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Editor’s Remarks

Nothing in the computer world is static; rapid change is expected, and indeed inevitable. The stan-
dard trend-surface program we have been distributing since 1966 (COMPUTER CONTRIBUTION 3) is now
being replaced by this program. The new program (KWIKR8) is quite sophisticated when compared with the
first trend-surface program made available in 1963 by J.W. Harbaugh (Special Distribution Publication 3).
The program represents improvements made possible by increases in machine size, speed, and language ele-
gance during the past few years. Since 1963, we have used several computer languages, including BALGOL,
ALGOL, and FORTRAN II. Today the language is FORTRAN IV with PL/1 on the horizon; undoubtedly, both
will eventually be replaced by better, more efficient and usable languages. Such is the way of the computer.

Is change necessarily progress? Not always, but we believe that attitudes and abilities are improving
in geology and that before too long, earth scientists will be using quantitative techniques routinely and to
their great advantage. Of all techniques now available, trend analysis probably is the most widely accepted
and universally used. For good reason too, as it has been proved successful .

Part of the success of trend analysis has been that "...geologists are intuitively attracted to these me=
thods which produce and analyze map features...." The authors of this publication have tried to make the
program as versatile as possible. They present several convincing problems and outline their solution by trend
analysis. Geologists should have little difficulty in finding other problems where the method is equally appli=
cable.

Because of the many computer programs now available through the Geological Survey, the following
table should be of help to those seeking programs available in different computer languages. Before ordering
decks, however, users should make sure the program they desire is available as many versions are now dis-
continued.

Language Geological Survey Publication
BALGOL SDP3, SDP?, SDP24, B171, CCI
ALGOL SDP23,. CC2, CC8
FORTRAN || SDP4, SDP12, SDP13, SDP14, SDP26, SDP28, CC4, CC10, CC15, CC19, CC20
FORTRAN 1V SDP12, SDP23, B171, CC2, CC3, CC5, CCé, CCP, CC11, CC13, CCl4, CCI5,

cCe, CC1Y, €CI0, CC21, CC23, CC24, CC25, CC2. CLC27, €C28
SDP = Special Distribution Publication; CC = Computer Contribution; B = Bulletin,

Because of the general use of FORTRAN IV in the United States, most programs are available in that
language although a few are in machine dependent dialects or contain assembler language subroutines. Where
possible, however, the programs are designed to be machine independent.

* - - ¥ : . Sl .
Active Member, ° Associate Member, Junior Member, American Association of Petroleum Geologists.



KWIKR8 A FORTRAN IV PROGRAM FOR MULTIPLE REGRESSION

AND GEOLOGIC TREND ANALYSIS

by

J.E. Esler, P.F. Smith, and J.C. Davis

INTRODUCTION

Geologic trend=surface analysis, as defined by
Grant (1957)and developed by Krumbein (1956, 1959)
and his associates (Peikert, 1963; Whitten, 1963)is a
special application of multiple regression. Trend
analysis has been widely and successfully applied in
geologic research and exploration, and is perhaps
the most extensively used computer technique in the
earth sciences. Geologists are intuitively attracted
to these methods which produce and analyze map fea-
tures, and are finding increasing uses for "four=
dimensional" variations of the technique (Harbaugh,
1964; Smith and Harbaugh, 1966; Davis, 1967a).
Although most trend-surface applications are not
amenable to statistical testing, an increasing number
of other geologic problems are being analyzed as
multivariable regressions.

The program described in this publication is an
outgrowth of Geological Survey research in trend
analysis, and incorporates features of several pre=
viously published programs. The matrix of regression
coefficients contains 35 variables that may be com=
bined in a number of different polynomial expansions.
For example, a curvilinear regression %% one independ-
ent variable may be computed up to X2, a trend
surface may be computed up to the seventh order, a
"four-dimensional" trend may be computed up to the
fourth order, or multivariate linear and curvilinear
regressions may be calculated using up to 35 inde~
pendent variables.

A number of options have been written into
this program to make it as versatile as possible. In=
dividual coefficients, for example, may be deleted
or incorporated as desired on successive runs. Resid-
uals may be listed or printed on maps. Contour maps,
of specified scale and contour interval, may be pre-
pared for trend surfaces or "4-D" trends, including
"slice=maps" at any specified coordinate through the
solid defined by the independent variables.

Information useful for statistical testing also is
produced. These include various sums of squares, the
correlation coefficient, an F-value with associated
degrees of freedom, and partial regression coeffi~
cients and standardized partial regression coefficients.
If desired, regression of specified order may be per=
formed on the residuals from a previous regression,
as an aid in the search for correlation among
residuals.

Numerical methods for computing trend surfaces
have been described in detail in earlier publications
in this series (Harbaugh, 1963; Good, 1964; Sampson
and Davis, 1966, 1967; O'Leary, Lippert, and Spitz,
1966) and in recent textbooks on mathematical geol -
ogy (Krumbein and Graybill, 1965, Ch. 13; Harbaugh
and Merriam, 1968, Ch. 5). In general, they consist
of expanding the desired linear regression into a matrix
of normal equations, which then is solved by inver-
sion, giving coefficients of the regression. A variety
of schemes exist for inverting matrices; this program
uses simple Gaussian elimination. However, the
matrix is pretreated by an averaging process so that
exponents of entries are centered around zero. This
minimizes rounding effects created by extremely large
entries but allows rapid solution of the matrix.

Coefficients of the matrix are printed out as a
numbered list where each number corresponds to an
entry in the linear equation Y = Cy + CoX] + C3X2+
...C34X35. The first coefficient is the value of the
regression at the origin. Successive coefficients de-
pend upon the number of independent variables used
and the power of the polynomial equation. Table 1
lists variables, powers, and cross=products for coef-
ficients in the various polynomial expansions. Orien-
tation of geographic variables for trend and "4-D"
maps is shown on Figure 1.

OPERATING INSTRUCTIONS

An extensive set of control cards are necessary
to take advantage of the versatility of KWIKR8. These
are described in detail below, and examples of typi-
cal problems are given in the following section, ac-
companied by listings of the appropriate cards. Nu-
merical parameters are placed in columns that are
multiples of ten (cols. 10, 20, 30, etc.). Logic
variables (T or F)are placed in columns ending in the
number five (15, 25, 35, etc.). This will facilitate
checking control cards for mispunched values. The
only exception to this arrangement is in col. 71-75
of Card 8 (X1X2X3 option card) for three independent
variables. All variables are floating=point unless
specified integer or logic.

(1) Title Card

Columns
1-5 TITLE
8-80 Any desired alphanumeric information.



One Independent
Variable

Two Independent
Variables

Y

Three Independent Variables

Figure 1.-Orientation of graphic output from KWIKRS,
showing orientation of variable axes. Values in-
crease positively in directions shown by arrows.

(2) Control card

Columns
1-10  Right-justified integer indicating
number of independent variables.
11-20  Right-justified integer indicating

degree of desired polynomial.
30 SWITCH 1, to delete coefficients.
0 = consider all coefficients
1 =delete some coefficients
35 SWITCH 2, to select data format.
T = standard format (see data card)
F = read variable format
45 SWITCH 3, last data set indicator.
T = last data set
F = more data sets to follow
60 SWITCH 4, to list residuals.
0 = omit list of residuals
1 = print list of residuals
65 SWITCH 5, last regression indicator.
T = more regressions will be computed

on this data
F = this is final regression on this
data
70 SWITCH 6, to compute regression on
residuals.
0 = compute regression on specified
data

1 = compute regression on residuals
from preceeding regression

(3) Variable Format card (used only if SWITCH 2 is F).

