c. |

’ co
ucs!
Bon

LORADO STATE PU
U 46/

3 1799 000

Wesus ) 7,/077

5/47.10/9
harl

i

Ll
local
ECOI’I’M

iR

I wesudlen

8

CATIONS LIBRARY

A COMPUTER PROGRAM FOR MAPPING ECOLOGICAL DATA
Charles D. Bonham
Range Science Department

: : e
Science Series No. 9 e
: ’ P e (G5 S

Colorado State University J Lt ey
AUGUST 1971 \ oes o/



ECOMAP
A COMPUTER PROGRAM FOR

MAPPING ECOLOGICAL DATA

Charles D. Bonham
Range Science Department

Colorado State University

Range Science Department Science Series No. 9

Bl ANRY

Y
A
P

. A
DENVEL COLO., &




INTRODUCTION

In ecological disciplines, the major objectives for using operations
research include: evaluation, optimization, and control of manipulative
processes. Ecological evaluation problems arise, for example, in the
assessment of availability of vegetation resources while optimization
problems arise in the development of a management plan to use the
vegetative resource. Control problems arise when consideration is given
to the efficient application and successful operation of a management
scheme designed especially for the ecological system. Major disciplines
which are applicable to the solution of these problems include: ecology,
statistics, systems analysis, and operations research. Computer mapping
techniques have proven useful in solving problems existing in several
disciplines and can be used for ecological evaluation purposes, determi-
nation of optimization procedures, and to control management procedures
in ecological systems. To date, these computer mapping techniques have
not been applied extensively to the study of ecological systems.

Computer mapping refers to presenting displays of response surfaces
or contouring ecological variables of interest. These procedures are
analagous to drawing in elevation contour lines for topographic maps and
can be used to display ecological variables by levels over a particular
geographic region. Specifically, we may be interested in studying the
above ground standing crop and its characteristics over a given area.
The use of computer contouring techniques is one approach that is
available for this purpose. This procedure is useful for obtaining

samples from a region and interpolating between each of the sample points.



Contours can be made of data for the geographical region of interest.

Therefore an interpolation model is needed for mapping ecological data
over a geographical region of interest. That is, we are interested in
the geographical distribution and relative quantity of the ecological
variable with respect to an x,y coordinate system.

The state of ecological technology is such that theory is seldom
sufficiently complete to describe ecological variables quantitatively.
Moreover, the spatial distribution of ecological variables in the system
is little understood. Furthermore, little is known about interrelationships
of variables that operate within a given ecological system. Consequently,
a high degree of empiricism tends to prevail in quantitative ecology and
related mathematical modeling.

Regression models are often used as a practical method for expressing
a multiplicity of observations in a functional form which is suitable
for manipulation by computer.

The classical approach to regression analysis is demonstrated by use
of a one dimensional problem in which some relation

y = £(x) (1)

is sought between the variable x and some response variable y dependent
upon it. For example, x may be a critical variable such as precipitation,
that is useful in predicting y, the yield of biomass per square kilometer.
Observations are then made on a number N of (x,y) pairs and the theory

of least squares is applied to obtain parameter estimates for the equation.
A polynomial is the type of equation most generally used in such analyses.
An example is

y = B, + B1X + B2+ ... + sqxq, q<N (2)



Terms are added to the polynomial equation until a sufficiently good fit
is obtained to satisfy some criterion. Ordinarily, a test based on the
residual sums of squares is used to indicate that a significant amount of
the y variation has been accounted for. However, two-dimensional mapping
or contouring requires that the procedure use a slightly different form
which includes the third variable. The generalized function is such that
Z = £(x,y) (3)

where Z is the response variable and x and y are coordinate values for
two orthogonal directions. Thus, computer mapping or contouring can be
accomplished. This generalized function clearly indicates that a study

could be made of a variable (Z) with respect any two orthogonal variables

(x,y) which can be geographical position indicated by a pair of values.
Another example is the use of a randomized block design where x is the
block effect and y is the treatment effect and Z is the response variable.

Once the functional form is found which adequately expresses a
relationship between the response variable, and the independent variables
over a particular region of interest then the variance of that particular
response variable can be derived. The generalized variance function for
polynomials is expressed as:

q .
v(z) =1 V() (X)2 ,  q<N (4)

i=o
The variance of a function is used to study the variability of a variable
with respect to another variable or set of variables.

The need to study ecological variability over a geographical region
should be established so that a clear understanding of computer mapping

and the scope of its application can be developed. The range of values

that occurs for an ecological variable of interest may be indicated by



the solution of the variance function. Therefore, it may be of major
concern to find a region, for example within a given area where the
variable being studied varies the most or the least.

Phytosociological mapping could also be carried out using a functional
relationship of species with respect to their geographical position. In
this way ecological mapping would essentially be a reconstruction of the
vegetation elements over a particular region. Phytosociological mapping
via computer has not been accomplished with great success to date, but
may be very useful in the near future. The use of simulation procedures
would enable a study to be made of the vegetation structure over a
particular region. Furthermore, computer mapping would permit an examination
to be made of phytosociological relationships among species with respect
to their geographical location. Additionally, these procedures would be
useful for analyses of vegetation patterns over a particular region of
interest.

Methods And Approach To The Problem

In order to map ecological components for a region of interest, a
mathematical representation of the ecological variable must be made.
However, it has already been pointed out that the mathematical aspects
of ecology has not yet advanced beyond the state of empiricism.

Furthermore, ecological theory is not sufficiently complete to describe
the distribution of ecological components geographically. Therefore,
the basic approach taken here is one in which a regression model is used.

Under the assumptions of regression analyses, the best model is the

one that yields the least residual sums of squares. It should be recognized

that residual sums of squares are available only at points in the X space



from which observations are made. Consequently, residual sums of squares
may have little relation to the accuracy of the model at interpolation
points in the X space where observations are not available. Yet,
interpolation is exactly what is needed to map ecological variables over
a region without extensive sampling. Commonly a mathematical model is
selected and observed data are used to estimate the model parameters.

The predictive model is then used to interpolate between sample points.
It follows that additional data must be obtained from the interpolated
region to evaluate the accuracy of the model. Thus, the regression
approach can be evaluated for usefulness in mapping ecological character-
istics over geographical regions of interest. In particular, if a linear
model is used then statistical analysis of the data can be conducted
easily.

There are non-statistical aspects of regression models which are
important and have bearing on the justification for using them in computer
mapping. In elementary mathematics, the domain and the range of a
function is defined by ordered pairs of numbers. That is

D = (x1, Xy ...,xn)

R

(15 y2 ++e5y)

The domain of a function is some interval along a line and any
function that is defined on the interval is mathematically legitimate
as long as it contains the original observations as a sub-set. Strictly
speaking, the function is undefined for all other values of x and y.

However, additional ordered pairs can be added to the set

f= (Xl’ y1)9 (XZ: Y?_) coey (an yn) (5)



which provides an extension (specified as f*) of the function. It

follows that this is essentially an interpolation process, or an extension
of the observational data which has been performed by adding additional
ordered pairs to the set. The only function that is actually known
consists of a set of (x,y) pairs obtained by sampling.

For an extension of an observational function to be valid, it must
actually be capable of representing the relationship between the dependent
and the independent variables. In the present consideration, the selected
function must be capable of representing the ecological component over
the (x,y) geographical space. This requirement, if not met, does not
preclude the use of a selected function as a starting point in developing
an acceptable model. It may be that the relationship between the response
variable and the independent variables are of little or no interest. Yet,
as long as the function does an acceptable job of describing the variable
in the sense of predicting or reproducing the data, then it is justifiable
to use it. To date, no function has been developed which describes
ecological variables previously discussed.

Sets of values for (x,y) obtained for the development of ecological
mapping procedures were those in which sample data were acquired according
to Figure 1. One hundred stands from a grassland site (10m x 10m) were
subsampled for several vegetation and soil characteristics (Bonham, 1969
and 1970). An interpolation process was needed to fill in the areas
between the sample points. In order to develop a procedure for mapping
ecological variables with respect to a geographical region of interest,
an orthogonal set of polynomials having x and y components was chosen

to describe the 3-dimensional space. The x and y components are needed
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Figure 1. Field sampling design for stands (10m x 10m) which were placed 200 meters apart.



to represent geographical coordinates. The generalized form of the

selected model is

Z =B, + B1X + BoY + B3XY + By (3X2-2) + B85 (3Y2-2) +

BeY (3X%-2) + B,X (3Y2-2) (6)

A computer program was developed and combined with several sub-
routines for use in Ecological Mapping (ECOMAP). Two versions were
developed in order to display results either digitally by a line printer
or by microfilm plotter. Only the latter version is described here.

Data processing procedures for computer mapping of ecological
variables are outlined in Figure 2. Step 1 indicates that a number of
sub-samples have been taken at a particular sampling point in the (x,y)
space. Means of ecological variables from the sampling points were then
calculated and used as input for the computer mapping program.

The selection of a particular set of values to be used step-wise
in the ECOMAP routine has been studied in detail and may vary according
to particular needs of the user (Figure 2). A design region is best
described as the region (or sub-region) over which the model will be
applied to obtain estimates of the model parameters. An example of a
particular design system is illustrated in Figure 3. The upper left
hand corner of Figure 3 illustrates a 3 x 3 design region which is only
one of many possible combinations. A 3 x 3 grid system has been found
to give more efficient estimates of the variance of grassland components
than either a 3 x 4, a 4 x 4, or a 3 x 5 grid system (Bonham, 1970).

The procedure used for computer mapping involves several steps
before interpolation is actually carried out. Once a particular area

grid system has been selected, then the sampling region is divided into
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the smaller grids (in this case a 3 x 3) (Figure 3). The model parameters
listed in equation (5) are then estimated using the data from this particular
sampling region. By deletion of a row from the top of the design system
and addition of a row at the bottom of the system, a number of different
estimates of the response variable at a given point for (x,y) can be
obtained in addition to a number of estimates for the model coefficients.
That is, the first 9 points have as their centroid sample point 12 which
is identified in the x,y space. The next 9 points have as their centroid
sample point 13, also identified in the x,y space. This process is
continued and gives a number of estimates of the model coefficients,

as well as that of the response variable.

In this procedure, local surface fitting is applied to each of the
sub-sets of the field data. Figure 3 illustrates that the process has
been in progress for k-1 steps. At the kth step, the operation involves
the sample points: 12, 13, 14, 22, 23, 24, 32, 33, 34; with point 23
being the centroid (x,y). At k + 1 steps the sample points are respectively
13, 14, 15, 23, 24, 25, 33, 34, and 35. At each of these steps, 9 data
points are used to estimate the coefficients of equation (5). The
estimate of these parameters of the model are then used to generate a
finer grid and to interpolate for the response variable over the entire
geographical region. In this way, one estimate of the response variable,
Z, and its associated variance, GZZ.XY is obtained for the four corners
of the study region, two estimates are obtained for all the remaining
border areas, and four estimates are obtained for all the interior
areas (Figure 3).

An analysis of variance table for regression is printed out for each
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centroid, allowing an evaluation of the model to be made for each
sub-region. Averages of interpolated points are obtained along with their
variances which are then contoured on microfilm.

