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GENERALIZED GRADIENT AND CONTOUR PROGRAM

Marshall Strong Hellmann

ABSTRACT

This program computes estimates of gradients, 

prepares contour maps, and plots various sets of 

data provided by the user on the CalComp plotters. 

The gradients represent the maximum rates of change 

of a real variable Z=f(X,Y) with respect to the two- 

dimensional rectangle on which the function is defined. 

The contours are lines of equal Z values. The program 

also plots special line data sets provided by the user.

INTRODUCTION 

The purpose of this program is to compute estimates of

the rate of change of a real variable Z=f(X,Y) defined on a 

two-dimensional surface, and to generate contours of this vari­ 

able. The variable Z could typically be the elevation of the 

ground above sea level. The user must describe the two- 

dimensional surface as a rectangle whose sides are parallel 

to the X and Y axes by providing the limiting X and Y coordi­ 

nates of the rectangle.

If the option indicator is ^ 0-4, then only the special 

line data will be processed. (See Table 1, p. 3-5.) Other-
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wise the program requires that a lattice of grid lines be 

superimposed on the two-dimensional surface and that the 

value of Z be given at each of the lattice points defined 

by the intersection of the grid lines making up the lattice, 

Two basic sets of data are used by this program to produce 

gradient arrow maps, contour maps, or maps containing both

arrows and contours as well as special lines and symbols.
/

The first set of data consists of the matrix of Z 

values at each of the lattice points. This set of data is 

used to compute both the gradients and the contours. The 

gradients are plotted on the map in the form of arrows 

pointing in the direction of these vectors. The contours 

are plotted as a series of connected line segments.

The second set of data consists of a collection of 

special line data sets. Each line data set consists of an 

ordered set of triplets (X,Y,Z), where Z is treated as the 

elevation variable and X and Y denote the horizontal and 

vertical coordinates of the point on the line, respectively 

(See "Line Data Cards," p. 7 for details.) This second set 

of data can be used to plot special lines with different 

meanings.

Optionally, the program will generate contour lines of 

equal Z values on the map. The arrows plotted by the pro­ 

gram will be approximately orthogonal to the contours gener­ 

ated by the automatic contouring feature of this program if 

the contour intervals are chosen appropriately.
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INPUTS

Program Option Cards

These cards are used to specify the various options 

available to the user to make this program process his parti­ 

cular set of data. TWO program control cards and three title 

cards are required, as- defined in : the following two tables.

Table 1. 

Card No. /Columns

  Program Control Card Formats

63-64

65-70 

71

Format

1 1-12

13-24

25-36

37-48

49-54

55-60

61-62

E12.5

E12.5

E12.5

E12.5

F6.3

F6.3

12

12

F6.3

II

Name/Meaning

XMIN - X coordinate of 
left side of the map.

XMAX - X coordinate of 
right side of the map.

YMIN - Y coordinate of 
bottom of the map.

YMAX - Y coordinate of 
top of the map.

WIDTH - Width of the map 
in inches.

HEIGHT - Height of the 
map in inches.

Number of horizontal 
tick marks on the verti­ 
cal axes.Hnt/Lsf te- ̂ 3~>

Number of vertical tick 
marks on the horizontal 

be

FACTOR - Reduction factor 
for the size of the map.

GR LINE IND - (1-tick marks 
and lines , 2 -tick marks 
only, 3-lines only, other­ 
wise no graph lines or tick 
marks will be plotted.) 
Graph lines are drawn be­ 
tween tick marks if re­ 
quested.
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Card No./Columns Format Name/Meaning

72-75 F4.3

76-77 12

78-80 13

II

II

II

II

II

6-8 13

Z HT - Height of the 
numbers printed on 
the map on the contour 
line labels in inches.

Z INCR - Frequency of 
points on contour 
lines to be plotted 
on the map.l

LINE TYPE Number of 
points on contour line 
between contour line 
labels.

Number of decimal places 
to right of decimal 
point in contour labels. 
(Used in Z FORMAT.)!

Number of decimal places 
to left of decimal 
point in contour labels. 
(Used in Z FORMAT.J 1

Number of decimal places 
to the right of the deci­ 
mal point in all X and Y 
coordinate labels. (Used 
in XY FORMAT and XY FORMAT 2.)

Number of decimal places 
to the left of the deci­ 
mal point in the X and Y 
coordinate labels at the 
corners of the map. 
(Used in XY FORMAT.)

Number of decimal places 
to the left of the deci­ 
mal point in the ̂  and Y 
coordinate labels at 
interior tick marks on 
the map.'(Used in XY FORMAT 2.)

SPEC CHAR CODE (Special char­ 
acter Code). - See (CalComp, 
1970). Corresponding symbol 
_is. plotted on contour line, by 
contour labels.
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Card No./Columns Format Name/Meaning

9-11 

12-14 

15-26

13 

13 

E12.5

27-38 E12.5

39-50 E12.5

51-54 F4.3

55 II

56-58

59-70

13

E12.5

Number of horizontal grid 
lines in lattice, (n) .

Number of vertical grid 
lines in lattice, (m) .

GRID DISTANCE (Horizontal) - 
Distance between lattice 
points in horizontal 
direction.

GRID DISTANCE (Vertical) - 
Distance between lattice 
points in vertical 
direction.

GRADIENT MAP SCALING 
FACTOR -This scaling 
factor should be chosen 
so that gradient values 
are in the range 0 to 9.999.,

NUMBER SIZE FACTOR -This 
factor is used to compute 
the height of the numbers 
plotted above the arrows 
on the map. Appropriate 
values are in the range 
0 . to .3 depending on 
desired results. A value 
of 0 means no number will 
be plotted. See attachment A.

OPTIONS INDICATOR - (See p. 11) 
jO-generate contours .
1-compute gradients on T, .
2-compute gradients on T, and T.
3-compute gradients on T, and 
generate contours.
4-compute gradients on T-, and T. 
and generate.contours. 
Special line data sets can 
be included for all options.

CONTOUR LABELING FREQUENCY - 
frequency of contours to be 
labeled. 1

CONTOUR INTERVAL - (See "Auto­ 
matic Contour Option," p. 15.)

1See "PLOTTING OPTIONS ," p. 31 i °f tnis paper.
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Table 2, Title Cards Format

Card No./Columns 

3 1- 2

Format

12

3-74

1- 2

3-74

1- 2

ISA 4

12

ISA 4

12

3-74 }8A4

Meaning

Number of characters in 
map title.

Map title.

Number of characters in 
X axis title.

X axis title.

Number of characters in 
Y axis title.

Y axis title.

Z Variable Input Matrix

This input matrix must contain the values of the Z vari­ 

able at each of the lattice points of the lattice superimposed 

on the map. In order to allow the user flexibility in pre­ 

paring the input data the format in which the data is stored 

is read into the program from a single card. This card is 

read in the format 20A4. It should contain the format in 

which the records containing the Z variable matrix are stored 

enclosed by parentheses. The Z variable matrix is read 

row by row. Each row must have m values where m is the 

number of vertical grid lines in the lattice punched in 

columns 12-14 of Program Control Card Number 2 0 The rows 

are numbered from top to bottom and the columns from left to 

right on the map or rectangular domain. The Z variable matrix 

must be stored in this manner with each row starting on a new 

card or record, and successive values for that row stored as

-6-



dictated by the variable format card. There must be n rows 

of values, where n is the number of horizontal grid lines in 

the lattice punched in columns 9-11 of Program Control 

Card Number 2. The Z variable input matrix is read from the 

data set with the DDNAME of FT10F001. 

Line Data Cards

This set of data cards contains the special line data. 

The ends of individual line sets are indicated by end-of- 

line cards containing a non-zero value in column 37. The 

data in columns 37-55 determine the way the line will be 

plotted. The sets of line data cards are placed one after 

another followed by a /* card. Columns 1-36 are read on 

the end-of-line cards but the values are not used. All of 

these cards have the format shown in Table 3.

Table 3. Line Data Format

Columns
1-12

13-24

25-36

37

38-40

41

42

43-45

46-49

50-53
54-55

Format

E12.5

E12.5

E12.5

11

13

11
1

11

13

F4.3

F4.3

12

Meaning

Z coordinate of this line point.

X coordinate of this line point.

Y coordinate of this line point.

End-of-line card and pen number.
See (CalComp, 1970) .

Line Type-number of points on this line
between labels. 1

Number of decimal places to the right of ,
the decimal point in the line point labels.

Number of digits to the left of the decimal
point in the line point labels. !

Special Character Code1 See (CalComp, 1970)

Height of symbols to be plotted.

Height of numbers to be plotted.
Frequency of points on special line data set
to be plotted on map. 1

See "PLOTTING OPTIONS," p. 31, of this paper.
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OUTPUTS

This program generates the following sets of output 

depending on the options chosen by the user.

A printout of the input parameters titled "GENERALIZED 

GRADIENT AND CONTOUR PROGRAM INPUT PARAMETERS". This print­ 

out contains a listing identifying the.input parameters 

contained on the two program control cards.

A printout titled "INPUT DATA MATRIX". This printout 

contains a listing of the input data * far each of the grid 

points in the rectangular area defined on the program con­ 

trol cards. The listing is printed with the values in 

each row starting at XMIN and ending at XMAX. The rows 

are printed starting at YMAX and ending at YMIN and are 

separated by blank lines. This matrix is printed in the 

format 10E13.5.

Two printouts titled "GRADIENT MATRIX 1" and "GRADIENT 

MATRIX 2" may be printed by the program. The program prints 

the first gradient matrix only if the program options indica­ 

tor on Program Control Card Number 2 contains a D-4. The 

second matrix is printed only if the program options 

indicator is a 2 or 4. The values in "GRADIENT MATRIX 1" 

correspond to the magnitudes of the gradients on the set 

of triangles TI and those in "GRADIENT MATRIX 2" to T2 -

Two printouts titled "GRADIENT ANGLE MATRIX 1" and 

"GRADIENT ANGLE MATRIX 2" may also be printed. OJtce again 

the value of the program options indicator determines if

these matricies may be printed. The values in the first
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of these two matrieies correspond to the gradients on the 

triangles T, and the second to those in T2 «

A printout titled "AUTOMATIC CONTOUR INTERVAL GENERATION 

PARAMETERS" is printed if the program generates contours auto­ 

matically. This printout shows the values on the Automatic Con­ 

tour Interval Generation Parameters (ACIGP) card. (See p. 15.)

A printout titled "ADJUSTED INPUT DATA MATRIX" may be 

printed if the elevation adjustment factor is not equal to

0 on the ACIGP c<*rd. (See p.- 19.)-^ '

A printout titled "HORIZONTAL GRID COORDINATES" and 

"VERTICAL GRID COORDINATES" may be printed. If so, it contains 

horizontal and vertical grid coordinates for each of the 

lattice points in the grid used by the program. (See p. 14.)

The plotting output is written on a tape for later use ' 

on the CalComp plotter. This tape can be prepared for either 

the CalComp drum or flatbed plotter"^'. (See 'StfSfJ0TBS, 1372.)

The user has the option of recording the values of the

gradient magnitudes and angles on a data set for subsequenti
use. If this option is chosen these values are written 

using the formats (5E16.8) and (8F10.5) for the magnitudes 

and angles, respectively. (See attachment E.,p. 86.)

In addition to the above printouts, error messages may 

be printed in the. output if certain conditions arise. (See

"DIAGNOSTIC MESSAGES," P. 25.)
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TECHNICAL DESCRIPTION

The gradients can be computed by the following technique. 

Let the map be divided into (m-l)x(n-l) rectangles by super­ 

imposing a lattice of m vertical lines and n horizontal lines 

equally spaced in the horizontal and vertical directions, 

respectively. The program allows for the horizontal and 

vertical scales to be different. The actual distances be­ 

tween grid lines in the horizontal and vertical directions 

are denoted by S and S , respectively. (See Table 1, p. 3-5.)

If the Z variable is not known at the grid points in 

this lattice, then it will be necessary to use a method 

such as two-dimensional linear interpolation,between some 

of the known values of Z to determine the values of the Z 

variable at the grid points.

The horizontal and vertical grid coordinates of the 

grid points P. . are given by, Xi=XMIN +(XMAX-XMIN) (i-l)/(m-l) 

and by, Y.=YMAX-(YMAX-YMIN) (j-1)/ (n-1) for i=l ? 2,...m and 

j=l,2,...n, respectively.

The function f(X,Y)=Z is assumed to be a bounded, single - 

valued, and continuous function on the rectangular domain of 

the map. The surface defined by the function f(X,Y) can be 

approximated by a surface consisting of triangular sections 

of planes in the manner described below. This approximation

1
The United States Geological Survey (U.S.G.S.) program 

E867 (Linear Grid Generation Program) is also available for 
determining the Z values at the grid points, given an arbi­ 
trary set .of (X,Y,Z) data values. The mesh or distance between 
these arbitrary data points must be sufficiently small to insure 
that the generated values are as accurate as required.
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surface can be made to approximate the true surface within 

any positive tolerance specified by decreasing the grid size 

sufficiently. Let the given values of f (X,Y) at each of the

grid points P . . be denoted by H. . and on the surface of f (X,Y) 
ID 13

as {(X., Y., H..) f for i=l,2, . . .m and j=l,2,...n.}

The domain of the function f (X f Y) is divided into two 

sets of triangles, TI and T2 - Set TK={ Tkij :Tkij = t <X,Y) : (X,Y) 

is contained in the triangle whose verticies are (X,.,, .,%,

Y (j+k-l) ) ' (X (i+2-k)' Y (j+k-l) ) ' and (X (i+k-l)' Y (j+2-k) )] for 

i=l,2,...m-l and j=l, 2, . . .n-1} for k=l,2.

The approximation surface is defined by the following 

two sets, S, and S 2 of triangular planar sections. Set 

Sj={S,. . :S,. . = [ (X,Y,H) : (X,Y,H) is contained in the triangular 

section of the plane whose verticies.jaret 4X, .,.,v ,Y ,.,.,*,

)' H (i+2-k) (j+k-1)*' and 

-- )] for i=l'2,...m-l and 

j =1 , 2 , . . . n-1 } for k=l , 2 .

Define the function g(X,Y) on T, . . such that if (X,Y)
K13

is contained in T, . . , then g(X,Y)=H, where (X,Y,H) is con-

tained in S. . . for each T. . * contained in T, or T 0 . The1 2

function g(X,Y) is identical to f (X,Y) at each of the grid 

points (X.,Y.) and varies linearly between any two points 

of a triangle S, . . on its surface for i=l f 2,...m-l and
K1]J

j=l,2,...n-l and k=l,2. A direction tangent at any point 

P on the surface of g(X,Y) is defined to be the tangent 

to that surface in the given direction if it exists. Since

none of the S . are perpendicular to the (X,Y) plane, this 
K±j
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tangent is finite, in: both the X and Y directions. 

The function g(X,Y) on T . . is given by

9 (X ' Y)=Hkij X+Hkij Y+Ckij' 

for each T,. . contained in T, or T2 and

X where: H, . . is the direction tangent of the plane S. . . in

the X direction and is given by equation (2) .

Y H, . . is the direction tangent of the plane S, . . in

the Y direction and is given by equation (3) . 

C, . . is a constant which determines the displacement

of the plane S, . . from the origin in the Z direc­ 

tion. 

The function g(X,Y) has the following properties:

1. g(X,Y) is single-valued and bounded for all (X r Y) 

contained in the domain of f(X,Y).

2. g(X,Y) is continuous throughout the domain of f(X,Y).

3. g(X,Y) is dif ferentiable on the interior of each of 

the triangular domains T, . . contained in T, and T2 .

4. g(X,Y) is not in general dif ferentiable on the bound­ 

ary of the triangles T. . . contained in T, and T^.

5. The partial derivatives of g(X r Y) with respect to X 

and Y are constant within the interior of T. . . for
K-L J

each T. . . contained in Tn and T 0 .1 2

6. The gradients of g(X,Y) defined on T, , . are identical
Klj

for each point in the interior of T. . . / i.e., the
Kl J

interiors of T, . . are isogradient domains.
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The horizontal gradient component of g(X,Y) on the 

interior of T, . . is given by

HX _ , Hkij          g-            (2)

for each T, .. contained in T I or T-.

The vertical gradient component of g(X f Y) on the 

interior of T, .. is given by
K1J

+k-i) (j+i)
kij s y

for each T, .. contained in T, or T2 -

The magnitude of the gradient S. .. on the interior 

of T .. is given by
Klj

for each T, . . contained in T.. or T2 .

The direction of,the gradient Gu^ on the interior of

T, . . is given by
Klj

The downhill or opposite direction of the gradient is given

by adding 180° to <J>, . .. The angles used and printed by this
3

program are the opposite direction angles.
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X Y If both H, . . and H . . are zero on T,. . then the

gradient vector G, . . degenerates to the null vector. Thisjci;j
means that the function g(X,Y) is constant throughout the 

interior of the domain T, .. , i.e., the approximation sur­ 

face is flat in that domain. This program assigns the 

values of 0 to |G,. . |and -90* to <J>, .   whenever: (1) k=l, 

and [(i=l or m) or (j=l or n)]; (2) k=2, and 

[ (i=m-l or m) or (j=n-l or n)]; (3) G, .. is the null vector.
K-J-3

The X and Y coordinates are transformed to an equiva­ 

lent set of coordinates in the range 0 to 1 for the 

purpose of generating contours more accurately. This 

transformation is effected only if the automatic contouring 

option is selected. The transformed X coordinates are 

given by X'=(X-XMIN)/(XMAX-XMIN). The transformed Y 

coordinates are given by Y'=(Y-YMiN)/(YMAX-YMIN). The 

transformed coordinates of the horizontal and vertical 

lines in the lattice are printed by the program only if 

the automatic contouring option is selected. The use 

of these transformed coordinates also simplifies the 

computational processes required to check the results 

manually. The values printed by the program can be 

transformed back to the original coordinates by using 

the inverse of these two transformations.