Column 1-80 Varidble format, arranged to read
in the sequence (independent

variable fields, dependent vari=

able field, L1 logic field).

(4) Axis Inversion card
Column 1 SWITCH 7, to invert X1 axis.
T =invert Xj axis
blank = do not invert X7 axis
Column 2 SWITCH 8, to invert X2 axis.
T = invert X9 axis
blank = do not invert Xo axis
Column 3 SWITCH 9, to invert X3 axis.
T =invert X3 axis
blank = do not invert X3 axis
(Note: This card allows the origin of trend maps to
be moved, if independent variables are not measured
according to the conventions shown in Figure 1.)

(5) Data cards
Up to 425 observations may be entered into the
program, under the format specified on Card 3
or under a standard format [(humber of vari=
ables) F10.4, 9X, L1]. The dependent variable
occupies the last data field. The last data card
must contain a T in the logic field to indicate
end of the data set.

(6) Coefficient elimination card(Used only if SWITCH
Tis1).
Punch a 17in each column corresponding to the
subscript of the coefficients to be eliminated
from the regression.

A sequence of cards are now entered to con=
trol the mapping routine. Maps may be produced
only for data having one, two, or three independent
variables. If no maps are desired, card (8) is blank.

FOR ONE INDEPENDENT VARIABLE (GRAPH)

(7) MAPDTA card
Columns 1-6 MAPDTA

(8) X7 Option card
Columns 1-10 Size of desired increment step
of X7.
SWITCH 10, to control plotting
limits.
0 = plot from minimum to maxi=
mum value of X1, minimum
to maximum value of Y.
1 = plot between specified limits

Column 20

of X1 and Y.
(9) X1 Limits card (Used only if SWITCH 10 is 1).
Columns
1-10 Maximum limit of plot along Xj
11-20 Minimum limit of plot along X1
21-30 Maximum limit of plot along Y
31-40  Minimum limit of plot along Y



If SWITCH 5 is T, a new regression will be computed
on the same data. New cards (1), (2), (6), (7), (8),
and (9) should be entered. New regressions will be
computed until SWITCH 5 is F.

FOR TWO INDEPENDENT VARIABLES: (TREND

SURFACE):
(7) MAPDTA card
Columns
1-6  MAPDTA
(8) X7 Xp Option card
Columns
1-10  Value of reference contour (approxi=
mately equal to expected mean).
11-20  Size of contour interval.
21-30 Right-justified integer specifying num=

ber of maps to be printed.

40 SWITCH 10, to control plotting limits,

0 = plot from minimum to maximum
value of X1, minimum to maxi=
mum value of X7.

1 = plot between specified limits of
X1 and X2.

X1 dimension of trend map, in tenths

of inches, up to 131. This prints

across lister sheet.

51-60 X, dimension of trend map, in tenths

of inches. This prints down lister

sheet,

41-50

61-70 X7 dimension of residual plot, in
tenths of inches.
71-80  Xo dimension of residual plot, in

tenths of inches.

(9) X7 X2 Limits card (Use columns 1-40 only if
SWITCH 10is 1).

Columns
1-10  maximum limit of plot along X1
11-20  minimum limit of plot along X1
21-30  maximum limit of plot along X2
31-40  minimum limit of plot along X2

45 SWITCH 11, contour map option
T = print contour trend map
blank = omit contour trend map
55 SWITCH 12, original data option
T = plot original data values
blank = omit data plot
65 SWITCH 13, residuals option
T = plot residual values
blank = omit residual plot
A Card (9) should be present for each map specified
in Columns 21-30 of Card (8). Switches 11, 12, and
13 can all be on for a given card.

If SWITCH 5 is T, a new regression will be com=

puted on the same data. New cards (1), (2), (6),
(7), (8), and (?) should be entered. New regressions
will be computed until SWITCH 5 is F.

FOR THREE INDEPENDENT VARIABLES ("4-D" OR
RESPONSE SURFACE):

(7) MAPDTA card

Columns
1-6  MAPDTA
(8) X7 X9 X3 Option card
Columns
1-10  Value of reference contour (approxi=
mately equal to expected mean).
11-20  size of contour interval.
21-30  Right-justified integer specifying total

number of maps to be printed (one
box = one map).
40 SWITCH 10, to control plotting limits,
0 = plot from minimum to maximum
values of X7, X2, and X3.
1 = plot between specified limits of
X1, X2, and X3.

41-50 X7 dimension of "4=D" map, in
tenths of inches up to 131. This
prints across lister sheet.

51-60 X2 dimension of "4=D" map, in tenths

of inches up to 131. This prints
across lister sheet,

61-70 X5 dimension of "4=D" map, in tenths
oginches. This prints down lister
sheet.

71-75 Right=justified integer specifying
number of desired residual plots.
76-80  Right-justified integer specifying

number of desired slice=maps.

(9) X1 X2 X3 Limits card (Used only if SWITCH 10 is
1).

Columns

1-10  maximum limit of plot along X1

11-20  minimum limit of plot along X

21-30 maximum limit of plot along X2

31-40  minimum limit of plot along X2

41-50 maximum limit of plot along X3

51-60  minimum limit of plot along X3

(10) Slice=map card (Used only if slice =maps are
desired).
Column

10 SWITCH 14, to select slice=map
1 =slice along Xp=X3 plane, hold-
ing X7 constant
2 =slice along X1~X3 plane, hold-
ing X9 constant
3 =slice along X1=X5 plane, hold-
ing X3 constant

(11) Interval card (Used only if slice=maps are desired)
Column
1-10  value of constant at which slice~map

is to be made.



Repeat cards (10) and (11) for each slice map desired,
up to the number specified in col. 76=80 of card (8).

(12) Residuals plot card (Used only if residual plots
are desired)
Columns
1-10  Right-justified integer specifying
number of slices into which resid=
ual plot is to be divided. .

11-20 Xy dimension of residual plots, in
tenths of inches up to 131. This
prints across lister sheet.

21-30 X9 dimension of residual plots, in
tenths of inches. This prints down
lister sheet.

35 SWITCH 12, residuals option
T = plot residual values
blank = omit residual values

45 SWITCH 13, original data option

T = plot original data values
blank = omit data plot
is

(13) X3 ))(2 X3 Limits card (Used only if SWITCH 10
is 1

Columns
1-10  maximum limit of plot along X
11-20  minimum limit of plot along X1
21-30  maximum limit of plot along X2
31-40  minimum limit of plot along X2
41-50 maximum limit of plot along X3
51-60  minimum limit of plot along X

Repeat cards (12) and (13) for each residual or origin-
al plot desired, up to the number specified in col.
71-75 of card (8). A plot of residuals and original
data may both be requested on the same card (12).

If SWITCH 5 is T, a new regression will be com=
puted on the same data. New cards (1), (2), and
(6) through (13) should be entered. New regressions
will be computed until SWITCH 5 is F.

ERROR MESSAGES

A small number of error messages have been
incorporated in this program. Some of these messages
were inserted during program development and should
rarely appear during normal processing.

Message: BAD DATA, CHECK PARAMETERS

Interpretation: The number of variables, degree of
polynomial, or combination of the two is in-
valid. The program will skip to the next
TITLE card (1)and resume operation. If the
message is received for the last data set or the
set is to be used in more than one regression,
the job will terminate.

Message: TOO MUCH DATA

Interpretation: The maximum number of data points
(425) has been exceeded. The program will

skip to the next MAPDTA card (7) and proceed.