If all the data in the (x,y)-space are normalized with respect to
the centroid of each respective (x,y) then the variance of the predicted
response variable, Z, is the same for each 9-point grid in the study area.
That this is so can be seen by observing the normalized values for x and y.

Each 3 x 3 grid will have values as follows:

-1.0 0. 1.0
-1.0 0. 1.0
-1.0 0. 1.0

for values of x and:

1.0 1.0 1.0
0. 0. 0.
-1.0 -1.0 -1.0

for values of y. These values will be maintained for each 3 x 3 design
region used if each (x,y) is normalized with respect to its centroid.
This procedure is necessary for the components of equation (5) to be
orthogonal to one another.

The inverse matrix (XX)_l will be the same for each sub-region which
in turn gives the same variance for the estimated model parameters. Since
x and y are assumed to be constant (that is their variances equal zero),
the variance of Z (estimated by ;) is a function of the variance of the
parameters only. That is,

V(z) = V(B) + V(B1)X2+ V(B)Y2 + V(B3) (XY) 24+ V(By) (3X%2)2+

V(Bs) (3Y2-2)2 + V(Bg) {Y(3X2-2)}2 + V(B7) {X(3Y2-2)}? (7)
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and replacing V(Bi) with V(éi) in equation (6) will yield V(i). Since
the constant multiplier, 0?2, was omitted the variance of the response
variable is relative. Thus, all predicted or interpolated variables
will have variance maps which are identical for each 3 x 3 grid.

ECOMAP was written in Fortran IV and is ready for use on most computers
using a Fortran IV compiler. However, the microfilm plotter sub-routines
are specific to the CDC 6400 and may cause some problems on other systems.

Discussion

The program ECOMAP has been used in studies of ecological variables
and their respective variations for a geographical area. The model used
as an example in equation (5) interpolates values quite accurately for
measures of density (number of individuals per unit area), ccver, and
above-ground biomass of common plant species. Rare or infrequent species
restricted to micro-habitats will usually not be detected as often in
equally spaced sampling and are not as accurately mapped. Unequal sample
spacing can be used in ECOMAP to overcome this problem, but this requires
more input data and, furtheremore, efficiency is sacrificed elsewhere.

That is, equally spaced sample points occur on intersections of the lines
dividing design regions and can be used in a maximum of nine design regiomns.
In contrast, unequal sample points which do not occur on these intersections
can be used only four times in different design regions (Figure 3). This
trade-off must be considered before field sampling is carried out.

Figure 4 illustrates a response surface generated from equation (5)

for the cover of Bouteloua chondrosoides expressed as a percent of ground

covered. Figure 5 illustrates contour slices taken from the response
surface of Figure 4. Contour levels can be specified as input or

automatically calculated as described in Appendix A. A bisectional view
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Figure 4. Bouteloua Chondrosiodes Cover (6 x 5, 1969).
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Figure 5. Bouteloua Chondrosiodes Cover (5 x 5, 1969).



16

(or profile) of the response surface at any point selected by the user
is illustrated in Figure 6.
In particular, two methods can be used to study statistical variations.
One obtains a relative estimate of 02 calculated as
var (;) =x' (x'x)-! x (8)
This is contrasted to the estimate of an absolute variance obtained by

~

var (z) = x' (x'x)-! x o2 (9)
Unless 02 is actually known, an estimate of it must be used in equation
(8). The estimate of 02, s2, can be obtained from the model and the data
values by the formula
n "
s2 =y (zi - zi) /n-p (10)

where ;i is obtained from the model and p is the number of parameters
estimated in the model. Equation (8) can be used to estimate confidence
intervals for a variable such as standing crop, soil pH, etc. However,
the usual precautions of using regression models also apply here.

Figure 3 and the method of interpolation suggests that estimated
variances for a particular point involves another constant, C. The
value of C for all corners is 1, for remaining border areas is 2 and
for all interior points is 4. Each set of 9 points gives one estimate
of each parameter and all 3 x 3 grids adjacent to border areas provide
two estimates of the response variable in interpolated areas unless the
design is at one of the corners. In this case, only one estimate is
available for interpolation. All interior regions of 3 x 3 grids provide

four estimates of each point. The use of a constant then is necessary

since an averaging process is used to estimate Z, the ecological variable.
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Thus, the variance of an individual point becomes
Var (z) = 1 x' (x'x)-lx o2 (10)

2
C

2, can be used in equation (10) if 02 is unknown.

The estimate of 02, s
Unless variances are of particular interest for computing confidence
intervals, relative variances are just as useful for comparative purposes.
Thus, equation (7) is used in ECOMAP and maps of relative variances are

produced for further study. Figure 7 illustrates a relative variance

response surface of percent cover of Bouteloua chondrosoides for the

1,000 acre study area. This figure illustrates some well-known statistical
design concepts concerning variances. Smaller variances occur where more
sample points are used toward the center of the design and larger variances
occur toward edges or corners of treatment levels. Figure 8 illustrates
contour levels of the variances of cover for the response surface of
Figure 7. These maps are useful in the determination of areas of extreme
ranges in values (large variance) or areas of homogeneity (low variance).
Relative variances used in Figures 7 and 8 obscure this type of interpretation
in detail. A larger grid (more points) may be necessary to obtain reasonably
accurate maps of ecological variables within a specified area. Thus a
preliminary study may be needed to determine grid size and shape for an
optimum sampling design system for specific ecological variables.

The shortcomings of this mapping procedure are found mostly in the
model as expressed in equation (5). Only one degree of freedom is
available for estimating GZZ.XY from the ANOVA table. This is not serious

if the main objective is to predict and not to test hypotheses about the
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model. The amount of total variation accounted for, R2, is not as useful
for evaluating the capability of the model when all but one data point is
used in estimating model parameters. Another deficiency in the model is
the fact that a polynomial can take on quite divergent values ranging

from meaningless negative values to large positive values which cannot

be interpreted. Otherwise, a three-dimensional model of the type in
equation (5) appears to be adequate. Ecological responses are functions
of their geographical location which is an integrator of all environmental
variables and these responses need to be expressed in terms of coordinate
function(s). ECOMAP is one approach to the problem.
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INPUT DATA FOR PROGRAM ECOMAP

Card
Set Column Format Variable
1 3 I1 NCI, Flag indicating coordinate system used.
if = 0, indicates rectangular, if # O,
indicates polar. (If polar coordinates
were used in sampling).
4-6 I3 NJ, the total no. of columns of sample points.
7-9 I3 NA, the no. of basis functions to be used in
the model. These must correspond to those
in Sub-routine Basis.

10-17 F8.0 DX, Sample spacing normalization constant in
the x-direction. (The average spacing
between sample points in the x-direction).

18-25 F8.0 DY, Sample spacing normalization constant in
the y-direction.

26-33 F8.0 SF, the area on the Xy plane represented by
one interpolation point.

34-41 ¥8.0 DTF, response data conversion flag. if = O,
no conversion; if = 1, data multiplied by
CF

42-49 F8.0 CF, response data conversion factor.

2 1-5 15 IN(1), Number of sample points in column 1.
6-10 I5 IN(2), Number of sample points in column 2.

----- repeated NJ times
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Card
Set Column Format Variable
3 1-8 F8.0 XMINT, minimum x boundary of the total
interpolation region.
7-16 F8.0 XMAXT, maximum x boundary of the interpolation
region.
22-24 I3 JTN, the no. of interpolation points in the
x direction.
25-32 F8.0 YMINT, minimum y boundary of the total
interpolation region.
33-40 F8.0 YMAXT, maximum y boundary of the interpolation
region.
46-48 I3 ITN, the no. of interpolation points in the
y direction.
49-56 F8.0 XINC, increment between successive design,
systems in the x direction.
57-64 F8.0 YINC, increment between successive design
systems in the y direction.
4 e contains 1 card for each sample point as follows: (May be

computed and punched by ECOGRID which is listed)

1-8

9-16

17-24

25-32

33-40

41-48

F8.0

F8.0

F8.0

F8.0

F8.0

F8.0

X(I,J) x coordinate of each sample point.

Y(I,J) y coordinate of each sample point.

XMINI (I,J)}x-coordinate limits

XMAXI (I,J)/of the design region centered
on each sample point.

YMINI (I,J))y-coordinate limits

YMAXI (I,J))of the design region centered

on each sample point.
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Card
Set Column Format Variable
& 1-80 8A10 IFM, the format for reading the response value
at each point in one column. (Must be a
floating point format)
6 27 IFM 7 (I,J), the response value at each point.
7 1-50 5A10 TITLE, holerith identifier of the response
being mapped.
8 1-10 ¥10.0 ZMIN| Convenient minimum and
10-20 F10.0 ZMAX ) Maximum response values
21-25 I5 NCZ, the no. of contour levels on the response
contour plot. —---if positive, contour levels
are calculated using ZMIN, ZMAX, and NCZ.
-——if negative, contour levels are read in.
26-30 15 NCV, the no. of contour levels on the response
variance contour plot.
31-35 I5 NPLOT, the no. of XZ and YZ plots requested
36-40 I5 N1X| The no. of sample points 3 =231
41-45 I5 N1Y| between lines plotted on the 3d 7 lines for
response surface plot in the x and/ 91 x 91
y directions.
50 I5 NVAR, a flag for requesting variance plots.

—-——if 0 variance plots provided.

-—=if = 1 variance plots not provided.
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Card
Set Column Format Variable
9  eee—e Optional, used only when NCZ is negative
1-8 F8.0 CLVL (1), value of contour level no. 1.
9-16 F8.0 CLVL (2)
17-24 F8.0 CLVL (3)
—_—— repeated -ncz times.

10 -——— Optional, used only when NPLOT is greater than O.

1-8 ¥8.0 PLOT (1), --- if positive = the X value of a
requested yz plot. ---if negative = the Y
value of a requested xz plot.

8-16 F8.0 PLOT (2)

—_ ~~~repeated nplot times.
11 1-50 5A10 TITLE, the holerith identifier of the response
being mapped.
51-60 Al0 ZUNITS, the holerith identifier of the units
of the response.
61-70 AlO XUNITS, the holerith identifier of the x and
y coordinate units.
12 em—— Optional, used only when NVAR is equal to O

1-50 5A10 TITLE, the holerith identifier of the response
variance.

51-60 AlQ ZUNITS, the holerith identifier of the response

variance units.
61-70 Al1Q XUNITS, the holerith identifier of the x and
y coordinate units.

REPEAT CARD SETS 5 - 12 for as many data sets as are to be run.
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Additional Details

1. The sample point coordinates and response values at each point must
be read in in the following order, based on the diagram below:
(The numbers by the dots are the order)
XMIN, YMAX XMAX, YMAX
.1 5 <9 3
.2 .6 .10 .14
.3 .7 11 .15
.4 .8 .12 .16
XMIN, YMIN XMAX, YMIN
In other words, the data is read in column by column, starting with
the left column, and within each column starting at the first point.
2. IFM must be a real (floating point) format and specifies the reading
in of each point in one column.
3. The design system must be set up so there is no design region centered
about the first or last point in any row or column.
---if there is no design region about a point, merely leave XMINI,

XMAXI, YMINI, and YMAXI blank.

