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SCOPE AND CONTENTS:

This thesis is a design of a three-dimensional plotting
routine for the computer facilities at McMaster University with
a subroutine to adopt the package for use on other computer
systems and is divided into four sections.

Section A is a review of the necessity of computerized
plotting in science and engineering design with particular
emphasis on software sophistication, which is the subject of this
work.

Section B describes the principles employed and the basic
logic of the software package. The method by which a three-

dimensional solid is mapped is also explained.

ii



Section C is a complete user's guide to the package.

Section D deals with some applications for the package
such as the solution of design optimization problems, visual
analysis of data sets, an aid to teaching and combined interpolation

and display of experimental results.
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SECTION A

BACKGROUND

CHAPTER 1

INTRODUCTION

1.1 Abstract

| A computer program and a user's guide is developed for
representing three-dimensional surfaces on a two-dimensional
plane.

The program is user-oriented and the way the input is
handled by the program makes it very easy and convenient for
the user to prepare.

Given a function z = z (x,y) the program evaluates and
plots, in orthogonal dimetric projection the values of z for
any x and y variables while eliminating all hidden lines. The
program also plots and scales on the same diagram the axes,
marks the maximum and the minimum points if they are visible,
writes on the plot the parameters controlling the plotting, and
prints any heading specified.

An Important feature of this package is that the function
z(x,y) does not have to be a continuous function.

The function can also be supplied as discréet points

and if the function is known to be smooth and the array is not



compiete, the program can interpolate between known values
using the method of "cubic spline fit" and plot the smooth
'complete' surface.

Various applications are given in the field of optimization

techniques, function analysis, data evaluation, and teaching.

1.2 Fundamentals of the Problem

It is well known that, in general, pictures of surfaces
can convey certain messages faster and easier than any other
form of communication.

A designer's or scientist's world is full of formulas,
equations, sets of data or experimental results and he or she is
very often forced with the problem of presenting the results
or analyzing the formulas or data sets obfained.

Figures, graphs and models are used to describe this
abstract data in many cases.

For the relationship between two variables, one independent,
the other dependent, it is easy to draw a plot in two dimensions.
Such a plot may be drawn by hand, but for a fast display or a
display of repeating data sets a computer may be utilized and
its use in this field is growing rapidly. The problems arising
from the use of computers in a graphic field are not of hardware
availability, but of software sophistication.

The basic level software for digital plotters is well
developed and adequate for any two-dimensional drawing (1,2).

However, if a relationship between three variables is to be



represented on the plotter, a plotting program has to be written
t§ perform the task. To satisfy the need for higher level soft-
ware there are basically two ways of approaching the problem of
representing a function of two independent variables.

The surface representing the function may be represented
by a set of curves, that join the points of equal values (2,3).
These are called contours and are analogous to isotypes on
topographic maps or isobars ou the weather maps and are very
convenient for quantitative evaluation of‘the functions. The
flexibility of contour plotting programs usually allows the user
to specify the values at which the contours are to be drawn
and, therefore, relevant numerical information may be extracted
from the plot.

The other approach to representation of relationships
between two independent variables is a planar projection of the
surface, which is formed by a dependent variable as a function
of the two independent variables. This type of representation
emphasizes the qualitative aspects. Properties, rather than actual
numerical values of the function are of interest in this case.

There are several‘types of projections, that may be used
as well as several ways of visualizing the function.

Among the methods of representing three-dimensional figures
on a two—dimensional surface, the following methods are most

common: (5,6)



Perspective Projection

Perspective projection is as close as possible the same as
viewing the object itself in the space (7). This type of projection,

however, is not directly measurable.

Orthographic Projection

Orthographic projection produces an acceptable pictorial
view and is easier to measure than perspective projection, as all
parallel lines are equally foreshortened.

Among several types of orthographic projections such as
trimetric, dimetric, isometric or oblique, the dimetric projection
seems to be especially suitable for computer generated drawings.
Two principle axes are foreshortened in the same ratio, i.e.,
the line of sight is equally inclined to two of the principle
planes if using dimetric projection.

Once the type of projection is determined, there are
various methods and techniques for displaying the surface. .The
surface is most commonly represented by a set of curves that
join the points at the surface. The set of points that 1lie on

each of the curves may be, generated using four basic techniques:

for constant z find the x and y values and plot z

for constant x vary y and plot z
- for constant y vary x and plot =z

- vary x and y using given algorithm and plot =z



The first method is similar to contour plotting and not used
much in computer derived planar drawings.

The last three methods are very common and the method
chosen for this thesis is a combination of the second and third
methods which results in shading of the drawing if the density
of the curves is sufficient.

As the sophistication of the display increases, the
program becomes more complicated. This can be shown if the
length of the plot program in reference (4) for contours is
compared with the length of the three-dimensional program in this
work.

Most of the work in three-dimensional computer generated
displays is centered on functions such that z=z(x,y) where z is
continuous and smooth (8). The need for plots of discreet and
piecewise continuous functions arises when the fields of topography (9)
statistics, vibrations or acoustics are studied. Wherever random
numerical data is presented, a 3-D plot helps, when available,
to visualize the data (10,11).

When functions are discontinuous at one or several points
or along certain curves, the plots of the functions become more
valuable since the visualizing of these functions becomes more
difficult.

The visualizing of the intersection of two surfaces also
becomes simple with the aid of 3-D plots. This thesis also deals

with the plotting of any surface z=z(x,y) intersecting the surface

Y1=Y1(x)'



The art of plotting of intersections and/or discontinuous
surfaces offers great possibility for advances in the computer

graphics field.



SECTION B

BASIC PRINCIPLES

CHAPTER 2

ASSUMPTIONS AND DEFINITIONS

The basic logic of the program requires a two dimensional
rectangular or square array (matrix) of values, which represents a
surface, which is a.function of two independent variahles, x1 and x2
as an input. Elements of the matrix represent a grid of points of a
rectangular mesh dividing the area defined by the lower and upper
limits of x1 and x2 into equal intervals for each variable,

The values stored in the matrix are represented by the function:

u = u(xl,x2) (2.1)
Elements of the matrix are represented by the function
Uss = u(xlmin + (i—l)Axl,mein + (j-1)ax2) (2.2)

1]

where

xlmin and szin are the lower limits of the variables x1

and x2 respectively

x1 - lein
max — (2.3)

Ax1

x2 - .
max xzm1n
m

Ax2 (2.4)
where: n is the number of intervals along the x1 axis

m is the number of intervals along the x2 axis

To store all the values x1 and x2, a matrix of dimension

7



(or+tl,m+1l) is required.

If the surface is restricted in an area within the range of x1
and x2, all elements falling within this restricted area are flagged.
These flagged elements are assumed to have zero elevation with respect
to the base even though their values might be known.

An algorithm was written to draw the surface by scanning the
matrix, first column wise, then row wise. The pen is directed to join
the neighbouring values, subject to the condition that hidden lines are
not drawn. It is assumed that the functiop representing the surface
exists and is continuous between two neighbouring non-flagged values.
Thus it is possible to join the values by a straight line. The surface
is assumed not to exist between a flagged and non-flagged value, as
well as between two flagged values, thus a grid pattern on the base is
mapped between all values where the surface does not exist.

It is further assumed that if both points of a line segment
joining two elements are visible/hidden, then all points on this segment
are visible/hidden. This assumption is true in the majority of cases
and should it cause a significant inaccuracy in a particular mapped
plot, a change in the x1 and/or the x2 intervals or a finer grid will
remedy the problem.

Tﬁe surface is assumed not to exist at all between two flagged
values. It is assumed to exist between two non-flagged values and

to either not exist or partly exist between a flagged and a non-flagged

value.



CHAPTER 3

GENERATING AND PREPARING THE ARRAY FOR PLOTTING

The array of values defining the surface undergoes several
processes before the drawing routines are called to map the matrix
on the paper (see Figure 3.1).

3.1 Generating the Array

The matrix is initially stored for plotting by a subroutine
called GETMAT. All elements are flagged as non-existent by setting
them to a dummy quantity before any operation on the matrix starts.

The values of the matrix are supplied in two basic ways:

a) Internally, i.e., using a function representing the surface,
b) Externally, i.e., the matrix is supplied from a source outside
the plotting package and is merely transferred to the program.

In the latter caée, if not all the elements are known, or
defined, the matrix can be completed by an interpolating routine

included in the package.

3.2 Application of Area Restrictions

Area restrictions which represent constraints on the data
contained in the matrix are introduced by means of a subroutine
called CONST. The matrix is searched to find and flag any element
that lies in the restricted area. In addition, the matrix is further
searched after elimination of elements in restricted areas for single
elements surrounded by the flagged ones. Such elements, if found are

also flagged. The second elimination procedure is included because
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of the necessity to map the surface clearly, i.e., to eliminate
the drawing of single lines that represent isolated values within

a restricted area.



SURF99

!

Check validity of
input data

11

»| DATAT

!

Print list of parameters

!

Check if available memory

is sufficient

> PRINTL

DIFFER

Y

Y

Fill the matrix array

for future plotting

Equality
constraints

present?

»{ GETMAT

Mark elements
that violate the
constraints

™1 CONST

Y

Mark isolated

Rotation of
the drawing
required?

elements as 1 NKVD
violating

Yes Rotate the

matrix ROTOR

Y

Store original matrix
on logical unit {2

Figure 3.1

Flowchart of Subroutine SURF99 {cont'd)
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CHAPTER 4

OPERATIONS ON THE MATRIX

4.1 Rotation of the Matrix

The matrix can be rotated if a view of the surface is required

from a point other than the lower left hand corner as shown in figure

4.1.
I
(X1) MATRIX
J
Direction 1 —_— Direction 2
(X2)
45° 45°
Figure 4.1

Directions of View

Rather than changing the algorithm for mapping the contour,
which is set up for view from direction 1, the whole matrix is rotated
within the core space allocated to it in the computer memory until the

corner required can be seen from direction 1.

14
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The rotating routines are called ROTOR and READU and they rotate
the matrix clockwise so that the surface mapped is rotated anticlockwise,
The matrix is written row-wise starting from thg last row in the file,
element by element, from which it is read back into the same array,
column-wise. The necessity of doing this in two different routines
arises from the need to rotate arrays that do not have equal sides in
which case the dimensions of the matrix have to be mutually changed.
Figures 4.2 through 4.5 show the rotation and its effect on the drawn

surface.

4.2 Maximum and Minimum Values

The maximum and minimum values of the matrix have to be known
primarily in order to scale the mapped plot so that it fits into the
specified overall vertical size on the paper. As their locations are
also recorded for the surface generated analytically, they are marked
on the mapped plot if visible. In cases where there are multiple
maxima and minima, the largest maximum and smallest minimum will be

marked.

4.3 Horizontal Size and x and y Increments

The horizontal size of the mapped plot results from the specified
length representing the larger of the two dimensions of the matrix and

the angle of inclination of the side of the base as shown in Figure 4.6.
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Figure 4.2

Original Matrix as Stored
in the Memory

Figure 4.4

Rotated Matrix as Stored
in the Memory

N

J

Figure 4.3 Figure 4.5

Original Matrix as Plotted Rotated Matrix as Plotted
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VSIZE

ALPHA ALPHA (a)

Figure 4.6

Principle Projection
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Each element is located at the grid point whose location on the
paper has to be known prior to the drawing of the surface. Depending
on the position of the matrix which is discussed in Chapter 5, the

location of the grid point of the element uij is calculated as follows:

%5 T Ax(j-1) (4.1)
yij = Ay (j+i-2) (4.2)
where X4 5 and yij are co-ordinates of the point with respect to

the origin at Ujq.

Ax = % cosa/m
Ay = ¢ sino/n
where = 2 is the length of the longer side and
o is the projected angle of the side

The overall horizontal size is given by the equation

T
h = AX. . (4.3)
i=1 i=1

4.4 Vertical Scale

The vertical scale is calculated with respect to the overall
size of the mapped plot so that this overall size is equal to a pre-
specified value. Two points have to be recognized before calculation of
the scaling factor.

a) The mesh parallel to the x1-x2 plane is positioned at

= or g B
u 0 f Ui 0

i . . <
u Wty for Wit 0

This means that when the minimum value of the matrix is negative,

the minimum value is subtracted from each value before the scaling

factor is calculated.
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b) The grid points of the mesh have their actual locations on the
paper given by (4.1) and (4.2).

Thus the scaling factor is given as the minimum of all vs.. as

1]

follows:

vSyy = (v—yij)/(uij—Au) (4.4)
where: vsij is the scaling factor for element uij

v is the overall vertical size

Yij5 is the vertical co-ordinate of the grid point

corresponding to the element Yy
Ui g is any value of the matrix

Au=0 for u , 20
min

. Au= . . <
Uin for Uoin 0

4.5 Conversion of the Array of Values

Before mapping of the surface starts, the original matrix is
recalculated so that each element which had a non-flagged value
representing its elevation on the surface is scaled and elements that
had their value flagged are set to -1.0. Because the origin for
drawing of the mapped plot is located at the grid point Upqs all
defined elements have positive values which distinguishes them from
those which are not defined. Conversion of the matrix is then as
follows:

uij = -1.0 for flagged elements
ujy = (uij-Au).vs + Vi (4.5)

where u, Au, vs and yij have the same meaning as in equation (4.4).



"CHAPTER 5

DRAWING OF THE SURFACE

5.1 Positioning of the Surface

The surface is mapped so that the observer's direction of view is
45° from a position in front of a corner of the mapped solid corresponding
to the element uj;; as shown in Figure 4.1 (i.e. a dimetric projection).

The variable subscripted by I is represented by the left hand
horizontal axis. The J subscripted variable is represented by the
right hand horizontal axis.

The surface is completed by the two front visible vertical
planes to give an image of a solid body. The sides of the base are
kept in the ratio of the dimensions of the sides of the matrix used for

storage of the elevation of the points on the surface of the solid.

i_;= :':i | (5.1)
where 1L is the length of the left side of the base
1R is the length of the right side of the base
m' is the first dimension of the matrix
n' is the second dimension of the matrix

By the above method, the grid points of the mapped plot are
ordered in rows so that when projected they lie on vertical lines.
This method has been adopted so that rapid search can be made by the

algorithm that checks for hidden lines. Also, it limits rotation of

20
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the matrix to multiples of 90° which is not a limitation of the program
since,besides rotation, the object may be tilted as well and so be seen
from all sides, If the angle of rotation were allowed to take on any
value, the time required to ekecute the program would be greatly
increased with no benefit in terms of increased utility.

Figure 5.1 shows the projected base network of a 5x7 matrix.

Figure 5.1

View of the Matrix as Plotted
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5.2 Choice of a Path for the Pen
| The surface is mapped by éending the pen from one element to

the next according to an algorithm, There are three basic ways of

drawing the lines.

a). The pen travels along the rows of the matrii, i.e. the I subscripted
variable runs through a complete cycle before the J subscripted
variable is changed (see Figure 5.1).

b) The pen travels along the columns of the matrix, i.e. the J
subscripted variable runs through a complete cycle before the I
subscript is changed.

¢) The pen travels along diagonals, i.e. both subscripts vary simul-
taneously, the one increasing, the other decreasing as shown on
the dashed line of Figure 5.1.