If the message is received for the last data
set or the set is to be used for more than one
regression, the job will terminate.

Message: NO SOLUTION [N SIMEQ

Interpretation: The matrix of normal equations is
singular. Data may be incorrect or poorly
distributed, resulting in a very unstable solu-
tion to the matrix. Results of a regression
following this message are incorrect.

Message: OVERPRINT VALUES HAVE EXCEEDED

ARRAY LENGTH PLOT HALTED

Interpretation: Specified dimensions of a residual
plot are too small, resulting in an excessive
number of overprints. The plot is terminated
at this point, and the next output or compu-
tation request is processed. Increase dimen-
sions of plot or split plot into several larger
sections.,

Message: SNOOPY FINALLY GOT THE RED BARON

Interpretation: Three attempts have been made to
translate a residuals plotting command. Fail=
ure indicates a machine malfunction or error
in program deck, probably in the residuals
plotting routine. This message should never
appear from a properly compiled deck.

SUGGESTIONS FOR EFFICIENT USE

If more than one degree is to be computed on a
single set of data, the regressions should be computed
in decreasing order (i.e., 4th, 3rd, 2nd order, etc.).
The most complex matrix will be established initially
and then truncated for lower order runs. Computing
in increasing order requires that the complete matrix
be established for each order.

The time required to produce line printer con=
tour maps increases rapidly with increasing size.
Therefore, the physical dimensions of maps should be
kept as small as practical.

SUGGESTIONS FOR MODIFICATION

The program may easily be chained by dividing
into two links. This will free about 2K usable core
with the present deck. The main program should
consist of the mainline and subroutine POLYD. The
first link should contain STATPK, FIDDLE, EMSLVR,
MLTDEG, and LINFIT. The second link will consist
of the mapping routines SONG, SHIFTOF, PLTRSD,
PLOTER,and COMCON. Statements 500 and 9600
in the mainline can load the first link, and statement
80 can load the second link.

The maximum number of data points to be used
may be changed by adjusting the dimensions of all
variables now dimensioned 425, Also, the parameter
of the DO loop starting on card KW IKR8 50 and the
integer on card KW IKR8 64 should be similarly
changed.



Table 1.-Numbering of coefficients in polynomial expansions of multivariate regressions, using KWIKRS.
Circled numbers denote end of terms of that order.

POLYNOMIALS
Thirty=five variables:
Y =C(1) + C(2) X; +C(@3) Xy +C(4) X3+ C(5) Xy ... +C(36) X35®
Seven variables:

Y =C(1) +C(2) Xyt C(3) Xy + C(4) X3+ C(5) Xyt C(6) Xg + C(7) X+ C(8) X7®+ C(9) X%

+C(10) X, X, +C(11) xg +C(12) Xy X5 + C(13) X,X4 + C(14) x§ +C(15) XX, + C(16) X, X,
+C(17) X5X, +C(18) xj +C(19) Xy X5 + C(20) X, X5 + C(21) XX + C(22) XX5 + C(23) xg

+C(24) X Xg + C(25) XX+ C(2¢) XaXg + C(27) X4X6 + C(28) XX, + C(29) XZ + C(30) X1 X5
+C(31) X2X7 + C(32) X3X7 +C(33) XXyt C(34) X5X7 + C(35) x6x7 + C(36) X; @

Six variables:
Y =C(l) + C(2) X+ C(3) X2 + C(4) X3 + C(5) X4 + C(6) X5 + C(7) X6®+ c(8) X% +C(%9) X]X2

+C(10) xg +C(11) XqXg + C(12) X, X5 + C(13) xg +C(14) X X, + C(15) XX, + C(16) X5X,,
+C(17) xﬁ +C(18) Xy X5 + C(19) X, X, + C(20) XgX, + C(21) XX +C(22) xg

2
+C(24) X)X, + C(25) XgX, +C(26) XX +C(27) XX, + C(28) X @

+C(23) Xy Xg

Five variables:

Y =C(1)+C@) X, + C@) X, + Cl4) Xq + C(5) X, +C6) X1 )+ €7) X2 +C(@) XX, + C(9) X2
+C(10) XyXq + C(11) XpX5 + C12) X2 + C13) X)X, + C(14) XX, +C(15) XX, + C(16) X2
+C(17) XyX + C(18) X,X5 + C(19) XgX5 + C(20) XX, + C21) X2

Four variables:

Y = C(1) + C@) X, +C@) Xy + Cl) Xy + C(5) X,(1 )+ C(6) X2+ C(7) XX 5 +C(8) X2 + C9) X, X
+C(10) X, X, + C(11) xg +C(12) X;X,, + C(13) XX, + C(14) X X, +C(15) xf@+ c(16) x3

3

+C(17) X] + C(18) X2X5 + C(19) XTX, + C(20) X, X2 + C(21) X3 + C(22) X2X, + C(23) X2X,

2 2 2 2
3X4 +C(28) XXy + C(29) XXy + C(30) X3X4

+C(34) X2X3X4 + C(35) X]XZX

+C(24) x]xg + C(25) xzxg +C(26) xg +C(27) X

+C@n) xi +C(32) XXX, + C(33) X XX

1772 4 3

Three variables:
Y =C(1) + C(2) X, + C@) X, + C(4) Xg ®+ C(5) X] + C(6) XX, + C(7) X2 +C(®) X X + C(9) X Xg

+(10) X5+ e X3 + c(12) X3xy +C13) X2xg + C(14) X X2+ C(15) X, + C16) XX,



+C(17) X, X2 + C(18) xzxg +C
+ C(24) X, X3 + C(25) X + C(26) XX,
+c@1) x2x2 + (32 X,X2x,

Two variables:

3 4 3 3
(19) X3 + C(20) x]x2x3@+ C(21) X7 + C(22) X7X, + C(23) X3X
+C(27) X{X3 + C(28)
2 2,2 2
X5X4 + C(33) X X, X3 + C(34) XoX3 + C(35) XX

3

3 3 4 2
X X3 + C(29) X5 + C(30) XX

2
2

23

v =c()+c@ X, +€@) X, (1)+ ) xT +C(5) XX, + C(6) x§@+ C(7) X3 +C@) X3x,
+c) x, X2+ c(10) x3(3) + 1) X§ + €(12) X3x,, + C(13) X, X3 + C(14) X3 + C(15) X2X3

+C(16) X3 + C(17) X3

33

+C(23) XX, + C(24) X]X5 +C(25) X3X3 + C(26) X2X

xh3 4+ ¢

+ C(30) x‘%‘x2 +C(31) x?xg +c(@2) xix3

(33)

One variable:

Y =C(1) +C(2) X, +C) X2+ C) X3+ ... +C(36)

3,2 2,3
1X2 + C(18) X]X2 +C(19) X]X2 +C

(20) X X3 + C(21) X3 @ +c22) x§

2,4 X3 +C(28) xg@+ c@9) x|

ot C(27) X]
3,4

2,5 6 7
X]X2 + C(34) X]X2 +C(35) X]X2 + C(36) X2®

35

X

ONE INDEPENDENT VARIABLE

This program may be used to produce a polyno=
mial approximation to a functional equation having
only one independent variable. Experimental data
in this example consist of measurements of the optic
axis angles of plagioclases of known composition
(Smith, 1956). The angle varies as a complex func=
tion of the ratio between two plagioclase end=members,
albite and anorthite. Optic axis angles convention=
ally are measured in positive degrees up to 90°, then
in progressively decreasing negative degrees beyond.
In order to avoid the hiatus such a convention would
produce in the data sequence, they are used here in
positive degrees from 70° to 120° ,

The data were first fit with a polynomial expan=
sion to the seventh order, giving a correlation of R =
0.99. For comparative purposes, a second regression
was made using only powers to the fourth order. The
correlation of this fit is R = 0,95, Although there is
little difference in total fit between the two, the sev-
enth-order curve appears to be a better approximator,
especially at inflection points, The polynomial ap-
proximation seems at least as aesthetic as hand=drawn
curves and has the advantage of satisfying the least-
squares criterion. The graph produced by the computer
of the seventh-order fit is shown in Figure 2.

