708E03,
1,9910907E=02,
4,387693KE=02,
9,2918324E=02,
1,5632246E=01,

B,8766108E%02,%1,1330934E~02,
n2,70%4655Ee01,»2,9708834E~02,

+4,18545139E=01,

1,5317216E=01,

7,H82556T6902,24,6019124E~02,
7,818)120E03,%4,5190369E=03/

9.7715622KE=04,«5,93304407E~04,
1,39606805K204,8,6172618E~05,
2,03042035e05,%1,2543926E~05,
2,9594108E06,»1,8278645E~06,
4,3113019€En07,«2,6637753E=07,
6,2829907E~08,«3 ,8819969E=08,
9, 1563174E=09,%5,6573541E=09,
$33343946Ew(09,08,2447148E£-10,
1,9427072E=10,=1 ,2015685E=10,

7,4241055E°11,v4,5871468E=11, 2,8343095E~11,«1,7513137E~11,



8%

802 COMPLEX FUN,C,C0,CMAX

803 DIMENSION T(2),THAX(2)

£04 EQUIVALENCE (C,T(1)), (CMAX,TMAX(1))

€09 Can8TATEMENT FUNCTIONSwwe INCLUDES ABSCISSA GENERATIONG
¢06 COCIII=FUN(RXP(=X¢FLOAT(IXI)#,20026,30455704))8YT(IY)
807 THANKN=¢0,0,0,0)

£G8 CMAX=(0,0,0,0)

509 L=18

810 0O 110 I=x129,146

LB P! Cc=CO0(1)

#12 ZHANKO=ZHANKO+C

213 TMAX(S)Y=AMAYL(ABS(T(1)),THAX{Y)?Y

R14 TMAX(2)=AMAXI(ABS{T(2)),TMAX(2))

R1S 110 CONTINUE

816 IF(TMAX(1),FQ,0,0,AND,TMAX(2),EQ,0,0) GO TO 150
w17 CHAXSTOL#CMAX

f18 DO 120 I3128,1,=1

119 Cc=CO(1)

520 ZHRNKOZZHALKO+C

%21 L=L+1

822 IF(ARS(T(1)) ,LE, TMAX (1), AND ,ARSCT(2)),LE,THAX(2)) GO TV 130
823 120 CORTINUE

824 130 DO 140 I=147,193

n28 C=CO(T)

H26 724ANKO=7ZHANKO4C

n27 L=l+4

728 IF(ABS(T(!)),LE,THAX(L) (AND,ABS(T(2)),LE,TMAX(2)) GO TO 190
R29 140 CONTINUE

B30 GO TO 190

8131 180 DN 160 1=1,128

232 c=C0(1)

CRR) ZHANKO=ZHANKO+C

83‘ I;:L‘l

35 IF(T(1),EQ,0,0,AND,T(2),£Q,0,0) GD TO 70

616 160 CONTINUE

837 170 DO 180 I2193,147,=}

f38 c=C0(1)

#39 ZMANKO=2ZHANKO4C

n40 L=L+Y

41 IFEe(1),EQ,0,0,AND,T(2),E0Q0,0,0) GO TO 190

842 189 CONTINUE

843 190 RETURN

844 END



6%

R4S
846
847
6§48
849
250
851
RS2
n53
RS54
H5%
556
157
R58
R59
860
661
562
K63
R64
865
R58
Be7
468
A69
870
€71
2712
RT3
574
875
176
877
©74
879
AK80
CEB!
RE2
KRl
984

COMPLEX FUNCTION ZHANK{(X,FUN,TOL,L)
CesINTEGRAL FROM O TO INFINITY OF "FUR(G)#*Ji(G#B)»DG® DEFINED A8 THE
C COMPLEX HANKEL TRANSFORK OF ORDER {1 AND ARGUMENT X(=ALOG(B))
C BY CONVOLUTION FILTERING WITH COMPLEX FUNCTION "FUN®"=w=AND
C USING A VARIABLE CHTeQFF METHQD WITH EXTENDED FILTER TAILSesvee
C
Ce=BY W,l,ANDERSON, U,S,GEOLOGICAL SURVEY, DENVER, COLORADO,
C
C==PARAMETERS!

X 2 REAL ARGUMENT(=ALOG(8) AT CALL) OF THE HANKEL TRANSFORM
FUN(G)® EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED)
OF A REAL ARGUMENT G,
NOTE§ IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
CALLING PROGRAM AND IN SUBPROGRAM FUNs
THE COMPLEX FUNCTIUN FUN SHOULD BE A MONOTONE

HOWEVER, TwO REALeFUWCTIONS F1(G),F2(G) MAY BE
ToLS REAL TOLERANCE EXCEPTED AT CONVOLVED TAILS=wl E,,

THIS IS DONE AT bBOIH ENDS UF FILTER, TYPICALLY,
ToL <= ,000% I8 USUALLY OX~~BUT THIS DEPENDS ON
THF, FUNCTION FUN AND PRRAMETER X,e0IN GEHERAL,
A "SHALLER 70G" WILL USUANLLY RESULT IN "MORE ACCURACY"

RELATED T0O TRUNCATINN ERRORy BUT GENERALLY SERVES A8 AN
APPROXIMATION INDICATOR,,, FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SMALUER TOL THAN RECNMMENDED ABOVE, e,
L= RESULTING Nfg FILTER wrs, USED IN THE VARTIABLE
CONVOLUTION (L DEPLWNDS ON TNL AND FUN),
MIN,L315 AND MAX,L¥236e~i4ICH COULD
OCCUR 1F TOL I3 VERY SMALL AND/OR FUN NOUT DECREASBING
VERY FAST, e

NOoONMNOAOGCOoOnNnaocoOoOOOOOnonNnnNnoaoaaannaanan

e«THE RESULTING COMPLEX CONVOLUTION SUH T3 GIVEN IN ZHANKijy THE HANKEL
TRANSFORM 1S THEN ZHANKL/B WHICH IS TO wE COMPUTED AFTER EXIT FROM
THIS ROUTINE . 44

aoa

DECREASING FUNCTINN A8 THE ARGUMENT G BECOMES LARGE, ¢,
FOR REAL=ONLY FUNCTIONS, SUBPROGRAM "RHANK{®" 1S ADVISED?}

INTEGRATED IN FARALLEL BY WRITING FUN=CMPLX(F1(G),F2(G))

IF FILTER#FUNCTUL®MAX, THEN REST OF TAIL IS TRUNCATED,

BUT WITH "MORE wWEIGHTS" BRING 9D, TOL IS NOT DIRECTLY



0s

883 CmeoUSAGE=« "ZHANKI" IS CALLED A8 FOLLOWS)

886 ¢ Y

887 G COMPLEX Z,ZMANKL,2F

g8e C EXTERNAL ZF

%89 (o see

290 C 232ZHANK] (ALOG(B) , 2%, TOL,L)/R

£91 o cen

892 (o END

¢93 (o CNMPLEX FUNCTION ZF(G)

#94 (¢ e e USER SUPPLIED CODE,,,

29% € END

£96 c ,

97 C#=NOTES?t

5908 ¢ (1)s EXP=UNDERFLOW'S MAY OCCUR IN EXECUTING THE

k99 o STATENENT FUNCTION C1(IY) BELOWs HOWEVER,

200 € THIS IS OK PRNVIDED THE MACHINE SYSTEM S8ETS ANY & ALL

0014 & EXP*UNDERFLON'!S TO 0,0¢nyeos

902 (¢ (2)s SOME NON=ANSI FORTRAN STATEMENTS ARE USED

903 ¢ (E,Gt DO 20 1=8%,3,«1), BUT IT WOULD BE SIMPLE TO CONVERT
904 (5 THESE STATEMENTS TO ANSI FURTRAN, IF NECESSARY.es

9ns (o

906 c

907 C

908 CenJ{eEXTENDED FILTER WEIGHT ARRAYS§

Q09 C NOTEt ABSCISSA CORRESPONDING TO WEIGHT IS GENERATED

910 € To SAVE STORAGE (SEE STATSMENT FUNCTION C1(¢II) BELOW),

911 DIMEN3ION WT(236),W1(76),W2(76),W3(T76),W4e(8)

9y2 EQUIVALENCE (WTC1),WIC1))p(ATCTTY W2C1)), CWTC153),W3(8)),
913 1 (WT(229),wd(1))

914 DATA W1/

018 1=8,846380%Ew10, 1,1293811E«(09,21,2050872E«09, 1,2696232E=09,
14 2=1,3223909E%09, 1,3642393F=1)9,~1,3969439Ew09, 1,4225941E=09,
917 3=1,4427475E09, 1,4530582E=09,=1,4682563E«09, 1,4732179E=09,
949 4=1,4735606F®09, §,4719870E=09,a1,4727091E=~09, 1,4828225E=09,
919 5»1,5402659E09, §,5667782E«09,n1,6634522E=09, 1,8172900E=09,
920 6»2,0412753F%09, 2,3595230E=090,=2,7861077£=09, 3,3592871E=09,
921 74,0940172E209, $5,0574015E«09,+6,2604109E=09, 7,8269461E=09,
922 8+9,7514701E«09, 1,2267639E=08,~1,5312389F=08, 1,9339924F«08,
9213 9x2,4426297E=08, 3,0576829E~08,=3,B80560204FE=08, 4,B8423732En08,
924 1e6,0054116E%08, 7,6787475E=08,05,4700993E~08, 1,2192844E=07,

025 21 ,4918997Ew07, §,9392737E=07,92,3364786E=07, 3,0911127E=07,



IS

926
927
928
929
230
934
332
933
934
935
936
937
938
939
'.)4()
941
142
943
944
945
246
G447
948
149
950
951
9382
953
984
5%
56
957
954
959
960
961
962
963
964
965
266

3=3,6815394E=07,
4+8,9502318E=07,
5.2,1069398Ew06,
6a4,6059955E06,
7¢8,2010615E06,
8-3,9915035E086,
9 7,2023760E=CS,
1 5,8623480Ee04,
DATA W2/

1 3,4640068E«03,
2 1,8208316E=02,
¥ 8,4285526E02,
4 2,3636305E=01,

4,9413800E007,»%,7554168E=07,
1.2794292E%06,=1,3811469E=06,
3,4103188C=«06,»3,1584463E«06,
9.5561672E«06,=6,4142855E=06,
2,8945247E~0CS, w8 ,6348466Ew06,

9,7273612E-05,
3,6620099E04,
1,5226779E=03,

6,7790892E=03,
3,08661437-02,
1,2773175Ex01,
2,4895051E-01,

5-3,4176222Em01,22,9042175E=01,

6ud,h714B595Ew0],

1,5280945%Ea0,

2,2062958E04,
1,4538718En03,

8,032p420E=03,
4,0106549Ew02,
1,6020907€01,

7,9301529E«07,
2,0789648E=06,
5,6639045E=06,
1,6440205E=05,
5,2317398E=05,
1,8614373E=04,
7,3874339E=04,
3,1930365E=03/

1,4484339E02,
6,4527872E=02,
2,1948043E01,

0B ARES WA ™ DW

@A) em 1D 3P BN~

7,9740630E%02,=6,6934456E202,
3,8651958Lw02,23,2935634E~07,
2,1259541F«02,~1 ,B52627EEw=(?,
1,2402225Ea02,=1,0873526E02,
7.3506430Ew03,%6,455413FE-013,
4,3752213E#03,%),8430703Ex023,
2,6071877E=03Y,=2,2908274E=03,
1,5940998E=03,»1,3655066FE«03,
9,2644573E=04,=8,1406692E=04,
5,5229955Ew04,m4 ,8530352E=04,
3,2925334E004,~3,8931382E~04,
1,9626455E=04,=4,7217455E=04,
1,1701502E=04,+1,0282066E~04,
DATA W3/
6,9758435E%05,=6,1296474E+05,
4,1386435E08,=3,6541840F=05,
2,4791718E=05,=2,1784390En0%,
1,4778578Ew08, =1 ,2966765£+05,
8,0108499Em(6,=7,7420630E=0b,
8,252%892E%06,»4,61543258=06,
3,1313333E«06,=2,7514911E=05,
1,8667342f%06,=4,6402859E=06,
1,1128220E=06,«9,778190¢EQT,
6,6335060E207,5,8286113E-07,
3,9537334E<07,23,4738689E07,
2,3%6)831E«07,22,070i397E407,

1,25963008%01,=5,1060445E=02,
1,1564736E01, 4,9253231E=01,
3,3396541E02,m8,2485262E=02,
8,5150465E=02,%4,5668721Ex02,
Z,6303994Ew02,2,4475127E02,
1,61620376202,1,4158101E=02,
9,5392016Em03,%8,3723743Em03,
5,6686336E203,»4,9803353F=03,
3,3772023E=03,%2,9672872E=03,
2,08287945=03,=1,7686706F=03,
1,199%089E=03, =], 0543497603,
7,1531559E-04,=6,2054459E=04,
4,2043486Ew04,=3,7470650E=04,
2,5421910E=04,%2,2338147E~04,
1,5155278E«04,=1,3316889E=04,
9,0348135E=05,07,93H8566E=05/

5,3660978E«05,%4,7327436E=05,
3,2109174E=05,2,8214208E=05,
1,9141864Fn05,m1,6819888E05,
1,1411426E=05,@1,0027182E=05,
6,8029235E=06,%5,9777053E=06,
4,0555653€06,%3,5636118E=06,
2,4177236E906,92,124441 1EC6,
1,4413051Ew06,e1,2664597E08,
#,5919020E=07,=7,5494920E=07,
5,1213358Em07,4,4998431E007,
3,0522189€=07,%2,6817250E=07,
1,8156012E=GT,1,5979545E%07,



49

967
968
969
°70
971
972
273
974
97%
976
977
G778
979
GRO
981
902
4R 3
984
935
906
987
988
289
490
091
962
093
994
99%
9936
997
598
999
1000
1004
1002
1003
1004
1009
1006
1007

O DIIAS

1
2

1,4038968E%07,=1,2333746E=07,
8,3613184E=08,27,3443411E=08,
4,9740428E«08,=4,3565572Em0R,
2,9472R36Ee08,=2,5819439Ex08,
1,7223359E08,%1,4987069E=08,
9,6723739E=09,=8,2794392E09,
4,9882405E«09,4,1443813E-09,
DATA W4/
2,2217311E«09, =1 ,7504755E=09,
7,2300885E010,24,8860666E=10,

CwwmggENDATA

c

10

20
30

40
50

COMPLEX FUN,C,C1,CMAX
DIMENSION T€2),TMAXC2)

1,0835294E«07,=9,5185048E+08,
6,4505118Fw08,5,6648167E=08,
3,8321109E=08,=3,3616717E=08,
2,2594957E=08,=1,9745353E=08,
1,3003472E=08,=1,1240056E=08,
7,0438407E=09,«5,9509676E=09,
3,4068114E=09,22,7712762E=09/

1,3465207E»09, 1 ,0080937E=09,
3,0121413En10,=9,1649798Em11/

FQUIVALENCE (C,T(1)), (CMAX,THAX(1))
Ce=STATEMENT FUNCYIONwe INCLUDES ABSCISSA GENERATIONG
CLUXI)=FUN(EXP(=X4FLOAT(IL)#,20e17,0))%WTCI1)

ZHANK1=(¢0,0,0,0)
CMAX=(0,0,0,0)

L=13

no {0 186,98
C=2C1(I)
ZHANKIZZHANK ] +C
TMAX(1)3AMAX] CABS(T(

CONTINUE

)y TMLEX

1) (1)
TMAX(2)=AMAXL (ABS(T(2)),THAX(2)

)
)

TF(TMAX(1),2Q,0,0,AND,TMAX(2),EQ,0,0) GO YO 60

CMAX=TOL*CMAX
DO 20 [=89%,1,=1
C=C1i(1)
ZHANKISZHANKL+C
1L=L+1

TF(ABSCTC1)) LE,TMAX (L) (AND,ABS(T(2)),LE,THAX(2)) GO TO 30

CONTINUE

po 40 1299,236
C=C1(1)

ZHANK) 2ZHANK L +C
L=l+1

IF(ABS(T(1)),LE,TMAX(1) 4ARD ABS{T(2)) ,LE,TMAX(2)) GO TO B0

CONTINUE
RETURN



129

1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
101¢
1049
1020
1021

60

70
80

90

po 70 I=4,85%

Cc=Ci(1)

ZHANKI=ZHANK]+C

L=l4d

IF(T(1) ,EQ,0,0,AND,T(2),EG,0,0) GO TO 80
CONTINUFE

DO 90 1=236,99,=1

C=C1(1)

ZHANK{=ZHANK1+C

L=L+Y

17 (T(1),EQ,0,0,AND,T(2) ,EQ,0,0) GO TU 50
CNHTINUE

GO TO 50

END



%G

1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
f041
1042
1043
$n44
1045
1046
1047
1048
1049
1350
1051
1052
10583
1054
1059
1158
1087
1058
{1059
1060
1061

c

COMPLEX FUNCTION ZFOUROC(X,FUN,TOL,L)

C~=INTEGRAL FROM 0 TO INFINITY OF "PUN(G)*COS(G#B)«DG" DEFINED AS THE
C COMPLEX FOURIER COSINE TRANSFORM WITH ARGUMENT X(=ALOG(B))

C BY CONVOLUTION FILTERING WITH COMPLEX FUNCTIQON "FUN"==AND

C USING A VARIABLE CUTeOFF METHOD WITH EXTENDED FILTER TAILSesse

Ce=BY W,L,ANDERSON, U,8,GEOLOGICAL SURVEY, DENVER; COLORADO,

C

Ce=PARAMETERS1

annoaonNnaonoaoaaonaanaononanannnnnaonoann

X

= REAL ARGUMENT(=ALOG(B) AT CALL) OF THE FOURIER TRANSFORM

FUN(G)s EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED)

T0Lm

L=

OF A REAL ARGUMENT G,

NNTEs IF PARMS NOTHER THAN G ARE REQUIRED, USE COMMON IN

CALLING PROGRAM AND JN SUBPROGRAM FUN,

THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE

DFECREASING FUNCTION AS THE ARGUMENT G BECOMES LARGE e
FOR RFAL=CNLY FUNCTIONS, SUBPROGRAM *“RFOURO® 1§ ADVISEDY
HOWEVER, TWO REAL-FUNCTIONMS FI(G),F2(G) MAY BE
INTEGRATED IN PAKALLEL BY WRITING FUNSCMPLX(F1(G),F2(G))
REA1, TOLERANCE EXCEPTSD AT CUNYOLVED TAILS==1,E,,

IF FINTER®FUNCTIOL®MAX, THEN REST OF TAIL IS TRUNCATED,

THIS IS DONE AT BOTH ExDS OF FILTER, TYPICALLY,

TOL <= ,0001 IS USUALLY OK=~BUT THIS DEPENDS ON

THE FUNCTION FUN AND PARAMETER X,esIN GENERAL)
A "SMALLER TOL" WINY, YSHUaLLY RE3ULT IN "MORE ACCURACY"
BUT WITH "MURE WEIGHTS® SEING USFD, TOL IS WOT DIRECTLY
RELATED To TRUNCATINN ERRCRe BUT GENERALLY SERVES AS AN
APPROXIMATION IMDICATOR,,, FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SMALLER TOL THAN RECOMMENDED ABOVE.es

RESULTING NO, FILTER WTS§, USED IN THE VARIABLE

CONVOLUTION (L DEPLNDS ON TOL AND FUN),
MIN,L=24 AND MAX,1i=2fiwaHICH COULD

OCCUR iF TOL 15 VERY SMALL AND/OR FUN NOT DECREASING

VERY FAST, .,

Ce=THE RESULTING COMPLEX CONVOLUTION SUM Y§ GIVEN IN ZFOURO§ THE FOURIER

C
€
(o

TRANSFORM I8 THEN ZFOURO/B WHICH IS TO BE CONRPUTED AFTER EXIT FROM
THI8 ROUTINE, 44



GG

1062
1083
1064
1068
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
107¢
1077
1078
1079
1080
1081
1082
1083
1094
1085
1086
1087
1088
10R9
1090
106¢
1092
1091
1094
1098
1096
1097
109§
L1099
$100
1101
1102

Cm=USAGE=e "ZFOURO" IS CALLED AS FOLLOWSj

weNOT

2X2¥sisEs e e EnisEsls oo N ReRe No oo NoNel

ConCOS«EXTENDED FILTER WEIGHT ARRAYS?

¢ INOZ

{ CYTE229),Y4(4))

W) DO DU B N e

[N ]
COMPLEX Z,ZFQUROQ,2F

EXTERNAL ZF

22ZFOURO(ALOG(B),2F,TOL,L) /B

END

CNMPLEX FUNCTION 2F(G)
+ 0o USER SUPPLIED CODE,, ¢

END

ESy

(1), EXP=UNDERFLOW'8 MAY OCCUR IN EXECUTING THE
STATEMENT FUNCTION CO(I1XI) BELOW! HQWEVER,
THIS IS OK PROVIDED THE MACHINE SYSTEM SETS ANY & ALL

EXP=UNDERFLOW!S TO 0,000

(2). SOME NON=ANST FORTRAN STATEMENTS ARE USED

(EeGt NO 120 Iz14B,1,.v1),
THESE STATEMENTS TO ANSI FORTRAN,

BUT IT NOULD BE SIMPLE TO CONVERT
IF NECESSARY s

Et ABSCISSA CORRESPONGING TO WEIGKT IS GENERATED

C TO sAVE STNRAGE (SFE STATEMENT FUNCTION COCIT) BELOW),
DIMEESION YTC284) oY (T6),Y2(76),Y3076),Y4(53)

EQUIVALENCE (YTCL1YoYL1CL)) o (YTCT7)oy208)),CYTC153),Y3(8)),

DATA Y1/
5,1176101E=14,
6,4179760E=14,
1,7534101Ee13,
2,3815757E13,
6,03499178=11,
8,8911655F=13,
1,9538564F=12,
4,1927341F~12,
1,0063279E%11,
2,2720051E=14,
5,075166FE=11,
1,1227336E=10,

2,9433849E-14,
1,3085746E=15,
7,9373495E=15,
1,9714260E=13,
5,220305E=13,
1,4709731E=12,
2,6283765E=12,
5,75269046%12,
1,2407904E=11,
2,7452598E~11,
6,1094382E=11,
1,3576464E«10,

2,5492922Ew14,

1,2034819E=14,

1,1989957€e13,=1,2216234E=14,

2,123565R%=13,
2,6920132E=13,
5,9837223E=4),
1,3165595E~12,
2,9169697E=12,
6,6569552xm12,
1,8134682E~11,
3,40254423E-~11,
7,5492902E=11,

7.9981520Ew14,
3,4161340E=13,
7.8015306E=13,
1,7578463E=12,
3,9044344E=13,
8,4555678Em12,
1,6501486Ew11,
4,0875985E=11,
%,1445759Ex11,
2,0423244E=10,



9§

1103
1104
1108
1106
1107
1108
1109
1510
1111
1112
1113
1114
1118
1116
1117
1118
1119
1129
1121
1122
1123
1124
1125
1126
1127
1128
1129
11390
11314
1132
1133
1134
1138
1136
1137
1138
1139
1140
1141
1142
1143

O IO D

V@R3PV S WN ™ OD O D i)~

2,4932743E=10,
$,5502837E=10,
1,23%34800£«09,
2,7499027E=09,
6,1205950E=09,
1,3n022929E-08,
3,0321709E=08,
DATA Y2/
6,7491070Ew=0n,
1,5022907E=07,
3,3441046E=07,
7,4443h65E-07,
1,6573073E=06,
3,6898BR16Ea06,
b,72160716F=06,
1,8296530E=0%,
4,0731046E=05,
9,0780005E=0%,
2,02275216-04,
4 508374RE=04,
1,0054938F=01,
2,2421056E=03,
5,0028h66E=03,
1.,1160132E~02,
2,4800811E=02,
5,3905163E#072,
1,03771906=01,
DATA Y3/

3,0470661E=10,
6,7793669E=10,
1,5085255E=09,
3,3569525E=09,
7,4703399E=09,
1,6621917E-08,
3,6992986E-08,

1.53169695=07,
4,0756197E07,
9,0679753E~07,
2,0174273E=00,
4,4879625E~06,
9,9628591E=06h,
2,2202672E=05,
4.9372484E~05,
1,0976337Em04,
2,4398338Ex04,
5,4213218E=04,
$,2041401E=02,
2,6730616E=903,
5,92856688A03,
1,3119527E=02,
2.8793704E=02,
6,0908560E~02,
1,03777118E=01,

3,7198826E=10,
8,2810001E=10,
1,8432253E=09,
4,1025670F09,
9,1312760E=09,
2,0324094E=08,
4,5237482E+08,

1,0069271E=07,
2,2413747E=07,
4,96%4274E=07,
1,1107379E<06,
2,4723798E=06,
5,5059521E=06,
1,2260527E%05,
2,7305154E=05,
6,0620947E=05,
1,3550409E~04,
3,0197018E=04,
6,7515347E=04,
1,5011708E=C3,
3,3490681E-03,
7,4730905E#03,
1,6653199E=02,
1,6762063E=02,
7,7081738BE=02,
1,1892208E~01,

1 7,169513gE=02,22,9473064K=02,+1,5078720E=01,
25,601B995E%01,=6,8050388E=01,%1,5004224E=01,
3 1,376674RE400,=8,03732220=01,%1,0869529E400,
45,03410R7EmC,24,4274455En02, 2,0013102E=01,=1,9999661E-01,
1,5207664Em01,21,0920260E=01, 7,8169956Ew02,=5,6651561E202,
4,1641799E=02,=3,0960012E202, 2,3072559E=02,1,7311631E~02,
1,3021442E02,+9,8085025E~05, 7,3943529E03,=5,5769548E=03,
4,2073164E=03,%3,17450267=03, 2,3954154E=03,1,R8076122E=03,
7,7682952E%04,5,0623518Em04,
2,5195025E=04,=1,9013541E=04,
3,1716174E=05,=6,1667509E=05,
2,6503388E«05,=2,0000904E#05,
1,%093768E05,»1,1330572E=05, B,5959318E=06,=6,4869407E=06,