Each of the three algorithms may be used alone, or in combination
with the others. TFigures 5.2 through 5.4 show examples of some alter-
natives.

It is obvious that for a thin mesh, or large increments Ax and Ay
the image of the mapped solid will not be satisfactory. Therefore, the
algorithm built into the program draws the lines both row-wise and
column-wise. This is especially necessary for cases where the program
has to produce a clear plot of the edges of the solid and restricted

areas as apparent from Figures 5.2, 5.3 and 5.4.
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Figure 5.2

Left-to-right Pen Paths

Figure 5.3

Right-to-left Pen Paths

23



Figure 5.4

Combined Pen Paths

24
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5.3 The Hidden Lines Algorithm

The fact that the hidden lines are not drawn is one of the major
advantages of the package.

The conversion of the matrix as described in Chapter 4 and the
choice of the position of the surface, in Chapter 5 enable the logic
to perform a rapid check.

Before the pen is moved to its next position; the visibility
of the point is checked against all points standing in front of the
tested one. If the tested value is the largest value in the line of
sight, the point is visible, otherwise the point could be hidden.
Comparing the visibility of the mnext point with the point at which
the pen has stopped, the line is either drawn fully or not drawn at
all for the cases where the points are both visible or hidden
respectively.

If only one of the points is visible, a point of intersection
with the shading contour is found and the line is drawn up to this
horizon (inthe case where the next point is hidden) or starts at the
horizon when the next point is visible.

The advantage of having the grid points ordered along the line
of sight is apparent because they have to be checked for visibility.
If the points did not run along the line of sight it would be necessary
to interpolate to find a horizon. Such a procedure would involve

added CPU time with no apparent advantage.



26

5.4 Discussion of Difficulties which may Occur

As has been mentioned, it is difficult to interpret a plot
with a low density mesh, particulaily so when the surface has restricted
areas (constraints). This difficulty of interpretation can only be
improved by increasing the density of the lines.

Since the surface is assumed not to exist between two flagged
values, or between a flagged and a non-flagged value, lines joining such
values represent the grid on the base only. This does not cause any
difficulties within the restricted area; however, at the boundaries
elements have two values, one on the base and the other on the surface.
The pen has to be moved to the boundary between restricted and non-
restricted areas and at this boundary it has to either be moved from
the base to the surface or from the surface to the base depending on
whether the boundary was approached from a restricted or a non-restricted
area. These two types of moves have to be made in one step while main-
taining the hidden line condition. Thus, the hidden line algorithm has
to be modified to adopt straight vertical lines that jam the edge of
the surface to the base at the intersection of restricted and non-
restricted areas.

Figure 5.5 represents another major problem, namely the
representation of inner corners. Comparing this figure with Figure 5.6,
representing the top view of the surface, it can be seen that the
contours of the corners resulting from the situation at the element
U(6,6) (Figure 5.6) cannot be drawn by a simple algorithm that joins

two consecutive points while handling the boundaries as described above.
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In order to complete the plot, namely, to draw the vertical
cbnt&ur of the corner and the horizontal contour of the bottom (base)
of -the surface, a special routine has to be called before a move to
the nekt point is made.

In contrast to the above, values at the corners that project out
~ element U(5,6) - are accessible from both the I and the J directions.
Thus the vertical line would be drawn twice (Figures 5.5 and 5.6).

To prevent this, the value that causes the problem is flagged once,
the vertical line is drawn, and when found by drawing the lines in the

other direction, mapping of the corner is bypassed.



"CHAPTER 6

MAJOR SUBROUTINES EMPLOYED IN MAPPING

The main tasks during the generation of the mapped plot are
accomplished by five subroutines, the overall logic of which are

discussed in the following paragraphs.

6.1 ‘Subroutine FIZL

This subroutine, once supplied with the identification of the
matrix element to which the pen is supposed t§ move next, checks for
various conditions before the move is made and calls for movement of
the pen; see the flowchart represented on Figure 6.1.

The routine tests whether the boundary has been reached, and if
so, supervises the repositioning of the pen from the surface to the base
or vice versa, by calling subroutine ELEV. It also flags elements, when
necessary, to prevent the drawing of a duplicate contour as discussed at
the end of the previous chapter.

Before moving from one point to another, this subroutine checks
visibility by calling a subroutine EYE and finally for the actual move
‘a call to the subroutine MOVE is issued. 'When the move has been made,
control is returned to the calling routine to obtain the location of

the element through which the line has to be drawn next.

6.2 Subroutine ELEV

The purpose of this subroutine is to move the pen from the

29
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FIZL

Will next
point be on the
surface?

Yes ,><:::>

Is pen

Yes
at present on the

surface?

Move pen towards the

- » ELEV

>
Move ahead »__EYE
on the base > MOVE

RETURN

Figure 6.1

Flowchart of Subroutine FIZL (cont'd)
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Is pen
at present on the
surface?

Yes

> EYE
Move towards
the boundary » MOVE
Move ahead TL_EYE
' on the surface
> MOVE
Move pen towards » ELEV
the surface Y
—

RETURN

Figure 6.1/2

Flowchart of Subroutine FIZL
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surface to the base of the solid and vice versa while checking the
visibility of the vertical lines. The visibility of the next point is
checked by calling subroutine EYE and the move is made by subroutine
MOVE. While the basic algorithm for hidden lines is still used, this
subroutine has an extension to handle the conditions at the boundaries
when the basic algorithm fails. It also takes care of the problem of
not drawing double vertical lines in situations similar to the one shown

in Figure 6.2.

+ o+ -

Direction of the

Movement of the Pen

- - 4+ -

Figure 6.2

Special Configuration of Flagged and Nonflagged Values

6.3 Subroutine EYE

The hidden line algorithm is contained in this subroutine. The
routine, once supplied with the location of the tested element and its
value, returns the proper mode for the pen to make its next move. It
the returned mode is opposite to the supplied one; it finds the point

at which the mode changes and moves the pen up to this point; see the
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flowchart represented on Figure 6.3

The subroutine EYE uses several assisting subroutines, the most
important of which is the subroutine CORNER, to determine whether the
element causing the change in mode of the pen is an element at the
boundary of the surface and a constrained area. When this check is
positive, the mode of the pen has to be decided relevant to the

particular circumstances and no point of intersection is looked for.

6.4 Subroutine INCO

Subroutine INCO (see the flowchart represented on Figure 6.4)
is called immediately after a move of the pen has been made, i.e.
after control has been returned from subroutine FIZL, in order to see if
the element the pen was moved to is located at an inner corner as
explained in the previous chapter. If the check is positive, the
contour of the corner is drawn by subroutine ELEV and the base contours,
Figure 5.5, are completed using subroutines EYE and MOVE.

This subroutine represents a break in the continuity of logic
for drawing a line through a given path. For this reason, all indicators,
pointers and the present position of the pen have to be saved and before
leaving the routine the saved data has to be restored to its status when

the routine was entered.

6.5 Subroutine MOVE

' This subroutine controls the movements of the pen while generating
the mapped contour in order to avoid inefficient travel of the pen on

the paper. The routine issues calls to the library routine PLOT only
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Check the elevation of the point to which
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Is the
tested elevation
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Point is hidden Point is visible
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present position of
pen point

hidden?

Is the
present position of
the pen point
hidden?

Check for a corner Check for a corner
contour of the CORNER contour at the »{CORNER
next position

A

present position

Corner

Corner Yes

contour?

T

contour?

Y

Do not change

No mode of pen Tes
RETURN '
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Figure 6.3
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Find the intersecting LINES

Y

lines

Find the point

of intersection > CROSS

Move the pen in

present mode up to

the point of intersection > MOVE

Change the mode
of the pen

RETURN

Figure 6.3/1
Flowchart of Subroutine EYE
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the situation of the surface
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Y

PLOT

Slide pen towards base

:

Store indicators marking
situation at the foot of the corner

ELEV

'

Move along the base from the right to the
left up to the edge or a positive U

PLOT

EYE

l

Return pen to the foot of the cormer.

Restore the indicators to the original
situation in the corner

MOVE

Y

EYE

Move along the base from the left to the
right up to the edge or a positive U

MOVE

Y

EYE

Return the pen to the surface.
Restore indicators to original situation
in the corner at the surface

PLOT

RETURN

Figure 6.4

Flowchart of Subroutine INCO

PLOT
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if a line is actually drawn, rather than letting the pen follow the
hidden lines as well. It has been found that the introduction of
this subroutine reduced the time required for the actual drawing of the

surface by 20 to 30% for the majority of surface shapes.



'CHAPTER 7

TILTING OF TEE MAPPED SOLID

7.1 General
The dimensions of the mapped plot result from three parameters

supplied to the routine. They are, respectively:

v the overall vertical size of the plot
. the length of the longer side of the base
a the angle that the sides of the base make with the

horizontal, i.e. the angle of projection.

Using these physical dimensions of the plot and bearing in mind
what was discussed in the previous two chapters, the angle of view
in the vertical plane can be changed.

As the program is primarily supposed to analyze functions or
sets of data, the plotted display can be purposely distorted and changed
by varying the parameters listed above independently provided they
do not interfere with one another or with other parameters or with
the limits imposed on them. However, if a surface is to be studied
in successive steps, looking at it from different angles of view, or
some typical angle of view is required, any angle of view as measured
from the horizontal plane may be specified. When an angle of view is
specified, the dimensions of the mapped plot result from this particular

angle and various assumptions built into the program.
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7.2 The Cube Approximation

Because the values of the function are incompatible with the
values of the independent variables as far as dimensions are concerned,
an assumption has to be made regarding their mutual physical relation-
ship.

The relationéhip between the x1 and #2 axes is given by their
limits and the number of intervals through which each ranges. In order
to geﬁerate plots of the same surface that are in proportion when
viewed from different angles (compatible), the assumption has to be made
that the maximum height of the surface is located at the corner
opposite to the front corner of the base. This allows for the calculation
of the scaling factor for conversion of the matrix so that the vertical
dimension in the limiting case, corresponding to the limiting angle of
view, is equal to the specified value. For all other angles of view, the
vertical size is less.

Assuming that the maximum height of the surface when in the
corner diagonally opposite the front corner of the base 1is the worst
possible case ensures that the mapped plot does not exceed the maximum
specified vertical dimension of the plot on the paper.

From the above it can be assumed that the object being viewed
is a box and it simply has to be decided what the principle dimension,
namely/the height of the box has to be. Figures 7.1 and 7.2 illustrate

the principle. It is assumed in the program that the box is a cube,

a

therefore the ratio 5 is simply

a 1
 J (7.1)
b3
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This ratio can, however, be any other value without creating
any difficulty in the program other than changing the cube

approximation to a prism approximation.

7.3 The Maximum Angle of Tilt

The maximum angle is understood to be that angle of
view at which the plot would reach its maximum size if in fact
the maximum elevation of the surface was at the corner opposite
the front corner of the base. From Figure 7.2 it is apparent

that the maximum angle is
= a
Emax arctan %5 (7.2)
where £ is the angle of view

7.4 Calculation of the Dimensions

7.4.1 The Angle of the Side of the Base

Figures 7.3 and 7.4 show the relationship between the

vertical angle of view £ and the angle of projection o.
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The angle & 1is simultaneously the angle between the horizontal plane
and the angle of the plane of the base, since it may be assumed that
rather than the observer changé his angle of view, the object is titled
towards the observer.

Figure 7.3 shows the projected bases corresponding to an angle
of 90°, the rectangle A B C D and an angle &£ , the parallelogram
A B'C'D'. Figure 7.4 shows an end elevation of the base. While the

base is tilted, the distance A B'' does not change. From Figure 7.3

= e
tan a = A B
From Figure 7.4
. ¢
sin £ = —
A Bl
Since A B'' = B B" = AB'l
tan o = sin &
Thus, the required angle o is:
a = arctan (sin &) (7.3)

7.4.2 The Length of the Side of the Base

The length of the side of the base is the distance A B'
in Figure 7.3. Since this distance is common to both triangles A B B''

and A B'B'', the following relations may be written for the distance

A BYY,
AB'' = A B cos 45°
AB'' = AB' cos o
thus & B' = 4 3 28057 (7.4)

cos o
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The angle o is known and the distance A B can be evaluated from Figure 7.3

and condition (5.1)

From (5.1);
n' el
AB=BC (7.5)
m'-1
From Figure 7.3;
a= (AB+ CB) sin 45° (7.6)
From (7.1);
a = b.r
From Figure 7.2;
& 4 52 = p? 7.7)
Solving equations (7.1) and (7.7) results in the relation
2 ]
a= (—ll———) ¢ T (7.7)
1+r2

Equations (7.5) and (7.6) can now be solved for A B to give the

relation;

av2_

AB:W (7.8)

T+ 1

n'-

The value for A B, substituted in equation (7.4) gives the length of A B'.

7.4.3 The Scaling Factors and the Vertical Size of the Mapped Plot

Assuming that the maximum elevation is as discussed above,
the distance v2 (see Figure 7.2) is the projected maximum vertical size
of the plot. This is the limiting case and, for a maximum elevation
located at any other position,will cause the vertical size of the piot

to be less than p. Thus the scaling factor is computed as
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v = Vo (7.10)

where v2 = b cos &

U .x 1is the largest value in the matrix

AMi=0.  foru., >0
min ~

Au=u, foru,h, < O

min min

The overall size of the mapped plot is then;
v =vl + v2 (7.11)
where vl = a sin &
For a maximum value of £ (discussed above) the overall

size is:



SECTION C

'GUIDE TO THE USE OF THE PACKAGE

CHAPTER 8

GENERAL DESCRIPTION

The program is written in FORTRAN IV and assumes use of a
CDC 6400 computer with the RUN compiler and Benson-Lehner plotter
and some of the associated plotting routines.

The entire program comprises a set of routines that may be
divided into three sectionms.

a) Package subroutines,
b) Service subroutines,
c) Library subroutines.

Appendix B is a list of all package subroutines and functions
with their brief diagnostic. A description of the most important
routines is contained in Chapter 6. The package subroutines contain
an independent subsection that has been added to the package to
complete the incomplete sets of data. These interpolating subroutines
are modified routines using the spline intgrpolation method
with links designed to suit the concept of dynamic storage allocation.

Appendix C gives a full cross reference dictionary for the
entire program. The service subroutines are described in the
following section. Library subroutines are routines associated with

the Benson-Lehner plotter; however, they may become service

46



subroutines supplied by a user and calling corresponding routines

from a set of routines for a different plotting system.
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" CHAPTER 9

SERVICE SUBROUTINES

9.1 General

Service subroutines are routines supplied by the user to
generate the array for plotting and to apply any constrainiﬁg con-
ditions on the surface; There are four special purpose subroutines
with reserved names and together with the input data they represent
an interface with the user. However, these subroutines may call
any other additional user's or library subroutines if it is

necessary for them to fulfill their purpose.

9.2 The Calling Program

The calling program is the program containing the call to
the package. It may be a subroutine but in the majority of cases
it will be a small main program containing the call and perhaps, if
the user specifies his own plot identification, the blank COMMON/A/
and statements redefining the array KODE(5).