Cards used in the control sequence are shown
in Figure 3. Output from this operation consists of a
title, table of statistics, graph of the seventh~order
curve, a second title and statistical table, and a
graph of the fourth=order curve. Original observa-
tions are plotted on the graph as X's, asterisks are
used to plot the curve. Dollar signs appear where an

X and an asterisk coincide. Note that the control
card sequence was set up to produce a graph having
grids at specified intervals (2% An, 5° angles).

TWO INDEPENDENT VARIABLES

Geologic trend analysis is an application of
multiple regression, using a polynomial expansion of
the geographic coordinates of sample points as inde-
pendent variables. Depth, thickness, or other attri-
butes of the sample may constitute the dependent
variable.

Brown (1966) collected data on the thickness of
the Pennsylvanian Kanwaka Shale from 566 electric
logs of wells drilled in south=central Kansas. To
analyze these data, KWIKR8 was modified as described
in the text and a series of trend=surface and residual
maps were computed. The Kanwaka is part of a sedi=
mentary deltaic complex; results of the investigation
will be reported by Merriam and Doria=Medina (in
preparation).

Data, consisting of legal location (quarter=
quarter section, township, and range) and thickness
of Kanwaka, were converted to a cartesian coordinate
system using Good's (1964) program. The coordinate
system generated by Good's program has an origin
southwest of the map area under investigation. Be-
cause KWIKR8 assumes an origin in the northwest, it
was necessary to invert the second (X2) axis; this is

done by SWITCH 8. As an aid in the search for auto-
correlation among residual values, a fifth-order regres-
sion was fit to residuals from the third=order surface.

In this example, the goodness—of-fit was near zero,
indicating that little autocorrelation remains in the
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Figure 2. =Graph of mol percent anorthite versus optic axis angle in plagioclases. Output of seventh-order fit.

residuals. The third=order regression is shown in
Figure 4. Figure 5 is the fifth—order fit to residuals.

The investigators desired maps produced to a
certain scale. This was achieved by specifying an
appropriate width and length of plot, and maximum
and minimum values of the coordinate system. The
plot was then automatically scaled to fit within the
size specified. Other options requested included a
list of input data, calculated surface, and residuals;
a plot of the original data; and a plot of the residuals
from the trend surface.

The control cards required to operate the pro=
gram in this problem are shown in Figure 6, accom=
panied by an explanation of each parameter. The out-
put sequence consists of:

(1) Title.

(2) Listing of original data, trend surface, and
residuals.

(3) Table of statistics and coefficients of trend surface.

(4) Trend surface map.
(5) Plot of original data points.
(6) Plot of residual values.

(7) Table of statistics and coefficients of trend on
residuals.
(8) Trend surface map of residuals.

THREE INDEPENDENT VARIABLES

By incorporating depth or stratigraphic location
as a third geographic variable, least-squares approx=
imations can be made of a variable embedded in
three ~dimensional space. The dependent variable
commonly is the percentage of a mineral or element
at sample points, pH or salinity of brines from various
horizons in wells, APl gravities or other character=-
istics of crude oils, indeed, any variable that char-
acterizes samples whose spatial relations are known.
Polynomial regression analysis has been applied to
data having three geographic variables by Peikert
(1963), Harbaugh (1964), Smith and Harbaugh (1966)
and Davis (1967a, 1967b). Data in this example are
taken from the last reference. Several hundred or-
ganic carbon analyses of the Cretaceous Mowry Shale
in Wyoming were processed by this technique in order
to summarize carbon distribution through the shale
lithosome. Using three geographic coordinates as
independent variables, carbon concentration was
portrayed in three dimensions as a series of "slice=
maps”. These can be assembled into an egg crate -
like set of fence diagrams, or summarized as an iso~
pleth block diagram. Results of the Mowry Shale
study are contained in a forthcoming article (Davis,
in preparation).
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Figure 4.-Third-order trend surface of thickness of Kanwaka Shale in southern Kansas.
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Figure 5.-Fifth-order fit of residuals from Figure 4.
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The purpose of response=surface analysis of
these data was to obtain the simplest possible set of
isopleth envelopes that wouid explain most of the vari-
ation in carbon content. Therefore, a series of re-
peated runs on the data were necessary. All output
except statistical tables was suppressed on initial runs
to save computer time. Standard partial regression
coefficients were examined and a backward regression
scheme set up to successively eliminate ineffective
coefficients from the regression equation (Draper and
Smith, 1967). After an optimum equation was obtain=
ed, the regression was recalculated and a series of
slice-maps computed. From these slice=maps, the
isopleth block diagram shown in Figure 7 was then
constructed. In this example, only the control se-
quence from the final run is shown (Fig. 8). Special
features of this run are (1) certain coefficients were
eliminated from the equation; (2) maps were scaled
to match a Wyoming base map; and (3) slice =maps at

specified levels were requested. The following se=
quence of output is created by the control card stack:

(1) Title

(2) List of coefficients eliminated

(38) Table of statistics and coefficients of 4th degree
regression

(4) Slice~maps of the outside edges of a box enclos=

ing the sample space (2 maps and 4 cross=sections)

(5) Slice~maps requested across sample space.

It should be noted that the six slice=maps ini=
tially produced are correctly oriented so they may be
assembled into a box with all printed sides facing
out. Also, the box (i.e., all six sides) constitutes a
single "map" for purposes of specifying total number

of maps on the X]X2X3 Option Card (8). Extra

slice~maps are produced in pairs, one the mirror
image of the other, so they may be assembled into an
"egg crate" with printing on both sides. Each pair
constitutes a single map.

5)

0 50 100
L 1 |
MILES

200

Figure 7.-Isopleth block diagram of organic carbon content in the Mowry Shale of Wyoming. Diagram was
constructed from slice~maps generated along lines shown on isopleth. Solid encloses areas having

greater than average (72%) organic carbon.

11



‘(€ o]dwpbx3) jusjuod UOQIDD d1ubBiIo jo sdow._9o]|s a4pIausb o4 pasn aouanbas pipo |o1UOD- *g 2Inbi4

‘001 40 Yidep e 3e 30yjs 3Andwio)

dew-301s 4o} JueIsu0d (EX) Yidap pioH

*0G 40 yadap e je 3oys andwo)

dew-aoi|s 104 JueISUOD (€X) Yidap pjoH

*08G s! 96pe wonoq s 40 YdaQ

*0 s1 @6pa doy a9y|s jo Ydaq

*0 st @bpa dew doy 40 ajeuipio0)

‘g1 st 36ps dew wooq 40 3jeulp100)

*0 $1186pa dew 13| J0 312UIPI00)  epispstionn

QYYD TVAYILNI (L)

QdvD dYW-3211S (01)

,t“qﬁ%%ad#ggé%%

Q¥VD TIVA¥IINI (L1)

