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ABSTRACT

Near-zone transient electromagnetic apparent
resistivity data 1is inverted in terms of a three-layer
model (H type). Forward solutions are obtained using
catalog lookup and interpolation, since forward
calculations are expensive. Partial derivaties are
obtained using finite differences. Model corrections are
determined with a ridge regression estimator. Fastest
possible convergence is forced at each iteration by
calculating the squared error for several values of the
ridge regression parameter, and choosing the value for

which the error is the lowest.

The method is tested for both simulated and real data.
Convergence takes an average of four iterations in both
cases, and thus the method provides a fast and economical

interpretation.
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INTRODUCTION

Time Domain Electro-Magnetic (TDEM) sounding is a
group of methods which is capable of obtaining information
about the electrical properties of the earth at depths of
several kilometers or more. Some other electrical methods
can be used to perform these soundings, for instance, the
expanding array in the D.C. methods, and the Magneto
Telluric methods, but it has been shown (Vanyan, 1967) that

EM provide a better resolution than any other method.

A basic electromagnetic <classification can be time
domain, and frequency domain. With the. frequency domain
measurements, individual frequencies are transmitted and
received. In time domain measurements, a step change in
current is transmitted and a transient received. Depending
on the separation between the transmitter and the receiver,
the time domain methods can be classified into NZTDEM and
LOTDEM. In the NZTDEM (Near Zone TDEM), the separation (R)
between the transmitter and the receiver 1is considerably
less than the thickness of the first layer (H1). In the
LOTDEM (long TDEM), the separation R is 1larger than the
thickness H1.

It is known that a single frequency has an effective

depth of penetration (skin depth), thus measurements with
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different frequencies must be done in order to perform the
frequency sounding. The time spent 1in those soundings
could be greatly reduced if many frequencies were recorded
at the same time. It is known by the theory of the Fourier
transform, that a step function has a 1large frequency
content. Transient methods thus record the information
that corresponds to a wide range of frequencies
simultaneously. Then the sounding is performed in a very

simple manner, when recording one transient.

The theory and interpretation methods for the
frequency soundings have been extensively reported in the
literature. The theory of the time domain method is
reasonable well developed (Keller, 1977) but a great effort
must still be done in order to obtain all the information

that is contained in a recorded transient.

Several methods are normally used for the
interpretation of the TDEM data: maximum voltage method,
conventional graphical curve matching, and computer
assisted techniques. A first step in the interpretation of
the transient, is done by the maximum voltage method, which
compares the characters of the response over the area
surveyed. This comparison is done by plotting the values
of the apparent resistivity which corresponds to the

maximum voltage recorded in the transient. A more complete
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interpretation can be made with the theoretical derived
curves for a layered earth (conventional graphical curve
matching). This is a traditional technique very popular in
some of the other methods. In the case of TDEM only a few
catalogs of curves are available, and in addition to this
fact, these curves tend to lack the characteristic shapes
that make them so useful for matching purposes. Automatic
interpretation techniques are more convenient methods than
graphical curve matching, if a computer of moderate
capability is available (Keller,1977). Two types of
computer-assisted interpretation techniques have been
widely used: generalized 1linear inversion, and optimal
simulation. These two methods perform a very accurate
interpretation, but a large amount of computer time is
required for the calculation of each single curve, and thus
the cost of the process is very expensive for a commercial

operation (Daniels, 1974).

An economical automatic method of interpretation is
catalog interpolation. This method is developed in this
work, using a set of theoretical 1layered-earth curves

(NZTDEM) calculated by Kaufman (1970).
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MAIN FEATURES OF BEHAVIOUR OF TDEM IN NEAR ZONE

This chabter contains a brief description of some
important features of the behaviour of EM fields in the
near-zone. The transient EM field is created by passing a
step function through a horizontal 1loop. The electric
field at an observation point will be studied in most of
the cases, which corresponds the 1loop-wire array.
Application of the reciprocity principle (Vanyan,1967) will

make this configuration valid for the wire-loop array.

In the first part of this chapter, expressions for the
field of a uniform whole-space are studied. These
expressions will give an idea about the propagation of the
EM field through the medium. Then the exp;essions of field
in the uniform space are used to define the early and 1late
time asymptotes. The resistivity formulas for the early
and late time are obtained from the field expressions.
Finally the ideas about propagation of the field are used
to explain some important details of the apparent

resistivity curves in a horizontal layered earth.
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EM FIELD OF MAGNETIC DIPOLE IN UNIFORM SPACE

The uniform space is an ideal earth model where the
electrical properties of the medium are homogeneous and
isotropic. The electrical propefties mentioned are:
conductivity, magnetic susceptibility, and dielectric
permeability. The description of the ideal model in this
chapter 1is conducted towards an wunderstanding of the

propagation effects of the field through the medium.

At the time zero a step current passes through the
source 1loop. Then three different stages (represented in
figure 1) can be considered at the observation point

(0.P.).

Stage 1 No signal.

The EM waves propagate through the medium with a
certain velocity, this velocity of propagation will
cause a lag in the arrival time of the EM waves.
The time 1lag depends on the offset distance and
some electrical properties of the material, but
turns out to have a similar value in most of the

cases (microseconds).



"T-2047

Stage 2 Important effect of displacement curents.

When the signal arrives at the 0.P., there 1is an
abrupt change in the electric field. At this time,
the major role in the generation of the magnetic
field is played by ¢the displacement currents.
After this abrupt change, there will be a period
where the contribution of the displacement currents
into the generation of the magnetic field is still
important. The time period will be (approx.) four

times the value of the arrival time.

Stage 3 Quasi stationary field.

The influence of the displacement currents outside
the range of time mentioned in the previous stage
will be very small, which corresponds to the
quasi-stationary field situation. In this
situation, the main contribution to the magnetic
field comes from the conduction currents. Normally
some milliseconds after the switch-on the field at
the observation point 1is in this situation.
Conduction currents are then the most important
factor, 1in other words, the property that has the
main influence in the quasi-stationary stage signal

will be the resistivity of the medium.
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The expression of the tangential component of the
E-field in the quasi-stationary stage is represented in
figure 2; two terms can be considered in this expression:
geometric factor and parametric function. The parametric
function (as it is described in Figure 2) gives an idea
about some of the field properties. One of the properties
that can be easily visualized is the propagation of the
field, which 1is represented in figure 4 by means of a
distribution of the eddy currents induced in the ground.
Figure 4 represents the induction currents as a function of
the distance, for different times. It can be observed that
the maximum intensity of the induced currents is close to
the source for small perids of time. As time 1increases,
the maximum intensity decreases in absolute value and it is
located farther away from the source. Two effects are thus
combined in time: a displacement of the eddy current focus
(location of maximum intensity) and a reduction of the

maximum amplitude of these currents.
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—-IV INPUT (TRANSMITTER)

0.

ol. fo Sfo OUTPUT (RECEIVER)
[ ! r

] ]

bAro e m e = Bomm = —m—C —m

A. WAITING TIME (NO SIGNAL)
EM WAVES PROPAGATE WITH A CERTAIN
VELOCITY V,. THEN THERE IS NO SIGNAL

1
UNTIL to-.
1 R
V,= ——. tL= = (psec.)

B. _IMPORTANT EFFECT OF DISPLACEMENT CURRENTS
BECAUSE OF THE CHANGES IN THE ELECTRIC
FIELD, DISPLACEMENT CURRENTS ARE
IMPORTANT COMPARED WITH CONDUCTION
CURRENTS.

C. QUASI-STATIONARY SITUATION.
THE DISPLACEMENT CURRENTS ARE SMALL
AND TAN CE NEGLECTED. MAIN CCNTRIBUTION
TO THE MAGNETIC FIELD COMES FROM THE
CONDUCTION CURRENTS (RESISTIVITY ).

FIGURE 1 EFFECTS AT THE OBSERVATION POINT DUE TO THE EXCITATION
OF THE TRASMITTER,
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QUASI-STATIONARY E-FIELD
OF MAGNETIC DIPOLE 1IN

UNIFORM SPACE.

® ®© 6 0o 0 0 000 oo

® e ® 0 0o 0 0 0 0 o o

e ©e ® 0 0 0 e 0 0 s

He AR DO

uniform space

transmitter observation
point

5, e~ Y /2

-7,1/2

T = (2°mm°*p-t-10 ')

RESISTIVITY OF THE MEDIUM
MAGNETIC MOMENT OF TRANSMITTER
OFFSET DISTANCE ( T.-0.P.)
TIME (sec.)

NONDIMENSIONAL PARAMETER
TRANSIENT PARAMETER '

THE EXPRESSION CONTAINS:

SCALING FACTOR WITH PHYSICAL MEANING OF THE
FIELD AND ITS UNITS.

- 2. _ﬂ:.“__s_
KS— 2°7°R

LU

PARAMETRIC FUNCTION DESCRIBES THE FIELD

PROPERTIES AND IT HAS NO DIMENSION.

5 -u?/2

e = u - e

FIGURE 2 QUASI-STATIONARY E-FIELD OF MAGNETIC DIPOLE IN

UNIFORM SPACE.
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FIGURE 3T

100}

10}

10

0.1

(AFTER KAUFMAN,1977)

PROPAGATION OF THE CURRENTS AS FUNCTION OF THE
DISTANCE.
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FIELD IN THE UNIFORM SPACE. EARLY AND LATE TIME

ASYMPTOTES. APPARENT RESISTIVITY FORMULATIONS.

The half space corresponds to the model created by an
interface between free-space (perfect insulator) and a
homogeneous and isotropic conductive medium. This model is
very useful in electrical prospecting because its
similarities with the air-earth interface, where most of

the EM data is collected.

The expression of the tangential component of the
eletric field 1in the uniform space, is shown in figure 4.
The expression has a structure similar to the formulas in
figure 2, containing a scaling factor and a parametric
function. The scaling factor has in itself the physical
meaning of ¢the field and its units. The parametric
function contains information about the changes in the

field, as a function of the nondimensional parameter u.

Two main asymptotic expressions can be defined from
the formulas in figure U4: the early stage and the late
stage. The early stage, also called the wave 2zone, |is
defined for values of u which are significantly greater
than one. It is obtained by taking 1limits of the
expression in figure 4 when u goes to infinity. 1In a

similar way, the late stage is defined for small values of
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u, and its expression is obtained by taking limits when u

goes to zero.

The concepts of early and 1late time asymptotes are
relative concepts in time. Their location depends on the
value of the offset distance R, which can be observed from
the definition of the parameter u. It is seen that
distance (R) and time (t), play opposite roles when the
limits are taken. Then in order to locate one of the two
asymptotes in time, the offset distance must be taken into

account.

The expression for the early stage asymptote is
represented in figure 5 for the tangential component of the
electric field. From this expression it 1is possible to
obtain a formula for the apparent resistivity in the early
stage of the transient. The derivation of this formula 1is
represented in the same figure. The value of the apparent
resistivity does not have a physical meaning, but it gives
information about how much the measured field differs from
uniform earth. A similar expression for the 1late stage
asymptote of the tangential E-field is in figure 6. This
figure also contains a formula for apparent resistivity,

valid for the late stage.
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uniform half-space

- =R e = =

-t

E free
' space

GENTIAL COMPONENT OF _4::::>t_> L
THE E-FIELD IN A UNIFORM i ‘7" conductivq

earth
HALF-SPACE.
THE EXPRESSION IS:
3-M-P . e

Fq STTR )

WHERE
2 !

eg = ¢ (u)-( % )l/z-u-(l+§~)-e—u32

AND

¢ (u) "IS THE PROVABILITY .INTEGRAL,
AND THE OTHER PARAMETERS WERE DEFINED IN FIGURE 2

THIS EXPRESSION CONTAINS (SAME AS FIGURE 2)

SCALING FACTOR

K = 3-M.P
s 2-n-R3

AND PARAMETRIC FUNCTION (eg)

FIGURE 4 EXPRESSION OF THE TANGENTIAL COMPONENT OF THE
E-FIELD IN A UNIFORM HALF-SPACE.
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R —
FIGURE 5

EARLY STAGE APPARENT RESISTIVITY.

THE EARLY STAGE ASYMPTOTE IS OBTAINED BY TAKING
LIMITS OF THE EXPRESSION OF THE FIELD IN A UNIFORM
HALF SPACE (FIGURE 4), WHEN u GOES TO INFINITY.

IN A UNIFORM EARTH, THE VALUE OF THE RESISTIVITY
OBTAINED FROM THIS FORMULA WILL BE:

_ 4-mw-r4 unif.
o= 3-M Eg

WHEN THE EARTH IS NOT UNIFORM, THE RESISTIVITY IS:

4.7-r%

a~ "3°M Eg

WHICH CORRESPONDS TO THE EARLY STAGE FORMULATION OF THE

APPARENT RESISTIVITY,. THIS RESITIVITY,DOES NOT HAVE A .
PHYSICAL MEANING.

BY DIVIDING THE TWO PREVIOUS EXPRESSIONS,

o
__a - Ep.
5 Egﬁlf.

IT CAN BE SEEN, THAT THE APPARENT RESISTIVITY TELLS
HOW MUCH THE FIELD MEASURED IN THE REAL EARTH DIFFERS
FROM THE FIELD IN A UNIFORM EARTH.

EARLY STAGE APPARENT RESISTIVITY.




T-2047 15

LATE STAGE APPARENT RESISTIVITY

THE LATE STAGE ASYMPTOTE IS OBTAINED BY TAKING
LIMITS OF THE EXPRESSION OF THE FIELD IN A
UNIFORM HALF-SPACE WHEN u GOES TO ZERO -

u3/2.p-m
10-0372.43/2..5/2

Eg =

IN A SIMILAR WAY AS WAS DONE WITH
THE EARLY TIME FORMULATION (FIGURE 5), THE
APPARENT RESISTIVITY FORMULA WILL BE:

5/3
=S . M-R 2/3 .-2/3
o ( B52-173-E5

a =
ﬂ't5/3

AND COMPARE WITH THE APPARENT RESISTIVITY FOR THE
UNIFORM EARTH:;

WHICH MEANS THAT THE APPARENT RESISTIVITY TELLS
HOW MUCH THE FIELD MEASURED IN A REAL EARTH DIFFERS
FROM THE FIELD IN A UNIFORM EARTH.

FIGURE 6 LATE STAGE APPARENT RESISTIVITY. -
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APPARENT RESISTIVITY CURVES IN HORIZONTAL LAYERED EARTH

In previous paragraphs some important features about
the behaviour of the transient EM field in the near-zone
were discussed. These features will be the key for the
following description of the apparent resistivity curves in

the uniform earth.

The set of theoretical apparent resistivity curves
were calculated some years ago (1969) in Russia by
A.A.Kaufman. For this purpose, the frequency range of
integration was divided in three parts: 1low frequency,
intermediate frequency, and high frequency. Later, a
specific method of calculation was applied in each of those
intervals. With the ideas about propagation of the
field in mind, it 1is possible to explain some important
details of these theoretical curves. These details will be
described for the two layered earth model in the cases of
resistive and conductive basement. Since these two models
will characterize every geoelectrical situation, a similar

approach can be extended to a three layer case.

Model 1 two layered earth with resistant basement

Figure 7 shows a set of master curves corresponding to
this model. The curves are plotted as a function of the

apparent resistivity versus time (normalized). Each curve
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corresponds to a model with a different second layer
resistivity. In order to make the catalog general
(independent of the first layer), the parameters have been

normalized.

Each of these curves, which characterizes a
geoelectrical situation, can be divided into four different
parts ( A, B, C, D ) (figure 8 ).

Part A.- very early stage of the transient.

This part describes the resistivity in the wave
zone using the formulation of the last stage. It

can be observed for very small times.

Part B.- First layer asymptote.

The induced currents are confined in the upper
layer at this time, then the information obtained
at the observation point comes only from the first
layer. It can be said that one can see only the
first layer from an apparent resistivity point of

view.

Part C.- Penetration into the second layer.

The propagation of the eddy currents can be
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simplified with the idea of "down and away". This
idea combines two effects: a deeper penetration on

time with a spreading effect in each single layer.

At this time, the currents are beginning to
penetrate in the second layer, the magnetic field
induced by these currents still has a low density.
The low density makes the second layer appear to be
an insulator from an apparent resistivity point of
view, with a slope of approximately -U45 degrees in

this part of the curve.

Part D.- Currents located mostly in second layer.

After some time, the maximum intensity of induced
currents is located in the second layer. The curve
at this time has an asymptote that is similar ¢to
the response of a uniform half space with the

resistivity of the second layer.

Model 2 two layered earth model with conductive

basement

Figure 9 shows another set of apparent resistivity
curves, for the case of a conductive basement. In the same

way as it was done before, it is possible to divide each
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curve in several parts, depending on the behaviour of the

field ( A, B, B', C, D ) (figure 10).

Parts A and B.-~ These zones, depend only on the
first layer resistivity, the explanation on zones A

and B of the previous model is valid here.

Part B'.- maximum of the curve.

The eddy currents begin to propagate through the
second 1layer. At the begining, the density of the
currents in the second 1layer is small, and the
conductor exerts 1little influence in the field.
Then the value of the apparent resistivity in this

interval increases to a maximum and then decreases.

Part C.- Since the resistivity of the second 1layer
is small enough, the second 1layer looks like a
peréect conductor during this period. The slope of
the curve is -U45 degrees. The effect is similar to
the zone C of the first model, where there was a

resistor instead of a conductor.

Part D.- Most of the currents are 1located 1in the
second layer. The asymptote is similar to the last

one in the first model.



AFTER KAUFMAN' (1970)

FIGURE 9 TWO-LAYER APPARENT RESISTIVITY CURVES (NEAR-ZONE)
FOR CONDUCTIVE BASEMENT.
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These two models describe the behaviour of the field
for the two possible types of resistsivity contrasts. The
ideas of EM wave propagation for more complex geoelectriéal
sections can be given by an extension of those described

above.

In this chapter some of the main features of the
behaviour of TDEM in the near zone have been described.
The ideas about propagation of the field were shown using
the model of a uniform earth. Expression of the field in
the uniform half space was used to describe the early and
late time asymptotes. Apparent resistivity formulations
for 'those asymptotes were then calculated. Finally, the
apparent resistivity curves (late time) in a horizontally
layered earth were explained using the model of propagation
previously mentioned. A three-layer earth model of these
apparent resistivity curves will be used in this work ¢to
develop an automatic method of interpretation using the
theory of inversion, which is going to be described in the

next chapter.
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INVERSION THEORY IN GEOPHYSICS

During the last ten years, the improvement in computer
facilities has made automatic interpretation methods a
popular area of research in most branches of geophysical
prospecting. These automatic methods have many advantages
compared with the traditional interpretation approach
(Keller,1977). It can be said that automatic
interpretation represents one of the ultimate goals in most

of the geophysical methods.