Sl DDA WD

1,3640916E=03,=1,02939324E~03,
4,4240399KE<04,%3,33R61B3E~04,
1,4346659E-04,=1,0328294E~04,
4,6537684E%0%5,»3,5119487E=05,

4,5449934E=10,
1,0112626E=09,
2,2503397E=09,
5,0077487E=09,
1,1143911E~08,
2,4798610E=08,
5,5183434E=08/

1,2279375E=07,
2,7322065En07,
6,07937%33E=07,
1,3525651Em08,
3,0090445F=06,
6,6935820E=06,
1,48B8061E=05,
3,3109672E<05,
7,3619571E=05,
1,6365676E=04,
3,6370760E=04,
8,0800951E=04,
1,7942344F=03,
3,9815050E=03,
8,8233510E=03,
1,9472767E£=02,
4,2228780E«02,
8,3874501E02,
9,0437429E=02/

«4,0489859E=01,

6,6304064E01,
1,2812892E400,



LS

1144 3 4,89%374{3E=06,23,69428)0E=06, 2,7878625E=06,=2,1038241E«06,
1148 6 1,5875917E=06,=1,1580090E~06, 9,0398030E=07,=6,8208296E=07,
1146 7 5,1458650E=07,«3,8B81758{E=07, 2,9272267E=07,%2,2067921E»07,
1147 8 1,66235148«07,=1,2514102E«07, 9,4034535E=08,7,0556B37E~08,
1148 9 5,2744581E=08,=3,9298010E=08, 2,9107255E=08,=2,1413893E=08,
1149 1 1,5742032E=08,»1,1498604FK~08, B,7561571E=09,e7,2959446E=09/
1150 DATA Y4/

1151 1 6,8816619E=09,=8,9679R825F=09, 1,425¢275E~G8,»1,9564299E=08,
1152 2 2,0235313E=08,=1,4725545E~08, 5,4632920E~09, 3,5995580E=09,
1153 39,52871335«09, 1,1460041E=08,95,0250532E=08, 7,4641748Ew09,
1154 404,4702455E«09, 2,0499053E«0%,nd,4506353Em]10,=4,0374336E10,
1455 8 7,03240C1E210,=6,7067960=10, 4,9130404Ee{0,=2,8840747E~30,
1156 6 1,2373144E=10,«1,5260343Ew1],+3,2027559% =11, 6,18854T4Ew11],
1157 Te5,9273937E11, 4,65887665~t1,3,2054182Em11, §,9631637Em=11,
1158 Bwl,1210098E=11, 5,9567021E~12,23,2427012E=12, 2,1353860E«12,
1159 el ,B476851E~172, 1,8430474dCx12,+1,8362842Em12, 1,7244847Ew12,
1160 1l ,5151479E12, 1,2627657Ee12,1,0129176E=12, 7,9578625E=13,
1161 25,2131435E=13, 4,8745900E=13,=3,9703630E=13, 3,1172547E=13,
11A2 3+2,5327802E~13, 2,0824130E~13,~1,7123163K=13, 1,4113344Ew1),
1163 4atl  1687986Ew]Y, 9,7664016E~14,28,2977176E~14, 7,2515267E=14,
1164 55,6047478E=14/

1165 Ce=ggENDATA

1166 ¢

1167 CnMPLEX FUN,C,C0,ChAX

1168 DIMENSION T(2),TMAX(2)

1169 EQUIVALENCE (C,T(1)), (CMAX, THAX (1))

1170 CeeSTATEMENT FUNCTIONm= INCLUDES ABSCISSA GENERATION)

1171 COCII)XFUN(EXP(eX4FLOAT(1I)*,20%30,30251236))#YT(II)

1172 ZFOUR0=(0,0,0,0)

1373 CMAXE(0,0,0,0)

1174 =22

4,75 DO 110 1=149,170

1176 CsC0C(I)

4k 17 ZFOUROZZFOURO+C

1178 PMAXC1)=R4AXL (ARSCTC(1)),THAX (1))

1179 THAX(2)=AMAXL (ABSCT(2)),THAX(2))

1180 110 CONTINUE '

1581 IFCTMAX(Y) ,FQ,0,0,AND,TMAX(2),EQ,0,0) GO TO 180

1182 CMAX=TUL#CMAX

1183 PO 120 1=148,1,=4

1184 c=Co(I)



86

1188
1186
1187
1iR8
1189
1190
1194
1192
1193
1494
1(68%
1196
1197
1498
1199
1200
1201
1202
1203
1204
1205
1205
1207
1208
1209

120
130

140
150

160
170

130
190

ZFQURO®ZFQURO+C

LEL+d

IFCABS(T(1)),LE,TMAX(1) (AND,ABS(T(2)),LE,TMAX(2)) GO TO $30
CONTINUE

Do 140 1=174,281

C=CO(I)

ZFOURO=ZFOURO+C

1=+l
IFC(ABS(T(1)),LE,THAX (L) AND ABS(T(2)),LE,TMAX(2)) GO 7O 190
CONTINUE

G0 TO 190

DN 160 I=1,148

c=C0(I)

ZFOURO=ZFOURO+C

L=L+{

IF(T(1),EQ,0,6,AND,T(2),FQ,0,0) GO TO 170
CONTINUE

DO 180 I3281,171,=1

€=CN(1)

ZFOQURO=ZFOURO+C

Lzhed

IFCT(1),EQ,0,0,AND,T(2),EQ,0,0) GO TO 190
CONTINUE

RETURN

END



6G

1240
1211
1212
1213
1014
1218
1216
1217
1218
$219
1290
1221
£222
1223
1224
V225
1226
$127
1228
1229
1230
1234
1232
1233
1234
1239
1236
1231
12138
1239
1240
12414
1242
17243
1244
1243
17245
1247
12438
1249

c
C
C

COMPLEX FUNCTION ZFOURL(X,FUN,TOL.L)
C==INTEGRAL FROM O TO INFINITY OF ®FUN(G)#SIN(G#B)#DG" DEFINED AS THE
C COMPLEX FOURIER SINE TRANSFORM WITH ARGUMENT X(=ALOG(B))

BY CCNVOLUTION FILTERING WITH COMPLEX FyYNCTION "FUNFeeAND
USING A VARIABLE CUT«OFF METHOD WITH EXTENDED FILTER TAILS,,e0

CmeBY W.L,ANDERSON, U,$,GEOLOGICAL SURVEY, DENVER, COLORADO,

c

C==PARAMETERS?

caanoaacoaoaaaoanNnnoaoconoonanconNnaacon

X

2 REAL ARGUMENT(=ALOG(R) AT CALL) OF THE FOURIER TRANSFORM

FUN(G)=® EXTERNAL DECLARED COMPLEX FUNCTIQON NAME (USER SUPPLIED)

TOL®

0OF A REAL ARGUMENT G,

NOTE$ IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN

CALLING PROGRAM AND IN SUBPROGRAM FUN,

THE COMPLEX ¥FUMCTIOR FUN SHOULD BE A MOWUTONE

DECREASTHG FUNCTION AS THE ARGUMENT G BECOMES LARGE,,,
FOR REAL=NRLY FUNCTTIUNS, SUBPROGRAM "RFCGURLI™ IS ADVISED)
HOREVER, TwO REAL«F UNCTIOMNE F1(G),F2(G) MAY BE
INTEGRATED IR PARALLZL BY WRITING FUNsCMPLX(F1(G),F2(G))
REAY, TOLERANCE RXCUPTRO AT CUNVOLVED TAlLS==1,E.»

IF FILTEReFUNKTOL#MAX, THEN REST OF TAIL 18 TRUNCATED,

THIS 7S5 DONE AT BOTH ENDS OF FILT¥R, TYPICALLY,

TOL <= 0001 18 USUALLY NK=eBUT THIS DEPENDS ON

THE FUNCTION FUN AND PABAMETER X, . IN GENER3L,
A "SMALLER TOL"™ wInLn VUSUALLY RESULT LN "MORE ACCURACY"
BUT WITH "MORE WEICHTS* REING USED, TOL IS NOT DIRECTLY
RELATED TO TRUNCAYJIOM ERROER, BUT GENERALLY SERVES AS AN
APPROXIMATION INDICAYfiR,,, FOR VERY LARGE OR SMALL B,
GNE SHOULD USE A SHALLER TOL THAN RECOMMENDED ABUVE.es

RESULTING NO, FILTeR wIS, USED IM THE VARIABLE

CONVOLUTLIGN (L DEPENDS 0N TOL AND FUN),
MIN,L=20 AND MAX,L=20&=«"%HICH COULD

OCCUR IF TOL IS VS2Y SMALL AND/OR FUN NOT DECREASING

VERY FAST,4s

Ce=THE RESULTING COMPLEX CONVOLUTION SUM I8 GIVEN IN ZFOURijy THE FOURIER
C TRANSFORM IS THEN ZFOUR1/B WHICH 15 TD BE COMPUTED AFTER EXIT FROM

e
c

THIS ROUTINE, 49
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1250
12381
1782
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
12649
1269
1270
12714
1272
1273
1274
12718
1276
12717
1278
1279
1280
1281
1282
1283
1204
1285
1286
1287
17298
1289
1290

CweUSAGE=w "ZFQURY"™ I8 CALLED A8 FOLLOWSS

anannNnaonnooaaonNnnNnaacnNnNoaonnNnnNnaan

CewSINEXTENDED FILTER WEIGHT ARRAYSH

L}
COMPLEX 2,2FOURY,ZF
EXTEPNAL ZF

ve
2=ZFOURY (ALOG(B) ,2ZF, TOL L) /B

ne e

END

COUPLEX FUNQTION ZF(G)
vesUSER SUPPLIED CODE,es
END

**NOTES?}

(1), EXP=UNDERFLOW!S MAY OCCUR IN EXECUTING THE
STATEMENT FUNCTIQN C1(11) BELOW: HQWEVER,
THIS 1S CK PROVIDED THE MACHINE SYSTEM SETS ANY & ALL

FYP=UNDERFLOW!S TO 0,004,004

(2), SCME NON=ANSI FORTRAN STATEMENTS ARE USED

(E,Gt CO 20 1=190,1,=1), BUT IT WOULD BE

SIMPLE TO CONVERT

THESE STATEMENTS TO ANSI FORTRAN, IF NECESSARY,es

C NOTE1 ABSCIS3A CORRESPONDING 70 WEIGHT 18 GENERATED

C TO SAVE STORAGE (SEE STATEMENT FUNCTION C1(II) BELOW),
DIMENSION WT(266),W1(76),W2(76),H3076),Wa(38)

FQUIVALENCE (WTC1),WiC3)) o (WICTT)»W2(1)), (WT(183),WIC1)),

1

WK O IPAADWN

(WT(229),W4(1))

DATA W1/
{e

1,1113940K209,a1,3237246E=12,
1,7235636En12,%1,8227727E~12,
2,1473541E12,%2,267554% =14,
2,6716110E=12,=2,8227693E=12,
3,3297565£12,3,5179093En12,
4,1464790E212,=4,3794552E=172,
S,1582B09Ew12,05,4474482E12,
6,4175082Em12,%6,7783651Fe17,
7.9864477E12,~8,4344110E=12,
9,9349439E=12,%1,0493731E=11,
1,2370354E%11,°1,3067414E=11,
1,5390685E11,»1,6245313E~11,

1,3091739Ew12,=1,6240954E=12,
1,9255992E12,~2,0335514E=12,
2,3946842E212,~2,5292661E~12,
2,9725171Ewl2,=3,1514006E=12,
3,7163306Ew12,%3,9256378E~12,
4,6252131Ea12,m4,6845227E=12,
5,7530277E=12,=5,0760464E=12,
7.1595239Ew12,»7,5618762E=12,
9,9072422E~12,%9,4067/05E=12,
141084900E=11,%1,1709937E~11,
1,3802200E=11,°1,4575980E=11,
1,7156934E=11,®1,8115250E~11,
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O DN E S

O TP NRWN QOD IO B N -

W N O DD WA -

1,9131898E~11,22,0209795E=11,
2,1840976E=11,+2,5192263Ex11,
2,9709129E11,3,1382870E~114,
3,6981050E=11,~3,9058583En11,
4,6010537E=11,~4,8590396Em11,
5,7236720E=11,~6,0455911Em1},

7,1265224En11,=7,5279775ER11,

DATR W2/
8,8p66961FE=11,=9,3621900E~11,
1,1024087E=10,1,1644680F=10,
$1,3733244E<10,=1,4510363Fw10,
1,7110130um10,~1,80742578-10,
2,1300736E«10,%2,2498755E«10,
2,6511250E=10,22,8001616E=190,
3,2994314E=30,%3,40849209F-10,
4,1063942Em=10,4,3372666E=10,
5,1105728Ee10,=5,3977672F=10,
£,3601273E~10,~6,7175964E=10,
7,9165025FE=10,%8,3606980E=10,
9,8533749E=10,%1,0404508K=09,
1,22673191E=09,»1,2942905E«09,
{,5286164E«09,=1,6077524r-09,
1,6129066E-09,=1,9%57116E~09,
2,4312660E=09,=2,39590445=03,
3,2762318K»09,2,6082940E.09,
5,3176554E209,«1,3960161E«09,
1,2760851E~08, 7,4264707E+09%,

DATA W3/

2,1352159E=11,92,2%61735E=11,
2,661831CE~11,22,8422547E~11,
3,3149030E=11,=3,5013168E~11,
4,1251694Em11,=4,3566777E=11,
5,1314764E=11,=5,4193353E=11,
6,3861222Em11,%6,7461492E=11,
7¢9512249Ew11,=6,3971327Eni1/

945051764FE=11,=4,0438319E~10,
1,2301979E=10,=1,2997646E=10,
1,5320772E=10,=1,6196550E=10,
1,9091922E=10,°2,0166300E=10,
2,3763936E~10,22,5100C98E=10,
2,95715€91E«10,w3,1238237E=10,
1,6808529Ew10,e3,8578042E10,
4,5611059Em10,%4¢,8386049E~10,
5,7011632Em10,2¢,0%215516E=10,
7.0955028Em10,=7,4942601En10,
B,0317110E«10,=%,3270330Ew=10,
1,0993731E«09,=1,1605442E=09,
1,3691677E=09,»1,4429912E=09,
1,7065998E=05,=1,7890471E%09,
2,14%1608E09,%2,1926779E=09,
2,7872500E=09,=2,5610596E~09,
4,0261453E209,22,3560563E~09,
T,7708747E=09, 1,1853546Ew09,
2,3342167E=08, 2,18698518&.08/

4,4305744E=08q,
2,0832012¢%07,
1,00568156%06,
4,94850237 =06,
2,4469550£=08,
1,211382BE=04,
5,9969995Ew04,
2,96429438%03,
1,4539361F=02,
6,9559512E%02,
2,6192603E=01,

5,4631686E=08,
2,9280540E07,
1,4779183E~06,
7.3545473E=06,
3,5469246R-05,
1,8066494E«04,
8,9437312E=04,
4,4168923E~02,
2,1558670E«(2,
5,9170152E-02,
3,2743321E£=01,

9,6763087E=08,
4,553(88BE=07,
2,2244335E=06,
1,1001083E=05,
5,4441927E=05,
2.HYSLB00E=04,
1,3338466E=03,
6,5773518E=03,
31,1071604E=02,
1,4120170E=018,
3,64074C6E=01,

1,.2823337E=07,
6,5992437E=07,
3,2994G04E=06,
1,63805319E=05,
B,1176726E=05,
4,02022B8En04,
1,9886697E=03,
9,7855105E=03,
4,6903546E=02,
1,9610835601,
3,125755%9E401,

9,0460168E=02,3,6051039E~0),=0(,63247605=01,=8,1178720E=04,
1,5449873E400,«1,1817933E+00,=2,6759896E=01,

5,2205241E»01,
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13132
1333
1334
1238
1336
1337
1338
1339
1340
1341
1342
134)
1144
131458
1346
13147
1348
1449
{250
1351
1352
1383
1354
1359
1996
1357
1359
1159
1360
1364
1362
1363
1364
1365
1366
1367
1364
1369
1370
131711
1372

- O DIPN

O DNV D WA -

1

8,0869201E=01,6,2757149E=01,
7,0472984E=02,%3,1624462E=02,
4,0035936E=03,02,2543784E=03,
4,7658745E%04,°2,9123617E=04,
6,7910334E=0%,=4,1914054E=05,
9,8751880E"06,°6,1008526E=06,
DATA ¥4/
1,4388425E=06,98,8899333E«07,
2,096B234E=07,04,29554378.07,
1,0557711E=08,=1,8880390E-08,
4,4533424E+09,%2,7515596E=09,
6,4904567Evi0,=4,010299%E=10,
9,4600354Faly,=5,8453314E=11,
1,37934606=11,%9,52420656Fwi2,
2,0097689K<12,=1,2405412E=172,
2,9004993E«12,01,7922664Fx) 3,
4,2025050Em14,22,1314733Em14d/

CommgglrADATA

C
¢

10

COMPLEX FUN,C,C1,CMAX
DIMENSION 7(2),THMAX(2)

3,4062630Ee01,1,5885304E=01,
1,4894068E=02,=7,4821176E=03,
1,3160358E=03,%7,8636604E=04,
1,7885105E=04,21,1012416E04,
2,5881544E=05,»] ,5985851E=05,
3,7692543Em06,»2,3287953Em06/

5,4926991£707,»3,3937048E=07,
8,0046336E=08,=4,5457371E=08,
1,16A5454Em08,7,2076428E=09,
1,7001092E=09,=1,0504494E~09,
2,4778763Ew10,1,5310321E«10,
3,6119400Ew11,=2,2320056Ew11,
5,2675102Em12,93,2543076En12,
7,6530538Ew13,04,7191929En13,
1,1016948Kmj3, 6, 7665902E=14,

EQUIVALENCE (C,T(1)), (CMAX,THRAX(1))
CesBTATEMENT FUNCTINNe= INCLUDES ABSCISSA GENERATIONG

CL{TI)=FUN(EXP(X+FLOATC(I1) %,

ZFOURL=(040,0,0)
CMaXx(0,0,0,0)
=18

po 10 I=491,208
C=C1(I1)
ZEOURY2ZFOURY +C

2038,30455704))#WT(II)

THMAY (1 )=AMAYLCARS(T(1)),TMAX (1))
THAX(2)=AMAXL(ABSCYC(2))¢THAX(2))

CONTINUE

IFCTHAX(L) ,EQ,0,0,AND,THAX(2),EQ,0,0) GO TO 60

CHAXSTOL#CMAY,

DO 20 I=2190,1,e1
ceCi(l)
ZFOURLI=ZFOURL+C
L=h+t

IF(ABS(T(1)),LE, TMAX(1) ,AND,ABS(T(2)),LE,TMAX(2)) GO TOD 30
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1373
1374
1378
1376
1277
1378
1379
1380
13194
1382
1383
1364
1385
13186
1387

-1388

1189
1590
1391
1392
1393
1394

20
30

40

60

70
80

90

CONTINUE

DC 40 13209,26¢€

c=Ci(1)

ZLFOURI=ZFOURL+C

LEL4AS : [
IF(ABS(T(L))LE,TMAX(L) JAND ,ABS(Y(2)),LE, TMAX(2)) GO TO %0
CONTIRUE

RETURN

DO 70 I=1,190

c=Citr)

7ZFOURI=ZFOURL +C

L=L+1

IF(T(1),KQ,0,0,AND,T(2),EQ,0,0) GO TO 80
CONTINUE

DO 90 12265,209,4

c=C1(1)

ZFOUPLI=2F0UR{+C

Lalied

IF(T(1),EQ,0,0,AND,T(2),EQ,0,0) GO TO %0
CONRTINUE

GO TO S0

END
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1398
1396
1497
1398
1399
1400
1401
1402
1403
1404
1508
1406
1407
1408
L1409
1410
1411
1412
1413
1414
1418
1416
1117
1918
1419
1420
1921
1422
1423
1424
1428
1426
1427
1429
1629
1430
14314
1432
1433
1434

REAL FUNCTION RLAGHO(X,FUN,TOL,L,NEW)
Coewsnun A SPECIAL LAGGEDs CONVOLUTION METHOD TO COMPUTE THE
C INTEGRAL FROM O TO INFINITY OF "FUN(G)*J0({G#B)*DG" DEFINED AS THE
C REAL FANKEL TRANSFORM OF ORDER O AND ARGUMENT X{®ALOG(R))
C BY CONVOLUTION FILTERING #ITH REAL FUSCTION "FUN"=«AND
C USING A VARIABLE CUT~OFF METHOR WITH EXTENDED FILTER TAILS,ees
¢ .
Ce=BY W,UL,ANDERSON, U,$,GEOLOGICAL SURYEY, DENVER, COLORADO,
c .
CunP2RAMFTERS!

* ¥ 8 REAL ARGUMENT(=ALOG(B) AT CALL) OF THE HANKEL TRANSFORM
"RLAGHO" 15 USEFUL ONLY WHEN Xa(LAST X)=,20 ##e Y ,E,,
SPACED SAME A8 FILTER USEDeeIF THIS Is NOT CONVENIENT,
THEN SUBPROGRAM "RHANKQO" 1S ADVISED FOR GENERAL USE,
(ALSO SFE PARM 'NEW! & NOTES (2)=(4) BELOW),
FUN(G)® EXTERNA!, DECLARED RFXL FUNCTION NAME (USER SBUPPLIED),
NOTE?! IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
CALLING PRUGRAM AND IN SUBPROGRAM FUN,
THE REAL FINCTION FUN SHOULD BE A MONOTONE
DECREASING FUNCTION AS THE ARGUMENT G BECOMES LARGE,,,
TOL® REAL TOLERANCE EXCEPTED AT CONVOLVED TAILS=eI E,s
Ir FILTERSFURSTOL®AAX, THEN REST OF TAIL IS TRUNCATED,
THIS XS DONE AT BOTH ENDS OF FILTER, TYPICALLY,
ToL €= ,0001 IS USUALLY OK==BUT THIS DEPENDS ON
THE FUNCTION FuN AND PARAMETER X,.eIN GENERAL,
A "SMALLER YOL" WYUL YSU2NLLY RESULT IN "MORE ACCURACY"
BUT WITH "MORE WrIGHTS" FZING USED. TOL IS NOT DIRECTLY
RELATED TO TRUNCATION ERpkDpe BUT GENERALLY SERVES AS AN
APFROXIMATION INDICATOR,,, FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SMALLER T0L THAN RECOMMENDED ABOVE,,.,
L= RUSULTING NO, FILTHER WIS, USED IN THE VARIABLE
CONVOLUTION (L DEPENDS ON TOL AND FUN),
MIN,LS20 AND MAX,1i2193e«=ii{ICH COULD
OCCUR IF TOL IS VERY SMALL AND/OR FUN NOT DECREASING
VFRY FAST .4
I1g NECESSARY {sT TIME OR BRAND MEW X,
0 FOR ALL SUBSEQUENT CALLS WHERE X=(LAST X)w=0,20
Is ASSUMED INTERNALLY BY THIS ROUTINE,
NOTESL XF THIS IS NOT TRUE, ROUTINE WILL

# NEwm

oo nnaacnoannanonnNnonn
—
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1438
1436
1437
1438
1439
1440
1441
14492
1443
th44
12495
1466
1447
1448
1449
1650
1451
14852
1453
1454
1458
l"756
§a87
$A58
1459
1450
1461
1662
1463
5464
1465
14606
1467
1448
1469
5470
1471
1472
14713
1474
14758

conaaoaonnononononn

STILL ASSUME X=(LAST X)=0,20 ANYWAY .