LIMITS FOR ECOMAP

No. of sample points < 100 (10 x 10 grid)

No. of interpolation points < 8281 (91 x 91 grid)
No. of basis functions < 9

No. of points within a design region < 15

No. of requested YZ and XZ plots < 10

No. of contour levels < 25
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NOTES ON ECOMAP

To increase the limit of the number of points within a design
region, increase the dimensions of XS, YS, ZS, and the second dimension
of DTRAN to the desired limit in all common/MATOD/statements. In DESYS
it will be necessary to increase the dimensions of XM, YM, XMP, and YMP
to the desired limit.

TO ADD EXTRA SAMPLING POINTS
TO A GRID WITH EQUAL SAMPLE SPACING

1. Read in the x and y {X(I,J) and Y(I,J)} coordinates with the first

column to the left of the point.
2. Within that column read all points in in order from north to south.
3. Read in the response values Z(I,J) in the same order.

STEPS FOR SETTING UP GRID
SYSTEM FOR UNEQUAL SAMPLE SPACING

1. Plot all sampling points on a map.
2. Draw a rectangular boundary of the area to be contoured.
3. Decide on the increment between successive design regions in the x

and y directions (the design regions must be equally spaced:..!!
4. Draw the lines dividing the design regions on the map. (There must

not be more than 15 points within a design region).
5. Draw a dotted line down the middle of the left-most column on the

grid before you.
6. Now each vertical line (including the dotted line) defines the

boundaries of a column. The coordinates of each point are read in

column by column from left to right, and in order from top to bottom

within each column. Pick a sampling point near the center of each
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design region and read in the x and y limits of the region with the
coordinates of that sampling point. The sampling points picked for
this purpose cannot be in the first or last column, or the first or
last point in any column!!! For the points not used for reading in
design region limits leave XMINI, XMAXI, YMINI, and YMAXI blank.

Read in the response values at each sample point in the same order

as you read in their coordinates.
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PROGRAM ECDMAP(INPUT,0UTPUT, TAPES=INPUT, TAPE6=0UTPUT,FILMPL)

C#esx%0RJECTIVESXE XX A AXERRRAITSERERK

THIS PROGRAM COMPUTES INTERPOLATED, REGULARLY SPACED Z VALUES
FROM A DATA SET OF SAMPLE 2 VALUES. [T DDES SO BY SELECTING SMALL
SUBREGIDNS (DESIGN REGIONS) WITHIN THE REGION OF INTERESTes PER-
FORMING A 3 DIMENSIDNAL REGRESSION {Z=F(XsY)), AND CALCULATING
THE INTERPOLATION VALUES. VARIANCE ESTIMATES ARE OBTAINED FOR
EACH POINT, THEN OVERLAPPING INTERPOLATION AND VARIANCE VALUES ARE
AVERAGED. THE BASIS FUNCTIONS USED FOR REGRESSION ARE BOX,S
(RTHOGONAL POLYNOMIALS.

ERERESCOPERRR KRRk xR b e Rk xR Rk EE R

THE PROGRAM WILL ACCEPT EITHER A RECTANGULAR DR POLAR
COORDINATE SYSTEM, WITH EVENLY SPACED OR SCATTERED SAMPLE POINTS.
HOWEVER THE DESIGN REGIONS MUST BE OF EQUAL SIZE AND EQUALLY
SPACED. THE PRESENT PROGRAM LIMITS THE USER TO 100 SAMPLE POINTS,
8281 INTERPOLATION POINTS, AND A DESIGN REGION CONTAINING 9 POINTS.

%4 2VARTABLE LISTHX&2kads ke ddoacoesaxes

All) = COEFFICIENTS OF BASIS FUNCTIONS.

AVGMAT (1,J) = ARRAY OF INTERPOLATED RESPONSE VALUES.

BASE(I} = VALUES OF BASIS FUNCTIONS.

CF = RESPONSE VALUE CONVERSION FACTOR.

DINV = INVERSE OF SQUARE DESIGN MATRIX (XP#*X)*#-1.

DTF = RESPONSE DATA CONVERSION FLAG ---IF = 0y NO CONVERSION.

-—=1F = 1, DATA MULTIPLIED BY CF

DX, DY = SAMPLE SPACING NORMALIZATION CONSTANTS (X AND Y
COORDINATES)

DXT,DYT = INTERVAL SPACING BETWEEN INTERPOLATION POINTS (X AND
Y COORDINATES)

IC = NO. OF POINTS WITHIN THE DESIGN REGION.

IN(J) = TOTAL NO. OF SAMPLE POINTS IN COLUMN J (J=1y2seceeeNJ}

INVCK = INVERSION CHECK—--~IF MATRIX IS SINGULAR, = -1.

-——=-0THERWISE = DRDER OF THE MATRIX.

1TNy JTN = TOTAL NO. OF INTERPOLATION POINTS IN THE Y AND X
DIRECTIONS RESPECTIVELY.

LINE = THE NUMBER OF THE LINE TO BE PRINTED ON THE OUTPUT PAGE.

NA = TOTAL N0O. OF BASIS FUNCTIONS TO BE USED.

NCl = DENOTES DATA [N POLAR COORDINATES IF UNEQUAL TO 0.

NF = TOTAL NO. OF BASIS FUNCTIONS USED.

NJ = TOTAL NO. OF COLUMNS OF SAMPLE POINTS.

PAGEND = NUMHBER OF THE PRESENT OUTPUT PAGE.

SF = THE AREA ON THE XY PLANE REPRESENTED BY ONE INTERPOLATION
POINT.

TITLE = HDLERITH RESPONSE PARAMETER IDENTIFIER.

VARI[+J) = ARRAY OF VAR[ANCE FOR THE INTERPOLATED RESPONSE.

[xEzNaEzNaRalzlsNaNaEaNalelalaRaNaNaNakal

X{IsJd}y Y(I4J) = X AND Y COORDINATES OF EACH RESPONSE VALUE Z{1,J)
XCy YC = X AND Y COORDINATES OF THE DESIGN SYSTEM CENTROID.
XINy YIN = NORMALIZED COORDINATES OF AN INTERPOLATION POINT.
XINCy YINC = INCRIMENT (IN X AND Y DIRECTIONS) BETWEEN SUCCESS-

IVE DESIGN SYSTEMS.
XMINI(IoJ}y XMAXI(I,J) = X COORDINATE LIMITS OF THE DESIGN

REGION CENTERED ON THE I, J SAMPLE.
XMINT, XMAXT = LIMITS OF THE TOTAL REGION OF INTEREST (OVER

WHICH INTERPOLATION VALUES ARE CALCULATED) IN THE X DIRECTION.
XP, YP = COORDINATES OF AN INTERPODLATION POINT.
XS{IC), YSLIC) = COORDINATES OF ALL POINTS WITHIN THE DESIGN REGION.
YMINI(I,J)s YMAXI{I,J) = Y COORDINATE LIMITS OF THE DESIGN

REGION CENTERED ON THE [, J SAMPLE.
YMINT, YMAXT = LIMITS OF THE TOTAL INTERPOLATION REGION IN THE

Y DIRECTIDN.
Z(1,J) = RESPONSE VALUE OF THE I, J SAMPLE. VALUE QOF -1

INDICATES MISSING DATA AT THAT SAMPLE POINT.
ZIN = INTERPOLATED RESPDNSE.
IS(IC) = RESPONSE AT EACH PDINT WITHIN THE DESIGN REGION.
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INTEGER PAGENO
DIMENSION X(10,10),Y(10,10),2(10,10),XMINI{10,10)+XMAXI(10,10),

1 YMINI{10,10),YMAXTI(10+10),IN(10),AVGMATI91,91),IFM(8},A(9)

DIMENSION TITLE(S}

COMMDN VAR{91,91)

COMMON/MATOD/XS(15),YS(15) +DTRAN(9,15),25(15}
COMMON/ALL/NF,BASE{9)sDINVI9,9),XC,yYC,sDXsDY¢ INVCK
COMMON/MTOVR/XMNS s XPLS s YMNS» YPLS
COMMON/LINENG/LINE,PAGENQ, TITLE

LOGICAL FIRST

Ce#xxx[NPUT DATA
~—--READ ARRAY S1ZES, LIMITS, AND CODES.
1 READ(5,201) NCLyNJsNA,DXsDYsSF¢DTF,CFy LIN(J)oJ=14NJ)

READ (5,203) XMINTXMAXT,JTN,YMINT, YMAXT,ITNyXINC,YINC

-——READ GRID SYSTEMS

DO 7 J=1,NJ
NI=IN(J)
READ(5,202) (X(1,J)eY(IoJ) o XMINI{IsJ)sXMAXT(ToJ) e YMINLIIT,4J),

1 YMAXT{I,3),1=1,NI}
7 CONTINUE
———INITIAL CONDITIONS.

CALL FRAME

DO 102 KKK=1,91

DO 102 KKKK=1,91
VAR (KKK, KKKK)=0.
AVGMAT (KKK KKKK) =04
LINE=0

PAGENGC=0

---FORMAT FOR READING FIELD DATA.

READ(5,204)[FM



IF(EDF(5)) 109,9
C ---READ FIELD DATA.
9 DO 10 J=1,NJ
NI=IN(J)
READ{5 s IFM) (Z114J)sI=14NI)
IF{EQOF(5)) 109,10
10 CONTINUE
C —---READ DATA IDENTIFIER.
READ(5,205) TITLE

[
C*#****DATA CONVERSION IF REQUESTED.
IF (DTF.EQ.1)11,12
11 CALL DATA (Z4NJ + IN,CF)
12 CONTINUE

c
C##x$*CALCULATE DISTANCE BETWEEN INTERPOLATION POINTS.
DXT = {XMAXT-XMINT}/FLOAT(JTN-1)
DYT = (YMAXT-YMINT}/FLOATIITN-1)
FIRST=.TRUE.
NJM=NJ-1

c
C*##x%PERFORM OPERATIDNS ON ALL DESIGN REGIONS.
DO B4 J=2,NJIM
NIM =IN(J}-1
N0 83 1=2,NIM
XMNS=XMINI(1,J)
XPLS=XMAXI{],d)
YMNS=YMINI(I,J)
YPLS=YMAXI{I,J)
IF (XPLS.EQ.XMNS) GO TO 83

c
C#x#*#F[ND ALL POINTS WITHIN THE PRESENT DESIGN REGION, AND PRESERVE
c THEIR COORDINATES AND RESPONSE VALUES.
1C=0
DO 41 JJ=1,NJ
IFIX{14JJ).GT.XPLS) GO TO 42
IF{X{1+JJ).LT.XMNS) GO TO 41
NI=IN(JJ)
D0 40 II= L.NI
TFIY{IT,JJ).LT.YMNS) GO TO 4l
IF(Y(T1,J0).GT.YPLS) GO TO 40
IF{Z(11,JJ).LT.0.) GO TO 40
IC=1C+1
XS{IC)I=X(IT+44)
YS(IC)=Y(IT+JJ)
7SLIC)I=2(11,49)
40 CONTINUE
41 CONTINUE
42 NP=1C
NF=NA
IF(NP.LT.NA} NF=NP