Geophysical inverse theory is the subject where most
of these methods are studied. The theory deals with the
mathematical aspects of the interpretation of the indirect
measurements collected by the geophysical methods. The
starting point for a possible application of this theory,
is the existence of a valid mathematical model of the
physics, this mathematical model is called the forward
solution (FS) of the problem. A class of models is
defined, and a particular earth model will be given by
values of certain parameters. The calculated values
represent the theoretical response for a particular
idealized earth model, this response is obtained from the

F.S., for the parameters.
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The forward solution can be simply represented by a
nonlinear functional F that relates the synthetic
observations, also called calculated values (c¢), with its

corresponding vector of parameters (p);

Ci = Fi( P1,P2,.. ) (II1,1)
where

o S unknown parameters associated with

mathematical model

C ¢tceeeeee ¢cCalculated values for a certain set of

parameters

This functional F is not a simple mathematical function,
but it represents the fact that the forward problem is
completely solved. In other words, when a particular value
of the parameter vector is given, one <can find the

appropiate data associated with it.

In a similar manner, the inverse problem deals with
estimation of the parameters which correspond to a certain
group of observations. The problem can be simply defined
as:

Given the observations obtained with some
geophysical method, find as much information

as possible about the earth model
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parameters.

Figure 11, shows a schematic relation between forward
solution and inverse problem. The forward solution relates
the parameters to calculated values by a mathematical
model. Inverse problem relates the observations (o) to the
parameter model using the theory that will be described in
the next pages. Both formulations relate similarly to the
vectors ( observations and parameters) but their action has

a different direction.

The following pages contain a brief description of the
different steps used to find a solution for the inverse
problem. Generalized inverse theory (least-square method)
gives a possible value of the solution, but instabilities
due to the "ill conditioned™ data make this a non-realistic
solution. Some linear constraining methods must be used to
avoid these problems. The ridge regression estimator uses
a feedback principle to ensure that the model obtained in
the calculation is close to the possible optimum for that
method. The new model obtained with one of the
calculations can be improved, if another iterative
calculation 1is performed. Several iterations are needed
when using ridge regression until a stable final solution
is obtained, this stable model is then considered to be the

solution of the inversion.
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Some ideas about the cost of the final model for a
typical inversion are 1included in the last part of this
chapter. The cost turns out to be very high in some cases,
which 1is the reason why catalog interpolation was designed
to replace an extremely expensive calculation with an

extremely inexpensive one.
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Inverse Solution

Assuming that the forwagd solution is represented by a
non-linear functional F, as it was mentioned previously
{3,1], the inversion methods try to find out as much
information as possible about the M parameters which define
the earth model when a set of N observations (data) is
given. The first step 1in order to obtain the inverse
solution, will be an expression given by application of the

generalized inverse theory (least-square solution).

Given a set of observations (o) and an estimation (or
initial guess) of the earth model in terms of the vector
parameter p, the approximation of the estimation to the
real model can be evaluated in terms of an error function

E;
N

E =Z( 0, - Cy )2 (I1I1,2)

1
where

Oif vvccee... oObServations (real data)

Ci ....ceee. calculated values for the parameter

guess, Po.

N ¢cceeceeeees number of observations
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The best solution for the inversion, in the
least-square sense, can be obtained when the error function
E is minimized. The result of the minimization is an
overdetermined system of N equations with M unknowns. The
unknowns in this system of equations are the optimum
increment (correction) of the parameter vector estimation.
Using the matrix formulation, this system can be written by
a simple expression that relates the unknown increment of

parameters with the set of observations ( Inman, 1973).

D = A AP (III,3)
D=o-—=¢
where

C ceeesesees calculated vector (observations for

the initial model)

O ceeeeesees Observation vector

|

seseseesss Derivative Matrix

The derivative matrix contains the coefficients of the
overdetermined system of equations. These coefficients are
the derivatives of the functional with respect to the
parameters. A general term in the matrix can be defined



T-2047 32

where
TS REREEREE (i,J) element of A matrix
Fi ........ Functional
PO ¢e¢ecee. Initial guess model

The partial derivatives of any functional can be
calculated with a sufficient degree of accuracy using the
finite difference formulation (F.D.), the expression of
this F.D. derivative is:

. Fi(pyy...,pj* PJ,..) - Fi(pl,...,pJ,..)
213 AD] (11I,5)

Once the matrices A and d are calculated, a solution
of the system (III,3) is needed to perform the inversion.
In order to find this solution, an inverse of the nonsquare
matrix A 1is needed. The singular value decomposition
method (S.V.D.) (Lanczos,1961) is wused to compute this
inverse. With this technique, the matrix A can be written

as:

A=u a1 vt (11I,6.1)
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where

Us=4a-V -p"] (I1I,6.2)

and defining ATA as the premultiplication of A

by its transpose,

vV....o orthonormalized eigenvectors of ATA.

(eigenvectors row of ATA)

A ceces Diagonal matrix containing the

nonnegative square roots of the eigenvalues of

ATA.

The generalized inverse of A can be easily calculated

from the decomposed matrix (III,1).

'A ' = _v_ A t (III,7)

Finally, the solution given by the least-square method

turns out to be:

Fa=va -t D (I11,8)

The solution can be written by a more simple expression
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(Glen et al, 1972)

.At. D (111,9)

A?:(_A_’_A_)

In a few cases, the above expression gives an adequate
stable solution for the generalized inverse problem. The
main causes of this instability in the solution <c¢an be
found in some assumption made during the computation of the
final formulations. Principal assumptions made that cause

problems in the inversion are:

I.- Linearity of forward solution,when
computing (3,22]. In the method of
minimization, it was assumed that F.S.
would have an accurate representation with
the first two terms of the Taylor expansion

of the functional. However, it does not.

ITI.- Absence of noise in the data
(observation). The observations were
considered perfect, i.e., with total absence

of noise. Noise, of course is unavoidable.

In most of the real problems of inversion these two

assumptions are not completly valid, hence there will be
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some noise in the system. Consequently the final solution
obtained with these assumptions has a high content of

noise, and will be unstable in most cases.

The root cause for the inefectivenes§ of the methbd,
is the existence of small eigenvalues. These small
eigenvalues, represent parameter combinations to which the
data are insensitive. But in the inverse problem, the
parameters appear to be extremely sensitive to parameter
combinations. Because of this sensitivity, the effect of
noise is increased in an "ill conditioned system". The
final result will have a high percentage of noise, and

thus invalid results in most of the cases.

Since the root cause of these invalid results 1is the
existence of small eigenvalues, the problem can be solved

in two different ways.

1.=- Truncate some of the eigenvalues

When truncating some of the eigenvalues, noise is
not a problem anymore, but the information
contained in those important and sensitive
values, is discerded, this decrement in the
information content, will slow down the speed of

convergence and sometimes will prevent it.
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2.- Increase the magnitude of the smaller

eigenvalues

The increment will reduce the degree of
sensitivity of those small eigenvalues, this
method will attack the problem of noise without
decreasing abruptly the information content in

the matrix.

The second method appears to be the most adequate to
solve the problems caused by an "ill conditioned" system.
The method can be performed by application of some
attenuation factors to the diagonal matrix of the
eigenvalues. Figure 12 shows a family of curves that
represent these factors; It can be observed that these
factors act like smoothing operators. Its effect is almost
null for the low order eigenvalues (large values), and it
will affect strongly the higher order eigenvalues (small
values), with values of the factor close to zero.
Consequently, this strong effect will reduce the
sensitivity of the system to the information associated
with the very small eigenvalues (noise). Due ¢to this
decrement of the sensitivity, the noise is not a problem
anymore, and a realistic solution can be obtained by
applying these constraining methods to the algorithm of

inversion. Feedback is necessary to ensure that the proper
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decrement of the sensitivity is chosen.

The process of inversion Just described (from
generalized inversion to the different constraining
methods), can be simply described with an analogy between
linear systems and inversion theory (Stoyer, personal
communication, 1977). The basic idea of this analogy 1is
the similar concepts used 1in filter design theory, and

inverse solution deduction.

The first idea in order to reverse the polarity of the
system would be the Perfect Inverse filter, this filter
works well in ideal conditions (figure 13), but most of
the inversions are 'ill-conditioned', and additive noise
must be taken into account. Perfect inverse does not work
properly in a noisy system, and the s/n (signal to noise
ratio) is very small in the output (Figure 14). Then an
additional filtering effect is needed to obtain the optimum
filter in real situations. The filter is in tandem with
the perfect inverse, and will give a stable solution in the
output even with the presence of high noise content in the

system (Figure 14)
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FORWARD SOLUTTION

-

FILTETR

PERFECT INVERSE ( IDEAL CONDITIONS )

PERFECT
INVERSE,

FIGURE 13

AP = [A*Al'x A xD

FILTERING REPRESENTATION OF INVERSE PROBLEM (I)
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INVERSE

PERFECT

DATA _—T

NOTISE

( IN REAL CONDITIONS )

PERFECT EARTH

I NVERSE ODEL?

ADDITTIONATL

FILTERTING

DATA

PERFETC TF

I NVERSE

NOISE

4

ADDITIONAL REALISTIC
FILTERING ARTH MODEL
L

AP = [AxA + KX I T'xAxD

|

FIGURE 14 FILTERING REPRESENTATION OF INVERSE PROBLEM
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Ridge Regression Technique

The ridge regresssion (R.R.) technique is one of the
methods which protects the process of inversion against
problems derived from the existence of noise. The
filtering effect in Ridge Regression is accomplish in a
simple manner, by adding to the diagonal of ATA a positive
constant K called the Ridge Parameter. Formulation can be

expressed as:

AP = ( ét'_& + K2.I )-1- _A_t- D (III,10)

this expression can be formulated in terms of singular

value decomposition as:

_ . £t =
AP = V. £-1. U". D (III,11)

where

A== [rzi—lc??]

-

which appears to be one of the filters described in
(Figure 12). The formulation of R.R. has some economical
advantages compared to the methods using S.V.D. due to the
fact that when using similar constraining methods no

factorization of the matrix A in needed.
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An important consideration in this formulation is the
choice of a value of the ridge parameter K. The optimum
value of K is that which gives the minimum error, however
this value cannot be determined except by testing the

solution.

In order to find the optimum of K it is necessary to
examine the solution several times, for different values of
K and visualize the plot of the results versus K. The plot
obtained, in terms of error (RMS) versus K,is called the
Ridge Trace. The plot is always expected to have a shape
similar to the curve in Figure 15. The optimum Ridge
Parameter corresponds to the minimum in the curve, this
minimum is the desired value in the execution of the

inversion.

Even in the case where the optimum of K is found, the
model determined is not usually the best and another
iteration will improve the fit. If the fit does not
improve, then convergence is reached. Several iterations
may be necessary before the stable solution is obtained;

this is then considered to be the result of the inversion.

Finally, although this solution is considered the
result of the inversion, sometimes the model obtained is
not the only one that fits the data. Additional knowledge
of the parameters must be taken into account when this

nonuniqueness problem happens.
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( R.M.S.)

LEAST SQUARE SOLUTION

(=
o
[~
(=4
(<3

OPTIMUN VALUE OF K

RIDGE PARAMETER ( K )

FIGURE 15 IDEAL CURVE OF THE RIDGE TRACE
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Economy of the Process

The economy of the inversion process 1is strongly
affected by the cost of each F.S. A high number of
calculations of F.S. are necessary to perform an
inversion. Figure 16 shows in detail the number of
calculations of F.S. in an inversion. The cost of an
inversion problem is calculated in this figure for some
typical cases, which happens to be forty times the cost of
F.S. In some methods where F.S. has a formulation which
is easy to compute, the total cost of inversion 1is still
reasonable. However, many of the forward problems are
expensive, under these circumstances the algorithm -of
inversion results in a very expensive method of

interpretation.

A more economical approach to the F.S. has to be
found in order to make automatic inversion feasible on a
commercal basis. In the catalog-interpolation method
(described in the next chapter) tedious calculations
represented in the idea of functional F, have to be
performed only once to generate a catalog of solutions.
After the catalog is generated, interpolated F.S. can be
easily obtained. The cost of the forward problem will be
thus very low, and an economical inversion can be performed

in this way.
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COST OF AN AVERAGE INVERSION

- THE NUMBER OF FORWARD CALCULATIONS;

CALCULATED VALUE ( C )

DERIVATIVES MATRIX ( A )
(M is number of parameters)

OPTIMIZATION OF RIDGE
PARAMETER ( estimated )

TOTAL F.CALC. PER ITERATION

ASSUMING THAT 4 ITERATIONS (AVERAGE) ARE
NEEDED BEFORE A FINAL SOLUTION IS OBTAINED,
THE TOTAL NUMBER OF CALCULATIONS IN THE
INVERSION WILL BE:

TOTAL NUMBER OF F.S. 4 (M +5)

AND WHEN THE NUMBER OF PARAMETERS IS EQUAL
TO FIVE, ( M =5 ) ;

Icost = 40 x F.S.cost

THEN, THE COST OF AN AVERAGE INVERSION TURNS

- OUT TO BE FORTY TIMES THE COST OF A PARTI
CULAR FORWARD SOLUTION.

FIGURE 16 COST OF AN AVERAGE INVERSION
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INVERSION OF TDEM DATA WITH CURVE CATALOG

It was mentioned in chapter II that the transient
response of a layered earth (forward solution) requires
several integrations over the frequency range. Each of
these integrations consumes a large amount of computer time
and thus, the cost of a typical forward solution turns out
to be quite high. The influence of this cost on the
inversion 1is very important (as it was explained in
chapter III), and TDEM inversion will be uneconomical if

performed in this way.

In the present chapter there is a description of the
most important features that were taken into account for
the design of the inversion program using catalog
interpolation. Forward solution (F.S.) is performed by an
interpolation process from a set of TDEM near-zone
theoretical curves calculated by A.A.Kaufman. The inverse
solution is obtained in real time with a ridge regression
estimator, which uses some additional <calculations to
optimize the filter parameter in each iteration, but turns

out to be a fast and economical method.
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FORWARD SOLUTION

Curve Catalog

Kaufman (1969 and 1970) calculated a set of TDEM
master curves in the near-zone. The set includes the most
common geoelectrical earth-models for two and three layers.
The main features of the behaviour of these curves for
different resistivity contrast, were explained in
chapter II, where some examples of two-layer earth were

described.

The catalog-file wused in this inversion process,
contains the three layer H type of curves (with resistant
basement) from the set calculated by Kaufman. Each curve
in this catalog is uniquely defined for constant values of
three normalized parameters. These parameters are:
resistivity of the second layer (r2/r1), thickness of the
second layer (h2/h1), and offset distance transmitter
receiver (R/h1), all then normalized with the values of the
first layer thickness and resistivity (h1 and ri
respectively). Figure 17 shows the parameter combinations
which have a curve represented in catalog. Although each
of the parameters has a reasonably broad range of values
included, only a few combination of the parameters have a

curve represented in this catalog. This limitation in the
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number of catalog models will create some problems in the

inversion.

Some examples of these curves are shown in figure 18.
The apparent resistivity curves are normally plotted in
logarithmic domain (log-log paper) where the ranges of time
and 1lengths differ from one curve to another. The curves
have been sampled to give even spacing in the 1log-domain
and then stored in a catalog file. Each curve in the file
will be defined by a set of values that include: first
sample location in time (To); number of samples in the
curve (No), and weighted values of the samples (P1,P2,...).
Since multiple access to the file is needed, the shortest
possible time must be spent in each of the reading
operations. For this purpose a random-access binary file
containing several ordered memory locations was used. Each
curve of the catalog will be stored in one of these
locations, and the corresponding address of that 1location
will be wuniquely defined for every combination of the
parameters. As a result, this catalog provides an
efficient and economic means of retrieving a particular

curve.
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Interpolation Procedure

Two interpolations are performed in the process to
obtain the forward solution in real time for a given set of
parameters. The first interpolation is a multidimensional
within the catalog, which calculates the theoretical curve
for any given combination of nondimensional parameters
which define the catalog. The second interpolation is
performed to transform the previous result into a curve of
apparent resistivity versus time, at the points where the
data was recorded or digitized. Because both normalized
resistivity and discreetly sampled normalized time exists

in the catalog.

The interpolation within the curve catalog, provides a
continuous function of solutions out of the discrete number
of curves stored in the catalog file. Several
interpolation routines can be adjusted to this problem
(e.g.Carnahan et al,1969). A balance between the time
spent in the process and the degree of accuracy needed,

must be the key factor in choosing a particular method.

Rodi (1975) describes a linear interpolation procedure
in two dimensional space that has a simple formulation.
The method is applied here for a three dimensional space,

and it assumes that the discrete number of
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parameter-combinations with a solution in the original
catalog, can be represented in the parameter space by an
orthorombic package of elements. In each element of the
package, an interpolation function 1is defined. This
function will give a linear approximation to the solution.
The accuracy of this approximation depsnds on the curve
density in the catalog. Figure 19 has a brief description
of this method and a deduction of a general formula for the
interpolation function, this formula has a simple
expression, and gives an accurate value of the
interpolation for any point within the catalog range, when
a proper package of elements is found and translation of

the axis is performed.

Once the theoretical curve for the desired values of
the normalized parameters is found, the second
interpolation must be performed, which will find the values
of the apparent resistivity, at the times the data were
digitized. Since theoretical curves are expressed as a
function of the normalized parameters, a conversion into
dimensional parameters ( ra vs t) must be done before this
second interpolation 1is accomplished. The result of this
interpolator, corresponds to the forward solution

calculation used in this inversion.
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Complete forward solution process

Two main routines performed the major calculations
described in the previous pages. The subroutine CURVE does
the interpolation within the catalog to obtain the
theoretical response of the earth for a particular set of
nondimensional parameters. The subroutine CALC 1is the
driver of the whole forward solution and performs the
second interpolation to obtain the theoretical curve in

real time.

The detailed process of CURVE is described in
Figure 20. The 1input to this routine corresponds to a
particular value of the three nondimensional parameters.
Then the routine 1looks for the appropiate package of
elements. This is done by locating the particular value of
each parameter in an ordered vector containing the possible
parameter values included  in the catalog. When fbfoper
package is determined, the curve corresponding to each knot
will be read. A reference matrix gives the 1location of
each curve in the random-access binary file. If one of the
knots does not have a curve in catalog, then the routine
stops 1its execution, terminating with an error message.
The final step corresponds to the interpolation operator.
Once the values of the curves in all the knots are known,

the three dimensional interpolation can be performed.
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Final results from this interpolation will be the final
results of the routine, that corresponds to an interpolated
catalog curve for a particular value of the nondimensional

parameters.