22 st 86pe dews 1Bl 30 23eUIPI00D

sdew-a2ls Z 101d

sdew |enpisas 30|d J0u 0Q

apIm saydu) G'G uonoaIp EX Jutid
apIM $3YdUI G'6 UOIdRIP TX ulid
apim sayoul | uondaup Lx g
S3IRUIPI00D Pay10ads UsamIa] 10|d
sdew g Jullyg

g' si |eAsBIUl INOJUOD

Z 1 () nowuod

Y€ Pue ‘Zg '6Z '8
L2 °9T "LL 91 'SL ‘01 ‘¥ SIUSRIHR00 UWO

e1ep uo uoissaibal andwo)

e1ep S1y3 UO uonEINAWOD [euly S1 SIYL
s|enpisal 4o Isif UWQ

19s e1ep 1se| si syl

1euLI0) pJepuels asn
S3UB10144800 3Was AR
|etwouAjod 33163p-yunoy

SBIqELIEA 1UBPUIIPUY BaIY) e~

NI MCILrATalS

¥V dYW-3211S (01)

)
suwi Exxlx (¢)

QIvO

ExCxlx (8)

NOIldO

QIVD V1AdYW (2)

QdVD NOILVN
-IWIT3 IN31D14430D (9)

(Q3L1lIWO)
SQYVD Viva (S)

Qi¥vd
NOIS¥IANI SIXV (¥)

Q¥VD TO¥LNOD (2)

R

1 eear STl

Q¥vD 3TLIL (1)

12



CKWKRS8

C

aNa¥a!

D ON

15
20

30

31

32

33

34

35

36

38

DIMENSION FMT (14) s XMAX(4)sXMIN(4)sY(425)sID(14)sA(36937)sSFMT(4)

MULTIPLE DIMENSION LEAST SQUARES REGRESSION PROGRAM
MAINLINE ROUTINE

DIMENSION XNUM({35),C(36)
INTEGER TITLE

COMMON /ECKS/ X(354425)
COMMON /RES/RSDLS(425)

LOGICAL LASTSTsLASTPT»GOOFUP sSTFMT s TOMUCHs AGAINsMAXUMs INVRT (35)

LOGICAL MAP1sMAP2,sMAP3

DATA SFMT/1H( s6HXXXXXX96HF10e5996HIXsL1)/
DATAXNUM/1H151H251H391H4s1H591H691HTs1HB8s1H9 9 2H1092H1192H1292H13 9 2KWKRO110
1H1492H1592H1692H1792H1892H1992H2092H21 92H2292H2392H24 92H2552H2692HKWKR0120
22792H2892H2992H3052H3192H3292H3392H3492H35/

DATA

DATA TITLE/6HTITLE /»

MAPARM/6HMAPDTA/
SPACE/6H /

READ PARAMETER CARDS AND CHECK THE VITAL PARAMETERS

Z'—'0.0

READ(5,1) ID
FORMAT (13A64A2)

IF(ID(1)«NES.TITLE) GO TO 15

READ(5910) IORDsNDEGsNFIDLE s STFMT sLASTSTsIPRNTsAGAIN
FORMAT (311054XsL195Xs110s4XsL1s15)

GOOFUP = oFALSE.

TOMUCH = oFALSE.

N = IORD + 1

IF(TORDeEQe1«AND«NDEGeLE«35) GO TC 30

IF(NDEG+EQe1eAND«IORDeLTe34) GO TO 30
IF((IORD*NDEG) sLE414) GO TO 30

WRITE(6,+20)

FORMAT(1H1+30Xs28HBAD DATAs CHECK PARAMETERS ///)
GOOFUP = LTRUE.

GO TO 9000

ESTABLISH STANDARD FORMAT

FMT (1) = SFMT(1)
FMT(2) = XNUM(N)
FMT(3) = SFMT(3)
FMT(4) = SFMT(4)
DO 31 I = 5,14
FMT(1) = SPACE
IF(STFMT) GO TO 32
READ(551) FMT

DO 33 I=1.4
XMAX(I) = =14E30
XMIN(I) = 1.E 30

READ(5934) (INVRT(I1)sI=1410RD)

FORMAT (35L1)

DO 40 I=14+425

READ(59FMT) (X{Js1)9sJ=1+sI0RD)sY(I)sLASTPT
DO 35 J = 14I0RD

IFCINVRT(J)) X(JsI) = =X(Jsl)
IF(IORD«GT«3) GO TO 38

DO 36 J=14+I0RD

IF(X(JsI)eGTeXMAX(J)) XMAX(J) = X(JsI)
IFIXUJUsT)eLT«XMIN(J)) XMIN(J) = X(Js1)
IF(Y{I)eGToXMAXIN)) XMAX(N) = Y(I)
IF(Y(T)aLTeXMIN(N)) XMIN(N) = Y(I)

IF(LASTPT) GO TO 50
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KWKROO10
KWKR0020
KWKR0O030
KWKRQO040
KWKR0050
KWKROO060
KWKROO70
KWKR0080
KWKR0090
KWKRO100

KWKR0130
KWKR0O140
KWKRO150
KWKRO160
KWKRO170
KWKR0O180

KWKRO190
KWKR0200
KWKR0210
KWKR0220
KWKR0230
KWKR0240
KWKR0250
KWKR0260
KWKR0270
KWKR0280
KWKR0290
KWKR0O300
KWKR0310
KWKR0320
KWKR0330
KWKRO 340
KWKR0350
KWKR0O360
KWKR0O370
KWKRO380
KWKR0390
KWKR0O400
KWKR0O410
KWKRO420
KWKRO430
KWKRO440
KWKR0450
KWKR0460
KWKR0O470
KWKRO480
KWKR0O490
KWKR0O500
KWKR0510
KWKR0520
KWKR0530
KWKR0O540
KWKR0550
KWKR0O560
KWKR0O570
KWKRO580
KWKR0590
KWKR0O600



aANNO

[aNaXa!

40

45

50

61
54

52
53

63
62

56

80
100
101

102
110

200
210

202

215
203

215 IF(MAP1)CALL COMCON(CsXMAX(1)9sXMIN(1)sXDsXMAX(2)sXMIN(2)sYDsZ

1Z sID(2) sREFsCONsIORD9Z sNDEGs0s0sZ +Z )
IF(MAP2)CALL PLOTERI(Y sMsXMAX (1) sXMIN(1)sXMAX(2)sXMIN(2)9XD1sYD1>s
1ID(2)s1)
IF (MAP3)CALL PLOTER(RSDLSsMsXMAX(1)sXMIN(1) s XMAX(2)sXMIN(2)9sXD1s
1YD1sID(2)92)

220

CONT INUF

WRITE(6+45)

FORMAT (1H1930Xs14HTOO MUCH DATA ///)
1=425

TOMUCH = «TRUE.

GO TO 9000

M =1

WRITE(6561)(ID(1)s1=2414)
IF(IORDeLE.7) GO TO 54
NNEW = IORD

GO TO 52

EXPAND DATA MATRIXs FORM LEAST SQUARES MATRIXs SOLVE AND COMPUTE

ERROR MEASURES

FORMAT (1H130Xs13A6////)

CALL MLTDEG(MsIORD sNNEWsNDEG)
NDEGMX=NDEG

CALL LINFIT(MsNNEWsA9sXsY)

CALL FIDDLE (ASNNEWsCosNFIDLELOST)

DO 63 MM=1,I0RD

IF(INVRT(MM)) WRITE(6+62)MM
FORMAT (1 X9s4HAXISsI13913H IS INVERTED.//)
CALL STATPK(Y sNNEWsCsMsIORDSIPRNT»ID(2)9sAsLOST)
IF(IORD«GTe3) GO TO 9000

IF(TOMUCH) GO TO 80

CREATE ANY MAPS THAT ARE REQUESTED

READ(5+1) MAPRM

IF (MAPRM.EQeMAPARM) GO TO 80
GOOFUP=4TRUE .