An example of part of the calling routine is as follows:

COMMON/A/ PHI(20),PSI(5),KODE(5)

READ 100,KODE
100 FORMAT (5A4)

c
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CALL PLOT3D

STOP

END

9.3 Subroutine OBJECT

This subroutine contains the equation of the function that
is to be displayed as a surface and is called to evaluate the
function at a given point U(x1l,x2). Calls are issued for each
grid point so that the array to be plotted is systematically filled
with values.

An example of the subroutine that has been used to generate
Figures 11.1 through 11.20 is,

SUBROUTINE OBJECT (X1,X2,0)
U=SIN(X1)+SIN(X2)
RETURN

END

9.4 Subroutine UFILL

Subroutine UFILL serves the same purpose as subroutine
OBJECT; i.e. it fills the plotting array with values. UFILL and
OBJECT are mutually exclusive and unlike OBJECT, UFILL is called
only once to supply the entire matrix. This subroutine enables
the package to analyze a set of data that, in the general case,
results from a previous calculation. However, these may be a set of

values that do not lie in a smooth surface; for example, statistical
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data or experimental results. Figure 11.8 shows one such example.
An example of the subroutine is,

SUBROUTINE UFILL(U,M,N)

DIMENSION U(M,N)

READ(1) U

RETURN

END

9.5 Subroutine CONST

The area restrictions that may be formulated analytically
are passed to the package via this subroutine. While analogous to
the inequality constraints in optimization problems and actual
inequality constraints if the program analyzes an optimization surface,
these constraints are defined as;

gy = ¢i(Xl,X ,....xn)go for i=1,p

2
where n is the number of independent variables

p is the number of constraints

For the three dimensional display, the number of independent
variables is limited to two. The total number of constraints is
unlimited in the general case, but the program only allows up to 20
constraints in its present form. Thus, for three dimensional
problems the constraints have the form;

¢i = ¢i(xl,x2)20 for i=1,20
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By definition, the surface is defined in areas where all
constraints are satisfied and not defined in areas where at least
one constraint is violated.

An example of the subroutine that has been used to impose
restrictions in Figure 11.4 is;

SUBROUTINE CONST(X1,X2)
COMMON/A/ PHI (20),PSI(5),KODE(5)
PHI (1)=X1#*2+X2#%%2-2, 5%%2
RETURN

END

9.6 Subroutine EQUAL

This routine is used for marking of lines in intersection of
the surface with a vertical plane in the general case. In the specific
cases, where an optimization problem is being solved, these lines of
intersection represent equality constraints defined as;

wj = wj(xl,xz,....xn)=0 for j=1,q
where n is the number of variables

q is the number of constraints

The program allows‘up to 5 equality constraints and for two
independent variables, the equality constraints have the form;

¢j = wj(xl,x2)=0 for j=1,5

An example of the subroutine as used in generating Figure

11.5 is3



SUBROUTINE EQUAL (X1,X2)
COMMON / A / PHI (20) ,PSI(5) ,KODE(5)
PSI(1)=X1-0.25%X2-0.33

RETURN

END
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CHAPTER 10
"iNPUT ﬁATA
10.1 General

The necessary data required for execution of the program
is supplied via logical unit no. 5 (card reader most commonly) and
is read in two parts:

a) Parameters and switches,
b) Comment (or heading) card.

The parameters supply actual numerical values used during
computation. Switches route the execution of the program depending
on their state "on" or "off" (refer to chapters on input parameters
and switches).

The comment card is a card whose punched characters
represent any comment the user may wish to use. This card is
simply copied on both the mapped plot and the printed report on
plotting (see chapter on Output). This card may be omitted al-

together or left blank if no comments are required.

10.2 ‘Subroutine INPUT

The general form of the input data is as follows:
A parameter name followed by an equality sign, followed
by a numerical value, followed by a comma, or a similar sequence

with a switch name followed by a comma.
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For example:

NCONS=1,X1MAX=3EO,PRINT, X2MAX=8. 2E02 , ENDDA

The data is decoded in the subroutine INPUT and the values
are passed on to the other routines via labelled common. The data
on the input cards is not order dependent and all blanks are
ignored. The names on the cards are compared character by
character with a table of specified 5 letter words and as soon as the
first 5 letters are recognized, the rest of the name on the card
is ignored up to the equality sign. Illegal names cause termination
of the program with an error message.

Integer type parameters must be followed by values in I
format such as 3,1,2, Real parameters must be followed by values in
E format such as 3.E0, 2.E-1, -6.5E+01, etc.

Scanning of data cards is terminated by the key word ENDDA.
There can be as many data cards as necessary provided that no parameter
or switch is split between two cards. If a parameter is specified
more than once, the last value read is recorded.

The following errors cause termination of the program:

a) Illegal parameter or switch names,

b) 1Illegal characters,

c) Integer type parameters not followed by an I format number,
d) Real type parameters not followed by an E format number,

e) Syntax errors in I or E format numbers;

f) A name split between two cards.
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Any of the above errors are indicated by an error message
together with a copy of the card with the error and a pointer
showing the place where the error occurred. However, since the
pointer is printed by a subroutine called DIFFER it could be missing
if the package contains a modified version of this subroutine (refer
to section on DIFFER).

An example of a typical error message is shown in Figure 10.1:

¥¥¥* ¥SYNTAX ERRCR IN INPUT DATA IN CR AFTcR CULULMN 22
**‘XZMAX=1UEG,XlMAX=4E0,¥SIZE=7.5E0,5NDDATA

Figure 10.1

Sample of Error Message

The manner in which input data is supplied to the package is
very convenient because the user is not required to punch a given
parameter in a given column or field and he does not have to punch
them all. At the same time, the user has convenient visual control
over the parameters being specified or changed. Punching data in a
given column or field very often results in input errors. As
most of the parameters and switches are present before execution of
the program, the user does not have to specify all of them, This

makes the input of data simple and safe.



CHAPTER 11

DESCRIPTION OF INPUT PARAMETERS

11;1 Genérél

The input parameters are required to scale the results
plotted by the package. The program uses up to 17 parameters
for this control;

Some of the parameters are complementary and not all of
them are used or applicable in a given problem. Furthermore, a
vaiue can be given to some of the parameters which causes other
parameters to be ignored when the program is executed. For example,
(refer to table TAB1l) ALPHA, VSIZE and XLENG are ignored if an
angle of observers view, ANGLE is specified. Values not given to
some parameters are substituted for depending on the mode of the
program. For example, limits XIMIN, XIMAX, X2MIN and X2MAX are
substituted for when not specified and in addition KLASS 1 and no
constraints are specified. In the first case, ignored parameters are
computed by the program anq,in the second case, the limits that are
not specified are taken to be the dimensions of the matrix, that is
XIMIN=X2MIN=1 XIMAX=ISIZE and X2MAX=JSIZE.

The parameters are divided into two groups:
a) Compulsory parameters;

b) Optional parameters.
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» DEFAULT

PARAMETERS VALUES EXAMPLE OF THE USE
1 INTX1 50 INTX1 = 30
2 INTX2 50 INTX2 = 60
3 ISIZE 51 ISIZE = 31
4 JSIZE 51 JSIZE = 61
5 NCONS 0 NCONSTRAINTS = 2
6 NEQUA 0 NEQUALITY = 1
7 KLASS 1 KLASS = 2
8 ALPHA 20.0 ALPHA = 15EO
9 ANGLE N/A ANGLE = 6.5E1
10 PAPER 10.>0 PAPER = 28E0
11 VSIZE 10.0 VSIZE = 1.5E01
12 XLENG 7.5 XLENGTH = 2E1
13 XYROT 0.0 XYROTATION = 180.EO
14 X1IMAX 0.0 X1MAX = 0.1E0
15 X1IMIN 0.0 XIMIN = 0.01E0
16 X2MAX 0.0 X2MAX = 2E-1
17 X2MIN 0;0 X2MIN = 4E-02

TABLE 1

LIST OF PARAMETERS
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The distribution of parameters belonging to each group depends on
the method used for generating the matrix to be plotted which is
governed by the value of the parameter KLASS.

The influence of the input parameters is illustrated in
Figures 11.1 to 11.20. Each of these figures is the matrix plotted
on Figure 11.1 with the appropriate parameter or group of parameters
changed. This figure has been generated using subroutine OBJECT

from paragraph 9.3 and the following parameters:

INTX1 = 10
INTX2 = 20
ISIZE = 11
JSIZE = 21
NCONS = 0
NEQUA = 0
KLASS = 1
ALPHA = 25.0
ANGLE = N/A

PAPER = 10.0

VSIZE = 3.0
XLENG = 2.5
XYROT = 0.0
XIMAX = 5.0
XIMIN = 0.0
X2MAX = 6;5

X2MIN = 0.0



Figure 11.1

Basic Plot of 3-D Solid for Parameters listed on page 58

Figure 11.2

INTX1 = 5
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11.2 INTX1,INTX2

Parameter INTX1 specifies the number of intervals to be
plotted along the X1 axis. The number of lines drawn in the vertical
plane is then INTX1+1 and the maximum value of INTX1 is ISIZE-1
where ISIZE is the appropriate side of the matrix to be plotted.
INTX1 has a minimum value of 1. 1In order to draw the boundaries of
the matrik, INTX1 has to be chosen so that it is a multiple of ISIZE-1.
If both of the above conditions for INTX1l are not satisfied, the
program is terminated with an appropriate message in the printed
plotting report and dayfile.

The number of intervals to be plotted along the X2 axis is INTX2.
The conditions applicable to INTX2 are the same as for INTX1 except
for the size of the matrix which is JSIZE. Effect of a change in

these parameters is shown Figures 11.2 and 11.3.

11.3 ISIZE, JSIZE

ISIZE and JSIZE are dimensions of the matrix to be plotted,
i.e. U(ISIZE,JSIZE). The dimensions of the sides of the matrix can
be any value greater than 1, provided that there is sufficient memory
available to store the full matrix. The methods used to improve the
use of core space are discussed in another section. If ISIZE or
JSIZE are less than or equal to 1, or the matrix U does not fit into
the core memory, the program is terminated with an appropriate message

in the printed plotting report and dayfile.
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Figure 11.3
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Figure 11.4

NCONS = 1, NEQUA = 0
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11.4 NCONS

NCONS is the number of inequality constraints inserted when
the package is used for the solution of optimization problems.
Because an inequality constraint specifies an area in which the
matriﬁ is not defined, the use of this parameter is generally not
restricted to the solution of optimization problems. In this case the
inequality constraints are used merely to constrain an area in the
matrix and not as in optimization procedure to determine maxima and
minima. The allowable number of inequality constraints is 20 and if
NCONS is out of limits, the program is terminated with appropriate
messages.

If O<NCONS<20, the program refers to a user's subroutine
CONST (discussed in 9.5) and calls are issued to this subroutine
whenever necessary. Figure 11.4 shows a plot with a constrained
area in the matrix. In this case NCONS=1 and the user's subroutine

CONST is that shown in paragraph 9.5.

11.5 NEQUA

NEQUA is the number of equality constraints and is a parameter
primarily used in the solugion of optimization problems. This
parameter can be used in the same way as NCONS in general plotting
routines, its function being to specify a number of paths to be
marked on the surface of the solid mapped. The allowed number of

equality constraints is 5 and the program terminates if NEQUA is

specified outside this limit.



Figure 11.5

NCONS = 0, NEQUA =1
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Figure 11.6
NCONS = 1, NEQUA = 1
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If O<NEQUA<5 the program refers to a user's subroutine
EQUAL (discussed in paragraph 9.6) and calls are issued to this
subroutine whenever necessary. Figure 11.5 shows the plot for NEQUA=1
and subroutine EQUAL from the paragraph 9.6. The combined effect of

both subroutines is shown in Figure 11.6.

11.6 5£é§§
| KLASS is the parameter specifying two basic modes of
generating the matrii to be plotted.

If KLASS=1 the matrik is generated by means of a user's
subroutine called OBJECT (paragraph 9.3) which specifies the surface
analytically within the interval <XIMIN,XIMAX> and <X2MIN,X2MAX>.
The subroutine OBJECT, when specified by the user is called periodi-
cally by the program to generate the value of the surface at each
point U(I,J).

If KLASS=2 or KLASS=3, the matrix values are obtained
externally by means of a user supplied subroutine called UFILL.

This subroutine is called only once to supply either the entire
matrix (for KLASS=2) or all the known values of the matrix (for
KLASS=3).

As all the elements of the matrix have to be defined before
plotting is possible, interpolation routines, internal to the program
are called to complete the matrix when an incomplete matrix is
specified, i.e. KLASS=3. If the number of elements specified for

the matrix in the external routine are insufficient for successful
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completion of the data by interpolation, the program is terminated
with error messages.

The most common way of obtaining the matrix for KLASS=2 and
KLASS=3 is by reading it in. The user has the option of specifying
a logical file unit on PROGRAM card which contain the data. The
logical unit number has to be different from 2; 5, 6, 8 and 10
because these units are reserved for the program (discussed in
Chapter 15).

If values of KLASS are used that differ from 1, 2 or 3
the program is terminated with error messages. Figure 11.8 shows
the surface for the case when KLASS=2., As it can be seen, the limits,
since not specified, have been substituted for by the dimensions of

the matrix.

11.7 ALPHA

ALPHA is the angle that the base axes of the plot make with
the horizontal when drawn by the plotter (see Figure 4.6). ALPHA
can have any value between 0° and 90°. Although ALPHA is essential
for the plotting routine, it is ignored as an input parameter if a
value for the parameter ANGLE is specified at the same time, since
ALPHA is calculated with respect to the parameter ANGLE. If the value
specified for ALPHA is greater or equal to 90.0 degrees or less than
0.0 degrees, the program is terminated with error messages. Figures

11.9 and 11.10 show the effect of changes in angle ALPHA.



Figure 11.10

ALPHA = 40.0

Figure 11.11

ANGLE = 15.0
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|

'11.8 ANGLE
This parameter represents the angle of view of the observer

measured in vertical plane when looking at the solid plotted by the
routine. The value of ANGLE is specified in degrees and may vary
from 0 to 90 degrees including both limits, all the intermediate
values being allowed. Variation of the parameter ANGLE results in
tilting the solid plotted by the routine on a horizontal axis
through the intersection of the X1 and X2 axes. When ANGLE has a
specified value ALPHA, the parameter discussed above, XLENG, the
length of the longer axis in the horizontal plane and, VSIZE, the
overall height of the mappled plot, are calculated as explained in
Chapter 7, and these parameters are ignored if specified together
with ANGLE. If ANGLE is specified outside the allowed limits the
program is terminated with error messages. Figures 11.11, 11.12 and
11.13 show views of the solid plotfed as ANGLE is increased from

15° through 25° to 60°. When ANGLE is specified as 90° the mapped

plot is a plan view of the matrix.