CALC (Figure 21) is the routine that controls the
whole forward solution process. The input values are a set
of geoelecterical parameters, and a vector containing the
times at which the data was digitized (or recorded). Then
the routine finds the correponding nondimensional
parameters that will determine a corresponding theoretical
curve in the subroutine CURVE. After this theoretical
curve is obtained, the second interpolation will be
performed. The final result of this routine, and thus of
the whole forward solution, will be the theoretical

response for a certain value of the parameters.
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FIGURE 21. FLOW CHART OF THE ROUTINE CALC.
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INVERSE PROBLEM

The solution of the inverse problem using the catalog
interpolation routine was performed with a ridge regression
estimator. Some ideas about the method were described in
the previous chapter. A feedback system is used in each
iteration, to insure that the filter parameter be close
enough to the optimum. Filtering effect was done with the
algorithm described in Chapter III [ III,10 1.  This
algorithm has a very simple formulation compared with other
inversion filters, and gives an excellent result if enough
effort is spent in the process of searching for the optimum

K.

The sequential calculation involved in the process of
inversion, can be visualized with the flow charts of the

two main routines of this process, figures 22 and 23.

The first flow diagram corresponds to the routine
OPTMO. This routine 1is the main feature of the ridge
regression estimator. Given a set of observations, and a
parameter guess, the routine will find the optimum value of
the filter parameter K, and its corresponding increment of
parameters. This routine can be divided in two main blocks
of calculations. The first block does the operations in

the algorithm [ III,10 1], previous to the 1loop of
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optimization. These operations are the calculations of the
matrix of derivaties A and some subsequent matrix
operations. The second group of calculations is where the
optimum value of K is determined. This automatic selection
is performed by doing several calculations of the algorithm
mentioned for values & of K (filter parameter)
logarithmically spaced (2 per decade). When a point close
enough to the minimum of the ridge trace is found, then the
optimization iteration will stop. The increment of the
parameters associated with that point in the R.T. will be
considered to be the optimum. The final result of this
routine will be thus, the optimum new-value of the

parameters and its corresponding error with the input data.

It was mentioned in the previous chapter, that several
iterations with optimum parameter changes may be needed
before a stable solution can be found. Figure 23 shows the
flow diagram corresponding to the main program of the
inversion, where the iterations to find a stable solution

are performed.

One important feature in the performace of this
inversion that must be finally mentioned, 1is the
limitations of the catalog size. The range of the
parameters included in the catalog-file was represented in

figure 17. This range of parameters will restrict the
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possible catalog models needed during iterations to those
included in that small range of values. Some problems due
, to this fact can be found when performing the calculations
of the matrix A and in places where new forward solution
models are needed. If problems arise during calculation of
A, another finite difference derivative.will be made with
the incrementation values taken in the opposite direction.
In other places of the program the 1lack of information
content in the catalog file will force the operations
involved to stop, and sometimes the whole execution of the

program will cease.
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RESULTS OF THE INVERSION

Four typical transient soundings are shown to
ilustrate the results of the inversion. The first two are
synthetic data, generated from the catalog file. The 1last
two are real data corresponding to a geothermal survey that
was carried out by the geophysics department of C.S.M. in

the area of Black Rock desert, Nevada.

In the first example almost perfect fit is obtained
after four 1iterations, with a final error of 0.43%.
Figure 24 shows the plot of the error versus the
iterations, for this example. It can be observed in this
figure, that a significant reduction of ¢the error takes
place in the first two iterations. The error declines from
an initial value of S54% down to 1.9% after the second
iteration. Final solution 1is obtained in the next two
iterations with a final error of 0.4% corresponding to the
inverted model. The ridge traces for every iteration are
shown in figure 25. It can be observed there, that the
shape of those curves is always approximatly the same with
some small differences due to the location of the minimum
and the curvature. The location of the minimum (K®*) can be
understood as an indicator of the information content in
. the matrix. The value of K* for the first two iterationmns
is very small and this agrees with the fact that a great
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reduction of the error took place. The third and forth
iterations have large values of K* and the reduction of the

error was not very high there.

Figures 26 and 27, represent the parameter changes
with iterations. The resistivities are shown in figure 27,
and figure 28 contains the corresponding changes for the
thickness. These figures reflect a similar trend if
compared with the plot of the error (Figure 24) where
‘important changes of the parameters occur during the first
two iterations, and relative small changes in the other
two. For some parameters, a divergence effect is obtained
with the first iteration, but convergence 1is obtained
within the next three iterations. Finally, the changes in
the apparent resistivity curves versus the time is shown in
figure 28. It can be observed that the difference between
the first guess and the observation 1is great, however,
there is almost a perfect match between the final model and

the observations.

More impressive results are obtained with the second
example, where an error of 120% is reduced to 4% in three
iterations. The plot of the error 1is represented 1in
figure 29, and it can be observed that the first iteration,
does not significantly reduce the error. This 1is due to

the 1limitations of the catalog size, which inhibit the



[
o
o

(M)

THICKNESS FIRST LAYER(hl)

2
ITERATIONS

9)

IS
N’
o
=
g
a
=
Q
O
72}
2]
wn
(42}
2
2
(&
4
o
=

ITERkTIONS

'Rl

DISTANCE

2
ITERATIONS

FIGURE 26.- THICKNESS AND DISTANCES CHANGES WITH ITERATIONS
EXAMPLE #1.



T-2047 68

=
3
o
A\/
i‘,'_' 20.
>
=
-
>
-t
[
n
-
n
=
~ *\\\\-~\
o~
! ® ® L J
St
3 15
H -
o
3 t 3 3 ;
ITERATIONS
~
=
2
~ O
Nv
Ko}
=)
5 4.
>
-
=
(5]
7
g 3. |
o~
23]
3
n 2. -3
g \
2 @
b @ @
[ 2
1 3 —3 -

ITERATIONS

FIGURE 27.- RESISTIVITY CHANGES WITH ITERATIONS
EXAMPLE #1.



— INITIAL GUESS

10 (_____l

@ OBSERVATIONS
(synthetic data)

FINAL MODEL

APPARENT RESISTIVITY (OHM-M,)

TIME (sec.)

S

FIGURE 28.- EXAMPLE #1 CHANGE OF THE APPARENT RESISTIVITY
CURVES WITH ITERATIONS.




T-2047 70

optimization of the ridge parameter (K). The subsequent
iterations, operate in a manner similar to the previous
models. The apparent resistivity changes with iterations

are shown in figure 30.

Similar results can be observed in the other two
examples from Black Rock desert. In both cases, an abrupt
reduction of the error takes place in the first or the
second iteration. After this the noise in the data
prevents any further improvement. The plots of apparent
resistivity changes, and error versus iteration for those
two soundings, are shown in figures 31 through 34. Finally
it must be mentioned that the values of resistivities and
thicknesses obtained for those two soundings, seem to match
very well with the expected geoelectrical section of the
area (Keller, personal communication, 1978). The value of
the offset distance is considered a parameter here, because
it is an indicator of the lateral changes of resistivity,
that appear to be very strong in this area (Crewdson,

1976).
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CONCLUSIONS

Ridge regression estimator with catalog interpolation,
provides a fast, accurate and economical automatic method

of interpretation for time domain electromagnetic data.

Ridge regression estimator uses a feed-back principle
to choose a value of the filter parameter close enough to
the optimun. With this value, fastest possible convergence
is insured at each iteration and thus the total number of

iterations will be the smallest possible.

Since forward calculations of TDEM were expensive, the
forward solutions were obtained using catalog look-up and
interpolation. This method gives a value of ¢the solution
with enough accuracy, and transforms a very expensive

method of interpretation into a very inexpensive one.

The most important features of this work can be summarized

as follows:

= It has been shown that ridge regression estimator
is a powerful tool that insure the fastest possible
covergence. Two or three iterations with this
method are needed in most of the cases, to reduce
the error in the final model down to a 1low and

stable value.

- Forward calculations of TDEM obtained with catalog
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look-up and interpolation are several orders of
magnitude cheaper than the mathematical model of

F.S..

- Interpolation method provides an accurate value of
the forward solution if enough density of points is
included in the catalog.

Then this algorithm of inversion provides a fast,
economical, and accurate method for the automatic
interpretation of TDEM data, adequate ¢to operate on a
commercial bases. The only problem observed with this
powerfull technique, was caused by the limitations due to
the catalog size. It 1is recomended thus, that further
works with this algorithm, should include a dense and
extensive catalog of solutions. Finally, the aplicability
of the algorithm can be extended to any type of geophysical
data, provided a catalog of solutions, and specially
interesting for the inversion of data whose solution is

nonunique.
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EEEXRELXBREERREELEEREEEREEEEEERRERESEEEEEEELEEEEEREEEEEEETEEEES
e 32 3 MAINLFOR SEEE
sssx THIS IS THE MAIN PROGRAM OF THE INVERSION OF TDEM sssexs
sxx%x (NFAR-ZONE) CURVES USING CATALOG LOOKUP AND INTER- #s*skxs%
*%¢% POLATION. THE DETAILED EXPLANATION OF THE ALGORITHM ss&ss
$s%% AND FLOW CHARTS OF THE WHOLE PROCESSy CAN BE FOUND =ssses

«k%% IN THE CeSeMo MASTER THESIS T-2047. *EEEEE
st t: 2T
E 2 32 X 3 INPUT FILEecoecoeoes FOR1SDAT E 22 X X 3
£ % THIS FILE IS THE OUTPUY OF GFACT.F¢ *EEEES
skeed AND CONTAINS: NUMBER OF DIGITIZED

22T L] POINTSy AND PAIRS CAPPARCRESSHTIME ) Ssssxsx
*&2s FOR EACH POINT. TE L2

k&R DUTPUT FILE cecesecee THE PROGRAM GENERATES LI 2 2 % 2]
k%% AN LPT FILE THAT CONTAINS PLOTS C(CIN LPT)*s%s%x
*%e % O0F THE RIDGE TRACESy PARAMETER CHANGESs*stssx
L L2 FRROR VSe. ITERATIONy AND MODEL CHANGES s&xs%xsx
ek CALL THESE PLOTS ARE OPTIONALD. T EET
*eE s 228 S
s¥&% THF PQOGRAM WYLL WDRK IN INTERACTIVE MODE, WITH EEEEEX
&% SEVFRAL OPTINNSS 1.- AUTOMATIC OR MANUALS EX 2212
%% 2.~ PARAMETERS TO INVERT 3 OR 5 (3 IN THE CASE (OF ®sstxk*s
axekx THVFRSION WITH NONDIMEN, PARAMETERS ). EREEEEE
&%k *EEEEEE
LT ¥ ADDITIONAL ROUTINES USED? t 23T EXT T
*E % OPTMD: NDECIS: CURVE: CALCS FINDsS EEEEEER
FYIT PLOTSFORS PRINT: PRINTI &L SRR
222 ANND THE MATRIX PACKAGE CONTAINING® SEERKEE
xxEd TRPA: PMTRX: ERRORS DESCALS DERIVS *EEEEEE
L X3 TRALES MAMIN, 5L EEEE
*Exy *EkEEEEE
¢xs% THF CATALNDG NOF CURVES IS INCLUDED IN THE FILE EEEE SRS
k&t¢ FORO?.DAT (RANDOM-ACCESS BRINARY FILE). 33233
FY:3 T YT IT I
12 ¥ 2 SEEEEEE
#¢x%x ADNJINFO. IN THE CASE OF CATALOG LIMITATIONS, EEEEEEE

*%x6%x THE FILE FORIB.NDAT, WILL CONTAIN INF., OF THE LOC. *s&%%:ks
#¢x% IN THF CATALOG (NONDIM. PARAM.) USED UNTIL THE sk XE

®x%¢¢ PONBLEM ARISFS. skt
I TT Y Y TIT YT
EEEREXE LR ERLECREEREEREREESSREXELEREREREEEEREE SRR SRS ERSEEREEER
&t S JUAN CARLOS RODRIGUEZ-DVEJERO 1978y GOLDEN *EEEEEE

I 23 2 S 22 SR 22 2 2SS 2222222 2 22222 2222 2222222222222 22222222 222

PARAMETER MNA=200+sNPT=40,NPAR=5
PARAMETER NNP=21



T-2047 81

LOGICAL ANSWERSFUERA,AUTORTPLTHPRPLT
DIMENSION PBESTCNPAR) s XNC15)9STRGP(MNA) yOLDATCNPT)

COMMON 7/ SLOCKY1 7/ OBSCNPT) oTCNPT) oP(NPAR) oDCALCCNPT),
&  ACMNA) LIMAX SIMINSMNALSNPTI,NPARLIHRTIPLT

COMMNON /7 3LOCX2 7 FRRHERROCIS5ISERRICLIS)oINTERHITER,
& COUONSKC190),XNEW,TFLAG

NPT1=21

NPAR1=3

MNAL1=63

OATA (XN(I)Q131’15)110920’30”0.95..6.97.’Q09909100'1’.o.120'
&€ 13e9l4erlb5e/

DATA (D3SCU)pI=13NNP I/ 16292¢1791eC690e39690eR390.6390.783»

£ De7990e7290e7090e5890679006690e65900649066390.6259

& 0e6290e61590.61690.513/7

DATA CTUI)9I=19NNP)/0e09006190¢290e3906490e590e6530790890.5,
& 100’1.1’1.2)1.3’104'105'106’ 1.7’ 1031 1.9,2.0/

C #0202 35%2562¢8S4 5520800826 ELCTEEEEREELEERREESEEEEEAERTCEE
C s¢ets% INPUT DATA $ NPARLIZNPT1,TCIDL02SCI) EEkEEEES
C %5255 XXREEREXEEEEEXXTBXEEEEEKESEEFEEEEESREEEEEEREXEEE

25

15

23

25
27

“RITE(4,25)

FORMATCLX 9 "ENTER THE NUMRER QOF PARAVETERS “ /7,
& IX,'B......SYNTHETIC DA‘.A (R?/RIQ,OQZ,HIQI.Q/HI) ’.,’
& 1X 95 ceeceeREAL DATA (R13H1pR25H24R) T %)

ACCEPT 15,,8PA71
FORMAT(C D)

REAN (15,26) NPT1

D0 23 I=1,NPT1

REAN (15,27) TC1),03S5(C1)
MNAL1=NPAR1%NPTI

FORMAT C I)
FORMAT (25X 42(F10.495X))

GO TO 6

L 2L EREEEREREEEREEEEREEEEELEEEL R REREREEREEEEERREEREREREREES
C s«xs*¢x WHEN MOOEL OUT OF CATALOG 7 START AGAIN *sEEEEEES
C 3558228 RLL22EL2EERLREEEEEELEEEEERLEESEEEREEEEEEEEEEREEEEEIEES
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5 CONTINUE
FUERA=,FALSE.

WRITFC4,125)
125 FOR“AT(1Xs/79+° DN YOU WANT TO TRY WITH ANOTHER MNDEL %y
& $)
126 FORMAT(1Xy/, “D0 YOU WANT THE PLDT OF THIS RESULTS “,4%)

IFCANSWER(DUMMY)D) GO TO 6
ARITE(C4,126)
IFCANSWERCDUNMMY)) GO TO 220

sStToP

C S22 EELLEETELEEREEELEREELCERRRERABEEREEREESEERRRKEEEBEREERRERS
C s%%3% INPUT PARAMETERS T T FET T Y

C 225220 EXSEELELEEEEETRERETLSLELEEEEEEELEEESLETESS

) FUERA=,FALSE,
ANTO=.FALSE.
RTPLT=.FALSS,.
PRPLT=,FALSE,
WRITEC4,8)
ACCEPT 7,P
WRITF(449) P
C CHECK IF THE PARAMETERS ARFE CNORRECT
WRITEC4,10%5)
195 FORMAT(C1YXy D0 YOU WANT TO TYPE AGAIN? ‘e $)

g8 FORMAT(1Xs” ENTER THE VALUES OF THE PARAMETERS “y %)
7 FORMAT(5F)
9 FORMAT(5(F10.493X))

IFCANSWFER(DUMMY)) GOJ TO 6

DO 170 I=1,\PAR1
STRGP(CI) = PCYD)

170 CONTINUF
C
C
L SRS EEEREEEEREEEEEEEEEEREAEX RS RLEEEEREEBEELEXEEEXEREREEEES
C *s2%%s INITIAL GUESS MNDEL AND ERROR *EEEEEEE
C 532K EXXEXTERELEEESEXEERLERRECEEEERLLEEEEEEEEEEREETEREREEERES
Cc
Cc

IMAX=NPT1

IMIN=1

CALL CALC(DCALC,TyNPT1,IMIN, IMAX,PsNPAR1,FUERA)
IF(FUFRA) GO TO 5
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C THIS MATRIX IS USED FOR PLOTTING PURPOSES ONLY(OLDAT).
DO 115 I=1,NPT1

115 OULDATCTI=NCALC(T)

c

C NOW TRY TO FIND THE RMS ERROR IN THE INPUT MODEL

c
CALL CRROR € 0OBSyDCALC,H,NPT1oIMINyIMAXERR)

c

C TYTS IS THE FRROR OF THE EXTERNAL ITERATION # 0 C(IN THE MATRIX
C WILL 3% LOCATED WITH A UNIT MORE)

ERROC1I=ERR
ERRYMIN=FRR
ITerR=1
WIITE(C4,120) ERR
120 FORMAT(1X929Xy "ERROR IN THE INPUT DATA®,F,/)

E52ESEBFRLELSEEEESILLINEELERLLCESEETTRSEEETLSREELECLESEEEERED
XXX T AUTO/MANUAL ESTIMATIUN DF K ExEETEER
22253 PLOTS 0OFf THE RIDGE TRACE ? 2212 L2 L]

EFEEEXSEETEEEERAEEXELELEEEESRXRXEEEELEEEUSEUEEEEEEEEEEEEEREEEER

AITH THE VARIA3LE AUTOCLOGICAL)y WE HAVE THE CHOICE OF MANUAL
ne AUTOMATIC DECISSION ABOUT NEW "K®CIN SUBROUTINE NDECIS)

COODNOON

WRITEC4,128)
[FCANSWFER(DUMMY)) AUTO=.TRUE.
WRITE(4,129)
[FCANSWER(NDUMMY)) RTPLT=,TRUE.
WRITF(4,131)
IFCANSWFRCDUMNY D) PRPLT=.TRUE.