C#+*«xCONVERSION FROM POLAR TO RECTANGULAR [F NECESSARY.
IFINC1.NE.O) CALL CONVRT(NP}

C
C#**x+NORMALIZE POINTS IN THE DESIGN REGION AND COMPUTE DESIGN MATRIX,
c SQUARE DESIGN MATRIX, AND ITS INVERSE.
CALL DESYSINP,FIRST)
FIRST=.FALSE.
C -——IF DATA IN POLAR, MORE CONVERSIONS.
IF (NC1.NE.O) CALL DEFINE
C ---IF DESIGN MATRIX SINGULAR, SKIP REGRESSION.
IF (INVCK.LT.0)GO TO 83
C ---COMPUTE CODEFFICIENTS OF BASIS FUNCTIONS.
50 DD 55 I11=14NF
Al11)=0.
D0 55 J.J=1.NP
DO 55 K=1,NF
55 A(LI)=A(TI)+DINVITT,K)*DTRANIK,JJ)*ZS(JJ)
[
C#*&*%REGRESSION.
CALL REGRES(NP+SIGZXY,SIGZ,A)

c
C*++x*PERFORM CALCULATIONS FOR EACH INTERPOLATION POINT WITHIN THE DESIGN

c REGION.
MUT= (XMNS-XMINT)/(.99999*DXT}) + 2.
NJT = (XPLS=XMINT)}/(.99999*DXT) +1.
MIT= (YMAXT-YPLS)/(.99999*DYT) + 2.
NIT = (YMAXT~YMNS}/(.99999#DYT} + 1.
IFIMIT.EQ.2) MJT=1
IF(MITL.EQ.2) MIT=1
DD 82 IT=MIT,NIT
YP = YMAXT - FLOAT(IT-1)#DYT
DD 81 JT = MJT.NJT
XP = XMINT +FLOAT(JT-1)*DXT
C ~---COORDINATE CONVERSION (FOR POLAR COORDINATES).

IFINC1.EQ.0) GO TO 70
TIJ=57.2957795¢ATAN2(YP,XP)
Li=1
L2=1
IFITIJ.GT.YMAXI(T,J)) L1=2
TF{TIJ.LTLYMINI(I,J)} L2=2
IF (YMAXI{1,+J).LT.0.) 60,61

60 GO TO (62+84),L1

61 GO 0 (62,81)4L1

62 IF (YMINI(I,J).LT.O0.} 71,72

71 GO TO (64,841},L2

72 GO TO (64482),4L2

64 RIJ=SQRT(XP*#2+YP%%2)
IF{RIJ.GT.XMAXI{I,J}) GO TOD 82
IF{RIJ.LT.XMINI(I,4)) GO TO 81

70 CONTINUE
XIN=(XP-XC}/DX



c
C#**xxAVERAGE OVERLAPPING INTERPOLATION VALUES AND VARIANCES.

c
CH*x&*xxMAKE RESPONSE SURFACE AND CONTOUR PLOTS OF INTERPOLATED RESPONSE

c

YIN=(YP=-YC) /DY
-—-BASIS COEFFICIENTS FOR PRESENT INTERPOLATION POINT.
T4 CALL BASIS{XIN,YIN)
ZIN =0.
-=-COMPUTE Z VALUE AT PRESENT INTERPOLATION POINT.
DO 76 K=1,NF
ZIN=ZIN+A(K)*BASE(K}
76 CONTINUE
AVGMAT(IT,JT)=AVGMATI{IT,JT)+ZIN
SUM=0.
---COMPUTE VARIANCE OF PRESENT INTERPOLATION VALUE.
DO 78 1V=1,NF
78 SUM=SUM+BASE(TV)#DINVIIV,IV)*BASE(IV)
VAR(IT,JT)=VAR(IT,JT)+SUM
81 CONTINUE
82 CUNTINUE
83 CONTINUE
84 CONTINUE

INCY=YINC/(.99999%DYT)

INCX=XINC/{.99999%0XT)

DO 103 J=1,JTN

DO 103 I=1,ITN

IF (TLE«(INCY+1)e0oI1+GE.(ITN=INCY+1)) 104,105
104 IF (J.LE.(INCX+1)e0.J.GE.(JTN-INCX+1)) 103,106
105 IF (JoLE«(INCX+1).0.J.GE.(JTN-INCX+1)) 106,107
106 AVGMATI(1,J)=AVGMATI(I1,J)/2.

VAR{T+J}=VAR(I,+J) /4.

GO T 103
107 AVGMATII,J)=AVGMATI(I,+J)/4.

VAR(T+J)=VAR(1,J1/16.
103 CONTINUE

AND VARIANCE.

CALL PRINPLT{AVGMAT s ITNyJTNySFyDXTyDYToXMINT YMAXT,XINC,YINC}

GO TO 8
109 CALL EXIT
201 FORMAT(313,5FB8.0/(1515))
202 FORMAT(6F8.0)
203 FORMATI(2(2FB.0+5X,13),2FB.0)
204 FORMAT(B8A10}
205 FORMAT(5A10)
END

noo
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SUBROUTINE DATA (Z,NJ + IN,CF)
THIS SUBROUTINE MULTIPLIES INPUT DATA (Z(1.J}) BY A CONSTANT
CONVERSION FACTOR (CF).

DIMENSION IN{10},Z{10,10)
DO 10 J=1,NJ

NI=IN(J)

00 10 T = 1,NI

Z(1ed)= Zl1,sd)} *CF

CONTINUE

RETURN

END

SUBRDUTINE BASIS(X,Y)

COMPUTES VALUES OF ALL BASIS FUNCTIDNS AT DEFINED POINT (X,Y).
COMMON /ALL/NF,BASE(9),DUM(B6}
BASE(1)= 1.

BASE(2)= X

BASE(3)= Y

BASE(4)= X*Y

BASE(S5)= 3.%X%%2 - 2.
BASE(6)= 3.%Y*22 - 2,
BASE(T)= BASE(S)*Y

BASE(B)= BASE(6)*X
BASE(9)=BASE (6)*BASE(S)

RETURN

END



SUBROUTINE DESYS(NP,FIRST)

CONSTRUCTS DESIGN SYSTEM MATRICES DEFINED BY ARRAY OF SELECTED
PDINTS AND BASIS FUNCTIDNS. THEN COMPUTES INVERSE OF SQUARE
DESIGN MATRIX, AND PRINTS OUT THE RESULTS.

C
C
C
C
C*%x:x ARGUMENT LIST** kst ekt srs
C BASE(I)} = VALUES OF BASIS FUNCTIONS.
C DTRAN(I,J} = TRANSPOSE OF DESIGN MATRIX.
c DX,DY = SAMPLE SPACING NORMALIZATION CONSTANTS.
c FIRST = LOGICAL FLAG, IF TRUE, THIS IS THE FIRST TIME THIS
c SUBROUTINE HAS BEEN CALLED.
[ LINE = LINE NUMBER FOR PRINTOUT.
[ NF = NO. OF BASIS FUNCTIONS USED.
c NP = NO. OF POINTS IN THE PRESENT DESIGN REGION.
[ NPP = NO. OF POINTS IN THE LAST DESIGN REGION.
c PAGEND = THE NUMBER OF THE PRESENT PRINTOUT PAGE.
C X(I)y Y(I)} = COORDINATES OF ALL POINTS IN THE DESIGN REGION.
c XCy YC = COORDINATES OF THE CENTROID OF THE DESIGN REGION.
c XM{I), YMI{I} = NORMALIZED CDORDINATES OF ALL POINTS IN THE
c PRESENT DESIGN REGION.
C XMP(I), YMP({I) = NORMALIZED COORDINATES OF ALL POINTS IN THE
C LAST DESIGN REGION.
c XPXIN(I,J) = FIRST THE SQUARE DESIGN MATRIX, LATER THE INVERSE
c OF THE SQUARE DESIGN MATRIX.
CEEFERERRERRRESRGEARRERE XL X RS RE AR KRG RRDERRRRAKER AR REE B AR XN E R RR S
INTEGER PAGEND
DIMENSION XM(15),YM{15),XMP(15)},YMP(15)
COMMON/MATOD/X{15),Y(15},DTRAN{9,15),DUM(15)
COMMON/ALL/NF,BASE{9) ¢ XPXTN{9,9)4XCeYC,yDX,DYyNFI
COMMON/LINENO/L INEyPAGENO
LOGICAL FIRST
IF(FIRST) NPP=0Q
J=0

C

C*##xxCOMPUTE DESIGN SYSTEM CENTROID
SUMX=0.0
SUMY=0.0
ND 7 I=1,NP
SUMX=SUMX+X (1)
SUMY=SUMY+Y (1)

7 CONTINUE

PN=NP
XC=SUMX/PN
YC=SUMY/PN

c

C*#*#xCOMPUTE NORMALIZFD DFSIGN SYSTEM.
DO 28 I=1,NP

C —--NORMALIZE SAMPLE POINT CODRDINATES.
XMIT)=(X(1)-XC)/DX
YM{I)=(Y([)-YC)/DY
IFIFIRST) GO TO 19

€ ---1F THE LAST SET OF NORMALIZED X,Y COORDINATES WAS THE SAME AS THIS

c SET CONTINUE, OTHERWISE RECOMPUTE XMP,YMP,BASE, AND DTRAN.
A= ABS{XM(I)-XMP(I))
B= ABS(YM(I)-YMP(I})
IF{A.GE.0.0001.0R.B.GE.0.0001) GO TO 19
J=J+1
GO TO 28
19 XMP(T)=XM(I)}
YMP(I)}=YM(I)
XB=XMI(])
YB=YM(I)
25 CALL BASIS(XB,YB)
00 27 L=1,NF
DTRAN{L,1)= BASE(L)
27 CONTINUE
28 CONTINUE
C ---1F PRESENT DESIGN MATRIX THE SAME AS THE LAST, RETURN.
IF(J.EQ.NP.AND.NP.EQ.NPP) RETURN
LINE=LINE+60
CALL PAGE
LINE=1
C --~WRITE CENTROID LOCATIDN.
WRITE(64+220) XC,YC
[
C**x%x*xCOMPUTE SQUARE DESIGN MATRIX.
DO 38 I=14NF
D0 37 J=14NF
IF{J.LT.1) GO YO 37
XPXEN{1,J)=0.0
DO 35 K=1,NP
35 XPXIN(I,J}=XPXIN{I,J)+DTRAN(I,K)*DTRAN(JK)
XPXIN(Jy [)=XPXIN(T,J}
37 CONTINUE
38 CONTINUE

4

Cxxx**xCOMPUTE INVERSE OF THE SQUARE DESIGN MATRIX.
NPP=NP
NF [ =NF
CALL INVERSIXPXINyNFI)

C =-<IF MATRIX SINGULAR, PRINT DIAGNOSTIC AND STOP.