If the automatic contouring option is selected, 

then this program generated contours of the function 

g(X,Y) or a slightly modified form of g(X,Y) depending 

on the value of the ELEVATION ADJUSTMENT FACTOR.   (See p. 16.)
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AUTOMATIC CONTOUR OPTION

This option is an extension of the gradient program as 

originally written. It provides for automatic generation 

of contours of the Z variable input matrix. These contours 

are in addition to any contours, which may be generated by 

the line data cards described in "Line Data Cards," p. 7.

This option .is effeeteS-fey^spefeifying :'either^a 0, 3°©r 4 4 

in column 55 of Program control Card Number 2. The contours 

generated will be the same in either case. ifUfcption'PS or 4 

is selected, the program first computes the gradients and 

then generates the contour lines for selected values of the 

variable Z. The program provides the user with the option 

of selecting the contour values by several different methods 

using the Automatic Contour Interval Generation Parameters 

described r below;

Table 4. Automatic Contour Interval Ga&iera.tiQn Parameters 

Columns Format Name/Meaning

1 II OPTION IND-Values should be l-5.(Si£*e
below.)

2- 4 13 MAX NO OF CONTOURS - Must be in the range
1 to 100 unless the option indicator is 
not equal to 1-5. (See p. 16-18,.)

5- 7 13 CONTOUR INTERVAL FACTOR (Lower) - This
value can range from -99 to 999 depending 

v on the values of the Z variable input 
matrix.

8-10 13 CONTOUR INTERVAL FACTOR (Upper) - This
value can range from -99 to 999 but 
should be greater or equal to the lower 
contour interval factor.
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11-22 E12.5 TARGET CONTOUR ELEVATION - If the expo­ 
nential contouring options (3 or 4) are 
selected, then this elevation is used as 
the base for generating the contour 
elevations.

23-34 E12.5 ELEVATION ADJUSTMENT FACTOR - This factor
is used to adjust the input elevation 
matrix values if necessary. (See p. 19.)

Option Indicator for Contours

Five different options are available to the user for 

selecting the contour intervals. If the option indicator 

is specified as 0 or 6-9, then Option 5 is assumed and the 

maximum number of contour intervals generated will be 100.

Option 5 - Constant Contour Intervals (Automatic) 

This option uses the contour interval, CI, specified inmcolumns 

59-70 of Program Control Card Number 2 to generate up to'100 

contour elevations starting with the lowest integral multiple 

of CI*-which is greater than or equal to the minimum value in 

the input elevation matrix. For example, if CI=20, the minimum 

value in the Z variable input matrix is -50,and the maximum 

value is 60, then the following set of contour elevations 

would be generated, (-40,-20,0,20,40,60) unless the maximum 

number of contours requested was less than 6 and Option 5 was 

specified. In this latter case only the maximum number spec­ 

ified would be generated, starting with -40. Note the actual 

number of contours generated is determined by the data.

Option 1 - User Specified Contour Intervals 

This option provides the user the option to specify the 

contour intervals directly on punched cards. The contour 

elevations are read using the format (6E12.5). There should be
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tt values specified, where N is the value contained in 

columns 2-4 of the ACIGP card. N must be in the range 

1 to 100. As many as 6 values are read from each card.

Option 2 - Constant Contour Intervals (User Controlled) 

This option is similar to Option 5,but the contour inter­ 

vals start at L,»CI, where L, is the lesser of the two 

contour interval factors on the ACIGP card. If L I - CI is 

less than the minimum value in the Z variable input matrix, 

then this option will generate contours starting at the 

lowest integral multiple of CI greater than the minimum 

value in the input matrix. The largest contour value 

generated by this option will be (L,+N-1)»CI or the 

greatest integral multiple of CI, which is less than the 

maximum value in the input matrix, whichever is smaller.

Option 3 - Exponential Contour Intervals for Minimums 

This option provides the user with the option of generating 

contour intervals whose spacing varies between subsets of 

these intervals by powers of 10. The TARGET CONTOUR 

ELEVATION in columns 11-22 of the ACIGP card is used as the 

base elevation for generating these contour intervals. For 

example, if columns 11-22 of the ACIGP card contain the value 

1, and the CONTOUR INTERVAL FACTORS are -1 and 0, then the 

following set of contour intervals may. be generated? (-10,

-9,-8,-7,-6,-5,-4,-3,-2,-1.9,-1;8,-1.7,-1.6,-1.5,-1.4,-1.3,

-1.2,-1.1,1.1,1.2,1.3,1.4,1.5,1.6,1.7,1.8,1.9,2,3,4,5,6,7, 

8,9,10). If any of these contour elevations are outside of 

the range of the input matrix,then those contours are deleted.
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Furthermore, no more than N contours will be generated and 

those farthest from the base elevation will be omitted. 

This option can be useful in locating relative minimums of 

a function, whose range spans several orders of magnitude. 

The contour elevations are given by

C. =±(Z n+i-10k ) for i=l,2,...9, 1

and k=L, ,L..-

where: C. is a generated contour interval.1k 

Z Q is the TARGET CONTOUR ELEVATION.

L^ is the lesser of the two CONTOUR INTERVAL FACTORS. 

L2 is the larger of the two CONTOUR INTERVAL FACTORS. 

Option 4 - Exponential Contour Intervals for Maximums 

This option is similar to Option 3, but a slightly different 

formula is used to generate the contour intervals. This 

option is useful in locating relative maximums of a function 

whose range spans several orders of magnitude. The contour 

elevations are given by

Ci =± ( z 0 - iilok ) for 1=1,2,...9, (?) 

and k=L,,L,+1,... L~. 

Additional options may be added in the future as need or use

dictates, however Option 1 allows the user to specify any
*

set of contour elevations 'desired. These contour elevations 

are generated by the subroutine CONTIN. If desired the user 

can program additional options by modifying this subroutine. 

If this is done, thfe generated contour elevations have to 

be sorted in increasing order. This can be achieved by

inserting a GO TO 8 statement after storing the values in ci.
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Technical Considerations for Generating Contours

Due to the method used to generate the contours by this 

program,it may sometimes be necessary to adjust the Z vari­ 

able input matrix values to insure that a contour does not 

pass through the vertex of a triangle in the set S, or S 2 . 

This is accomplished by the program by using the ELEVATION 

ADJUSTMENT FACTOR contained in columns 23-34 of the ACIGP 

card. If this value is a 0 or blank, then the program will 

not adjust the data. However, the program will not operate 

properly if a contour passes through the vertex of one or 

more of these triangles. This adjustment factor should be 

chosen sufficiently small so that none of the contours 

generated will be displaced appreciably. The value of the 

adjustment factor depends on the values of the input data 

and the contour elevations chosen. A typical value for 

this factor is 10" , but other values can be used to pro­ 

duce the results desired. An error message is printed if 

a contour passes through the vertex of a triangle. If this 

happens, the user is advised to try a different adjustment 

factor. This adjustment of the data is carried out as den­ 

ser ibed below.

The values of H.. for i=l,2,...m and j=l,2,...n are 

checked to determine if |H. .-C, | <E>, where E=C,D . or if C,D=0,
1^ K. K. K.

E=D. If so,then the value of H. . is set equal to H. .+E, 

otherwise the value of H.. is not changed. This procedure 

is performed for each elevation C, with the C, in increasing
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order for k=l,2,...N. These possibly new values of H.. are 

used in place of the original values of the H.. for all sub­ 

sequent calculations. Furthermore, the definition of g(X,Y) f 

S,, and S2 are also modified by using these possibly new 

values of the H... 

; The contoutf. elevatiQrtsij&ef ine.ia set pf N planes, :which :-

are parallel to the (X,Y) plane. Since the surface defined 

by S, and S 2 consists of the set of triangular planar sections

S, .. defined by using these possibly new values of H.., the KIJ 13

desired contours are given by the intersection of these two 

surfaces and consist of a series of connected line segments, 

which do not pass through the vertex of any triangle in S, 

or S 2 . Therefore, the line segments form a set of lines 

consisting of possibly (1) disjoint polygons and/or (2) 

disjoint simple closed parts of polygons, which terminate 

on the boundary of the rectangular domain of g(X,Y). Since 

the .NJ planes.defined by the contour elevations do not pass 

through the vertex of any triangle in S, or S 2 , none of these 

triangles can lie entirely in one of these N planes nor can 

a contour terminate at an interior point of the rectangular 

domain. This is the reason why the data may need to be ad­ 

justed. If the adjustment factor is chosen as 0, thefi. - 

the above described conditions may exist. If this happens 

the program will write an error message and stop execution. 

(See "DIAGNOSTIC MESSAGES /' P- 25.)

Due to the width of the pen used for plotting and the 

accuracy of the CalComp plotting subroutines and CalComp
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plotters and to a lesser extent the accuracy of the finite 

number system used in the computer, these lines may appear 

to intersect when the plottape is plotted. Greater sepera- 

tion of the contour lines can be achieved in general by 

increasing the adjustment factor D. However, the problem 

of contour lines appearing to overlap can also be due to

the contour intervals being cho.sen:so small that they come 

together on the domain. To circumvent this problem and to 

make the map easier to read, the contours are plotted in 

four different colors with the color changing from one 

contour to the next higher contour. This feature is 

not available on the CalComp drum plotter. To further- te.~ 

aid in the interpretation of these contours, a contour 

color key is drawn on the plot with the values of the 

contours plotted in the same color as the corresponding 

contours.

Finally, the user has the option of specifying that 

every r point on every s contour be plotted as a special 

symbol such as a "+" and the elevation for that contour 

can be plotted by the symbol. The value of r is given by 

the LINE TYPE variable in columns 78-80 of Pr<»gram Control Card. 

Number 1. The value of s is given by the CONTOUR LABELING FRE­ 

QUENCY;'Variable in columns 56-58 of Program Control Card Number 2. 

The values of r and s should be positive and for good results 

should not be chosen too small. For example, if r is chosen 

too small the program may generate so many contour labels

and special symbols as to obliterate the contours. Also the
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user must choose the values in columns 1 an,d 2 of Program 

Control Card Number 2 to specify the format for the contour 

line labels desired. If the user chooses too small a value 

in column 1 or 2, then incorrect label values will be pro­ 

duced; however; unwanted leading digits can be deleted. 

Limitations

If the number of points on a single contour is greater 

than 999, then the program stops execution and may write a 

STOP 999 in the HASP system log. If this should occur, the 

user is advised to divide his domain in half and run the 

job for each half separately. The maps produced can then 

be taped together to form a composite map for the entire 

domain. If this is necessary, be sure to divide the domain 

so that it reduces the number of points in the contour, 

which contains too many points, and be sure to include the last 

row or column in the first half as the first row or column 

in the second half.

Maximum size-of a contour line label is limited by the

integers in columns 1 and 2 of Program Control Card Number 2. 

Ifwfehe^contour elevations are toonlarige, the program may not 

print the correct value on the label. The user should check 

the output for error messages to this effect. Also if the 

contour elevations are too large, the program may generate 

invalid numbers and terminate with an overflow condition.
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Program Size

This program is designed to process a matrixoof input 

data up to the size 101 columns by 51 rows. Since the user 

may wish to process larger matrices with this program, 

several changes must be made by the user. These changes 

are described below.

Change the dimension variables, MD and LD in the main 

program, to specify the maximum number of rows and 

columns in the input data matrix desired. MD and 

LD must both be less than 1000.

Change the dimension in the main program and in each 

subroutine of the arrays H, PHIl, H2, PHI2, AM, and 

AN,unless they are already dimensioned using the 

dimension variables MD and LD. The arrays H, AM, 

and AN are two-dimensional arrays. For example, 

the array H should be dimensioned as H(150,100) 

if LD is set to 150 and MD to 100. The arrays 

PHI1, H2, and PHI2 are one dimensional arrays and 

should be given the dimensional value of the 

maximum of (LD and MD).

The program required 242K bytes of core storage to 

execute for the set of data used to produce the graph 

presented herein. The program was compiled by the FORTRAN 

H compiler with optimization = 0 under release 20 on the 

U.S.G.S. IBM 360/65 with HASP. If the variables MD and LD

are increased and the corresponding changes described above
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are made, then the size of the program will of course 

change. This change in size can be estimated by 

Change in Size= (14 (m-lJ)-101i81)+|>jy«(La,im)-101)+1023) Kj (8 ,
i JL \J * "

Program Timing

The program required approximately 2*9 minutes of 

execution time to execute on the U.S.G.S. IBM 360/65 

using a set of data to produce the graph and gradient 

arrow map contained in attachment &. The program is 

operational on the IBM 360/65 and the plot tapes have 

been plotted on both the CalComp drum plotter and the 

CalComp flatbed plotter. When using the drum plotter/ 

a dummy subroutine must be included called NEWPEN since 

this subroutine is not contained in the CalGomp Software 

Package for the drum plotter. Also the flatbed plotter 

should be used if the user desires to produce maps in 

color.

The plotting times vary significantly depending on the 

options chosen on the program control cards and the nature 

of the input data. Approximately 30 minutes of plot time 

<w*ireused in preparing the arrow map and the graph contained 

in attachment A.
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DIAGNOSTIC MESSAGES

In order to aid the user in making sure that he has pro­ 

vided the correct information to the program and to indicate 

if certain error conditions have been encountered, this 

program may^print thetfollowing diagnostic messages.

ALL GRADIENT VALUES ARE ZERO, CHECK INPUT DATA TO SEE IF THE

INPUT DATA MATRIX WAS READ IN CORRECTLY.

Cause: All of the gradient magnitudes generated by the

program are zero.

Action: Execution terminates and a STOP 2 may be printed 

in the HASP system log.

NUMBER OF HORIZONTAL GRID LINES MUST BE IN THE RANGE 3 TO nnn 

Cause: The number of horizontal grid lines must be in the

range 3 to MD, where MD is the maximum allowable

number of horizontal grid lines.

Action: Processing terminates and a STOP 1 may be written 

in the HASP system log.

NUMBER OF VERTICAL GRID LINES MUST BE IN THE RANGE 3 TO nnn. 

Cause: The number of vertical grid lines must be in the

range 3 to LD f where LD is the maximum allowable

number of vertical grid lines.

Action: Processing terminates and a STOP 1 may be written 

in the HASP system log. ,
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CONTOUR DOES NOT CLOSE OR END ON BOUNDARY OF DOMAIN. 

Cause: The contour does not terminate on the boundary of 

the domain or else the distance between the last 

point and the first point in the contour is not 

less than 10~ 13 . 

Action: Processing continues, but results are not usually

good. Check output for additional error messages

and examine plot carefully. 

TOO MANY LINE SEGMENTS IN A CONTOUR.

Cause: A single contour contained 999 or more line segments. 

Action: Execution terminates and a STOP 999 may be written

in the HASP system log. See "Limitations" p. 22. 

THERE ARE 1000 OR MORE LINE DATA CARDS IN A SINGLE SET OF 

LINE DATA CARDS. 

Cause: 1000 or more line data cards were read before an

end-of-line card was read. 

Action: The program searches for the next end-of-line

data card and if one is found, plots the first

999 line data points. Processing continues.

NO END-OF-LINE DATA CARD FOUND FOR LAST SET OF LINE DATA CARDS. 

Cause: End-of-line data card is missing. 

Action: Make sure each set of line data cards is followed

by an end-of-line data card. Execution continues

but the last set of line data cards is not plotted.
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INSUFFICIENT INPUT DATA FOUND

Cause: The program encountered an end of file on the data 

set with the DDNAME FT10F001, while trying to read 

the Z variable input matrix. Make sure variable 

format statement and data set contain the correct 

information.

Action: Execution terminates and a STOP 3 may be printed 

in the HASP system log.

NUMBER OF CONTOUR LEVELS REQUESTED IS INVALID.

Cause: The number of contour levels requested was either

less than one or greater than 100. 

Action: Processing terminates and a STOP 10 may be 

printed in the HASP system log.

CONTOUR PASSES THROUGH 3 POINTS ON BOUNDARY OF A TRIANGLE.

Cause: Probably due to the elevation adjustment factor be­ 

ing equal to zero or too close to zero. Increase 

the value of the factor and run the job again.

Action: Execution terminates and a STOP 4 may be written 

in the HASP system log. -.- **.:.

BREAK IN CONTOUR DETECTED

XI Yl X2 Y2 DIST = d

Cause: Either the horizontal or vertical distance between 

the endpoint of the previous line segment and the 

starting point of the next segment is greater than 

10 . The distance between these two points is

given by d. This message will be printed out for
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only the first 10 such breaks. May be caused by 

a contour passing through the vertex of a triangle 

or poor input data.