GO 70O 9000

GO 7O (1005200+300)5I0RD
READ(545101) STEPsICHK

FORMAT (F1040+110)
IF(STEP«.EQeOs) GO TO 9000
IF(ICHK.EQeO) GO TO110
READ(55102)XMAX (1) o XMIN(1)sXMAX(2)sXMIN(2)
FORMAT (RF10.0)

CALL COMCON(CosXMAX (1) sXMIN(1)9Z sXMAX(2)9sXMIN(2)sZ
19Z sZ sIORDsSTEPsNDEGsMsO09sXsY)

GO TO 9000
READ(59210)REF sCON sNMAP s ICHK XD sYDsXD1sYD1
FORMAT (2F10405211094F1040)

IF (NMAP.EQsO) GO TO 9000

DO 220 I=14.NMAP

IF(ICHK.EQs0) GO TO 215

READ(55202)XMAX (1) o XMIN(1)sXMAX(2) s XMIN(2) sMAP1sMAP2sMAP3

FORMAT(4F10e094XsL199XsL1s9XsL1)
GO TO 216

READ{(5+203) MAP1sMAP2sMAP3
FORMAT (44X sL192(9XsL1))

CONTINUE
GO TO 9000
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KWKR0O610
KWKR0620
KWKR0630
KWKR0O640
KWKR0O650
KWKR0O660
KWKR0O670
KWKR0680
KWKR0690
KWKRO 700
KWKRO710
KWKR0O720
KWKRO730
KWKRO740
KWKRO750
KWKRO760
KWKRO770
KWKR0O780
KWKRO790
KWKR0O800
KWKR0O810
KWKR0820
KWKR0830
KWKR0O840
KWKR0850
KWKR0O860
KWKR0870
KWKR0880
KWKR0890
KWKR0900
KWKR0O910
KWKR0920
KWKR0S30
KWKR0S40
KWKR0950
KWKR0O960
KWKR0O970
KWKR0980
KWKR0990
KWKR1000

s ID(2)KWKR1010

KWKR1020
KWKR1030
KWKR1040
KWKR1050
KWKR1060
KWKR1070
KWKR1080
KWKR1090
KWKR1100
KWKR1110
KWKR1120
KWKR1130

sKWKR1140

KWKR1150
KWKR1160
KWKR1170
KWKR1180
KWKR1190
KWKR1200
KWKR1210



OO N

300

310

315

320
330

340
350

352

355

9000

9200

9210
9215
9220

9400

9410

READ(59310)REF sCONsNMAP s ICHK s XDsYDsZDsNMAP1 s ISL
FORMAT(2F104052110+3F106404215)

IF(NMAPLEQ.DO) GO TO 330

DO 320 1=1.NMAP

IF(ICHK«EQsQ) GO TO 315
READ(55102)XMAX (1) s XMIN(1)sXMAX(2)sXMIN(2) s XMAX(3)sXMIN(3)
CONTINUE

KWKR1220
KWKR1230
KWKR1240
KWKR1250
KWKR1260
KWKR1270
KWKR1280

CALL COMCON({CoXMAX (1) sXMIN(1)sXDsXMAX(2) s XMIN(2)sYDsXMAX(3)4sXMIN(3KWKR1290

1)9Z2DsID(2) sREFsCONSsIORDSZ sNDEGs0Os0sZ +Z )
CONT INUE

IF(ISL.EQeO) GO TO 350

DO 340 I=1s1ISL

READ(5510) IDI

SAV = XMAX (IDI)

SAVE1l = XMIN(IDI)

READ(5+102) XMAX(IDI)

XMIN(IDI) = XMAX(IDI)

KWKR1300
KWKR1310
KWKR1320
KWKR1330
KWKR1340
KWKR1350
KWKR1360
KWKR1370
KWKR1380

CALL COMCON(CoXMAX (1) sXMIN(1)sXD9sXMAX(2)sXMIN(2)sYDsXMAX(3)}sXMIN(3KWKR1390

1)9ZDsID(2)sREFsCONSIORDsZ sNDEGsISLsIDIsZ +2 )

XMAX(IDI) = SAV
XMIN(CIDI) = SAVEL
CONTINUE

IF(NMAP1.EQe0) GO TO 9000

DO 355 I=1sNMAP1

READ(5+352)LsXDsYD9sMAP2 sMAP3

FORMAT(I11092F10e094XsL159XsL1)

IF(ICHK+EQeO) GO TO 355

READ(55102) XMAX(1)sXMIN(1)9XMAX(2)sXMIN(2)sXMAX(3)¢sXMIN(3)

IF (MAP3) CALL PLTRSD(MsXMAX(3)sLsXMIN(3)sYsOsXMAX(1)sXMIN(1)sXD>
1XMAX(2) s XMIN(2)sYDsID(2))

KWKR1400
KWKR1410
KWKR1420
KWKR1430
KWKR1440
KWKR1450
KWKR1460
KWKR1470
KWKR1480
KWKR1490
KWKR1500
KWKR1510

IF(MAP2) CALL PLTRSD(MsXMAX(3)sLsXMIN(3) sRSDLSsNDEGsXMAX(1)sXMIN(1KWKR1520

1) s XDosXMAX(2) s XMIN(2)sYDsIDI(2))

TERMINATION PROCEDURE - EXAMINE INPUT PARAMETERS AND ERROR
INDICATORS TO DETERMINE PROPER BRANCH

IF (GOOFUP) GO TO 9200
IF(TOMUCH) GO TO 9400

IF (AGAIN) GO TO 9600
IF(LASTST) CALL EXIT

GO TO 500

IF(LASTST) GO TO 9215
IF(AGAIN) GO TO 9215

GOOFUP = «FALSE.

DO 9210 I = 1,10000
READ{5,1) ID
IF(ID(1)eEQeTITLE) GO TO 5

CONT INUE

WRITE(6+49220)

FORMAT (1H1 540X s9(1H*)/41XsIHFORGET IT/41Xs9(1H*))

CALL EXIT

IF(LASTST)Y GO TO 9215
TOMUCH = oFALSE.
IF(AGAIN) GO TO 9215

DO 9410 L=1,10000
READ(551) MAPRM

IF (MAPRM.EQeMAPARM) GO TO 50

CONTINUE

GO TO 9215

DETERMINE WHAT NEW TERMS ARE NEEDED FOR NEW REGRESSION ON SAME

15

KWKR1530
KWKR1540
KWKR1550
KWKR1560
KWKR1570
KWKR1580
KWKR1590
KWKR1600
KWKR1610
KWKR1620
KWKR1630
KWKR1640
KWKR1650
KWKR1660
KWKR1670
KWKR1680
KWKR1690
KWKR1700
KWKR1710
KWKR1720
KWKR1730
KWKR1740
KWKR1750
KWKR1760
KWKR1770
KWKR1780
KWKR1790
KWKR1800
KWKR1810
KWKR1820



$
C
C
C
C
C
C
C
C
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9600

9620
9651

9610

9630

DATA

READ(541) 1D
IF(ID(1)eNESTITLE)
NDEGO=NDEG

READ(5510) IORDsNDEGsNFIDLE sMAXUM s MAXUM

GO TO 15

WRITE(6+,61) (ID(I)eI=24514)

NNOP2=NNEW+2
MM =M

IF (NDEGMX «GE « NDEG ) MM=1

CALL MLTDEG(MMsIORDsNNEWsNDEG)