IF(NFI.LT.0} GO TO 44

C
Cxx%x*x%PRINT DESIGN MATRIX TRANSPOSEs AND INVERSE MATRIX.
LINE=LINE+3
CALL PAGE
WRITE({64+221)
DO 40 T=LoNF
LINE=LINE+{NP-1)/10+1
CALL PAGE
WRITE(6+225) (DTRAN{T,J)sJ=1,4NP)
40 CONTINUE
LINE=LINE+3



41

44

220

221
222
224
225

CALL PAGE

WRITE(64222)

DA 41 I=1,NF

LINE=LINE+{NF-1)/10+1

CALL PAGE

WRITE(6,225) (XPXIN(IsJ)yJ=1,NF)

CONTINUE

RETURN

WRITE 16,224)

LINE=LINE+]

CALL PAGE

RETURN

FORMAT(44H THE SYSTEM MATRICES WITH DESIGN CENTER AT (.,
FB.2,1H,+FB.2, 6H) ARE,)

FORMAT{/17H SYSTEM TRANSPOSE/)

FORMAT{/12H X*X [INVERSE/)

FORMATI(54H X*X MATRIX IS SINGULAR, FURTHER CALCULATIONS DELETED.)

FORMAT(1X,10E13.5)

END
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12

35
41
45

46

48
49

50

70
75

100
120
149
150

SUBROUTINE INVERS [A,N)

THIS SUBROUTINE INVERTS MATRIX A AND PUTS THE RESULT BACK
INTO A. COMPUTATION IS ODONE IN DODUBLE PRECISION USING MATRIX S.

N = INPUT TO THE ROUTINE AS THE ORDER OF THE MATRIX A.

———————— IS MADE = -1 IF THE MATRIX IS SINGULAR.

DIMENSION A(9,9),5(9,18)
ODUBLE PRECISION S,BUFF,DVH,FPY
K=N+N
DO 12 I=1,N
DO 5 J=1,K
St1,J)=0.00
CONTINUE
DO 10 J=1,N
S(I1,J)=DBLE(A(T,J))
IN=1+N
S(I,IN)=1.00
CONTINUE

COMPUTE INVERSE
DD 150 I=1,N
L=1
M=1+1
JIN=1
IF (S(I1,1).NE.0.0) GO TO 45
LE=I+1
IF (S(LE,I).NE.0.0} GO TO 800
LE=LE+1
IF (LE-N) 26,426,900
DO 35 J=1.K
BUFF=SI(I,J)
S(I4J)=S{LE,J)
S{LE+J)=BUFF
CONTINUE
GO TO 20
DVH=S(I,1)
DO 46 J=1,K
S(I+J)=S{1+J}/DVH
S{1,1)=1.000
IF (1.GE.N} GO TO 149
FPY=S{MyL)
IF (FPY.EQ.0.00) GO TO 75
DO 70 J=1,K
BUFF=FPY%S(1,4J)
S{M,J1=S(M,J)-BUFF
CONTINUE
JIN=M+1
IF {JIN.GT.N) GO TO 149
M=M+1
GO TO 49
CONTINUE
CONTINUE
DO 385 1=24N
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350
351
370
375
380
384
385
390
395
396

400
402

900

L]

L=1
M=1-1
FPY=S(M,yL)
IF (FPY.EQ.0.00) GO TO 375
DO 370 J=1,K
BUFF=FPY*S([,J)
S{MyJ)=S(MyJ)-BUFF
CONTINUE
IF (M.LE.1) GO TO 384
M=M-1
GO TO 350
CONTINUE
CONTINUE
DD 402 I1=1.N
LL=11
DO 400 Jl=1,N
KK=N+J1
AlT1,J1)=SNGLIS(LLyKK)+S{LLyKK)}=SNGLIS{LLyKK))
CONTINUE
CONTINUE
RETURN
NO INVERSE
N==1
RETURN
END

SUBROUTINE CONVRTI(NP)

CONVERTS X,Y IN POLAR COORDINATES TO RECTANGULAR COORDINATES.
COMMON/MATOD/X{15),¥{15),DUM(150)

DD 5 I=14NP

R=Y{1)#*0.017453293

A=XI(1}

X(I)}=A%*CCS(R)

Y(I)=A*SIN(R)

CONTINUE

RETURN

END
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SUBROUTINE DEFINE

CDNVERTS THE LIMITS OF THE DESIGN REG
COOKDINATES.

XN = MINIMUM X (INPUT AS A RADIUS,
XP = MAXIMUM X
YN = MINIMUM Y (INPUT AS AN ANGLE,
YP = MAXIMUM Y.
COMMON/MTOVR/XN¢XPs YN, YP
A=XN
B=XP

C=¥YN%0.017453293

D=YP*0.017453293
IF((YN.GT.0.).AND.(YP.GT.0.}) GO TO 17
IF({YN.LT.0.).AND.(YP.LT.0.)) GO TO 12
YN=B*SIN(C)

YP=B*SIN(D)

XN=A*COS(C)

IF(ABS{YN).LT.ABS{YP)) XN=A*COS(D)
RETURN

YN=B*SIN(C)

YP=A#SIN(D)

XN=A*CDS{C)

XP=B*COS (D)

RETURN

YN=A*SIN(C)

YP=B*SIN(D)

XN=A*C0OS(D)

XP=B*C0OS(C)

RETURN

END

ION FROM PDLAR TO RECTANGULAR

OUTPUT IN CARTESIAN).

CONVERTED TO CARTESIAN}.



SUBROUTINE REGRES(NP,SIGIXY,SIGZsA} c
C COMPUTES FACTORS OF REGRESSION. Cx#xuxPRINT RESULTS.

C LINE=LINE+12
CHotx&[NPUT ARGUMENTSS* ¥ttt satssedskssdstss CALL PAGE
C A(1) = COEFFICIENTS DF BASIS FUNCTIONS. WRITE(6+1) XC,yYC,RPLANE,RFIT,RGRSN, FRGR
c D(I,J) = INVERSE OF THE SQUARE DESIGN MATRIX. IF(SIGZXY.EQ.-0.) GO TOD 16
[ NF = NO. OF RASIS FUNCTIONS USED. WRITE(6,2) SIGZXY,SIGZ, ZBAR
c NP = NO. OF POINTS IN THE DESIGN REGION. GO 10 17
C Z{1) = RESPONSE VALUE AT THE POINTS WITHIN THE DESIGN REGION. 16 WRITE(6,4) SIGZyZBAR
Ce¢***FACTORS OF REGRESSION COMPUTED .t dx kst sxssxbkxsss 17 WRITE{6,+3) (A(K),FBASISIK) K=1,NF)
C FRGR = REGRESSION/RESIDUE OF PLANE. 1 FORMAT(1HO,//+* REGRESSION ABOUT THE POINT (#,FT7.2¢4%4%,FTa2,%)%/
c RFIT = RESIDUE OF FIT = (Z-ICAL)*#2. 1* RESIDUE OF PLANE = %,E17.9/% RESIDUE OF FIT = *,E17.9/% REGRESSI
c RGRSN = REGRESSION = RESIDUE OF {PLANE-FIT). 20N = *,E17.9,/% REGRESSION/RESIDUE OF PLANE = #,E17.9}
c RPLANE = RESIDUE OF PLANE = (Z-IBAR)*%2, 2 FORMAT(* SIGMA SQUARED OF Z.XY = *,E17.9,%* SIGMA SQUARED OF Z =
[ SIGZ = VARIANCE OF Z. 1 #4E17.9,% ZIBAR = *, E12.6)
c SIGIXY = VARIANCE OF Z.XY. 3 FORMAT(*0ZHAT = *,ELlL.5¢1XsAle* + #,2(E11.592X9Ale* + %*),E11l.5
c ZBAR = AVERAGE Z WITHIN THE DESIGN REGION. 192XeA24% +  #,ELlLaSe%* ([ %,AT74%) ¢  %,/,8X,ELLaS9% (%,AT,
c ZCAL = PREDICTED Z {FROM REGRESSION). 2 3(*) + %,E1l.5,% ({*,A8))
CREEERRTRRRBBEREREERRBRERRRTRRERRE SRR SR KSR R EBERRE 4 FORMAT(*# SIGMA SQUARED OF Z.XY = (NO ESTIMATE) SIGMA SQUARED
COMMON/ALL/NF4B(9),D1(9,9)4XC,YC+sDUMM{3) 1 OF Z = *,E17.9,% IBAR = *,E12.6)
COMMON/MATOD/DUMI30) +D(9,15),2(15) RETURN
COMMON/LINENO/LINE, PAGEND END

DIMENSION A(9),FBASIS{9}
DATA FBASIS/LH yl1HXy LHY2HXY  TH3X*%2-2, TH3Y%%2-2,
1 9H3YX*#2-2Y,9H3IXY*¢2-2X,BHB(5)B(6)/

c

Cxsxx+[NITIALIZE
RNP=NP
RFIT=0.0
ZBAR=0.0
1505=0.0

c
C**+#&PERFORM CALCULATIONS

DO 11 I=1.NP SUBRQUTINE PAGE

- c
P e naftoseitrl c PRINTS TITLE AND PAGE NUMBER AT THE TOP OF EACH OUTPUT PAGE.
75Q5=2SQS+Z (1) %%2 .
ICAL=0.0 NTEGER PAGENO
00 10 K=1,NF DIMENSION TITLE(S)
10 ZCAL=ZCAL+A(K}I*D(Ks1) . COMMON/LINEND/L INE, PAGEND, T ITLE
1L ?i{{;ﬁf;;;‘éélg;ZESL};'fz c IF THE BOTTOM DF THF PRESENT PAGE HAS BEEN REACHED, PRINT THE TITLE
1710 c ON THE NEXT PAGE.

SIGZXY=RFIT/ (NP=NF)
GO 7O 13

12 SIGIXY=-0.

13 RPLANF=ZS5QS-ZBAR*#2/RNP
SIGZ=RPLANE/ [NP-1) 7
RGRSN=RPLANE-RFIT

IF (LINE.GT.56}) 5,10
5 LINE=0
PAGENO=PAGENO+1
WRITE(6,7) TITLE,PAGEND
FORMAT (#1%,/50X,5A10,5X,*PAGE *,15/)

1F (RPLANE.EQ.0.) GO TO 14 10 ESTURN
FRGR=KGRSN/RPLANE D
G0 T 15

14 FRGR=0.

15 ZBAR = ZBAR/RNP



SUBROUTINE PRINPLT{Z, NI NJySF,;DXT,DYT,XMINT,YMAXT,XINC,YINC)
THIS SUBROUTINE PRINTS A CONTOUR AREA SUMMARY, PLOTS A 3D RESPONSE
SURFACE, AND PLOTS A CONTOUR MAP FOR BOTH THE VARIABLE BEING
EVALUATED (Z) AND ITS VARIANCE [(VAR). IT WILL ALSO PLOT 2D XIZ
DR YZ PLOTS OF THF VARIABLE RESPONSE IF REQUESTED.