Action: Processing continues but results probably will not 

be good.

CONTOUR DOES NOT CONNECT EXACTLY

XI X2 Yl Y2

Cause: The endpoint of the previous line segment (XI, Yl)

is not exactly equal to the starting point (X2,Y2) 

of the next line segment. The coordinates of 

these two points are printed in hexadecimal. This 

message will be printed for only the first 20 such 

occurrences. If this message is printed then |xi-X2
~13

and Y1-Y2<10

Action: Processing continues, results are usually good but 

the user should carefully check the plot and the 

printed output for additional error messages. 

CONTOUR PASSES THROUGH THE VERTEX OF A TRIANGLE. 

Cause: Probably due to the elevation adjustment factor not 

being large enough. See "Technical Considerations 

for Generating Contours" p. 19.

Action: Processing terminate s-^and a STOP 4 may be written 

in the HASP system log.
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THE FOLLOWING NUMBER CANNOT BE FORMATTED FOR PLOTTING AS

REQUESTED

O.xxxxxxxxxD-nn NDEC=nn ND=nn

Cause: The number requested to be formatted for plotting 

could not be transformed as requested by the 

MDIG function.

NDEC is the number of requested decimal places to the right

of the decimal point.

ND is the maximum number of requested digits to the left

of the decimal point.

Action: Processing continues but the number which could 

not be formatted correctly may be plotted in­ 

correctly. Usually caused by inappropriate 

values on Program Control Card Number 2 in 

columns 1-5 or numbers which are too large 

for conversion.

RAY DOES NOT INTERSECT GRAPH OR POINT BEING PLOTTED IS NOT

ON GRAPH.

XI Yl X2 Y2 Zl

Cause: The line joining two successive points (XI,Yl) , 

(X2,Y2) requested for plotting does not inter­ 

sect the graph. The Z value for the point 

(X^Y-L) is also printed out. If CX ][ ^1= (X2 ,Y2 ) ,

then this point is not on the graph. The coordinates 

XI, Yl, X2, and Y2 are printed in inches on the

plotter relative to the lower left corner of the

rectangle.
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Action: The PTPLOT subroutine continues to process the 

remaining points requested for plotting and 

execution continues as normal. Make sure 

points are within the graph boundaries.

MAGNITUDE OF GRADIENT=-0.xxxxxE-NN

FOR THE (i,j) ELEMENT IN GRADIENT MATRIX k.

MAGNITUDE ON MAP SET TO 9.999,

where jc = 1 or 2.

Cause: The magnitude of the gradient for the (i,j) element

in gradient matrix k is greater than 9.999. 

Action: Processing continues but the magnitude on the map

is set to 9.999. This can be corrected by using

a small Gradient Map Scaling Factor.

In addition, IBM diagnostic messages may be generated if 

the input data does not conform to the corresponding formats, 

or if data values generate such conditions as underflows, 

overflows, and so forth. i(See( IBM, 1971a, 1971b, and 1971c.) 

The appropriate selection of the parameter values on the 

two program control cards is the responsibility of the user. 

Inappropriate selection of these values can cause the plotter 

to lose origin and overprint values on the maps produced by 

this program.
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PLOTTING OPTIONS

Several variables are used to determine the manner in 

which the points selected for plotting will be plotted. The 

points selected for plotting are those sets of points contain­ 

ed' on the special line data cards and the endpoints of the 

line segments which make up the contours.

The Z INCR variable (t), contained in columns 76-77 of Program 

Control Card Number 1, limits the program to select only every 

t point out of the initial set of points, {P.: i=l, 2, ...}, 

selected for plotting. Thus, only the points P,, Pt+1 r 

P 2t+l ""  wiH actually be used for plotting. If the Z HT 

variable in columns 72-75 of Program Control Card Number 1 is less 

than .01, then the Z values and special symbols will not be 

plotted at the points selected for plotting on the contours. 

If the Z HT variable on an end-of-line card for a special line 

data set is less than .01, then the Z values will not be 

plotted above any of the points in that special line data 

set. Similarly, if the symbol height variable in columns 

46-49 on an end-of-line card is less than .01 for a special 

line data set, then the special symbol will not be plotted 

at any of the points in that data set.

The CONTOUR LABELING FREQUENCY variable determines which 

contours will be labeled. For example, if this variable is 

equal to 5, then only every fifth contour will be selected for 

labeling as dictated by the LINE TYPE variable. Also, if this 

variable is less than or equal to o, then it is set equal to 

1 by the program. If a contour line is not selected for
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labeling, then it is plotted using the value of 999 for the 

LINE TYPE variable.

The LINE TYPE variable is used to determine how the points 

selected for plotting will be plotted. The value of the LINE 

TYPE variable in columns 78-80 of Program Control Card Number 1 

is used for each contour line selected for labeling. The value 

of the LINE TYPE variable on an end-of-line data card is 

used for that corresponding special line data set. If the 

LINE TYPE variable is equal to 999 then no symbols or labels 

will be plotted on the contour or the corresponding special 

line data sets.

If the LINE TYPE variable is equal to 0, then the points 

will be connected by line segments, and those parts of the 

line segments contained in the rectangular domain will be 

plotted.

If the LINE TYPE variable is less than 0, say -3, then 

each of the points contained within the rectangular domain 

will be plotted as a single point; and a special symbol and 

label will be plotted at every third point, provided that the 

height variables for these labels and special symbols are not 

less than .01. The height of the special symbols for contours 

is the same as the Z HT variable referred to above.

if the LINE TYPE variable is greater than 0, say 4, 

then successive points selected for plotting are joined by 

line segments, and those parts of the line segments contained 

in the rectangular domain will be plotted. Also at every
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fourth point a label and special symbol will be plotted, pro­ 

vided that the height variables for these labels and special 

symbols are greater than or equal to .01.

The symbol which is plotted on the contours is determined 

by the SPEC CHAR CODE, (see 'CalComp, 1970) contained in columns 

6-8 of Program Control Card Number 2. The symbol which is 

plotted for the special line data sets is determined by the 

code contained in columns 43-45 of the corresponding end-of- 

line cards.

The format of the numbers printed on the labels above 

these symbols is determined by the values contained in columns 

1-2 of Program Control Card Number 2 for the contours and 

by the values contained in columns 41-42 of the end-of-line 

cards for the corresponding special line data sets.

A special form of the FORTRAN F format is used to convert 

these numbers for plotting. Define 6(Z) = (0 if Z>J3 or 1 if Z<0) . 

The number Z to be plotted, is converted using the FORTRAN 

format code Fk.j where: j<k<ND+NDEC+l+6(Z); j=NDEC; ND is the 

maximum number of digits to the left of the decimal point; NDEC 

is the number of decimal places to the right of the decimal 

point. The actual value of k is determined by the value of Z 

and ND, and is chosen so that leading zeros or blanks will be 

deleted. Only the first ND decimal digits to the left of the 

decimal point are retained in the number Z.

The color of the contours and special line data sets can 

be varied by using different colored pens in the CalComp flatbed 

plotter, and to a limited extent, on the CalComp drum plotter.
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The pen selected for the contours changes successively from 

one contour to the next, starting with pen number 1 when the 

flatbed subroutines are used.

The pen selected for the special line data sets is deter­ 

mined by the number contained in column 37 of the corresponding 

end-of-line card. If this number is not equal to 1-4, then pen 

1 is selected.

If the drum plotter is used, then all of the contours 

will be plotted using the same pen. However, since each frame 

of the tape can be plotted individually, each frame can be 

plotted using a different colored pen if so desired. Each 

special line data set is plotted on a separate frame and there­ 

fore can be plotted in different colors.

Since all of these variables are required for each special 

line data set, the user has the option to plot each special line 

data set and the contour data independently of one another in 

accordance with these options.

If large line data sets are to be plotted with a LINE TYPE 

variable less than zero, a significant amount of plotting time 

can be saved by sorting the data points in such a manner as to 

minimize the sum of the distances between successive points in 

the line data set.
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ATTACHMENTS



A. PLOTS PRODUCED ON CALCOMP PLOTTER

This program can be used to prepare graphs of functions 

and certain kinds of maps on the CalComp plotters. The pro­ 

gram can also prepare a gradient arrow map, which illustrates 

these gradients by arrows in the opposite direction of the 

gradient on the triangles in T,, T 2 , or both. The magnitude 

of the gradient can also be printed by the arrow if desired. 

The arrow sizes will vary in relation to their associated 

magnitude.

The program also allows for the maps to be plotted in 

different colors either by frame or by automatic pen 

selection on the CalComp flatbed plotter. The plottape 

prepared by this program is designed as follows.

Table 5. Plottape Design Table 

Frame Number Item 

1- 2 Initial positioning and selection of pen.

3 Graph frame, graph labels, and graph lines.

4 Graph titles.

5 Gradient Matrix 1 (arrows and magnitudes).

6 Gradient Matrix 2 (arrows and magnitudes).

7 Automatically generated contour lines.

8 Special line data set 1.

9 Special line data set 2.
  »
   
   

n+7 Special line data set n.

999 Positioning of pen for next plot and end 
of plottape.
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The special line data set frames are written on the plottape 

only if the line data sets are processed by the program. 

The first seven frames are always written by the program if 

it does not terminate execution due to an error condition. 

The frames 5, 6, and 7 will contain plotting commands only 

if the corresponding options were selected on the program 

control cards. Various graphs and maps can be plotted by 

selecting and plotting those frames desired.

This attachment contains a graph which approximates 

the function f(X,Y)=100   (X-1.8) (X-2) (X-2.3) (Y-1.7) (Y-2) (Y-2.2) 

on the rectangular domain 1.5<X<_2.5 and 1.5<Y<2.5. This 

function has 9 saddle points and 4'relative maximums or 

minimums. The lines X=1.8, X=2, X=2.3, Y=1.7 f Y=2, and Y=2.2 

are all O's of the function f(X f Y) and divide the domain 

into 16 sections. The sign of the function changes in 

adjacent sections. The two relative minimums and two 

relative maximums plotted in the center sections were 

generated using special line data sets. The contours shown 

on this graph were generated using the exponential contour 

intervals for minimums, see "Option Indicator, for Contours 1;" 

p. 17. The contours are labeled on every eighth contour, 

which contains 50 or more line segments. The values of 

the contours generated are listed in the "CONTOUR COLOR KEY" 

table. Alternate contours are designed to be plotted in 

different colors to make the graph easier to read. The 

colors.of the numbers in the "CONTOUR COLOR KEY" table 

are the same as the colors of the corresponding contours
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on the map. For the purposes of publishing this paper, 

this particular graph was produced using the same color 

pen throughout.

This graph was produced using 101 vertical grid lines 

at a spacing of .01 units in the X direction and 51 hori­ 

zontal grid lines at a spacing of .02 units in the Y direc­ 

tion. The input data matrix for each of these grid points 

was generated using the function f (X,Y) in double precision, 

All computations for the generation of contours were per­ 

formed in double precision; however, the plotting routines 

are coded in single precision. The computed approximation 

surface should be accurate to at least three places at 

each of the grid points. Between grid points, linear 

interpolation is used to estimate the function f(X,Y). 

Analysis of the differences between f(X,Y) and g(X,Y) as 

defined in "TECHNICAL DESCRIPTION," ?  10, is a lengthy and 

complicated procedure. However, it can be shown that the 

function g(X,Y) converges to f(X,Y) as the grid distances 

approach 0. The accuracy of this graph varies with posi­ 

tion on the graph and is a function of the value of the 

function f(X,Y) on each of the triangles used to generate 

g(X,Y). A more accurate graph could be generated by 

choosing the grid sizes smaller. The grid sizes used 

in preparing this graph were chosen to keep the core 

storage requirements of the program to less than 252k bytes
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The arrow map contained in this attachment shows the opposite 

direction and relative magnitude of the gradients on each 

of the triangles contained in T,, only, except for the first 

row and column of triangles. These are omitted due to 

space limitations. Arrow maps for the gradients on the 

triangles contained in T2 , only, or on both T, and T~ can 

be plotted by selecting the appropriate frames on the 

plottape. The arrows in the last column and last row of the 

triangles in T2 are also omitted due to space limitations. 

The magnitudes of the gradients are multiplied by the 

GRADIENT MAP SCALING FACTOR contained in columns 39-50 of 

Program Control Card Number 2. If this number is greater 

than 9.999, then an error message is printed and the number 

is set equal to 9.999 on the map. The size of these numbers 

on the map is determined by the NUMBER SIZE FACTOR contained 

in columns 51-54 of Program Control Card Number 2. If this 

factor is equal to 0 ,then the numbers are not printed on the 

map. Otherwise they are printed over the arrow representing 

the gradient unless: (1) the magnitude of the gradient is 

equal to 0, in which case the arrow and its magnitude are 

not plotted; or (2) the computed heights of the arrow or of 

its magnitude is less than .01, in which case the arrow or 

its magnitude are not plotted, respectively.
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In order to improve the readability of the arrow maps, they 
should be plotted with larger horizontal and vertical dimen­ 
sions to increase the size of the arrows. This map was 
plotted at this size so that it would fit in this paper. 
The use of a magnifying glass will facilitate the reading of 
this map.
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B. LISTING OF SAMPLE INPUT CARDS

This attachment shows the two particular program control 

cards, the three map title cards, the variable format card 

for reading the input matrix, the automatic contour interval 

generation parameters card, and the four special line data 

set cards and associated end-6f-line data cards used to 

generate the graph contained in attachment A.and printer 

output contained in attachment C. These cards are placed 

in the job deck, as shown in attachment E, immediately 

following the //GO.SYSIN DD * card in the same order as 

shown below. A partial printout of the Z variable input matrix 

is shown in attachment c . The Z variable input matrix 

was read in from the data set with the DDNAME of FT10F001, 

which was stored on disc.

1.5 2.5 1,5 2.5 10.0 10.0 1111 0.6503.135 1 50 
30122 3 51101 .01 .02 0.1 038 .01 
43Z=100(X-1.8) <X-2MX-2.3)<Y-1.7MY-2MY-2.2) 
6X AXIS 
6Y AXIS 
<1X,5E22.15)
3100 -3 4 0.0 0.0 
0.333330-02 0.217860 01 0.21120D 01

1 170 3.135.135 1 
4 -0.673850-02 0.21786D 01 0.182140 01

1 170 3.135.135 1 
-0.164890-02 0.188800 01 0.211200 01

1 170 3.135.135 1 
4 0.333330-02 0.188800 01 0.182140 01

1 170 3.135.135 1 
/*
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C. PRINTER OUTPUT

This attachment contains some of the printer output 

produced by this program for the particular set of input 

data contained in this document. Only the first page of 

printout of the Input Data Matrix, Gradient Matrix 1, and 

Gradient Angle Matrix 1 have been included in this attach­ 

ment to reduce the number of pages in this paper.
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D. PROGRAM LISTING

This attachment contains a listing of the 

FORTRAN source code. In addition, the program uses a 

number of subroutines in SYS1.FORTLIB, SYSl.FLATBEDC, 

XTENT.LIB, and an object deck of the subroutine CORE, 

which is not stored in a library. If the program is 

used to produce plots on the CalComp drum plotter, 

then an additional dummy subroutine named NEWPEN is 

required to resolve an external reference. This 

subroutine should not be included if the job is 

prepared for the CalComp flatbed plotter. This sub­ 

routine can be coded as shown below.