IT I8 THE USERS RESPONSIBILITY TO NORMALIZE

BY CORRECT BaEXP(X) OUISIDE OF CALL (SEE USAGE BELOW),
THE LAGGED CONVOLUTION METHOD PICKS UP SIGNIFICANT

TIME IMPROVEMENTS WHEN THE KERNEL IS8 NQT A

SIMPLE ELEMENTARY FUNCTIQON,,.DUE TO INTERNALLY S8AVING

ALL KERNkL FURCTION EVALUATIONS WHEN NEW={,,,

THIEN WHEN WEWz(Q, ALL PREVIOUSLY CALCULATED

KERNELS WILL BE USED IM pHE LAGGED CONVOLUTION

WHERE POSSIBLE, ONLY ADDING NEW KERNEL FEVALUATIONS

WHEN NEEDED (DEPENDS CN PARMS TOL AND FUN)

C==THE RESULTING REAL CONVOLUTION SUM IS8 GIVEN IN RLAGHOj) THE HANKEL

c

TRANSFORM I8 THEN RLAGHO/H WHICHKH IS TU BE COMPUTED AFTER EXIT FROM

C THIS ROUTINE,,ss WHLRE BEEXP(X), X=ARGUMENT USED IN CALL,.»

c

ComU3AGE~« "RLAGHO" 18 CALLED A& FOLLOWSY

AONONNOOOONNNNNOOCHOO0ONnN0

EXTERNATL, RF

ane
R=RLAGHO(ALDG(B)RF,TOL,L,KEN)/B
s

END

REAL FUNCTION RF(G)

» s s USER SUPPLIED CODE,,,

END

»=NOTES {

(1), EXP=UNDERFLOW'!'S MAY OCCUR IN EXECUTING THE BSUBPROGRAM
BFLOWy HOWEVER, THIS X8 OK PROVIDED THE MACHINE BYSTEM SETS
ANY & ALL EXP=UNDZRFLOW'S TO 0,0,444
(2)e A8 AN AID TO UNGERSTANDING & USING THE LAGGED CONVOLUTION
METHOD, LET BMAX>=8MIN>0 BZ GiVEN, THEN IT CAN BE SHOWN
THAT THE ACTUAL NUMBER OF B'S IS NE=AINT(S,%*ALNG(BMAX/BMIN))+1i,
PROVIDED BMAX/BMIH>=1, THE USER MARY THEN ASSUME AN "ADJUSTED"
BMINAHMAXNEXP(m 2% (NB=4)), THE METROD GENERATES THE DECREASING
ARGUMENTS SPACED AS XIALOC(BMAX) yXws2, X252 .49 RALOGIBMINA)Y,
FOR EXAMPLE, (INE MAY CONTROL THIS WITH THE CODER

[N ]

NBEAINT(S ,#ALOGC(BHAX/BMIN) ) #+1

NBleNB4+1
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1476
1477
1478
1479
1450
1431
1482
1483
1484
1485
1486
1487
1488
1489
1430
1491
1492
1493
1495
1495
1496
1497
1468
1499
1500
1501
1502
1503
1504
1508
1506
807
1508
1509
1510
18114
16512
1513
1514
1518
1516

aaanNanonaanaaona

XO=ALOG(BMAX) +,2

NEWg{

DO § T=NB,1,~1
A2X0w,2#(NBi=I)
ARG(I)=EXP(X)

ANS(I)=RLAGHO(X,RF,TOL,L,NEW)/ARG(I)

i NEW=0

ees
(3), IF RESULTS ARE STORED IN ARRAYS ARG(I),ANS(CI),I=i,NB FOR

ARG IN (PMINA,BMAX), THEN TRESE ARRAYS MAY BE USED,

TO SPLINESINTFRPOLATE AT A DIFFERENT (LARGER OR SMALLER)
SPACING THAN USED IN THE LAGGED COnNVOLUTION METHOD,
(4)e IF A DIFFERENT RANGE QF B Is DESIRED,

ALWAYS RESTART THE ABOUVE PRGCEDURE 1IN

BMAX,BMIN AND 8Y SETTING NEW=1,,,,

Cu=JO=EXTENDED FILTER WEIGHT ARRAYS!
C NOTEs$ ABSCTSSA CORRESPONDING TO WEIGHT XS GENERATED
C TO SAVE STURAGE,
DINENSION YT(193),Y1(76),¥Y2(76),Y3(41)
EQUIVALENCE (YTC(8)»Y3CL)) o (YTC(7T),¥201)), (YT(153),¥Y3(1))

1

DATA Y1/

8,r5A8723E+0g,

2=8,9007811Futy,
3e1,0893474Kw10,
4u1,31063415e10,
Bel,5315381Ee10,
bml,685037R%=10,
7wl ,R043755E=10,
Bef 09440911,

WA ADWN - O

1,31222770E=10,
7,0795382E=10,
2,09042255=049,
5,2930786E=09,
1,2577400E=08,
2,89R3953kE=08,
6,5740136E=08,
1,47R4461Em07,
3,30947398-07,
7.,3891802E=07,

7.1143477E<11,~7,8395565E=114,
9,8790055Emil,»?,8675347E=11,
1,2543400E«10,=1,1979399E»10,
1,6153229E«10,%4,4238602F=10,
2,1319755E=10,~4,6232115E=10,
2,9243813F«10,28,56G00302E=10,
4,2417082E=10,«4,3690001FE=10,
6,6188220E=10,6,69€80335=12,

1,1219600E-09,
2,0000379E=09,
4,0409101E«09,
8,3164338E=09,
1,7666303E=08,
3,8268851En08,
8,386428BE«08,
1,8501974E-07,
4,0974828%+07,
9,0939667E=07,

3.5521442E=10,
1,2525947E«09,
3,2A4128R6E=09,
8,2021R09E=09,
1,9143895Ew08,
4,3712685E=08,
9,8652323E=08,
2,2129198E=07,
4,946286REwm07,
1,1033727E=06,

THEN ONE MAY

{2) WITH A NEW

B8.7489547E=14,
1,1118797E=40,
1,4200767E=10,
1,8486236%=10,
2,4824144E=40,
3,4934366F=10,
S.,2458440€E=10,
8,5276151E=10,
1,5061956FE=09,
2,8646623E=09,
5,7687700E~09,
1,2083635E=08,
2,5953011E~08,
5,6590075E=08,
1,2448811E=07,
2,7524203E-07,
6,1030809E=07,
1,3554600E=06,

FOR EXAMPLE,
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1517
1748
1949
1920
1°.21
1422
1523
1524
1828
1426
1627
1528
S50y
1539
Y51
15232
15313
1%34
§6218
1536
1587
tuag
1539
1540
16541
1542
1543
16444
1645
1546
1947
1548
1549
1550
1559
1582
1553
1554
155%
1556
12357

1 1,6474556E=0¢,

DATA Y2/
3,6701680E~06,
B,17269R9E=06,
1,81943RRE=05,
4,049945%ER04,
9,0141902ER0%,
2,0062570F=04,
4,465%1421F=04,
9,9374786E=04,
2,2115938E=03,
4,9214744FK%01,
1,0946310E=07,
2,4239123Ex07,
5,32640829E=07,
1.1000121E%01,
1,6049224Fw0y,

PR W= DO IR A LD DN -

8 3,9009601E=01,

2,0207696E=06,

4,6934104E=06,
9,9954201E»06,
2.??391942‘05‘
4,9486730Fw05,
1,1012552K=04,
2,4507480E04,
5,4541300K%04,
1,2136120E=03,
2,70126755.01,
6,0106700K.01,
1,236%0178w02,
2,9612995F<07,
6,136505 k=02,
1,2P11102F«01,
1,41700647401,

2:4591294E=06,

5,4770076E=06,
1.2194425!'05'
2,7145562E=08,
€.0421440Fm0%
1,3448017K=04,
2,9930366E=04,
6,661264AE=04,
1,4424945%=03,
1,2591960E=03,
7,18055208001,
1, R3114988Em02,
3,#070402E=02,
T,7664144E=02,
1,4543025Em01,

3,0131400E=06/

6,7018208E=06,
1,4909101F05,
3,3174088Kw=05,
7.38220018~05,
1,6428337F=04,
3,6560582F=04,
B,13651R1E=04,
1,8107657E=03,
4,0295817E=03,
8,9643706E.013,
1,9910907E=02,
4,3876916E-02,
9,2918324E~02,
1,5832248E-01,

PLRIRFIORE-02,%1,1330934F=02,
Tel,5331064Fw01,2,9094670En01,=2,9071655Ta0),«2,9708834E02,
1,7999785Em01, =8, ,1452130Kw01,

1,5317216F=014,

9 6,%1840953Fa07,w1,0751806E01,
1 2,%309571Fw02,+1,3904823E=07,

DATA Y3/
2,6729062E=03,¢1,6073748E=03,
3,5749320Em04,=2,2635296En01,
5,3712947F»05,03,2R67888F«05,
7.7499633F w06, =4, TRR2420E=06,
1,1293571FEn0K,=6,9778174F-07,
1,A45R371E=07,=1,01600545=07,
2,1985272En08 ,»1,4819520k <02,
3,4934514F009,=2,1597005EnC%,
K. A9410335s40,w3,1474631E~10,
7,4281055Em)y,rd,567146RE=11,

) 6,5049613Em12/

CmeggFADATA

Lof

N ODVINAR DN

DIMENSION KEY(193),8AVE(193)
IF(NFW) 10,30,10
10 LAGS™Y
YX0==Xn26,30455704
pn 20 IR=1,193
20 KEY(IR)=n0

T.0428567E«02,«4 6019124502,
748107120E03,«4 ,5190359E~03/

9,7715622K04,5,9804407E~04,
1,3060805E=04,8,6172616E«05,
2,0104203505,=1,2543926%=05,
7,953410REw06, =) ,8278645E06,
4,31130195<07,=2,6637753Fn07,
f, 2570807108, w3,8R19969E~08,
0,15%377dFe09,»5,6571541FEa09,
1,334304A/F=09,26,2447148E%10,
$,0447079Kwl0,n],20156B5E=10,
2,8343095Ewtl, =1 ,7513137Ee11,



89

1588
15%9
1560
1561
1962
15613
1664

568
1466
1567
1x48
14569
1670
1471
1872
1457)
1574
1578
1576
1477
178
{%79
1580
14901
1682
14583
inR4
15RS
1%a6
1587
14818
1589
1590
1591
1592
15913
1594
1598
1596
1597
1598

30

110

120

130

140

150

160

170

180

190

C»=STORE/XETRIEVE ROUTINE (DONE INTERNALLY TO SAVE CALL'S)

200

LAGELAG+1!

RLAGHO®0,0

CHAX=0,0

1.=0 !

ASSIGN 110 YO M

12129

GO TD 200

CMAX=AMAX1 (ABS(C),CMAX)
1=+

IF(¢I.1E,146) GO TO 200
IF(CMAX,EQ,0,0) GO TO 180
CMAX=TOL#CHNAY

ASSIGN 120 TO M

12128

GO TO 200
IFCABS(CY,LE,CMAX) GO TO 130
Iel=y

17(Y1,6T,0) GO TO 200
ASSIGN 140 TO ¥

I=147

6N TO 200

IF(ABS(C) (LE.CMAX) GO TO 190
I=144

IF(I,LE,193)y GO TO 200
G0 10 190

ASSIGN {60 10 M

1=y

G0 TO 200

1IF(C,EQ,0,0) GO TO 170
1=+

IF(I,LE, 128y GO TO 200
ASSIGN §80 70 M

I=493

¢ TO 200

IF(C,EQ,0,0) GO TO 190
b ES L3}

IFcX,GE,147y GO TO 200
RETURN

LNOK=T4LAG
1Q=1L,00K/194



69

1599
1600
16014
1602
1503
1604
1608
1506
1‘)07
1508
100
t610

210

220

IRaMOD(LOOK, $94)

IF(IR,EQ.0) IRm§

IROLLEIO®19)
IF(KEY(IR).LE,JROLL) GO TO 220
C=SAVE(IR)#YT(1)
PLAGHO=RLAGHO+C

L=l+l

XEY(IR)=IROLL4IR
EAVE(YRYSFUNCEXP(X04FLOAT(LOOK)®,20))
cn TO 210

END



0L

15114
1612
1613
1614
1619
1616
1447
1718
16519
1620
1621
1622
1623
1624
156298
1626
1627
1628
1629
1630
16131
lh)z
161)
1A34
1638
1636
1637
1638
1639
1540
1641
1642
1rald
1h44
1AAS
1646
1447
1r48
1649
1650

REAL FUNCTION RLAGHI(X,FUN,TOL,L,NEW)
Cemans A SPACIAL LAGGEDS CONVOLUTION METHOD TO COMPUTE THE

22 Ne e Ko Re]

**PARAMETERS

* X

TOL=®

# NEwm

INTEGRAYL FROM 0 TO INFINITY OF "FUN(G)%J1(G#B)#DG" DEFINED AS THE
REAL HANKEL TRANSFORM OF ORDER { AND ARGUMENT X(=ALOG(B))

BY CONVALUTINN FILTERING WITH REAL FUNCTTON "FUN"==AND

USING A VRRIABLE CUT=0OFF METHOD WITH EXTENDED FILTER TAILSsese

C=vRY Wol,,ANDERSON, U,3,GEOLOGICAL SURVEY, DENVER, COLCRADO,

= REAL ARGUMENT(=ALOG(B) AT CALL) OF THE HANKEL TRANSFORM

"RLAGHL™ 18 USEFUY, ONLY WHEN Xa(LAST X)w»,20 ### I E,,
SPACED SAME A8 FILTER USEDesIF THIS IS NOT CONVENIENT,
TREN SURPROGRAM “RHAMKE" Y5 ADVISED FNR GENERAL USE,
(ALSO SEE PARM 'NEW! & NOTZS (2)~(3) BRELCW),

FUN(G)u EXTERNAL DPECLARED RERL FUNCTINN NAME (USER SUPPLIED),
NOTEg YF PAPMS OTHER THAN G ARE REQUIRED, USE COMMON IN

CALLING PROGRAM AND IN SUBPRNGRAM FUN,
THE REAL FUNCTION FUN SHOULD BE A MONOTONE
DECREASING FUNCTTION AS THF ARGUMENT G PECOMES LARGE, e,
REAL TONLERAKCE KXCEPTED AT CONVOLVED TATILS==1,E,,
IF FILTER#FUNKTOL¥MAX, THEN REST OF TAIL I8 TRUNCATED,
THIS IS DONE AT BnTH EnDs OF FILTER, TYPICALLY,
AL <= ,0001 IS USUALLY NKe=«BUT THIS DEPENDS ON
THE FUNCTION FUN AND PARAMETER X,eeYN GENKRAL,
A "SHALLER TOUL®" WILY, USUALLY RESULT IN "MORE ACCURACY"
BUT WITH "MORE ¥EIGHTS"™ RLING USED, TOL IS NOT DIRECTLY
RELATED TO TRUNCATION ERROR, BUT GENERALLY SERVES A3 AN
APPROXIMATINN INDICATCR,,, FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SHALLER ToY, THAN RECOMMENDRED ABOVE ...
RESULTING NN, FILTrR WIS, USED IN THE VARIABLE
CONVOLUTION (L DEPENBS ON 20U AND FUN),
M!N.L=15 AND MAX.L‘?;&"‘\\”YCH COULD
OCCHR I¥ TOL I5 VERY &fALL AND/OR FUN NOT DECREASING
VERY FASTscs
1 IS NECESSARY {ST TIME OR BRAND NEW X,
0 FOR ALL SURSEQUENT CALLS WHERE X=(LAST X)=0,20
18 ASSUMED INTERMALLY BY THIS ROUTINE,
NATEY IF THIS IS NOT TRUF, ROUTINE WILL



1L/

1651
16%2
1653
1684
1658
1656
1637
1158
1659
1660
1661
1662
103
164
1669
1666
1'}')7
1hAR
1669
1670
S&TA
1672
1a73
1674
1478
1AT76A
1077
1678
1679
14780
1681
1602
1683
1604
1688
1£B6
16R7
1AB8
1689
1690
1691

STIUL ASSUME X=(LAST X)=0,20 ANYWAY,,.

IT IS THE USERS RESPONSIRILITY TO NORMALIZE b

By CORRECT BrREXP(X) OUTSIDE OF CALL (SEE USAGE BELOW),
THE LAGGKD CONVOLUTION METHOD PICKS UP SIGNIFICANT

TIME IMPROVEMENTS YWHEN THE KERNEL IS NOT A

SYMPLE ELEAENTARY FUNCYION,, ,DUE TO INTZRNALLY SAVING

ALL KFERNEDL FUNCTION EVALUATIONS WHEN NEW=1,,,

THKN WHEN NEW20, ALY, PKEYIQOUSLY CALCULATED

KERNELS WILYL BE USED IM THE LAGGED CONVOLUTION

WHERE POSSIBLE, ONLY ADDING NEW KERNEL EVALUATIONS

WHEN NEFDED (DEFENDS ON PARMS TOL AND FUN)

ONaOannaaaaann

CweTHE RESULTING REAL CONVOLUTION SUM IS GIVEN IN RLAGH1) THE HANKEL
C TRANSFORM IS THEM RLAGH1/B WHICH IS5 T0O pE COMPUTED AFTER EXIT FROM
THIS ROUTINE,, s, WHERE B=2EXP(X), A=APGUMENT USED IN CALL,,.

a0

CemrUSAGE~= "RLAGH1" I8 CALLED A8 FULLOWSY
XK
EXTERNAL RF

RERUAGHL (ALDBG(B) ) RF, TOL L, NEW) /B
[N ]

END

RFAL FUNCTION RF(G)

s USER SUPPLIED CODE,,,

END

«NOTES }

(1}¢ EXP=UNDERFLOW'S MAY OCCUR 1N EXECUTING THE SUBPROGRAM
RELOWy HOWEVER, THI3 IS OK PROVIDED THE MACHINE SYSTEM SETS
ANY & ANLL EXPwUNDERFLOW!S TO 0,0,4,,
(2)¢ AS AN AID TO UNDERSTANDING & USING THE LAGGED CONVULUTION
METHOD, LET BMAX>=RMINDO B7 GIVEM, THEN 1T CAN BE SHOWN
THAT THE ACTUAL NUMBER OF B!S IS NR2AINT(S,*#ALOG(BMAX/BMIN))+i,
PROVIDED BMaAX/BMIN»=t, THE USER MAY THEN ASSUMF AN MADJUSTED®
BMINAZRMAXBEXP(=,2#(NB*1)), THE MRTHOD GENERATES THE DECREASING
ARGUMENTS SPACED AS XBALNGIRMBXY,Ye,2,Xm 242, ,,,ALOG(BMINA),
FOR EXAMPLE, ONE MAY COMTROQI THIS WITH THE CODES

LB N ]

NB=RINT(5,#ALOG(BMAX/BYTIN) )+

NB1aNBs{

NnNonaacnAaacanNnOonNaanNnoNacOaaOaaaaN



CL

1692 c XO0=ALOG(BMAX)+,2

1693 o4 NEWs{

1694 c DO 1 IaNB,i,=}

1698 C XSX0m 2% (NBl=l)

1696 ¢ ARG(I)=EXP(X)

1697 (& ANS¢T)=BRILAGHL (X, RF,TOL,L,NEW) /ARG(I)

1698 (¢ 1 NEW=0

1699 o) " e

1700 e ¢3), IF RESULTS ARE 8TORED IN ARRAYS ARG(I),ANS(I),I={,NB FOR
1901 c ARG IN (EMINA,BMAX), THEN THESE ARRAYS MAY BE USED, FOR EXAMPLE,
1702 o TN SPLINE~INTERPOLATE AT A DIFFERENT (LARGER OR SMALLER)
1703 (o} SPACING THAY USKED IN THE LAGGED CONVOLUTION METHON,

1704 C (4)s IF A DIFFERENT RANGE 0¢ B IS DESIRED, THEN ONE MAY
1708 c ALWAYS RESTART THE ABOVE PROCEDURE IN (2) WITH A NEW

1706 ¢ RMAX,RMIN AND BY SETTING NEWZ1,,.,

1707 C

1708 c

1709 Ce=J{eEXTENDED FILTKER WHIGHT ARRAYS:

710 € NOTE: ASSCISSA CNRRESPONDING TO WEIGHT 38 GENERATED

1711 C TC 8AVE STORAGE,

1742 DIMENSTON WT(236),HI(T6),W2¢76),w3¢76),W4(8)

1713 EQUIVALENCE (WTC1)pW1CL))» (WTCTT7)pW2C1)), (WTCI83),WI(1)),
£714 { (WT(229),W4(1))

$745 DATA Wi/ :

1716 128,R863R05E~10, §,1293813E~09,21,2050872E=09, §,2696232E=09,
1747 201,3223909E=09, §,3642393K=09,e1,3965439E=09, 4,4225941E=09,
1748 3a1,4427475K=09, 1,4580582F«09,1,4502563E=09, 1,4732179E=09,
1719 4wl 4735R0AER09, 1,4719870E«09,«5,4727091FE«09, 1,4828225F=09,
£720 5u1,5102619Ke09, 1,5667752K=09,24,6634522E=09, 4,8172900E=09,
172 6m2,0412753E=09, 2,3598220E~05%,#2,7664077£=09, 3,3592871FE=09,
1722 7ed,0940172E=09, 5,0571015E-09,26,2504100Ew09, 7,8269461F=09,
1723 829,7514701E=00, {,2267639F=22, a1 ,5342389K=08, §,9339924K«08,
1724 Sm?,4126297E«08, 3,0576629%u0R,«3,%060204E=0R, 4,8423732E-08,
110K 16,0051116E=08, 7 ,6787475E«0F, =2 A700993%»0R, 1,2192344E=07,
1726 2e1,4518997E=07, j,9392737Ee07,=2,3464786Ea07, 3,0911127E=07,
727 I3, 6R15394F w07, 4,9413800E~07,5,7554168Ew07, 7,9301529E=07,
1728 4aB 9502R1RK=0Y, 1,2794292E«06,«1,2011469Em06, 2,0789668FER06,
1729 $»2,1069398K =04, 3,4103188Fm0A, e3, 15/4463E=06, 5,6639045E=06,
1730 6md 6059955E%0h, 9,5561672Fw06,=6,4142855E06, §,6440205FE=05,
1731 708,2010619Fm06, 2,8945217En05,8,6348466Fn0h, §,231739RE=05,
1732 863,9918035K=06, 9,7273612E=05, 1,5220520E«0%, 1,8614373E=04,



€L

1733
1734
1738
1736
1737
173R
1739
17406
1741
1747
1743
1744
1748
17456
1747
1748
1749
1950
17584
1752
1763
1754
17055
1756
17957
1758
1759
1760
17614
1762
1763
1764
19768
1766
1767
1768
1769
1770
1771
19712
773

9 7,2023760E=08,
{ 5,8623480Em04,
DATA W2/

1 3,46408368F~03,

2 1,0201316E=02,
3 8,42088526E=02,

3,6620099E=04,
1,5226779E=03,

6,7790882En03,
3,0866143E~02,
1,2773175E=04,

242062958E=04,
1,4538718E»03,

8,032p420E~03,
4,0106549E=02,
1,60209075w01,

7.3874539E04,
3,1930365E=03/

1,4484339E02,
6,4527872E=02,
2,194R043E=01,

4
5
6

- OWLIOPNDWN - OV

VOANREWN = O D3RR D WN) -

2,3636205E=09, 2,48950%1Em01,
®3,4375222E01,=2,9042176E=01,
w4 ATABS595E=04, §,52B0945E=01,
7.9740630FEn02,=6,6734498E=02,
3,R651950E=02,=3,2935834%.02,
2,1259544Fa02,=1,6526278Ea07,
1,240%2223E=02, w1 ,0873524E=02,
7,3500490En03,#6,4551136E0013,
4,31752213k=01,m3,8438703Fn02,
2,A074877k=01,=2,290R274EmQY,
1,554099PE=01,=§,3655b66F01,
9,2644971E204,8,1406593Ew04,
5,5229655n04,=4,8530352E~04,
3,2925334F~04,2,8931382k=04,
1,9626455Em04,m1 ,7247455Ew04,
1,1701502Em04,»1,0282066E«04,
DATA W23/
6,9758434F=05,26,1296474%=05,
4,1506435K008,13,6541R40E~0%,
2.,4791718E=0%,n2,1784390E~0%,
1,477957REm08,»1 ,2986765K=05,
8,R108499FE=06,=7,74206 308 =05,
5,2525097KE06,=4,61543250=0¢,
3,1313335E=06,%2,75149]1F=06,
1,86673421=06,m1,6402859E=00,
1,1128220k006,m3,7781908E~07,
6,5335060FE=07,=5,87f6113En07,
3,9537334E~07,n3,4738BAR9FE=07,
2,3561R8131F=07,»2,0701397F«07,
1,403R96RK=07,»],2333746F»07,
8,3613184K~0n,=7,3443411K=0R,
4,9740A2REa00,m4, 3645572800,
2,9472P3AFEm0R,~2 58194395408,
1,7223359E=0R, m] ,4987RE9EROR,
3,6723739K209,=8,2794392E=09,

1,250€300Em01,05,1060445Ex02,
$.1564736Em01, 4,92593231E=01,
3,3146541E«02,=8,2485252E02,
5,5150465E=02,%4,5868721E=02,
2,8301994Fe02,%2,4475127F=02,
1,A1R7037E«02,%1,4158101F=02,
9,5392016Em03,=8,3723743E=03,
%,667F335F«03,«4,9803353E03,
31,17772023En03,02,9672872E013,
2,0120994E=03,»1 ,7686706E=03,
1,1999089K=03,«1,0543497£=03,
7¢1531557E04,6,2854459E«04,
§,2643846Em04,=3,7470AS0E=04,
2,5421910E=04,22,2338147Em04,
1,515527RE«04,=),33166889K=04,
9,0348135E«05%,=7 ,938856BEm05/

5,346097RE=05,%4,7327434E=05,
1,2100174E=05,=2,8214208E=05,
1,9141864E=05,1,681988RE~05,
1,14118426Em05,=1,0027182F =05,
6.B020235Em06,%5,9777083E=06,
4,0555653F=06,m3 5636118K~06,
2,4177236E06,%2,1244417E=06,
1,4413051E=06,=1,2664597E~06,
B(S910028E=07,=7,5494920E-07,
5.1213350E=07,=4,499R431Em07,
3,0522189E=07,02,6817250E=07,
1,812R8012Em07,1,5979545E=07,
1,0635294E=07,=9,5185048E=08,
645051 1RER08,=5,6648167E=08,
1,R321109E=0R,«3,3616717E=08,
2,2574957R=08, =1 ,9745353E=08,
1,3003072F=0R, 1 ,{240058E=08,
7,043R407Em0D9, 5 ,9509676E=09,



vl

1774 1 4,9882405E=09,=4,1443813E«09, 3,4088114Ew09,22,7712762E=09/
1778 DATA W4/

1776 1 2,2217311Ew09,=1,7504753E=09, 1,3485207E=«09,=1,0080937E=09,
17717 2 7,2300885E=10,%4,8860666E=10, 3,0121413E={0,=9,1649798En]]/
1778 CowggENDATA

1779 c

1780 DIMENSION KEY(236),8AVE(2396)
1704 IF(NEY) 10,130,110

1782 10 1AG=e

1743 X0zwKal7,0

1704 no 20 IR=i,236

178% 20 KEY(IR)=0

1786 o 1AGELAG4 Y

17R7 RLAGHL=0,0

1798 CHAX=0,0

1’4".’9 L=0

1790 ASSIGN 110 TO M

1791 1=R6

1192 Gh TO 200

1793 110 CMAY=AMAXL(ABS(C),CMAX)

1704 I+

1798 IF¢I ., LE,98) GO TO 200

1796 IF(CMAX,EQ,0,0) GO TO 1%0
1797 CMAY. 2 OL#CMAY

1798 ASSIGN 120 TO M

1799 1289

1R00 G0 TO 200

18014 120 IF(ABS(C).LE,CMAX) GO TO 130
1502 I=Iwi

1903 1IF¢1,67,0) GO TO 200

{604 110 ASSIGN 140 TO M

1405 1299

iR06 ¢ TO 200

1807 140 1P (ARS(C) LECMAX) GO TO 150
1998 I=1e4

1909 1F¢I,LE,236) GO TO 200

1410 60 TO 190

1e11 150 ASSIGN 160 70O M

1842 1=}

iRy} GO TO 200

1R14 160 IF(C.EQ,0,0y GO TO 170



SL

1818
1746
1R{7
1818
1819
1020
1821
122
1r23
1R24
1R2S
{R26
1827
1728
1829
1830
1R31
1R32
1233
134
1738
1636
1R137
sR3A

170

180

190

CweSTORE/PETRIEVE ROUTINE (DONE INTERNALLY TO SAVE CALL'S)