*x 22 ARGUMENT LIST#%xskxnbketrksss
DXT4DYT = THE DISTANCE BETWEEN THE Z POINTS IN THE X AND Y DIRECTIONS.
LABEL = THE LABEL USED FOR PLODTS.
NCV = THE NO. OF CONTOUR LEVELS OF THE RESPONSE VARIANCE PLOT ([MAX=15)
NCZ = THE NO. 00f CONTOUR LEVELS ON THE RESPONSE PLOT {MAX=15).
-=-=IF POSITIVE CONTOUR LEVELS ARE CALCULATED USING ZMIN,
ZMAX, AND NCZ.
--— IF NEGATIVE, CONTOUR LEVELS ARE READ IN.
NJ, NI = THE DIMENSIONS OF Z IN THE X AND Y DIRECTIONS RESPECTIVELY.
NIXy NIY = THE NO. OF SAMPLE POINTS BETWEEN LINES PLOTTED ON THE
3D RESPONSE SURFACE IN THE X AND Y DIRECTIONS.
NPLOT = THE NO. OF OPTIONAL 2D XZ AND YZ PLOTS OF THE RESPONSE
SURFACE (MAX=10).
NVAR = FLAG FOR VARIANCE RESPONSE SURFACE AND CONTOUR PLOTS.
——=~1F = 0, VARIANCE PLOTS PROVIDED.
-——=IF = 1, VARIANCE PLOTS NOT PROVIDED.
PLOT(1) = ——IF POSITIVE, THE X VALUE OF A REQUESTED YZ 2D PLOT.
--1F NEGATIVE, THE Y VALUE OF A REQUESTED XZ 2D PLOT.
SF = THE AREA ON THE XY PLANE REPRESENTED BY ONE Z PDINT.
TITLE = THE HOLERITH IDENTIFIER OF Z
XINCs YINC = INCRIMENT (IN X AMD Y DIRECTIONS) BETWEEN SUCCESS-
IVE DESIGN SYSTEMS.
XMINT, YMINT = THF MINIMUM X AND Y VALUES { THE COORDINATES OF Ztl,1})
XUNITS = HOLERITH IDENTIFIER OF THE X AND Y UNITS.
Z(14J) = THE VARIABLE RESPONSE AT EVENLY SPACED POINTS ON THE XY PLANE.
ZMIN, ZMAX = CONVENIENT MINIMUM AND MAXIMUM Z VALUES (ALSOD THE
SMALLEST AMD LARGEST CONTOUR LEVEL}.
ZPTS({I) = AN ARRAY CUNTAINING THE TOTAL AREA BOUNDED BY EACH
CONTOUR LEVEL
ZUNITS = HOLERITH IDENTIFIER OF THE RESPONSE VALUE UNETS.
AU REERERE RN EE LR L LSRR KA SR

[aEaNzEalalslzNelalaslalela o NalalaRaNa sl ok Na el ol aRaNaNa ol e NaNal el

DIMENSIUN Z{91,91)4ZPTS(25) TITLE(5),LABEL(8),PLOTI10),CLVLI(25])
CMMON VAR{91,91)

COMMON/LINENQ/LINE.PAGEND, TITLE

LINE = 60

CALL PAGE

C
C#*x+x%READ DATA
READ(5,101) ZMINyZMAX,NCZyNCVsNPLOT,NIX,NIY,NVAR
IF(NCZ.GT.0) GO TO 3
1 =-NCZ
READ{S5+102) (CLVLIJ)yd=1+1)
3 IF{NPLOT.EQ.O0) GO TN 1

READ(5,102) (PLOT(I},1=1,NPLOT}
1 NSTOP=0

C
Ce#x++[NITIAL CALCULATIONS
FNJ=NJ
FNI = NI
NSJ={ (FNJ-1.)#DXT)/ (.99999*XINC)
NSI=((FNI-1.)*DYT)/{.99999*YINC)
XXX=(FNJ-1.)#DXT + XMINT
YYY=YMAXT - (FNI-1.)%DYT
ZINC=0.
TOTAL=FLOAT(NI*NJ)*SF
2 00 4 I=1,25
4 IPTSI1)=0.
c
C*##%+]F CONTOUR VALUES NOT READ INs CALCULATE.
IF(NCZ.LT.0) GO TO 6
ZINC=(ZMAX-2ZMIN)/FLOAT(NCZ-1}
CV=ZMIN=-ZINC
DO 5 I=14NCZ
CV=CV+ZINC
5 CLvLiI)=cv
GO 10 7
& NCZ=-NCZ

[
C#*#x%xCALCULATE THE NO. OF POINTS ABOVE EACH CONTOUR LEVEL (ZPTS(I)'.
7 DO 42 I=14NI
D0 42 J=1,NJ
N0 41 K=1,NCZ
IF(ZUT4J)LT.CLVLIK)) GO TO 42
41 ZPTS(K)= ZPTS{K] + 1.
42 CONTINUE
c
C*#*x%CALCULATE THE AREA ABDVE EACH CONTOUR LEVEL (ZPTS(I)).
DO 45 [=1,NCZ
45 ZPTS(I)=ZPTS(I)*SF
c
Ce*##2READ LABELS AND UNITS
READ(5,103} TITLE,ZUNITS.XUNITS

c
Cox%#2WRITE CONTOUR SUMMARY TABLES.
WRITE{6+110) TITLE,ZUNITS,XUNITS
DO %0 I=1,NCZ
PERCNT=(ZPTS{1)/TOTAL)*100.
50 WRITE(6+111)CLVLIT)ZPTS{1),PERCNT
c
Cxx+x#PLOT RESPONSE SURFACE
CALL OPTION(0+1,0,0,2)
CALL PWRT(50436,TITLE,50,2,0)
CALL OPTION(0,0,0,0,01}
CALL RSPSUR(ZyNIyNJyDXT4DYT,ZMINyZMAX NIY¢NIX)



C*x%x¢PLOT CONTOUR MAP

CALL OPTION(O+1+040,2)

CALL PWRT{130,100,TITLE,50,2,0)

CALL OPTION(0,0+0,0,0)
ENCODE{28,115,LABEL) ZUNITS

CALL PWRT(130,74,LABEL,28,0,0)

ENCODE (649118, LABEL) XMINT XXX, XUNITS
CALL PWRT(130,58yLABEL+6%4+0,0)
ENCODE{64,119,LABEL) YYY,YMAXT,XUNITS
CALL PWRTI(130,42,LAREL,64,0,0)
ENCODE(66+116,LABELIDXT, XUNITS

CALL PWRT({130,26+LABEL+66,04+0)
ENCODE(664+117,LABEL)DYT,XUNITS

CALL PWRT(130,10,LABEL+66,0,0)

CALL CALCNT(ZNIoNJ,NCZ,CLVL,DYT,DXT)
MPM=[NJ-1)/NSJ

NNN=(NI-1)/NSI

CALL PERIM(NSJ+MMM,NST4sNNN}

CALL FRAME

C
C*x#xxIF BOTH RESPONSE AND VARIANCE PLOTTED, STOP.

IF(NSTOP.EQ.1) RETURN

C
Cxesx&«MAKE XZI AND YZ PLOTS

a0

e Nal

51

52

IF(NPLOT.EQ.0) GO TO 55

LBLX=THX VALUE

LBLY= THY VALUE

CALL GRDFMT{TH(F10.3),THIF10.3)}
D0 55 I=1,NPLOT

IF(PLOT(I).LT.0) GD TO S2

¥Z PLOTS

JJ=(PLOT(I)-XMINT)/DXT + 1.
22Z=IMIN- (ZMAX-ZMIN)/FLDAT{NCZ-1)
CALL SET(e1+295+015+109YYY,YMAXT 222 ,ZMAX,1}
CALL PERIML(NSI,14NCZ4s1}
ENCODE{644112,LAREL) TITLE,ZUNITS
CALL PWRT(64200 4LABELsb64s1s1 )
ENCODE{42,113,LABEL} PLOTI(I)

CALL PWRT(500+60,LBLY+7+1,0}

CALL PWRT(100,12,LABEL+42+1,0)
CALL FRSTPT(YMAXT,Z(LsJJd)}

DO 51 1I=2,M]

FI=l1-1

X=YMAXT - FI*DYT

CALL VECTOR(X,Z(I1,440})

CALL FRAME

GO 10 55

XZ PLOTS
PLOT(I) =-PLOT(IT}

11=(YMAXT =-PLOT(I))}/DYT + 1.
ZZZ=IMIN - {ZMAX-ZMIN}/FLOAT(NCZ-1)
CALL SET{els 95921591y XMINT XXX92ZZZ +ZMAXy1)
CALL PERIML(NSJ»14NCZs1)
ENCODE{644112,LABEL) TITLE,ZUNITS
CALL PWRT{6,200 ,LABEL+64%4y1s1)}
ENCODE(424114,LABEL) PLOT(I}
CALL PWRT{100,12,LABELy42,1,0)
CALL PWRT(500460+LBLXy751,0)
CALL FRSTPT(XMINT,Z(II,1)}
N=NJ-1
DO 53 J=1,N
FJd=J
X=XMINT + FJ*DXT

53 CALL VECTORI(XyZ(II4J)}}
CALL FRAME

55 CONTINUE

c
Cx+#*x[F VARIANCE PLOTS NOT REQUESTED, STOP.
1IF{NVAR.EQ.1} RETURN

[
C*+*+%REPLACE Z, ZMIN, ZMAX, ZINC, AND NCZ WITH VARIANCE PARAMETERS.
NSTOP = 1
ZMIN=VAR({1,1)
ZMAX=VAR(1,1)
DO 60 I=1,NI
DO 60 J=1.NJ
IF(VAR(I+J}eLTLZMIN) ZMIN=VAR(I.J)
[F(VAR(I+J).GT.2ZMAX) ZMAX=VAR{I,J)
60 Z(1,J)=VAR(T,+J)
NCZ=NCV

c
C*#¢*#D0 CONTOUR SUMMARY, RESPONSE PLOT, AND CONTOUR PLOT FOR VARIANCE.

GO 7D 2
101 FORMATI(2F10.0+615)
102 FORMAT(10F8.0)
103 FORMAT(7A10)

110 FORMAT(//*0CONTOUR SUMMARY OF *,5A10,//4X,*CONTOUR LEVEL#*,5X,*AREA
1 COVERED*,6X,*PERCENT OF%,/,4X %[, A100% )¢ 6Xo*(SQ.%,AB*)*5X*TOTA

2L AREA¥)
111 FORMAT(IH +4X,EL11.5,5XyEL3.7,7X,FB.3)
112 FORMAT{5A10,%IN *,A10)
113 FORMAT{*GRAPH OF RESPONSE SURFACE AT X=%*,F10.3)
114 FORMAT(#GRAPH OF RESPONSE SURFACE AT Y=%,F10.3)
115 FORMAT(#CONTOUR VALUES IN *,A10)

116 FORMAT(#EACH TICK MARK REPRESENTS %,F10.5,2X+Al0,%IN THE X DIRECTI

1ON%)
117 FORMAT(26XsF10.5+:2X+A10s*IN THE Y DIRECTION*)