11.9 PAPER

Parameter PAPER specifies the assumed effective width of the
paper in the plotter. The standard sizes of the plotting paper are
12 inches and 30 inches from edge to edge. The useful plotting width
is one inch less than the nominal size and because it is difficult
to use the whole plotting width of the paper (from a practical stand-
point) a further inch should be subtracted from the useful width; this

allows space for headings, etc. above the plot. From the above



S5«00E+00
§.50E+00
1e00E+00 —
FB0E+00
d«00E400D
2a50E+00
2s00E+0D
X l 1.50E+00
1a00E400
5«00E-01
0a

Figure 11.12

69

ANGLE = 25.0
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considerations, the makimum allowed value for PAPER is 28 inches
and if a value outside the limit is specified; the program terminates.
There are no means of checking the actual size of the
plotting paper used and for this reason, the plotting may be unsuccess-
ful if a matrix generated for 30 inch paper is plotted on 12 inch
paper.
For the parameter ANGLE; PAPER has a special meaning as it
represents the overall possible size of the mapped plot. If a
maximum occurs at U(ISIZE,JSIZE) and the angle of view is

gmax = arctan (a/b), see Chapter :

11.10 XLENG

XLENG is the length of the larger side of the matrix
specified in inches as plotted by the program and forms the one
dimension of the base sides. Both base dimensions correspond to the
sides of the matrix and are in the mutual ratio given by (5.1).

For the special case JSIZE=ISIZE, both dimensions of the base are
equal, i.e.

L=XLENG (11.1)
where L is the length of the appropriate base line.

For JSIZE>ISIZE, the shorter base side is

S L
L = ISIZE-1 X

: LENG (11.2)
JSIZE-1

For JSIZE>ISIZE, the length of the shorter base side is

L = I5IZE-1 4 pne (11.3)
ISIZE-1 .
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Figure 11.14

XLENG = 2.0

00000000

Figure 11.15

XLENG = 3.0



If XLENG is specified together with ANGLE, its value is
ignored as a new angle is calculated that is compatible with the
specified value of ANGLE. If XLENG is negative, the program termi-
nates with an error message.

An upper limit for XLENG is not built into the program,
but it is apparent from any plot that if ALPHA and XLENG (for a
given size of matrix ISIZE and JSIZE) are not correctly chosen, the
far corners of the base of the plot FC will e%ceed the overall size
of the solid mapped (VSIZE). See Figure 4.6. Should this happen,
the program will terminate with an error message. The effect of

changes in XLENG is illustrated in Figures 11.14 and 11.15.

11.11 VSIZE

VSIZE is a parameter that specifies the overall size of the
mapped plot in inches as shown on Figures 11.16 and 11.17 where
VSIZE is specified as 2 and 4 inches respectively. VSIZE is tested
for being less than or equal to the paper size and greater than
zero. If the mapped plot will not fit onto the paper, the program
terminates with a diagnostic message. This test is bypassed when the
parameter ANGLE is specified,as VSIZE is then calculated with
respect to parameters PAPER and ANGLE. If ANGLE is not specified,
VSIZE, XLENG and ALPHA have to be matched in such a way that the
projected distance of the far corner of the plotted matrix is less
than the maximum specified height of the plot. This can be explained
as follows:

Assume that Figure 4.6 shows the mapped solid in its original
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position, i.e. for an angle of rotation XYROT = k.2m. where
k=0,1,2.:.;n; .theh;

FC = XLENG.SIN(ALPHA)+L.SIN(ALPHA)
since JSIZE >ISIZE from (11.2)

L = ISIZE-1 y1enG
JSIZE-1

therefore, FC = XLENG.SIN(ALPHA)(l+£§£§§:l) (11.4)
JSIZE-1

It is obvious from (11.4) that for a square matrix where ISIZE=JSIZE
FC=2.XLENG.SIN(ALPHA)
VSIZE is tested against the computed FC and if less than or equal to

FC the program is terminated with error messages.

11.12 XYROT

Parameter XYROT specifies the angle of rotation of the plot
in the horizontal X-Y plane (or X1-X2) plane. The angle can be
either positive or negative; however, it must be a multiple of 90°.
Positive XYROT causes rotation in an anticlockwise direction and
negative XYROT rotation in a clockwise direction. If XYROT is not a
multiple of 90 degrees the program will terminate with an error
message.

For rotation of the matrix, the program uses logical unit
no. 2 which has to be reserved even if noc rotation is going to be
requested as this unit has another function as well, as will be
discussed in another section. Figures 11.19 and 11.19 show the object

rotated by +90 and -90 degrees respectively.
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11.13 XIMIN, XIMAX and X2MIN, X2MAX

These parameters specify upper and lower limits for the
independent variables X1 and X2 respectively; These limits are
essential if the user subroutines OBJECT and/or CONST are inserted
by the user because of the way in which the plotting routine calls
these subroutines; i;e. in the case KLASS=1 and/or O<NCONS<20 and/or
0<NEQUAZS.

The upper and lower limits of each variable are tested for
mutual equality and,if this test is positive, the program is
terminated with an error message.

For the case where the parameter KLASS=2 or KLASS=3 and
NCONS=0, these parameters are ignored if specified as they are not
needed for the plotting.

The change in limits is illustrated by Figure 11.20.

11.14 Defining of the Parameters

All the input parameters (except ANGLE) are preset to the
default value shown in Table 1 before execution of the program starts.
The parameter ANGLE is preset to the dummy quantity.

It will be appareﬁt from the discussion of the input
parameters that a simple form for the input data card deck would be
the parameters X1MAX,X2MAX (assuming XIMIN and X2MIN=0) and the
terminator ENDDA or KLASS=2 and the terminator ENDDATA. In this
case the other parameters and switches would take their default

values, KLASS would have a value of 1 and the user subroutine OBJECT



77

would have to be supplied to generate the matrix in the first case.
In the second case, the user subroutine UFILL together with a

matrix 51x51 would have to be supplied.
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Figure 11.20

X1MAX=2.0,XMIN=0.5,X2MAX=4.0,X2MIN=0, 7



12.1 General

The switches are required to route the program run and

are turned off when equal to O and on when set to 1.

CHAPTER 12

DESCRIPTION OF SWITCHES

the action corresponding to a given switch will be initiated.

are five switches in the program, all of which have a default value

of "off" (0) (refer to table TAB 2).

SWITCH DEFAULT VALUE EXAMPLE OF THE USE
1 NOLAB 0 NOLABEL
2  NOPLO 0 NOPLOT
3  PRINT 0 PRINT
4  PUNCH 0 PUNCH
5 ENDDA N/A ENDDATA
TABLE 2
"LIST OF SWITCHES
12.2 NOLAB

This switch suppresses the printing of all comments and
labels normally written on the mapped plot, except for the user's

identification, checking marks and the plot terminating message.

78

When turned on,




Vi

Figure 12.1 shows an example of a plot with the labelling suppressed.

12.3° ggg&g

The switch NOPLO suppresses the entire plotting procedure
and no plot file is written at all. This switch is useful when
used with switches PRINT and/or PUNCH, for cases where only the
interpolation routines included in the package are needed. In such
cases, the user may enter an incomplete matrix which will be

completed by interpolation with the plotter bypassed.

12.4 gglﬁi

The PRINT switch causes the matrik to be printed out in
both the original, unscaled form as it enters the preparation
procedure for plotting and in the scaled form as it would normally
be plotted complete with marked elements that violate inequality

constraints if any were specified.

12.5 PUNCH

When the switch PUNCH is turned on, the matrix is written
in binary form in logical unit no. 8 as two files of a similar
structure to those written when the switch PRINT is on.

The first file is the original unscaled matrix, the second
file is the scaled matrix ready for plotting. Both matrices are
written column-wise and are preceeded by two integers recording the
dimensions of the matriﬁ. The files are written in the same format

as if the write statement for each was:
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WRITE(8)ISIZE,JSIZE, ((U(I,J),I=1,ISIZE),J=1,JSIZE)

This discussion is expanded in the section on "Input/Output Files'.

12.6 ENDDA

ENDDA is the key word terminating the reading of input
data (discussed further under "Input"); Since it has no "on" or
"off" state, it is not a switch in the true sense; however; its
function is that of a switch (i.e. decoded in the same way by the

subroutine INPUT).

12.7 Séttingrthe.Swifcﬁes

. All the switches are automatically set to zero before the
start of program execution. The switches remain off by default
but can be turned on by naming and setting the appropriate switch
to 1 on the input card(s). The routine decoding the input data

then finds the key word and turns the switch on.

Figure 12.1

Switch NOLAB "On"



" CHAPTER 13
* OUTPUT
There are two independent outputs from the program.
a) The mapped plot (from a plotter),

b) Printed output with information pertaining to the plot

(from a line printer).

13.1 Tﬁe Piof

The plot is the primary output comprising a 3-D drawing
and comments (or labels); The drawing represents a body with a
square or rectangular base; positioned with one edge towards an
observer so that the angle of projection ALPHA is equal on both
sides as shown in Figure 4;6.

The reason for choosing equal angles of projection was
discussed in 5.1.

The standard size paper used is 12", with an effective
drawing width of 10 inches. If necessary, 30" paper may be used,

with an effective drawing width of 28".
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The vertical size of thé drawing is given by VSIZE, a
parameter that may vary from zero to the maximum effective width of
the paper (discussed uner parameters). Unless the default value is
changed, the vertical height of the plot will be 10 inches.

The horizontal size of the plot depends on the type of
matrix and the value of the parameters XLENG and ALPHA. Because
XLENG specifies the length of the longer side of the base and ALPHA
the angle of projection (Figure 4.6); it is obvious that the
horizontal size is a maiimum when a square matrix is plotted and
is ‘equal to

2. XLENG . cos (ALPHA) (13.1)
For a rectangular matrix the horizontal size will be;
XLENG . cos (ALPHA) + k. XLENG . cos (ALPHA) (13.2)

where

i-dimension-1
k = s 1
j—-dimension-1

The base of the mapped plot is scaled and marked within
the limits XIMIN,XIMAX,X2MIN and X2MAX. The difference is divided
into ten equal intervals and marks are drawn on the respective sides

of the base together with a numerical value (for each mark).
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The standard size of the numbgrs is 0.12"; however, if the
numbers overlap;this size is reduced to 0.06", or the marking of
numerals is suppressed entirely for that particular axis (compare
Figure 11.8 and 11;9). The base axes are also marked to show which
variable they represent, namely, X1 or X2. When the mapped plot is
rotated, the scaling and symbols remain in their correct places
(compare Figures 11.1; 11.17 and 11.18).

If the parameter KLASS is set equal to 1, the mapped plot
is assumed to represent an optimization problem and additional
symbols are drawn. Symbols A and V mark the maximum and the minimum
aléitudes of the surface respectively; i.e. the maximum and minimum
values of the function.

If equality constraints are specified, the paths of the
constraints are marked with numerals 1 to 5. Each numeral
represents an equality constraint as specified in the user subroutine
EQUAL: for example, the numeral 1 could represent an equality
constraint PSI(1l) (see Chapter 9). When equality constraints are
specified the symbols A and V mark the maximum and the minimum
elevations of the surface‘subject to the equality constraints.

The symbols representing maximum and minimum elevations of
the surface do not appear on mapped plots where the matrix has been
read into the program by means of a data file, i.e. for KLASS>1
because in such cases the package is intended for use in visualizing

a set of given data (see Figure 11.8).
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A heading is printed above the mapped plot containing up to
80 characters as read from a card (see Input Data, Chapter 10).

All parameters, together with their numerical value are
listed on the left of the drawing to complete the information on the
plot (Figure 13.1). If it is necessary to produce a plot with no
labelling, the labelling can be suppressed by turning the switch
NOLAB "on" (see NOLAB, paragraph 12.2). The list of activated
switches is not printed on the plot; but can be found on the printed
report from the line printer (Figure 13;2).

In addition to the comments pertaining to the problem
being solved by the package, there is additional information printed
on the plot dealing with the actual plotting procedure and bearing
no relation to the problem being solved.

At the start of the plot there is a written identification
of the plot and the date of the run. Identification is stored in
the array KODE(5) which contains 20 characters and is preset to
MCM/PPZ 72 - 3D-PACKAGE before execution of the package starts. The
identification characters can be redefined by the user in the calling
program as shown in paragraph 9.2.

The data is supplied by the FORTRAN function DATE called
by the package as CALL DATE (DD) (12) where DD is a ten character

Hollerith constant containing the date in the form bmm/dd/yyb
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LIST OF PARAMETERS

INTX1 =
INTX2 =
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Figure 13.1

Identification of Plot and List of Parameters
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where b is a blank
dd is a day of the month.
mm is the month

yy is the year.

If necessary, the user may supply his own subroutine DATE
and use it for generating a different hollerith constant to be
used as additional identification or comment or date in a different
form.

Following the identification, there are positioning marks
drawn on the paper; These marks are 0.2 inches long and 10 inches
apart and perform two functions as follows:

a) Since the lower one has the same Y-co-ordinate as the origin;
i.e. the lower front corner of the mapped plot and the upper
one is 10 inches above it, they mark the makimum size of the
plot and therefore serve to locate the position of the paper
in the plotter.

b) After the plotting process has been completed, the marks are
extended by an additional 0.2 inches. If these extensions do
not line up with the lines drawn at the start of the plotting
process and form a continuous line 0.4 inches long, the plotter
has malfunctioned and the plot must be discarded.

When a plot has been completed, the message END OF PLOT

is written on the paper.
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Printed Qutput

The printed output comes fromthe line printer and is called
BEPORT ON PLOTTING (Figure 13;2). This report is actually written
on logical unit no. 6 and could be exited on a device other than a
line printer; |

The comment card read in as part of the input is printed
under the label HEADING as a string of 80 éharacters between asterisks.
A 1ist of parameters follows the heading together with a numerical
value and explanation for each parameter; If any switches have been
activated they are listed after the list of parameters.

Before generating the matrix for plotting, the program
tests for sufficient memory space and before the memory test is
made the message "TEST FOR SUFFICIENT MEMORY SPACE" is printed.

This message is followed by information on the space needed and the
space available. If the memory is not large enough, the program
terminates with an error message. However, since the information

on the available space is calculated by subroutine DIFFER, it may
not appear if the plotting package is assembled with a modified
version of this subroutine (paragraph 16.2). If the memory is

large enough, the message "TEST PASSED" is printed.