128 FNRMAT(1Xs°NO YOU WANT AUTOMATIC ESTIMATINN OF mK®? <,
& $)
129 FORMAT(1X,°D0 YOU WANT PLOTS OF THE RTDGE TRACE? “9%)
131 FORMAT(1X, °ND0 YOU WANT PLOTS OF PARAMETERS CHANGES 2 “4 $)

c

C NOW IT WILL START THE LOOP WHERE THE ITERATION TAKES PLACE

C AND ALSO AN OPTHIZATION OF ®"K® (RIDGE REGRESION)Y IN EACH ITERAT.
c

1700 CONTINUE

C 4SS EEXLEXLREEEEERREEERLERELEREEREREEEERELRLESEEEEEREEEREEES

C #*%%%¢2 OPTIMUZATION 0OF DELTA DE P keEsseee

C SRS AEEEEEEEREETEREEELERRRREEREE A ELRREEERRERREREEEEREEESS

c



1-2047 8u

C THE VALUES OF THE PARAMETERS FOR THE NEW MODEL,AND THE CORRES-
C PONDENT ERROR (ERR) ARE THE MAIN CONTRIBUTION OF THIS OPTIMIZA-
C TION SUBROUTINE

CALL OPTMO(FUERA,L,AUT])

IF (FUERA) GO TO S

ITER=TITER+]
COROCITER)I=ERR

C STIRAGE THE NFW PARAMETERS TN A ONS-DIMENSTONAL ARRAY
N0 171 I=1,NPAR1
IJ = (ITFR=-1)%NPAR1+I
STRGP(CIJ) = PC(ID)
i71 CIONTINUE
C WFE LOOK FOR THE OPTIMUN MOODELCLEAST RMS ERR)

TFCERRMINGLT.SRR) G TO 490
ERRMIN=ERR

03 30 I=1,NPAR1
PBESTCIDN=PCD)

3n CONT INUF
4) CONTINUE

C IN THE CASE OF THFf LAST TNTVTER TITERAVION CORRESP T MIN. ERR,
C THIS CALCULATIIN WOULD NOT BE NECESSARY.

CALL CALCUNCALC+TyNPT1,TMINyIMAX,PoNPARL1sFUERA)

[FCFUFRA) GO TO S

NITER=ITER~-1

WRITE(4,139) NTITERLERR

WRITEC4,140)

00 20 I=1,ITER

J=1-1
WRITE(45150) JL,ERROCI)

20 CONTINUE



T-2047 85

130 FORMAT(1X9/7/7920Xs “"ITERATION # “,1298Xy ERROR="4FT,.4)
140 FORMAT(1Xs/920Xy® ERRORS IN PREVIOUS TTERATIONS®)
150 FORMATCLX930X9I338XsFTe4)

C 22X EEEREXLEERREEEEEREEERREEREREEEEEERESEAEREREhEEEEREEEk
C *&sxx% MORE TITERATIONS? skt kks

C %€ X2t ERL SR ERELRLEREREEXSAEEREEREEREEE KRR CEEEKEEREECECEEXS

C IF CONTINUE IN THE LOOP, WE HAVE TO CONSIDER THAT THERF ARE NFEW
C VALUES OFSDCALCCNPT1)sIMAX,IMINS IN ORDER TO ENTER AGAIN TN OPTM(Q

WRITE(4,275)
2715 FNRMAT(1X s “ANNDTHER TTERATION? “, 3)
IFCANSWERCDUMMY)) GO TO 1000

230 CALL CALCCDCALC+ToNPT1,IMINyIMAX,PBEST ,NPARL1,FUFRAN)
[F(FUERA) GO TO S

FREEEFEELREXTREREL XL EERERCEERRELEEREEETEEEESELEEESEEEETEETEEESR

&S QUTPUT THE RESULTS tFTETTTT L
SREEARKXATREEEERERIEEREREERRREREE R XA RREEERREESEREEREE L e TR SR

DOOOCOO

WRTITE(A9300) TRRMIN
WRITF(5¢310) PREST

ARITF(64320)

KMAX=TMAX=-TIMIN+]
D0 350 I=1,KMAX
J=I-1+IMIN
N=23SCJI)-DCALTCY)
WRITF(69360) 0B8SCJ)SDCALCCJ)»DH»0OLDAT(Y)
3150 CONTINUE

WRITE(HsITUINITERHPERRMIN
C NJOW THE VALUES OF THE FIRST GUESS 3§ INPUT DATA, AND
C FINAL ESTIMATION WILL BF PLOTED IN THE SAME GRAPH.
CHARO=1HO

CHARI=1HI
CHARF=1HF
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C CALCULATION OF THE MAX AND MIN IN THE TIME VECTOR
C AND IN THE OBSERVATION VECTOR TOGETHER WITH INITIAL GUESSe.

CALL MAXMINCTSNPT1,XNy,XX)

CALL YAXMINCOBS o NPT1,¥YNLYY)

CALL MAXMINCOUDATNPTLsNMIN,DMAX)
IF(NMAX.GT.YY) YY=DMAX
IFC(OMINSLTYN) YN=DMIN

CALL PLOT1IPCT»08S,NPT1,CHARO XNy XX YN, YY,0)
CALL MDRFIP (TV,0LNAT,NPT1,CHARE)

CALL PLOTPR(S)

WRITEC(64+390)

CALL PLOTIP(T,08SsNPT1sCHARO90e90e90ee0esl)
CALL MORELIP(TOCALCINPT1L,,CHARF)

CALL PLOTPR(S)

WRITF(6,4395)

393 FORVMAT(1X9/777+10Xs° JUTPUT MODFL “510X e “ERROR= *4FT.4)
379 FORMAT(IX2NXs “NUMBER OF TTERATIUNS ,12,10Xy “CRROR="9FT7.4)
310 FORMATCLIX 20X e5(F10.%495X))
32N FOOMATCLIX9//7920Xy " 03SERVATIONS® 10Xy “CALC.VALUE 10X,
£ C“DIFFERENCE"»10Xe °“INITIAL GUESS®)
350 FORMAT(1X920X94(FTa4,515X))
330 FORMAT(LIXe/7y 20Xe “%¢%xxex PLOT OF THE ERROR V,SITERATION*%%%%°)
375 FORMATCLIX o7 920X 9 %P ARAMETER “912,9° CHANGES #%%2%%2°)
325 FORMAT(LIX41IX9F2e5X%XeF10.4)
390 FORMAT(1X977+20Xe %sexxx PLOT OF THE OBSERVATIONS (0)°,
& ° VSe. THE FIRST GUFSS =x%xsss”)
335 FORMAT(1 X9 /7y “xeexe PLNT OF FINAL MONDEL (F) VSe®s
£ 7 OBSERVATIONS (D) *s3%x3x °)

CHAR=1H=*
IFCPRPLT)Y GO TO 400
GO TO 450

490 DO 425 I=14NPAR1

C £ACH OF THE PARAMETERS ARE STORED IN ONE AREA (DCALC) IN ORDER
C TO PLOT THEM IN THE LPT.

DO 420 J=1,ITER
JI = (J-1) * NPAR1 ¢ [
4?20 NDCALCCJ) = STRGPCJIID

CALL PLOTIPC(XNSDCALCHITER9CHAR90e90e90a90e91)
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425
459

459

CALL PLOTPR(CA)

WRITE(6,375) {

WRITE(69385) C(UXNCKK)DCALCCKK) ) KK=14,ITER)
CONTINVE

CALL PLOTLIPCXNSERROSITERYCHAR90e90e90e90asl)
CALL PLOTPR(S®)

WRITE(C6,390)

DO 460 I=10ITFR

WRITEC69335) XNCI)L,ERROCI)

STOP

£ND

87
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OO0

SUBROUTINE OUPTMUCFUERALAUTO)

C 5525222222 EE 22T EHSEE522S2ESEXEREETTR2SSEEERER
C %% THYS SJBROUTINE CALCJLATES THE OJPTIMUN INCREMENT *s2sxex®
C %« OF THE.- PARAMETFRS TO THE INPUT MODEL USING £$5EBEES
C %% RIDGF REGRESSION CSTIMATOR. £55%%8%%
C *%2% THE CALCULATIONS ARF SENUENTIAL AND SOME SUBRTOU~ $s&x%x%¢%
C #¢%x TINES ARE NEEDED.: I EE 322 3 F
C % o= DERIV eceeoeoeesCALCULATES “A° k¥ EEE
':' ¥k 2.‘ MPACK .......MATRI\( PACKAGE XS 22 2
C %% o= PLNT e7GReveeePLOTS IN LPT X X2 X% %
C %%x 4o~ CURVEFIR L oeeFOANARD SOLUTYIONCCATAL (INTERP ) ®x k¥
Cekdx 2 T2 2L ¥ 2
I I I Y N I R Y T Y E T YT I I YIS E TR Y Y
C *&x JUAN CARLOS R.A.OVFJFAN 1978 HFEB, I 3TIIELIT
C 45225220230 eETTEISSETLSLEREEELLESEEREREETRTREEEEELTEETEEELS
c

c

G

PARAMETER MMNA=200,NPT=40,NPAR=Y

LOGICAL ISTIPSFUERAHAUT)

1 3SICAL INSWERSFLAG

DIMENSTON ATRPCANA) 9B IMNA) yDTIFAINPTI 9 DELP(NPAR) ySTRGE(UNA),
& POLDCNPT)

CAO~NaOMN / 3LICKL1 /7 D3SCNPT) +T(NPT) 9P(NPAR) HDCALCUINPT),
& ACVNA) G TUAX S IMINSMMNALZNPT14NPARLGRTPLT

COMMION /7 JLICK? / ERRZFRROCLIS)SERRICLISIHINTERyITERY
& CUNSKCI0),XNTW,TIFLAG

THE CALCULATIONS 4TLL AE DONE SEQUENTIALLYS

IN FTPST PAOT WJE END NP WITH VALUES OF ATRPA AND ATRPD
LATZR THRJUAGTH AN CPTIVIZATION LOOP A ®"GOOD™ VALUF OF
DELP SILL 9E CALCULATEDCWE®LL EMPROVE THE MODEL)

EHERETEERERRREXAIARREE LR ERRETEEEREEERERERERRERAKEEEERREREEESD
ST XY CALCULATION OF THE MATRIX "A®m (NDERIVATIES) sssxssxs
EEEEFLTSLESREL LSRR R LT REERERRE LSRR EARXXEEREEESSE

OO0 CH”O OO0

CALCULATE THE MATRIX DERIVATY "aA®
FULCRA=,FALSE.
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89
CALL OFRIV(FUERA)
IFCFUERA) RETURN
C DUE TO THE “BDUNDARY LIMITATIONS IN TIME , ®A® WILL HAVE
C OMLY "KA™ ELEMENTS.
KD=IMAX-TMIN+1
KA=NPAR] &KD
WRAITEC4,312)
CPt WRITTE(155315)
c» CaLL PRINT(AyKA)
C 242324 XXNELT RS EECEEERE AR RRRKERERATREEEREEEeREeeeeatd
C *%%2%¢ TRANSPOSE 9F #Aw XTI EE T2
C %4555 eee3E¢ 53555 Es224¢e255565SE5222ERLCREEEETSTEERXEEL
-
C NOw» CALCULATE THE TRANSPOSF OF "A®™ aAND STORAGE IT IN AN INDE-
C PENPDENT ARFA====> ATRP
C THE 283l DOYILE NIMENSTINN OF THE MATRICES IS?
C AQED o NP AR]L) C====> ATRP(NPAR1,,KD)
C TrENT THF A(MNAL) COMTAINS ONLY XA ELEMENTS
C
CALL TRPACAJNPARI9XALATRP)
cri WRTTEC154320)
col CatlL PRINT CATRPL,KA)
C
Yy L N P F T R I Y L R P P S XS R
C s%xt%%% TAANSPOSE DF nAn  x  wan tE TR T I
A T Y L Yy Y I P I I R R Y E PP X
c
C 4idd CALCULATE TiHE PRODUCY OF THE MATRIX TRANSSPQOSE (Y "an
C (ATRPA) AND STORAGE THE RESULT IN THE AREA 73w,
o ATPPONPARL,L,KD) & ACKN,NPARL) = S3(NPAR1I,NPAR1)
c
C

“NC=NPARLENPARY
CAaLL PMTIRXCATRP 3KApA9KA 9B 9 UNCH»KD)

cr1 WRTTEC15,5333)

Cri1 CALL PRINT(3,MNC)

c

C 85 %23 5t bbb R Rt ek e st da s AAEERERERRRRXETRSEE NSRS RRE
C %532 DIFERENCE MATRIX (08S - CALC) SRR A LR LS
C #4582 2X%22 202X LEXELEEXELTLLRELEEEXXXLEEILIIETEEERE%D
C THFE NIFEPENCE MATRIX IS THE OBSEQAV.MINUS THE CALCULATED,FROM

C THFf PUINT IMIN UNTIL IMAX., THE RESULT WILL BE STORFO IN THF

C FIRST XD ELEMENTS OF DIF.

NJ 239 I=14KD
KX=T=4#+#1MIN
NIFCI)= 033S(KX) = DCALC(KX)

27 CONTINUE
C21 WRITE(C15+340)
cprt DO 342 I=1,KND

CP1342 WRITEC15,341) DIFCI)
C
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XSS FEENTEXELESCERERERERBEEXSLXXESRLEEAEXEEEEEEERETXEETRESE
LAS S 2 1] TRANSPOSE NF "A®™ X DIFERENCE MATRIX LA AL L 2
FEEEERERRERREBEEREALXXEREEEREEXERETESABR RS RS REEXEELRELE SR LS
THE NEXT COMMON POINT 3EFORE THE OPTe. OF "K® WILL RBE FIND THE
PRIODUCT ATRP(NPAR1+KD) & DIF(KD) =ATRP(NPARL1) AND STORE IT IN
THZ AREA OF "A®(CTHAY IS NOT GOING TO RE USED)
CeLL PMTRXCATRPoKA9DIF9KDpAsNPAR] 4KD)
ce? WRYTEC15,4350)
CP1 CALL PRINTCASNPARL)

C CALCULATF THE TRACF OF THE MATRIX ATRPA, (STORED IN "3")
CALL TPACE (B4MNC,TRCF)

cpt WRITF(1549355%) TRCE

155 FORMYAT(C(LYX 923Xy "TRACE=",F)

112 FORMATC// 1X92CX9e°IN THE SUBRIUTINE OPTMO®)
3L5 FOOMATC/7 20Xy “MATRRIX F DERIVATTES®)

320 CORMAT(1X92IX s “TRANSPOSE OF A° )

330 FORMATCLX 929X, °ATRPA®)

139 FOPMATCOIN 20Xy *DIFERENCE MATRIX)

341 FORMATCLIX940XH»F)

357 FORMAT(LIX920X, "ATRP & DIF")

C
C TH4TS TS T4% CRRON (N TFit LAST ITERATION C(QUTER)
OLDK=CONSKCINTER) .
C THIS IS A 2LFERENCE VALYE WHFN DDING THE DECISSION DF NEXT ®K©®
C 30Th MATRICES CiN3K AND ERRO ARE STIREN IN COMMON AREA
THNTYER=C
NMIN=D
fFRPMIN=TRCE
1EEQRE SEGINS THE LOOP WETRE GUING TO STORAGE THE SET OF
LY PARAMETERS TN AN APRAY POLDCI)

OO0

N3 10 I=1,NPAR1
PADCI) = P(CI)
IFLAG=G

r—
(]

EEX L EEEEEXAREREEECERERCEREERREEETRXEREREELEEEXEEEEEEEEETETEEE
3552588 RSXXKTEXFIXKEXTEIEEXEREREELEEERXZXEEEEEEEEXCXEEEEESE

525 %%% UPTIMIZATION LOOP kEEEEEER
CEEAEREREREELEAXEEEXIRIXRAEEAEREEREEAEEEEEEEEEEEEEELREEXEEEEEESR
SEXXEEXEETRREEEEIELTEXEETERRSEEERNLEEESEEXEEERECESEEESEEESREEESE

RAY CONTINUE

OO OO
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C

C THIS IS PART OF THE LOOP OF DECISSION OF NEW K 3 WITH THE INF.
C CIONTAINED IN ERRICINTER) AND CONSK(CINTER)y SUBROUTINE DECIS

C WILL FIND A"GOOD VALUE QF ¥K®

IX=INTER

IFCAUTOICALL DECTISCISTAP)

[FCAYTOIWRITF(4,5,33) YFLAG,TNTERFRATICINTER) g XNFW
IFCLSTOP) G) TO 70

YFCAUTO) GJ TO 125

WRITE(CS4,350)
ACCEPT 365, XNEW

355 FJQVAT(E)
159 FUOIMATCLIX,, "SMNTER THE NEW VALUF OF X ‘e B
32 FOPMATCLIX 95X e "SLIPF="31335X 9 s TTERAT a="9I395X,
s TEAIRNDR=TpF T4 9B Xy NEW K =% 47510,.5)
125 INTER=INTZR+,
C
C *25%%5k5%30 8550k EEREETRLT R0 ResebkexRe0skhpeesdeksse
C *5x+¢x¢ HATRP % A & Kx]® ek k%d
R E L Y R  E E e s S R Y R PR 2 XS SRS SRS RS S RS R RSS2 R ¥
C
C 0D T THE DIAGINAL FLEMENTES THE: TRACE =XNFW
C AND THE MATRIX ( ATOPA#KT)====> STUYREN IN ¥g"®
C

X=X w1 LT

N 40 T=1,NPARL
[NDEX=CI-1)&NPAR]1+]
RCTNDEXI=RCINDEXY XX

CONTINUE

CALL PRINT1C(By"NC)

[

S I P T  E R T S S S s R e S S A S
FEXEEE WCATRP & A + K%Y)%%-} 22330 %&e
FEEE R RARE R TR NSRRI EEEE R EFIAREEREREEE AR R RFE R RN R EREES

MOW O TNVERT THIS MATRIX==> (ATRPA+KT)I*+-1 AND STORAGE THE
RESULT 1M ®ATP®

CALL DFSCAL (B8ATIPL,NPARI,MNAL)
CALL PRINT1ICATRPHyMNC)

KEEEREAEREEREELXRESEE XS RN EEERER XSS EE SR EREEFRER AR LR EEEEE XN RS
 TTETY] INCREMENT OF THE PARAMETERS (OFLP) EEXEEEEE
FEEERLELEEXEELEERESEEEREIEEEEERAEXRSARELEEEREXERRREEREE LKA EES

COOOOO OO
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THS VALUFS OF DELP CAN 3F OBTATINFD MULTIPLYING CATRPA+KI)s%-1
(STORED IN "ATRP") HY ( ATRP * DIF) (STORED IN "A"™)

(g Xe Mg

CALL PMTRXCATRPsMNC,A,NPAR1SDELP yNPAR1,NPAR])

NOY FIND THE NEW MODFL AND STORAGE [T IN THE STTORAGE MATRIX
FuR \ POSSIBLE RECOVFRY,.