IF (MM, EQeM)NDEGMX=NDEG.
IF{IRSD.FQel) GO TO 9630

IF(NDEGO.LTNDEG)
NNP2=NNFW+2
NNP1=NNEW+1

DO 9610 INEW=1sNNP1

GO TO 52

A(CINEWsNNP2)=A(INEWsNNOP2)

GO TO 53
WRITE(64+9631)

s IPRNTsAGAINSIRSD

KWKR1830
KWKR1840
KWKR1850
KWKR1860
KWKR1870
KWKR1880
KWKR1890
KWKR1900
KWKR1910
KWKR1920
KWKR1930
KWKR1940
KWKR1950
KWKR1960
KWKR1970
KWKR1980
KWKR1990
KWKR2000
KWKR2010
KWKR2020

9631 FORMAT(1Xs95HRESIDUALS FROM LAST REGRESSION HAVE REPLACED DEPENDENKWKR2030

9640

POLYD

20

30

DO 9640 1=1M

Y({I)=RSDLS(I)
GO TO 52
END

FORTRAN NDECK

FUNCTION TO CALCULATE POLYNCMIAL THAT HAS BEEN GENERATED

BY MLTDEG AND LINFIT :
NUMBER OF INDEPENDENT VARIABLES
COEFFICIENT ARRAY

N
B
X

NDEG

FUNCTION POLYDI(NsB,
DIMENSION AUX(3)sX(35)+sB(36)

SINGLY DIMENSIONED ARRAY OF INDEPENDENT
VARIABLES
DEGREE OF POLYNOMIAL

XsNDEG)

IF(NeEQsl1) GO TO 3000

NP1=N+1
IND=NP1

IF (NDEGe.LE.1) GO TO 100

COMPUTE 2ND DEGREE

DO 20 KK=1,N

DO 20 LL=1sKK
XCIND)=X(LL)*X(KK)
IND=IND+1

I13=IND

TERMS

IF(NDEG.FQe.2) GO TO 100

COMPUTE 3RD DEGREE

12=N

DO 30 K=1>sN
12=12+K

DO 30 KK=1sN
XCIND)=X(KK)*X(I2)
IND=IND+1

IF(N.EQ.2) GO TO 31

X13=X(1)*X(3)

TERMS

16

1T VARTABLE FOR ALL SUBSEQUENT REGRESSIONS.//)

KWKR2040
KWKR2050
KWKR2060
KWKR2070
KWKR2080

POLYO0O010
POLY0O020
POLY0030
POLY0O040
POLY0O050
POLY0DO060
POLYOOTO
POLY0O080
POLY0090
POLYO100
POLYO1l10
POLYO120
POLY0130
POLYO140
POLYO0150
POLY0O160
POLY0Q170
POLY0180
POLYO190
POLY0200
POLY0210
POLY0D220
POLY0230
POLY0240
POLY0D250
POLYD260
PoLY0270
POLY0280
POLY0290
POLY0300
POLYO0310
POLY0320
POLY0330
POLY0340



32

31

NN

41
40

43
42

[aNa XA

51

NN NN

100

900

aNala)

3000

3100

$

CFIDDLE

IF(N.EQe3) GO TO 32
X24=X(2)%X(4)
X{IND)Y=X24%X(1)
X{IND+1)=X13%X(4)
X{IND+2)=X24%X(3)
IND=IND+3
X(IND)=X13%X(2)
IND=IND+1

IF(NDEG.EQ.3) GO TO 100

COMPUTE 4TH DEGREE TERMS

I14=1IND

DO 40 K=1»sN

DO 41 KK=1»sN
X(IND)Y=X(KK)*X(I3)
IND=IND+1

I3=13+NP1
AUX(1)=X(1)%X(2)
IF(NeEQe2) GO TO 42
AUX(2)=X(1)%X(3)
AUX(3)=X(2)%X(3)

DO 43 KK=2,N

DO 43 LL=1,KK
X(IND)Y=AUX(KK)*AUX(LL)
IND=IND+1
X({IND)=AUX(1)%%2
IND=IND+1

IF (NDEGe.EQe4) GO TO 100

COMPUTE 5TH THRU 7TH DEGREE TERMS

FACTOR=X(2)/X(1)

DO 51 LAST=5sNDEG
X{IND)=X(1)*X(14)
I4=1IND

IND=IND+1

DO 51 KK=1sLAST
X(IND)=X(IND-1)*FACTOR
IND=IND+1

COMPUTE VALUE OF FUNCTION AT POINT USING EXPANDED TERMS AND

COEFFICIENTS

IND=IND~-1

POLYD=B (1)

DO 900 L=1sIND
POLYD=POLYD+B(L+1)*X(L)
RETURN

COMPUTE FUNCTION FOR 1 DIMENSIONAL CASE

XX = X(1)

POLYD =B (NDEG+1)

DO 3100 J=1sNDEG

K = NDEG + 1 - J

POLYD = POLYD * XX + B(K)
RETURN

END

FORTRAN NDECK

17

ROUTINE TO REMOVE COEFFICIENTS AND STABILIZE LEAST SQUARES

POLY0350
POLY0360
POLY0370
POLY0380
POLY0390
POLY0400
POLY0410
POLY0420
POLY0430
POLY0440
POLYO0450
POLY0460
POLYO470
POLY0480
POLY0490
POLY0500
POLYO510
POLY0520
POLY0530
POLY0540
POLY0550
POLY0560
POLY0OS570
POLY0580
POLY0D590
POLYO0600
POLY0610
POLY0620
POLY0630
POLY0640
POLY0650
POLY0660
POLY0670
POLY0680
POLY0690
POLYO700
POLYO710
POLYOT720
POLYO730
POLY0740
POLYO750
POLY0O760
POLYOT770
POLYO780
POLY0790
POLY0800
POLY0810
POLY0820
POLY0830
POLY0840
POLYO850
POLY0B60
POLY0870
POLY0880
POLY0890
POLY0900
POLY0910
POLY0920
POLY0930

FI1DDOO10
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10

20

40

50
60

110

120

MATRIX

A = LEAST SQUARES MATRIX
NNEW = NUMBER OF COEFFICIENTS NEEDED
C = ARRAY FOR COEFFICIENTS
NFIDLE = SWITCH FOR TERM DELETION

0 = NO DELETIONS

1 = DELETIONS
ID = 13A6 TITLE

SUBROUTINE FIDDLE(AsNNEWsCoNFIDLES LOST)
DIMENSION A(364+37)+sC(37)s1IFD(37)

DOUBLE PRECISION XMAXsXMINSXTEST

DOURLE PRECISION AN(36+37)sAC(36)

NNEWP = NNEW + 1

NNEWPP = NNEW + 2

LOST = O
DO 10 I=1sNNEWPP
IFD(I) = 0

IF(NFIDLE«EQeO) GO TO 40
READ(5920) (IFD(I)s1=1sNNEWP)
FORMAT (3611)

ELIMINATE SPECIFIED COEFFICIENTS AND CONVERT LEAST SQUARES MATRIX

TO DOUBLE PRECISION FOR SOLUTION

I1 =0

DO 60 I=1+NNEWP

JJ =0

IF(IFD(I)eNE«O) GO TO 60
IT = 11T + 1

DO 50 J=1sNNEWPP
IF(IFD(J)eNELO) GO TO 50
JJ = JJ + 1

AN(TIIsJJY = A(IsJ)