SUBROUTINE NEWPEN(INP)
INTEGER*4 INP,N
N=INP
RETURN
END

In addition the JCL used to invoke the CalComp drum 

subroutine package is slightly different. This is dis 

cussed in 'SYSN0TES, (1972).
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C GENERALIZED GRADIENT AND CONTOUR PROGRAM E874 BY MARSHALL STRONG GRD . 1
C HELLMANN JAN 18, 1973 ' GRD 2

INTEGERS ITITLX(18),ITITLY(18),IHEAD(18) GRD 3
LOGICAL*! ZRO,PL,MIN   GRD 4
REAL** H1(1000),PHI(1000),X(1000),Y(1000),PHI1(101,51) GRD 5
REAL*4 IMAGE (4000) . GRD 6
REAL*8 ZXZ(13),X11,XN1,Y11,YM1 GRD 7
REAL*8 Z(IOOO) ,Z2 ,H ( 101 ,51 ) GRD 8
REAL*8 CI ,CIN GRD 9
COMMON LD,MD,CI (101), CIN,M100 . GRD 10
COMMON /CON/ ZXZ,H,PL,ZRO,MIN GRD 11
COMMON /C1C1/ IC2,ZROSUP GRD 12
COMMON /DIST/ SX ,SY ,ZFAC ,HTF , IMI I GRD 13
COMMON /FACS/ FAC GRD 14
COMMON /HI/HI ,PHI ,XL,YL,INT,LT,NDEC,ND,IC,HT2,LTF,ND4,NDEC2 GRD 15
COMMON /ZXY/ Z,X,Y GRD 16
CALL PLOTS <IMAGE(1),4000,9) GRD 17
ZROSUP=0 GRD 18
MD=51 ' GRD 19
LD=101 GRD 20
M100=1000 GRD 21
M99=M100-1 GRD 22
LK=5 GRD 23
WRITE (6,1) GRD 24

1 FORMAT (1H1,37X, 'GENERALIZED GRADIENT AND CONTOUR PROGRAM INPUT PAGRD 25
1RAMETERS 1 ///) GRD 26
READ (5,2»END=30) Xll ,XN1 ,Y11 ,YM1 ,W ,U , IW ,1 V,FAC,LN, HT2 , 1C ,LT,NDEC ,GRD 27
1ND,NDEC2,ND2 ,ND3 » I NT ,M1 ,N1 ,SX , SY ,ZF AC ,HTF ,IMI I ,LTF,CIN GRD 28

2 FORMAT (4E12.5,2F6.3,2I2,F6.3,I1,F4.3,I2,I3/5I1,3I3,3E12.5,F4.3,11GRD 29
1,I3,E12.5) GRD 30
IF <FAC.EO.O) FAC=1 GRD 31

)   GRD 
YM=YM1 . GRD 
CALL FACTOR (FAC) GRD 
WRITE (6,3) X1,XN,Y1,YM,W,U,IW,IV,FAC GRD

3 FORMAT (SXj^XMIN 1 ,10X,'XMAX' ,10X, «YMIN' , lOX.'YMAX 1 ,10X,' WIDTH' ,4X t GRD
1»HEIGHT« ,4X,«NO OF TICK MARKS 1 , 1 F ACTOR ' M( IX , El 2. 5 , 1 X ) , 4X , F7. 3 ,2GRD
2X,F7.3,4X,I2,' HOR',2X,I2,' VERT ' ,3X ,F7. 3/) GRD
RAD=57.2958 GRD
NFZ=ND+NDEC+1 GRD
NFL=ND2+NDEC2+1 . GRD
NFL2=ND3+NDEC2-H . GRD
ND4=MAXO(ND2,ND3) GRD
WRITE (6,4) LN,HT2,IC,LT,MFZ,NDEC,NFL,NOEC2,MFL2,NDEC2 GRD

4 FORMAT (1HO,'GR LINE IND Z HT Z INCR LIME TYPE Z FORMAT XY FOGRD
1RMAT XY FORMAT 2 ' /7X , 1 1 ,6X ,F4.3 ,5X , I 3,6X , 13, 7X , ' F ' , 1 1 , » . ' , II , 5X, « FGRD
2» ,11,'.' ,I1,5X,'F' ,11,'. ' ,I1//) GRD
WRITE (6,5) INT,M1,N1 GRD
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5 FORMAT (/1X,'SPEC CHAR CODE NO OF GRID LINES /8X,12,7X,I 3,  HOR',GRD 51
12X,I3,» VERT'//) GRD 52
WRITE (6,6) SX,SY,ZFAC,HTF GRD 53

6 FORMAT (IHOtlSXt"GRID DISTANCES',19X,'GRADIENT MAP SCALING FACTOR GRD 54
1 NUMBER SIZE FACTOR'/E13.5,' HOR   ,2X t E 13. 5-,   VERT ' , 15X, El 3. 5 ,17X ,GRD 55
2F5.3///) GRD 56
WRITE (6,7) IMIItLTFfCIN GRD 57

7 FORMAT (5X,'OPTIONS INDICATOR ,2X,^CONTOUR LABELING FREQUENCY',2X,GRD 58
1'CONTOUR INTERVAL'//13X,I1,21X,I3,15X,E12.5//) GRD 59
IF (LT.EQ.999) LT=M100 GRD 60
IF (M1.LE.2.0R.M1.GT.MD) GO TO 26 GRD 61
IF (N1.LE.2.0R.N1.GT.LD) GO TO 28 GRD 62
AS1=W/(N1-1) GRD 63
AS2=U/(M1-1) GRD 64
IF US1.LE.AS2) GO TO 8 GRD 65
AS1=AS2 GRD 66

8 CONTINUE GRD 67
DO 9 1=1,LD GRD 68
DO 9 J=1,MD GRD 69

9 H(I,J)=0 GRD 70
XL=W GRD 71
YL=U GRD 72
READ (5,10) NH,(IHEAD(I),!=!,18) GRD 73

10 FORMAT U2,(18A4)) GRD 74
READ (5,10) NX, (ITITLXd ),! = !, 18) GRD 75
READ (5,10) NY, (ITITLYd ) ,1 = 1,18) GRD 76
YD=YM-Y1 GRD 77
XD=XN-X1 GRD 78
CALL GRAPH (XI ,XN,Yl,YM,IV,IW,XL,YL,LN,ND2,NDEC2,ND3) GRD 79
CALL PLOT (0.0,0.0,-3) GRD 80
CALL HEADS ( IHEAD , IT ITLX , IT ITL Y,NX ,NY ,NH-) GRD 81
CALL PLOT (0.0,0.0,-3) GRD 82
DO 11 J=1,M100 . GRD 83

11 PHI(J)=0.0 GRD 84
XF=XL GRD 85
IF (IMII.EO.O) IC2=1 GRD 86
IF (IMII.GT.4) GO TO 15 GRD 87
CALL HEAD (X ,Y ,Z,H ,PHI1,XL,YL,XD,YD,X1,Y1,YM,HT2,N1,M1,AS1 ) GRD 88
ZROSUP=0 GRD 89
CALL PLOT (0.0,0.0,-3) GRD 90
IF (IMII.EO.O) GO TO 13 GRD 91
IF UMII.EO.l) GO TO 12 GRD 92
IF (IMII.E0.3) GO TO 13 ' GRD 93
CALL HEAD (X ,Y ,Z,H,PHI1,XL,YL,XD,YD,X1,Y1,YM,HT2,Nl,M1,AS1) GRD 94

12 CONTINUE GRD 95
CALL PLOT (0.0,0.0,-3) GRD 96
IF (IMII.E0.4) GO TO 14 GRD 97
GO TO 16 GRD 98

13 CALL PLOT (0.0,0.0,-3) GRD 99
14 CALL CONT (Xll ,XN1 ,Yl1 ,YM1,N1,M1) GRD 100
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XF=X(1) GRO 101
GO TO 16 GRD 102

15 CALL PLOT (0.0,0.0,-3)   GRD 103
CALL PLOT (0.0,0.0,-3) GRD 104

16 CALL PLOT (0.0,0.0,-3) " GRD 105
J=0 GRD 106

17 J=J+1 GRD 107 
READ (LK,18,END=21) Z (J ) ,X(J ),Y(J),I SOURtLT,NDEC,ND,INT,HTS,HT2,ICGRD 108

18 FORMAT (3E12,5,I1,I3,2I1,I3,2F4.3,I2) GRD 109
IF (ISOUR.NE.O) GO TO 23 GRD 110 
iF (J.EQ.MIOO) GO TO 19 . GRD 111
GO TO 17 GRD 112

19 WRITE (6,20) M100 GRD 113
20 FORMAT (1H1,'THERE ARE',15,' OR MORE LINE DATA CARDS IN A SINGLE SGRD 114

1ET OF LINE DATA CARDS.'/) GRD 115
J=J-1 GRD 116
GO TO 17 GRD 117

21 IF (J.EQ.l) GO TO 30 GRD 118
WRITE (6,22) GRD 119

22 FORMAT (1H1,'NO END-OF-LINE DATA CARD FOUND FOR LAST SET OF LINE DGRD 120
1ATA CARDS. /) GRD 121
GO TO 30 GRD 122

23 N=J-1 GRD 123
IF (ISOUR.EQ.O.OR.ISOUR.GT.4) 1SOUR=1 GRD 124
CALL NEWPEN (ISOUR) GRD 125
IF (N.LE.O) GO TO 25 GRD 126
DO 24 IJ=1,N GRD 127

24 Hl(IJ)=HTS GRD 128
CALL PTPLOT (X,Y,Z,1C,LT,INT,NDEC,ND,HT2,PHI,XL,YL,XD,YD,XI,Yl ,N,HGRD 129
11) GRD 130
CALL PLOT (0.0,0.0,-3) GRD 131

25 J=0 GRD 132
GO TO 17 GRD 133

26 CONTINUE GRD 134
WRITE (6,27) MD GRD 135

27 FORMAT (1H1,5X,'NUMBER OF HORIZONTAL GRID LINES MUST BE IN THE RANGRD 136
1GE 3 TO   ,I3,«.'/) GRD 137
IF (N1.LE.2.0R.N1.GT.LD) GO TO 28 GRD 138
STOP 1 GRD 139

28 WRITE (6,29) LD GRD 140
29 FORMAT (1H1,5X,'NUMBER OF VERTICAL GRID LINES MUST BE IN THE RANGEGRD 141

1 3 TO ',I3,'.'/) . GRD 142
STOP 1 GRD 143

30 XXL=XF+10 GRD 144
CALL PLOT (XXL,-60.0,999) GRD 145 
STOP " GRD 146
END GRD 147-
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SUBROUTINE LABELS . , LAB 1
REAL*8 DPN,FPN LAB 2
ENTRY XLAB(HT»ND,X,Y,IY,FPN,PHI ,NDEC) LAB 3
DPN=FPN ' LAB 4
MD=MDIG(DPN,NDEC,ND) LAB 5
IF (HD.EQ.O) RETURN LAB 6
X1=X-(MD/2.0)*HT LAB 7
Y1=Y+IY*(HT+.04)+.02 LAB 8
CALL NUMBIR ( XI ,Y1 ,HT ,'OPN ,PHI ,MD ,NDEC ) . LAB 9
RETURN LAB 10
ENTRY YLAB(HT,ND,X,Y,IX,FPN,PHI ,NDEC) LAB 11
DPN=FPN LAB 12
MD=MDIG(DPN,NDEC,ND) LAB 13
IF (MD.EQ.O) RETURN LAB. 14
X1 = X-MMD*HT+.04)*IX + .02 LAB 15
Y1=Y-HT/2.0 LAB 16
CALL NUMBIR (XI ,Y1 ,HT ,DPN ,PHI,MD,NDEC) LAB 17
RETURN LAB 18
END LAB 19-

SUBROUTINE HEAD (X,Y,Z,H,PHI1,XL»YL,XD,YD,X1,Y1,YM,HT2,M1,N1 t AS1) HED 1
REAL*8 RMAX HED 2
REAL*8 Z(1),H(LD,MD) > HED 3
REAL** X(l),Y(l)t H2(101),PHI1( LD»MD),PHI2(101) HED *
INTEGER** F(20) HED 5
COMMON LD,MD,CI(101),CIN,M100 HED 6
COMMON /C1C1/ IC2tZROSUP HED 7
COMMON /DIST/, SX ,SY,ZFAC ,HTF, IMII HED 8
DATA ISII/1/ HED 9
ZROSUP=1 HED 10
L=10 HED 11
FIM=.625 HED 12
IF UMII.EQ.l) FIM=1.0 HED 13
IF (HTF.LT..01) FIM=1.25*FIM ' HED 14
IF (HTF.EQ.O) FIM=1.25 HED 15
RAD=57.2957795 HED 16
ZMAX=9.999 HED 17
10=2 HED 18
ZZ=ZMAX*ZFAC HED 19
M2=M1-1 HED 20
N2=N1-1 HED 21
YDD=YD/N2 HED 22
YDEL=YDD/3 ' HEO 23
XDD=XD/M2 HED 2*
XDEL=XDD/3 HED 25
IF (ISII.EQ.2) GO TO 2 HED 26
DO 1 J=1,N1 HED 27
Y(J)=YM-(J-1)*YDD-YDEL HED 28
GO TO 4 HED 29
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9
10

11

12

13
14

15

16
17

18

00 3 J=1,N1
Y(J)=YM-J*YDD+YDEL
CONTINUE
IF USII.EQ.2) GO TO 9 '
WRITE (6,5)
FORMAT (1H1 ,57X,' INPUT DATA MATRIX 1 /)
READ (5,6) F
FORMAT (20A4)
DO 8 J=1,N1
READ (L,F,END=39) (H ( I ,J) , 1= 1 ,M1 )
WRITE (6,7) (H(I ,J) ,1 = 1, Ml)
FORMAT (/(1X,10E13.5))
CONTINUE
WRITE (1) H
REWIND 1
GO TO 10
READ (1) H
CONTINUE

GO TO 38IF
DO 18 
DO 18 
HY=0 
HX=0

(IC2.EQ.1) 
J=1,N1 
1=1, Ml

IF
IF
IF
HX=
HY=

GO TO 12

GO TO 12

.EQ.M1.QR.J.EQ.N1) 
ISII.EO.l) GO TO 11 
I.EQ.M2.0R.J.EO.N2) 
H(I ,J+1)-HU+1,J + 1 ) )/SX 
H(I+1,J+1)-H(I+1,J))/SY

GO TO 12
IF U.EQ.l.OR.J.EQ.l) GO TO 12
HX=(H(I ,J)-H(I+1,J))/SX
HY=-(H(I,J)-H(I ,J+1))/SY
CONTINUE
H(I ,J)=SQRT(HX**2+HY**2)
IF (HX.EQ.O) GO TO 16
GO TO 17
WRITE (6,14) H(I ,J) ,1 ,J,ISII,ZMAX
FORMAT (IX, 'MAGNITUDE OF GRADIENT = 

I, 1 ) ELEMENT IN GRADIENT MATRIX «,I1 
2F5.3/)
GO TO 18
PHIKI ,J)=0
GO TO 18
IF (HY.EQ.O) GO TO 15
CONTINUE
PHIKI ,J)=ATAN2(HY,HX)*RAD-90.0
IF (H(I ,J )*ZFAC.GT.ZMAX) GO TO 13
CONTINUE
LDLD=LD*MD
HMAX=RMAX(H,LDLD)

HEO 
HED 
HED 
HED 
HED 
HED 
HED

HED 30 
HED 31 
HED 32 
HED 33 
HED 34 
HED 35 
HED 36 
HED 37 
HED 38 
HED 39 
HED 40 
HED 41 
HED 42 
HED 43 
HED 44 
HED 45 
HED 46 
HED 
HED 
HED 
HED 
HED 
HED 
HED 
HED

47
48
49
50
51
52
53
54 

HED 55 
HED 56 
HED 57

58
59
60
61
62
63
64

HED 65
HED 66

,' FOR THE (   , 13, ' ,   , I3HED 67
MAGNITUDE ON MAP SET TO ' ,HED 68

HED 69
HED 70
HED 71
HED 72
HED 73
HED 74
HED 75
HED 76
HED 77
HED 78
HED 79
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IF (HMAX.GT.O) GO TO 20 HED 80
WRITE (6,19) HED 81

19 FORMAT (1H1,5X,'ALL GRADIENT VALUES ARE ZERO, CHECK INPUT DATA TO HED 82
1SEE IF THE INPUT DATA MATRIX WAS READ IN CORRECTLY.'/) HED 83
STOP 2 HED 84

20 CONTINUE , HED 85
HT22=AS1*HTF HED 86
AS2=ASl/5 HED 87
IF (HT22.GT.AS2) HT22=AS2 , HED 88
HT23=HT22 HED 89
DO 26 1=1 ,M2 HED . 90
IF USII.EQ.2) GO TO 22 HED 91
DO 21 J=1,N2 HED 92

21 X(J)=X1+(I-1)#XDD+XDEL HED 93
GO TO 24 HED 94

22 DO 23 J=1,N2 HED 95
23 X(J)=X1+I*XDD-XDEL HED 96
24 CONTINUE HED 97

DO 25 J = l ,N2 HED 98
PHI2(J)=PHI1(I,J) HED 99 
H2(J)=(DABS(H(I,J) ) /HKAX )* ( AS 1*3/4.0-HT22-.05 )+ASl/4 HED 100
H2(J)=H2(J)*FIM HED 101 
IF (H2(J).GT.AS1*1.1) H2(J)=AS1*1.1 HED 102
Z(J)=H(I,J)*ZFAC . HEO 103
IF (Z(J).GT.ZMAX) Z(J)=ZMAX HED 104

25 CONTINUE HED 105
HT22=HT23*FIM HED 106 
CALL PTPLOT (X ,Y ,Z ,1 ,-1 ,6 ,3,1,HT22,PHI2,XL,YL,XD,YD,XI,Yl,N2,H2) HED 107
HT22=HT23 HED 108

26 CONTINUE HED 109
WRITE (6,27) ISII HED 110

27 FORMAT (IHl,59X,'GRADIENT MATRIX ',I1/) HED 111
DO 29 J=1,N2 HED 112
WRITE (6,7) (H(I,J),I=1,M2) HED 113
WRITE (10,28) (H(I ,J),I=1,M2) HED 114

28 FORMAT (5E16.8) HED 115
29 CONTINUE HED 116

WRITE (6,30) ISII HED 117
30 FORMAT (IHl,49X,'GRADIENT ANGLE MATRIX «,U/) HED 118

DO 33 J=1,N2 . HED 119
DO 31 1=1,M2 HED 120

31 PHI2U)=PHI1(I,J)+90 HED 121
WRITE (10,32) (PHI2U ),!=!, M2 ) HED 122

32 FORMAT (8F10.5) HED 123
33 WRITE (6,34) (PHI2(I),I=1,M2) HED 124
34 FORMAT ( /(IX ,10F13.3 ) ) HED 125

IF (ISII.E0.2) GO Tt 36 HED 126
IF (IMII.EQ.l) RETURN HED 127
WRITE (6,35) HED 128

35 FORMAT (IHl,'GRADIENT MATRIX 1 COMPLETED.*/) HED 129
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ISII=2   ' HED 130
RETURN HED 131