200

210

220

I=I+d

IFC(I,LE,85) GO TD 200
ASSIGN 180 TO M

1=236

Gn TO 200

17(C.EQ,0,0) GO TO 190
Ixnl=y

1r(¢I,GE,99) GO TO 200
RETURY

LOOK=I4+LAG

10=L0NX /237

IR=MOD (1,00%,237)

IF(IR,EN,0) TR=y

TROLL=1IO#236
IF(KEY(TR),LE.IROLL) GO TO 220
C=SAVE(IR)*W1(I)
RLAGHI=RLAGH1+C

LEL+)

GO TO M,(140,120,140,1680,180)
KEY(IR)=TROLL+IR
SAVE(TRY=FUN(EXP(XO+FLOAT(LOOK)#,20))
GO TO 210

END



91/,

1839
1740
1841
1P42
{R43
1844
1% 45
1R46
1647
148
1FA9
19850
1851
1852
1853
1R54
155
{RSH
1057
1058
1749
1860
1RAY
1062
1863
1ehé
18”8
1856
1067
1268
1069
1RT70
1a71
1872
1R73
174
1875
176
1877
{n78

REAL F

UNCTION PLAGFO(X,FUN,TOL,L,NEW)

Ce=wean A SPECYAL LAGGED# CONVOLUTION METNOD TO COMPUTE THE

c

INTEGRAL FROM O 10 INFINITY OF "FUN(G)#*COS(G#B)#DG" DEFINED AS THE

C REAL FOURIER CDSINE TRANSFORM WITH ARGUMENT X(=ALOG(B))
C BY CONVOLUTION FILTERING WITH REAJ, FUNCTION M"FUN"==AND
C VUSING A VARIABLE CUT«OFF MXTHOD WITH EXTENDED FILTFR TAILBsaes

CnwBY w,L,ANDERSON, U,S8,GEOLOGICAL SURVEY, DENVER, COLORADO,

c

(o)
C==PARAMETERS1
C

¢ 4 X

c

Cc

o

C

o FUN(G)=
¢

o

C

C

C TOL™
¢

c

C

C

C

C

C

C

C

c L=

c

c

c

e

C # NEwWw
C

e

c

= REARY, ARGUMENT(=ALOG(B) AY CALL) OF THE FOURIER TRANSFORM
“RLAGFO" IS USEFUL OHLY WHEN X=(LAST X)w,20 ### I E .,
SPACED SAME A8 FILTFR USEUe=IF THIS IS NOT CONVENIENT,
TREN SURPROGRAM "RFNURO" Is ADVISED FOR GENERAL USE,
(ALSO SEK PARM !NEW! & NOTES (2)=(4) BELOW),
EXTERNAL DECLARED REAI FUNCTION NAME (USER SUPPLIED),
NOTE1 IF PARMS OTHER THAN G ARE REO"IRED, USE COMMON IN
CALLING PROGRAM ArD IN SUNPROGRAM FUN,
THE REAL FYNCTION FUN SHOULD BE A MONOTONE
DECREASING FUNCTIONW AS THE ARGUMENT G BECOMES LARGE, 4,
RFEAL TOLERANCE EXCERTED AT CONVOLVED TAILS==I, K.,
IF FILTER#TUNCTOL®MAX, THYN REST OF TAIL IS TRUNCATED,
THIS TS DONE AT B0TH ENDS OF FILTER, TYPICALLY,
nl, <= ,0001 IS USURLLY OKewwBUT THIS DEPENDS ON
THE FONCTION FUN AND PLEAMETER X,.,¢IN GENERAL,
A "SMALLER TOL" wIL! USUALLY RESULT IN "MORE ACCURACY"
BUT WITH “MORE WETGHTS" BEING USED, TOL IS NNT DIRECTLY
RELATED In TRUNCATION kkkik, BUT GENERALLY SERVES AS AN
APPRNOXIMATION INDICATOR,,, FOR VERY LARGE OR SMALL B,
ONE SHOULD USE A SMALLER TQT, THAN RECNMMENDED AROVE.es
RESULTING NO, FILTKR wTS, USED IN THE VARYABLFE
CNNVULUTION (L DEPENDS 0N TOL AND FUN),
MIN,[:=24 AND MAX,L=28twanHICH COULD
DCCHR IF TOL 18 VERY SMALL AND/NR FUN NOT DECREASING
VERPY FASTeoo
1 Ig NECESSARY {57 TIME OR BRAND NEW X,
0 FOR ALL SUBSEQUSHNT CALLS WHERE Xa(LAST X)=0,20
Is ASSUMED INTERNALLY BY THIS ROUTINE,
NNTE§ IF THI8 1S ~NUT TRUYX, ROUTINE WILL



L

1879
1089
irg!
1082
1883
1rR34
194%
1986
1687
1PRY
icB9
1490
LS |
irgz2
1493
194
1798
{1rO4
14597
1RY8
1999
je00
19014
1902
1903
1004
1208
1906
11707
1G0R
1009
1940
1911t
1912
1043
1914
1015
1916
1917
iG1R
1919

STILL ASSUME X=(LAST X)®0,20 ANYWAY, e

IT 1S THE USERS RESPONSIBILITY TO NORMALIZE

8Y CORRECT B=EXP(X) OUTSIDE OF CALL (SEE USAGE BELOW),
THE LAGGED CONVOLUTION METHOD PICKS Up SIGNIFICANT A

TIME IMPROVEMENTS WHEN THE KERNEL IS NOT A

S8YMPLE ELEMENTARY FUNCTYION,,oDUE TO INTERNALLY SAVING

ALL KERYNEL FUNCTION EVALUATIONS WHEN NEW=1,,.

THEN WHSN NEW=0, ALL PREVIOUSLY CALCULATED

KFRNELS WILY, BE USLD IN THE LAGGED CONVQLUTION

WHFERE POSSIBLFE, ONT.Y APDING NEW KERNEL EYALUATIONS

WHEN NEEDDD (DEPENDS ON PARMS TOL AND FUN)

nnnnnnnnnno‘n

Ce=THE RESULTING REAL CONVOLUTION SUM IS GIVEN IN RLAGFOj) THE FOURIER
C TRANSFORM IS8 THEN RLAGFO/R WHICH XS TU pf COMPUTED AFTER EXIT FROM
C THIS ROUTINE,,ss WHERE BEEXP(X), X®ARGUMENT USED IN CALL,ss

c

Cm=USAGEe»e "RLAGFO® 135 CALLED AS FDLLOWSY

EXTERNAL RF

RERLAGFO (ALDG(BY ,RF,TIL,L, NEW) /B
[N

END

REAL FUNCTINN RF(G)

vs USER SUPPLIED CODE,q.,

END

wsNOTES ;

t1Ys EXP=UNDERFLOW'S MAY OCCUR IN EXECUTING THE SUBPROGRAM
BRELOWS HOWEVER, THKI8 IS K PROVIDED THE MACHRINE SYSTEM SETS
ANY & ALL EXP<UNDERFLOK'S TO 0,0,,.4
(2)¢ AS AN AID TD UNDERSTANDING & USING THE LAGGED CONVGLUTION
METHOD, LET BMAX>®=BMINDO BE GIVEW, THEN IT CAN BE SHOWN
THAT THE ACTUAL NUMBER OF B!S IS NBRAINT(S,®ALOG(BMAX/BMIN))+1,
PROVIDED BMAX/BMINV>=1, THE USER MAY THEMN ASSUME AN "ADJUSTED"
BMINAZAMAX#FXP (=, 24 (NB=1)), THE M THOD GENERATES THE DECREASING
ARGUMENTS SPACED AS XSALOG(BMAX) pXme2)X*e2%2,,,44sALOG(BMINA),
FOK EXAMPLE, ONF MAY CONTROUL THYS wITH THE COUDES

aee

NBEAINT(S,#ALOG(BMAX/BMIN) Y+

NR1=NR4+{

[2Es s RN NN NeNeNoReNoRe o RoRe Re No Ro Ro l e Xo Ko We
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1020
1921
1922
1923
1024
1628
1926
1027
{928
1929
ja30
19314
1632
1933
1934
038
1936
1937
1938
1039
1940
149414
1042
1941
1944
1545
1946
1947
948
1549
1950
1951
1082
19513
1954
{058
1956
1957
1958
1959
1960

XO=ALOG(BMAX) 4,2

NEW={

DO { XIaNB,{,=}

X3X0=,2%(NBl=])

ARG(I)=FEXP(X)

ANS(1)2RLAGFO(X,RFTOL,L,NEW)/ARG(T)
1 NEW=0

[ ]
(3), IF RESULTS ARE STORED IN ARRAYS ARG(I),ANS(I),I={,NB FOR
ARG IN (BMIMA,BMAX), THEN THESE ARRAYS MAY BE USED, FOR EXAMPLE,
TN SPLINE=INTERPOLATE AT A DIFFERENT (LARGER OR SMALLER)

anaonnnnaonNnnNnnoaanaaoan

Ce=COS»EXTENDED FILTER WEIGHT ARRAYS!

SPACING THAN USED IN THE LAGGED CONVOLUTION METHOD,
(4), IF A DIFFERENT RANGE OF B IS DESIRED,
ATLVAYS RESTART THE ABNVE PRNCEDURE IN (2) WITH A NEW
RMAX,BMIN AND BY SETTING NkW=1,,,,

THEN ONE MAY

C NOTE® ARSCISSA CORRESPONDING TO WEIGHT Y8 GENERATED

¢ 7TO

1 (YT(229),Y4(1))

WA N WD~ QDAL WN -

SAVE STORAGE,

DIMENSION YT(281),Y1(76),Y2(76),Y3(76),Y4(53)
FQUIVALENCE (YTC1),YL1C€1)),CYDCTT7),Y2C¢1)),¢YTC(153),¥Y3(1)),

DATA Y1/
5,1178101Em14,
6,1179700E=14,
1,7534103E=11,
2,19157570=11,
4,0349917Kw13,
B, H911A5SF=11,
1,9538%64K=12,
4,1927141E17,
1,0063229En11,
2,2720081F=14,
5,N751n6RFe11,
1,1227336FE=10,
2,4932743E=10,
5,5502537E«10,
1,2354R00E=09,
2,7499027K=09,
6,1205950K09,

2,9433849E=14,
1,30R%746E~15,
7.9373498F«15,
1,9714260E=113,
§,22038858=13,
1.1709731E-12,
2,6289768E~12,
5,7826904F«12,
1,2487964%ayt,
2,7452590KEm 11,
6,1004182Eu11,
1,36764448n10,
31,0470661Emt0,
6,77916630~10,
1,508%255E209,
3,3569%825E09,
7.4703398E=09,

2,5492522E14,

1,9034819E=14,

1,1969957C=13,=1,2216234FE=14,

2,121%5658Ew1 3,
2,8920132Em11,
5,93317223R=113,
1,3165595R-42,
2,01h7697E=12,
8, 6567%52E12,
1,51%4A87%2E-11,
1,4025441Ew1q,
7.5492982E114,
1 ,6720259E=10,
3,7394526E=10,
B.,2810001E=£0,
1,8432253E09,
4,1025670E=09,

7.,9981520F«14,
3,4161340E=13,
7,8018306E-13,
1,7978463E=12,
3,90443445012,
B,4555678F =12,
1,8501403F11,
4,08759R5E=11,
9,1445759 11,
2,04231244F=10,
4,5449934F 10,
1,0112526E=09,
2,2503397E=09,
5,0077487E=09,
1,1143911E=08,



6L

1961
1962
1963
1064
1068
1966
167
1968
1969
1970
12714
1972
1972
1974
1978
19756
19717
1978
1979
1000
1981
1(.‘82
1981
1ap4
1989%
19R6
$URT
{988
1029
1¢90
1991
1992
1991
1994
1399%
1996
1997
1998
1999
2000
2001

9
1

- OV NP ADWN > OO IR WA

1,31622929E=08,
3,0321709E=08,

DATA Y2/

6,7431070k=08,
1,3022907E«07,
3,1441046F=07,
7.4443€665E=07,
1,6573073E=06,
3,ABIRBLAE=0A,
8,2160716E=04,
1,82965308=05%,
4,0751048E~08%,
9,07806055905,
2,0227%21K=04,
4,5083748E~04,
1,005193RFa01,
2,2421056E0013,
5,002B846K=01,
1,1160132E«02,
2,4800411F=09,
5,3905163E=02,
1,0377190E=01,
DA'TA Y1/

1,6623917E=08,
3,6992986E«08,

B4.2317946E=08,
1,8316969%=07,
4,0756197E«0T,
9,0679733E=07,
2,0174273F=06,
4,4879625E=04,
9,9R28691E~06,
2.,2202672%=05,
4,9372484%w05,
1,0976837E~04,
2,4398318E-04,
5,421332348F~094,
1,2041401Kw03,
2,67306876KE-03,
5,928566RF=02,
1,3119627E=02,
2,8733704K+02,
6,0804660K=02,
1,0377718E=01,

2,0224094E=08,
4,5237482E«08,

1,0060271E=Q7,
2,2413747E=07,
¢,9P44278E=07,
1,1107379E=06,
2,4728798Fe06,
5,5059521E~06,
142760527E=05,
2,7305154E-05,
6,0M20947E=05,
1.,3550400E=04,
1,01970185=04,
A,7315347E=04,
1,501170PFw03,
3,3460681£203,
7,4770905F=03,
1,665319%F =02,
3,67h2063E=02,
T,T081738E~02,
1,179220RE~01,

2,4798640E=08,
5,5183434E=08/

1,2279375E»07,
2,7322863FE=07,
6,0793233E=07,
1,3525651E=06,
3,0090445F=06,
6,6935820E=06,
1,4888061F=05,
3,3109672E=05,
7,3619571FE=08%,
1,5365676F=04,
3,6370760FE=04,
B,0800951E=04,
1,7942344E=03,
3,98153050E=03,
f,8233510E=013,
1,9472767E=02,
4,22287R0E=02,
8,3874501FEw02,
9,0437429E=02/

1 7,.1685138E»02,23,9473064F=02,~1,%075720E=01,%4,0489859E=01,
2=5,6018295Ew0q ,6,80503C8 w0 ,e1,5094224E=04, 6,6304064E=014,
3 1,3766740FK+00,=8,03713222%=04,~1,0960620E400,
Ae5,03410R2Km01,#4,4274455Eu02, 2,0913102F=01,%1,99990A1E=01,

AN w0 INR

1,28128928400,

1,52076648w0y,m1,0920260F=01,
4,16117996«02,=3,0RR0012E=02,
1,3021442En02,#9,8085025Ka03,
4,20731644201,=3,17458026%=03,
1,364081AK®01,«1,0293934E01,
4,4240399K204,=3,3)88183E=04,
1,434BA%CEn04,»]  GO2R2RAFE 04,
4,A537ARAF=05,23 ,5119897K=05,
1.509376R%a05,=1,1390572KE=05,
4,8953713E=06,=3,6942930E=06,
1,5075917E«06k,%1,1980090E«05,
5,145R650E=07,=3,881758{FE=07,
1,6A23514E=07,e1,2514102¢=07,
5,2743561E=0R8,»3,9298610F«08,

7,8160356Em02,=5,66%51561E=02,
2,2017559E02,=1,7311631Fe02,
7.2942520E=03,=5,5769518Km=03,
2,3954{%4E=01,=1,8076122F=03,
7.7632952Em04, =5 ,8623518F=04,
2,5195025E04,1,9013541En04,
“,1716174K05,6,1667509E=08,
2,6%01)8RE05,=2,0000904K=05,
8,595931RE06,=6,4869807E=06,
2,7970625Ku06,22,1038241E=06,
9,039R030E=07,=%,820R296E=07,
7,92722675a07,=2,2067921E=07,
9,403453I5E=0R,=7,0556837E=08,
2,9107255E=08,=2,1413893E=08,



08

2002
2003
2004
2008
2006
2607
2008
2009
Z010
2011
20452
2713
2014
2018
2016
2017
2718
2019
2920
2021
2022
20023
2024
Zn25
2026
2027
2028
2029
2030
2031
2032
20133
2034
20135
2034
2037
2058
2039
2040
2041
2042

1 1,5742032E=08,=1,1498608E=08, 8,7561571F=09,=7,2959446E=09/

DATA Y4/

{ 6,8816619E=09,+8,9679825F=09, 1,4258275E=08,~1,9864299E=08,
2 2,0235313IE=08,1,4725345E~08, 5,463172820E09,

3.9,5287133K=09,

1,1460041F=08,=1,0250532E=08,

3,5995580E09,
7.,4641748E=09,

424,4703465E=09, 2,0499053En09,=4,4006353E=10,=4,0374336E=10,
5 7,032)001Ew10,6,7067960E=10, 4,9130404E=10,e2,6840747R=10,
6 1,2373144Ke10,=1,5260443F 1], wb,2027559F ],

7«5,9273937E=11,
8e1,1210098E=11,
9l ,A976551F=13,
1a1,5161470Fw12,
26,2131435Ee13,
3e2,5337802K 11,
41 ,1687986E=13,
Ke5,6047478K~14/
Ce=ggBNDATA

4,5588766F=11,=3,2052182Ew)],
5,9567021E=12,3,2427812En12,
1,6438474F 12, o] ,E36534728 12,
1,262768TEw12,mi,0129176612,
4,P743900E~13,u3,8703630E13,
2,0824130F=13,-1,7123163F=13,
9, TR64016FEu14,=R, 2977176E=14,

NIMENSINN KFY(281),SAVE(281)
IF(HEY) 10,30,40

10 LAGSw]

X0a«X«30,30251236

pn 20 1R=1,281

20 KEY(YR)=0

30 LAG=ELAG» 1
RLAGF0=0,0
CMAX=0,0
L=0

ASSIGN 11C TO M

1=149
Gn TO 200

110 CMAY=AMAXY (ABS(C),CMAX)Y

1=1+1

IFCI,LE,170) GO TD 200

IF (CMAX ,EQ, 0,0

CHMAXETOL#CMAX
ASSTGN 120 T0
T=2148

Go TO 200

) GO TO 150
M

120 I¥(ABS(C),LE,CMAX) GO TQ 130

1=1°]

1F(1,GT,0) GO

TO 200

6,1R85474E~11,
1,9R31637E=11,
2,135386€Em12,
1,7241847FEw12,
7,9578625Em13,
3,1172547E=13,
1,4113344F13,
7,2515267Em$4,
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2043 130 ASSIGN 140 TO M

2044 121714

2048 Gn To 200

2046 140 IF(ABS(C) LE,CMAX) GO TO $90
2047 AERE D

2048 1F(I,LE,281y GO TO 200

2049 GO TO 190

2050 150 SSIGN 160 TO M

2051 I={

2052 GO TO 200

2n%3 160 IF(C,EQ,0,0) GO TO 170

20%4 1=1+14

2055 F(I,LE, 148y GO TO 200

2084 170 ASSIGN 180 T0 M

20517 12281

2nS8 GN TO 200

21759 180 IF(C.EQ,0,0) GO TO 190

2060 Iz}

2061 IFcI,GE, 171y GO TO 200

2062 190 RETURN

2063 Ce=STORE/RETRTKVE ROUTINE (DONE INTERNALLY TO SBAVE CALL'S)
2064 200 LNOK=2T+LAG

2068 I0=T,0NK/282

2066 IR=MOD (1,O0DK,282)

2067 JF(IR,EN{Q) IRm{

2068 IRDLL=Y0%*281¢

7069 IF(KEY(IR),LE,IROLL) GO T0O 220
2070 210 C=SAVE(IRI#YT(Y)

2071 RLAGFO=RLAGF0O4C

:)012 th"l

2073 GO TO M,(110,120,140,160,180)
2074 220 KEY(IR)=IRDLL4IR

2078 SAVECTRI=FUN(EXP(X04FLOAT(LONK)®,20))
2075 GO TO 210

2077 END



Z8

2078
2079
2080
2081
2082
2083
2084
2088
20R6
20817
2NRR
20R9
2090
2091
2092
20913
2094
2n9%
2094
2097
2098
21089
2100
21014
210?
2103
2104
21058
2106
2107
2108
2109
2110
2111
2142
2113
2114
2148
2116
2117

Lo
c
c
C
c

REAL FUNCTION RLAGF1(X,FUN,TOL,Y,NEW)
Cewsss A SPECTAL LAGGED® CONVOLUTION METHOD TO COMPUTE THE

INTEGRAL FROM 0 TO INFINITY OF "FUN(G)*SIN(G#B)#DG" DEFINED AS THE
REAL FOQURIER SINE TRANSFORM WITH ARGUMENT X(=ALOG(R))

RY COMVOLUTION FILTERING WITH REAL FUNCTION "FUN"=<AND

USING A VARIABLE CUT=OFF METHOD WITH EXTENDED FILTER TAILS.q¢se

Ce=BY W,L,ANDERSON, U,5,GEOLUGICAL SURVEY, DENVER, COLORADO;

C

Ce=PARAMETERS )

s EeRoNoRoNoNoRoRoloNoRoRoNoleNoRo o Ro Ro RoRo Ro e Ne No No e Ko Ne

* X

® REAL ARGUMENT(®ALNG(B)} AT TALL) OF THE FOURIER TRANSFORM

"RLAGF{" IS5 USEFUL ONLY KHEN X=(UAST X)®,20 #»% I E,,
SPACED SAME A8 FILTEFR USFRe=1F THIS IS NOT CONVENIENT,
THEN SURPROGRAM "Ry¢NURIM 18 ADVISED FOR GENERAL UBE,
(ALSU SEE PARM 'NEW! & NGTES (2)=(4) BYLOW),

FUN(G)® EXTERNAL RECLAKED REAL FUNCTION NAME (USER SUPPLIED),

TOL®

% NEWm

NOTEs TF PARMS OTHER THAN G APE REQUIRED, USE COMMON IN

CALLING PROGRAM AND IN SiEPROGRAM FUN,
THE REAL PUNCTINM FUN SHOULD BFE. A MONUTONE
DFCREASING FUNCTION AS THE ARQGUMENT G BECOMES LARGE,ee
PEAL TOLERANCE EXCEPTED AT CONYOGLVED TAXLS==I,E,,
Ir FILTER#PUNCTOL%NEX, THEN REST OF TAIL IS TRUNCATED,
THIS IS DONE AT BOTH EnNds OF FINLTER, TYPTICALLY,
TN <3 ,0001 IS DSUALYLY NKeeBUT THIS DEPEHDS ON
THE FUNCTION FUN AND PAKAMETER X,,2IN GENERALs
A "SMALLEpR TOL" WILL USUALLY RESULT IN "MOKE ACCURACY"
BUT WITH "MORE WELGHTS" REING USED, TCL IS NOT DIRECTLY
RELATED TO TRUKCATIONA ERKIK, BUT GENERALLY SERVES AS AN
APPROYIMATION INDICATUR,,, FOR VYERY LARGE OR SMALL B,
ONE SHOULD 1SKE A SHALIFR2 TNL THAN RECOMMENDRED ABOUVE ..,
RESULTING NO, FILTFR uTS, USED IN THE VARIABLE
CONVOLUTION (L OLP%4DS ON TOL AND FUN),
MIN,L=20 AND MAX,L=2366mewyCH CQULD
OCCUR IF TOL IS VEKY SMALL AND/OR FUM NOT DECREASING
VEPY FAST .y
15 NECESSARY 1ST TIME 0OR BRAND NEW X,
0 PNR ALJ SUBSEQUENT CALLS WHERE X=(LAST X)e0,20
I8 PSSUMED IMTERNALLY BY THIS ROUTINE,
NOTESL IF THIS IS NOT TRUE, RGUTINE WILL

-
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2118
2549
2120
2921
2122
23213
2124
212%
2126
2121
2128
2123
24130
2131
2132
2+33
2124
2135
2136
2137
21138
2139
2140
2141
2142
2143
2144
2148
2146
2147
2148
2149
21%90
2151
2152
2152
2154
2155
2186
23157
2§88

C S8TILL ASSUME X®(LAST X)*0420 ANYWAY. .

C IT IS8 THE USERS RESPONSIBILITY TO NORMALIZE

C BY CORRECT B=EXP{X) OUTSIDE OF CALL (SEE USAGE BELOW),
c THE LAGGED CONVOLUTTION MFETHOD PICKS Up SIGNIFICANT

c TIME IMPROVEMENT WHEN TME KERNKEL IS NOT A

C SIMPLE FLEMENTRRY SUNCTICM,,«DUE 170 INTERNALLY SAVING
€ ALL KERNEL FUNCTION EVALUATIONS WHEN NEW=1,4,

C THEN WHEN NEW=0, ALL PRFEVIOQUSLY CALCULATED

e KFRNELS WILJ, BE USED TN THE LAGGED CONVOLUTION

C WHERFE POSSIRLE, ONLY ADDING NEW KERNEL EVALUATIONS

C WHEN NEEDED (DEPENNDS OY PARMS TOL AND FUN)

C
C

e~»TRE RESULTING REAT, CONVOLUTION SUM {8 CYVEN IN RLAGFi) THE FOURIER
¢ TRANSFORM IS THEN RLAGF1/B WHICH IS 0 k% COMPUTED AFTER EXIT FROM
C THIS ROUTINE,,es WHKRE BSEXP(X), X=ARGUMENT USFD IN CALL,ee
c

Ce=USAGE=e "RLAGF{" IS CALLED A8 FOLLUWS}

ese
EXTERNAL RF

0

R3RLAGFL (ALOG(B) ,RF,TOL,LsNEW)/B
sen

END

REAL PFUNCTION RP(G)

s 0o USFR SUPPLIED CODE,,,

END

»eNOTES ¢

({)e EXP=UNDERFLOW'S MAY OCCUR IN EXECUTING THE SUBPROGRAM
RELOWS HOWEVER, THI8 IS OK pRNVIDED THE MACHINE SYSTEM SETS
ANY & ALL EXP=UNDERFLOW!S T0 0,0,,.,,
(2), AS AN AID TO UNDERSTANDING & USING THE LAGGED COGNVOLUTION
METHOD, LET BMAX>=BMIND0 BF GIVEN, THEN IT CAN BE SHOWN
THAT THE ACTUARL NIMBER OF H'G IS NB=AINT(5,%ALOG(BMAX/BMIN))+i,
PROVIDED BHAX/BMIND=!1, THE USER MAY THEN ASSUME AN "ADJUSTED"
BMINASBMAX#FEXP (~,2%(NB=1)), THE METHND GENERATES THE DECREASING
ARPGUMENTS SPACED AS XRALOG(BMAX),Xe,2,Xw,2#2,,,,9ALO0G(BMINA),
FOR EXAMPLE, ONE MAY CUMTROL THIS wW1TH THE CODES

[N ]

NBZAINT (S #ALOG(BMAX/BMIN) ¢4

NBiaNB+1t

AN AN ANONNANRNNAO
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21589
2160
2161
2162
2163
2164
2168
2166
2167
2169
2169
2170
24714
2172
2113
2174
2175
2176
2517
2178
2179
2180
2181
21R2
2183
21H4
21R%
2186
2187
2188
71R9
2190
2191
2192
2193
2:94
219%
2196
2197
2198
2199

\

nnxTnoaaanNnNannaconn

CenB8INSEXTENDED FILTER WEIGHT ARRAYSY

XO=ALOG(BMAX)#,2
NEWa1{

DD § I=aNB,1,=1
X=X0=,2%(NBl=I)
ARG(I)=FXP(X)

ANS(I)aRLAGFL(X,RF,TOL,L,NEW)/ARG(I)

i NEW=z0

LN ]
(3), IF RESULTS ARE STORED IN ARRAYS ARG(I),ANS(X),I={,NB FOR
ARG IN (BMINA,BMAX), THEN THESE ARRAYS MAY BE USED,

TN SPLINE~INTFRPOLATE AT A RIFFERWNT (LARGER OR SMALLER)
SPACING THAN USED IN THE LAGGED CNNVOLUTINN METHOD,

(4), IF A DIFFERENT RANGE F B IS DESIRED, THEN ONE MAY
ALWAYS RESTART THE ABOYE PROCEDURE IN (2) WITH A NEW
BMAX,BMIN AND BY SETTING NEW=1,4¢.