POLO IS THE OLI MODEL WITH MNO INCREMENT EFFECT
5 D 60 I=1,NPERL
JSI+NPAAL«(INTER=-1)
XL = 1C.*%(DELPCI))
PCI)=POLDCI) *= X1
STRGECJI=PCT)

A0

Ay CONTINUE

C

C TY T FYND TiaiE ERROR CORRESPUNENT TO THE MODEL
"

FUFRA= FALSE .
CALL CALUCDCALC,T,NPT1,11912,PsNPARL,FUERA)D

C
C I= THE FLAG FIJERA IS TRYS, THEN THAT PARTICULAR CURVE IS NOT
C IN TAE CATAMLOGUE, THEN WE DON"T WANT TO LOOSE THE - INFORMATION
C OF PREVINUS TNNIR TTFRATIOQONSCINTER) 3§ SO
G
IFCCRUFRAD «AND(TNTERSFQe1)) RETURN
ISC(FUZRA) TIUTER=INTER-1
TFCFUTRA) WRITE(4,455)
TFCFIJERA) GO TO ?)
45 FORMAT( 1 Xy "#%&THF PROGRAM WILL STOP OPTIMIZATION OF THF®,

& 7 RINGE TRACE ®%x&x"/)
C T4F ERRQR

C
CALL ZRIQ(DCALC,y03SsNPT1,I1,12,ERR)
KNEw=(I2=-11+1)
FRRICINTER)=FRR
CINSKUINTER)=XNEW
C

C FLAG T0O LOCATE THT MINIMUN OF THE CURVE™ ERROR=ERRORCXNEW)™
C
IFCERR¥MINLLT.ERRY GO TO 25
NMIN=INTER
FR2MIN=ERR
?S CONTTINUE
C
C T:HFSE STMT ARE WRITTEN TO PROVIDE ENOUGH INFORM. WHEN
C WIORKING AS AN ITERATIVEE SYSTEM
C
IFCAUTO) GO TO 130
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93
WRITE(4,200) INTER
WRITEC4,210) TRCESXNFW,ERRZERRMINJERRDBCITER)
WRITE(C4,220)
DO 230 I=1yNPAR1]
WRITEC4,240) PULD(I)gDELP(I).P(!)
239 CONTTINUE
C IN CASE THAT wE WANT TO STOP INTFR ITERATIONS
C WE® LUOOK FOR THE MINIMUN ERQRROR MODEL
c
IFCAUTO) G0 TY 130
WRITE(C4,35) ) .
IF CANSWERCIUMMY)) GO TO 70
130 CONTIRUE
2J)9 FIRMATCL1Xs15X," OPTIMIZATION ITERATION # 5 12)
210 FUPMATCIXL10X,y " TRACE ToFTa2015%X9° K= “9FTebs/910X,
& ¢ ERQROR ="4FTa498X9"MIN FRAOR="9F T a4 95X s "LAST FRROR“sFT7.4)
220 FORMATC(1IX915Xy "JLD PARAMETERS 310X "DELP“»10X,y "NFW PARAM, )
249 FORMATC1Xy 15X93(F10.4,55X)) _
85 FORMAT(UX e/ /s “FINISH QPTIXIZATION Q5 THE RIDGE TRACE? “,%)
C
C IF CONTIMUE THE TTERATIONS, LEV®S RECUVER THE MODEL
r .
0 37 I=1,NPARL
INDEX=CI-1)=NPARI+!
BCINDFEXI)=8CINDEXD)=-XK
37 COMTINUE
6 1O 990
c
R i I I I i I T T Y L T T S
I T T e T T R R E e
[ kFxEk APTIMIZATION LNOP C(LOWER LIMIT) L EX TR E
A I T I I T I I T T I I I T Ty T Y P T Y
I T I s T R T T R TS S T 2T
c
C
74J CUONTINUE
IFC(RTPLT) G TO 75
6N YO0 78
() CONTINUE
CHAR=]1H%

CALL PLOTIPCCUNSKyERRIZINTFRyCHAR,)0es0ey0eapleyl)
CALL PLOTPR(4)
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173 CONTINUE
IFCNMINLJEQeINTER) RETURN
C THE MINIMUN ERRNOR WILL NPEFINE THE BEST MODEL FOR THIS ITER-
C ATIUN,
n CUNTINUE
FUFRA=.FALSE.
ERR = FRRICNMIN)
XNFW=CONSX(NMIN)

NUOW oTHE CORRESPUONDENT “MIDEL WILL BE:3

SHOD

TSEA=(NMTN=1) NP AR

WRTITEC4+4%) TSEA
b FORMATCLX 20Xy "MATRIX OF STURAGE OF PARM® 95Xy ISEA="912)
TJ=INTERENPAR]
C CALL PRINTI(STNGR,IW)
DO 30 I=1,NPARL
PCIN=0.0
K=T+1SEA
PCI)=STRGECK)
25 coMTINUE
C IT witlL ReTTURN WITH THE VALUES OF THE ERROR (ERR)ISMODELCP(IL))
c

HD

RETHAN
END
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SUBROUTINE DECISCISTOP)

C £t 022REEXRRRRREEREBRERESEFEEREERLELEELREEEESLEEESEEEEEREES
C sssexs SUBRJUTINE DECIS ' SEESEEE
C s2%%2¥ THIS ROUTINE CALCULATES THE OPTIMUN VALUE OF THESsss¢»
C *xssx¢% RIDGE PARAMETER THAT CORRESPONDS AT €ACH ITERAT.*%st%s
C #ses%¢ THE ALGORITHM OF THE CAN BE FOUND IN T-2047 t 222 23 L]
C *#%x52% (LaSeMede THIS ALGORITHM IS 3ASED MAINLY IN *EEXEES
C sxxxx2 THE CALCULATION QF THE SLOPE OF THE CURVE AT 2T 22T 2
C %% FACH PARTICULAR POINTsTO DETERMINE THE NINIMUM .tk x%S
C cxex&s T4F VALUES OF THE STATING POINT (START) AND cEkEEEs
C *%%%¢% THE INCREMENT QOF THE R.P. CCINC) CAN BEf MODIFIFED.%%%%2
L 202242 PEORESXTRRTSERSIEELREEERSEEECRSEESEEERSKEREESERRERE
C s*%%&x ORTIGINAL PROGRAMER JUAN CARLOS R.OVEJERO,1978 #%&sx¢
C #3222 ¢RI 20XTRLELXRXEREEEXEEECEREEEAREEEESEESRTREECEETREESET
c
C
C

LOGICAL ISTAap )

COMMON 7 BLOCK2 /7 ERRLERROCISIERRICLIS)ISINTER,TITER,

& CONSK(C10)9s XNEW TFLAG

IFCINTER=2)10,20,30
10 CONTINUE
c
C THTS TS CONCERN WITH THE CFRO AND FIRST ITERATINS
c

ISTOP=.FALSE,
C START IS AN STATISTICAL POINT CLOSE TO THE AYERAGE MINIMUN
C "CINC®™ IS THF INCRFEMENT FIOR FACH VALUE OF "XNEW"

STEQI=O o2
C IFCITER.EQ.LISTART=0.5

CINC=0.3

C1=CTINC&&INTER
XNFW=C1eSTART

C NOW BACK TO THE MAIN WITH VALUFES OF WISTOP™ AND "XNEW®
RETURN

20 CONTINUE

SR THE THIRKD ITERATION WE NEED TO COMPARE THE PREVIOUS TWOD
aND DECEINF WHICH DIRECTION TAKE BASEODO IN THAE SLOPE OF THE
CURVEZS " ERROR= ERROR(CXNEW)™

ISTOP=.FALSE.

ERRINC=ERRICTINTER=LI-ERRICINTER)

o000

C
C ERRINC GIVES THE SIGN OF THE SLAOPE
c
TFCFRRINC) 23926,29
23 CONTINUE
c

C NEGATIVE SLOPESTHEN TAKE BIGGER VALUES OF"XNEW™ TO FIND MINIMUN.
C I[FLAG MEANS THE JLND VALUE OF THE SLOPE
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IFLAG=~-1
XNEW=CONSK(1)*1.5
RETURN

25 CONTINUE

C FO2 EQUALVALUFS OF THE LAST TWO ERRORS THE MINIMUN OF "XNEW®
C JILL Bf BFTWEEN THE CORRESPONDENT VVALUES OF "XNEW".

IFLAG=0
A=CONSK(1)-CONSK(2)
XNEW=A%0,25+C ONSK(2)

RETURN
29 CONTINUE
C ~OR POSTTIVF SLOPE IN THTIS ZINF OF CURVE
c
IFLAG=]
XNFW=CONSK(2)%0,.3
RETURN
39 CONTINUE
C CHEK FOR MAX NUMBER OF ITERATIONS
ITRMPAX=H
IFCINTFR.GELITRMAX) GO TO 35
C IF THE ERROR HAS NECREASEND ENOUGH THEN STOP P INTER®
c
PRCMAX=0.T75
Cc FRRINC=FRROCITER)-ERQMIN
c DECRMT=LRRINC/ERROCITER)
C TFCCNFCRAMT GTPROMAXILANDLCITER.GTL 1)) GO TO 35

TJ=INTER-1
ERRINC=SRRI(CINTER)-ERRTI(IJ)
¥Y=CRAINC#1000.
KX=IFIX{X)
ERRINC=FLOAT(KX)/1000.
IFCTIFLAG)40,5,50,60
40 CONTINUE
C THE PREVTOUS SILOPE WAS NEGATIVE,THEN CHECK WITH LAST T0O NETERMINE
C PDSSI3BLE MINIMUN
TFCERRINCI3Z6+933,35
50 CIONTINUE
C THE PREVIOUS SLOPE CERD, THEN CHECK IN MIDDLE
IFCFRRINC.GT«0.0) WRITE(4,120)
129 FOPMATCLX929X9° CHECK T™XNEW",MAXIMUN IN CURVE®)
GO TO 35
60 CONTINUE
C THF PREVINUS SLOPE WAS POSITIVE
IFCERRINC) 37,38,35
35 CONTINUE
ISTOP=,TRUE.
RETURN
36 CONTINUE
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37

39

ISTOP=.FALSE.

IFLAG=-1
XNEW=CONSKCINTER)I/CINC
RETURN

CONTINUE

ISTOP=,FALSE.

IFLAG=1
XNEW=CONSKCINTFRI*CINC
IFCXNEW.GTele) XNEW=1.
RETURN

CONTINUE

ISTOP=.FALSE.

[FLAG=0

DELCTE= (CONSKCIJ)-CONSKCINTER)) %0.5
XNEW=CONSKCINTERI+NELCTE
RETURN

TND

97
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iz EsNeNeNelt NeNea s a2 X k2 AN X2k kK Xn K2

(aXaN el

SUBROUTINE CALC(PA,ToNPT5I1,41I2,PyNPARSFUERA)

98

EELEEEREEBEERSEERLEELEXEELLEXRESVXSEEEFREELEEEESEXETEEETESEEEE

k&t
LR E 2 X 2
L 2 2 % 2
kekkt
L2 2 2 5 3
L2 2 X 2 %4
XxxEkx%k
2E2%%2
sk %Xk
L2223 2
X 2 2 % 17
(E 2 2 X 2 4
2 X 2% 2]
LA SRR L
X1 2 X £
¥x%s%&

SUBROUTINE TALC

THIS SUBROUTINE CALCULATYES FOR AN INPUTY EARTH
THE CURRESPONDENT VALUES OF THE APPAR.,

MODF L,
RESISTIVITY CURVE, IN REAL TIME.
INPUT S
PARAMETERS e o« RHOL1RHO29HL1pH2Z2 4R
QEAL TINME TCI) s I=1,NPY
QUTPUT?S
APP .RES eeesessPACI)
11,12, LIMITS

WHERE THE VALUES OF PACI) ARE ONLY CALCULATED

FJP THE QANGE COF VALUES (I1.LE.T.GFI2)
DUF TO THE DIFFERENCE OF THE APP.RES.CURVE
TIMES AND THE REAL TIME (TCI)).

SEEEREES
EEEESEES
Y3311 11)
sEEEESESE
SESEBRES
sEEREEEE
EEEEERESE
EEEEEEEE
EEEEREER
EEEESSEE
XEEXEXEE
EEEEEEERE
SEEEXEEE
rYIITIIIL

DUYRING THEE EXECUTION IT WILL CALL THE SUBROUT.*%*x%x&s%

CURVELAND THE FUNCTION XINTP.

EE X2 2 X 2 3

LKL XXX REEREREEREXSEERERL LA EREEEETEEREEEEEESEEXETXEXEES

*ekskk

JUAN CARLOS RONRIGUEZ, FEB,LIT78

L2222 2 £ %7

S5 XXLEXLLERFEEETERREEEEAXERERSEXEEEE LA EXXSERLXTEETEEEEE

PARAMETER N=135
COMMON/BLACK3I/Z DIWHSNR2BR4NH23H
LOGICAL FJERA

NTMENSION PACNPTI s TCNPTIsPL(M)TTICN) 4P(NPAR)
IF(NPAR.EQ.3XCGD TO 3
RHOL1=P(1)

H1=P(2)

R1102=P(3)

H2=P(4)

R=p(S)

NR2AR=RHOZ2/RHO1
OIH2RH=H2 7H1

DRBH =R/H1

60 Ta S

CONTINUE

RHO1=10.

H1=1000.

ne2gr=p(1)

NH28H=P(2)

DRBH =P(3)

CANTINUE

FUERA=,FALSE.

CALL CURVE(P1,T14N1sFUERA)

THIS FLAG "FUERA WILL COMUNICATE TO THE CALLING ROUTINF THAT
THF ESTIMATINN OF PARAMETERS IS QUY OF THE PROPER RANGE
(THE RANGE THAT THERE EXISTS IN THE CATALOGUE)

IF(FUERA) RETURN
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C CALL TSPLOTC(P14N1,2,N)
c WRITE(45250) T1l,N1
2510 FORMAT(C1X o/ lOX,'1’1="F7.3.5x.'N1='.I3,I)
C WRITE(49255)
255 FORMATCIX910Xy "APP RES.CURVECTHEORSD®)
C WRITEC(4,260) P1
260 FORMAT(SX,SF)
K=1
T1=1
12=NPTY
N0 10 I=1,N1
X=1-1
2=X*DELT
TTICI)=T1+Z
10 CONTINUF
DO 50 I=tyNPT
TAJ=0.0

IF(T(I)eFQe0260 TD 9
TAU= 3.899089934+0,5+¢ALO0G10CRHOL1)+ALDGLO0CT(III*0.5~
& ALOG10(H1)

C THAFRE WILY. 3E A VALUF O3F FORMULA(TIME PARAMETER)
IFCTADLT.TT1C1))G60 TO 9
IFCTAUGT.TTL(N1)) GO TO 8
PACI)=XINTP(TAUP1yTT1,yN1,ykK)
PACI)=PACI)+ALOGLIO(RHO1)

GO 10 SO
1 [2=12-1
GO 10 50
39 T1=1I1+1
590 CONTINUE
c CALL TSPLOT(PAWNPT29NPT)

RETURN
END
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FUNCTION XINTPC(TAU,P1,T1lsN1,K)D

C 5258225 RREEEREELREEREEAISERXEDEREEEREEEEESEESSRAESEREEEE
C #x&%%s FUNCTION INTERPOLATION 2222 X2 3
C «sxsxx THIS FUNTION DOES A LINEAR INVTERPOLATINN FOR s$s&ssssss
C *x%%x¢ THE VALUE OF TAU 4JHEN THE CURVE P1(T1) IS DE- xxcxstss
C ¢s%&¢%x FINED WITH A SET OF N1 POINTS. (222222 1)
L ®%%%¢%x FTRSTy FINDS THE INTERVAL OF TIMES WHERE TAU stzcesss
C %#%x2¢%¢x 1S INCLUDEDs AND THEN DOES A LINNEAR INTERPO st&ssss®
C ¢%&s%2 LATION . *$EEREEER
C *%2%% PLl{N1)eceooees VECTOR CONT.VALUES OF FUNC.*ss&s &2
C 2%%2%%¢ TI(N1)eoeeeeo s CORRESPs TIMES *EEEEEEE
C sxx&td TAU oceevesee INTEERP TIME ST R 2T 2"
C *%%2%2 K escsccscsesslLAG (LOC OF LAST INTERP.)**‘**‘**
C %%s5%% JeCeR.192783 EEEEEERXE
L 568652 e255Ess eSS EERBLEKREERRKEEEEEEEEERELEEEXRRAEEERKEES
C
LOGICALLC FLAG
NIMENSION PLCNL) L TI(ND)
FLAG=.TRUE.,
D0 20 J=K,y\N1
IFCCTAUGEQTICU))AND(TAULLE.T1(J+1))IFLAG=.FALSE.
IFCFLAG) GO 70 29
DELT=T1CJ+1D=-T1CY)
DELP=P1(J+1)-P1CH)
TINC=TAU - TI1C(D)
SLIPE = DELP/DELT
PINC = SLIPF &« TINC
XINTP = P1(J) ¢+ PINC
e K=J
C THE VALUF JF K WILL GO BACK TO THE MAIN PROG WITH
C THIS VALUE.
RETURN
20 CONTINUE

STOP ° TAY OYT OF THE TIMES IN CATALOG CURVE®
END
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SUBROUTINE CURVE(P1,T14N1sFUERA)
EEETEESEEESEXRSEEREEEEERSERNKEERREETREEREKELE RS EREEE LS ke EED
XEEREE SUBROUTINE CURVE SEEEEESE
*¢x%32 THTIS SURROUTINE WILL CALCULATF THE APPARENT *EEEEEES
sxsxkx RESISTIVITY CURVE CZORRESPONDENT TO A GIVEN SET sesxsésx
*rex2%& OF PARAMETERS (PARAM,JAPPALRES. AND TIME HAVE *=sxxs&¢%

s¥xesx BFFN NORMALIZED). EEEEEL &S
(2T X INPUT? EEEEEEE
ke DRAHeoeseee R/ZHI1 L XXX X34
*e&E% e NR2BReeeeee RZ2/R1 krkkkt st
' TTIET NDH2BHeeeoee H2/H [T ¥XI¥I L
¥ I IYT auTPuT ' xedehsd
exa%&3X PI(NIDeeooeoe VFCTUR CONTAINING NL VALUES 0OF NOR %x%x*stxkx%
EEEERR MALYZED APPARENT RESISTIVITY, ST T
24458 T1 ceovesee ORIGEN OF NORMALIZED TIMES FOR THE 23%%s&ks%¢
ekex kR APP.RE€S. CUR/VE/ T1L <===>p1(1) LR E L 2L 2 2]
22¢&%& THE TIME CORRESPONOENT TO THE VALUES NF THE APPtsssaxs%x%$
*xse® RFS.( TCI) <====> P1(T)) CAN RE ORTAINED: EEXEEREE
seEEEE TC)=T14CI-1)&DELT EEEESERE
zeesxe WHERE OFRLT IS THE SAMPLE INTERVAL FOR ALL THE «2%sss%s
se&rex CURVFS OF THFCATALDG CONTATNED IN THE FFILE. FEEESE XX

sesskx NF READINGSDURING THE EXCUTION IT WILL READ 8 sssxssek
sextes CURVES FRON FNDRO2.DATCRANDOM ACCESS FILE CONT *osss&se
sxskxe ATNING THE CURVF CATALIOG)S AND wWILL CALL THE EEEEEEEE
sex3%x SUBRIUTINE FIND. 3T XY 2
LEE LR L JUAN CARLOS RODRIGUEZ kEETEEEE
EXRBEEEEIEESELE LR CL K EREEEEEEEREE LXK EEESECEEELEERLEEREEEEEEES