36 WRITE (6,37) HED 132
37 FORMAT (1H1,'GRADIENT MATRIX 2 COMPLETED.'/) HED 133 .
38 RETURN HED 134
39 WRITE (6,40) ' HED 135
40 FORMAT (1H1 ,5X ? 'INSUFF1C IENT INPUT DATA FOUND'//) HED 136

STOP 3 HED 137
END HED 138-

FUNCTION RMAX (X,N) . RMX 1
REAL*8 X(l ),XMAX,RMAX RMX 2
XMAX=X(1) RMX 3
DO 3 1 = 1 ,N RMX 4
IF (XMAX-XU)) 1,1,2 RMX 5

1 XMAX=X(1) RMX 6
2 CONTINUE RMX 7
3 CONTINUE , RMX 8

RMAX=XMAX RMX 9
RETURN RMX 10
END RMX 11-

SUBROUTINE GRAPH (XI ,XN ,Y1,YM,N,M ,XL,YL,LN,ND,NDEC,ND2) GRA 1 
REAL*8 YR,XR,DELX,DELY,DELXR,DELYR GRA 2
COMMON /FACS/ FAC GRA 3 
REAL#4 ZRO/0.0/,HT/.2/,TIK/.125/ GRA 4
LN=IABS(LN) GRA 5
YFAC=4/FAC GRA 6
DELX=XL/(N-1) GRA 7
DELY=YL/(M-1) ' GRA 8
CALL PLOT (5.0,-30.0,-3) GRA 9
CALL PLOT (ZRO,YFAC,-3) GRA 10
HTT = AMINl(XL/( (ND2+NDEC + 2 )*(N-2)+ND+NDEC+2),(YL/M-.01)) GRA 11
YTK=TIK GRA 12
CALL PLOT (XL,ZRO,2) GRA 13
CALL PLOT (XL,YL,2) GRA 14
CALL PLOT (ZRO,YL,2) GRA 15
CALL PLOT (ZRO,ZRO,2) ' GRA 16
XR=X1 GRA 17
YR=Y1 .   GRA 18
Y=-YTK GRA 19
X=0 GRA 20
DELXR=(XN-X1)/(N-1 ) GRA 21
DELYK=(YM-Y1 )/(M-l) GRA 22 
IF(HTT.LT.HT) HT = AMAX1(HTT ,.01) GRA 23
DO 2 1 = 1,N . GRA 24
IF (LN.NE.1.AND.LN.NE.2) GO TO 1 GRA 25
CALL PLOT <X,ZRO,3) GRA 26
CALL PLOT (X,Y,2) GRA 27

1 CONTINUE GRA ..28
NXD=ND2 ' GRA 29
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IF {I.EO.I.OR.I.EO.N) NXD=ND ' GRA 30
CALL XLAB (HT,NXD,X,Y,-1,XR ,ZRO,NDEC) GRA' 31
XR«X1+OELXR*I GRA 32
X=X+DELX . GRA 33

2 CONTINUE . GRA 34
Y=0 GRA 35
X=XL+TIK   GRA 36
DO 4 1 = 1,M GRA 37
IF (LN.ME.1.AND.LN.NE.2) GO TO 3 . GRA 38
CALL PLOT (XL,Y,3) GRA 39
CALL PLOT (X,Y,2) GRA 40

3 CONTINUE GRA 41
NYD=ND2 . GRA 42
IF (I.EQ.I.OR.I.EO.M) NYD=ND GRA 43
CALL YLAB (HT,NYD,X,Y,0 t YR ,ZRO ,NDEC) GRA 44
YR=Y1+DELYR*I . GRA 45
Y=Y+DELY GRA 46

4 CONTINUE GRA 47
XR=XN . GRA 48
Y=YL+TIK GRA 49
X = XL GRA 50
DO 6 1 = 1,N GRA 51
IF UN.ME.1.AND.LN.NE.2) GO TO 5 GRA 52
CALL PLOT (X,YL»3) GRA 53
CALL PLOT (X,Y,2) GRA 54

5 CONTINUE GRA 55
NXD=ND2 GRA 56
IF (I.EQ.l.OR.I.EO.N) NXD=ND GRA 57
CALL XLAB (HT,NXD,X,Y,0,XR,ZRO ,NDEC) ' GRA 58
X=X-DELX - GRA 59
XR=XN-DELXR*I   GRA 60

6 CONTINUE ' GRA 61
YR=YM GRA 62
X=^TIK GRA 63
Y=YL GRA 64
DO 8 1 = 1,M . , GRA 65
IT UN.NE.l.AND.LN.NE.2) GO TO 7 ' GRA 66
CALL PLOT (ZRO,Y,3) GRA 67
CALL PLOT (X,Y,2) GRA 68

7 NYD=ND2 GRA 69
IF (I.EQ.I.OR.I.EO.M) NYD=ND GRA 70
CALL YLAB (HT ,NYD,X,Y,-1,YR,ZRO,NDEC) . GRA 71
YR=YM-DELYR*I GRA 72
Y=Y-DELY ' GRA 73

8 CONTINUE . GRA 74
IF UN.EQ.1.0R.LN.E0.3) GO TO 9 GRA 75
RETURN GRA 76

9 X=0 GRA 77
Y=0 GRA 78
Jl=0 ' GRA 79
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X2=DELX GRA 80
DO 10 I=ltN,2 .   GRA 81
CALL PLOT (X,Y t 3) GRA 82
CALL PLOT (X f YLt2) GRA 83
J1=J1+1 GRA 84
IF Ul.EQ.N) GO TO 11 GRA 85
CALL PLOT (X2,YL,3) GRA 86
CALL PLOT (X2,Y,2) GRA 87
J1=J1+1 GRA 88
IF (Jl.EQ.N) GO TO 11 GRA 89
X=J1*DELX  -.  GRA 90
X2=U1 + 1)*DELX . GRA 91

10 CONTINUE GRA 92
11 Jl=0 GRA 93

Y=0 GRA 94
X=0 GRA 95
Y2=DELY GRA 96
DO 12 I=1»M,2 GRA 97
CALL PLOT (XLtY,3) GRA 98
CALL PLOT (X,Y,2) GRA 99
JlsJl+1 GRA 100
IF (Jl.EQ.M) GO TO 13 GRA 101
CALL PLOT <X,Y2t3) " GRA 102
CALL PLOT (XLtY2,2) GRA 103
J1=J1+1 GRA 104
IF Ul.EQ.M) GO TO 13 GRA 105
Y=J1*DELY GRA 106
Y2=(J1+1)*DELY GRA 107

12 CONTINUE GRA 108
13 RETURN GRA 109

ENTRY HEADS(IHEAD,ITITLX f ITITLY,NX,NY,NH) GRA 110
INTEGER** ITITLX(18),ITITLY(18), IHEADU8) GRA 111
HT=.2 GRA 112
N4=(MAXO(ND,ND2)-m-NDEC) GRA 113
YT=YL+HT*2+.25 GRA 114
XT=XL+N4*HT*2+.25 GRA 115
IF (NX.EQ.O) GO TO 14 GRA 116
Y=-4*HT ' GRA 117
X=XL/2-NX*HT/2.0 GRA 118
IF (X.LT.-N4*HT-.125) HT=XT/NX ' GRA 119
X=XL/2-NX*HT/2.0 GRA 120
CALL PLOT (X,Y,3) GRA 121
CALL SYMBOL (X,Y ,HT,ITITLX,0.0,NX) GRA 122
HT=.2 GRA 123

14 IF (NY.EQ.O) GO TO 15 GRA 124
X»-(NYD+NDEC+3)*HT GRA 125
Y=YL/2+NY*HT/2.0 GRA 126
IF (Y.GT.YT-HT-.125) HT*YT/NY GRA 127
Y=YL/2+NY*HT/2 GRA 128
CALL PLOT (X,Y,3) GRA 129
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CALL SYMBOL (X ,Y ,HT , IT ITLY,270.0,NY ) GRA 130
HT = .2 GRA 131
HHT=1.3333*HT . GRA 132

15 IF (NH.EO.O) RETURN GRA 133
X=XL/2-NH*HHT/2.0 GRA 134
Y=YL + TIK + HT*2. GRA 135
IF (X.LT.-N4*HT-.125) HHT=XT/NH GRA 136
X=XL/2-NH*HHT/2 - GRA 137
CALL PLOT (X,Y,3) ' GRA 138
CALL SYMBOL (X , Y ,HHT,I HE AD,0.0 ,NH) GRA 139
RETURN . GRA 140
ENTRY XYPLOT(XD,YD,NPTS,INC,LINTYP , INTEQ ,XP ,YP ) GRA 141
REAL*4 XD(1 ) ,YD(1 ) ,XP(1.) ,YP(1) GRA 142
DO 16 J = l ,NPTS GRA 143
XP(J)=XL#(XD(J)-Xl)/(XN-Xl) GRA 144

16 YP(J)=YL*(YD(J)-Yl)/(YM-Yl) GRA 145
CALL LINE (XP,YP,NPTS,INC ,LINTYP , INTEU ) GRA 146
RETURN GRA 147
END GRA 148

SUBROUTINE NUMBIR (X ,Y ,HT ,Z,PHI ,ND ,NDEC) : NUM 1
REALMS Z -   NUM 2
LOGICAL*! W(99) ,IZ2(99) ,FMT(8)/'( ' ,'F','0','0', '   ' t'0','<)  ,' )  / NUM 3
LOGICAL*! FM(8)/M ' ,'F','0','0','  ' ,'0','0','')'/,BLK/' '/ NUM 4
INTEGERS IZ3(25) NUM 5

. INTEGERS N1,N2 NUM 6
EQUIVALENCE (I Z3 (1 ) , I Z2 (1 ) ) . NUM 7'
DO 1 J=l,8 . ' NUM 8

1 FMT<J)=FM(J) NUM 9
K2=ND/10 NUM 10
K1=ND-K2*10 NUM 11
N1=K2*256+K1 NUM 12
CALL LOR (FMT(3) ,2,N1 ,2) NUM 13
K4=NDEC/10 * NUM 14
K3=NDEC-K4*10 NUM 15
N2=K4*256+K3 NUM 16
CALL LOR (FMT(6) ,2»N2,2) NUM 17
CALL CORE (W,99) NUM 18
WRITE (100,FMT) Z NUM 19
CALL CORE (W,99) NUM 20
READ (100,2) UZ2U ) ,1 = 1,NO) ' NUM 21

2 FORMAT (99A1) ;. NUM 22
DO 3 1 = 1 ,ND NUM 23
IF( IZ2(I ).EO.BLK) IZ2(I)=FM(3) NUM 24

3 CONTINUE NUM 25
CALL SYMBOL(X,Y,HT,IZ3,PHI,ND) , . NUM 26
RETURN . NUM 27
END NUM 28

SUBROUTINE ENDPT ( X 1 , Yl ,X2 , Y2 ,XK , YK , I SW ) "END. 1
IMPLICIT REAL*8(A-H,0-Z) - END 2
REAL*4 XI ,Y1 ,X2,Y2,XK,YK END 3
EPS=1.0D-7 , END 4
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XL=DBLE(XK) END 5
YL=DBLE(YK) END 6
XO=DBLE(X1) ' END 7
YO=DBLE(Y1) END 8
RX=XO END 9
RY=YO END 10
XF=DBLE(X2) END 11
YF=DBLE(Y2) END 12
XE=XF END 13
YE = YF END 14
KK=0 END 15
IF (XE.EQ.RX) GO TO 7 END 16
SLOPE=(YE-RY)/(XE-RX) END 17
KK=KK+1 END 18
IF (KK.GT.4) GO TO A . END 19
XSW=0 - END 20
YSW = 0 END 21
IF (XE.LT.O) XSW=-1 END 22
IF (YE.LT.O) YSVI = -1 END 23
IF (XE.GT.XL) XSW=1 END 24
IF (YE.GT.YL) YSVI = 1 END 25
IF (XSW.NE.O) GO TO 5 END 26
IF (YSW.NE.O) GO TO 6 END 27
D3=DSQRT((XF-XO)**2+(YF-YO)**2) END 28
D1=DSQRT((XE-XO)**2+(YE-YO)**2) END 29
D2=DSQRT((XE-XF)**2+(YE-YF)«*2) END 30
IF UDH-02).EO.O) GO TO 3 END 31
IF ((D3/(DH-D2 )*EPS).LT.l) GO TO 4 END 32
ISW=0 END 33
X2=XE END 34
Y2-YE END 35
RETURN END 36
ISW=2 ' END 37
X2 = XF -.--... . END 38
Y2=YF END 39
RETURN END 40
CONTINUE END 41
IF USW.GT.O) XE=XL END 42
IF (XSW.LT.O) XE=0 END 43
YE=RY+SLOPE*(XE-RX) END 44
GO TO 1 END 45
IF (YSV.'.GT.O) YE=YL ' . END 46
IF (YSW.LT.O) Y6=Q * END 47
IF (SLOPE.EO.O) GO TO 1 END 48
XE=(YE-RY)/SLOPE+RX END 49
GO TO 1 END 50
IF (YE.LT.O) YE=0 END ' 51
IF (YE.GT.YL) YE=YL END *?2
IF (XE.LT.O) GO TO 4 ' ' END 53
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IF (XE.GT.XL) GO TO A
GO TO 2
END '

SUBROUTINE CONTIN (ZMAX ,ZMIN,N ,D1) CTN 1
IMPLICIT REAL*8(A-H,0-Z) CTN 2
REAL*8 CI tCIN,DI CTN 3
COMMON LDfMDfCHlOl) ,CIN CTN 4
Z0=0 CTN 5
READ <5,1) IStM»Ll,L2,ZO,DI CTN 6

1 FORMAT (11,313,2612.5) CTN 7
IF (IS.60.0.OR.IS.GT.5) GO TO 2 CTN 8
N=M - . CTN 9

2 IF {N.LE.O.OR.N.GT.100) GO TO 26   CTN 10
IF CL2.G6.L1) GO TO 3 , CTN 11
LM2=L2 CTN 12
L2=L1 CTN 13
Ll=LI-i2 CTN 14

3 WRITE (6,4) IS,M,L1,L2 CTN 15
4 FORMAT (1H1,42X,'AUTOMATIC CONT.OUR INTERVAL GENERATION PARAMETERS' CTN 16
1//5X,'OPTION IND',2X,'MAX NO OF CONTOURS 1 ,2X, CONTOUR INTERVAL FACCTN 17
2TORS«/10X,I1,13X,I4,15X,I3,6X,I3//) CTN 18
WRITE (6t5) ZO,DI CTN 19

5 FORMAT (/5X t 'TARGET CONTOUR ELEVATION  f 2X,»ELEVATION ADJUSTMENT FCTN 20
1ACTOR'//13X,E12.5,13X,E12.5///) CTN 21
IF US.EQ.O.OR.IS.GT.5) IS=5 CTN 22
GO TO (6,lltl4,19,24), IS CTN 23

6 READ (5,7) (CI(I ) ,1 = 1 ,N ) CTN 24
7 FORMAT (6E12.5) CTN 25
6 IF (N.EQ.l) GO TO 10 CTN 26
N2=N-1 CTN 27
DO 9 1 = 1,N2 CTN 28
12=1+1 CTN 29
DO 9 J=I2,N CTN 30
IF (CI(I).LE.CI(J)) GO TO 9 CTN 31
TCKKI) CTN '32
CtU)=CHJ) CTN 33
CI(J)=TCI CTN 34

9 CONTINUE CTN 35
10 CONTINUE CTN 36

RETURN CTN 37
11 J*0 . CTN 38

DO 12 1 = 1,N CTN 39
J=J41 CTN 40
CI(J)3CIN*(L1+I-1> CTN 41
IF (CI(J).LT.ZMIN) J=J-1 CTN 42
IF (CI(J).GT.ZMAX) GO TO 13 CTN 43

;i2 CONTINUE CTN 44
RETURN ' CTN 45

13 NaJ-1 CTN 46
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RETURN CTN 47
14 J=0 CTN 48

DO 17 L=LltL2 . . CTN 49
DO 17 1=1,9 CTN 50
J=J+1 CTN 51
IF (J.GT.N) GO TO 8 CTN 52
CI(J)=I*10.0DO**L+ZO CTN 53
CIJ=CKJ) CTN 54
IF (CI(J).GT.ZMAX.OR.CIJ.LT.ZMIN) GO TO 15 CTN 55
J=J+1 CTN 56
IF (J.GT.N) GO TO 8 CTN 57

15 IF (-CIJ.LT.ZMIN.OR.-CIJ.GT.ZMAX) GO TO 16 CTN 58
CI(J)=-CIJ CTN 59
GO TO 17 CTN 60

16 J=J-1 CTN 61
IF (CIJiGT..ZMAX.AND.-CIJ.LT.ZMIN) GO TO 18 CTN 62

17 CONTINUE CTN 63
N^J CTN 64
GO TO 8 CTN 65

18 N=J '" CTN 66
GO TO 8 CTN 67

19 J=0 CTN 68
DO 22 L=L1,L2 CTN 69
DO 22 I=lt9 CTN 70
J=J+1 CTN 71
IF (J.GT.N) GO TO 8 CTN 72
CI(J)=-I*10.0DO**L+ZO CTN 73
CIJ=CI(J) CTN- 74
IF (CHJ).LT.ZMIN.OR.CI(J).GT.ZMAX) GO TO 20 CTN 75
JaJ+1 CTN 76
IF (J.GT.N) GO TO 8 CTN 77