C NOTE$ ARSCISSA CORRESPONDING TO WEIGHT IS GENERATED

et o]

i
1

DN EDL W= ODIEINU pwWN

SAVE STORAGE,

DIMENSION WT(266),W1(76),W2(76),%3(T76),W4(38)
EQUIVALENCE (WTCL),W1C8)), (WTCT7)oW2C1)),CWTCL53),W3(1)),

(WT(229),W4(1))

DATA W1/

e1,1113940En09,=1,3237246E=12,
1,723663hEn12,m1,8227727Ex12,
2,1473541F=12,22,2675549%a12,
2,6718110Em12,22,8227693E~12,
3,1297565E=12,#3,51790958~12,
4,1464798Kn12,24,3794552E12,
5, 15R2809K =12, 85,44T4462F w12,
6,4175033E12,m6,7783671Kn17,
7.,9064477E=12,9R ,4344110Em12,
9,6349439L=12,1,0493731E~11,
1,2370354E=11,=1,3067414En11,
1,5390683Em)1,m],6249313E=11,
1,9131898Km11,%2,0209795Ex11,
2,3840976Em11,m2,5192263E~11,
2,9709129F=11,=3,1382870F«11,
3,6981050E=11,=3,9058553Ex11,
4,6010537E=11,=4,85390396E=11,

1,5091739Em12,=1,6240954E=12,
1,9255992Em12,22,0335514E=12,
2,3944042Fe12,=2,5292661F=12,
2,9925171Em12,23,1514006E=12,
3,7161306Em12,=3,9256376E=12,
8,625213{Ew12,=4,8845227E~12,
€,751027IK=12,%6,0760464E=12,
7.1%75239Em12,7,5618732Em12,
8,9072422Ew12,~9,4067705Em12,
1,1064500Em11,=1,1709937E=11,
1,3802200Ew11,=1,4575980E=11,
1,7155934Ew11,=1,8115250E=11,
2,1352150€m11,=2,2561735E=11,
2,661S319Em11,=2,8122547E=11,
3,3149030Ew11,%3,508316EE=11,
4,1251694Fe11,=4,3566777E=11,
5,1314761E=11,=5,4193353Em11,

FOR EXAMPLE,
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2200
2201
2202
2203
2204
27208
22068
2207
27208
2209
2210
2211
2912
2243
2714
2098
27216
2217
2218
2219
2220
2228
2222
2223
27224
22258
2225
2227
2228
27229
2210
2231
27232
2233
2234
2235
2236
2237
2238
2239
2240

9 5,7236720Em1),=6,0455911E~11, 6,3861222F=11,%6,7461492E=11,

1

- O W IPRADWN ™ ODIDPADWGN-

WD dNEDWNN ODADN D WN -

7,1265224E=19,=7,5279775E=11,
DATA W2/
8,866B961E=11,%9,3621900E=11,
1,1024087E«10,e1,1644680E=10,
1,3733244E=10,=1,4510363E=10,
1,7110130E~10,=1,8074287E=40,
2,1300756Fa10,a2,2498755E«10,
2,6511250FEw10,=2,8001616E=10,
3,2994314En10,»3,4849209F=10,
4. 1063982Ewl0,=4,33726665E10,
5,1105726E=10,e5,3277672E~10,
6,3601273Ea10,=6,7175964Ku10,
7.%2164025En10,=8,3606280F10,
9.8533749Ew10,=1,0404508E~09,
1,2267391Ew09,%1,2942905K=09,
1,528P164E%09,21,6077524K09,
1,9129048Em09,=1,985711hEu(9,
2,4312650En09,«2,3959044E«09,
3,2762318E=09,#2,6082940FE=09,
5,3176554Ewn09, w1 ,39A0161E=02,

7¢9512249E=1],%8,3974327E»11/

9,8B51764E®11,21,0438319E»10,
1,2301979E=10,+1,2997646E=10,
1,5330772E=10,»1,6196550E=10,
1,9091922Ea10,=2,0166306FE=10,
2,3763936E=10,=2,5100098F«10,
2,0575691Ew10,%3,1238237E=10,
3,6606529Em10,=3,887R042E=10,
4,5611059Fw10,wd RIBA049E=10,
5,7011532Ee10,»6,0215516F =10,
7,09%°5020E=10,»7,49426015=10,
B,%317130En10,=9,3270330E=10,
1,0993731F«09,=1,1605442Em09,
1,3691:677Ka09,01,4479912E209,
1,70P5990Ew09,) ,7R90471E=09,
Ge1191608R«09,02,1926779E=09,
2,7872500E209,=2,5610596E=09,
4,0261453FEw09,%2,3560563E=09,
T.7708747E~09, 1,1853546F~09,

1,2760851Ew08,
DATR W3/
4,6306744E=04,
2,0332R812E<07,
1,0056815E06,
4,94R5R23F=06,
2,4469550F=05,
1,2113028E=04,
5,9969995E~04,
2,9643941K01,
1,4539161Ew02,
6,3559512hw07,
2,6192503E=01,

7,4264707E-09,

5.4631A96E=03,
2,92R0540E«07,
1,4779183En06,
7,3545473F=0h,
3,6460246F=05,
1,8006494F=04,
#,9437312E04,
4,4168923K=03,
2,1558670E=02,
9,9170152F=02,
3,2743321E=01,

2,3332187E00,

9,%763089E=0R,
4,55808BREn0T,
2,22H4335E=06,
1,1001083E=05,
3,4449527E=08,
2,6954509E-04,
1.3330166E=03,
h,577351RE=01],
3,1871R64E=02,
1.4120770E=01,
3,6407406Em=01,

2,1869851E=08/

1,2823337E~07,
5,5992437E%07,
3,2994604E%06,
1,6280539E=05,
B,1176726Em05,
4,0202288E=04,
1,9886697E=03,
9,785%105E=03,
4,6903518E-02,
1,9610635E=01,
3,1257559E~01,

9,0460168F=02,=3,6051039K=01,a8,6324760K=01,=8,11787208=01,
1,5449873E400,~1,1817933E400,+2,6759896E=01,

$,2205241E=01,

R,0869203FEa04¢,ub,2757149E=01,
7,0472984K=02,=3,1624462R=02,
4,0035936Em03,~2,2543784E03,
4,7558745E=04,+2,912581 7504,
6,7910334Fw08,=4,1914054105,

3,4062630Em01,~1,5883304E=01,
1,4894068F=02,%7,4821176E=03,
1,3150350Ew03,«7,8636604E=04,
1,7885105Em04,01,1012416En04,
2,5031544E=05,~]1 ,5985851En05,
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2241
2242
2241
2244
2248
2246
2247
2748
2749
2250
2251
2292
PRER ]
2754
2755
2256
22%9
2758
2289
2260
2261
2262
27263
2764
226%
2266
2267
27h8
27269
2210
20404
2272
2273
2214
2278
2276
2277
2278
2279
2280
22814

1

1
2
3
4
L)
6
7
8
9
{

9,8751880E=06,=6,1008526E~06,

DATA W4/

1,4388425FE«06,=8,8899383E=07,
2,0968284E=07,«1,295%5437E=07,
3,0557711E=08,=1,8R80390F~08,
4,4532423E409,=2,7515696R«09,
6,4904567E=10,=4,0102999F =10,
9,4600354Fai|,«5,8453314Kn11,
1,3793460E~11,-8,5242606Ka12,
2,0097689Fw12,»1,24054{2Ew12,
2,90R4993Em13,~1,7923661 =t3,
4.20625050F=14,2,1314731E=l4/

Cm=ssENDATA

c

10

20
30

110

120

130

DIMENSION KEY(26h),SAVE(266)
1F(NER) 190,30,10

LAGH=]

X0==Xw38,30455704

pn 20 IR=1,266

KEY(IR)=0

LAG=LAGe+L

RILAGF1=0,0

CMAX=0,0

L=0

ARSIGN 110 70 M

1194

6o TOH 200 !
CMAX=AMAXL (ABS(C),CMAX)
I=14+t

IF(¢(I.LE,208) GO TO 200
IF(CMAX,EQ,0,0) GO TO 180
CMAXSTOL®CMAX

ASSIGN 12C TO M

=190

GO TO 200
IF(ABS(C),LE,CMAX) GO TO 130
1=1"]

1¥¢1,GT,0) GO TO 200
ASSIGN 140 TO M

I1=209

G0 TO 200

3,76925423Ew06,22,32879%3E=06/

5,4926991En07,=3,3937048E=07,
8,0046336E008,=4,9457371E=08,
1,16A54541u08,7,2076428E~09,
1,7001092Ew09,=4,0504494E=09,
2,4778763F«10,%1,5310321F=10,
3,A110400Fail,e2,2320056FK=11,
5,2675102E=12,23,2543076%=12,
7.653053PEm13,=4,7191925Ex13,
1,1018948Em13,6,7885902Ew14,
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2282 140 IFCABS(C).LE,CMAX) GO TO 190

2283 I=ls+d

2294 1¥¢I,LE,266y GO TO 200

22R8% GN TO 190

1206 150 ASSIGN 160 TO M

2287 1=

27288 6N TO 200

2289 160 1IF(C.,EQ,0,0) GO TO {70

27290 1=+

22971 Ir¢Y,LE,190) GO TO 200

2292 170 ASSIGN 180 TO M

2291 I1x266

27294 Gn TO 200

2795% 180 1¥¢(C,EQ,0,0) GO 'r0 190

2296 1=1~1

2297 1F¢I1,GE,209) GO TO 200

2298 190 RETURN

2299 Ce=STORE/RETRIEVE ROUTINE (DONE INTFRNALLY TO SAVE CALL'S)
2300 200 LONK=I+LAG

2301 10=L00K /267

2102 TR2MOD(1,00K,267)

21303 IF(IR,EN,0) IRmy

2304 IRNLL=10#266

2308 IF(XEY(TR),LE,IROLL) GO TO 220
2306 210 CaSAVE(YR)#WT ()

23107 RLAGF 1 =RLAGF!4C

z108 2L+

2309 Ga TO M,(110,120,140,160,180)
2110 220 KEY(IR)={ROLL4IR

2311 SAVE(IRYSFUNCEXP(X0*FLOAT(LOOK)*,20))
2112 G0 TO 210

2343 END
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2114 COMPLEX FUNCTION ZUAGHO(X,FUN,TOL,L/)NEW)

23118 Cweotasd A SPECIAL LAGGED® CONVOLUTION METHOD TO COMPUTE THE

2116 C INTEGRAL FROM Q0 TO INFINITY OF "FUN(G)*)J0(G#R)#*DG" DEFINED AS THE
2117 C COMPLEX HANKEL TRAN3FORM OF ORDFR 0O AND ARGUMENT X(=ALOG(B))

2118 C BY CONVOLUTION FILTERING WITH COMPLEX FUNCTION "FUN®w==AND

2319 C USING A VARIABLE CUT=OFF METHOD WITH EXTENDED FILTER TAILSeeses

2120 (s

2121 Cw=RY W,!.,ANDERSON, U,8,GEQOLOGICAL SURVEY, DENVER, COLORADO,

2322 (o5

2123 Ce==PARAMETERSS

2124 (o

24258 (s . X a REAL ARGUMENT(=ALOG(B) AT CALL) OF THE HANKEL TRANSFORM
2126 c "ZLAGHOM 15 USEFUL ONLY HHEN X=(LAST X)®,20 ##» I.E,,
23217 (o SPACED SAME AS FILTHR USEDw=IF THIS 18 NOT CONVENIENT,
2229 (o] THEN SURPROGRAM "ZHANKO"™ I3 APVISED FOR GENERAL USE,
2329 c (ALSO SEE PARM 'NEW! & NOTES (2)=(4) RELOW),

2330 (o FUN(G)® EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED)
23131 o OF A REAI, ARGUMENT G,

2332 ¢ NOTEt IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
2322 ¢ CALLING PROGRAM AND IN JZUBPROGRAM FUN,

2134 ¢ THE COMPLEX FUNCTION FUN SHOULD BE A MONOTONE

23238 c DECREASTNG FUNCTLON AS THE ARGUMENT G BECOMES LARGE. .,
2336 c FOR KFAUL~ONLY FUNCTTONS, SUBPROGRAM "RLAGHO®" I8 ADVISED)
2137 c HOWFVFER, TwN REALFUNCTIONS F1(G),F2(G) MAY BE

23134 c INTEGRATED TN PARALLEL BY WRITING FUN=CMPLX(F1(G),F2(G))
21239 c TOL® ROAL TNLERANCE KEXCEPTED AT CONVAOLVED TAILS=wI F,,

21490 ¢ IF FILTHR®FUNCTOL*M2X, THEN REST NDF TAIIL IS TRUNCATED,
2144 ¢ THIS Is DONE AT nnvd Edbg OF FILTER, TYPICALLY,

2142 c TAL €= ,0001 IS USULXLLY DK=<BUT THIS DEPENDS ON

2343 ¢ THE FIUNCTION FUN ANYD PRRAMETER X,.aTN GENERAL,

2344 (o A "SMALU®R TOL" WILL USUALLY RFESULT IN "MORE ACCURACY"
2345 c BUT WITH "MORE WRYGHTS"™ RPING USED, TOL IS8 NOT DIRECTLY
2346 C RELATED 0D TRUNCATIOHN ERROR, BUT GENERALLY SERVES A8 AN
2147 C APPROXIMATION INDICATOR,,, FOR VERY LARGE OR SMALL B,
2348 C ONE SHOULD USE A SMALLER ToL THAN RECOMMENDED ABOVE, .,
2349 c Ls RESULTING NO, FILTER WTS, USED IN THE VARIABLE

21%0 (o CONVOLUTION (L DEPENDS ON TOL AND FUN),

29%1 c MIN,L=20 AND HMAX,L=193==14JCH COULD

21%2 ¢ OCCUR IF TOL I8 VERY SMALL AND/OR FUN NOT DECREASBING
215) C VERY FAST,.s
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231%4
2385
2386
23%7
2358
2359
23160
2361
21452
2361
2164
2365
266
2367
2368
2469
2370
2373
2372
237}
21474
2478
2176
2177
2178
2379
23140
21381
2282
24813
2184
238%
YREL
2iR7
213188
23189
21390
2191
23192
2193
2134

oo annnn

% NEWw

i1 Is NECESSARY IST TIME OR BRAND NEW X,
0 FOR ALL SUBSEQUENT CALLS WHERE X=(LAST X)w0,20

I8 ASSUMED INTERNALLY BY THIS ROUTINE,

NOTES$ IF THIS Y8 NOT TRUE, ROUTINE WILL

STILL ASSUME X=(LAST X)=0,20 ANYWAY, e

IT IS THE USERS RESPONSIRILITY TO NORMALIZE

BY CORRKCT B=ZXP(X) CUTSIDE OF CALL (SEE USAGE BELOW),

THE LAGGED CONVOLUTION METHND PICKS Up SIGNIFICANT

TIME IMPROAVEMENT3 WHEN THE KERNEL IS NOT A

SYMPLE RLFMENTARY FUNCTIOM, .oNUE TO INTERNALLY SAVING
ALL KERNEL FUNCTION EVALUATIONS WHEN NEW=1,4,

THEMN WHEN NEW=0, ALL PREVIOUSLY CALCULATED

KFRNELS wirny, BE USED TN THE LAGGED CONVOLUTION

WHERE PNSSIBLE, NONLY ADNDING NEW KERNEL EVALUATIONS
WHEN NEEDFED (DEPENDS ON BARMS TOI, AND FUN)

Ce=THE RESULTING COMPLEX CONVOLUTION SUM IS5 GTIVEN IN ZLAGHOj; THE HANKEL
C TRANSFORM IS8 THEN ZLAGHO/B WHICH IS TO gE COMPUTED AFTER EXIT FROM
C THIS RQUTINE,,,, WHERE B=EXP(X), X=ARGUMENT USED IN CALL,,,

c

Cr=lSAGEwe "ZLAGHO® Is CALLED AS FOLLUWG!

nOonaonoaacnOnNnaaonaaanoanonn

LN |
COMPLEX Z,ZULAGHO,ZF
EXTERNAL ZF

L
22ZLAGHO(ALOG(BY , ZF ¢ TOL, L s NEW) /B

END

COMPLEX FUNCTION ZF(G)

» o o USER SUPPLIFD CNDE, ¢4

END

==NOTES

(1),

EXP=UNDERFLOW'!'S MAY DCCUR IN EXECUTING THE SUBPROGRAM

BELOW) HOWEVER, THIS IS oK PRAOVIDED THE MACHINE SYSTEM SETS
ANY & ALL EXPeUNDERFLOW'!S TO 0,0,,,,

(2)a

ME'THOD,

AS AN AID TO UNDERSTANDING & USBING THE LAGGED CONVOLUTION
LET BMAX>=BMIN>0 BE GIVEN, THEN IT CAN BE SHOWN

THAT THE ACTUAL NUMHER OF B!'S IS NB=SAINT(S5,%ALOG(BMAX/BMIN))+1i,
PROVIDED BMAX/BMIN>=1, THE Us:ZR MAy THEN ASSUME AN ®ADJUSTED®
BMINAZBMAX*EXP (=, 2%#(NB=1)), THE METHOD GENERATES THE DECREASING
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2398 c ARGUMENTS SPACED AS X®ALOG(BMAX),Xwqe2,X®,2%#2,,,,¢ALOG(BMINA),
2196 ¢ FOR EXAMPLE, ONE MAY CONTROL THIS WITH THE CODES

2197 C set

2398 (o NB=AINT(S,#ALOG(BMAX/BMIN))+4

2399 ¢ NBi=NB+1

2400 (o] YO=ALOG(BMAX)+,2

2401 € NEW=1{

2402 c DO { IaNB,i,=l

2403 c X=EX0m,2¢(NB1eT)

2404 (o ARG(I)I=EXP(X)

2408 c ZCIYBLLAGHO (X ZF ) TOL Ly NEW) ZARG(Y)

2406 € i NEW=0

2407 o e e

2408 (o] t3), IFr RESULTS ARE STORED IN ARRAYS ARG(I),2¢I),I=i{,NB FOR
2409 c ARG IN (BMINA,BMAX), THEN THESE ARRAYS MAY BE USED, FOR EXAMPLE,
2410 C TO SPLINE<INTERPOLATE AT A DIFFERFNT (LARGER OR SMALLER)
2411 ¢ SPACING THAN USED IN THE LAGGSD CNONVULUTINN METHOD,

2412 c (4)s IF A DIFFFRENT RANGE OF B IS DESIRED, THEN ONE MAY
2411 c ALVAYS RESTART THE ABOVE PRNCEDURE IN (2) WITH A NEW

2414 o BMAX,HMIN AND BY SETTING NEW=1,,,,

24189 o

2116 c

2417 CumJO0=EXTENDED FILTER WEIGHT ARRAYSH

2418 C NOTX$ ABSCISSA CNRRESPONDING TO WKIGHT IS8 GENERATED

2449 C T0 SAVE STORAGE,

2420 DIMENSION XYT(193),Y1(76),V¥2(76),Y)(41)

24214 EQUIVALENCE CYTC(1),YLC1) ) (YDC77),Y2€C4)),CYTC153),¥3(1))
2422 DATA Y1/

2123 1 %,8565723E«08, 7,1143477E=11,-7,8395565Em11, B8,7489547E~11,
2424 2«8,9007811E~31, 9,87900557=1],%?,8675347Ew1y, 1,1118797E=10,
2429 3e1,0893474Kw«t0, {,2543400F=10,=1,1670399Ewi0, 1,4200767E=10,
2426 421,3106%41K=40, 1,6151279E=10,=1,423056025w10, 1,8486236Em10,
2427 Sel,531538iF«10, 2,1319755En0,=1,623P115EmtC, 2,48243144E=10,
2128 6mi,6850378Ke10, 2,92438135w10,+1,6909302E«10, 3,4934366E=10,
2429 Twl 6043753 =10, 4,2217082%10,%3,3590001E=10, 5,2458440E=10,
2330 BuB,9046096F=11, 6,61B8220M»10,%6,6064033Eei2, R ,5276151E=10,
2431 9 1,3222770E=10, 1,1219600£m09, 3,5591442Em10, 1,5061956E«09,
2432 1 7,0795282K«10, 2,0600379E«0%, 1,2535947Ew09, 2,8646623E=09,
2431 2 2,0904225E=039, 4,0409101E=09, 3,3542866Em09, 5,7687700E=09,
2434 3 5,293078AE=09, 8,3164338E=09, 8,2021R00K=09, 1,2083635E=08,
2418 & 1,2577400E«08, 1,7666303E~08, 1,9145895E=08, 2,5953011F=08,
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2548
2519
2520
2521
2522
2523
2524
25258
2526
2527
2528
2529
2530
2531
2532
2533
2% 34
2535
2536
2917

180

190

C»=3TORE/RETRIEVE ROUTINE (DONE YNTERNALLY TO SAVE CALL'S)

200

240

220

GO TO 200
IF(T(1).EQ,0,0,AND,T(2),EQ,0,0) GO TO 190
1sTey

1F(1,GE,147) GO TO 200

RETURN

LOOKET4LAG

10=L00K/194

IR=MOD(L,00K,194)

IF(IR,KQ,0) IR={

IROLL=IQ#193
IF(KEY(IR)LLE,IROLL) GO TO 220
C=3AVE(TR)I#YT(T)
ZUAGHO=ZLAGHO4C

LaL+!

GN TO M,(110,120,140,160,180)
KEY(TR)=JROLT,4IR
SAVE(TR)SFUN(EXP(XO0+FLOAT(LONK)#*,20))
GO TO 210

END
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2538
25219
2540
2541
2542
2543
2544
2545
2546
2547
2548
2449
2550
2551
2552
2553
2554
2555
2586
2557
2558
2959
2560
7561
2662
2563
2564
2569
2566
2567
2568
2%69
2570
2571
2572
2573
2574
2578
2576
4577

C

COMPLEX FUNCTION ZLAGHKI(X,FUN,TOL,Ls»NEW)
Cemsse A SPECIAL LAGGED# CONVOLUTION METHOD TO COMPUTE THE

INTEGRAL FROM O TO INFINITY OF "FUN(G)#1(G#B)#DG" DEFINED AS THE

C COMPLEX HANKFEL TRANSFORM OF ORDFR 1 AHD ARGUMENT X(=ALOG(B))

C
(o
'

BY CONVOLUTINN FILTERING WITH COMPLEY, FUNCTION ®FUN®e=AND
USING 2 VARIABLE CUT=GFF METHUD WITH EXTENDED FILTER TAILSeees

Cm=BY W,L,ANDERSON, U,S,CEOLOGICAL SURVEY, DENVER, COLORADO,

c

Ca=PARAMETERS®

« X

" REAI, ARGUMENT (=ALOG(i3) AT CALL) OF THE HANKEL TRANSFORM
“ZLAGHI"™ IS USEFUL OWLY WHEN Xs(LAST X)®,20 ### I.E,,
SPACED SAMF Ag FILTER ystn==IF THIS Is NOT CONVENIENT,
THEM SURPROGRAM "ZHANKI"™ IS ADVISED FOR GENERAL USE,
(AL,SO SEE PARM 'NFW! & NOTES (2)=(3) HELOW),

FUN(G)m EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED)

TOL®

1=

OF A REAL ARGUMENT C,
NOTE: IF PARMS OTHER THAN G ARE REQUIRED, USE COMMON IN
CALLING PROGRAM AND IN SUPPROGRAM FUN,
THE COMPLEX FUNCTION FiM SHOULD BE A MONOTONE
DECREASING U'UNCTION AS THE ARGUMENT G BECOMES LARGE,,,
FOR PFAL=ONLY FUNCTIONS, SUSPROGRAM "RLAGHI"™ IS ADVISEDg
HOWRVER, TwO REAL-FUNCTIONS F1(G),F2(G) MAY BE
INTEGRATED IN PARALLEL BY WRITING FUN=CMPULX(FL1(G),F2(G))
REAL TULERANCE EXCEPTED AT CONVOLVED TAILS=<I1.E,:
IF FILTER®FUNCTOL&HEX, THEN REST NF TAIL IS TRUNCATED,
TH1S 1S DORE AT BNTH EnPs OF FILTFR, TYPICALLY,
ToL <= ,0001 IS USUALLY NKeeBUT THIS DEPENDS ON
THE FUNCTINN FUN AJD PANLMETER X,esIN GRNERRL,
A PSHALLER TOL" WILDL USUALLY RESULT IN "MORE ACCURACY"
BUT WITH "MORE WEYGHTS" BUING USED, TOL IS NOT DIRECTLY
RELATED Tn TRUNCATINN FRROR, BUT GENERALLY SERVES AS AN
APPROXIMATION INDICATOR,,, FOR VERY LARGE DR SMALL B,
ONE SHOULD USE A SHALLER TOL THAN RECNMMENDFD ABOVEs e
RESULTING ND, FILTER wY5, USED IN THE VARIABLE
COHVOLUTION (L DEPLMDE DN TOL AND FUN),
MIN,L={5 AND MAX L=236=«,BETICH COULD
OCCUR TF TOL I8 VERY SMALL AND/OR FUN NOT DECREASING
VERY FASTeso
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2578
2479
2580
2981
2582
2%R)
2584
2985
2496
2487
2788
2589
2%90
25919
2592
2493
726594
2595
21596
2197
24598
2%99
26000
2601
2602
2603
2604
2608
2606
2607
2608
26409
2610
2511
2612
26113
2614
2618
2616
2617
2618

# NEWs § I8 NECESSARY I&T TIME OR BRAND NEW X,
0 FOR ALL SUBSEQUENT CALLS WHERE X=(LAST X)»0,20
IS ASSUMED INTFRNALLY BY THIS ROUTINE,
NOTEt IF THIS Y5 NOT TRUZ, ROUTINE WILL
STILL ASSUME X%(LAST X)=0,20 ANYWAY,en
IT IS THE USERS RESPOMETHILITY TO NORMALIZE
BY CORRKECT D=EXP(X) OUT51DE OF CALL (SEE USAGE BELOW),
THE LAGGED CONVOLUTION METHOD PICKS UP SIGNIFICANT
TIME IMPKGVEMENTS WHEN THE KERMEL IS NOT A
SINPLE ENLEMENTARY FUNCTICGN,,.,NUE TO INTERNALLY SAVING
ALL KERNEL FURCTION EVALUATTONS WHEN NEW=1,,,
THEN WHEN NEw=2C, ALL PREVIQUSLY CALCULATED
KeRNELS WILL BE USkD IN THE LAGGED CONVOLUTION
WHERE POSSTBLE, ONLY ADDING NFRW KERNEL EVALUATIONS
WHEN NEEDKED (DEP-NOS ON PARMS TOL AND FUN)

nocoaononOanNNOnOnNO0

Ce=THE RESULTING COMPLEX COUNVALUTTON SUM 18 GIVEN IN ZLAGH1j THE HANKEL
C TRANSFORM IS THFN ZUAGH1/B WHICH IS5 TO pE COMPUTED AFTER EXIT FROM

C THIS ROUTINE, .y WRERE B=EXP(X), XZARGUMENT USED IN CALL,4.