THE PA2AMETERS WTLL RES
NPNTeeeoeoeoeo# OF POINTS IN EACH CURVEC(MAXTMUN)
NPARleesseo? (IF }/1 PARAM, IN THE CATALQG
NPAR2 coeoet R2/R1 ne
NPARJesoeo? H2/H1 nw

PARAMETER NPNT=359NPAR1=109NPAR2=4,NPAR3 =5

COMMON/9LUOCK3/ DRBH,DR2BR4DH2BH

NIMFNSION PLCNPNT) yCURVEACNPNT) 9CURVEBCNPNT)oCURVECCNPNT ),
CURVEDUNPNT) s CURVEECNPNTIoCURVEF(NPNTI»CURVEG(NPNT ),
CURVEH(NPNT) o TREFCNPARL s NPAR2yNPAR3)$I2BR(NPAR2) yRBH(NPARL)
H2BH(NPAR])

LOGICAL NEVERsSLX,LYsLZ,FUERA

W N b=

THE VALUE OF DELT DEPPENDS OF THE RECORD SAMPLE INTERVAL

FUE2A=,FALSE.
DELT=0.08
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C 25X EEXREELES XKLL CELEELREELEEEXEEEREEEEEEXEELEEEEEEETEEESSE
C sx«c¢kx [TREF MATRIX CONTAINS THE # OF LOCATION OF THE fs&s%xsxsx
C ss%¢s¢ SPECIFIC CURVE RECORD IN THE BINARY-RANDOM EEEEEERE
C s« ACCESS FILE. XEEEXKES
C sxxx%% Teeoosoceeo RBHCI) = DATA R/H1 OF RECORD =%%2&%%ss%
C sxxxes Jeesesse R2BR(J)= " R2/R1 " XTI E T T
C sxests Keseeosse H12BH(K)= " H2/H1 » ek ERES
C *%x%¢&% [ 2 X2 2 E X 27
C %¢&2%% ILOC=IREF(IJeX) *EEEETEE
C exexx2 READCINS#ILOC)=> RECORD sxEETkEEk
C 252222 ¢ 6255883582 KEEXREELEERSEEREEREETEEEEERTEEEEEESRETTEE
C
C
NATACCCIREFC(I 9JsK)el=1910)9J0=194)9K=1,5) /7
E 01902,03504905400,00,005004500,
& 06907908509410,00900+00,00,00,
£ 11012913414 915+00900900900+00,
A 1691T79189519920400500400,00,00,
E 00921922:9239249255005005,00500,
& (00926927922929530400400,00,500,
& 00031932933534435500,5,00500,00,
& 000369379335,393460500500»00500,
£ 00900,41942+43+44945500,00,00,
f 00,00946947948543+¢504,00500,00,
&€ (0900951992953954955400900900,
£ 004500956957 958959,60,005,00,00,
E 00,00900900061962963464965,00,
& OCCe0090000N96696T96839695704+00,
& 0030050090097 1072973074975,00,
13 009005000009 T6977978979980+00»
i 0090040000900, 819R2,:,839849859,
L. 0090050000095 00+85987988989,90,
& 0090050C9009009919592+93994995,
& 00+00400900900996997598599,100/
NATA NEVER/TRUE./
12 FOAMAT(3F)
WRITEC12,13)NRBH,NR28R4DH2BH
INsS=2

FLMAM=°FORN2,.DAT "
IFCNEVER) APENCUNIT=INS,ACCESS="RANDOIM "o MODE="BINARY",
DISPOSF="SAVE oFTLF=FLNAMPROTECTION="1T7T7,RECORD SIZF=40,
1 ASSOCIATA VARIABLE=JDS)

NEVER = ,FALSEe.

[
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¥EEEBXRRXEEEEEXSRELEEEEETLEECEREEESEEEXEEEEEEELELEEEEEEEETSEERSS

C
(ol
C $28335E26SEEEEREEITLSLRESEERRELEEBESESELREIEEEREEEEEEEERL LRSS
C %3¢ READ VECTORS CONTAINING POSSIBLE PAQRAMETERS IN %t %sx%x
C **¢2%¢ CATALOGUE OF CURVES,LO0K FOR TWO INDEX THAT t T TITE X1
C ¢3¢ WILL LOCATE OUR ODATA IN VECTOR(CIMAX,IMIN) &Rk
C ¢+%x% sEEEEEEE
c
C
c

READCIDS#1)R28R

CALL FIND (J14J2»R23RyNPAR2,NR2BRyFUERA)
IF(FUERA)RE TURN

READCINS#2)IH2BH

CALL FIND (K1 4K2,423HyNPARISNDH2BH,FUFERA)
IF(FUERAIRETURN

READCIDS#3IRYH

CALL FIND (Il,I2,RBHeNPAR1,DRAH,FUERA)
[FCFUERAIRETURN

WRITEC49115) I1,024J19J29K1,K2
FORMATC1X,10X,» "VALUES OF IMIN AND IMAX, JyK®,61)

ot
)

FEEEEERRIERRLEESEEEEEILRSEELICELEEEOLESLLEEREOLRCEEEEETESEEETE2E
exxxx FORP FACH OF THF 8 ZJRVES IN TAE INTEFRIPOLATION Ssskktsx

LEE 222 1la= +0.LOCATE IT IN IREF MATRIX tE2T T XL T
reess 29= eeeREAD ITS VALUES FROM FORQ2.DAT sExEELEE
'TX 2T 3e= eeoCHECK FOR MISTAXES IN PARAM, 222 X2 2 2]
2 X7 I TTITIT Y]
s TO FIND THE INTERVAL OF TIME COMMON TO THE 8 sEETLKEE
*x%x&s CUYURVES,y THE LARGESTVALUE OF "T1®™ WILL 8E 2222223
sp&%x DFTERMINE (T1MAX). EExEISEEE

EECEXRTXRETEERUREEEEEEELEREEEEEREEREEEEERERELLEEEXXEEEEXEEEEEXEED

EACH JF THE RECARNS CANTATANS?
R2/R13H2/HLIR/H13T13N1SCURVE
WHERE R
(R2/7%219H2/414,R/H1) <.VALUES OF THE PARAMETFRS FOR RECORD
CURVF(NldeooooooososeeesNl VALUFS OFAPP.RES.

Tl ccococcnccccccceasNORM.TIME FOR FIRST VALUE OF CURVE
Nl ..........'......" GF POINIS [N 'HE CURVF
TIMAX=0.
[F ONE OF THE CURVES IS NOT IN THE CATALOGUE
THE EXECUTIIN WILL COME RACK TO THE MAIN PROGe FOR A PROPER
ACTIONy AFTER PIINTING VHE VALUESOF PARAM,
FOR THE ®A® CURVE
FUERA=L.FALSE.
TLOC = TREF (I19J15K1) ¢+ 3

OO0 22 EeNelslalgizNaNeeNeleRe NaEnNe g Nn N ¢ O &Y
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IF C TILOC<FQe3)FJERA=,TRUE.
IFCFUERA) CALL FALLO
IFCFUERA) RETURN
READ C(INSH¥TLAC) T28RASDH2BHADRBHA,T1A,N1A,CURVEA
IF (C DR2BRA <ME. R2BR(J1)) .0OR. (DH2BHANE.H2BH(K1))
1 +ORJ(NRBHA.NFLRBH(TL)IISTOP FALLO IN DATA PARM IN FILE®
IF (T1A .GT. TIMAX) T1MAX=TI1A
CALL RITEC DR2BRA,DH2BHAIDRBHA,T1AyN1AyCURVEA,T1IMAX)

THE SAME FOR "g"
FUFRA=,FALSE.
TL3C = IREF (I2,J1,K1) + 3
IF ( ILOC.EQ.3)FUERA=,TRUF,
TFCFULRA) CALL FALLO
TFCFYERA) RFETURN
RFAD (IDSAH#ILNC) DR?3RByDH?BHR yDRBHB ¢ T1R ¢N1BsCURVES
IF (( DR23RB oNE. R29R(J1)) <ORe (DH28HB NELH2®H(K1))
1 JO.CDRBHBJNTLRBHC(IZ2)))ISTOP FALLO TN DATA PARM IN FILE®
IF (T18 «5Te T1iMAX) T1vAX=T18
c CALL RITEC DR2BRIFDII2B8HB,NABHB,T1I3,N13,CURVEBs T1MAX)
C THE SAME FNR wC“
FUFRA=,FALSE.
TLNOC = IREF (I15J29X1) ¢ 3
IF € ILOC.EQ.3)FUERA=,TRUE,.
IFCFUERA) CALL FALLO
TFCFUFRA) 2ETUPN
READ CIDS#ILIOC) DR2IRCyDOHZ?BHC »DRBHC »TIC o N1C»CURVEC
TF (C DOR23RC oNEe. R29R(J?)I) 0Rke (DH?BHC.NELH2?2HC(K1))
1 «02.CDRBHC NF R8HC(IL1I)IISTOP FALLD IN DATA PARM IN FILE"
IF (TiIC 5Te TIMAX) TiMAX=TIC
CALL RITE( DR23RC9yNH23HCyDRBHC »TICsNICJCURVEC,TINAX)D
C THE SAMF FOR up™»
FUSRA=,FALSE,
TLOC = IREF (I2,42,K1) ¢+ 3
IF ( ILOC.EQ.3) FUERA=,TRUF.
IFCFUERA) CALL FALLO
TFC(FUERA) RETURN
READ (CIDS#ILNC) DR23RDsDH2BHD yDRBHDsT1DeN1DsCURVFD
IF (C DR2BRD oNEe R?2BRCJ2)) <O0Re (NH2AHDNE.H22H(K1))
1 <OR.CDORBHD.NELRBHCI2)))ISTOP FALLD IN DATA PARM IN FILE®
IF (T1D «6Te TLIMAX) TiMAX=T1D
C THE SAME FOR “E™
FUERA=,FALSE.
ILOC = IREF (I19J1,X2) ¢+ 3
IFCFUERA) CALL FALLO
IF(FUERA) RETURN
READ CIDSAILOC) DRZ2BREIDH2BHE yDRBHE+T1EsN1E,CURVEE
IF CC DR2?BRE oNEe R2BREJ1)I) <0Re (DH2BHENF.,H2BH(K2))
1 OR(ITBHELNELRBHCTILIIISTOP FALLN IN DATA PARM IN FILFE®
iF (T1E .GTe. T1MAX) TIMAX=T1E

O
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THE SAME FOR ®“f*
FUERA=.FALSE.
ILOC = IREF (I2sJ1,5K2) ¢+ 3
IF ( ILOC.EQ.3)FUERA=.TRUE.
IFCFUERA) CALL FALLO
IFC(FUCRA) QETURN
READ (IDSH#TILNOC) DR23IRF4DH?BHF yDRBHF 9TLF ¢yN1FeCURVEF
IF (C DR23RF NEe. R2RR(J1)I) OR. (DH2BHF JNELH2%H(K?2?))
1 <ORJ(DRBHF NELRBH(I2)))STOPFALLO IN DATA PARM IN FILE®
IF (T1F .GTe T1IMAX) T1MAX=TIF
THAE SAME FOR ™G"™
FULCRA=,FALSE.
ILNC = IREF (I1,J2,K2) + 3
IF ( TLOC.EQL3)FIUEIM=,TRIUE,
IF(FUERA) CALL FALLD
IF(FUFRA) RETURN
TEAD (IDS¢ILOC) NR23RGeDH2BAGsDRBHG9T1GsN1GyCURVEG
IF (C DR2BRG oNEe. R2BR(J2)) 0R. (NDH2BHG.NE.H2BH(K2))
1 «ORL(NIBHG.NELRBHCILIDIIISTOP FALLO IN JATA PAM IN FILE®
IF (T16 .GT. T1MAX) T1MAX=TIG
THE SAME FAJR "H"
FUFRA=,FALSE,
TILOC = IREF (1I29J2+K2) ¢+ 3
IF ( TILOC.EQ.3) FUERA=.TRUE.
YTFCFUERA) CALL FALLD
IFCFUERA) RETURN
READ (IDSH#TILNC) NR23IH,DH2BHH,NRIHHsT1IHeN1IH,CURVEH
IF (( DR2BRH «NE. R2BR(J?)) URe (DH?B3HH.NE.H23H(K2))
1 <OR(ORAHHJNERBHC(IZ2)))ISTOP FALLO IN DAVA PARM IN FILE®
IF (TIH .GT. TIMAX) TIMAX=TI1H
CALL RITE(C DR2BRRH9DH2BHHDRBHH yT1HsNIHyCURVEH»T1IMAX)

EREXEEE NSRRI LR AR R KR EEE AR RAEEERR RS ER R AL AT EIEEERERER
sxxex¢ DETFRMINE THE NUM3IER OF COMMON POINTS AFTER L% E S
sxensx  TIMAXG,THAT WILL DEFINE THE COMMON INTERQVAL OF t*sssks%
*¢¢x2%¢ THFE B CURVES.====> T1MAX,NMIN===> INTERVAL &L EE
EEEELFEEATLSEEEECREEELAEERCEEIEELREKEXFEEXERFFEEXIETLKEERREDES

NMIN=NPNT
XA= ( TiMAX=-T1A ) /7 NELT
NRES = Ni1A - KA

TF (¢ NMIN .GT. NRES ) NMIN = NRES
K8= ( T1imAX-T18 ) /7 DELT

NRES = N1B - K3

IF ( NMIN .GT. NRES ) NMIN = NRES
KC= € T1mMAX=-T1C ) 7 DELY

NRES = N1C - KC

IF ¢ NMIN .GT< NRES ) NMIN = NRES

KD= ¢ T1maAX-T1D ) 7/ DELT
NRES = N1D - KD
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IF ¢ NMIN .GT. NRES ) NNMIN
KE= ( TIMAX-T1E ) /7 DELY
NRES = N1lE - KE

IF ¢ NMIN .GT. NRES ) NMIN
XF= ( TIMAX-TL1F ) /7 DELT
NRES = NIF - KF

IF C NMIN .GT. NRES ) NMIN
XKG= ¢ T1IMAX=-T1G ) / OFLT
NRES = NIG - KG

IF ( NMIN .GT. NRES ) NMIN
KH= ( TIMAX-T1IH ) /7 DELT
NRES = N1IH - KH

IF ( NMIN .GT. NRES ) NANNIN

NRES

NRES

NRES

NRES

NRES
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2 X222 222222122222 222222 2 2 ¢ SXSASAEEREEEELEESESEESISROERRREE

sxsxse INTERPOLATION IN THREE NDIMENSION USING THE T EEESERRE
¢s632% FINITE ELEMENTS METHODWITH THE EQ.: EEESEESE
EEXEEE V(X 9YZ)=A14+4A2 X+A3 Y+A4 XYH+AS Z#+A6 YL s E kN
2T X R 3 +A7 XZ + A8 XYZ £EEEE LS
Exs%re 2655 T&E
sxxsx® THAT DESCRIAES THE VALUFE 0OF THE "y®" FUNCTION *EkkEERE
sx&xxx FOR ANY POINT INSIDE THE VOLUME:S EEEEEEER
sEts s YT Y]
T TR T 6 [~emececcccee- T 4 ks S
L 2 E 23T I I s E
EEeES £ [remmmmrceccee T F I Y IITXT T
XEkERE I 1 1 1 etk t
sx&k2s I I I EExEEEE
(2 XXX I  Jeecarae- [====1 0 =~ (X-1) *EREEEEE
*xEEkE I I I T T ¥ T
T EE T T A [ cccee I B8 I [T TT T Y Y
T IY Y Je=——- > (I-=-X) #xxxetki
X2 X2 3 <J-Y) T ¥ X2
etk EEXREERSE
sxs2x% WHFRE THE VALUES OF THE ®A®™ COEFICIENTS ARE s REE

exexxs DETERMINE USING OUR KNOWLEDGE OF THE FUNCTION ssssssss%
sexxxxIN THE @ COAINERSCA939Cse0ee)s (3NUNNDARY CONDL) 2222 E 23
2SS EE TR EEIEXXIERRXZSSEERLTREAEEELEELEEEREEECE2SEEETERER
TNTERPOLATIAON  USING THE FINITE ELEMENTS

TRASLATION DF THFE AXIS TO THE ACIMINLJMINS,KMIN) POINT
X= RPRH(I2) - RBH(I1)
Y= 223R(J2) =-R2BR(J1)

7= H23H(K2) - H23H(K1)
fiIE VALUF 0OF THE LOGICALC VARIABLES LX,LY,LZ WILL PRVENT FROM
20SSIABLE DIVISION 1Y CEFRO WHEN CALCULATING Aljee. AR
LX=XeNFEF ool
LY=YNEeOQe0
LZ=2.NF+0.0
SONADENATES OF THE DATA POINT IN THE NEW AXIS
XP= DRBH - RBHCI1)
YP= NR23R = R2ARCI1)
IP= DH2BRH - HZ2BH(K1)
N0 50 I=14NMIN

M1 = [+e+KA
M2 = I+KB
n3 = [+KC
Mg = T+K)
N5 = J+4KE
M6 = I#KF
M?T = [4KG
M8 = I+KH

VA=CUYRVEA(ML)



T-20647

VB=CURVE3(M2)
VC=CURVEC(M3)

VD=CURVEND(M4)
VE=CURVEE(MS)
VF=CURVEF(NM6)
VG=CIRVEG(MT)
VH=CURVEH(NM3)

C THE FINITE CLFEMENTS FINDS THE SOLUTION OF THE LINEAR FQ

C VOXsY)p7)=RA14A2%X+A32Y+A4XSY+ASE+AR2YS2+ATEXEZ2+ABEXY?
Ajl=vA
IFCLX) A2=CvR-A1)/X
IFCLY) A3=(VC-Al)/Y
CST= VN-A1-A22X-A3zY
CSX= X2Y
[IFCLXcANDSLY) A4=CST/CSX
IFCLL) A5=(VE-A1D72
CS3= VF=A1=-42%X-A5%7
CSe=X%2
TFCLX<AND.LZ) AT=CS3/7CS4
£S5= VG-Al=-A3%Y-=-A5%7
CS6= Y=l
IFCLY«ANDL,LZ) Ab6= CSS/CSS
CST= VH=A1-A2%X=A3%xY=A4%X%Y
CS3= ~AS&7-ARsY&Z~-AT%X%Z
£S9= XsY&(
TFCLXANDLYANDSLZ) A8 = (CS7#(CS8)/CSH9