20 IF (-CIJ.GT.ZMAX.OR.-CIJ.LT.ZMIN) GO TO 21 CTN 78
CI(J)=-CIJ CTN 79
GO TO 22 CTN 80

21 J=J-1 CTN 81
IF (CIJ.LT.ZMIN.AND.-CIJ.GT.ZMAX) GO TO 23 CTN 82

22 CONTINUE CTN 83
N=J CTN 84
GO TO 8 CTN 85

23 N=J CTN 86
GO TO 8 CTN 87

24 CONTINUE CTN 88
L1=ZMIN/CIN ' CTN 89
IF (ZMIN.LT.O) GO TO 25 CTN 90
IF (L1*CIN.EQ.ZMIN) GO TO 25 CTN 91
L 1=11 + 1 CTN 92

25 L2=ZMAX/CIN CTN 93
GO TO 11 CTN 94

26 WRITE (6,27) CTN 95
27 FORMAT (1H1,'NUMBER OF CONTOUR LEVELS REQUESTED IS INVALID. 1 ) CTN 96
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STOP 10 - CTN 97
END CTN 98-

&UBROUTINE KEY (XLI»YLI,PCI,XF)' KEY i
REAL*8 PCI KEY 2
INTEGER** IPCIAO) KEY 3
LOGICAL*! PCIA(12),WW(12) KEY 4
EQUIVALENCE (PC IA(1 ) , IPCIAt I )) KEY 5 ^
DATA IPEN,IYL ,YD,HY/ 0,0».165,.125/ KEY 6
IYL=IYL+1 KEY 7
XXXL=XL1 KEY 8
YYYL=YLl-IYL*YD-.l KEY 9
IF (YYYL.GT.O) GO TO 1 KEY 10 * \
XL1=XL1+17*HY KEY 11 I
XXXL=XL1 KEY 12 |
IYL=1 KEY 13 |
YYYL=YL1-IYL*YD KEY 14 I
CALL PLOT (XXXL ,YYYL ,3) KEY 15 i
CALL CORE (WW,12) KEY 16 i
WRITE (100,2 ) PCI KEY 17 |
FORMAT (E12.5) KEY 18 |
CALL CORE (WW,12) KEY 19 i
READ (100,3) PCIA . KEY 20 j
FORMAT (12A1) ~" . KEy 21 |
CALL SYMBOL (XXXL ,YYYL ,HY,IPCIA,0.0,12) KEY 22 !
XXXL=XXXL+14*HY KEY 23 I
XF=XXXL KEY 24 i
IPEN=IPEN-H KEY 25 I
IPEN=IPEN-UPEN/4)*4 KEY 26
JPEN=IPEN+1 KEY 27
CALL NEWPEN (JPEN) KEY 28
RETURN KEY 29
END . KEY 30-

SUBROUTINE P r PLOT (X ,Y ,Z , INC,LINTYP,INT,NDEC,ND,HT,PHI,XL,YL,XD,YDPTP 1
UX1,Y1 ,N,H2) PTP 2
REAL*A PHI(1),H2(1) PTP 3
REAL*4 X(l) ,Y(1),XXN,YYN,RF PTP 4
REAL*8 ZQ) PTP 5
REAL*8 0/C.ODO/ PTP 6
COMMON /C1C1/ IC2,ZROSUP PTP 7
IF (INC.LE.O) INC=1 PTP 8
M=0 PTP 9
K=0 PTP 10
L=IABS(LINTYP) PTP 11
DO 14 J=1,N,INC PTP 12
K=K+1 PTP 13
XI=(X(J)-X1)*XL/XD PTP 14 , |
YI = (Y(J)-Y1 )*YL/YD PTP 15
XB=XI PTP 16
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YB = YI . PTP 17
IF ((J+INC ).GT.N.OR.LINTYP.LT.0) GO TO 1 PTP 18
XE=(X(J+INC)-Xl)*XL/XD PTP 19
YE=(Y(J+INC)-Yl)*YL/YD PTP 20
GO TO 2 . PTP 21

1 XF=XI PTP 22
YE=Y1 ' PTP 23

2 IE=0 -' PTP 24
11=0 PTP 25
IF ( IC2.E0.1) GO TO 3 . PTP 26
CALL ENUPT (X I ,YI ,XE ,YE ,XLfYL , ISW ) PTP 27
IF USW.NE.O) IF = 1 PTP 28
CALL ENDPT (XE,YE ,X I ,Y I ,XL,YL, ISW ) PTP 29
IF (ISW.NE.O) 11=1 PTP 30
IF (IE.NE.O.AND.II.NE.O) GO TO 11 PTP 31

3 CONTINUE PTP 32
IF (K.LT.L) GO TO 6 PTP 33
IF (XB.NE.XI.OR.YB.NE.YI ) GO TO 9 PTP 34
IF UZ(J).EO.Q).AND.(LINTYP.LT.0).AND.ZROSUP.EO.1 ) GO TO 14 PTP 35
IF (LINTYP.EQ.O) GO TO 7 PTP 36
H1=H2(J) PTP 37
PHI1 = PHIU) PTP 38
IF (HT.LT..01) GO TO 4 PTP 39
MD=MDIG(Z(J),NDECiND) PTP 40
IF (MD.EQ.O) GO TO 6 PTP 41
XX=XI-(MD/2.0)*HT PTP 42
IF (XX.LT.0.05) XX=0.05 PTP 43
IF (XX.GT.(XL-MD*HT-0.05)) XX*XL-MD*HT-0.05 PTP 44
YY=YI+.05+Hl/2 PTP 45
IF (YY.GT.(YL-HT/2-.05)) YY=YL-HT/2-Hl-.05 PTP 46
CALL NUMBIR (XX,YY,HT,Z(J),0.0,MD ,NDEC ) PTP 47

4 CONTINUE PTP 48
IF (H1.LT..01) GO TO 5 PTP 49
CALL SYMBOL (X I , YI ,H1 , INT ,PHI1,-1) PTP 50

5 K=0 PTP 51
6 IF (LINTYP.LT.O) GO TO 10 PTP 52
7 CONTINUE PTP 53

IF (XI.EO.XXN.AMD.YI.EO.YYN) GO TO 8 PTP: 54
CALL PLOT (XI,YI V 3) PTP 55

8 CONTINUE PTP 56
XXN=XE ' PTP 57
YYN=YE PTP 58
CALL PLOT (XE»YEi2) PTP 59
GO TO 14 PTP 60

9 .IF (LINTYP.LT.O) GO TO 14 PTP 61
GO TO 7 PTP 62

10 CONTINUE * PTP 63
CALL PLOT (XI ,YI ,3) PTP 64
CALL PLOT (XI»YI,2) PTP 65
GO TO 14 PTP .66

-67-



11 CONTINUE i PtP h'f
IF ((J+INO.GT.N.AND.LINTYP.GE.O.AND.M.EQ.l) GO TO IV PTP 68
WRITE (6,12) PTP 6^

12 FORMAT (IX,'RAY DOES NOT INTERSECT GRAPH OR POINT BEING PLOTTED ISPTP 70
1 NOT "ON GRAPH.') PTP 71
WRITE (6,13) XI ,YI ,XE,YE,Z(J) . PTP 72

13 FORMAT (1X,5E24.16) PTP 73
14 M=l PTP 74

RETURN PTP 75
.END   PTP 76-

FUNCTION MDIG(FPN,NDEC,ND) MDG 1
REAL*8 EJX MDG 2
REAL*8 FPNiDPN,EPN MDG 3
1NTEGER*4 IBIG/Z7FFFFFFF/ MDG 4
MDIG=0 MDG 5
IF (NDEC.EQ.O.AND.ND.EQ.O) RETURN MDG- 6
10=6 ' MDG 7
IF (FPN.LT.O) MDIG=1 MDG 8
IF UDABS(FPN)/10**ND).GT.IBIG> GO TO 2 MDG -9
1X=DABS(FPN)/10**ND MDG 10
FPN=DABS(FPN)-IX*10**ND MDG 11
FPN=FPN*(-1 )*vMDIG MDG 12
EPN=DABS(FPN)+.5DO*(10.0DO**(-NDEC)) MDG 13
JX=10*#NDEC . MDG 14
IX=EPN#DFLQAT(JX) MDG 15
EPN=DFLOAT(IX)/DFLOAT(JX) MDG 16
EJX=DFLOAT(JX)/DFLOAT(JX) MDG 17
IF (EPN.LT.EJX) GO TO 6   MDG 18
1=0 MDG 19
IF (ND.EQ.O) GO TO 4 . . MDG 20
DO 1 1=1,ND MDG 21
DPN=EPN/(10**I) MDG 22
IF (DPN-EJX) 4,5,1 MDG 23

1 CONTINUE MDG ' 24
2 WRITE (10,3) FPN,NDEC,ND " MDG 25
3 FORMAT (IX,'THE FOLLOWING NUMBER CANNOT BE FORMATTED FOR PLOTTING MDG 26
1AS REQUESTED.',2X,E16.9,  NDEC=',I2,« ND=«,I2) MDG 27
MDIG=ND+NDEC+MDIG+1 MDG 28
GO TO 7 MDG 29

4 MDIG=MDIG+H-NDEC-H MDG 30
GO TO 7 * MDG 31

5 MDIG=MDIG+I+NDEC+2 MDG 32
GO TO 7 MDG 33

6 MDIG=1+NDEC+MDIG+MINO(1,ND) MDG 34
7 RETURN MDG 35

END   MDG 36-
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FUNCTION RMIN (X,N) ' RMN 1
REAL*8 X(l ),XMIN,RMIN RMN 2
XMIN=X(1) . RMN 3
DO 3 1 = 1,N RMN *
IF (XMIN-X(I)) 2,1,1 RMN 5

1 XMIN=X(I) . RMN 6
2 CONTINUE RMN 7
3 CONTINUE RMN 8

RMIN=XMIN RMN 9
RETURN RMN 10
END RMN 11-

SUBROUTINE CONT (Xll ,XN1 ,Yl1,YM1,M1,N1) CON 1
IMPLICIT REAL*8(A-H,0-Z) CON 2
LOGICAL*! AM(101,51 ),AN(101,51),MIN,PLtZRO CON 3
LOGICAL*! PLlfMINltZROl CON *
INTEGER** CKEY(5)/'CONTOUR COLOR KEY '/ CON 5
REAL** HZL CON 6
REAL** XF,YF,XL1,YL1 CON 7
REAL** XN2,YM2,X12,Y12,XL,YL,HT2,XXXL CON 8
REAL** U(2000),V(2000),H1(1000),PHI(1000) CON 9
REAL*8 Z(1000),H(101,51) ' CON 10
REAL*8 X(lOOO)fYdOOO) CON 11
REAL*8 XP(3),YP(3),EPS/1.OD-13/ CON 12
EQUIVALENCE (XP ,XX1),(YP,YY1) CON 13
EQUIVALENCE (U,X),(V,Y) CON 1*
COMMON LDfMDfCI(lOl) ,CIN,M100 ...^ CON 15
COMMON /CON /Xl,XN,Yl,YM,XD,YD,XXl,XX2,XX3,YYl,YY2,YY3fPCJ,H,PL7 C.ON 16
1ZRO,MIN   CON 17
COMMON /C1C1/ IC2 CON 18
COMMON /DIST/SX,SY,ZFAC,HTF,IMII CON 19
COMMON /Hl/Hl,PHI,XL,YL,INT,LT,iNDEC,ND,IC,HT2,LTF,ND*,NDEC2 CON 20
COMMON /IJ/I11,J11,I12,J12,II1,II2 CON 21
COMMON /ZXY/ Z,X,Y CON 22
DATA PL1 ,MIIH ,ZR01/'-»-' ,'-' ,'0'/ CON 23
DIS(A,B,C,E) = DSORT((A-C)**2-K B-E)**2) CON 2*
M99=M100-1 . CON 25
IC2=1 CON 26
IRS=21   CON 27
IRS=0 CON 28
IRR=100 COM 29
XLl = XL-HNDEC2+ND*+5)*.2 . CON 30
YL1=YL CON 31
DO 1 I=1,M100 CON 32
PHI(I)=0 CON 33

1 Hl(I)=HT2 CON 3*
1=1 CON 35
J=l CON 36
X1=X11 . CON 37
Y1=Y11 . CON 38
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XN=XN1 ' CON 39
YM=YM1, CON 40
YM=YM-Y1   CON 41
Yl=0 CON 42
XN=XN-X1 CON 43
Xl=0 CON 44
IF (LTF.EQ.O) LTF=1 CON 45
PL=PL1 . CON 46
MIN=MIN1 . CON 47
ZRO=ZR01 CON 48
N2=N1-1 CON 49
M2=M1-1 CON 50
LDLD=LD*MD , CON 51
DO 2 1 = 1,LD CON 52
00 2 J=1,MD CON 53
AM(I,J)=PL CON 54
AN(I,J)=PL CON 55
IBC=0 CON 56
YO=(YM-Y1)/N2 CON 57
XD=(XN-X1)/M2 CON 58
YM=YD*N2 CON 59
XN=XD*M2 CON 60
REWIND 1 CON 61
READ (1) H CON 62
REWIND 1 CON 63
DO 3 1 = 1,Ml CON 64
XU)=X1-KI-1)*XD CON 65
DO 4 J=1,N1 CON 66
Y(J)=YM-(J-1)*YD CON 67
WRITE (6,5) CON 68
FORMAT (1H1 ,53X,'HORIZONTAL GRID COORDINATES'/) CON 69
WRITE (6,7) (X(I ),! = !,Ml) CON 70
WRITE (6,6) CON 71
FORMAT (1HO,54X,'VERTICAL GRID COORDINATES'/) CON 72
WRITE (6,7) (Y(J),J=1,N1) CON 73
FORMAT (/(1X,5E15.8)) CON 74
HMAX=-1.0E50 CON 75
HMIN=1.0E50 CON 76
DO 8 J=1,N1 CON 77
HMM = RMIN(H(1,J ),M1) CON 78
IF tHMIN.GT.HMM) HMIN=HMM CON 79
HMM=RMAX(H(1,J),M1) . CON 80
IF (HMAX.LT.HMM) HMAX=HMM CON 81
CONTINUE CON 82
NCIN=100 CON 83
CALL CONTIN (HMAX,HMIN,NCIN,DI) CON 84
IF (DI.EO.O) GO TO 13 CON 85
DO 9 1 = 1,Ml CON 86
DO 9 J=1,N1 CON 87
DO 9 L=1,NCIN CON 88

= DABS(DI*CI(LM CON 89
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IF (ACI.EQ.O) ACI=DI ' CON 90
IF (DABS(CIU)-H(I ,J)).LT.ACI) H( I , J) = CI I D+ACI CON 91

9 CONTINUE . CON. 92
WRITE (6,10) CON 93

10 FORMAT (1H1,53X,'ADJUSTED INPUT DATA MATRIX 1 /) . CON 94
DO 12 J=1,N1 CON 95
WRITE (6,11) (H(I,J),I=1,M1) CON 96

11 FORMAT l/(lX f 10E13.5» CON 97
12 CONTINUE CON 98
13 CONTINUE CON 99

Kl = l CON 100
K10=0 CON 101
DO 59 K=1,MCIN CON 102
PCI=CI(K) CON 103
111=1 CON 104
Jll=l CON 105
112=1 CON 106
J12=l CON 107
111=1 CON 108
112=1 CON 109
DO 15 1 = 1,Ml CON 11.0
DO 15 J=1,N1 ', CON 111
IF (AM(I,J),EQ.MIN) GO TO 14 CON 112
AM(I,J)=PL CON 113

14 CONTINUE CON 114
IF (AN(I,J).EO.MIN) GO TO 15 CON 115
ANUt J)=PL CON 116

15 CONTINUE CON 117
M=0 CON 118
IK3=0 CON 119
JK1=0 CON 120
JK2=0 CON 121
IK1=0 CON 122
IK2=0 CON 123

16 CONTINUE . CON 124
IF (IK3.E0.1) GO TO 18 CON 125
IF (K1.EQ.2) GO TO 17 CON 126
CALL FINDTB (Kl ,M1,N1,AM,I,J) CON 127
GO TO 24 CON 128

17 CALL FINDTB (Kl,M1 ,N1 ,AN ,1 , J ) . COM 129
GO TO 24 CON 130

18 IF (K1.E0.2) GO TO 19 CON 131
CALL FINDTI (Kl,M1,N1,AM ,1,J) CON 132
GO TO 20 CON 133

19 CALL FINDTI (Kl ,M1 ,N1 ,AN , I,J) CON 134
20 CONTINUE CON 135

IF (I.EO.O) GO TO 21 . CON 136
IF (K1.E0.2) GO TO 26 CON 137
GO TO 25 . CON 138

21 IF (Kl.EQ.l) GO TO 22 CON 139
IF (K1.E0.2) GO TO 23 CON 140
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STOP 5 CON 141
22 JK1=1 CON 142 