C

Co=USAGEe= "ZLAGHi® I8 CALLED AS FUOLLOWS!

L

COMPLEX Zy2LAGHL,ZF

EXTERNAL ZF

aen

222LAGHY CALNG(B) ,ZF, TOL,Ls NEW)/B
[N ]

END

COMPLEX FUNCTION ZE(C)

s USER SUPPLIED CODE,,,

END

==NOTES}
({)y EXP=UNDERFLOW'!'S MAY OCCUR IMN EXECUTING THE SUBPROGRAM
RELOW) HOWEVER, THIS IS OK PROVIDED THE MACHINE SYSTEM SETS
ANY & ALL EXP=UNDERFLOW!S T0D 0,0,,,
(2)y AS AN AID TD UNOFR‘TANDINC & USING THE 1L,AGGED CONVOLUTION
METHOD, LET BMAX>mBMIN>O 8% GIVEM, THEN IT CAN BE SHOWN
THAT THE ACTUAL NUMBER OF %!'S IS NR3IPINT(S5,%ALOG(BMAX/BMIN))+4,
PROVIDED BMAX/BMIN>Z!, THE USER MAY THEN ASSUME AN "ADJUSTED"
BMINAGRBMAX*EXP(»,28(NB"1)), THE METHOD GENERATES THE DECREASING

oo nNnOoOnNOcannan
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2619
2620
2621
2622
26213
2524
2528
2626
26217
2/n2R
2629
2630
2Ar31
2632
26133
2634
263%
2636
2517
2638
2639
2440
25414
2642
2R43
2h44
2648
26448
2+47
2r 4@
2449
2650
2651
2r52
2653
Za84
2658
2h56
2657
2658
2659

ARGUMENTS SPACED A8 X®ALOG(BMAX),Xe,2,X®,262,,,,¢sALOG(BMINA),
FOR EXAMPLE, ONE MAY CONTROL THIS WITH THE CODE

st

NB=AINT (5, »ALOG(BMAX/BMIN) ) +4

NBi=NB+1{

X0=ALOG(BMAX)%,2

NEW=1

DO { I=NB,1,~}{

X=X0=,28(NB1=1)

ARG(I)=FEXP(X)

ZCI)=ZLAGHI (X»2ZF, TOL /L) NEW) ZARG(])
i NEw=0

LA ]
t3)s IF RESULTS ARE STORED IN ApgrAYS ARG(I),2(I),I=i,NB FOR
ARG IN (BMINA,BMAX), THEN THESZ ARRAYS MAY BE USED, FOR EXAMPLE,
TN SPLINE=INTERPOLATE AT A DIFFERENT (LARGER OR SMALLER)
SPACING THAN USED IN THE LAGGED CONVOLUTION METHOD,
(4), IF A DIFFERENT RANGE OF B IS DESIRED, THEN ONE MAY
ALVAYS RESTART THE ABOVE PROCEDURE IN (2) WITH A NEW
BMAX,RMIN AND BY SETTING NEW=1,,,.,

nNaNaanNnOananNnoaocoOON NN an

Ca=JiwEXTENDED FILTKR WEIGHT ARRAYS!
C NOTE$ ABSCISSA CORRESPUONDING TO WEIGHT 18 GENRERATED
C TO SAVE STNRAGE,

DIMENSTION WT(2361,W1(76),%2(76),43(¢76),W4(8)

EQUIVALENCE (WTC(1),WiC1)) o CRTCTTI W2C8)) o (WTCL53),WIC1)),

1 (WT(229),W4(1))
DATA Wi/
{eB,RAB63IK03F=10,
2«1,32239095«09,
3a1,4427475E«09,
4al , 473%5606E=09,
Sal,S5102612F=09,
6«2,0412753K%09,
7+4,0940172E«09,
Be%,7514701E~09,
9«2,4126297E=08,
1«6,0051116E=08,
2«1,4918997E=07,
J=3,6815394E=07,

1,1293811F«09,«1,2050872E=09,
1,3642393F=09,~1,30AG439Ew09,
1,45B0582E~09,=1,45825613Em09,
1,4719870%=09,«1 ,4727091Eu09,
1,5667732Ew09,~1,6624522FeC9,
2,359582308%09,=2,7R61077F«09,
5,05710§5Ee07,%6,2504109E=09,
1,2267639E~08,+1,5112389E»08,
3,0576829E~08,«3,8060204F=08,
7,6787475E-08,=5,4700993E=08,
1,9392737E=07,%2,3464786E«07,
4,9413800E=07,=5,7554168E=07,

1,2696232E09,
1,4225941E=09,
1,4732179E~09,
1,4828225E=09,
1,8172900E=09,
3,3892871%n09,
7,2269461E=09,
1,9339924E08,
4,8423732E=08,
1,2192844F07,
3,0911127E=07,
7,9301529E=07,



L6

2660
2661
2662
2663
2664
266%
7556
24667
2568
2669
2670
2611
2672
273
2674
2578
2K16
2"171
2678
2679
2680
2684
2682
2583
2684
2488
2586
24687
ZhHER
2AhR9
290
2691
26092
2693
2194
298
2696
2697
2698
2/r99
2700

428,9502848E=07,
5-2.10693935'06;
6ed,6059958E=06,
7=8,2010619E=06,
Be3,991503%E=06,
9 7,2023760E=05,
1 5,8623480K=04,
DATA W2/

1 3,4640860E=01,
2 1,8201316Ee02,
3 8,42855826E-02,
¢ 2,353€305E-01,

1,2794292E«06,1,3811469E=06,
3,4103188E«06,3,1584463Ew06,
9,5561672Fw06,=6,4142855E006,
2,8945217F05,28,6343466E06,

9,7273€12E~05,
2,8620099E-04,
1,5226779En03,

6.77908R2E=03,
3,0866143E=07,
1,2773175E=01,
2,4P95051Fa01,

543,4376222E=01,02,9042175Ea01,

8ol AT4B595ER01,

1,5280945E«01,

1,5220520E405,
2,2057998Ee04,
1,45397168C=03,

8,0323420E03,
4,0106549E=02,
1,6026907E=01,

2,0789668E=06,
5,6639045E=06,
1,6440205%=05,
$,2317398E~08,
1,86143173E04,
7.3874539E04,
3,1930365E~03/

1,4484339E+02,
6,4527872E=02,
2,1948043E~01,

OO RLWN-ODI

DN e DDA L WD) -

7,9740630Ka02,%6,59344987u0?,
3,8651958E02,«3,2935434E«02?,
2,1259541E%02,%1,852627€En02,
1,2402225kK=07,«1,0873526E402,
7.3506490E03,«6,4551136E«013,
4,3752211K063,=3,R438703Ex03,
2,6071877K03,=2,2908274E«0),
1,5540998503,»1,3655666E~013,
9,264497Fe04,08,1406593F-04,
5,5229955E~04,4,8530352E~04,
3,29251314204,%2,R8931382E04,
1,9629458E04,=1 ,7247455E04,
1,1701502E«04,~1,02B2065E=04,
DATA W1/
6,9758436F=05,=6,1296474E«05,
4,158A41%E705,w3,6541640F =05,
2,4791719F«05,+2,1784390E«04,
1,4779%878E%)5,=1,2985765E05,
B,8108499E~06,%7,7420630E=06,
5,.252589)Fae(0&,4,61543255=00,
3,1313335E«06,22,7%1491{E=04,
1 ,066734%2E°06,01,6402859E~06,
1,1120220FK«06,29,7781908E«07,
6,6335060L07,=5,8286113E~07,
3,9537334£-07,=3,473868%Fa07,
2,3561831Fe07,«2,0701397E07,
1,4038968E«07,=1,2333746E»07,

1,2978300Fe04,%5,1060445E=02,
1,1454736Ee01, 4,9253231F«01,
3,3318541Ee02, 08 ,2485252E02,
5 S150¢65Ea02,m4,5868721F=02,
2,83039945e02,%2,4475127E02,
1,5182037€%02,%1,4158101En02,
9,5192016Fm03,~8,3723743E=03,
5,h676335E003,4,98033537=03,
3,3712023E203,%2,9672872E03,
2,0126794R=03, =1 ,7686706F=03,
1,1999069Ew03, =1 ,0543497E=03,
7.1531559F04,=6,2854489F=04,
4,7683446Em04,=3,7470650E04,
2,5¢2§910E«04,=2,2338147E=04,
1,5155278K=04,1,3316389E=04,
9,0343135Em0%,w7,938R568E05/

5.3650078E=05,=4,7327436E~05,
3,2509174E=05,=2,8214208E=05,
1,9441864E<05,1 ,60198B8E=05,
1,1411426E=05,1,0027192E«08%,
6¢R029235Ew06,=5,9777083E=06,
8,0535553%m04,%3,5636118E=06,
2,4177236KEa06,22,1244417E=06,
1,4412051E=06,«1,2664597E#06,
8,591902REw07,7,54949202e07,
5,1213358Ew07,=4,4998431E207,
1,0522189%=07,=2,6817230E07,
$,8133012E407,%1,5979545E07,
1,0835294£e07,29,5185048E=08,
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2701 S 8,3613184E%08,27,3443411E=08, 6,43508118E=08,=5,6648167E=08,
2702 6 4,974042PE=08,+4,36653572E=08, 3,8321109E«08,~3,3616717E~08,
2703 7 2,9472836Ee0R,»2,50194139Ee08, 2,2594957E«08,=1,974%5353E«08,
2704 B §,7223359E~0R,=1,4987869E08, §,3003472E«0R,=1,1240058E=08,
2708 9 9,6723739E=09,=8,2794392E209, 7,043RA07E=09,«5,9509676E=09,
2706 1t 4,98B2405F=09,24,1443K13E«09, 3,4083114Ew09,2,7712762F=09/
2707 DATA W4/

2908 1 2,2217311E=0q,»1,7504755E~09, 1,3485207E=09,=1,0080937E=09,
2709 2 7,2300885E=10,»4,8860666E=10, 31,0121413Ew10,=9,1649798E«11/
2740 CamggENDATA

2114 (o4

2712 COMPLEX FUN,C,CMAX,SAVE

77113 DIMENSION KEY(236),SAVE(236),7(2),TMAX(2)

2114 EQUIVALENCE (C,T(1)), (CMAX.TMAX(L1))

2715 IF(NEW) 10,30,10

2716 10 LAG=w]

27147 X0=wX«17,0

2718 PN 20 IR=%,236

2149 20 KEY(IP)=0

2720 30 LAG=LAG+!

2721 ZLAGH1=¢0,0,0,0)

7722 CMAX=(0,0,0,0)

21212 L=0

2724 ASSIGN 110 TO M

2725 1286

2726 GN TO 200

27127 110 TMAX(1)=AMAX{ (ABS(TC(1))p TMAX(L))

2728 THAX(2)3AMAXI CABS(T(2)),TMAX(2))

2729 121414

2730 I*¢I,LE,98) GO TO 200

%39 IV (TMAX(L) 4EQ,0,0,AND,TMAX(2),EQ,0,0) GO TO 180

2732 CMAX=TQL®CMAX

27313 ASSIGN 120 TO M

2734 1=85

2738 GO TO 200

27136 120 IF(ABS(T(1)),LE, THAX (1) ,AND ABS(T(2)),LE,TMAX(2)) GO TO 130
2737 yatel

2738 17¢I,GT,0) GO TO 200

2739 130 ASSIGN 140 TO M

2740 1=99

2741 GN TG 290
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24238
2437
2438
2439
2440
2441
2442
2441
2444
2448
2446
2447
2448
2449
2450
2451
2452
2453
2454
2458
2456
2457
2458
2459
2460
2461
2462
2463
2464
2468
2466
2467
2468
2469
2470
2471
2472
2473
2474
247%
2476

oI

DA WN- O D IR UL WN -

Ner O 0 ~2DALs W N -

2,8983953E=08,
6,5740136E=08,
1,47TR4461F~07,
3,1094738E=07,
7.1R91002E=07,
1,6874556FE =06,
DATA Y2/
3,6701680E=06,
8,1726989E=04,
1,819438RE=05,
4,0499452E=05,
9,0141902FK =05,
2,0062570E=04,
4,4651421F =G4,
9,9374786E~04,
2,2115938E%03,
4,9214244E=03,
1.,0946310E=02,
2,42RP91325K=02,
5,32A4R829E=02,
1,100012{E=09,
1,6049224E=01,

DATA Y3/

3,82688%1F=08,
8,3064288E=08,
1,8801974E=07,
4,0974828E=07,
9,0939667E=07,
2,0207696E=06,

4,4934101E=06,
9,9984204E=06,
2,2239184E=05,
4,9486730E=05,
1,1012552E-04,
2,4507680E04,
5,4541300F=04,
1,2138120E01,
2,7012675Ew03,
6,0106700E~03,
1,3365017%~02,
2,9612896E02,
6,4365091E=02,
1,2911102F=01,
1,4170064E=01,

7¢1,53131861E=01,=2,9094670Ew01,
8 3,5009601E=01,
9 6,5184953E~02,#1,0751806E«01,
1 2,5309571E~02,»1,3904823E=02,

1,7999785E~01,

2,6729062E%03,=1,6073718F=03,
3,6749320k=04,22,2635296E=04,
5,3212047E=08,=3,2R6TRAYE0S,
7,7499631K=06,%4,7RR2430%=06,
1,1293571E706,%6,9778174E=07,

1,5458373E=07,=

1,016R354ER07,

2,3985272Ew0R, »1 ,4519520E=08,
3,4954514E~00,=2,1597005E02,
5,0941033E~10,»3,147¢631E=10,
7,4241055E~11,=4,58714668E«11,

6,9049613E=12/

CamggENDATA

COMPLEX FUN,C,CMAX,SAVE

4,37126855=08,
9,8662323E=08,
2,2129198E=07,
4,9462%60Em07,
1,1034727Fm06,
2,4521294Em06,

5,4770076E=06,
1,2194425E=05,
2,7145562E=05,
6¢0421440E=05,
1,344R017E=04,
2,99:0366Ee04,
6,64917643E=04,
1,4%24945E=03,
3,2991969E«03,
7,3405529E03,
1,6314985E=02,
3,6070402E07,
7,7654144Em02,
1,4A543025E.01,

5,6590075E=08,
1,2448814Em07,
2,7524203E+07,
0,1030809Em07,
1,3554600Em06,
3,0131400Em06/

6,7015208E=06,
1,4909101E=05,
3,3174088E=05,
7.3822001E=05,
1,6428337E=04,
3,6560582E=04,
B,13651B1E=04,
1,8107657E=03,
4,0295817E~03,
8,9643708E~03,
1,9910907E-02,
4,3876936E#07,
9,2918324Km02,
1,583224REm01,

8,8785108E=02,=1,1330934E=02,

#2,9084655Em01,%2,9708834E=02,
+4,1853139E01,

1,5317216E=01,

7,8¢79567E=02,=4,6019124E=02,
7,8197120Ew03, 04 ,5190369E=03/

9,7715622E=04,=5,9804407E=04,
1,3960905Em04,8,6172612E=05,
2,0304203E=05,=1,25339265m08,
2,9554103Em0h,=1,827R645Em06,
4,3113019F«07,»2,A637753E=07,
h,2629807Ew08,%3,8819963En08,
9,1563774E«09, 05 ,6573541ER09,
1,3343046Em09,=8,2447148En10,
1,5447072Ew10,w1,201{5685E=10,
2,0143095C=11,1,7513137E=11,
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2477 DIMENSION KRY(193),3AVE(193),T(2),TMAX(2)

2478 EQUIVALENCE (C,T(4)), (CMAX,TMAX(!))

2479 IF(NEW) 10,30,10

2480 10 LAG==]

2481 X0==Yw26,30455704

2482 DN 20 IR=1,183

2483 20 KFY(IR)=0

2484 30 LAGSLAG+1

24RS 21,AGHO=Z(0,0,0,0)

24H6 CMAX=(0,0,0,0)

2407 1,=0

208R ASSIGN 110 TO M

2489 I1=129

2490 GN TO 200

2491 110 TMAX(1)=AMAX1(ABS(T(1)),TMAX(1))

2492 THMAX(2)3AMAXL(ABS(T(2)),TMAX(2))

2493 1=T+1

2494 1IFrY,LE,146) GO TO 200

7498 IT(TMAX(L).FQ,0,0,AND,THAX(2),EQ,0,0) GO TO {50
24986 CHMAX=TULXCMAX

2497 ASSIGN 120 TO M

2498 12128

2499 GO TO 200

2500 120 IFCARS(T(1)),LE,TMAX (1) ,AND ,ABS(T(2)),LE,TMAX(2)) GO TO 130
2501 ERLE!

2502 1IF(1,GT,0) GO TO 200

25013 130 ASSIGN 140 TO M

2504 1=147

2508 GN TO 200

2506 140 IF(ABS(TC1)),LE, TMAX(1) ,AND ,ABS(T(2)) LE,TMAX(2)) GO TO 190
2507 Is144

2508 IF(I. . LE,193y GO TO 200

2509 6N TO 190

2510 150 RSSIGN 160 TO M

2544 Izq

2512 GO TO 200

2513 160 IF(T(1),EQ,0,0,AND,T(2),EQ,0,0) GO TO 170
2514 I=7+1

2515 IFcl1,LE,128) GO TO 200

2516 170 ASSIGN 180 TO M

2517 1=193



66

2742
2743
2744
2748
2746
2747
2748
2749
2750
2751
2752
2753
2754
275%
4756
5157
2738
27159
2760
2761
2762
2763
2764
2765
2766
27617
2768
2769
2710
2711
2912
2713

140 IF(A?S(T(1)).LE.TMAx(!)-AND.ABS(T(2)).LE.TMAX(Q)) GO TO 190
I=1+
Ir(I,LE,236y GO TO 200
GO TO0 190
150 ASSIGN 160 T0O M
I=1
gn TO 200
160 IF(T(1),EQ,0,0,AND,T(2),EQ,0,0) GO TO 470
I=14
Ir¢I,LE,B88) GO TO 200
170 ASSIGN 180 1O M
1=236
G0 TO 200
180 IF(T(1),EQe0,0,AND,T(2).EQ,0,0) GO TO {90
1]~y
IF(T,GE,99) GO TO 200
190 RETUKN
Ceo=3TORE/RETRTEVE ROUTINE (DONE INTERNALLY TO SAVE CALL!S)
200 LNGCK=TI+LAG
102LNNK/237
IRaMUD(1,00K,237)
IF(IR,EQ,0) IR={
IROLLSIN#®#236
IF(KEY(IR) LE,TROLL) GO TO 220
210 C=SAVE(IRY®WT(X)
2L AGHE{ =7 LAGH1 +C
L=DLe+1t
Gn TG M,(110,120,140,160,180)
220 KEY(IR)=IROLL4IR
SAVECIRY=FUN(EXP (X0+4FLOAT(LOOK)®,20))
Gh 10 210
END



00T

2774
2778
21786
2017
2778
2779
2780
2791
2782
7783
2704
27R5%
27R6
2787
2788
2789
2790
2791
2792
<723
2794
279%
2796
2797
2798
2799
2000
2101
2302
2°003
2304
2808
20806
2407
2408
24909
2410
2911
2812
2313

COMPLEX FUNCTION ZLAGFO!X,FUN,TOL,L,NEW)
Ces#ss A SPECIAL LAGGED# CONVOLUTION METHOD TO COMPUTE THE
C INTEGRAL FROM O TO INFINITY OF "FUN(G)*COS(G#B)#DGM™ DEFINED AS THE
C COMPLEX FOURIER COSINE TRANSFORM WITH ARGUMENT X(=ALOG(B))
C BY CONVOLUTION FILTERING WITH COMPLEX FUNCTINN "FUN“==AND
C USING A VARIABLE CUT=OFF METHOD wITH EXTENDED FILTER TAILSsess
c
Ce=BY W,L,ANDERSON, U,S5,GEOLOGICAY, SURVEY, DENVER, COLORADO,
c
Ce=PRRAMETERS

* X = REA!, ARGUMENT(=ALOG(3) AT CALL) OF THE FOURIER TRANSFORM
"ZLAGKFO" IS USEFUL ONLY WHEN X2{LAST X)=,20 »#& I.FE,,
SPACED SAME AS FIL1FR YSEDw=IF THIS IS NOT CONVENIENT,
THEN SURPROGRAM "ZFOUROM 1S ADVISED FOR GENERAL USE,
(ALSO SEE PARM 'NEW! & NOTFS (2)«(4) BELOW),
FUNCG)® EXTERNAL DECLARED COMPLEX FUNCTYION NAME (USER SUPPLIED)
OF A REAL ARGUMENT 0,
NOTE: IF PARMS UTHER TiHAN G ARE REQUIRED, USE COMMON IN
CALLING PROGRAM END IN S{BPROGRAM FUN,
THE COMPLEX FUNCTTION FUN SHOULD BE A MONOTONE
DECRERSING FUNCTION AS THE ARGUMFENT G BECOMES LARGE,,,
FOR REAL=ONLY FUNCTIONS, SUBPROGRAM "RLAGFO® I8 ADVISED)
HOWEVER, TW0 REAL=FUNCTYGHS F1(G),F2({G) MAY BE .
INTHGRATED IN PARALLEL BY WRITING FUNaCMPLX(F1(G),F2(G))
TOL® REAL, TOLERANCE EXCEPTED AT CONVOLVED TAILS==I,E,,
IF FILTERFUNKTNL®MAX, THEN REST OF TAIL TS TRUNCATED,
THIS IS DONE AT BOTH FubS OF FILTER, TYPYCALULY,
TOL €= ,6001 IS USUALLY 0K=eBUY THIS DEpPENDS ON
THE FUNCTION FUN AND PAHAMETER X,,.IJN GENERAL,
A "SMALLER TOL"™ WT(r USUAYLyY RESULT IN "MORE ACCURACY"
BUT WITH "MNRE WELGHTS" BiLYNG USED, TOL IS NOT DIRECTLY
RELATED TO TRUNCATION ERi)ks BUT GENFERALLY SERVES A8 AN
APPROXTHMATION INDICATOR,,, FOR VERY LARGE CR SMALL B,
ONE 3HOULD USE A SHALLER T0f, THAN RECOMMENDED ABOVE, .,
L= RESULTING NO, FILTER WTS, USED IN THE VARIABLE
CONVOLUTION (L DEPENDBS Nf TOL AND FUN).
MIN,L=24 ARD MAX,L=281wwiiHICH COULD
OCCUR I¥ TOL IS VEORY SMALL AND/DR FUN NOT DECREASING
VERY FAST e

eEeReReloNeNoNeloNoNoloNoNoNo oo RoNo o N NoNoRe Ne RoNo No o Ne!
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2814
2n18
72R16
2547
2818
2019
2320
26521
2022
27213
2024
r2y
2E286
7827
ir28
2229
2R30
2831
$R12
2433
234
2935
Z2R36K
2f37
7n3R
2Rr39
2840
7841
P42
20413
2744
21745
2R4K
2n47
2848
2149
2080
2851
2852
28%3
21154