During the search for maximum and minimum elements, any
number of "finds" will be recorded and when.there is more than one
of either or both, a message appears recording the values and
frequency. When the ektremes have been fouﬁd; their values and

location in the matrix are printed. For multiple maxima



CHANGE OF PARAMETERS

rx¥

EPORT ON PLOTTING

LIST OF PARAMETERS

R
HE ABING

e -

[ ) ]

ad ud

2 -~ iLl}

faa) wne

o WD

Xl

i) -~ WD

2N o~

2195 i~ S~
o~ o~ gt} = X
XX I DX ~L
L on OV NONY
[am Loy Xl WZ-
Eal3 hadnd M Ir-HN<g
XX DD D= O=~aZ
75 Z o

QXX [T I DS I |
ZZrHHN WY Y
OoEX™ OD DT

A= Z N e it O
LLILLHH=ND) S OXX XX
TaLaAZZH+ Qi
fam Jou | K—<I0 <L<ALOX UWuddid
ES15F [ Jan | Y= QUV] o O Jdd
== NS Wiyl MO
b= T I LI
QO ja D /) > o o D o oo Lo i o
A JO00DZD NJd N-XYorK
atJd O wuwauw L LI
AG»>OD0uW OXU>>>>
nwun [aadBE Y RS <ANS RENNFY e
B NAD P NO T ZO WDl
IIALL S g=OZZTLTLL
e LA LN D Do o e
Yol DAL~ s
LI U O LA DL ualulilil
00D T i U<I1000D
ZZ Z O E L -
FHHZZHu LN e-OOOD0M0
O Ni= >4 X2ZZZ
[TV T IV T ¢ v L. DDODDOD
OONNODTL L. JOLODOD
ZZ OO0TgC OmmMMmdm
Y unuzw x DV
WL )~ W T e e Y Y L
[asleclo T TooToo Jo' QU INT T g, JONS VU PSS VS |
IIOOSZIFROOZMZOAIAX
DD 1 D0 Z 2 Za. 0oL 0
ZZHDHZZETEAILTD JILID AD

A B L= L
UUGO
.f

E

E

£

E
U00E+OQQ
«530E+0U

OO Ot @ ¢ e o 000 .
NN N N oOonoVo

T T T TR I T I T T R T T A T T

N WLWNIC NI WD =X Z X Z

MOXNNZINT JWUNZO T
OO UL WL i 202 20 20

ZZNNY 1l 1 3Z<TU) A> el OI0N
4 ™D 2Z 2 T 0L ™ D K DK X XK

Figure 13.2

Report on Plotting

QO

P

-

ANL X2

celivuluc+id. AND Xc

hevULUUC+Tu

FOR X1
FOR Xi

v = 15
Sy o

i,

-1.96437E+00 FOUNC AT I
1.,90783E+00 FOUND AT I

¥¥% PLCTTING CCMFLETED ***

TEST PASSED
MINMUM VALUE
MAXIMUM VALUE


http:ut:Gr:~t:.ES

89

the element with the largest sum of element subscripts i+j is
recorded. For multiple minima it is the element with the smallest
sum of subscripts i and j.  Additional information on extremes is
printed when any equality constraints have been printed. This
information comprises makima and minima and their locations for each
~equality constraint listed in the same order as they have been
specified in subroutine EQUAL.

At the end of the program run, the message ***PLOTTING
COMPLETED*** is printed to confirm that the plot has been success-
fully generated;

If any constraints were specified; a symbolic printout
of the plotted matrix called "TOQP VIEW OF THE PLOTTED SURFACE"
appears on the next page. Figure 13.3 shows a sample printout.
Symbol + represents an element of the matrix that does not violate
any inequality constraint. The symbol - represents the area in
which at least one inequality constraint is violated. The
numerals 1 to 5 represent paths of equality constraints (if any)
in the same order in which they have been specified in subroutine
EQUAL. The matrix is printed so that the I subscript varies along
the vertical axis, starting with I=1 at the bottom of the printout.
The J subscript varies along the horizontal axis from left to right.
This orientation of the matrik was chosen because it corresponds
visually to the drawing produced by the program; the lower left
corner of the printed plot corresponding to the front vertical edge

of the mapped plot.
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.Both_subscripts.are:printed.around the plot. Because of the
limited number of characters that can be printed on a single line,
the J subscript is suppressed if it exceeéeds 123 and J values are
truncated at this number. The I subscript is unconstrained as
regards printing and the plot is printed with page skipping suppressed.
If for some reason it is essential to print the full range of values
fqr J, the matrix can be rotated and then the I subscript will be
truncated if the value exceeds 123:

The'plotting completed" message may be followed by a
listing of the matrix if switch PRINT is turned "ON" and/or by a
message pertaining to punching of the matrix on cards if the switch
PUNCH is turned "ON".

In all cases where the program was prematurely terminated
by "fatal" errors, the diagnostic message appears as the last

printed information, (see section on ''diagnostic messages').

13.3 Diagnostic and Fatal Errors

All input data and partial results are checked for validity,
limits and correct logical combination before the actual plotting
is started. There are 18 possible fatal errors that may occur, that
result from incorrect input data specification. These errors are
detected during program execution and each of them causes premature
termination of the programl Before the program terminates a
diagnostic message is printed and the program stops with a corres-
ponding STOP n in the dayfile where u is the octal constant from 1

to 22 referring to the particular error. A list of diagnostics is

contained in APPENDIX B.



" CHAPTER 14

" 'COMPUTER MEMORY

14;1 Général

The complete package with its 34 subroutines represents
about 2;800 cards of FORTRAN coding and the memory requirement for
storing the entire program with its arrays is 35K. This; however,
does not mean that 35;000 memory locations are enough for execution
of the program. There must be space for a loader to load the program
into the memory which represents another 7,000 to 11,000 locations
and in addition to all this; space is required for the user's
subroutines. Although, in most cases, the coding of the user's
subroutines does not occupy significant memory space, they have to
be taken into account; particularly if they contain any arrays,
because of the large space required for the I/0 buffers. There are
three ways to significantly reduce the memory required:
a) Dynamic storage allocation - this is built into the program,
b) Selection of a loader,
¢) Specification of numbe} of input/output files and the sizes of

their buffers

14.2 Dynamic Storage Allocation

The 35K memory locations necessary for storage of the

package coding does not include an array for the matrix to be plotted.
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This matrix array is the largest array the program uses. Its size is
dependent on the problem being solved and may cause the‘program to
abort if it cannot be stored in the memory allocated to the program.
Because the loader that loads thé program into the memory is
only needed for this purpose-has to be allocated a memory
space; its space can be used as additional storage space at the
time of execution; It can thus be used as additional storage after
ig has serveq its purpose if the arrays are assigned to blank
COMMON. Blank COMMON begins immediately after the last routine
loaded and may expand up to the last location of the memory allo-
cated to the program; overlapping the loader and loader labels (13)

(see Figure 14.1).

Job communication
area

First loaded
routine

Next loaded

.

Last loaded Total memory
allocated

Blank common

Unused space

Loader tables

Loader component

Figure 14,1

Computer Memory Structure
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If the blank COMMON specified exceeds the memory allocated,
it is truncated reserving all remaining core for storage purposes.
The user is informed about this situation by the message 'BLANK
COMMON EXCEEDS AVAILABLE CORE, TRUNCATED" which is printed on the
dayfile. This idea is employed in the program for storing the
matrix to be plotted.

The routine PLOT3D called by the user specifies in the
blank COMMON array WORK which has a size of 30K locatiomns. It
calls subroutine INPUT to obtain the size of the matrix. It
then passes the address of the first word of the array WORK,
together with the size of the matrix on to the plotting routine
SURFGG, which handles the array WORK as a two-dimensional matrix u.

The calling sequence is (see flowchart 14.2):

SUBROUTINE PLOT3D

c
COMMON WORK (30000)
c
CALL INPUT(ISIZE,JSIZE)
@
CALL SURF99(WORK,ISIZE,JSIZE)
C
RETURN
END

SUBROUTINE SURF99 (U,NUIL,NUJ)

DIMENSION U(NUI,NUJ)
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PLOT3D
Specify working array INPUT
in blank COMMON
Fetch input data >+ SURF99

Generate the drawing

RETURN

Figure 14.2

. Fowchart of Subroutine PLOT3D
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.The amount of core.occupied by the loader is about 7 to 12K
(i.e. 7,000 to 12,000 octal locations). The actual size varieé
depending on the user's subroutines but nevertheless, there are
automatically a minimum of 4,500 decimal locations available as
storage space for the matrix; The figures refer to the different
loaders (see paragraph 14.3).

- If the default storége is not.sufficeint; it can be
increased by requesting more core for the program and for a
requested total storage of 124K the storage available varies from
23K to 26K decimal locations with respect to the number of input/
ouéput files and sizes of their buffers (see I/0 buffers).

Table TAB3 shows the minimum memory requirements and
guaranteed maximum storage space available for a number of different
situations assuming reasonably small users subroutines.

A COMPASS memory searching routine called SPACE is supplied
with the package. The routine using the job communication area
and loader area obtains both the size of memory as requested by
the user and the last Qord of the loaded program (reference 14).

This information i§ processed by subroutine DIFFER which,
if the space available is not sufficient for storing the full

matrix, terminates the program prematurely.
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No. of |Size of I/O

Minimum memory
required (octal)

Maximum total storage
for memory 124K (octal)

Files |buffers (dec] PP Loader| CP Loader (in decimal)
4 1024 (def) 54K 56K 25,000
5 1024 (def) 56K 60K 24,000
6 = 1024 (def) 60K 62K 23,000
4 512 50K 52K 26,000
5 512 51K 53K 25,500
6 512 52K 54K 25,000

Maximum default

storage (in 3,500 4,500

decimal)

TABLE 3

MEMORY REQUIREMENTS

14.3 Selection of the Loader

For computers with two types of loaders, the user can cut

down the memory requirement by selecting the PP loader, that is, if

it is not selected automatically as the installation's default

loader. This will decrease the memory required to load the program

by approximately 2K when compared with the memory required if the

CP loader is used (TAB 3).

On the other hand, loading is faster

when the program is loaded with the CP loader (reference 15).
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14.4 Input/Output (I/0) Buffers

For execution, the program uses a minimum of four files
(see I/0 files) and the total ﬁumber of files could be as many as
six. Because each file has its own I/0 buffer within the memory
space assigned to the user's job, these buffers represent a
significant portion of the core;

By default, the size of each buffer is specified to be
1024 decimal locations (i;e. 2K octal) by the FORTRAN compiler.
For six files, this represents 14K (octal). It is possible to
reduce the memory requirement by only assigning files the program
is going to use and by the specification of shorter buffers for
each file. The assignment of files is described in the section on
"INPUT/OUTPUT files";

The size of the buffers can be decreased safely to 1011
octal locations (16), and this represents a saving of about
500 decimal locations per file. This shortening of the buffers
causes a decrease in the efficieﬁcy of the I/0 processes;vkowever,
it has been observed from test runs that this decrease in efficiency
does not represent any significant decrease in the speed of the runs.

To shorten the memory using this feature, the main program
has to be compiled with the buffer size specification. One way of
doing this is to set the appropriate parameter on the compilation
control card to the size of the buffer (this should not be less
than 1011 octal locations).

Example: RUN(S,,1011)
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The above example would cause the size of the buffers for
all files to be equal (i.e. 1011 octal locations).

There is another way of specifying shorter buffers and that
is by stating the size of each buffer individually on the PROGRAM
card (16,17).

Example: PROGRAM MAIN(INPUT=1011,....)

This would cause the size of the buffer for file INPUT to be 1011
octal locations while the other files remain with buffers of the
default size unless also specified.

A review of typical examples is shown in TAB 3. Generally,
the minimum memory necessary for the loading and execution of the
program is given by fhe formula:

n
CM = 35000 + ) bi+ &
i=1
where CM is the memory size in octal
3500 represents the size of the package and service

subroutines (octal)

n is the number of files
bi is the buffer size (octal)
2 = 7000 (octal) for the PP loader

)
]

11000 (octal) for the CP loader
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CHAPTER 15

"INPUT/OUTPUT FILES

15.1 General

During execution, the program uses up to six files, of

which four are compulsory and two optional because they are job

dependent.

The compulsory files are as follows:

TAPE2

a)
b) INPUT,TAPE5=INPUT
c) OUTPUT,TAPE6=0UTPUT
d) TAPE10
Optional files are as follows:
e) PUNCHB,TAPE8=PUNCHB
f) TAPEn
15.2 TAPE2
The logical unit TAPE2 serves two purposes:
a) It is a working file used for rotation of the matrix if required.
b) During execution of the program, it is used for storing a plotted

matrix. This is done primarily for printing or punching

purposes if the corresponding switches have been activated.
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After the program terminates successfully (after execution)
TAPE2 is not destroyed (erased) and remains available to the user.
The same applies for TAPE8 (paragraph 15.6).

TAPE2 contains two files; both of which are written in
binary: The first file contains the plotted matrix in its unscaled
form (i;e. as it was generated or read in). This matriﬁ is already
completed if KLASS=3 and interpolation was successful, rotated if
rotation was requested and has its elements for which the inequality
constraints have beeﬁ violated set to the dummy quantity.

The second file contains the matrix in the form it was
transposed to before plotting started, that is; scaled and adjusted
for plotting. It contains values between zero and VSIZE that repre-
sent the actual elevation of the elements on the paper.

Both matrices are written column-wise as if the equivalent
FORTRAN statement was

WRITE(2) ((U(I,J),I=1, ISIZE),J=1,JSIZE)
where  the original limits ISIZE and JSIZE have been mutually

switched if the rotation angle was

w = *(90+1k180) for k=0,1,2....n

15.3 INPUT,TAPES
TAPE5 is the logical unit containing the input data. If
TAPE5 is made equivalent to input as is usually done, the data is

input from the INPUT file (i.e. card reader).
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15.4 OUTPUT,TAPE6

TAPE6 is the logical unit containing the output generated
by the program, other than the drawing and punched cards, making
TAPE6 equivalent to.OUTPUT directs the output to the line printer.
15.5 TAPE10

TAPE1O is the logical unit containing the plot file. It
is.the magnetic tape that is mounted on the plotting device after
the program has successfully been executed. Although TAPE1O is a
magnetic tape, it is not requested under normal circumstances
by the user because the request is automatically generated by the
SYSTEM on the first call of subroutine PLOT (18). This
however, is a McMaster software modification and, therefore, the
procedure to write the plot tape will be different for other
computers. Regardless of the installation, the plot file is
generated in all cases and has to have its logical unit specified

in one way or another.

15.6 PUNCHB,TAPES

TAPE8 is the logical unit onto which the matrix is written
for further use outside the plotting program. The output written on
TAPE8 consists of the two binary files representing the matrix in its
unscaled and scaled form respectively as discussed in paragraph 15.2.

In contrast to TAPE2Z, each file on TAPE8 is preceded by two
integers stating the size of the matrix: The write statement for

each file can be assumed to be
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WRITE(8) ISIZE,JSIZE, ((U(1,J),1=1,ISIZE),J=1,JSIZE)

.The file TAPES8 is primarily intended to serve the user in
providing a source for .the déck with the matrices. For this reason
TAPE8 is commonly equated to PUNCHB; which directs that the output
be punched in binary by the card punch.

The above feature is not necessary because it is possible
to use the system copying utility (15) to control the output
from TAPE8. In this case PUNCHB is not stated on the PROGRAM
card and the user may select either of the files if it is not

necessary to output both of them.

15.7 TAPEn

TAPEn is the logical unit containing the matrix if it is
to be read in (i.e; for KLASS=2 or 3). If the matrix is punched
in coded form it may be placed in the card reader and no special
TAPEn has to be specified as in this case TAPE5 serves the purpose.

When the parameter KLASS is specified other than 1, a call
is issued to the user's subroutine UFILL. UFILL reads the matrix
using the logical unit number n, i.e.:

READ (n,format) list or READ(n) list

Since it is not safe to handle mixed mode files (reference
(16), the matrix punched in binary may not be read into the program
from the card reader; however, it still may be read by the reader
and copied onto TAPEn prior to the program execution (see the

example 5 in APPENDIX D).



"CHAPTER 16

USE OF THE PACKAGE ON OTHER COMPUTERS

16;1"Générél

Although the program was set up for a CDC 6400 computer,
the method and approéch to the problem of 3-D plotting can be used
on most systems with the necessary hardware and software. However,
the program has to be modified for a particular computer system.
Also, the differences lie mainly in the coding that solves assisting
tasks, such as variable format for printing, writing numbers on

the plot, etc.