IF (JK2.EQ.1) GO TO 58 ' CON 143
Kl=2 CON 144
GO TO 18 CON 145

23 JK2=1 . CON 146
IF (JK1.EQ.1) GO TO 58 CON 147
Kl=l CON 148
GO TO 18 CON 149

24 CONTINUE CON 150
IF U.EQ.O) GO TO 29 CON 151
IF (K1.E0.2) GO TO 26 CON 152 *

25 CONTINUE CON 153 
CALL CORD (ItJ»NP,AM,Kl,K2) CON 154
GO TO 27 CON 155

26 CALL CORD U»J t NP , AN ,K1 ,K2) CON 156
27 CONTINUE CON 157

IF (NP.EQ.3) K10=K CON 158
IF (NP.E0.3) IRR=89 CON 159
IF (NP.EO.O) GO TO 36 CON 160
IF INP.LT.O) STOP 9 CON 161
DO 28 L=1,NP CON 162 
IF ((XP(L).EQ.X1).OR.(XP(L).EQ.XN).OR.(YP(L).EQ.Yl).OR.(YP(L).EO.YCON 163

1M)) GO TO 33 CON 164
28 CONTINUE CON 165

GO TO 34 CON 166
29 IF (Kl.EQ.l) GO TO 30 CON 167

IF (K1.EQ.2) GO TO 31 CON 168
STOP 6 CON 169

30 IK1=1 CON 170
IF UK2.EQ.1) GO TO 32 CON 171
Kl=2 CON 172 
GO TO 16 ' CON 173

31 IK2=1 CON 174 
IF (IK1.E0.1) GO TO 32 , CON 175
Kl=l CON 176
GO TO 16 CON 177

32 IK3=1 CON 178
GO TO 18 CON 179

33 TE=XX1 CON 180
XX1 = XPU) CON 181
XP(L)=TE CON 182
TE=YY1 CON 183
YY1=YP(L) CON 184
YP(L)=TE CON 185 j

34 DO 35 L=l t NP ' CON 186
X(L)=XP(L) CON 187 r
Y(L)=YP(L) CON 188

35 Z(L)=PCI CON 189
36 M=NP - CON 190
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37 CONTINUE ' CON 191
CALL FINDT (Kl ,M1,N1,1,J,M) CON 192
IF (I.EQ.O.OR.J.EO.O) GO TO 51   CON 193
IF (K1.EQ.2) GO TO 38 CON 194
CALL CORD (I ,J,NP,AM,K1,K2) CON 195
GO TO 39 CON 196

38 CALL CORD (I,J ,NP ,AN ,K1 ,K2 ) CON 197
39 CONTINUE CON 198

IF (NP.EQ.2.0R.NP.EQ.1) GO TO 40 CON 199
IF (NP.EQ.3) K10=K CON 200
IF (NP.EQ.3) IRR=89 . CON 201
IF (NP.EQ.O) GO TO 51 CON 202

40 CONTINUE CON 203
IF (NP.E0.3) WRITE (6,41) CON 204

41 FORMAT (///1X,'CONTOUR PASSES THROUGH 3 POINTS ON BOUNDARY OF A TRCON 205
1IANGLE.'//) CON 206
IF (NP.LE.O.OR.NP.GE.3) STOP 9 CON 207
CALL XMSORT (NP,M) CON 208
L=l CON 209 
IF (X(M).EO.XP(L).AND.Y(M).EO.YP(L)) GO TO 48 CON 210
BD=DIS(X(M),Y(M),XP(1 ),YP(1 ) ) CON 211
IF (DABS(X(M)-XP(L ) ).LT.EPS.AND.DABS(Y(M)-YP(L) ).LT.EPS) GO TO 42 COM 212
GO TO 44 CON 213

42 IRS=IRS-H CON 214
IF (IRS.GT.20) GO TO 48 CON 215
WRITE (6,43) X(M),Y(M) ,XP(1),YP(1) CON 216

43 FORMAT (IX,'CONTOUR DOES NOT CONNECT EXACTLY'/1X,4(Z16,2X)) CON 217
GO TO 48 CON 218

44 CONTINUE CON 219
IBC=IBC+1 CON 220
DO 45 L=1,NP CON 221
X(M+L)=XP(L) CON 222
Y(M+L)=YP(L) CON 223

45 Z(M+L)=PCI CON 224
M=M+NP CON 225
IF (IBC.GT.10) GO TO 47 CON 226 
WRITE (6,46) X(M),Y(M),XP(1),YP(1) ,BD CON 227

46 FORMAT (/1X,'BREAK IN CONTOUR DETECTED'XIX,4E16.9,» DIST = ' ,E16.CON 228
19/) CON 229

47 CONTINUE CON 230
GO TO 50 CON 231

48 IF (NP.EO.l) GO TO 37 CON 232
X(M+1)=XP(2) CON 233
Y(M+1)=YP(2) CON 234
Z(M+1)=PCI CON 235
IF (NP.LT.3) GO TO 49 CON 236
X(M+1)=XP(3) CON 237
Y(M+1)=YP(3) CON 238
Z(M+.1)=POI CON 239 
M=M+1   CON 240
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49' M=M+1 CON 241
IF (M.GE.M99) GO TO 60 . CON 242 
IF ((X(M).EO.X(l)J.AND.(Y(M).EQ.Y(l))) GO TO 51 CON 243

50 IF (K2.EO.O) GO TO 37 CON 244
51 CONTINUE . CON 245 

IF ((X(M).EQ.X1.0R.X(M).EQ.XN).OR.(Y(M).EQ.Y1.0R.Y(M).EQ.YM)) GO TCON 246
10 54 . CON 247 
IF ( (X(M).EO.X(IM.AND. (Y(M).EQ.Y(l) ) ) GO TO 54 CON 248
DM1=DIS(X(1),Y(1 ) ,X(M),Y(M) ) CON 249
IF (DM1.GT.EPS) GO TO 52 . CON 250
M = M+1 CON 251
IF (M.GE.M99) GO TO 60 CON 252
X(M)=X(1) , CON 253
Y(M)=Y(1) CON 254
Z(M)=Z(1 ) CON 255

52 WRITE (6,53) PCI CON 256
53 FORMAT (///1X ,G12.5,   CONTOUR DOES NOT CLOSE OR END ON BOUNDARY OFCON 257

1 DOMAIN. 1 ///) CON 258
54 CONTINUE CON 259

IF (IRR.GT.90) GO TO 56 CON 260 
WRITE (6,55) (X(L),Y(L),L=1,M) CON 261

55 FORMAT (/(IX,10E13.6 ) ) CON 262
56 CONTINUE CON 263

DO 57 J=1,M CON 264
U(J)=X(J) CON 265

57 V(J)=Y(J) CON 266
XM2=XN CON 267
YM2=YM CON 268
X12=X1 CON 269
Y12=Y1 CON 270
JT=M99 CON 271
IF ((K-l).EQ.((K-1)/LTF)*LTF) JT = LT CON 272 
CALL PTPLOT (U,V,Z,1C,JT,INT,NDEC,ND,HT2,PHI,XL,YL,XN2,YM2,X12,Y12CON 273
1,M,H1) CON 274
GO TO 16 CON 275

58 CONTINUE CON 276
CALL KEY (XL1,YL1,PCI ,XF) CON 277

59 CONTINUE CON 278
XXXL=XL+(ND4+NDEC2+3)*.2 CON 279
YF=YL CON 280
CALL NEWPEN (1) CON 281
CALL PLOT (XXXL,0.0,3) CON 282
CALL PLOT (XFtO.0,2) . COM 283
CALL PLOT (XF,YF,2) CON 284
CALL PLOT (XXXL,YF,2) CON 285
CALL PLOT (XXXLtO.0,2) CON 286
HZL=.15 CON 287
XXXL=((XXXL+XF)/2)-17*HZL/2 CON 288
YF=YL-«-HZL CON 289 
CALL SYMBOL (XXXL ,YF ,HZL,CKEY,0.0,17) CON 290
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XU)=XF CON 291
IC2=0 ' CON 292
RETURN CON 293

60 WRITE (6,61)   CON 294
61 FORMAT (IHlt'TOO MANY LINE SEGMENTS IN A CONTOUR 1 /) CON 295

STOP 999 CON 296
END CON 297-

SUBROUTINE XMSORT (NP,M) XMS 1
IMPLICIT REAL*8<A-H,0-Z) XMS 2
REALMS XP(3) ,YP<3) XMS 3
REAL*8 Z(1000),X(1000),Y(1000),T,XPD,XPD2 XMS 4
COMMON /CON /X1,XN,Y1,YM,XD,YD,XP,YP XMS 5
COMMON /ZXY/ Z,X,Y XMS 6
IF (NP.LE.l) RETURN XMS 7
MP=NP XMS 8
XPD=DSQRT((X(M)-XP(1M**2+(Y(M)-YP(1))**2) XMS 9
11=1 XMS 10
DO 2 1 = 2,MP XMS 11
XQD=DSQRT((X(M)-XP(I))**2+(Y(M)-YP(I ))**2) XMS 12
IF (XPD.LE.XQD) GO TO 2 XMS 13

1 T=XP( ID XMS 14
XPUD-XPU) XMS 15
XP(I)=T XMS 16
T=YP(I1) XMS 17
YPU1)=YPU) XMS 18
YP(I)=T XMS 19
11=1 XMS 20
XPD=XQD XMS 21

2 CONTINUE XMS 22
IF (MP.E0.2) RETURN XMS 23
XPD=DSORT((X(M)-XP(2))**2+(Y(M)-YP(2))**2) ' XMS 24
XQD=DSORT((X{M)-XP(3))**2+{Y(M)-YP(3))**2) XMS 25
IF (XPD.LE.XQD) RETURN XMS 26
MP=2 ' XMS 27
1=2 XMS 28
11=3 XMS 29
GO TO 1 XMS 30
END XMS 31-

SUBROUTINE FINDT (K ,M1,N1,1,J,M) FNT 1
IMPLICIT REAL*8(A-H,0-Z) FNT 2
REAL*8 X(1000 ),Y(1000),Z(1000) . FNT 3
COMMON /CON /X1,XN,Y1,YM,XD,YD,XX1,XX2,XX3,YY1,YY2,YY3,PCI FNT 4
COMMON /ZXY/Z,X,Y FNT 5
IF (M.LE.O) RETURN FNT 6
IF (M.GT.999) GO TO 16 FNT 7
Y2=YM-YD*(J-1) FNT 8
Y3=YM-YD*J FNT 9
X2=X1+XD*(I-1) r- FNT 10
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X3=X1+XD*I - FNT 11
IF (X(M).EO.X2) GO TO 1 FNT 12
IF (X(M).EO.X3) GO TO 4 FNT 13
GO TO 2 ' FNT 14

1 IF (Y(M).EQ.Y2) GO TO 13 FNT 15
IF (Y(M).EQ.Y3) GO TO 10 FNT 16
GO TO 7 FNT 17

2 IF (Y(M).EQ.Y2) GO TO 5 ' : FNT 18
IF (Y(M).EQ.Y3) GO TO 6 FNT 19
IF (K.EQ.l) GO TO 3 FNT 20
K=l , FNT 21
RETURN FNT 22

3 K = 2 FNT 23
RETURN FNT 24

4 IF (Y(M).EQ.Y2) GO TO 11 FNT 25
IF <Y(M).EQ.Y3) GO TO 12 FNT 26
1=1+1 FNT 27
GO TO 8 , FNT 28

5 J = J-1 FNT 29
GO TO 8 FNT 30

6 J=J+1 FNT 31
GO TO 8 FNT 32

7 1=1-1 FNT 33
8 IF (J.EQ.Nl) J=0 FNT 34

IF (I.EQ.M1) 1=0 FNT 35
IF (K.EQ.l ) GO TO 9 FNT 36
K=l FNT 37
RETURN FNT 38

9 K=2 FNT 39
RETURN FNT 40

10 J1=J+1 ' FNT 41
11=1 FNT 42
GO TO 14 . FNT 43

11 11=1+1 FNT 44
J1=J , FNT 45
GO TO 14 FNT 46

12 11=1+1 . FNT 47
J1=J+1 FNT 48
GO TO 14 FNT 49

13 11=1 FNT 50
J1=J FNT 51

14 WRITE (6,15) FNT 52
.15 FORMAT (IX,'CONTOUR PASSES THROUGH THE VERTEX OF A TRIANGLE. 1 ) FNT 53

STOP 4 FNT 54
16 WRITE (6,17) FNT 55
17 FORMAT (LH1,'TOO MANY LINE SEGMENTS IN A CONTOUR'/) FNT 56

STOP 999 FNT 57
END FNT 58-

-76-



SUBROUTINE CORD (I , J ,NP ,A ,K1 ,K2 ) COR 1
IMPLICIT REAL*8(A-H,0-Z) ' COR 2
REAL*8 XS(3),YS(3),HH(3),H(101,51) COR 3
LOGICAL*! A( LD ,MD ) ,MIN,PL,ZRO COR 4
COMMON LD,MD COR 5
COMMON /CON /X1,XN,Y1,YM,XD,YD,XX1,XX2,XX3,YY1,YY2,YY3,PCI,H,PL, COR 6
1ZRO,MIN COR 7
PCD=PCI COR 8
XX3=0 COR 9
YY3=0 COR 10
K2=0 COR 11
IF (AU ,J).NE.PL ) K2 = l COR 12
NP=2 COR 13
IF (K1.EQ.2) GO TO 17 COR 14
HH(1)=H(I,J) COR 15
HH(2)=H(H-1,J) COR 16
HH(3)=H(I,J+1) COR 17
XS(l)=Xl+( 1-1)*XD COR 18
XS(2)=X1+I*XD COR 19
XS(3)=XS(1) COR 20
YS(1)=YM-(J-1)*YD COR 21
YS(2)=YS(1) COR 22
YS(3)=Y.M-J*YD COR 23
CALL HSORT (HH,XS,YS) COR 24
IF <HH(3).GT.PCI) GO TO 1 COR 25
IF (HH(3).EQ.PCI) GO TO 14 .COR 26
NP=0 COR 27
A(I,J)=MIN COR 28
RETURN COR 29
IF (HH(2).GT.PCI) GO TO 7 COR 30
IF (XS(2).EO.XS(1)) GO TO 5 COR 31
IF (YS(2).EQ.YS(1)) GO TO 3 COR 32
IF (XSm.EQ.XSd )) GO TO 2 COR 33
XX1=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 34
YY1=YS(3) COR 35
XX2=XS(3) COR 36
YY2=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(2)) COR 37
GO TO 30 COR 38
CONTINUE COR 39
XX1=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH<2)) GPR 40
YY1=YS(3) COR 41
XX2=XS(3) COR 42
YY2=YS(3)-YD#(HH(3)-PCD)/(HH(3)-HH(1)) . COR 43
GO TO 30 COR 44
IF (XS(3).EQ.XS(2M GO TO 4 COR 45
XXl = XS(3) + XD*(HH(3-)-PCD)/(HH.(3)-HH(2) ) COR 46
YY1=YS(1)-YD*(PCD-HH(2))/(HH(3)-HH(2)) COR 47
XX2=XS(3) COR 48
YY2=YS<1)-YD*(PCD-HH(1))/(HH(3)-HH(1)) COR 49
GO TO 30 COR 50
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4 CONTINUE COR 5.1
XX1=XS<3)+XD*(HH<3)-PCD)/(HH(3)-HH(1) ) ' COR 52
Y1Y1 = YS(2)-YD*(PCD-HH(1M/(HH(3)-HH(U) COR 5,3
XX2=XS(3)   COR 54
YV2=YS<2)-YD*(PCD-HH(2))/(HH(3)-HH(2)> COR 55
GO TO 30 COR 56

5 FF (YS(l).EQ.YSm) GO TO 6 COR 57
XX1 = XS(2) + XD*(PCD-HH(1))/(HH(3)-HHU)) COR 58
YY1=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 59
XX2=XS(2)+XD*(PCD-HH(2))/(HH(3)-HH<2)) COR 60
YY2=YS(3) COR 61
GO TO 30 COR 62

6 CONTINUE COR 63
XX1=XS(1)+XD*(PCD-HH(2))/(HH(3)-HH(2)) COR 64
YY1=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(2)) COR 65
XX2=XSm + XD*(PCD-HHM))/(HH<3)-HH(l) ) COR 66
YY2=YS(3) COR 67
GO TO 30 COR 68

7 IF (HH(l).GT.PCI) GO TO 13 COR 69
IF <YSm.EQ.YS<2)) GO TO 10 COR 70
IF (XS(2).EO.XS(3)) GO TO 9 COR 71
IF (YS(1).EQ.YS(2» GO TO 8 COR 72
XX1=XS(1) COR 73
YY1=YS(1)-YD*(PCD-HH(1))/(HH(2)-HH(1)) COR 74
XX2=XS<1)+XD*(PCD-HH(l))/(HH(3)-HH(1)) COR 75
YY2=YS(1) COR 76
GO TO 30 COR 77