NN anonNnnoanNnOoaonnn

# NEWa { I8 NECESSARY IST TIME OR BRAND NEW X,
0 FOR ALL SURSEQUENT CALLS WHFERE X=(LAST X)=0,20
IS ASSUMED INTERNALLY BY THIS ROUTINE,.
NOTEs IF THIS IS HQOT THUE, ROUTINE WILL
STIUL ASSUME XE(LAST X)<0,20 ANYWAY, .4
IT IS THE USERS KESPUNSGIRILITY TO NORMALIZE
BY CORRZCT B=FEXP(X) OUTAJDE OF CALL (SEE USAGE BELOW),
THE LAGGED CONVOLUTION HiTHOD PICKS UP SIGNIFICANT
TINE IMPROVEMTNTS WHEN THE XERMFEL IS NOT A
STMPLE ELEMENTARY FUNCTTON,..DUE TO INTERNALLY BAVING
ALL KEANEL FUNCTION EVALLVATIONS WHEN NEWS1,,.
THEN WHRKN HNEW=0, ALL PHEYIOQUSLY CALCULATED
KERNELS WILL BE USEL IW THE LAGGED CONVOLUTION
WHERE POSSIBLE, ONLY AUDING NEW KERNEL EVALUATIONS
WHEN NEEDED (DEPLNOS 0! ¢#ARMS TOL AND FUN)

CwoTHE RESULTING COMELEX CONVOLUTION SUM TS GIVEN IN ZLAGFO) THE FDURIER

(o
c
C

TRANSFORM %S THEN ZLAGFO/R WHICH I8 Tn BE COMPUTED AFTER EXIT FROM
THIS ROUTINE, ..y WHERE B=EXP(X), X=ARGUMENT USED IN CALL,,,

CuwUSAGE=w "ZLAGFO" IS CALLED AS FOLLOWS!

nnonNnnonoonnanonanonaaoananaon

COMPLEX 2 ZLAGFO0,ZF
EXTERMNAL ZF

L

Z=ZLAGFO(ALOG(B),2F, TOL,L,NEW)/B
s

END

COMPLEX FUNCTION ZF(G)

v 0o USER BUPPLIED CODF44,

END

==NOTES ¢

(1), EXP=»UNDERFLOW'S MAY OCCUR IN EXECUTING THE SUBPROGRAM
BELOW) HOWEVER, THIS IS OK PROVIDED THE MACHINE SYSTEM SETS

ANY & ALL EXP=UNDERFLOW!S TO 0,0,,.,

(2)s AS AN AID TO UNDERSTANUING & USING THE LAGGED CONVOLUTION
METHOD, LET BMAX>=BMIN>0 BRE GIVEN, THEN IT CAN BE SHOWN

THAT THE ACTUAL NUMBER OF B!S IS NR=AINT(S5,%ALOG(BMAX/BMIN))+1,
PROVIDED BMAX/BMIN>Z1, THE USER MAY THEN ASSUME AN "ADJUSTED®
BMINASBMAX#EXP(w,2#(NB=1)), THE METHOD GENERATES THE DECREASING
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2858 C ARGUMENTS SPACED A3 X®ALOG(BMAX))Xe,2,X®,282,,,,9ALOGC(BMINA),
2R%6 c FOR EXAMPLE, ONE MAY CONTROL THIS WITH THE CODES

2857 ¢ ee e

2n58 (o] NB=AINT (S, #ALOG(BMAX/BMINY Y+

2859 c NBi=NBe1l

2560 e X0EALOG(RMAX) 4,2

2rad ¢ NEW=1

2062 e DO { I=NB,1,=}

2963 Cc X=X0=,2#(NBi=1)

2R64 Cc ARG(I)=EXP(X)

2r68 e Z(IY=ZLAGFO(X,2F,TOL,L,NEW)/ARG()

2R66 e 1 NEW=0

27617 C XK

2L6R8 (¢ (3). IF RESULTS ARE STORED IN APRAYS ARG(CI),»2(1),I=i{,NB FOR
2869 (o} ARG IN (B4INA.BMAX), THEN THESE ARRAYS MAY BE USED, FOR EXAMPLE,
2070 (] T0 OPLINE=INTFRPOLATE AT A DIFFEEENT (LARGER OR SMALLER)
2171 (5, SPACING THAN USFD IN THE LAGGED CONVOLUTYON M®THOD,

2872 c (4), IF A DIFFERENT RANGL 0F B IS DESIRED, THEN ONE MAY
2113 c ALWAYS RESTART THE ABOVE PROCEDURE IN (2) WITH A NEW

2174 c BMAX,BMIN AND BY SETTING NEW®1,.,4

2478 C

2176 e

287y CmeCOSeEXTENDED FILTER WEIGHT ARRAYSS

n1a C NOTES$ ABSCISSA CORRESPONDING TO WZIGHT 1S GENERATED

2R79 C TO SAVE STNRAGE,

2480 DIMENSION YT(281),Y1(76),Y2(76),Y3(76),Y4(53)

2641 EQUIVALFNCE (YTCL),¥1C8)) o (YTCT?),v2C¢1)),CYTC1%3),¥Y3(C1)),
2842 t (YT(229),Y4(1))

YELR! DATA Y1/

28R4 1 5,1178101Ew14, 2,9433849E=14, 2,5492522€«14, §,9034819E=14,
258 2 6,417978B0F=14, 1,3083746%«15, 1,1999957Eei1,m],2216214Ew14,
2486 3 1,7534103E=13, 7,9373498Ew15, 2,1235650Ee13, 7,9981520Ee14,
2n8Y7 4 2,3815757E~1Y, 1,9714260Ee13, 2,8920132Ew13, 3,4161340Em13,
24088 5 4,0349917E=43, 5,2203885%e13, 5,9837223E~13, 7,B8015306€Em13,
2HR9 6 B,A913655 13, 1,1709731Fe12, {,3165595E=12, 1,75784613%n12,
2990 7 1,9538564E«{2, 2,6289768%e12, 72,9157697E«12, 3,9044344Ew12,
2991 8 4,3927331Ee12, $,7526904Ew12, 6,6569552Ee12, B8,4555678Ee12,
2392 9 1,0063229Kw11, 1,24687964Ew)1, 1,5134569FEei), 1,R501488Ew1y,
2893 f 2,2720051E=1y, 2,745259FEall, 3,4025443Ee11, 4,0875985Fe11,
2094 2 5,0751A68Ew11, 6,1094382Ew1l. 7,5492982Ew1y, 9,1445759Ewl],
2895 3} 1,1227336E=10, 1,3676464E=10, §,6720269E=10, 2,0423244E=10,
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2096
2097
2098
2499
2900
2904
2902
2¢03
2904
2905
2906
2007
2908
2909
2940
2911
2912
2013
2914
2915
2946
72917
2918
2919
2920
2921
2922
2923
2624
2928
2926
2927
2928
2929
2930
2931
29132
20313
2034
2935
2936

—_O® A IEN

1
2
3
4
5
6
7
e
9
1
2
3
4
S
6
7
8
9
1

2.4932743E¢10,
5,5502537E%10,
1,2354800E=09,
2,7499027F~09,
6,1205950E=09,
1,3622929E=08,
3,03217097=0CR,
DATA Y2/
6,7431070E=08,
1,5022907E=07,
3,3441045E=07,
7,.4443655F207,
1,6573073E=05,
3,5898016Ew06,
8,216071AE«05,
1,8296530E=05,
A,075$046Ew05,
9,0780005E=05%,
2,0227521E=04,
4,5083748K=04,
1,0051930E~01,
2,7421056E03,
5,0028K645K=01,
1,1160132E=02,
2,4800811Em072,
5,3905163E-07,
1,0377190E=01,
DATA Y3/

3,0470661E%10,
6,7793669E=50,
1,5085255E09,
3,3569525E09,
7.4703399E«09,
1,6623917Ep0F,
3,69%2986En0R,

1,8316969E~07,
4,0756197=07,
9,0679753%«07,
2,0174273%006,
4,4879625En06,
9,982RA91Ee04,
2,2202672K<05,
4,93724R84Ew05,
1,0976B3TEw04,
2,43981318Em04,
5,42133385.04,
1,2041401F=03,
2,6730076E03,
5,920866RE.02,
1,3119627E02,
2,8793704E<02,
6,0B04650Ew02,
1,0377718Em01,

1 7,1685138E~02,#3,9473064E=072,
245.6018995r 01 ,+6,8050383E=01,
3 1,3766748E400,«8,0373222E0!,
425,03410R2L01,=4,42744555a02,
1,52076h4Ew01,m1,0920260En01,
4,16117995=02,=3,0880012F=02,
1,3021442Ew02,=9,8085025E03,
4,2073164E03,=3,1745026E03,
1,364081Kke01,=1,02739345.01,
4,4240299F~04,=3,33686133Kn04,
1,4348659E%04, a1 ,0R20234E004,
4,65375R84Ew0%,03,5119987E=05,
1,5093768E=05,=1,1390572E=05,

W QXA R

3,7198526E=10,
2,2410001E=10,
1,8432253%09,
4,1025670E=09,
9,1312760E=09

2,032¢094F=08,
4,5237482E08,

1,0050274Ew07,
2,2413747E=07,
4,905427RE0T,
1. 110737¢€-06,
2,47 2798%w06,
%,5065%521En06,
1.??‘”5275-0‘,
2,7305154E«05,
€,0620947E=05%,
1,3550409E=04,
3,0157N18E=04,
5,731’347b~04,
1,5041708F =013,
3,2190691E=03,
7,47309055003,
1,6653199E=02,
1,47426635a02,
7:708173RF=02,
1,189220RE=01,

4.5449934Ew10,
1,0112626E=09,
2,2503397E=09,
5,0077487E=09,
1,114391L{E=08,
2,4798610E=08,
5,%183434E08/

1,2279375E07,
2,7322865E«07,
6,0793233E-07,
1,3525651E=06,
3,0050445E=06,
6,69358208a06,
1,4868061E=0%,
3,3109672Em08,
7,3619571E#05,
1,6365676E04,
3,63707605m04,
8,0800951Em04,
1,7942344E=03,
3,9815050E=03,
B,R2335)0Em03,
1,9472767E=02,
4,2228780E=02,
B,3874501E=02,
9,0437429Em02/

»] ,5078720Ew01,%4,0489859E001,
»1.,5094224801, 6,6304064E=01Y,

1,2812892E¢00,

2,09131025=01,=1,9999661E=01,
T,81699565%02,=5,6651561FE«02,
7.’07; S9En02,=1,7311631Ew02,
7,3943529E%03,%5,576951BE=03,
2,%954154E=03,«1 ,A076{22Em03,
T,7602952Fm04,5 ,R623518E=04,
2,5195025Ew04,%1,9013541E=04,
8,171¢174E=05,=6,1667509E=05,
2,650238RE=05,«2,0000904E=05,
2,5959318Ew06,6,4869407E=06,
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2937
2938
2939
2749
29414
2942
2943
2044
2945
2046
2947
zmqg
2749
2750
2051
2752
29513
21454
295%
2956
2781
29S8
2989
2960
2961
2962
27613
2964
2965
2966
26967
7968
2769
2970
2971
2912
29173
2974
29175
2976
29711

4.8953713F«=06,»3,69428)0E~06,
1,5875917E«06,=1,1980090E=06,
3,1458650E=07,=3,8817581E=07,
1,6623514E=07,01,2514102E«07,
5,2741581E=08,n3,929RA10K=0R,
1,5742032E=08, ] ,1498608ER08,

DATA Y4/

{ 6,R816619k=09,=8,9679825E09,

2 2,0235313L+0R,m1,4725545E=08,

- D0 a0a

2,7878625E%06,=2,1038241E=06,
9,0398030E=07,=6,8208296E=07,
2,9272267E=07,#2,2067921E=07,
9,4024535Ew08,7,0556837E«08,
2,91072558e00,%2,1413893E08,
8,7561571E=09,7,2959446E09/

1,4258275E=0R,=1,9564299E=08,
5,4612820E=09, 3,59955K0KE=09,

329,5287133E~09, 1,1460041Ee08,=1,0250532E08, 7,4641748E=09,
424,4703465E=09, 2,0499053Ee09,24,4605353En10,04,0374336En10,

§ 7,0321071E=10,=6,7067960E«10,

4,91 1n404EmiC,»2,8840747Eu)0,

6 1,2371144E=10,»1,5260433Em1],=4,2027559Em11, 6,10R5474Ew11,

Bal,1210098Ew11,
9wl ,R476851Kat2,
1el,3161479E=y2,
206,2131435E=113,
3.2,5397802Ew113,
4n1,1687986E=13,

4,A588766Fmi,n3,2054182Em11,
5,9567021Eni2,%3,2427912En12,
1.8438474Fw12,1,83¢;340Em12,
1,2627657Ee12,21,0129176Em12,
4,8745900Emi3,=3,87036305m13,
2,0R24130Fe13,%1,7123163E=113,
9,76G4016Em14,%8,2977176En14,

1,9931637Ce11,
2,1353668E=12,
1,7241847F=f2,
7.,9578625Em13,
3,1172547E=13,
1,4113344E.13,
7.2515267E=14,

S8 ,6047470E 4/

ComeggmNDATA

10

20
30

110

COMPLEX FUN,C,CMAX,SAVE

DIMENSTNIN KEY(281),8AVE(281),T(2),TMAX(2)
FQUIVALENCE (CpTC1)), (CMAX,)THAX(1))

IF{NEW) 10,30,10
LAGR={
X03=Xw30,30251236
po 20 fr=1,2A81
KEY(IR)=0
LAGELAG
2LAGE0=(0,0,0,0)
CMAX=(0,0,0,0)
L=0

ASSIGN 110 TO M
I=149

Gn TC 200

THMAX(1)=AMAXT CABS(T(1)),TMAX (1))
TMAX(2)=AMAXI (ABSC(T(2) ), TMAX(R))

121+l
IF(I,LE,$170) GO TO 200



GOT

2978
2979
2980
2981
2982
2983
2084
2985
2936
2987
2988
2989
2790
20914
2992
2993
2994
2998
2996
2997
2468
2799
3900
3004
1002
30C3
1n04
1008
3ncé
3007
1008
3509
1040
aingt
Ing2
3013
3Ir14
Ings
3016
3017
30418
3019
In2o

JF(TMAX(1),EQ,0,0,AND,THAX(2),£Q,0,0) GO TO 150
CMAX=TOL®CMAX
ASSIGN 120 TO M
I=148
GO TO 200 .
120 IF(ABS(T(1)),LE, TMAX(1) ,AND ABS(T{2)) ,LE,TMAX(2)) GO TO 130
AL B!
1F(I,GT,0) GO TO 200
130 ASSIGN 140 TO M
1=171
GN T 200 , :
140 IF(ABS(T(1)) LE,TMAX(1) (AND ,ABSC(T(2)),LE,TMAX(2)) GO TO 190
1=1+}
IF(I,LE,284y GO TO 200
GN TO 190
150 ASSIGN {60 TO M
I=y
Gn TO 200
160 IF(T(1),EQ,0,0,AND,T(2),EQ,0,G) GO TO {70
I=I+1%
IF(I,LE,148y GO TO 200
170 ASSTGN {80 TO M
I=261
Go TO 200
180 IF(T(1),EQ,0,0,AND,T(2),EQ,0,0) GO TO 190
1=1=1
JF(1.GE,171) GO TO 200
190 PETURN
Cw=8TORE/RETRISVE RNOUTINE (DONE INTERMALLY TO SAVE CALL'S)
200 LODK=Y41,AG
10=7,N0K/282
TR=MOD(1,00K,282)
IFLIR,EQ,0) IR=m{
IRNLL=TQ#281
ITFCKFY(YR) ,.LE,IROLL) GO TO 220
210 C=SAVELIR)#YT(I)
ZLAGFO=ZLAGF04C
I:=L‘ 1
Go ™ M,0110,120,140,160,180)
220 KEY(TR)=TROLL+IR
SAVE(IRYEFUN(EXP(XO4FLOAT(LODOK)#,20))
¢n TO 210
END
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In21
3022
30213
3024
3025
an2eé
327
3028
329
aelo
3n3t
1032
¥n3x
3034
3538
3036
3037
3038
Joae
3nd40
3041
3042
3nq
3044
304s
31046
1047
3048
InaY
3056
3nsy
3082
3052
3054
3068
2056
3089
3058
3059
3060

c

COMPLEX FUNCTION ZLAGFi(X,FUN,TOL,1,NEW)
Cr=#s% A SPFCIAL LAGGED& CONVOLUTION METHOD TO COMPUTE THE

INTRGRAL FROM O 10O INFINITY OF ®FUN(G)*SIN(G#B)«DG® DEFINED A8 THE

C COMPLEX FOURIER SINE TRANSFORM WITH ARGUMENT X(=ALOG(B))
C BY CONVOLUTION FYLTERING WITH COMPLEX FUNCTION "FUNMe=AND

c
C

USING A VARIABLE CUT=DFF METHOD WITY EXTENDED FILTER TAILS.ses

C==BY W,L,ANDERSON, U,8,GEDLOGICAL SURVEY, DENVER, COLORADO,

c
CmoPARAHETERS?

naQananNnaoanNnOaaOoanNoOanNnoOoaNnNOaaNGacnoann

e X

&= REAT, ARGUMENT(=ALOG(3)Y AT CALL) CF THE FOURIECR TRANSFORM

"ZLAGKL" I8 USEFUL ONLY WHEN X3(LAST X)w,20 ### I E.,
SPACED SAME AS FIpTFR USEC-«IF THIS IS NOT CONVENIENT,
THEM SURPROGRAM *ZKTURL® 1& ADVISED FOR GENERAL USE,
(ALSO SEX PAKM 'NEW'! & NUTES (2)<(4) BELOW),

FUN(G)® EXTERNAL DECLARED COMPLEX FUNCTION NAME (USER SUPPLIED)

TOL®

OF A REAL ARGUMERNT G,

NOTFEt IF PARMS OTHER THAN G hRE REQUIRED, USE COMMON IN

CALLIMNG PRUGRAM N0 IN S 1BPROGRAM FUN,
THE COMPLEX FUNCITON FUN SHGULD BE A MONOTONE
DRCREASING FUNCTINH AS TiE ARGUMENT G BECOMES LARGE e,
FOR REAL=ONLY FUNCYTIONS, SUKWPROGRAM "RLAGFI® Is ADVISED}
HOWEVER, TWN REAL*FUNCTIONS F1(G),F2(G) MAY HBE
INTEGRATED IN PARATI LD BY VRITING FUNSCMPLX(FLI(G),F2(G))
REAL TOLERANCE EXU«FTHD AT CONVOLVED TAILSweI E,,
IF FILTER#FUNSTNL«MAX, THEN REST OF TAIL IS TRUNCATED,
THIS IS DONS AT ®OTH Fkhs OF FILTER, TYPICALLY,
oL <= ,0001 IS8 USUALLY ¢K=«BUT THIS DEPENDS ON
THE FUNCTION FUM A#D PARAYETER X,e:+¢IN GENERAL,
A "SMALLER TOL" WILT USUANLYLY RESULT IN "MORE RCCURACY"
PUT WYTH "MORE WEXCHTS" REING USED, TOL IS NOT DIRECTLY
RELATED TN THUNCATION KEK(K, BUT GENERALLY SERVES AS AN
APPRNXIMATION INDICATUR,,, FOR VERY LARGE OR SMALL B,
RESULTING NO, FILTER WTS8, USED IN THE VARIABLE
CONVOLUTION (L DEPENDS NN TNL AND FUN),
MIN,L=20 AND MAX ,Lx2066ewlyHICH COULD
OCCUR IV 70L IS VERY SMALL AND/OR FUN NOT DECREABING
VERY FAST e



LOT

Jo61
3062
3063
Jne4
30658
1066
3087
3068
1In59
3070
3071
30712
3073
3074
3078
In76
ant?
3078
3079
380
Jjnet
3182
1983
0P4
319858
1086
Kl
3ces
3089
3690
3091
3692
3093
1094
309%
RE L
3097
3098
3099
iico
31014

naaaoNnoaooaaonnnnNnann

# NEWs 3 IS NECESSARY 18T TIME OR BRAND NEW X,
0 FOR ALl SUBSEQUENT CALLS WHERE X=(LAST X)=0,20
1S ASSUMED INTERNALLY BY TH1S RODUTINE,
NOTEg IF THIS 1S NOT TRUE, RDUTINE WILL
STILL ASSUME X=(LAST X)#0,20 ANYWAY,,»
JT I8 THE USERS RESPONSIHILITY TO NORMALIZE
By CORRECT B=EXp(X) QUISIDE oF CALL (SEE USAGE BELOW),
THF LAGGED CONVOLUTION MELIEOD PICKS UP SIGNIFICANT
TIME IMPROVEMENTE WHEN 72K KERNEL IS NOT A
SIVPLE ELEMEHTARY FUNCTIION.,DUE TO INTERNALLY SAVING
ALL KERNEYL FUNCTINN EVILUATIONS WHEN NEW=1,,,
THEN WHMN NEW=9, ALL PRXyIOUSLY CALCULATED
KERNEDLS WILL BE USED I 1HE LAGGED CONVOLUTION
WHERE POSSIBLE, ONLY ADDING NEW KERNFL EVALUATIONS
WHEN NZEDED (DEPENNS ON PARMS TOL AND FUN)

CesTHE RESULTING COMPLEX CONVOLUTIUN SuM I8 GIVEN IN ZLAGFijy THE FOURIER
C TRANSFNRM Y8 THEN Z2LAGF1/8 WHICH IS TO pE COMPUTED AFTER EXIT FROM
C THIS ROUTINE,e¢¢ WHERE B=EXP(X), X*ARGUMENT USED IN CALL,,.

C

Ce=~USAGE=e "ZLAGF{" IS CALLED AS FOLLCWS!

noaonoanoaonNOaOcoOoOnNnannaanNnaan

L
COMPLEX ZyZLAGF1,2F
EXTERNAL 2F

LN ]

7=ZLAGF1 (ALOG(B),ZF,TOL,L,NEW)/B
LN )

EMD

COMPLEX FUNGCTION ZF(G)

<+ USER SUPPLIED CODE,,,

END

==wNOTES

(1), EXPUNDERFLOW'S MAY OCCUR IN EXECUTING THE SUBPROGRAM
BELOW) MOWEVER, THIS IS 0K PROVIDED THE MACHINE SYSTEM SETS

ANY & ALL EXPwUNDERFLOW!S TO 0,0,,,

€2)s AS AN AID TO UNDERSTANDING & USING THE LAGGED CONVOLUTION
METHOD, LET BMAX>®BMIN>0 RE GIVEN, THEN IT CAN BE SHOWN

THAT THE ACTUAL NUMBER OF RIS IS HPSATINT(S,%ALOG(BMAX/BMIN))+i,
PROVIDED BMAX/BMIN>»={, THE UBFR MAY THEN ASSUME AN "ADJUSTED"
RMINASEMAX#EXP(w,28(NB=1)), THE METHOD GENERATES THE DECREASING
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3102
3103
3104
3108
3106
3107
3108
3109
3110
3434
3142
3113
3114
3118
3116
3117
3118
3it19
dzo
st
3122
3423
312¢
3128
3126
3127
3128
3129
3130
221
3132
31133
3134
3135
3134
3137
3138
31139
3140
34y
31142

anaononaonaonNnaonNnannnaaanannNon

ARGUMENTS SPACED AS XBALOG(BMAX) Xwe2,Xw,2#2,,,,sALOG(BMINA),

FOR EXAMPLE, OME MAY CONTROL THIS WITH THE CODE1

LR}
NBRAINT(S 4#ALOG(BMAX/BMIN) ) +4

NBi=NR+1
XO=ALNG(BMAX) +,2
NEW={

DO 1 I’Nn'l"‘
X3X0w ,28(NBiw=])
ARG(I)=RmXP(X)

ZCIV=2ZLAGFL(X¢2F, TOL L) NEW)/ARG(Y)

1 NEwW=0

(3), IF RESULTS ARE STORED IN ARRAYS ARG(I),2(I),Im{,NB FOR
ARG IN (BMINA,BMAX), THEN THESE ARRAYS MAY BE USED, FOR EXAMPLE,

T0 SPLINK-INTERPOLATE AT A DI

SPACING THAN USED IN THE LAGGH

(4), IF A DIFFERENT RANGE n¥
ALWAYS RESTART THE AROVE PROC
RMAX,BMIN AND AY SETTING MNFEU=

C==8INeEXTENDED FILTER WEIGHT ARRAYSI

C NOTFR:

C TO SAVE STORAGE,

1

DIMENSION WT(266),W1(76),W2(T

ABSCISSA CNRRESPONDING TO Wi

FFER®NT (LARGER QR SMALLER)
D CONVOLUTION METHOD,

B IS DESIRED, THEN ONE MAY
EDURE IN (2) WITH A NEW

1Il.l

IGHT IS GENERATED
65)sW3(76),W4(38)

FQUIVALEHNCE (WTC1)yWL1C1) 3o (WTC(TT) Ww2C¢L)), (WTC153),W3(1)),

(WT(229),Wd(1))

pATA W1/

1wl ,1113940E~09,=1,3237246E=12,

WN>> ODINADWN

1,7236638K%172,%1,8227727€=12,
2,1473541E«12,»2,2678549%~12,
2,6718110K=12,=2,B82276923Fa12,
3,3297565E12,%3,5i79095E~12,
4,1464798Kw12,%4,3794552E12,
S, 1582209 =12,u5,4474462E12,
6,4175083Ee12,26,7183691Ee12,
7,9864477E=17,28,4344110Fw12,
9,9349439Ew12,=1,0493731Ex11,
1,2370354E=11,1,3067414E=11,
1,5390685Ex11,=1,6249313Fw11,

1,5091739Ew12,=1,6240954E=12,
1,9255992Ew12,22,0335514E12,
2,3936942En12,2,5292661Ee12,
2,907°5171E=12,=3,1514006E=12,
3,7163306E=12,#3,9256378E=12,
4,6252131E=12,=4,98453227E=12,
5,7530277Ew$2,6,07604564Em12,
7,15952305=12,=7,5618782Ex12,
8,3077422Ew12,%9,4067705Ew12,
1,10849005m11,%1,1709937E=11,
1,1602200Fa11,1,4575980F=11,
1,7195934Ewil, o1 ,8115250Ent],



60T

3143
3144
3¢ 48
3144
2547
3148
2149
2450
3151
3452
3i%3
3154
3158
1454
235 Ui
2158
)3+ 59
1160
3361
3162
1162
1164
3168
34656
3167
3168
31569
3170
3471
3172
3173
21174
3178
3176
31717
3978
1179
3480
3104
3182
3183

- O MmdN B>

- ODADNDNDODWN - OOINMNAD WN

DN OO AR N .