16.2 Subroutine DIFFER

The parts of the coding that might be different are collected
in the subroutine DIFFER where the purpose of a particular statement
is explained by a comment preceding the particular statement.
Therefore, to adopt the program for another computer it should be
sufficient to replace the subroutine DIFFER with a new one with the
appropriate modifications.

It might even be necessary to replace this subroutine if the
program is assembled by the same computer using a different compiler.
An example of this is RUN and FORTRAN Extended (FTN) compilers on

CDC computers (reference 15,16).
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Also, if FIN is to be.used, a modified version of the COMPASS

‘subroutine SPACE must be.used .because of different subroutine linkage (19).

16.3 Library Routines

If library plotting routines are not available in a

particular installation under the names used in the package (see
APPENDIX C), the user may supply his own routine in the set of service
subroutines calling the correct available subroutine. For example,
if the subroutine that moves the pen is called PLOTT instead of
PLOT the subroutine supplied will be:

SUBROUTINE PLOT (X,Y,N)

CALL PLOTT (X,Y,N)

RETURN

END

Because the routines directly involved in generating the
mapped plot do not use DIFFER, the conversion of the package for
other computers can be done easily and without any chance of
interfering with the main algorithm. This feature adds a significant

degree of flexibility to the package.
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CHAPTER 17

PERFORMANCE AND TIMING (SUMMARY)

During the test runs and a short period of actual use, the
program performed very well, producing precise and accurate images
of the surface.

It is difficult to give a guideline for estimating the
total CPU time required to generate a given plot. This is because,
although the time increases with the size of the matrix, it also
depends significantly on the shape of the surface. The execution
time required to generate figures 11.1 through 11.20 was of the order
five to six seconds. The compilation time should also be taken into
account, although it is insignificant for most usage of the package
since the package will be used in object form. The entire package
represents about 2,800 cards and the assembly time is about 20
seconds.

Another time that should be considered is the time the
tape is engaged on the plotter while the drawing is being done.

For the same drawing, the time is proportional to the size of the
drawing, although the computer CPU time will remain the same.

When the subroutine MOVE, paragraph 6.5, was introduced,
the plotting time became independent of the computing time and two
drawings having close computing time may have vastly different

plotting times. If, for instance, after the rotation the front

106



107

part of the solid shaded the rest of it, the plotting time would be
a minimum while the computing time remained without significant
change.

As an illustration, the time required to map Figures 11.1
through 11.20 was about five minutes. For a smooth surface and
larger matrices with about one third of the points hidden, it may
be estimated that for each two seconds of generating time, the

plot takes about one minute to be drawn.



SECTION D

SUMMARY - APPLICATIONS

CHAPTER 18

GENERAL

A three dimensional display finds its usage anywhere
where the properties of a function of three variables are to be
examined. This section deals with some of these application
areas, some of which have been investigated in detail and some
of which are little more than ideas at this time.

The usefulness of the package lies mainly in fhe fact
that it enables the user to visualize a three dimensional problem,
such as a complicated surface that is a function of three variables.
Visualizing a function of two independent variables is particularly
difficult when the function is not continuous. The introduction
of inequality constraints has the effect of making the function

discontinuous.
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CHAPTER 19

OPTIMIZATION PROBLEMS

Optimization problems involve the optimization of some
objective function
T E R, 9K 9 Ko wie
( R L Xn)

where X1 X5y Xge..X  are independent variables.

3
If there are two independent variables, the objective
function can be represented as a surface in three dimensional
space. If there are more than two independent variables, the
objective function represents a hyperplane and cannot be represented
in three dimensional space. The plotting package is, therefore,
limited to the solution of three dimensional problems.
Algorithms have been formulated to solve both linear
and nonlinear optimization problems. The solution of such problems
involves finding a maximum or a minimum value for the objective
function, subject to equality or inequality constraints. When
the constraints and the objective function are linear the problem
is one of linear optimization and algorithms such as the "simplex
method" (reference 20 and 21) can be used. Simple problems
can be solved manually, but more complex problems require the use

of a digital computer. When one or all of the constraints or the

objective function are nonlinear, the problem of solving for an
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optimum value of the objective function is considerably more
complicated and in some cases it becomes impossible to find a
solution. The plotting package is equipped to find a numerical
solution to a nonlinear optimization problem, but of considerable
importance is the fact that the problem, with its solution is
displayed visually.

The constraint functions may be inequality functions, such

as

¢j = ¢j(xl,x2,x3....xn)20 for j=1,m
or equality constraints such as;

by = wk(xl,xz,XS....xn) for k=1,p

where x; are independent variables

n 1is the number of independent variables

m is the number of inequality constraints

p 1is the number of equality constraints

The package has been designed with a view to the solutioﬁ
of optimization problems in design work and also to gain insight
into the effect of changing variables in the objective function.
Because the package can only handle problems with three variables,
the number of independent design variables is limited to two giving
the objective function the form

u = u(xl,xz)
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Two independent variables could be regarded as a serious
limitation of the objective function; however, a choice of the two
variables that are allowed to vary independently can be made and
in a manner that leaves the nature of the objective function
unchanged. A single or a series of sensitivity tests may be
performed on the objective function to make the choice of indepen-
dent variables simpler. It is also often possible to reduce the
number of independent variables and by so doing also reduce the
number of constraints since constraints on independent variables
that have been removed from the problem are redundant.

The program allows twenty inequality and five equality
constraints because test runs of the program have shown that these
are sufficient in almost all cases. Constrained regions in the
mapped solid are defined by inequality constraints in such a way
that only that part of the surface that represents feasible
solutions is drawn. The grid pattern on the base of the solid
is drawn in places where the solid has been "cut away" because of
an inequality constraint. The boundaries are clearly represented
by vertical lines and this ability to represent multivalue elements
(sudden drops from the su}face to the base) makes the package
unique.

The equality constraints are mapped as paths consisting
of numerals, each of which represents a particular constraint.

Both the maximum and the minimum values of the objective

function, subject to the constraints are marked on the surface
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provided that the solid is oriented in such a way that these
points are visible.

Figures 19;1; 192, 19;3 and 19.4 show views of a typical
objective function and the change in the solutions when constraints
on the objective function are changed and combined in different ways.
By multiplying the original objective function by -1.0, the solution
had its maximum and minimum reversed.

Use of the three dimensional plot for visualizing a
designer's objective function makes it simple to recognize variables
that have a marked effect on the solution and also how the variables
affect the objective function. It is also possible to see whether

the solution found represents a global or a local optimum.
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Solution of Optimization Problem with One Inequality Constraint



114

TR
AR TR
lz‘nu"’.zufha;%g?r
AT
TR
s8R
,;:szf_{,g{:fi;;;?ig;:z;cz,,o::;..'{ 2
,;515ﬂ’ﬂ';i"lzle:‘zl:z‘l? :':;3{;3:3:5:: 2000
AL AT AL P 0.0 00
G A TP RAY 03&% A
,::{L"Jl'i“ "i'l"lll" "' "l’"’ "' """‘0. S 00'0‘ "
sttty etuellivesety
"’31’530"':"1"I"I"I" il L0
LRI 0 00y HXELAD
LA AL R TATAG R
A I || iy Sl
it ittt e
¥ 1 i — :2::3:4:0?“ | WL L
T R S e Xe
§.005-01 [ s.o&e’&fhon

Figure 19.3

Solution of Optimization Problem with One Equality Constraint

8 «00E+00
=4

X1

Figure 19.4

Solution of Optimization Problem with One Equality and

One Inequality Constraint



CHAPTER 20

" FUNCTIONAL ANALYSIS IN DESIGN

Figure 20.1 shows the application of the package to the
analysis of the functional relationship between tool life, cutting
speed, feed rate and depth of cut in a chip removable machining
pfocess.

An extended Taylor's basic equation for tool life

(reference 22) defines tool life as:

- k .
R, 20.
& V.£04P (20:1)

where T is the tool life in minutes
V is the cutting speed in feet per minute
f is the feed rate in inches per minute
d is the depth of cut
k is a constant

m, n and p are experimentally determined constants

Combining the feed rate and depth of cut into a single
variable representing the cross-csectional area of the cut, the
tool life becomes a function of two independent variables.
T = T(V,M) (20.2)
where M is the volume of metal removed
Thus, the function is suitable for display by the three-dimensional

plotting package. The surface resulting from the study of a model
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~

based'on equation (20.1) is shown in Figure 20.1.

An analysis of the plot shows that the cutting speed has
a bigger influence on tool life than the volume of metal removed.
Using the scale along the vertical axis, readings of tool life
may be taken from the surface for a given cuttingAspeed and volume
of metal (maximum and minimum yalues are obtained from the printout
accompanying the plot). Plots similar to Figure 20.1 may be

extremely useful in machine shops if supplied in a suitable form.
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CHAPTER 21

'EVALUATION OF DATA SETS

The three dimensional plotting package has application in
the preparation of diagrams for visual aids. A fast and cheap
line drawing of a family of curves, or a response surface can be
drawn as viewed from each of four corners, and the plots quickly
coloured (eg. using letra-tone). If all four views are photographed
together in one illustration, readers are given maximum information
in an easily assimilable form.

The 3-D package can also be used to plot a 2-D transient
response (eg. longitudinal dispersion against time) or a 3-D
response at various instances of time. Figures 21.1 and 21.2
show a flood wave propagation through a body of water as seen
from opposite corners. Alternatively, in the latter case, a simple
adaptation can be made by plotting a relavent parameter, eg. the
instantaneous peak flood levels, against time.

In the case of such transients, the 3-D package is
particularly suitable for illustrating the effect of several inputs
distributed along the boundary of the configuration (eg. pollutant,
flow, etc.), and provides a worthwhile condensation of otherwise
unwieldy tables of numbers, inherent in the output of most models.

Figures 21.3 and 21.4 show a graphical representation of the
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Flood Wave Propagation - Basic View
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dissipation of pollutants from two sources in a body of water.
The X1 and X2 dimensions represent an area in the body of water
and the altitude of the mapped solid represents the pollutant

concentration. The manner in which they mix is of interest

(reference 23).
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CHAPTER 22

TEACHING DESIGN OPTIMIZATION

The optimization feature of the package with its mapped
display has interesting possibilities as a teaching tool.

The idea would be that students would try to search for
maxima or minima in three dimensional engineering design optimi-
zation problems via computer e#periments on a response surface fed
into the computer by the instructor ahead of time. The student
would be allowed several experiments and the results of each
experiment should appear as printout of the numerical value of the
objective function for each experiment. Furthermore, the experiment
number could be stored at the appropriate location on the response
surface for later display purposes.

When the students have computed their set of experiments,
the surface, the optimum and the values of the objective functions

corresponding to each experiment could be displayed (reference 24).
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CHAPTER 23

IMPROVEMENT OF INCOMPLETE EXPERIMENTAL DATA

Often experiments are too costly or tco time-consuming to
determine sufficient data for a complete range of variables.
Usually in such cases, only the minimum number of peoints are
obtained experimentally and interpolation is necessary to complete
a description of the phenomena.

Figure 23.1 shows a 3-D figure obtained on the plotter
from an incomplete set of experimental data. In this case, the
problem was to determine the shape and values of a surface
describing the relationship between the nonstochiometry of
cobaltwlstite (the vertical axis) with respect to the pressure
(x2 axis) and weight percentage of ferrous oxide in the mixed
oxide (x1 axis) at a given temperature (25).

Data was obtained for the nonstochiometry of cobaltwustite
at a temperature of 1000°C. Because of the high temperature, the
experimental results were difficult to obtain. It was, therefore,
decided to attempt to use the package to simultaneously double
the number of results by using the spline interpolation routine
built into the package and to map a three-dimensional display of
the total data. Figure 23.1 shows a display of the three variables

where every second value was obtained by interpolation (26).
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CHAPTER 24

VISUALIZATION OF DISCRETE EXPERIMENTAL DATA

A neutron beam was pointed at a detector and the flight
time and energy of each neutron as it reflected off the detector
and hit another detector was recorded (reference 27).

A plot was required to display the full spectrum of
results. Therefore, the package described herein was used to
plot the number of neutrons hitting the second detector (vertical
axis), versus the pulse height representing the energy (x1 axis)
versus the time of flight (x2 axis).

Figure 24.1 is a display of only a sample of the full
range-of the original data and the original plot. This figure
demonstrates the performance of the package when applied to

discrete "unsmoothed" data.
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APPENDIX A

LIST OF STOPS, DIAGNOSTIC MESSAGES

AND SUBROUTINES GENERATING THEM

If the program aborts, the following STOPn is printed in the

dayfile and the associated message is printed on the printed output.

STOP 1 SUBROUTINE DATAT
"Number of intervals to be plotted along X1 or X2 axis is less than
or equal to zero".

See Parameter INTXI.

STOP 2 SUBROUTINE DATAT
"Error in matrix dimensions. ISIZE or JSIZE are less than or equal
to one'.

See Parameter ISIZE.

STOP 3 SUBROUTINE DATAT
"Number of inequality constraints greater than twenty or less than
zero".

See Parameter NCONS.
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STOP 4 SUBROUTINE DATA
"Number of equality constraints greater than five or less than
zero".

See Parameter NEQUA.

STOP 5 SUBROUTINE DATAT
"Klass is not equal 1, 2 or 3".

See Parameter KLASS.

STOP 6 SUBROUTINE DATA
"Angle of the matrix side is less than zero or greater than or
equal to ninety".

See Parameter ALPHA.

STOP 7 SUBROUTINE DATA
"Size of the plot exceeds nnn inches or is less than or equal to
zero".

See Parameter VSIZE.

STOP 10 SUBROUTINE DATA
"Length of the plot side is less than or equal to zero".

See Parameter XLENG.



STOP 11 SUBROUTINE SURF99

"Total number of intervals (size of the matrix minus one is
not an integer multiple of the number of the intervals to be
plotted".

See Parameter INTX1.

STOP 12 SUBROUTINE SURF99
"Upper limit of X1 or X2 is equal to the lower limit".

See Parameter XIMIN,XIMAX,X2MIN,X2MAX.

STOP 13 SUBROUTINE SURF99
"Surface is not defined at specified interval. No feasible
solution for optimization problem".

Although the surface exists at the interval specified

by limits of X1 and X2, inequality constraints are violated at

that particular interval. Therefore, the function is said to be

"not defined" at the interval in question.

STOP 14 SUBROUTINE SURF99
"Size of the plot is less than far corner of the basis".

See Parameter XLENG.

STOP 15 SUBROUTINE DATAT
"Angle of view is less than zero or greater than 90 degrees'.

See Parameter ANGLE.
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STOP 16 SUBROUTINE DIFFER
"Memory allocated is not sufficient".
This message may not be issued for a modified subroutine
DIFFER. If this subroutine does not supply the space available
for the matrix, the program fails due to insufficient memory during

the test done in Subroutine SURF99. (See Memory, page 96).

STOP 17 SUBROUTINE DATA
"Paper size is exceeding 28 inches or is less than zero".

See Parameter PAPER.

STOP 20 SUBROUTINE ROTOR
"Rotation angle is not an integer multiple of 90 degrees".

See Parameter XYROT

STOP 21 SUBROUTINE INPUT
"Syntax error in input data in or after column nnn'".

See Input Data.

STOP 22 SUBROUTINE XINTER
"I11 conditions for interpolation'".

This message is accompanied by an additional message
specifying the cause of failure to interpolate and aprintout of

the matrix at the instant of termination.