€ THEN THE VALNE NF THE FUNTION IN THE LOCAITION WTLL
C 3E 2 P(XP,yYP,ZP) ==== vP= P1CD)
TOT=AL+A2%XP+A3&YP+A42XP2YP
TAT1= AS®ZP+AALsYPEIP+ATE+XP%IP
TOT2= ASXXP:xYP&ZP
P1CId)= TOT+Y7QT14T70T2

50 CONTINUE
T1=T1¥AX
NI=NMIN
c WRITE(C44100)T1,N1
o WRITE(449200) P1
10) FORMAT(1X910XsFe5Xel,7)
200 FORMAT(S5XsSF)
RETURN

£ND
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SUBROUTINE FINDCIMIN,IMAX,A¢NyAl,FUERA)
EEEEBREEREEEEREFEREBEEEESEERRAEETREEREEEREREREREESEEEHEEXTESES

' T TR SUBROUTINE FIND 2T+ ¥ 1
22221 THIS SUBR. POSITION A SCALCAR IN A VECTOR EEEREEES
2¢%eex CONTAINING THE POSSIBLE VALUES OF THE PARAME~- sssseets
sxsxx® TER (SCALCAR).THE COMPONENTS OF THE VECTOR CEEEREES
sxs&vxe MYUST B8F OROFRED C(INCREASING OR NDECREASING). 3333 23]
‘TXITT *EEEEEEE
I EX T X THE ARGUMENTS: *ErkEEEs
rFYILL AlN)ececeeee REFERENCE VECTOR Y YY)
[ X X £ X 3 Al eevoeeess SCALCAR TO LOCATE E5x5%%%%e
sEs kS IMAX ceoceee UPPER LOCATION INNDEX EEEE LS
2% &% [TAIN seececvee LOWER ad " L2 2 X £ £
EXEEEY EEEERE KSR
sxxxsx [F THE VALUE IS DUT 0OF THE RANGE INCLUNDEDN IN *xss2x%¢
s#s+xxe THF YECTOR, IT WILL PRINT A MESSAGE. I T T XYY

ckesx& TF THE SCALCARS WITHIN YHE 102 OF THE VALUE *%xssx%&&
ssxsx®  OF APOINT IN THE MATRIX STHAT WILL B8€ THE ONLYSs&&xx%&

¢#ex22%x LOCATION (ITMAX=IMIN). LR A AL R 2 2
T I T3 232223 22
*XXEEX JUAN CAR10S RODRIGUFZ. FEB 1978, e ees

FEXEXLEEEERXXEEELEEXSEEEECECESTERETEELEXELTERERKEZREXEERLTEESEER

NDIMENSTON A(N)
LNGICAL FUERA
FUERA=,FALSE,
THIS THE 102% UF CONFIDENCE INTERVAL
EPS=0.01
XK IS A FLAG TOOIFF, INCREAS., FROM DECREAS. SECUENCES
XK=1,
IFCAC2)LTLACL)) XK==1.
EPS=FPSsXX
NN 30 I=1,N
AMIN=0.
AMAX=0,
BMIN=Q.
IXx=1
AMIN=ACT)*(1.~ EPS)
AMAX=ACI)*(1l+ EPS)
AMIN=ACI#*1)s(1.~ EPS)
DTA=ABSCAMAX-AMIN)
D*aAXA=ARS(AMAX-ALl)
DMINA=ABSCAMIN-AL1)
IFCCOMAXALLELDTA) JANDL.COMINAL.LE.DTA)) GO TO 40
IFCI.EQ.N) GO TO 30
DTR=ABSCAMAX-BMIN)
NMINB=ABS(A1-BMIN)
IFCC(DMAXALEDTA)ANDLCOMINBLLELDTB)IGO TO S50
CONTINUE
FUERA=,TRUE.
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40

50

CALL FALLO1
RETURN
IMIN=IX
IMAX=IX
RETURN
TMIN=IX
ITMAX=1IX+1
RETURN

END

110 .
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SUBROUTINE RITECAsB9yCeTeNsPeTM)
DIMENSION P(N)
WRITEC49100) A.B,C

100 FORMAT(1XsF1l0X9"R2/R1="9F10e39 "H2/H="9F10.39°R/H="yF10.3)
WRITE(C43200)N,T, M

200 FORMATC1Xp 10X 9" N="91I35°T1="3F10e39 "TMAX="yF10.3)
WRITEC45,300)

30) FORMAT(1Xs10Xs"VALUES OF THE CURVE=")
WRITE(C44400) P

400 FORMAT(1Xs10Xe7F)

RETURN
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SUBRROUTINE FALLO

C 2525 E SR LS ETLELEEEELEEELERERE SR EEREREREEEERESEEEEE LSRR XS
C *ss%%xs SU3ROUTINE FALLOD SEEEEEEE
C s*xs&x¢ THIS ROUTINE WORKS IN THE CASE OF A LIMITATION #=xs%%x%xss
C *%¢%xex OF THE CATALOG SIZELy GIVING A MESSAGE OF THE %tsssss%s
C ¢ss2¢%x¢ PARTICULAR LOCATTION THAT IS NOT INCLUDED. EEEKE %S
C S*EEEEEEEREEEEEEEBREEESEEELERERREEERESEEEEEREEEELEECEEEEETEESE
¢
c
COMMON/BLOCKI/Z DRBHoDR2BR,DH2BH
WRITEC4,»100)
100 FORMATC /7,20X,"%2%2% PARAMETERS IN THE 2RIANGE®",
& “3UT CURVE NOT IN CATALOGUE *¢%%%x°)
WRITE(C44110) DRRBH4DR2BRDH22H
110 FORMATC 29X e R /H1="gFTe395X s R2/Q1=",FTe3¢5Xy “H2/H1=",
& F7.3)
RETURN
ENTRY FALLD1
WRITL(4,120)
120 FORMAT(IX /420X "PARAMETERS OUT OF THE CATALOGUE RANGE“®,/)
WRITEC45139) DRBHeDR2BR,DI128BH
130 FORMATC 20Xe " RZHLI="oFTe395X9°R2/R1="sFTa395Xy "H2/H1="
£ F7.3)
RETU’N

END
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SUBROUTINE PLOTIP(XsYyNyCHARyXNsXXyYNs Y Xy ICHEK)

ONE PAGE PLOT FOR TUBE OR PRINTER
MULTIPLE PLOTS AND/OR PRINTS

C H STOYER PRAGRAMMER GOLDEN CO JUNE 1977

OO OO

IMPLICIT LOGICAL (L)

LOGICAL ANSWER

INTEGER LEND

DIMENSION LEND(C23), PLOT(69923)y SAME(1587), X(N)y Y(N)
EQUIVALENCE (PLOTC1),SAMEC1))

DATA RLANKZ® T79N3L7 D73 LCLEAR/ JTRUFE &/ 9UNEVER/Z.TRUEL/
{T1asSsS = 90

N0 1 I=1,15437
SAVMECT) = BLANK
IFCTLES23DLENDCI)=0

1 CONTINUE
IF(XNGESXX) GITO 2
IFCYNSGELYX) GTN 2
IFCICHEK.ER.O) GOTO 10

2 XN=X(1)
XX=XC1)
YN=Y(1)
¥YX=Y(1)
nn 3 I=1,N
IFCXXLTXCI)) XX=X(T)
TFCYNLGTLY(CID)) YN=Y(1)
IFCYXLTLYCI)) YX=Y(I)

3 CONTINOE:

10 SX = 6B/7(XX=XN)
SY = 22.7CYX-YN)
ENT2Y MORELPUX,YsNosCHAR)
ITFCCHARLEQ.BLANK) RETURN
DO 20 I=1,N
IX = (XCI)=XN)*SX +1.5
I¥ = 235 = (YCID-YN)e&SY
IFCCIXeLEe0) «JRe (IXeGTe69)) GOTN 17
IFCCIYLLELD) oNRe (IY.GT.23)) GOTO 17
TFCIXeGTSLENDCIY)) LENDCIYI=IX
LCLEAR = L,FALSE.
IFC(PLOTCIXsIY).EQ.RBLANK) GOTO 15
PLOTCIX,1IY) = DB8L
GoT0 20

15 PLOT(IXeIY) = CHAR
GOTO 20

17 ITOSS = IT0SS+1

20 CONTINUE
RETURN
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1000
1001
1002
1007
1008
4000
4007

25
1003

1304

30

32
35

1005

50
1106

ENTRY PLOTPRCINS)

IFCLCLEAR) GAOTN 50

LTUSE = IDS.EQ.%
IFCLTUBESANDLNFVER)IWRITE(4,4000)
IFCLTUBE.ANDLLNEVER) LSOFT=ANSWERCDUNMY)
TFCLTUBE)ULNEVER=FALSE
[IFCLSOFT,ANDLLTURE) WRITECIDS»400T7)
FORMAT(C® ',7( 25X EXEX" )y "27)

FOIMATC 1y 7C( 25528225 °),7%")

FORMATC® $%569319°2°)

FORMATC® “,7( ¢¢seesssxe’),"¢",4)
FORMATC® %7,59A1)

FORMATC” ARE YOJU ON A SOFT COPY TERMINAL?2%,%)
FORMATC OTYPE PETURN WHFN DONF VIEWING PLOT®)
IFCLTUBEDGOTO 30

WRTTECIDS,,1091)

WRITECINS,1002)PLOT

WRITECIDS,1000)

TFCLTUSE) GOTO 30

WRITFCIDS»1003) XNoeXXpVYNyYX

FORMATC GXMINg XMAXy YMIN, YMAX = “44(1PF11.2))
AXN=10o &% XN

AXX=10, &xXX

AYN=10. 22 YN

AYX=1D ,2%YX

WRITECINS,1003) AXNsAXXoAVYNSAYX
IFCITOSSGT.N) WRITECIDS,10904) 1ITOSS
FOPMATC 0°5,15," POINTS OUT OF RANGE®)
RETURN

CONTINUE

WRTTECIDS,1000)

Jl=1

D035T=1,23

IFCLENDCI).LE.D) GOTN 32

J2=J1+LENDCI)-1

WRITECIDS,1008) CSAMF(CJI)»J=J1,42)

GOT0 35

WRITECIDS»1098)

Jil=J1+59
TFCLSOFT«AND.LTUREIWRITECIDS,1007)
IFCeNOT . (LTUSE.ANDLSOFT)IWRTTECIDS,1000)
FUORMATCAS)

IFCLSOFT)IRFADC491G05) A

GOoTO 25

WRITECIDS,»1006)

FORMAT("0BLANK PLOT!!®)

RETURN

END

114
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4000

40901

FUNCTION ANSWER(DUMMY)
LOGICAL ANSWER

DATA AYES/°YES®/s ANO/°NO°/,STOP/°STOP®/
PEAD(C44+4000) ANS
IFCANS.EQ.STOPIGOTO 2
FORMAT(AS)
ANSWER=,TRUE,
IFCANS.EQ.AYES) RETURN
ANSWER=.FALSE.
IFCANS.EQ.ANODRETURN
WRITE(C494001)

FORMAT(® WHAT?%,%)
GUTNn 1

CONTTNUE

sTap

FND

115
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SUBROUTINE TRPACASNCAMNALATRP)
SELSEREELRRELEXUNEEEASERESAELETRESSEEEREEELEEABEEELEELEREREEEE
T XY SUBROUTINE TRPA ke EEEE
5% THIS SUBROUTINE CALCULATES THE TRASPOSE OF A TWO*x¢ssxsss
sexex DIMENSTONAL MATRIXS,WHEN IT IS STORED IN A VECTOR#*#%«sss%%
s*x&&¢ FORMEDN BY SEQUENCES OF ROUWS. 55K EEE
zeesxs INPUT MATRIX:

L2 2 & 2 3 A(NRA'NCA)...........MATQIX WITH NRA 0WS AND sx¢ssssk

*ExEE NCA COLUMNS,,STORED IN ONF VECTOR s%xs2sss%
FT YT OF DIMENSION SMNA=NRA&NCA XEEREEE
L L2 X 2 QUTPUT MATRIX:® ek eueE

XES XN ATRP(NCAJNRAdecesoses (STORED IN THE SAVE MNDEI*ssss%x¢
EEREEABREBEEREEARREELEEEESEEEENSEEEEE A AR ERNERF SRR KL ER b RE &S
*¥sE %% JUAN CARLDS RODRIGUEZ LFEB,19738 XX KRS
LEXFELEEESREENEXREREERRSRESEXSEEEREREEEERESSEELEOLTEERSRESRERS

THE PROPFRTY FOR THE TRASPOSE IS AC(I,J)= B(J4,D)
AND THE RELATION OF INDEX FROM TW0O DIM. STORAGE INTO ONE DIMS
TJ = (I-1) = ¥#¥0F COLUMNS + J

OO ONOONOO0O0OOOO0 OO0

DIMENSION A(CMNA)ATRP(MNA)
NFA=MNA/NCA
00 20 I=1,NFA
20 20 J=1,NCA
C USING THE INDEX RELATION
[IJ=(T=1)%NCA+J
KX=(J=1)sNFA+I
C AND THE CONDITVTION FOR A TRANSPOSE
ATRP(KKDI=ACTJ)
20 CONTINUE
RETURN
END
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C
Cc
SUBROUTINE PMTRX(AsNMA,BsNMB,CyNMC,NCA)

c

C

C 245854022 L20SEXREELRELEEEESERSLLEEELALLERESEEERESLEEEESEEREES
C sxxxx THIS SUBRDUTINE CALCULATES THE PRAODUCT NF TWN DIM k&%
C *¢¢s32x MATRICESsWHEN THEY ARE STORED IN VECTORSSFACH e %S
C #2¢%%x VECYOR CONTAINING THE ROWS OF EACH MATRIX ONE EEEEEETR
C *=%%%&« AFTER THE OTHER. LA L 2 2 2 2
C #¢%%% INPUT? cececee ACNMA)B(NMB) LR 222 2 X2
C ®%%2% WHEPES NMA=#ZROWS A (NRAD*ACOL.ACNCA) L2 X2 2 2 2 X
C %e%&% AND NMB=NRB*NCB 222 222
C ¢3%%% DUTPUT eceeeeee CUNMLI,WHFREC NMC=NRA&NCH) L2 X222 28
C *xecx%xk ST T YT LT
C 2%x5%2Te 0L EESXEEEEAXTREREASTEREREAEEELEERSEXEEEELEEATEITE

CTIMENSTION ACNMA)3(NMB),C{NMC)
NFA=NMA/NCA
NCB=NMB/NCA

(N ]

00 20 I=1y9NFA
D0 20 J=1,NCB
X=0.0
C IN THIS DO LODOP THE GENERAL TFRM (OQF THE PRIDUCT CCIJy) IS COMP.
[J=CI-1)&NCB+J
DO 10 K=14NCA
C THE RFLATION OF THE TWD INDEX (UsJd)==> (1J)
IK=(I-1)#NCA+K
KJ=(K=1)*NCB+J
X=ACIXKI=BR(KJI*X
1) CONTINUE
CCIyd=X
20 CONTINUE
RETURN
END
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SEEXEEREXEEERRERERERERSELEELELELEERERLEEELEEEEREREEREEEEET LSS EL2E

kxkss
LA X 2 £ 4
ekt
L £ X 2 £
L2 2 2 2 J
k&%
XX X 27

SUBROUTINE ERROR

THIS SUBR. CALCULATES THE RMS ERROR BETWEEN TWO
SET OF DATA STORED IN TWOVECTORS(CSAME DINM,) )
WE ARE INTERESTED IN THE RANGE (I1,I2)0NLY.
eceeesRANGE OF INTEREST
OuUTPUT 2 ERR eccecececceeeRMS ERRDR

(I11,12)

(2222 222
L A2 2 E 2 2 24
*EEk &%
X222 22 %
L X2 2 2 1 34
kkkkkEEE
tR 2 % £ 2 2 3

FEXEEXREREEEEREEEXEETEEEEEETREIEESEREEELEERRERLERSXKSEESEESEEES

SUBROUTINE ERROR(AsBsNsIlyI2,ERR)

DIMENSION ACN),BIN)
ERR1=0.0

DO 30 I=I1,12

sACI)-B8(Y)
Y=X¢%2
ERR1=Y+ERR1
CONTINUE

XN=[2-11¢1

ERR = SQRTC(ERR1/XN)
RETURN

END
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SUBROUTINE DESCALCA,B8,NsNSQ) _
EXEEEELREELERSELEEELXEEEEER R R ELEELERESEELEREELEEEEEEEREXEERES
' TYITT SUBROUTINE DESCAL 222 2L ] L)
XEEEREEEREEEREEEEREEREE R RS LR EEE R K E AR REEEESEEEE SRR E LR EE SR ES
s ess THIS SUBROUTINE s INVERTS THE UPPER LEFT-HAND skssxsss
s CORNER OF SYMMETRIC REAL®8S MATRIX RY ESCALATOR #*ts*sses%

ss¢xse METHOD o B CAN BE A o LINEAR INDEXEDD *xEkkkEE
ek k&ke THE VARTIABLFS:S T 2T T 27
EEEEkE Aessese MATRIX TO RFE INVERTEN kst
EF T XY 1 Beesee INVERSE OF A *&%sEESE
3333 Noeeoee DIMENSION OF A AND 8 (IN THIS SURJe&ssssss:
YIS NSQeeee DIMENSION OF A AND B IN CALLING *%&xss%k%
*EEEEd ROUTINE. e
sEe ke I«Ee ACNDIMJNDIM)y MORE IMPORTANTR&&2%%%
AExEEE THE FIRST DIMENSION. 132 ¥ I3
EEERER EEEEESS
XX EEEREREEEEEEE KRR KR REEEARNEREEEREXEEERERERR AR RKASEEEERER
sxx¢sx ORIGCINAL PROGRAMER BILL RNDI xEkXEKED
sxxes MODIFIFED BY CHARLES STOYER I 222 X2 3

EEEERSEEREREREREKEEEREEE R AR EEERERERE KA SR AEE LT LERERSEREEEEERER

COOCOOCOONMOOOOOOCO0ONO

IMPLICITY REAL%8 (A-H,0-2)
LOGICAL LPRINTSANSWER
DIYMENSION ACNSQ)BINSQ)
COMMNON /KVAL/Z KKK
NDIM = N
C WRITEC451001) NyKKK
C1001 FORMAT(® DESCALS *»2I55° DERUG?®)
LPRINT=,FALSE.
IFCAC1).EQ.0.0) GO TO 12
J(1)=1.007A( 1)
IFCN=-1) 11,11,2
2 N¥Y]1=N-1
ISTART=0
00 92 K=1,NM1
ISTART=ISTART+NDIN
KP1=K+¢1
INDEX=0
iCOUNT=KP1
AF=0.N0
DN & I=1,K
3CICOUNTI=0.00
DO 3 J=1,K
3 BCICOUNT)=SCICOUNT)+ICINDEX+JI*ACISTART+J)
QF=QF+BCICOUNT)*ACISTART+I)
INDEX=INDEX+NDIM
4 ICOUNT=ICOUNT+NDIN
BETA = ACICDUNT) - QF
IF(BETA.EQ.0.0) GO TO 13
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11
19092

12
13
1000

BETA=1.D0/(BETA)

INDEX=0

ICOUNT=KP1

DO 6 1I=1,X
TERM=BETABCICOUNT)
JCOUNT=KP1

DO 5 J=14K
RCINDEX+J)=SCINDEX+J)+TERMEBC(JCOUNT)
JCOUNT=JCOUNT&NDIM
BCISTART+I)==TERM
INDEX=INDEX+NDIM
TCOUNT=TCOUNT+NDIM
ICOUNT=KP1

DO 7 I=1,K
BCICOUNT)=3(CISTART+I)
ICOUNT=TCOUNT+NDINM
BCICOUNT)=BRETA

CONTINUE

IFCLPRINT) WRITEC4,1002) 8
FORMATCIH »74C1H o7C1PE11.2)))
RETURN

ICOUNT = 1

WRITE (4,1000) TCOUNT

FORMAT(“0¢*sx STOP ATTEMPT TO DIVDE 3y ZLRO IN DESCALS
11I10)

sToep

END

120

ICOUNT= °
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*ExEkE
L2222 2
& kk%k
XX 2 2]
L 2 X 2 1
*EkEk
L2 22 2 2
&2 &5
L2 2 2 X2
X%k
&k
kX% &2
X2 2 2 £

x&Xx%ke

COOCOONAOONOOO0OOOn
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C FOR CH
C
100

SUBROUTINE DERIV(FUERA)
SEXESEEEEEEEEEEERELSEEREREREERREREEREEREREEEEEEELEETRE XK TR ES

SUBROUTINE DERIV

THIS SUBROUTINE
VATIES ™A™ 3

L4

CALCULATES THE

MATRIX

USES FINITE DIFFERENCES
WORKS IN LOG DOMAIN C(PARAM.LDATA)
THE DIFFCRENT RANGE OF TIME IS SOLVED

OF DERI-

BY A CUTTING EFFECT FROM IMIN TO IMAX

IF THE POINT OF DERIV IS CLOSE TO THE

CORNER OF THE CATALOG THE INCREM FOR
THF DERIVY WILL BE TAKEN IN DIRECTTION

OF THE

PROGRAMER

CATALOG.