1,9131898ke11,»2,0209795E=114,
2,3840976E=11,~2,5192263E~11,
2,9709129E=11,=3,1382870E~=41,
3,6981050k=11,«3,9058553E=y},
4,6010537E=11,+4,9590396F=11,
5,7236720E<11,56,0455911{E=11,
7.1265224Fw1y,=»7,5279775Ka1,
NATA W2/
A, R668961E+11,=0,3621900E"11,
1,10240875u40,=1,1644680Ea10,
1,3723244E~10,=1,4510363%10,
1,7110130Ke10,=4,80742%7E»10,
2,1300756F«10,n2,249R755F10,
2,6511250F=10,=2,BN0161AEx10,
3,2994314K«10,=3,4849209E=10,
4,1063982E~10,=4,33726h6F=10,
$,1105728Ne10,s8,3977672Ke)0,
£,3601213Ee10,=5,7175964Ee1D),
7,91610258e1n, =8, I606980F=10,
9,F53374%Ew10,=1,0404508Kad?,
1,2267391E=09,w1 ,2942905E%09,
1,52R21648%0G,=1,60775242=0¢,
1,912905RE~N9,m1 9857 16E=09,
2,43126ANEa09,m2,3959044E%09,
3,2762318E09,=2,6082940F«09,
8,3176554FK%29,%1,3960161K«02,

2,1352159E=11,=2,256{73%E=~1},
2,6510319Em1},=2 ,8122547E=4},
3,3149030F=14,+3,5013168E=44,
4,1251694Emi),w4,3566777Em1Y,
5,1214761E=11,=5,4193353E~114,
fo38H1222Em1,=6 ,T451492Em1Y,
7,9512249Ee1y,=8,3971327E=14/

9,8651764E=11,1 ,0433319E=10,
1,230:979FE«10,w1 ,2997646E=10,
1,5330772Em10,«1,6196550E~10,
1,200{922Ee10,~2,0166306K=10,
2,3763936Ew10,=2,5100098F={0,
2,9575091Ewi0,«3,1238237E«10,
3,6906%29E%10,%3,8878042E%10,
4,5911059En10,=4 833604%9E~10,
5,70116328w10,26,0215516Em10,
T,0955020E210,=7,4942601E%10,
8,8317110F=10,«%9,3270330E=10,
1,0923731E=09,~1,1605442E=09,
1360967 TR=09,m1 ,4429312E«09,
1,7085993E=09,«1,7890471E=09,
2,1671508E=09,2,1926779Fw09,
2,7877500Em09,»2 ,56105396E=09,
4,0251453K=09,22,3560563F«09,

1,2760R51kK=08,
DATA W3/
4,6306734F =08,
2,0R32612E=07,
1,0056H815Ee06,
4,9485823K=04,
2,4469550K405,
1,2113229K064,
5,9960998K04,
2,9643943E%013,
1,4539361E«02,
6,8559512E=07,
2,6192503E=01,

7.4264707E=09,

5,4631686E.08,
2,9280540E«07,
1,4779183E05,
7.3545473500,
3,64622868.05,
1,8066493E=04,
8,94373126n04,
4,416R923Fe03,
2,1558670E02,
9.,9170152E»07,
3,2743321Ea01,

7,7104747€%09,
2,3242197E=03,

9,~7b3087E=08,
4,554N83RE=0T,
2,22494335E=06,
1,1001083%#05,
5,4431527E£=05,
2.,69%4509E=04,
1,3313166E=03,
6,577351RE=01,
3.,1871804E=02,
1,4120770E=01,
31,6407406E=014,

1,1853546E=09,
2,1869051Ew08/

1,2823337E%07,
6,5992437E%07,
3,2994604E=06,
1,63680539E=05,
8,1176726E=05,
4,02022R4E=04,
1,9886697E#03,
9,7855105E=03,
4,6903518E=02,
1,9610835F=01,
3,1257559E«01,

9,0460169Ew02,%3,6051039Ew01,-8,6374760E=01,%8,1178720Ee01,
1,5449873E400,~1,1617933E400,»2,6759896Em0],

5,2205241E=01,



OTT

3184
388
3186
2187
3188
3189
Y190
3191
3192
3193
3194
3198
3196
3197
$4{98
3499
3200
Azc
102
3203
3204
3208
1206
3707
3208
3209
3?10
3211
212
3213
3514
32458
3216
I
Ins8
37219
3220
3224
3222
3223
3224

L - K Y

-~ OWADPAD WA -

8,0869203F=01,%6,2757149E=04,
7.0472984E=02,=3,1624462E=02,
4,0035936E=03,=2,2543784E#03,
4,7658745E=04,~2,912581TE=04,
6,7910334£e05,=4,1914054F=05,
8,8751880Fe06,=6,1008326Em06,
DATA W4/
1,43R6425E206,8,8899353ke07,
2,0966284Ew07,e1,2955437Ea07,
3,0657711Ew0R,»1,6880350K=02,
4,4533423E09,02,751563hE-09,
6,49045676e10,=4,0102999Ea10,
9,4600354Eeyf,=8 H483314Ewyt,
1,3793450K={,~8,5242656F«12,
2,0097A69E«12,=1,2405412E012,
2,08084993FKe13,»1,79236401E=12,
4,2025050kL>14,=2,1314731Ew114/

Cm=$SENDATA

Lo

10

20
30

COMPLEX FUN,C,CMAX,SAVE

DIMENSION KFY(266),5AVE(2b60),

3,4062630E=01,=1 ,5885304E=01,
1,4894063E=02,»7,4821176E=03,
1,2160358E%03,«7,8636604E=04,
1,7685108F=04,»1,1012416Ew04,
2.8R881544E=05,«1 ,598585{FEn05,
2,7692543E006,m2,3287953Em06/

5,49%25991E=07,3,3937048E=07,
8,004r336E=08,24,9457371Ew08,
1,1655454a08,7,2076426E~09,
£,7001092E=09,=1,0504494E09,
2,47767635w10,e1,5310321Ew10,
3,6)15400Ee11,°2,2320056E=11,
5.2675102Ee12,«3,2543074Ew12,
7,6530538Emi3,24,7191929Ew13,
1,1016948¢e13,a6,7885907Ew1 4,

T{2),THAX(2)

EQUIVALENCE (CoTC1))y (CHAX,THAX{1))

IF(NEW) 10,30,10
LAGEwY

X0=m)Xe3IR 30455704
DO 20 IR=1,2K6
KEY(IR)=0
LAG=LAG+1
ZLAGKE15¢0,0,0,0)
CMAX=(0,0,0,0)
L,20

ASSIGN {10 TO M
I=191

GO TO 200

TMAXC1)=AMAXY (RRS(T(1)),THAX(L))
TMAX(2)SAMAXICABS(T(2)))THARX(2))

I=T4Y
IF(I,LE,203) GO TO 209

IF(TMAX(1)EQ.0,0,AND,TMAX(2)4EQ,0,0) GO TO 150

CMAX=TOL#CHMAX
ASSIGN 120 TO M



T

3228 I=190 -

3226 G0 TO 200
3227 120 IFCABS(T(1))¢LE,TMAXC(L) sAND ABS(T(2)) ,LE,TMAX(2)) GO TO 130
37228 bESL B
3229 1IFcI,6T,0) GO TO 200
32120 130 ASSIGN 140 TO M
3231 12209
3232 6N TO 200 ,
3233 140 IF(ABS(T(1)),LE.TMAX (1) AND,ARS{T(2)) LE,TMAX(2)) GO TO 190
3234 I=I41
3235 JF¢I,LE,266) GO TN 200
236 GN TO 190
1737 150 ASSTGN 160 TO M
3238 i=m
32139 G0 TO 200
3740 160 IF(T(1),EQ,0,0,AND,T(2),EQ,0,0) GO TD 170
3241 I=l+}
3742 IF(I,LE,190) GO TO 200
3243 170 ASSIGN 180 TO M
3244 1=266
3749 GN TO 200
1746 180 IF(T(1),EQa0,0,AND,T(2).EQ,0,0) GO TO 190
3247 I=lw
3748 IF(I,GE,209) GO TO 200
3249 190 RETURN
3250 Cme3TDRE/RETRIEVE ROUTINE (DONE INTERMALLY TQ SAVE CALL'S)
3751 200 LOOK=T+LAG
252 10=L,00K /267
1253 TR=MON (L,ONK,267)
3254 JT(IR,EN,0) IR=y
3258 IROLL=1N#266
3256 IF(KEY(IK),LE,IROLL) GO TO 220
3259y 210 C=SAVE(TIR)#NT()
3754 2LAGF1=ZLAGF14C
3259 L=+l
37690 Gn TN M,(110,120,140,160,180)
3261 220 KEY(IRY=IROLL4IR
3262 SAVE(IR)2FUN(EXP(XO+FLOAT(LOOK)#*,20))
3263 G0 TO 210

3164 END



GLT

FILTER TESTS#

F

Pl

- e m o e

e S o e A b e e

D e

N A2 RN S NS

T

BN R e W W W NI WRN N e

Qe rAaAnWwm

- e A e

A

0,1000E400
0,1000%400
0,1000E400
0,1000F+01
0,1000F401
0,1000F401

0,1000E+00
0,1000E400
0,1000F400
0,10007401
0,1000E401
0,1000E404

0,10008400
0,1000%400
0,1000F+00
0,1000F401
0,1000E401
0,1000E4+014

0,1000E400
0,1000E400
0,1000K400
0,1000Mme0t
0,1000%404
0,1000E401

0,1000E400
0,1000m400
0,1000F«00
0,1000E€4001
D,100CE+01
0,1000F«04

0,1000%400
0,1000%4+00
0,1000R400
0,1000E401
0,1000E401
0,1000E401

Appendix 2.---Test results.

»aMODERATE Bee

0,2000E400
0,1000E401
0,4000E30!
0,2000E400
0,1000K+01
0,4000%4014

0,2000F400
0,1000E401
0,400NE+01
0,2000E400
0,1000KE401
0,47002401

0,2000E400
0,1000E401
0,4000E4+01
0,2900F300
0,§000E401
0,4000E401

0,2000E400
0,1000E401
0,4000F 01
0,2000K400
0,1000%401
0,4000E+01

0,2000E400
0,1000% 401
0,4000F 401
0,2000£400
0,1000K40%
0,4000k401

C,2000E400
0,4009F 404
0,2000E400
0.1000F+01
0,4000E401

EXACT

0,17888%44F+02
0,98518533E400
0,62441452E=01
0,18RS73208400
0,353553395+00
0,57067205E=01

0,45241871F401
0,20521249€401
0,124835435=15
0,45502491{Fa01
0,19470019E400
0,1831563%Ew0]

0,496673075201
0,48354037Ew01
0,43557927E=014
0,467489017400
0,25283407E400
0,91032035F =01

0,27639320F 401
0,90049628E400
0,24375195E409
0,970966A4F w01
0,29289322E400

0,18936K09E400 -

»0,12500000E«01
#0,25000000F«02
=0,62499999Em03
*0,21094379E400
«0,2%000000E400
«0,82300000E=01

0,44721360F401
0,99503718E400
0,24992191F+00
0,9R058067E+00
0,70710578E400
0,24253562E400

FILTEPED

0,17887801E£402
0,98502134:400
0,62422531E=09
0,18857222F400
0,35354393¢£400

W5T0RS1 1601

0,452420335+04
0,20521447t40¢
m0,30106679E«04
0,495038¢2F w01
0,19469%71£+400
0,18311789: w01

0.4967‘4".‘?{00(
0,43359028F«01
0,336502R%Ew01
0,4E6T1H215AF400
0,332387251400
0,90928397E w01

0,2762508AF404
0,209315510¢00
0,243708055400
0.,27026%721v01
0425289033400
0,19934510K400

«0(,12430173F=01
»0,23991255F w02
“0,62492175: 03
®(,210914242400
°0,24757052%400
«0,52405539 =01

0,44712433F404
0,9$4S5371E400
0,249890072£400
0,%R0570348400
0,707078415400
0,24252472E400

DIFF

0,7429E=0)
0,1640E=013
0,1892F=04
0,9816E=08
0,9455E=08
0,2068E=0%

w0,1675E=04
.0.1976E.04
0,3011E«04
«0,1379E=0S
0,4B24E=06
0,385(Ew0S

=0,3%68E=08
»0,4990E«08
0,7655E=0%
w0,3R853E04
»0),531PfE=04
0,2036E«03

0,4234E=03
0,1768E»03
0,4390E=04
0,9220E«07
0,2898E=0S
0,20995204

@0, 9827Ew(S
«(0,8744E=06
©0,7825E=07
*0,2554E=04
©0,3255E»03
®0,1446E=04

0,1927E=013
0,8347E»04
0,3189E=04
0,1033E=04
0,2836E04
0,1090E=04

RELERR

0,4153E=04
0,1665E=03
0.30305-03
0,5208E=05
0,2674E=04
0,3628 =04

0,3702E08
0,9629Ew05
0,7087E4+11
0,2769E=04
0,2478E«05
0,2102E~03

0.7990E=04
0,1032E~03
0.17541.03
0,8243E«04
0,18507E=03
0,2237E=02

0,1532F=03
0,1963E»03
0,1801E=03
0,9456FE=06
0,9895E=08
0,1109E»01

0,7862E=03
0,3498E%0)
0,1252E=03
0,1211Ew03
0,1318E=02
0,2314E=03

0,4309E=04
0,8389E=04
0,1276E=0)
0,1053Ee04
0,4011E=04
0,4496E=04

TOLERANCE

0,1000E=03
0,1000E=03
0,1000E=03
0,1000E=03
0,1000£=03
0,1000E=0)

0,1000E=03
0,1000E~03
0,1000F=013
0,1000E=02
0,1000E~03
0,1000E=03

0,10G0E=03
0,1000E=03
0,1000E=03
0,1000E=03
0,1000E«01
0,1000E=03

0,1000E=03
0,1000E=03
0,1000£=03
0,4000E=0]

0,1000E=03
0,1000E=03
0.,1000E%03
0,1000E%03
0,1000E=03
0,1000E=03

0,1000E=03
0,1000E=03
0,1000E=03
0,1000Ee03
0,1000E=03
0,1000E=03



ETT

FILTER TE3TSI

-
~2

W W W NN VNN N NN NN Mo N

W oW W W e

O P

RN N

116

658

A

G¢1000E4+00
0,1000E400
0,1000%400
0,1000F+01
0,5I600%+014
0,1000E201

0,1000E400
0,40008400
0,1000E490
0,1000F+01
0,1000E401
H,10005401

0.,10008400
0.,1000F+00
0,1000%400
0,1000E401
0,1000E401
0,1000T«01

0,1000E+00
0., 1000E400
0,1000E400
6,1000F«01
0,1000F401Y
N,1000E+01

0,1000E400
0,1000E400
N.,1000E400
0,1000F+01
0,1000F4+014
0,1000E+01

0,10007400
0,1000E400
0,1000E400
2,1000F+01
0,1000E401
0,1000E401

««MODERATE Res

0,2000E400
0,1000E401
0.4700€401
0,2000E+00
0,1000%+0%
0,4000E401

0.2900E400
0,1000FE408
0,4009E+04
0,2000F400
0.,1000E404
0,4000E+04

0,200N0E+00
0,1000E«01
0,4000E604
0,2000E400
0,1000E+04
0.,A000F«04

0,2000F 400
0,100CE+01
0,4000%+01
0,2000E+00
0.1000E«014
0,4000E4+01

0,2000E400
0,100nE+01
7,4000F+04
0.2000E+00
0,1000F«01
0.4000E4+01

0,2000E400
0,10002401
0,2000F 00
0.,1000E¢D¢
0,4000K401

EXACT

0,45241871E401
0,41042499K400
0,21243771E=16
0,495024925400
0438940039E400
0,91578196Em02

0,45004989E401
0,90247240L400
0,15556649E400
0,40489027E401
0,22389075E400
«0,99287451E01

0.40280331E+01
0424204Y40E804
0,10626239E4014
0,17331428E401
0,2B670621E400
»0,3A178848E«01

0,49009933E4+014
0,50483744E400
0,16756001E+00
0,40936537E+01
0,36TRTS44EL00
0,45782098F=02

0,20000000E401
049900G5%00E=01
0,62460962F =02
0,961%3B46F 400
0,50000000E400
0,38623530E%01

0,326024667401
0,12307567E=09
0,000000005400
0,8774098%2E400
0,600¢9422E400
0,182318137n01

FILTERED

0.45241634F 401
0,410648765400
w(,23456432Fw04
0,49502430%+00
0,389240220%+00
0,21939407E=02

0,49005757F401
0,502542735400
0,159¢6323F£400
0,404911311501
0,522%9707500
009269170501

0,40280152¢+08
0,c42046252401
0.3100261925408
0173313027401
0,20668E034400
w0,3A165748 01

0,490059165401
0,20475772¢s00
0,167555751 400
0,530932151404
0,36779106%400
0,45607461Fm=02

0,19927443F+04
0,9874009252%01
0,311P0165Ew02
0:964532535400
0,439963417400
0,58798929¢:«014

0,3259424°%401
»0,332641{R7Lw03
w0, 246718607 +013
0,87740737k+00
0,F50184513r400

DIFF

0,2366E=04
®0,2238E+03
0,2346E=04
0,6184E=06
*0,1814E=03%
'0.36115"04

«0,7617E=04
«0,7033Ew04
0,1012E=03
«0,2086FE«03
0,1719E~0S

0,1788E=04
0,1112E=04
0.,4739E#05
0,1818E»04
«0,1160E=04

0,4018E=03
0,7970E=04
0124?28‘0‘
0,4377E=03
0,1816E=04

0,2557E%03
0,269BE~03
0,12R1E»01
0,5923E=08
0,3659E=04
0,2460E=04

0,8218E=03
0,3324E%03
0,1247E%03
0,1422E=0%
0,9636E#0%

0,16274730E«0¢ «0,4292Em04

RELERR

0.5230Ee0S
0,5452E%03
0,1104E443
0.1249E~08
0,465SE=0S
0,3943E~02

0,1554E~04
0,6340Em03
0,5152E04
0,4438E"02
0,1732E=04

0,4439£405
0,4593E«0%
0,4459E205
0,3BG0EROS
0,6342E04
0,3759E»03

0,8198E»04
0,8808E~04
0,1445E=03
0,1069Ew03
0,2402E=03
0,3967E%02

0,1279E=0)
0,2725E»02
0,205¢Ew01
0,6160E»05
0,7317E=04
0,4182E=03

0,2521E=03
0,2701E407
0,0000E+00
0,1622E=08
0,1403E=04

TOLERANCE

0,1000E=01]
0,1000E=03
0,1000E=03
0,1000E=G3
0,1000E=03
0,1000E=01

0,1000F«0)
0,1000E=03
0,1000E=03
0,1000E«0
0,1000E=03
0,1000E=03

0,1000E»0)
0,1000E203
0,1000E=03
0,1000E03
0,1000Em03

0,1000E=03
0,1000E%03
0,1000E»03
0,1000E=03
0,1000E=03
0,1000E=03

0,1000E=03
0,1000E=03
O.IOOOE'O)
041000E=03
0,1000E#03
0,1000E=03

0,1000E=03
0,1000E=03
0,1000E=03
0,1000£=03
0,1000E=03
0,1000E=03



VAR

FILTER TESTSS

F

e W W

W o L W e W

o W W e W

L I =

PO

DD DS

T

n AR

NN N AT e [C 3 We 3

[T ISR R RS IRV R |

L

A

0,1000E400
0,1000E400
0,1000E400
0,1000E401
0,1000E401
0,1000E4018

0,1000E400
0,1000F4+00
0,1000E+00
0,1000€401
0.1000m401
0,10008401

0,10005460
0,1000E400
0,i{000E400
0,1000E401
0,1000F 401
0,1000E«01

0,1000E400
0,10C0E400
0,1000E400
0,1000F401
N,1000E401
0,1000E401

2,1000E400
0,1000%400
0,1000K400
0,10005401
0,1000E401%
0,1000F401

0,1000E400
0,1000E400
0,1000E4+00
0,1000E«01
0,1000E401¢
6,1000E401

»«MODERATE Ree

B EXACT
0,2000E400 0,52498371E=01
0,1000F408 0,24999974E=02
0,4000E+0Y 0,15625000E=03
0,2000E400 0,47449231F+014
0,1000E401 0,24740396E400
0,4000E401 0,15614829Em01
0,2000E400 0,15395925F402
0,19007408 0,14213153F402
0,4000E+09 0,10529363£402
0,2000%406 0,12860592E+01
0,1000E401 0,%7785267E400
0,4000E401 0,28770932%a014
0,2000F¢00 0,235004B82E400

0,31000E401
0,4000E«01
0,2000E400
0.31000E401
0,4000E401

0,2000E400
6,1000E«01
0,4000E+01
0,2000F400
0,1000¥¢01
0,4000E401%

0,2000E¢00
0,1000Fa0%
0,4000E+014
0,2000%£400
0.1000E401
0,4000E4+01

0,2000E+00
0,1000F401
0,4000E401
0,2000£400
0,1000E+01

0,14635181F w01
0,93604082E=03
0,67851199E400
0.45814536E400
0,81259472Em0

0,40000001F 401
0,99009%01E¢00
04249843R56400
0,19220769F«00
0,50000000E400
0,23529442E400

0,32602467E402
0,64539334E-08
0,00000000E 300
0,87740861Fe01
0,34509711%400
0,32463625Ea01

0,15692261E=01
0,15629554Ee01
0,153958C1Em01
0,14188663E401
0,90591722F+00

0,4000E401 «0,51870313E=01

FILTERED

0,50154459E=01
0196016235202
0,31840369E208
0,471578005401
0,24656329E400
0,15613540F 01

0,133)96251E+02
0,1421303R- 202
0,10529674:402
0,12%00453754018
0,57782742:400
0,28764126r 201

0,23198409E400
0,14012547¢201
0,92614403¢=03
0,678509555400
0,456125737 400
0,£12399251 w01

0,22992593E404
0,763986480E400
0,2477875A35 400
0,1922955 2400
0,299989541 400
0,23578237E400

0,325683318402
«0,47976E52Fm03
©0,91303314TE=04

0,77715921% a0

0,34512091F+00

0,126¢5784F 01

0,15652607E=01
0.15629367E«01
0,153958233E =0}
0.34188358F 401
0,90505692E400
“0,52478132E001

DIFF

0,2334E%02
0,531BE=03
0,1481E=«03
0,2921€%04
0,8405E~03
0,1262E«05

0,7355E=04
0,1153Fw03
0,28(5E=03
0,1595E=04
0,3525E-04
0,2901E=04

0,1773E=04
0,2262E=04
0,9897E=05
0,2332FE=08%
0,1992Em04
0,1951FE=04

0,1408E»03
0,1122F=03
0,5617£=04
0,8053E«05
0,1036E=04
0,11735E=04

0,21{36FE=02
0,4798E%03
0,9140F«04
0,4960F=0%
«0,2380E=04
«0,1522E=013

«0,3485Ew06
0,1870E=06
0,5832E07
0,2646E=04

“0,1396E=03
0,6078E=03

RELERR

003734E=01
0,2127E400
0,9476E400
0,6157E=02
0,3398E=02
0,8208Ew04

0,4777E=05
0.8110E=05
0.2740E=04
043241504
0,6274E=04
0,1008E=02

0,7544Ew04
0,1547E=02
0,1057E=01
0,3437E=05
0.,4349E=04
0.7404E=01

0,3519E=04
0,1133E=03
0,2248F«03
0,4190E~04
0,2072E»04
0,4994E=04

0,1268E=03
0,7796E£405
0,0600E400
0,5653E<04
0,6998Ew04
0,4687E=02

0,2221E=04
0,1196E~04
0,3788E=0S
0,1865Ew04
0.1541E=03
0,1172Ew01

TOLERANCE

0,1000E=03
0,1000E03
0,1000E03
0,1000E03
0,1000E203
0,1000E=03

0,1000E=03
0,1000E=03
0,1000E=0Q2
0,4000F=02
0,1000K~03
0,1000E=0

0,1000F~03
0,100CE=01
0,1000E=02
0,1000E=03
0,1000E=03
0,1000E=03

0,1000E=03
0,1000E=03
0,1000E=03
0,1000Ew03
0,1000E=03
0,1000Ew03

0,1006EwQ3
0,4000EaC3
0,1000E03
0,1000E=03
0,1000Ee03
0,1000Za02

0,1000E=0Q3
0,1000E=03
0,1000E=03
0,1000E=03
0,1000E=03
0,1000E=03



GIT

FILTER TESTSG

e |

R I

SO e e

ENE R - 3

(L e g

P

L

A

0,1000%400
0,1000E400
0,1000E400
0,1000E«01
0,1000E401
N,1000%404

0,1000F+00
0,1000E+00
6,400CE+00
0,1000E+01
0,1000E«01
0,1000E401

weMODERATE Bew

B

0,2000E400
0,1000F401
0,4000E401
0,2000E400
0,4000F+01
0,4G00E40Y

0,2000E+00
0,3000E401
0,4000K401
0,2000E400
0.,1000F+01
0,4000E401

EXACT

0,15396925E4014
0,142134153E+014
0,10529363E401
0,120860592E401
0,37786367E+00
0,28770139Ex01

C,32175055E400
0,97726907E=01
0,24763601E»01
0,97726907E=01
0,32175055E400
0,21866895E400

FILTERED

0,15396696E+01
0,14213026Ak404
0,20529249E+01
0,1285053%F401
0,57784101E+00
0,287649245=01

0,3217326BE+00
0,977129843¢7004
0,2493891A%e0
0,87722004t 04
0,32175108E400
0,21866025E+00

DIFF

0,2287E=04
0,1267E=04
0,113SEw04
0,533%5E=05
0,2266E=04
0.,5214E=08

0,1CB6EwO4
0,7022E=0S
0,46B83E~08
0,4843FE=0S
«0,5327E=06
0,8669E=05

RELERR

0,1486E=04
0,8911E=0S
0,1078E=0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>