APPENDIX B

LIST OF THE PACKAGE SUBROUTINES AND FUNCTIONS

1. CHECK
Checks if criteria for interpolation to be possible are

satisfied.

2. COORD

Calculates X and Y co-ordinates of a matrix element uij'

3. CORNER
Checks if the element which forces the pen to change its
mode is an element standing on the edge of a constrained and non-

constrained area.

4. CROSS
Finds X and Y co-ordinates of a point of intersection of two

straight lines.

5. DATAT

Tests input parameters for specified limits.

6. DIAG3

Solves a tridiagonal system of equations.

7. DIFFER
Contains the instructions that may be different for

different computers or different FORTRAN compilers.
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'8. ELEV
Lifts the pen from the base to the surface or slides it to
the base from the surface if the edge of the surface due to the

constrained area has been reached.

9. EYE
Finds the proper mode of the pen (2 or 3) for the next
movement. It also moves the pen in its present mode up to the

point of intersection if the pen changes its mode. (See Figure

6.3).

10. FIZL

FIZL checks the conditions for the next move of the pen,
namely, whether the move is to be on the surface or on the base
(for constrained areas), positions the pen for any surface -
base interéhanges, obtains the mode of the move and moves the pen
to the next position (see Figure 6.1). It also marks the outer
corner elements in order to prevent multiple drawing of their
vertical contours.

-

11. GETMAT
Reads or generates the matrix for plotting, depending on

the parameter KLASS.

12. IGET

Finds the position of the next nonblank character for its

identification by subroutine INPUT.
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13. 1INCO
Checks if element lies on the inner corner of the boundaries
of constrained areas and if so, arranges for the plotting of both

the vertical contour and the contours at the base.

14. INITP

Initiates the plot file by issuing the first call to

spbroutine PLOT.

15. INPUT

Reads the input data, decodes the key words and sets

appropriate switches and/or parameters.

16, INSERT

Interpolates column-wise or row-wise.

17. LINES

Identifies the intersecting lines by two pairs of

co-ordinates of the points lying on each one.

18. MARK

Controls the writing of all the text and symbols connected

with the problem on the plot.

19.  MAXIM

Locates the maxima and minima of the wvalues in the generated

matrix.
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20. MOVE _
Checks the moae of the pen and,while generating the drawing

controls, movements of the pen so that the pen is moved only if it

is supposed to draw a line.

21. NKVD

Searches the matrix to determine if any elements have been
eliminated due to the constraining conditions and clears out
elements that do not have any neighbouring ones in order to get a

clear drawing.

22, PLOT3D
This is the driving routine for the plotting package.
Specifies working space in blank corner, calls subroutine INPUT

for input of parameters and passes control to the plotting routine

(see Figure 14.2).

23. PATHS
Marks the paths of equality constraints on the drawing

and marks the elements on the paths for further printer-plot.

24. PRINTG
Generates a printer-plot representing the top view of

the plotted matrix.
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25. PRINTL
Prints list of parameters, their values and meanings and

list of activated switches.

26. READV

Reads the matrix column-wise from the logical unit #2 onto
which it has been written by subroutine ROTOR, thus rotates the

matrix clock-wise.

27. ROTOR

Checks validity of the angle of rotation, switches limits

of variables and writes the matrix row-wise onto logical unit #2.

28. SPACE

This COMPASS subroutine searches the job communication
area (Figure 14.) for total memory allocated to the program and
the first address of the blank COMMON. These values are analyzed
by subroutine DIFFER to check if space in blank COMMON can
accommodate the matrix with the working arrays, if an interpolation

is necessary.

29. SPLINE

Executes cubic spline interpolation.

30. SPLIT

Calculates second derivatives for interpolation.
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31. SURF99

This is the backbone of the program (see Figure 3.1).
It controls and performs calculations and other tasks necessary to
generate the matrix and prepare it for plotting, initiates and
terminates the plotting, controls the generating of the drawing
and servicingttasks such as printing of the report, outputting

the matrix, etc.

32. UouT
Outputs the matrix on the printer and/or binary punch with

respect to the setting of appropriate switches.

33. UsoO
This function retrieves the actual value (altitude) to be
used for plotting since some elements have been artificially

modified-flagged by subroutine FIZL.

34, XINTER
Arranges for the completion of the matrix by the method

of spline interpolation if the matrix has not been supplied fully.
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LIST OF LIBRARY SUBROUTINES

1. DATE
FORTRAN function supplying the current date as a 10

character Hollerith constant.

2. GRAF
Draws symbols A and V to mark maximum and minimum on the

plot respectively.

3. LETTER

Draws string of characters used as comment on the plot.

4, PLOT

Moves the pen above or on the paper with respect to the mode

specified.



APPENDIX C

CROSS REFERENCE DIRECTORY OF THE PACKAGE SUBROUTINES

NAME CALLING CALLED BY

CHECK XINTER

COORD ELEV,FIZL,INCO,LINES,

ENTRY XCO PATHS, SURF99

ENTRY vCco

CORNER ' u50 EYE

CROSS EYE

DATAT SURF99

DIAG3 SPLIT

DIFFER SPACE INPUT ,MARK,PRINTG,READU,

ROTOR,UOUT  SHA¢H

ELEV COORD,EYE ,MOVE FIZL,INCO
U50

EYE CORNER, CROSS, ELEV,FIZL,INCO
LINES,MOVE,U50
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NAME CALLING CALLED BY
10 FIZL COORD, ELEV,EYE, SURF99
MOVE
11 GETMAT OBJECT,UFILL,XINTER | SURF99
12 IGET INPUT
13 INCO COORD, ELEV,EYE, SURF99
MOVE, PLOT
14 INITP PLOT SURF99
15 INPUT DIFFER,IGET PLOT3D
16 INSERT SPLINE,SPLIT XINTER
17 LINES COORD,U50 EYE
18 MARK DIFFER,LETTER, SURF99
PATHS, PLOT
19 MAXIM SURF99
20 MOVE PLOT ELEV,EYE,FIZL,INCO,SURF99,
21 NKVD SURF99
22 PATHS COORD, EQUAL,GRAF, MARK , SURF99

LETTER,OBJECT,U50
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NAME CALLING CALLED BY
23 PLOT3D INPUT, SURF99 MAIN
24 PRINTG DIFFER SURF99
25 PRINTL SURF99
26 READU DIFFER ROTOR
27 ROTOR DIFFER,READU SURF99
28 SPACE DIFFER
29 SPLINE INSERT
30 SPLIT DIAG3 INSERT
31 SURF99 CONST , COORD , DATAT, PLOT3D
DATE ,DIFFER, FIZL,
GETMAT, INCO, INITP,
LETTER ,MARK ,MAXIM,
MOVE ,NKVD,PATHS ,
PLOT,PRINTG , PRINTL,
ROTOR , UOUT
32 UOUT DIFFER SURF99
33 U ELEV,EYE,LINES,PATHS
34 XINTER CHECK , INSERT GETMAT




REFERENCE DIRECTORY OF SERVICE SUBROUTINES
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NAME CALLING CALLED BY
CONST SURF99
EQUAL PATHS
" OBJECT GETMAT ,PATHS
UFILL GETMAT




APPENDIX D

TYPICAL DECK STRUCTURES

1) Package in Source Form

abed ,MT1,T40,CM52000. name
LOADER (PPLOADR)

RUN(S,,1011)

SETINDF.

REDUCE.

LGO.

RETURN (TAPE10)

7/8/9 END OF RECORD

PROGRAM MAIN(INPUT,OUTPUT,PUNCHB,TAPEL,
* TAPE2,TAPE5=INPUT,TAPE6=0UTPUT,TAPE8=PUNCHB,
* TAPE10)

user's service subroutines

package subroutines

7/8/9 END OF RECORD
data
6/7/8/9 END OF FILE
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2) Package in Object Form as a Deck

abed,MT1,CM52000. name
LOADER (PPLOADR)
COPYBF (INPUT,LGO)

RUN(S,,1011)

SETINDF.
- REDUCE.
LGO.
RETURN (TAPE10)
7/8/9 END OF RECORD
object deck with package subroutines
7/8/9 END OF RECORD
PROGRAM MAIN(INPUT, ................ )
user's service subroutines
7/8/9 END OF RECORD

data

6/7/8/9 END OF FILE
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3) Package in Object Form on Magnetic Tape

abed ,MT1,CM52000. name
LOADER (PPLOADR)

RUN(S,,1011)

REQUEST (TP)READ/tape identification

REWIND (TP)

COPYBF (TP ,XX)

UNLOAD(TP)

LOAD (XX)

LGO.

7/8/9 END OF RECORD

PROGRAM MAIN(INPUT,.ceeeevse )

user's service subroutines

7/8/9 END OF RECORD

data

6/7/8/9 END OF FILE
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4) Package in Object Form on Permanent File

abed ,MT1,CM52000. name
LOADER (PPLOADR)

RUN(S,,1011)

ATTACH(XX,filename,ID=abcdname ,MR=1)

LOAD (XX)

LGO.

7/8/9 END OF RECORD

PROGRAM MAIN (INPUT,:eeeecvess )
user's service subroutines
7/8/9 END OF RECORD
data

6/7/8/9 END OF FILE



5) Input M

atrix as a Binary Deck

abed ,MT

1,CM52000.

LOADER (PPLOADR)

RUN(S,,
COPYBF(
REWIND (
ATTACH(
LOAD (XX
LGO.

7/8/9

7/8/9

7/8/9

6/7/8/9

1011)
INPUT, TAPE1)
TAPE1)

Xyeoosoaannn )

)

END OF RECORD

PROGRAM MAIN(TAPE1,INPUT,

user's service subroutines

END OF RECORD

binary deck with the matrix

END OF RECORD

data

END OF FILE

name
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ST INITIAL VALUL OF VS

DU 25 I=1,nNUl

DU Z5 Jd=14NUy )

1F (AuS(b(l,J)-UbLR).bT ledk=-0) GU TU Zob
CONT INLc

WRiTe (cybu)

V:.):\JQU

GO TU su

CALCULAT: VLRTICAL SCALc FUR SPECLFLlcU ANGLL UF vicw

IF (ANGLLo.cGeXLETL) CU TO <7 $
S=V e/ (LMAX=UCUR)
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151
LJc
159
io4
155
L0
ib5¢
120
129
idou
lol
loucd
loo
lck
iCy
LUO
los
loo
iCY
17y
171
1dic
Lo
174
Lidb
lro
w1
i/706
149
10U
161
1be
183
lo4
18%
L4000
io/
100
169
190
151
1.9
199
194
195
i9v
1yr
1956
194
Zuu
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34

GO TC 3u

VS=VSIZce/ (U(L,J)=UGCOR)

DO 29 I=14NUL

U0 29 J=1,NUJ ,

IF (U(I,ul=XLLTI) 26529528

IF (ABS(U(L,U)=UCUR) sLTslelb=b) GU TU ¢Y
VSS= (VS 1lZe=YLU(Lyu)) /(UL ,J)=UCOR)

IF (VoS eLTaVS) VS=VSS

CONTINUE

CALCULATe U=t TWURK

CONT LNUE A

bvo 33 i=1,NU1

00 33 J:1,N

iF (U(L,u)'XLLTl) 32331432

Ullyuld==ieu

GU %C 33

UL, )= (U(L,J)=UCUR)*¥VS+YCLCU(I,J)

LUV%LNL;

WRLITE U=MATRLX SCALED FUR PLOTTING Lece CCONVerTeu Tu PLUITER
UNLTS IN BLNARY Ao THeo ScCOND Flib ON UNLT <

WR1TE (<) U

ENJ Flic ¢

Redl NU <

BYPASS PLUTTING IF NCPLOUT SWITCH 1S SeT
IF (NSW{(3).NecesU) GO TU 55

PLITTING STARTS HuRu

WRLTE COuc ANu UAlce

CA_L DATc (uL)

CALL PLU[(U.U,WC,‘&)

XC4=1.5

CALL PLUOT (XCHy1luUeuy d)

QALL PLUT (XUH+Uedyllal <)

DU 34 1I=1,4Y

YKODe=1Ue U=FLUAT(i=1)%*4,0%Ue 3

CALL LETTER (H,Uov,L?UoU’loU,YKOUL,KUUL(l))
CONTINLe

CALL LETTeR (LU;J.J,&/U-J,loU,“oU’UU)

CALL PLUT (XUH+UecyUelUy3)

CaLLl PLCT (XCHyUeug<)
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92

306
37

[oN]
(o

W
[==3Ve}

ccococs

XiL=F
XST = X
CALL

URA W

IK=0

JK=1 _

DU_\S] I:l,NUl,IS]LP

hNU2=4

IP-N=¢

CALL mMUve (XLUu(ly1),YCOU(Iy1),43)
Uu o2 J:(."NUJ

CALL FIZL (1iy3JdyU,yULloNUY)
Nxi=1

CA&_L INCC (IyusUysinUl ynNUJ)
CONT INUL N

IF (I.EQ.1) GU TO 37

IF (U(l=19yNUJ)) Suy37,37
hNX1=¢ 3

CALL 1InNOU (LlynNUJFLyU,ZNULy NUJ)
CONTINLC )

LALL PLCOCT (JeuglUely=3)

URAW RIGRT=LeFT PATHS

IK=1

JK=U

LU uu J=Z1yNUJ 3 JSTP

NLU”=uy

IP- N=2 )

L‘ALL NOVL (XCU(1,0) 9y YLO (1,y4),43)
DU 38 l1=gyNUL

CaLe FIZL {(lyJdsyUynul yNUJ)
CONT INUc

IF (Jebuwedl) LU TU &u

ifF (L([\Ul’J‘l)) 5*)"‘10’4{)
NXL=9

CALL INCC (NUL+1yuyUyNULyNUJ)
CONT1INUE

DRAW BASE

RIGHT=-LEFT

1PzN=¢

CALL PLUT (UseujlUsuy=9)
I=NU1

J=1
CALL ®QOVe (XCU(Lyu)yYCU(Lyd)ys)

AT( NUL 1) *¥LX
+8

CT (Xb],u.u,-S)
EFT=R16HT PATHS

LG
iL
PL
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Yt (XCOU(1l,y0),YLO(1yJ),IPEN)

(1
45
I+1,U)) 42544, 44
C
1 ‘to,‘f(),"ﬁ.l.