118 FORMAT[*THE MAP BOUNDARIES ARE X= #,F10.3,#% TO X= *,F10.3,1X,A10)

119 FORMAT(19X,*AND Y= *,F1l0.3,% TO Y= #%,F10.3,1X,A10)
END



SUBROUTINE RSPSUR(Zy1+JsXDyYDyZMINyZMAXsNsM} C DRAW THE HORIZONTAL LINES

DIMENSION Z(91,91) DO 31 II=L.14N
< THIS SUBROUTINE PLOTS A RESPONSE SURFACE IN THREE DIMENSIONS USING BB=11
c THE MICROFILM PLOTTFR. LINES ARE PLOTTED ON EQUADISTANT X-Z, AND 18 = [-11+1
c ¥Y=-Z PLANES TO MAKE UP THE SURFACE. Y1=8B*YC
< Y=Z(1B,11%2C+Y1
C*a2s % ARGUMENT LISTHx*ses s X=Yl + 1.
C 1 = AN E-BY-J ARRAY CONTAINING THE Z-VALUES (RESPONSE) AT EACH CALL FRSTPT(X,Y)
Cc EVENLY SPACED PLOTTING POINT ON THE X-Y PLANE. IT IS DO 30 JJ=2,J
c ASSUMED THAT Z{1l,1) 1S LOCATED AT COORDINATES (XMIN,YMAX). AA=JJ
(o 1 = THE NUMBER OF PLUTTING POINTS IN THE Y-DIRECTION. Y=Z{I18,JJ)%ZC+Y1l
C J = THE NUMBER OF PLOTTING POINTS IN THE X-DIRECTION X=Y1+AA
C XD = THE DISTANCE BETWEEN PLOTTING POINTS IN THE X-DIRECTION 30 CALL VECTOR{X,Y)
C YD = THE DISTANCE BETWEEN PLOTTING PODINTS IN THE Y-DIRECTION. Y=YL + IMIN*2C
c LMIN= MINIMUM Z-VALUE. 31 CALL VECTOR{X,Y)
C ZMAX = MAXIMUM Z-VALUE. c
c e ZMIN AND ZMAX SHOULD BE CONVENIENT NUMBERS WHICH BOUND c DRAW THE VERTICLE LINES
c THE DATA. DO 40 JJ=1lsJdsM
C N = THE NUMBER OF SAMPLE POINTS BETWEEN LINES ON THE PLOTTED AA=JJ
C SURFACE IN THE Y DIRECTION. X=YC + AA
(+ M = THE NUMBER OF SAMPLE POINTS BETWEEN LINES IN THE X-DIRECTION. Y=IMIN*ZC + YC
CERERE e ERERREETERRRKERRRXERFT AR PR RERRRE CALL FRSTPT{X,.Y}
c Y=Z11,J4) *¥2C + YC
C SCALE THE DRAWING. CALL VECTOR(X,Y)
A=J DO 40 I11=2.1
8=1 1B=1-11+1
YC=.707*YD/ XD BB=11
IC=.5%YC*B/ { ZMAX—-ZMIN) X=BB*YC + AA
YMIN=ZC*ZMIN Y=2(1B,JJ)*ZC+BB*YC
YMAX =YC*B + ZC=ZMAX 40 CALL VECTOR (X,Y)
XMAX=A+YC*B CALL FRAME
YMX=1.5%YC¥8 RETURN
IF(XMAX.GE.YMX) GO TO 10 END

XL=[YMX —XMAX)/[2.%¥YMX) + .05

XR=1.—(YMX —XMAX)/{2.%YMX}

CALL SET(XLsXRyo05¢1av0.sXMAXsYMINsYMAX,1)

GO TO 20
10 YL=(XMAX~-YMX) /(2.%XMAX) + .05

YH=lo={ XMAX=YMX) /(2.%XMAX)

CALL SET{.0541asYLsYHsO0esXMAXoYMIN,YMAX,1)
20 CONTINUE

oo

DRAW THE BASELINES
X=YC + 1.

Y=ZMIN®*ZC + YC

CALL FRSTPT{X,Y)
X=YC + A

CALL VECTORI(X,Y)
Y=IMIN*ZC + YC*B
CALL VECTOR{XMAX,Y)



SUBROUTINE CALCNT(AM,MX,NY,NC,CLVL+DX,DY) INY(3)=+1 SCANO490

[ THIS SUBROUTINE MAKES A CONTOUR PLOT OF DATA CONTAINED IN ARRAY AM. IMY(4)=+1 SCANO500
c IT LABELS THE CONTOURS AND PRINTS AN H OR L AT EACH LOCAL HIGH OR INY{(5)=0 SCANOS10
c LOW ON THE PLOT. INY(6)=-1 SCANOS520
C INY{T)=-1 SCANOS30
C IN THIS VERSION OF CALCNT, POINT {(1,1) OF ARRAY AM IS IN THE UPPER INY(B)=-1 SCANDS540
C LEFT HAND CORNER OF THE PLOT, AND POINT (MX,1) 1S IN THE LOWER LEFT FM=MT
c HAND CORNER OF THE PLOT. FN=NT
C X4=FMxDX
Cesx&x[NPUT PARAMETERS* %24 kd Sttt s kb xx bkt ok XRFER R FAREAT XX NSRS Y4=FN#*DY
Cc AM(1,J) = ARRAY TO BE CONTODURED. C THE SCALING HAS BEEN CHANGED TO REORIENT PLOT(NEXT 10 STATEMENTS)
[ MX = NO. OF POINTS IN THE Y DIRECTION (IN AM) TO BE PLOTTED IF(X4-Y4121,21,22
[ (FIRST SUBSCRIPT). 21 Y¥2=.985
C MY = NO. OF POINTS IN THE X DIRECTION TD BE PLOTTED (SECOND X2 = (X4/Y4)%.85+.13
c SUBSCRIPT) . GO TO 23
c NC = NO. OF CONTOUR LEVELS TO BE PLOTTED. [(MAX=25) 22 X2=.98
c CLVL(I) = CONTOUR LEVELS TO BE PLOTTED. (MAX=25) Y2 = (Y4/X4)%*.85+.125
[ DX = SPACING IN THE Y DIRECTION OF SAMPLE POINTS IN AM. 23 CALL SET(.1259Y2+2139X2s1lesFNy=FMy=1layl)
c DY = SPACING IN THC X DIRECTION OF SAMPLE POINTS IN AM. XC=(FM-1.)/((X2-.125)%1024.)
CREREEERE SRR XS RERAERTXREE AR RS BR AR ETEHRE KRR BT kA YC=(FN—-1l.)/1(Y2-.13)%1024.)
c 24 CONTINUE
COMMON/CONT/MT oNT o IXy IV, IOXs IDY, ISS,NPyCV,NNTyASH, INX(8B),INY(B), ENCODE {25,202, LEGEND)
LIPT{343),LEGEND{11),REC{500) yNQ,SBLyCSBL,LBLF,XC,YC 202 FORMATI(* CONTOURSCSYMBOL VALUES*)
DIMENSION AM(91,91),SYBL(25),CLVLI{25) CALL PWRT(4,908,LEGEND+25+0,0}
DATA SYBL/1H141H2,1H3,1H4,1HS, 1H6,1HT7, LHB, 1H9y 1HA¢ LHBy 1HC » LHD, LHE c DETERMINE CURRENT LEVEL TO BE CONTOURED
L1HF ¢ 1HG» 1HHs 1HI 4 1HJ s LHK, LHL y LHM, 1HN,y 1HO, L1HP/ C
[ INITIALIZE DO 150 I=1,NC
B1 NQ=1 SBL=SYBL(I)
c cv=CLvL(I)
MT=MX ENCODE(13,203,LEGEND) SBL,CV
NT=NY 203 FDRMAT(1Al,#=%,E11.5)
NNT=2 MMM=890 - [*16
IDASH=17778 CALL PWRT(4,MMM,LEGEND,13,0,0)
IPT(1,1)=8 c
IPT(1,42)=1 SCANO320 CALL SCAN(AM,MT,NT)
IPT(1,3)=2 SCAND330 [
IPT{2,11)=7 SCANO340 150 CONTINUE
1PT(2,3})=3 SCANO350 c
IPT(3,1)=6 SCANQ360 32 CALL HILO (AM{MT,NT)
I1PT(3,2)=5 SCANO370 RETURN
IPT(3,3)=4 SCANO380 END DCNTO510
INX{1)=-1 SCANO390
INX{2)=-1 SCANO400
INX(3)=0 SCANO410
INX(4)=1 SCANO420
INX(5)=1 SCANO430
INX({6)=1 SCANO440
INX(T)=0 SCANQ4S0
INX{B)=-1 SCANQ460
INY{11=0 SCANQ4TO

INY(2)=1 SCAND48BO
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SUBROUTINE SCAN(AMsM,N)
THIS SUBROUTINE SCANS AM FOR THE STARTING POINTS OF CONTOURS.

COMMON/CONT/MTyNTy IXo IY s IDXy IDY, ISSsNPoCVeNNToASH, INX{B) 4 INY (8],

LIPT(3,3),LEGEND{11},REC(500) sNQ,SBL,CSBL,LBLF4XC,YC

DIMENSION AM{91,91)

NP=0

DD 58 J=1,500

REC{J)=0

155=0

MT1=MT-1

DO 110 I=1,MT1

IF (AM([,1)~CV) 55,110,110
IF (AMU141,1)-CV) 11045757
IX=1+1

Ty=1

10X=-1

1DY=0

LBLF=1

CSBL = 1. - YC®6.

CALL LINEAR (AM, MT,NT)
CONTINUE

NT1=NT-1

DO 20 I=1,4NT1

IF {AM{MT,I)-CV) 15,20,20
IF {AM{MT,I+1)-CV) 20,17,17
IX=MT

1y=0+1

10X=0

10Y=-1

LBLF=-1

Q=MT

CSBL ==(Q + XC*10.}

CALL LINEAR (AM, MT,NT)
CONTINUE

DD 30 [=1,MT1

MT2=MT+1-1

IF (AM(MT2,NT)-CV) 25,30,30
IF (AM(MT2-1,NT)-CV}) 30,27.,27
1X=MT2-1

1Y=NT

[nx=1

1DY=0

LBLF=1

Q=NT

CSBL = Q + YC*6.

CALL LINEAR (AM, MT.NT}
CONTINUE

DO 40 [=1,NT1l

NT2=NT+1-1

SCANO230

SCANOS80
SCAND590
SCANO600
SCANO610
SCANO620
SCAND630
SCANO640
SCANO650
SCANO660
SCAND&TO

SCANO690
SCANO700
SCANOT710
SCANO720
SCANOT30
SCANO740
SCANO750
SCAND760
SCANOT770

SCANO790
SCANGBOO
SCANOBLO
SCANOB20
SCANOB30
SCANOB40
SCANOBSO
SCANOB6OD
SCANOBTO

SCANOB90
SCANOS00
SCANO910

35
3t

40

~w

12

~ 0

10

IF (AM(1,NT2)-CV) 35,40,40
IF LAM{1,NT2-1)-CV) 40,537,437
IX=1

1Y=NT2-1

10X=0

IDY=1

LBLF=-1

CSBL=-({1. - XC*10.)

CALL LINEAR (AM, MTNT)
CONTINUE

155=1

NT1=NT-1

MT1=MT-1

LBLF=0

DO 10 J=2,NT1

D0 10 [=1,MT1

IF (AM(1,J)-CV) 5,10,10
1F (AM(T#14J)-CV) 10+7,7
COM =100%(1+1)+J

IF (NP} 12411412

DO 9 ID= L,NP

IF (REC(ID)-COM ) 9,10,9
CONTENUE

IX= 1+1

1Y=J

IDX=-1

1DY=0

CALL LINFAR (AM, MT,NT)
CONTINUE

RETURN

END

SCANO920
SCAN0930
SCANO940
SCAN0950
SCANO960
SCANO970

SCANO990
SCAN1000
SCANLO10
SCAN1020

SCANLO30
SCAN1040
SCAN1050
SCAN10&0

SCAN1080
SCAN1090

SCANL110
SCANL1120
SCAN1130
SCAN1140
SCAN1150

SCAN1170
SCANL180
SCANL190
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SUBROUTINE LINEAR(AM,IDIM,JDIM)
THIS SUBROUTINE PLOTS THE CONTOURS.