8 CONTINUE COR 78
XX1=XS(1) COR 79
YY1=YS(1)-YD*(PCD-HH(1))/(HH(3)-HH(1)) COR 80
XX2=XS(1)+XD*(PCD-HH(1))/(HH(2)-HH(1)) COR 81
YY2=YS(1) COR 82
GO TO 30 COR 83

9 IF (YSm.EO.YS(l)) GO TO 11 ' COR 84
XX1=XS(3)+XD*(HH(2)-PCD)/(HH(2)-HH(1M COR 85
YY1=YS(1) COR 86
XX2=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 87
YY2 = YS(1)-YD*(PCD-HH(1))/(HH(3)-HH(D) COR 88
GO TO 30 COR 89

10 IF (XS(2).EO.XS(D) GO TO 12 COR 90
XX1=XS(1)+XD*(PCD-HH(1))/(HH(2)-HH(1)) COR 91
YY1 = YS(2)-YD*(HH(2)-PCD)/(HH(2)-HH(D) COR 92
XX2=XS(1) COR 93
YY2=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 94
GO TO 30 COR 95

11 CONTINUE COR 96
XX1=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 97
YY1=YS(1) COR 98
XX2=XS(3)+XD*(HH(2)-PCD)/(HH(2)-HH(1)) COR 99
YY2=YS(1)-YD*{PCD-HH(1))/(HH(2)-HH(1)) COR 100
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CO TO 36 COR 151
19 CONTINUE ' COR 152

XX1=XS<3) COR 153 
YY1 = YS(1)-YD*(PCD-HH(1))/(HH(3)-HH(D) . COR 154
YY2=YS(3) COR 155
.XX2 = XS(2) + XD*(PCD-HH(2))/{HH(3)-HH(2M COR 156
GO TO 30 COR 157

20 IF <YS(3).EQ.YS(2)) GO TO 23 . COR 158 ,
XX1 = XS(3)+XD*(HH(3)-PCD)V(HH(3)-HH(D) COR 159
YY1=YS(3) COR 160
XX2=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH(2)) COR 161
YY2=YS(2)-YD*(PCD-HH(2))/(HH(3)-HH(2)) COR 162
GO TO 30 COR 163 *

21 IF <XS(3).EQ.XS(2)) GO TO 22 COR 164
XX1=XS(3) COR 165
YY1=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 166
XX2=XS(2)+XD*(PCD-HH(2))/(HH(3)-HH(2)) COR 167
YY2 = YSm-YD*(HH(3)-PCD)/(HH(3)-HH(2) ) COR 168
GO TO 30 . COR 169

22 CONTINUE COR 170
XX1=XS(3) COR 171
YYl = YS(3)-YD*(HHm-PCD)/(HH(3)-HH(2) ) COR 172
XX2=XS(1)+XD*(PCD-HH(1})/(HH(3)-HH(1)) COR 173
YY2=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 174
GO TO 30 COR 175

23 CONTINUE . COR 176
XX1=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH(2)) COR 177
YY1=YS(3) COR 178
XX2=XS(3)+XD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 179
YY2=YS(1)-YD*{PCD-HH(1))/(HH(3)-HH(1)) COR 180
GO TO 30 COR 181

24 IF (HH(l).GT.PCI) GO TO 13 COR 182
IF (YS(2).EQ.YS(.3» GO TO 28 COR 183
IF (XS(2).EQ.XS(3)) GO TO 26 COR 184
IF (YS(1).EQ.YS(2M GO TO 25 COR 185
XX1 = XS13H-XD*(HH(3)-PCD')/(HH(3)-HH(1)) COR 186
YY1=YS(1) COR 187
XX2=XS(1) COR 188
YY2 = YS(2)-YD*(HH(2)-PCD)/(HH(2)-HH(D) COR 189
GO TO 30 COR 190

25 CONTINUE COR 191 
XX1=XS(2)+XD*(HH(2)-PCD)/(HH(2)-HH<1)) ', COR 192
YY1=YS(1) COR 193
XX2=XS(1) COR 194
YY2 = YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(D) COR 195
GO TO 30 COR 196

26 IF (YS(1).EO.YS(2» GO TO 27 COR 197
XX1-XS(1H-XD*(PCD-HH(1))/(HH(3)-HH(1)) COR 198 r
YYlsYS(l) COR 199

) + XD*(PCD-HH(1))/(HH(2)-HH(1)) COR 200
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= YS(2)-YD*(HH(2)-PCD)/(HH(2)-HH(D) ' COR 201
GO TO 30 COR 202

27 CONTINUE . COR 203
XX1 = XS(1) + XD*(PCD-HH<1))/IIHH{2)-HH<1) ) COR 204
YY1=YS(1) COR 205
XX2 = XS(1) + XD*(PCD-HH(1))/(HH(3)-HH(D) COR 206
YY2=YS(3)-YD*(HH(3)-PCD)/(HH(3)-HH(1)) COR 207
GO TO 30 COR 208

28 IF tXSm.EQ.XStl)) GO TO 29 COR 209
XX1=XS(1) COR 210
YY1=YS(1)-YD*(PCD-HH(1))/(HH(2)-HH(1)) COR 211
XX2 = XS(3) + XD*(HH(3)-PCD)/(HH(3)-HH(1) ) COR 212
YY2=YS(1)-YD*(PCD-HH(1))/(HH(3)-HH(1)) COR 213
GO TO 30 COR 214

29 CONTINUE COR 215
XX1=XS(1) COR 216
YY1=YS(1)-YD*(PCD-HH(1))/(HH(3)-HH(1)) COR 217
XX2=XS(2)+XD*(HH(2)-PCD)/(HH(2)-HH(1)) COR 218
YY2=YS(1)-YD*(PCD-HH(1)}/{HHt2)-HH{l)) COR 219
GO TO 30 COR 220

30 A(I,J)=2RO COR 221
RETURN COR 222 
END - COR 223-

SUBROUTINE HSORT (HH,XS,YS) HSR 1
IMPLICIT REAL*8(A-H T 0-Z) HSR 2
REAL*8 HH(3),XS(3) f YS(3),TE HSR 3
ITE=0 HSR 4

1 IF <HH(2).GE.HH(1)) GO TO 2 HSR 5
TE=HH(2) HSR 6
HH(2)=HH(1) HSR 7
HH<1)=TE HSR 8
TE=XS(2) HSR 9
XS(2)=XS(1) HSR 10
XS(1)=TE HSR 11
TE=YS(2) HSR 12
YS(2)=YS(1) HSR 13
YS(1)=TE HSR 14

2 CONTINUE . HSR 15
IF tITE.EQ.l) GO TO 4 HSR 16
IF (HH(3).GE.HH(2)) GO TO 3 HSR 17
TE=HH(2) HSR 18
HH(2)=HH(3) HSR 19
HH(3)=TE HSR 20
TE=XS(2) HSR 21
XS(2)=XS(3) HSR 22
XS(3)=TE HSR 23
TE=YS(2) HSR 24
YS(2)=YS(3) HSR 25
YS(3)=TE HSR 26
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3 ITE=1 
GO TO 1

4 RETURN 
END

SUBROUTINE FINDTB (K,M1,N1,A,I , J ) v FTB 1
IMPLICIT REAL*8(A-H,0-Z) * FTB 2
COMMON LD,MD FTB 3
LOGICAL*! A(LD,MD) FTB A
LOGICAL*! PL,MIN,ZRO FTB 5
REAL*8 HH(3),PH(3),H(101,51) . FTB 6
COMMON /CON /X1,XN,Y1,YM,XD,YD,XX1,XX2,XX3,YY1,YY2,YY3,PCI,H,PL, FTB 7
1ZRO*MIN FTB 8
COMMON /IJ/I11,J11,I12,J12,II1,II2 FTB 9
N2=N1-1 FTB 10
M2=M1-1 FTB 11
IF (K.EQ.2) GO TO 11 FTB 12
1=1 FTB 13
00 5 J=J!ltN2 FTB 14
IF (A(I,J).NE.PL) GO TO 5 FTB 15
HH(l)=HUtJ) FTB 16
HH(3)=H(I+1,J) FTB 17
HH(2)=H(I,J-H) FTB 18
PS=0 FTB 19
DO 4 L=l,3 FTB 20
PH(L)=0 FTB 21
IF (HH(L)-PCI) 1,2,3 FTB 22

1 PH(L)=-1 FTB 23
GO TO 4 FTB 24

2 J11=J FTB 25
GO TO 22 FTB 26

3 PH(L)-1 FTB 27
PS=1 FTB 28

4 CONTINUE FTB 29
J11=J FTB 30
IF (PHU)*PH(2).LT.O) RETURN . FTB 31
IF (PS.EQ.O) AU,J)=MIN FTB 32

5 CONTINUE FTB 33
J=l FTB 34
DO 10 1 = 111,M2 FTB 35
IF (AUtJ).NE.PL) GO TO 10 FTB 36
HHU)=HU,J) . FTB 37
HH(2)=H(I-H,J) FTB 38
HHt3-)=H(I f J + l) FTB 39
PS=0 FTB 40
DO 9 L=l,3 FTB 41
PH(L)=0 FTB 42
IF (HH(L)-PCI) 6,7,8 FTB 43

6 PH(L)=-1 FTB 44
GO TO 9 FTB 45
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7 111=1 . FTB 46
GO TO 22 FTB 47

8 PH<L)=1 FTB 48
PS = 1 ' FTB 49

9 CONTINUE FTB 50
111=1 FTB 51
IF <PH(1)*PH(2).LT.O) RETURN FTB 52
IF (PS.EQ.O) A(I,J)=MIN FTB 53

10 CONTINUE FTB 54
, 1=0 FTB 55
RETURN FTB 56

11 I=M2 FTB 57
DO 16 J=J12,N2 FTB 58
IF (A(ItJ)'.NE.PL) GO TO 16 FTB 59
HH(1)=H(I+1,J) FTB 60
HH(2)=H(I+1,J+1) FTB 61
HH(3)=H(I,J+1) FTB 62
PS=0 FTB 63
DO 15 L=l,3 FTB 64
PH(L)=0 FTB 65
IF (HH(L)-PCI) 12,13,14 FT.B 66

12 PH(L)=-1 FTB 67
GO TO 15 FTB 68

13 J12=J FTB 69
GO TO 22 FTB 70

14 PH(L)=1 FTB 71
PS=1 FTB 72

15 CONTINUE FTB 73
J12=J FTB 74
IF (PH(1)*PH(2).LT.O) RETURN FTB 75
IF (PS.EQ.O) A(I,J)=MIN FTB 76

16 CONTINUE FTB 77
J=N2 FTB 78
DO 21 1 = 112,M2 FTB 79
IF (A(I ,J).NE.PL) GO TO 21 FTB 80
HH(1)-H(I ,J + 1 ) FTB 81
HH(2)=H( I+1,J+1 ) FTB 82
HH(3)=HU + 1,J) FTB 83
PS=0 FTB 84
DO 20 L=l,3 FTB 85
PH(L)=0 FTB 86
IF (HH(L)-PCI) 17,18,19 FTB 87

17 PH(L)=-1   FTB 88
GO TO 20 FTB 89

18 112=1 FTB 90
GO TO 22 FTB 91

19 PH(L)=1 FTB 92
PS=1 FTB 93

20 CONTINUE FTB 94
112=1 . FTB 95
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TF (PHm*PH(2).LT.O) RETURN 
PF (PS.EQ.O) A(I,J)=MIN

21 CONTINUE 
II-0 
RETURN

22 WRITE (6,23)
23 FORMAT (IX,'CONTOUR PASSES THROUGH 

STOP 4 
END

THE VERTEX OF A TRIANGLE. 1 )

SUBROUTINE FINDTI (K ,M1 ,N1,A,I,J) 
IMPLICIT REAL*8(A-H,0-Z) 
LOGICAL*! A(LD,MD) 
LOGICAL*! PL,MIM,ZRO 
REAL*8 HH(3),H(101,51) 
COMMON LO,MD
COMMON /CON /X1,XN,Y1,YM ,XD ,YD,XX1,XX2,XX3,YY1,YY2,YY3,PCI»H,PL 
1ZRO,MIN
COMMON /IJ/I11,J11,I12,J12,II1,II2 
N2=N1-1 
M2=M1-1
IF (K.EQ.2) GO TO 6 
DO 5 1=111,M2 
111 = 1
DO 5 J=1,N2
IF (A(I ,J).NE.PL) GO TO 5 
HH(1)=H(I,J) 
HH(3)=H(H-1,J) 
HH(2)=H(I,J+1) 
PS = 0 
PR=0
DO 4 L=l,3 
IF (HH(L)-PCI) 1,2,3

1 PR=-1 
GO TO 4

2 GO TO 12
3 PS=1
4 CONTINUE 

IF (PR*PS 
IF (PS.EQ

5 CONTINUE 
1 = 0 
RETURN

6 CONTINUE
DO 11 1=112,M2
112=1
DO 11 J=1,N2
IF (A(I ,J).NE.PL ) GO TO 11
HH(l)sH<I+ltJ)
HH(2)=H(I-H,J + 1)

LT.O) RETURN 
0) Ad ,J)=MIN

FTB
FTB
FTB
FTB
FTB
FTB
FTB
FTB
FTB

FTI
FT I
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI
FTI

96
97
98
99
100
101
102
103
104-

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
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HH(3)=HU ,J +
PS = 0
PR=0
DO 10 L=l,3
IF (HH(L)-PC

7 PR=-1
GO TO 10

8 GO TO 12
9 PS=1

10 CONTINUE
IF (PR*PS.LT
IF (PS.EQ.O)

11 CONTINUE
1 = 0
RETURN

12 WRITE (6,13)
13 FORMAT (IX, 1

STOP 4
END

1)

I) 7,8,9

*0) RETURN
A(I ,J)=MIN

CONTOUR PASSES

' FTI 41
FTI 42

  i FTI 43
FTI 44
FTI 45
FTI 46
FTI 47
FTI 48
FTI 49
FTI 50
FTI 51
FTI 52
FTI 53
FTI 54
FTI 55
FTI 56

THROUGH THE VERTEX OF A TRIANGLE.') FTI 57
FTI 58
FTI 59-
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E. DECK SETUP

This program can be executed on the U.S.G.S. IBM 

360/65 computer using the following arrangement of JCL 

cards, program source deck£sob§ect deck of CORE, and
 

data cards.

// JOB CARD (SEE USGS JOB CARD $?  $«>
/*SETUP NNNNWN/9R
// EXEC FORTHCLG t PARM.FORT=»NOMAP',REGION.FORT*252K,
// REGION.GO=252K,TIME.GO=M
//FORT.SYSIN DO *

PROGRAM SOURCE DECK

/*
//LKED.SYSLIB DD DISP=SHR ,DSN = SYS1.FORTLIB
// DD DISP=SHR,DSN=SYS1.FLATBEDC
// DD DISP=SHR,DSN=XTENT.LIB
// DD DISP=SHR,DSN=SSP.LIB2
//LKED.SYSIN DD *

OBJECT DECK OF CORE SUBROUTINE

/*.
//GO.FT01F001 DD UNIT=SYSDK,DISP=(NEW,DELETE,DELETE),DSN=££TEMP,
// DCB=(RECFM=VBS,BLKSIZE=729V,LRECL=20008),SPACE=(TRK,(10,2) )
//GO.FT02F001 DD DUMMY
//GO.FT09F001 DD DSN = MTF1 ,UNIT=TAPE9,DISP=(,KEEP) t VOL = SER = NNNNNN ,
// DCB=(RECFM=VStLRECL=484,BLKSIZE=488,DEN=2)
//GO.FT10F001 DD *

Z VARIABLE INPUT MATRIX DECK

/*
//GO.SYSIN DD *

PROGRAM CONTROL CARDS (2)
MAP TITLE CARDS (3)
VARIABLE FORMAT CARD FOR Z VARIABLE INPUT MATRIX
ACIGP CARD
SPECIAL LINE DATA SETS

/*
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If the OPTIONS INDICATOR in column 55 of Control Card

Number 2 is equal to 0-4, then the variable format card for

the input matrix is required. If the OPTIONS INDICATOR is

equal to 0, 3 or 4, then : the ACIP carel. is also required. If the 
^

OPTIONS INDICATOR ^ 0-4, then these two cards must be omit­ 

ted from the GO.SYSIN data set. The special line data sets 

are optional for all values of the OPTIONS INDICATOR.

The maximum CPU time for the GO step (M) depends on 

the size of the Z variable input data matrix and a number 

of other variables and options chosen by the user. For 

most applications M can be safely chosen as 5 minutes.

NNNNNN is the volume serial number of the plottape. The 
; 
; FT02F001 DD card is used to specify a data set for record-

! ing the values of the gradients'magnitudes followed byI '

their associated angles. If the user does not wish to store 

.these values for later use, he should use a //GO.FT02F001 DD 

DUMMY card as shown above. The values of the magnitudes are 

written on the FT02F001 data set using the format statement 

(5E16.8) row by row in the same order as they are printed 

in the output. Their associated angles are written on this

data set using the format statement (8F10.5) row by row in 
i

the same order as they are printed in the output. The

FT10F001 DD statement must describe the data set containing
! '   ' '

the Z variable input matrix.

Be sure to include the volume serial numbers of any

i additional tapes or discs referred to on these DD cards on 

the SETUP card if they are not permanently mounted volumes.
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