CONT INUE

CONT INUE

MINIMIZE THE MAGNITUDE OF THE TERMS IN THE LEAST SQUARES MATRIX

N=T1

NP1=I1+1

XMAX = DABS({AN(NsN))
XMIN=XMAX

DO 110 I=1,N

DO 110 J=1sNP1

XTEST = DABS(AN(IsJ))
IF (XTESTeLT«XMIN) XMIN
IF (XTEST.GTeXMAX) XMAX

XTEST
XTEST

wn

IPWRL = DLOGlO(XMIN)
IPWR = DLOG1O(XMAX)
XTEST = XMAX

XMAX = 10e%%((IPWR~IPWRL)/2)/XTEST
DO 120 I=1,sN

DO 120 J=1sNP1

AN(TsJ)=AN(TIsJ)* XMAX

CALCULATE COEFFICIENTS

CALL EMSLVR(ANLAC,II)

JJ =0
DO 70 J=1sNNEWP
C(J)y = 0.
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FIDD0OO020
FIDD0O030
F1DD0040
FIDD0O050
FI1DD0060
FI1DDOO070
FIDD0OO08O
FIDD0O090
F10D0100
FIDDO110
FIDDO120
FI1DD0130
FIDDO140
FIDD0O150
FIDD0O160
FIDDO170
FIDDO180
FIDD0O190
FIDD0200
FIDDOZ210
FIDD0220
FIDD0230
FIDD0240
F1DD0250
FIDD0260
FIDD0270
FIDD0280
F1DD0290
FIDD0O300
FIDDO310
FIDD0320
FIDDO330
FIDD0O340
FIDD0O350
FI1DD0360
FIDD0O370
F1DD0380
FIDD0390
FIDD0O400
FIDD0410
FIDD0420
FIDD0430
FIDD0440
FIDD0O450
FIDD0460
FIDD0O470
FIDD0480
FIDD0490
FIDDO500
FIDDO510
F1DD0520
FIDDO530
FIDDO540
FIDD0O550
FIDD0O560
FIDDOS570
FIDD0580
FIDDO590
FIDD0O600
FIDDO610
FIDD0620
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64

65

11

19

IF(IFD(J)«NE.O) GO TO 64
JJd = JJ + 1

C(J) = AC(JI)

GO 70 70

WRITE(6+65) J

LOST = LOST + 1

FI1DD0630
FIDD0640
FIDDO650
FIDD0660
FIDDO670
FI1DD0680

FORMAT (12H COEFFICIENTsI3s 85H HAS PURPOSELY BEEN ELIMINATED BEFORFIDD0690

1E SOLUTION OF THE MATRIX AND HAS BEEN SET TO O. /7)
70 CONTINUE
RETURN
END
FORTRAN NDECK
STATPK STATISTICAL PACKAGE TO COMPUTE STANDARD ERROR MEASURES
Y = ARRAY OF DEPENDENT VARIABLE
NDEG = NUMBER OF COEFFICIENTS IN POLYNOMIAL
C = ARRAY OF COEFFICIENTS
N = NUMBER OF DATA POINTS

NINDEP = NUMBER OF VARIABLES

IPRNT = SWITCH FOR LISTING RESIDUALS
0 = NO LIST
1 = LIST
ID = 13A6 TITLE
A = LEAST SQUARES MATRIX CREATED BY LINFIT

SUBROUTINE STATPK(YsNDEGsCsNsNINDEPsIPRNTsIDsAsLOST)
COMMON /ECKS/X(359425)

COMMON /RES/YCPD(425)

DIMENSION Y(425)9C(36)9ID(13)9sB(36)9sA(364+37)

DATA IB/1H /

V=0

RN=N
IF{IPRNT«NE«O)IWRITE(6519)IDsIB
S=0.

YBAR=0.

DO 10 I=1sN

YCPDI=CI(1)

DO 11 J=1sNDEG
YCPDI=YCPDI+X(Js1)%C(JU+1)
YBAR=YBAR+Y(I)
RES=Y{I1)-YCPDI
YCPD{1)=RES

S=S+RES#*%2

IF(IPRNT.EQeO0) GO TO 10

FORMAT (1H1930Xs13A6//A1+s30X+s48HORIGINAL DATAs CALCULATED SURFACE»

191AND RESIDUALS //)

22
10

20

30

WRITE(6922)(X(JsI)9sJ=1sNINDEP)sY(1)sYCPDISRES
FORMAT(/(1X+10G1l244/))
CONT INUE

YBAR=YBAR/RN

DO 20 I=1,N
V=V+(Y(I1)-YBAR) *¥2
E=Vv-S

T=E/V

EL=SQRT (ABS(T))
IF(TeLTe0s) EL==EL
D=SQRT (S/RN)
WRITE(64519)1ID
NNEP=NDEG+1-LOST
NDF=N-NNEP-1

FRATIO = (E/FLOAT(NNEP))/(S/FLOAT(NDF))
WRITE(6930)VsYBARS S EsTsELsDsFRATIOSNNEP sNDF
FORMAT (

19

FIDDO700
FIDDO710
FIDDO720
FIDDO730

STATO010
STAT0020
STAT0030
STAT0040
STAT0050
STAT0060
STAT0070
STAT0080
STAT0090
STAT0100
STATO110
STATOl20
STATO130
STAT0140
STATO150
STATO160
STATO170
STAT0180
STATO190
STAT0200
STAT0210
STAT0220
STAT0230
STAT0240
STAT0250
STAT0260
STAT0270
STAT0280
STAT0290
STAT0300
STATO0310
STAT0320
STAT0330
STAT0340
STAT0350
STAT0360
STATO0370
STAT0380
STAT0390
STAT0400
STAT0410
STAT0420
STAT0430
STAT0440
STAT0450
STAT0460
STAT0470
STAT0480

6Xs15HTOTAL VARIATIONSF25e6//6Xs4HMEANS11XsF25¢6//6X913STAT0490



1HVARTATION NOT/6Xs20HEXPLAINED BY SURFACE F20.6//6Xs19HVARIATION ESTAT0500
2XPLAINED/6X510HBY SURFACEs10XsF20e6//6Xs14HCOEFFICIENT OF/6Xs13HDESTATO510
3TERMINATIONsF2746//6X914HCOEFFICIENT OF/6Xs11HCORRELATIONSF2946//65STAT0520
4X918HSTANDARD DEVIATIONSF2246//6Xs9HF — RATIOs9XsF22e4635Xs4HWITHs STATO0530

51454H ANDsI14919H DEGREES OF FREEDOM///6Xs12HCOEFFICIENTS//)
NNEP=NNEP+LOST
WRITE(6+60)(IBsIsC(I)sI=19NNEP)

60 FORMAT{ 5(A69s2HC(91294H) = sF1245)7)
WRITE(6+31)
31 FORMAT (//6Xs40HSTANDARD PARTIAL REGRESSION COEFFICIENTS//)
DO 40 I=1sNNEP
40 BII)=ClI)*SQRT((A(TIsT)—=(A(Is1)%%2)/RN)/V)
WRITE(6960)(IBsIsB(I)sI=1sNNEP)
RETURN
END
% FORTRAN NDECK
CEMSLVR SIMULTANEOUS EQUATION SOLVER
C A = MATRIX OF EQUATIONS TO BE SOLVEDs IN THE FORM A(NsN+1) WITH
C THE CONSTANTS IN THE LAST COLUMN
C X = ARRAY OF COEFFICIENTS THAT ARE CALCULATED
C N = NUMBER OF EQUATIONS TO BE SOLVED
SUBROUTINE EMSLVR(AsXsN)
DOUBLE PRECISION A(363s37<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>