PARAMETER MNA=200,NPT=409NPAR=S
LNGICAL FUERALRTPLT

COMMON /7 BLOCKL /7 OBSCNPT) oTINPT)
s IMINSMNALJNPT1 4NPARLHRTPLT

ACMNA) L, IMAX

NDIMENSION B(MNA)

FPS=0.1

DO 25 T=1sNPAR1
PY=P(Y)
ID=0
SIGN=1.
CONTINUE

sCINCCNPT)

IF(ID.EQe1) WRITE(45124)
IFC(ID.GT.1) WRITE(4,125)
[FCTD.GT.1) RETURN

ID=TD+1

PINC=P(I)*EPS

PINC=PINC*SIGN
PCIN=P(TI)+PINC
FUERA=,FALSE,

CALL CALCCCINC»ToNPT1,I19I24PoNPAR1SFUERA)
IFC(FUCRA) SIGN=-2,
IF(FUERA) GO YO 15

ECKING PURPOSES
WRITEC15,100) Il

9 I2,P

2 PUNPAR)

*EE%kEEE
t 2222 X £ 3 4
t 2 22 22 22
2 EEEE
L XX 2 X 22 2
AR R X E L 2 2
E2 2 2 2 2 2 20
ke EkkE
P2 X2 2 22 £
EXE R 2 X 2 3
22 2 2 2 2 2 )
2&¥5%%x22%
2L 222 % 2

EEEELREB AR ERERRRAE SR EEEXAEREREERREEEREERREEEEEEERE SRRk ERSRE O
SJUAN CARLDOS RODRIGUEZ.(1978)s5sssx%s2
ELERLEEASELLXEREELEREEE AR TSRS EEEERETC SRR SRS KEACTEETLEETEELES

vOCALC (NPT,

121

FORMATC1X929Xe “MODEL OF CURVE®9/710X92CI295X)9/7920Xs5(Fy10%X))
IFCIMAX.GT.I2) IMAX=I2
[FC(IMIN.LTLI1) IMIN=I1
DO 20 J=1,4NPT1

IJ=CJ=1)sNPAR1+I
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NOUW
THE
THF

ANI

FOR

(a) OO

THE

122

F1=DCALCCJ)

F2=CINCCJY)

0=F2-F1

0=D#SIGN
8CT4)=(F2~-F1)/PINC
3CI4)=D%*24.15885793
WRITECL1S9105)FL4F2+D»BC(TII)
FORMAT(1Xy10X44F)

CONTINUE
PCId=PK
CONTINUE
FORMAT(LX9/791Xs “¢2%«PRORLEMS DUE TO CATALOG LIMITATIONS®,
“WHEN CALCULATING DERIVATIVE MATRIX*%%%°9/41Xy “*x THF PROGRAMT,
¢ WILL TRY WITH OPPOSITE INCREMENTATION®%®)
FORMAT(1Xs “22%THE VALUE IS STILL OUY OF THE CATALOG*%2°,
/7 +1Xy"%xsTHE POGRAM WILL STOP THE ITERATIONS %%x°)
THERF WILL BE A READJUST OF THE ™A® MATRIX SCUTTING IT FROR
ROW O IMIN-1 AND FROM IMAX TO THE NPT1

EMAINING # OF ROWS WILL BE?

IMAX-IMIN ¢} =IRE
THE # OF ELEMINTS?
# ELEM.= TREXNPAR1

TESTING THE "CUTTING EFFECT™
KMAX=CIMAX-IMTN+#1)%NPARL
NUMBER OF ELEMENTS THAT WF DISTQ0OY AT THE FRAONT pARTY
IDUS=CIMIN=-1)&NPARL
DO 40 I=1,KMAX
K=T+IDIS
ACI)=B(K)
CONTYINUE

RETURN
END



T-2047 123

C 2L EREEEEEREELEEEAREEELEESEESOEESESESLERELEESLESRERELLEEEEEES
C &tk SUBROUTINE TRACE XL L2 R L
C sssses *ESEEEEE
C ¢sss%x THIS SUBROUTINE CALCULATES THE TRACE (SUM OF L YITITIYTI L
C #+%%xs%x THE DTAGONAL ELEMENTS) o OF A SQUARE MATRIX 22322 2
C sxexsx BACN)I®, , 22T FE Y
C #¥225EXEELLERREREERRREEERXEEREEERELREEEREES LR EEEEREELREEEEREES
SUBROUTINE TRACECASN,TRCE)
DIYENSION A(N)
X=N
TRCE=0.0
M1=SQRT(X)
N0 20 I=1,M1
INOEX=(CI-1)eM]1+I]
TRCE=TRCE+ACINDEX)
29 CONTINUE

RETURN
END
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SURROUTINE MAXMINCAsN,AMIN,AMAX)

EEEREEEREEEERRBERREEEE EAREXLESEEESEESEREE LR ERRRRESEESLEREEEEE
%k SUBROUTINE MAMIN $56EEEEE
e THIS SUBROUTINE CALCULATES THE MAXIMUN AND ks kEES
e MINIMUN VALUES OF A CERTAIN VECTOR, SEEEEEEE
*¢¢¢% THE VALUE OF CERO WILL NOT RE STUDIED LR KEER
ssxxx (THIS DETAIL CAN 8E MNODIFIED) SEREREE
3 T ¥ 1 JUAN CARLOS MARCH 1978 tFT I
EEEEREERRTREETERREEEELEEEELRRELRER L SR SESEREREEERRSRAEEER R EEE

DIMENSION ACN)

AMIN = A(Q1)

AMAX = A(1)

03 20 I =1 9 N

[F C ACI) .EQ. 0.0 ) GO TO 20
IF ( ACI) .GT. AMAX ) AMAX = A(CY)
IF ¢ ACTI) LT. AMIN D) AMIN = A(TY)
CONTINUE
RETURN

END
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C $EEEEEEERELEREEE AR REEEEEERBEREEEEELRELEEERREERREREEEEEEESERE
C *s%xs PROGRAM GFACT.F4& S XSS
C s*st2 THIS PROGRAM READS IN THE DATA OF THE TDEM L ESS
C ¢*ses RESPONSE OF THE EARTH FOR THE LOOP~WIRE CONFIG. *%5%stss
C sssxxANDO COMPUTES THE APPARENT RESISTIVITY CURVES XSS
C #s¢ss WITH THE NEAR-ZONE FORMULATION. 2%k EE
C ®&s%s INPUT DATA: £52EEEES
C #%&2¢ NPT occeseccese NUMBER OF DIGIT.POINTS s
C sxexs DELT ceecconece SAMPLE INTERVAL (SEC.) 222 2232
C 2%%x%% TCERD eeeseee FIRST SAMPLE LOC. (SEC.) L2 2 X2 2 2 17
C =%&x5¢ SENS ceceonece SENSITYVITY OF THE RECORDLEQUIP. £xsstxts
C %% SCALV ceocecee SCALE FACTOR C(REC.EQUI.E DIGT<) =sxxsxst
C *x2%s EEEEEREE
C ¢2%%¥% R cevesvecesee OFFSET DIST. (TRAS.-REC.) (M.) 2332232
C x%%2 S ®eeesseeese AREA 0OF LOOP (SQR. KMTS) e EREEE
C %%%5% AD cesesscsee LFNGTH OF TRASM. (M.) *EXXE%%S
C &s¢e2x XY ceccceoccee INPIT CURRENT (A”PO) . 25skkkes
C #2%%%% V{(I) ceecceses RECORNED VOLTAJES (MVOL.) tXITTET T
C *s&&%¢ OUTPUT FILES:?

L ¢%5¢% FOR1S5DAT ceeoee THAIS WILL BE THE INPUT (OF THE *sex:x%s
C &% INPUT OF THE TINVERSION PRJIGRAM, SEEEEEEE
C *%%%¢ IT WILL CONTAIN NUMARER QOF SAMPLES, (2T T YT
C *%%x%¢ TIME VECTORy AND APPARENT RES VECTOR sxtssesx
C #x&se C(IN LOG DOMAIN) $EEEEEEE
C %28¢ —cocc=- eblPTovececeese THIS FILE WILL CO“'AIN THE k&S
C ss%x% PLOTS OF INPUTY DATA, THE PLOTY OF APP.t32&ct2
C %*x%2% RES. DATAy AND COORESPNDENT VALUES *XEELEESE
C t&x¢sz ALSO WILL GIVE THE ESTIATION OF £EEREEEE
C %853 S C(LONG.COND.) AND H (H1#H2) EEEEEETES
C =s%2% EEEEEERE
C X4 EEEELLEREEEEREEREEEEELELREEEREEESE LS EEEEEEEEESEEEXTREEERS
C *sx:x¢ JUAN CARLO3S MARCH 1978 55558 S
C 384250626260 REEEEE SRR KR EXREEARLEREREEEEEREEEERIRREETRERERE

REAL LT,LLRHO
DIMENSION TC(50)sRHOC50)9sV(50)sLRHOCS0DI,4LT(50)
NOUBLE PRECISION FILINs X

WRITEC4,100)

100 FORMAT(1X, “ENTER THE INPUT FILENAME “s $ )
ACCEPT 110,FILIN

119 FORMATC Al10)

OPEN (UNIT=12,FILE="FILIN®yACCESS="SFQIN®yMODE="ASCII®)
OPENCUNIT=1S,FILE="FOR15.0AT 9y ACCESS="SEQOUT " yMODE="ASCII®)
C OPENCUNIT=06+FILE="FOR06.0AT "9 ACCESS="SEQOUT"yMODE="ASCII")
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C #5454 2L LBELXRLEELEEREEEE XL RS EE RS SRS EEEEEE SR SRR EREEE RS

C &2

READ THE INPUT DATA EEEEEEES

C $EXESSEEEEEEEERERREREEEEREEERRERLTEELSEEELRSEEEREELEEELEEEESES

201
202
203

READC125201) NPTSDELY,TCEROSENS,SCALY
WRITEC45201) NPT DELT»TCFROSSENS»SCALY
READC125203) ReS»AB,XI

WRITE(495203) RsS»ABeXI
READ(C129202)CV(I)»T=1,NPT)
WRITEC49202)CVCI)sT=14,NPT)

FORMATC I,4F)
FORMATC 1X911iF7.0)
FORMATC SF)

C 2¢E2BLL XX E2EEEEESEETEEELSSTEEREELEEERSSIEEXEEETTEEEEEREEREES
C &&%¢o%% PREPARE THE DUTPUT FILE *EkEET kX
C 26546532500 RREKERREEREEEEEEEREREEEEEEEEXREREEEEREEEEREEEEEEE

301
302

303
30%
305
306
310

WRITE(64301)
WRITEC69302)R9S9A8,5X1

FORMAT(LXe//7+20Xy “OUTPUT FILF OF GFACT.F4°9/77)

FORMAT(1X510Y¥9 “OFFSET DISTANCE “yF7.199Xe "LOOP AREA “yFT7e34/y
14Xy “A8 DISTANCE “9FTe199Xe “CURRENT INTENSITY “,F7.3)
FORMATCLX 9/ 920Xe “INPUT DATA (TRANSIENT) “5/)
FORMAT(1X9/7/»20Xes “TIME AND APPARFNT RESISTIVITY VALUES®)
FORMATC1X9/7/7920X9 “APPARENT RESISTIVITY CURVE (LOG-LOG)®)
FORMAT(1X9/7925Xs “INPUT DATA (VALUES) °*,/7)
FORMAT(25X92C(F10.495X))

C CREATE THE TIME VECTOR FOR PLOTVTTING PURPOSES.

20

25

D0 20 TI=1,NPTY
XX=1~1
TCI)=TCERO+XX*DELT
VCI) = VCI) & SENS 7 SCALY
vy(I) = a8s ¢ v(CI))
CONTINUE

WRITE(6+9306)

DO 25 I =1 o NPT
WRITE(655310) T(I),yv(I)

ICHAR=1H*

C CALL THE PLOT TO PRINT THE DATA
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CALL PLOTIP(ToVyNPT,L,ICHAR)0909050,91)

PRINT THE PLOT IN THE OUTPUT FILE FOR6.DAT
WRITE(6,303)
CALL PLOTPR(S)

EEEEREEEEREREXEEEECEREEREREE KL EERERRERCEEEREEEE R EERREIREEEL R &R
EEEE R CALCULATE THE GFOMETRIC FACTORCNEAR ZONE) =ssxs%%$
EXEEAERRRERERAEXKREREEEEEAE KRR REEEERREERAEEEEE SR AR KX A EARAKEEE

WRITE(A,304)

EX=0,666666667

P = 1.666566667

X =A8 = R > XI & §

X = X %2 EX

X = X % 0,39325378 & 0.00001
X=0

IF € TC(1) +.LT. 0,05 ) X 1

NN = NPT - K

WRITE(155201) NN

DO 30 I = | o NN N
XT I ¢# K -1

TCI) = DELT & XT ¢+ VYCERO

1

VCI + K) =& EX
3 = TC1) =% P
RHOCI> =X 7 8B 7 A
LRHOCI) = ALOG10C RHOCI) )
LICD) = ALOG10C TCI) )
WRITE (159310) TCI),LRHOCI)
WRITE (69310) TCI)LRHOCI)
CONTINUE

PLOT THE CURVE OF APP.RES IN BILOGARITMIC PAPER

CALL PLOTLIP CLTYGLRHOJNNSICHAR050909051)
WRITE(6+305)
CALL PLOTPR(S)

EEXEEEEREEESEEREESESNEREEEREREEERERESRE LSS EESEERE RS SRS
*%s¥%x DETERMINE THE VALUES OF SCLONG.COND.) AND LEEEEEESE
¢sssse H C(HL1#H2) BASED IN THE LOCATION OF THE MINIMUN ¢®stssses
sxsx%s OF THE CURVE, (THIS FORMULA IS VALID ONLY FOR ssssssss

¢xssse® THE °“H” TYPE OF GEODELECTRICAL SECTIONS) seEEEEEE
sssese  MORE INFORM. IN TOEM NEAR-ZONE BY A.,A.KAUFMAN ss:sssss
sk (1977) XK EEE

SRS L LR REEEEEREEEEEREEEEELSE LS L ESERRERRRE LSRR EETERRECE LS
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NEXT STEPS TO FIND THE MINIMUN OF THE APPARENT RESISTIVITY

C CURVE

CALL MINIMCRHOsNNsIMINS,NMIN)

TMIN = T(NMIND
C THF TIME CORRESPONDENT TN THE MINIMUN VALUF

YN = C.0

YN = 6.2831853 & TMIN

XN = YN /7 RMIN

XN = SQRT ( XN )

S = 497.2 * XN

A = RMIN &£ 2

A = A/ YN

H = A * S *% 3 % 4,9 /7 1000000,
C ST XREELEXBEEEEEREREREEEEEIREREEEREEERERENRRESERESEETR RS
C #x%xssx WRITE THE VALUES OF°S® AND “H® FOR A POSSIALE 2ss3:s¢x
C sssxs%xs FIRST GUESS ESTIMATION. . 250X E2ES
C SRR RRERREREEREEREL SRR EREEREERREEREEEEEEEXEXRETENES
C IN THE FUTURE IT WILL 3E POSSIBLE TO GIVE THE FIRST GUESS

WRITE(6+400)

WRITFC65401) Sy H
400 FORMATC //7+20Xs “APPROXIMATION VALUES OF 8Y MINIMUN LOCATION®)
4J1 FORMATC 7/ 25Xs “LONGITUDINAL CONDUCTANCE “96XsFT7e2y

£ /9 20Xy “THICKNESS OF FIRST AND SECOND LAYER ° F7.2)

stTap
END
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SUBROUTINE MINIM ( AyN,AMINJNMIN )

C 28224 E 2R XL EEREEER EEREEEEEELEEEEEEELRREEEEEELEEELEELEEEkEESE
C s¢¢e¢sx THIS SUBROUTINE CALCULATES THE MINIMUN OF X2 EEE
C *=¢s32% A SET OF DATA STORED IN AN ARRAY A(N). EREEEEER
C *sxxs&x AMIN MINIMUN OF ACNYAND NMIN ITS LOCATION s E
C 25522 EEEELEEEEEREEELEERERESEEEEESEEEXEREEESEEELEEENXEEERE
DIMENSTION ACN)D
AMIN = ACD)
NMIN = 1
DO 30 I= 1 o N
IF ( AMIN .GT. ACI) D> ANIN = ACID)
IF ¢ AMIN .GT. ACI) ) NMIN = I
30 CONTINUE

RETURN
END
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