COMMON/CONT/MToNT 41X 1Y, IDX, IDYs ISSoNPyCVoNNT,ASH, INX(B),INY(8),
11PT(3,3),LEGEND(L1)4REC(500) 4NQ,SBL,CSBL,LBLF,XC,YC
DIMENSION AM{91,91)
N=1
1X0=1X
1Y0=1Y
ISX=IDX +2
[SY=1DY+2
I1S=IPT(ISXyISY)
1S0=15
IF(1S0-8)1+1,17
150=150-8
IF {IDX) 10,2410
X=1X
1=1Y
1Y2=1Y+1DY
DY=1DY
Y = ((AMUIX1Y)=CV)/LAMUIXy IY)I-AMLIX,1Y2))) *DY + L
GO TO 5S4
Y=1Y
W=IX
DX=1DX
1X2=1X+10X
X = ((AM(IXs1Y)=CV)/(AMUIX,IY)-AMUIX2,1Y))) *DX +W
IF (IS.EQ.1} 306449
NP=NP+1
IF(NP.GT.5001} WRITE(647777)
FORMAT(1H ,*NEED MORE REC*)
REC(NP)=100%1X+1Y
1S=1S+1
IF (1S-9)
1S=15-8
IDX=INX(IS)
IDY=INY(1S)
IX2=1X+10X
1Y2=1Y+1DY
IFIN) 67,73
IF(LBLF) 120,1224121
CALL PWRT(Y,CSBLySBL,1+0,0)
GD TO 123
CALL PWRT{CSBL+=XySRL+1,0,0)
GO TO 123
IFINJNELL) GO TO 124
R1=0.
OLDX=X
oLDY=Y
N=2

By Ty7

TRACO190
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TRAC0450
TRACO460
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GO TO 51
124 R=SQRT(({(X-OLDX)/XC)*¥*2 ¢ ({Y=-0OLDY)/YC)**2)
R1=R1l + R
IF(R1.LT.8.)
R1=R - (R1-8.)
XN={ [X-0LDX}*R11/R + OLDX
YN=({Y-0LDY}*R1}/R + OLDY
1IF{N.EQ.2) GO 7O 126
REORIENTED PLOT
CALL FRSTPT{YN,-XN)
CALL VECTORI(Y,-X)
N=0
GO TO S1
126 R1=0.
REDRIENTED PLOT
CALL PWRTUYN,=XN,SBL+1,0,0)
N=3
OLDX=XN
OLDY=YN
GO TD 124
125 OLDX=X
oLpy=yY
GO TO 51
REORIENTED PLOT
123 CALL FRSTPT(Y,-X)
N=0
GO TO 51
REORIENTED PLOT
73 CALL VECTOR(Y,-X)
51 IF{155)20,58

GO TO 125

20 IF(IX=-IX0) 12,421,412
21 (FLIY-1YOD) 12,22,12
22 IF{1S-15S0) 12,23,12

23 IF (15.EQ.1) 307,14
307 NP=NP+1
IF{NP.GT.500) WRITE(6+47777)
REC(NP)=100%IX+1Y
L4 IF (IDX) 52,53,52
53 X=1X
I=1Y
1Y2=1Y+{DY
DY=1DY
¥ = ((AM{IX,LY)=CV)I/Z{AM{IXy IYI-AM(IX,IY2))) *DY + 1
REORIENTED PLOT
CALL VECTOR(Y,-X)
74 RETURN
52 Y=1Y
W=1X
DX=1DX
IX2=1X+1DX
X = ((AMUIX,1Y)=CV)/CAMIIX, EYI-AMUIX2,1Y)}) #DX +W
REORIENTED PLOT
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15

76

17

78

CALL VECTOR({Y,-X)
RETURN

IF{IX2) 13,75,13

IF (I1X2-MT) 19,19,76
IF(IY2) 11,77,11

IF (1Y2-NT} 12,12,78
IF (CV-AM{IX2,1Y2)) 16516455
ISTE=(15/21%2

IF LISTE.EQ.IS) 49,1
1S=1S+5

1X=1x2

1Y=1Y2

GO 10 9

REORIENTED PLDT (NEXT 13 STATEMENTS)

CsSBL=-(1. - XC*10.)

CALL PWRT(Y,CSBL,SBL,1,0,0)
RETURN

Q=MT

CSBL =-(Q + XC*10.)

CALL PWRT{Y,CSBL+SBL,1,0,0}
RETURN

CSBL = 1. - YC®6.

CALL PWRT{CSBL,-X,5BLy1,0,0)
RETURN

Q=NT

CSBL = Q + YC*6.

CALL PWRT{CSBLy~XsSBLy1+0+0}
RCTURN

END
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SUBROUTINE HILO{AM,M.N)

THIS SUBROUTINE PRINTS AN H AT EACH LOCAL HIGH POINT AND AN L AT

EACH LOCAL LOW POINT.

COMMON/CONT/MT yNT 5 IXy IV, IDXs IDY ISSyNP,CVoNNT,ASH, INX(8),INY(B),

LIPT(3,3),LEGEND(11)},REC(S00) +NQ,SBL,CSBLsLBLF,XC,YC
DIMENSION AM(91,91), JSIGN(2)
DATA{JSIGN=1HL, lHH)

FORMAT {ELl0.3)
NMT=NNT+1
NN=NT-NNT
MM=MT-NNT
DO 10 J=NMT,NN

DO 10 I=NMT,MM
T11=1-NNT
IF (AM{I+J)-AM(IT,4))12,10,13
KS=1
DO 40 K=1,NNT
DO 40 KK=1,7
[X2=1+K*INX(KK)
1Y2=J+K*INY (KK)
IF(AMIT,J)-AM{IX2,1Y2))40,10,10
CONTINUC
GO TO 30
KS=2
DO 50 K=1,NNT
DO 50 KK=1,7
IX2=T+K*INX(KK)
1Y2=J+K*INY (KK)
IF(AM{I,J)-AM(IX2,1Y21)10,10+50

CONTINUE
XPLY = 1
YPLT = J

REORIENTED PLOT

CALL PSYMIYPLT,~XPLT4JSIGN({KS)+0,0,1)
CONTINUE

RETURN

END

PRDGRAM ECOGRID(INPUT,PUNCH ,TAPES=INPUT,TAPE6=PUNCH)
THIS PROGRAM PUNCHES THE GRI1D FOR PROGRAM ECOMAP

#xx%x¥ [NPUT VARIABLES

YLy YH = MINIMUM AND MAXIMUM Y-CODORDINATES FOR THE GRID
XLeXH = MINIMUM AND MAXIMUM X-COORDINATES FOR THE GRID
XINC = INCRIMENT BETWEEN GRID POINTS IN THE X DIRECTION
YINC = INCRIMENY BETWEEN GRID POINTS IN THE Y DIRECTION

READ(S5,100)XLsXHy YL YHyXINC,YINC

NUMX=( XH-XL+XINC)/XINC

NUMY=[YH-YL+YINC)/YINC

X=XL-XINC

D0 10 I=1,NUMX

X=X+X1INC

Y=YH+YINC

DO 10 J=1,NUMY

Y=Y-YINC

IF(X.EQ.XL.OR.X.EQ.XHIGO TOD 9

IF(Y.EQ.YL.OR.Y.EQ.YH)GD TOD 9

X1=X-XINC

X2=X+XINC

Yi=Y-YINC

Y2=Y+YINC

WRITE{(65200)X, Yy X19X2+Y1l,Y2

GO TO 10

WRITE(6+200)X,Y

CONTINUE

FORMAT(6F10.0)

FORMAT{6F8.2)

END



ZHAT =

o51444E+01 .
=.81111E+00

REGRESSION AROUT THE POTNT

RESIDUE OF PLANE =
RESIDUE OF FIT

REGRESSION =

REGRESSION/RFSIDUE OF PLANE =

(3Y#42=2)

~+17333E+01 X
+12583E+01

= W621669444E402
«12761527BE+03

SIGMA SQUARED OF Z.XY =

ZHAT =

»71556F+01 +
o 79444E+00

(3Yau2=2) &

~e27167E+01 X
«40B33E«00

Example

BUOUTELOUA CHONDROSIODES COVER

THE SYSTEM MATRICES WITH DESIGN CENTER AT ( 400,00,
SYSTEM TRANSPOSE
«10000E+01 «10000E+01 «10000E+01 <10000E+01
=+10000E+01 =,10000E+01 =.10000E+01 O,
.10000E+01 O, ~e10000E+01 «10000E+01
-.10000E+01 O, «10000E+01 .
«10000E+01 «10000E+01 «10000E+01 =~,€£0000E+01
«10000E+01 =,20000E+01 «10000E+01 «10000E+01
«10000E+0Y O, -+10000E+01 =,20000E+01
=.10000E+01 +20000E+01 =«10000E+01 »
X#X INVERSE
«11111E+00 O, Oe 0o
0. «1666TE+00 0. 0,
0. 0. ole667E+00 0,
0e 0, 0o «25000L+00
0. 0, 0. 0,
O 0. Qe 0.
0. 0. Ne 0O
Oe 0. 0. 0,
REGRESSION AROUT THE POINT ( 400,0051200,00)
RESIDUE OF PLANE = .170682222E+03
RESIDUE OF FIT = ,382336111k+02
REGRESSION = «132448611E+03
REGRESSION/RESIDUE OF PLANE = «775995352E4+00
SIGMA SQUARED OF ZeXY = «38p336111E+02

4+ =,12333F+01 Y +
(3YX##2=2) +

( 400,009 800,00)
«189762222E+03

«672500966E+00
2621469444E+02

+ =ol1B833g+01l Y ¢
(3YXu¥2=2) +

SIGMA SQUARFD OF 2

SIGMA SQUARED OF 2

1200,00)
.10000E+01

-o,20000E+0]
=.20000E+0]
0.
O

+55556E=0]
0.
0.
0.

ARE »

(5X5, 1969)
«10000E+01 .10000E+01
0. «10000E+0]
-,10000E+01 «10000E40]
U, +10000E+01
-,20000E4+01 .10000E¢01
«10000E+01 «10000E+0)
.20000E+01 .10000E+01
0, .10000E¢01
O, 0.
U, [+ 5
u. o.
u. o'
U, 0,
.55556E=01 0, )
Ve «83333E-01
0, 0,
2213352778g+02 ZBAR

212500E+00 XY
024583E+01

«237202778E+02

-e22150E+01 XY
=,16983E+01

+ «32222F+00
(3XY##2=2) +

+ «66111€+00
(3XYu#2=2) +

ZBaR

«10000E+01
«10000E+01
0.
Oe
+10000E+01
=¢20000E+01
0.
=e20000E+01

[
O
Oe
Os
0.
O
O
+B83333e-01
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«10000E+01
«10000E+01
=.10000E+01
=910000E+0]
+10000E+01
«10000E+01
=,10000E+01
«10000E+01

= ,514444E+0]

(3X##2=2)

*

= o T15556E+01

(3Xaw2=2)

¢+