1

I)d)) 4/,90,48
"]
su=1)) 47,4949

Vi (xuu(l,u),YLU(Lad),lPLN)
LT.NUJ) GU TU &b

URAW PATHS OF cWQUALITY CGUNSTRALINTS
IF (IGQUAL) 2Z2y22y21

CALL PATES (UyNULyNUJ)
MARK AXLS

IF (NSH(4)) 54,553,554

CALL MARK (UynUlynUJ)
FINLSH uF PLUTTING
XCA==XiL=bDe S }

C/-;\LL FLOT (XUHy1UsUy 3)
CALL PLUTl (XUHtUecylual,2)
CALL PLUT (XCH+UecyUeugo)

CALL PLUT (XLH’UQU’Z)
XEND=FLUAT(NUU=1) ¥ UX+4eu

IF ((XeNU+FLUAT (NULI=21)*¥UX) oL To2UeU) XeNUTcUeU=FLUAT(NUL=1)*UX
CALL LETIER (ilyUecscTUaUgXENDyboUgadlHeND CF #LUI)

GAL—L E’LU] (XLNU+LI.U,U.U,-6)
CALL PLOT (Uo'l’UoU,\Jtﬂ(ﬁ)
WKLTL (uyo/)

PRINT PLALN VicW OF THe SURFACE IF ANY CUNSTRAILINIS
IF (NUCONSelLLeus ANUelGUALeLLsU) GU Tu oo

Q;Kc PRESENI]
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vic
919
914
SF
v4l
o1/
S48
31Y
S RayT]
2<d
el
3cd
Sck
e
3eb
Scd
2B
S
Sou
341
d9cC
[VRVES]
S0k
33859
oVL
o9/
300
S33Y
S U
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J4c¢
49
Su4a
349
SE Xe)
o4l
340
36449
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CALL PRINTG

(Uy NUL,; NUJ)

QUTPUT U=MATKLX IF THz CUORRLSPUNUING SWLITChoS ARe SO

1F (NSW(1) e HE« UeUreNSHIC) oNEWU) CALL UULUT (LyNULyhilu)

RETURN

F%<?AT (//795Xy ibHIULNLIMUM VALUL yE13ev91l4H FUUNU Al I = 41336Hy u =
3

Eumm (//759KycoH¥*% PLOTTING CCMFLLTCU *%%)

FQ@?AT (/772Xy L4HMAXLIMUI VALUE yEl8eoyi4H FOUUNL Al I = ,109bHy J =

s 135

FOXMAT (dH+,0uX,8NnFOR X1 =y£14%e5y9H ANU X< =y0l4.%)

FUIKMAT (1X)

FORMAT (//0Xy0cHTeoT FOUR SUFFLULENT TieMURY oFACL)

FOXMAT (/oXs1iHTeST PASSeU)

FUKIMAT (8X,y i9A5PALE NebUcU 1oyl1uydub LUCATLUNS)

FUKMAT (//5X,2oHBUTH MINLEUM AND FAXLIUM ARe oQUAL 11U LLRU 7)

FORUAT (//oX, 0iH¥F¥*¥¥J0TAL NUMBER UF LNTERVALS (slde UF THe MAIRLX
HINUS ChE) 1S NUT AI\ INTE6erR  /4XyudH MULTLPLE UF iHe NUMBLR UF 4

NT=RVALS Tu bz PLUTTeL /) ]

Ebhgﬂjl(/;fx,asH*4*** olZc OF THE FLUT 1o LESS ThHAN rAK CURNoLkR uF 1
C AS1l S

FU{HA% ({/bx, STH¥¥¥¥¥UPPLR LLMLT LF X1 UR Xe¢ 1S clWlht TU THeE LUWeK
Limd /

FUIMAT (//73XyoUuH**¥*¥*¥SURFAGe IS NUT UckFiNeD AT SreCiFliu iNTeRVAL

{FK,HDHNU FeAbloLe SCLUITIGON FUR UFTLIMLZAT1IO0N PRULLct 7))

-NJ
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FUNCTION CUUGRU (I,J)
CALCULLATES X AND ¥ UCOUKUINATCS OF THo MATRLX clerciNi

CUMMON /ELUCLKL/ ULLLzUtLL’DX’UY,U.L UQ,J.A?(]U,.LOL,.LL(QU),.LLUP«,J.‘J.L(J(L
1U0),Ielylky LMAX,lMlN,LNLUlK,leUuK 1NT INTNUMydPENy IreRy LFLUSyLOKLP
Z,If,léd I.S, JKyJMAXy JMLIN yd 1y UIP ,JS’KL,KLY(J,(_b),h.LNUb,”UUL,‘\L;UNP’N
5LU<N,NLLF_V7NlNLU,NKtY’NKUT NUF g NXLygNXZynX 3 gtiRENUITyUr (L30) 9yULASTyUI
GAXy UMINy XN, )\J.,XC,YIJ,YY.L,Y‘C,Y]. Y&

ENTRY Xou

COJRU=UX*¥FLUAT (u=1)
RETURN

FLUAT(u+i=2)
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SUSROUTINE GURNeR (U,NUIyNUJ)
CHzCKS IF UUNTOUR IS A UURNER LINE

DIMENSION U (NULl,NUJ)

COMMUGN /ZeLulKl/ DLl
1“ IEU,lK,LhHX,lHUQ’
f,l;dylé,JN,JMAX,JM

5(,U<N,uth_v,nincu,nK
GAXy UMINy XNy X1yX2y YNy

—

-
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[ n
e
o

(
(
(
G0 T
I
J

GO TO sc
IF (123) 43917443

1l
2 d
V)
i

d)iAKTO,lbL’&b(OU))lLUh,lULb(l
;lNThUh’lPLh,lVLK,lPLbD,lJKlP
,Kt,KCY(J,Cb),HLNUJ,MUUL’NbUlP,N
INXCyNX S grikeNLivyg Ut (134) 3 ULASTyUI
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SUBROUTLINE CRUSS

COMMUN /ZtLUCKL1/ OeliyUt LC,UX,UY,UL)U(,J.AK1(),.LLL ,lb(uU),LbUM,J_‘Jl()(L
'J) ].C(le"\’ll"ll«\)ﬂ, IMinN gy INU UIK’INDU\H{\,J.NT ,.LNTNUH,J.PLN,I"’ f\’ll’Lbb,lJl’\J_‘"

i I1co4913y UK, JMA)\,di"lN,s_J‘T’JUI’lP,\Jd,l’\l‘.,'\LY Sycu) giiailuoytULLE gy NLUMPy N
O&U*(N’NC.LLV,N.LNLC NKE Yy NROTyNUP g NXLyhXcyNXSyrRENUIyUr (L0U) yULAS 1)U

L&AX’UVIN,XN,)\l,XZ,YN,YYl,YYK;Yl,Y(:
SOLVEDS INTerOLCTLING FULINT UF TWU ORALULHI Lined
Xig Y FULNT AT THe FLROST Lilc
Xy Y2 POLNT AT THo FIRKST LiNc
X1,YY1 FULNT AT THo SeUUNU LilL
Xz YYe FULNT AT THo ScuUnNu LANE
XNy YN FOINT OF .LaJTL.Nbs_L:TlUF\

S.L\'JN(X’X].’XZ’Y’Y].,Ya):(Ad"x:l)*(\f"‘fl)'(YZ-Y1)¥‘X-)\;L)

CHzCK IF LLINES ARc INTERScCTLING WiThmlin THe 4NeRvAL &A1 = Xc
;\(Xl Xl,xa YYl,Yl,YC)

I\(Xd,)u. Xd;YYd,Yl Yé)
*51) l,.L’d

YY1

1

NeceB) GU TU 3

o
-
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SUSROUTINE UDATAT

PERFCRMES TeST ON INFUT UATA TO CHEULK 1F THceY Akc In
ALLOWABLe LimMiLTS

CUrlMUN ZUATA/ lNTXl,INTXZ,ISth,JblLt,NQONS,iuUAL,K;ASS,ALPHA,ANbL

1byPAPER VS L g XLENO 9 XYRUT 9 XAiAX g X tiid Ny X<MAX 9 X Lin
DATA XLcTI/Z1iHL/

CHzCK IF NuMoor UF SPeCLFIEU INTERVALO 4> PUSLITIvVL

lF(INTKlOU].UoANUoll\TXdoL‘ITQU, GU Tu 1
WRiTe (oyl2)

STOP 1

TeST CORRelCT 5IZe UF THe MATRIX

IF (ISIZceGTaseANUSUSIZEeGTaa) GU TU ¢
WRITe (uy,l1i)
STap 2

CH;%? IF NUMBLR OF LINEGUALITY CONSTRALNTS DLubd Nul oXCetbUt
LIMLT

IF (NCUN:).LCQéUDANUQNUUNSQ(N';Qu) Gu Tu 1y

Wi Te (cylh)

STOP o

TeST IF hUMBeR OF EQULALLTY CONSTRALNTSL DOcS NUT cxCecoUe LIMILT
IF (JGQUALeLLCe e ANU«1GUALSGEWU) GU 6 o

WrITe (oy19)

STIP &4

CHoCK IF KLASS 15 cUWUlAL TO 1, ¢ OR o

IF {(KLASSeOLTeUsANUSKLASSLTo4) GO TU &

WRITE (by18)

STOP 5

CHzCK IF THt ANGLr OF THe SIUc UF ThHe MATR1IX 1S wWiTHIN LINMLITS

IF (ALPHAWLTeJUsUeANUJALPHAGGESsUsU) GU TU &
WRITE (D,lb)
S1JP o

OK IF PAPErR S1cE DULS NUT wxloeU o INCHoo
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11
ie¢
13
14
15
10
17

18

IF (PAPELReGTaUe Do ANUSPAPERsLES28BoU) GU TU b

WRLTc (cyiu)

STIP 47

CHzCK IF THL 512t UF THe PLOT DUES NUT eXlecocUt Thoe olZb UF
THz PAFck

IF (ANGLEeWNLeXLETL) CU TO 7

IF (VbIL;obltdoU ANUeVSIZiolttePAPER) GU TOU ¢

WRITE (oy13) PAPcK

STIP 7

CHzCK IF ANGLL OF THe VIeWw (LIF SPLULFleu) 1o bblhoti ZERKUG ANU
YU DeGkRelsS

IF (ANCLiecuwexbLtll) Cu TU 8

IF (ANGLLeULEsve UsANUSANGLE oLELsGUsU) RLTURN

WRLTe (by9)

STJP 45

CHoCK IF THt LeNGIH COF THe LUNGer S1iUe UF THE PLUT 1> PUSLTIiVE
F (XLENGeGTeauUeU) Rt TURN

STJP 1u
1FU<E$T (//fx,uuHAnbLn OF V1eW IS LESS THAN LEKO UR OREATER THAN YU

U EES

FOKMAT (//9XyuUHF¥¥¥¥PAPrR S1Zc 1S tXULebUING ¢t iinbHeS UR 1S Lodo
1THAN ZewxC /)

FURMAT (/73 Xy 78H¥*¥¥¥ % KKUR 1IN MATKRLIX ULMcNSLUNS 1olic UR JdSidte AKe
1 LSS THAN Uk cQUAL TU uNc /) v ,

FORMAT (//70Xy BSH¥ ¥ ¥ ¥ ¥ Uik OF LNJERVALY 10 bt FruTicb ALUNG X1 UK
1 X2 IS LLSS THAN UR EWUAL TO Zek0/) ,

FORIMAT (//0Xy SUH¥*¥¥¥5]/t OF THt PLOT XCrotbtUrosFoaldy4dlH LWUHLS UK
1iS LedSS THAW UR cWUAL TU ZERU /) _ ) )

FOIMAT (//73XyobH¥¥¥¥ ¥ yUliper UF LNLWALLITY CUNSTRALNIO OReATer ITHAN
1 TAENTY Hy10HUK Lrod THANW ZERO /)

FCRMAT (/73 Ky (¢H¥ ¥ ¥ ¥ ¥NLIIGLR OF LUUALLTY CUNSTRALWNIS ORLATLK ThAN F
1 1lvk OR Lrod THAN Zeku/)

FORMAT (//oXy (qaH¥*¥¥¥AN0GLe OF THe MATKRLIX Sluc 15 Leoo THAN ZuKU UK
1 15 GReATER IHAN UR elWUARy11HL TC Wik 1Y/) R

F%<MQT (/;?x, 8H**4*‘LtHuTH UF THr FLUT 51Ut 1S weSo THAN UK cWUAL
S ) LRU

F%<HAT (/1 /70Ky oo H¥#¥ % XKL ASS 1S NOT cUWUAL TU 1y ¢ UK o /)
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SUBROUTINE ULFFER (ISWyNy XXy LARyNLyRARyNZ)

CONTAINS ALL INSTRUCTIONS THAT MAY UlFFeR FwOM Uhe VOMPUTLER
TO ANUTHER

DIMENSION LAR(NL), KAR(NZ)

SUBROUTINL ScTUP FOK CLUC o4Uuu
PrRoSET FORMAT OF UNe CUMPUTER WURUL

UIMENSIUN WuURuU(2)
DATA WCRL/ZLuH(UCUW) s LuH /

Gu TC (1,&,3,%,5,L,7,6)’ ISW

CUMPLETe VARLABLE FCRMAT (5X313491X, ALy l4a) LN ARRAY VAR
SUSSTILITUTING FUR ELANKS INTEGLR LUNDTANT N LN FUniMAG 19
VARIABLE FURAAT AriAY UlvicihnoIuNeD » 15 IRANOSHMITIcu viA ARRAY KAK

cNCOUde (1Uy11,RAR(3) IRAR(3) 4N
RETURN

COMPLLTe VARLABLEL FURMATS (9X, (4
(UXy (3X31c¢)) 1IN ARRAY VARZ SUES]
VARLIABLE FURMAT ARRAY ULMcNSLIUNEUL 5
CUNSTANT N IN FORAT L4

Xydlrdl)) LN AxRAY VAK1 ANU
LIUTING FUR olLAnNKS INTeGek
1o TRANSHLITToU viA ARKKAY RAK

Out (4y12yxAR () N

ciNC

ReTUKN

CONVERT INTeGLK GUNSTANT N TU BCU FURE IN FURMAT 14 AND
PLACc: IT IN 1aK

LNZO0DE (Q,LZ,lAR(l) )N

ReTURN

CUNVERT REAL CUNSTANT XX TO BuU FURM iN FURMAT ESec ANU
FPLACe IT IN LAR

ENCOUE (9513,1AR(1) D)AX

RLTURN

PUT THt VARLAoLE FORMAT UF UNc CUMPUTeR WUKU T0 KAR
RAarR(1)=WCRU (1)

RAR(€)=WURU (¢)

Rel URN

[alepl il pl pl pY pl p¥ p¥ plen¥ aY Rk ¥ raY /n¥ pX (il a¥ pl cp¥ R a2l pl uY Yl B opl p¥ el AL Y Y R RY Rl p ¥ ploal pY el rpY Y Y rp¥ ey

WOENC UV EGCRNP
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(@loNelele)

~NOOOOO

PRrEPRPPEPOORCCOOO
(==

P LN

TeST IF McMURY SPAGCE ALLUCATEU IS SUFFLGLENI FUK UYWAMIU
ALLOCATLUN OF U=MATRIX ANU/CR WURKLNG ARRAYS

CALL OPACE (LwAsMLMOKY)

MEMSP=MCeMORY=LKWA

WRITE (o,d4) “cMoP

1F {(NeloeticrSP) ReTURN
WRITE (o,10)

STLJP 16

IHOLICATL CULUMIN WLITH eRROR LN INPUT UATA )
COMPLETe VARLAbLe FURMAT RAR X9iH?) W1lH 1HRce uiblld
INTe6Ger N ANu PRINT 11 UOUT

L

oOUde (byloyrAR(L) IRAR(L) 4 N
WRITE (o,NAxg

RelJRN

TeoT FOR iU UF FiLt UN UNLIT NUO. ¢

SLT N=1 1F cur FOUNL
lf (BEOUFyc) Yyidl

=1
RLTURN

FUIMAT (A2,18)

FORMAT (L4)

FURMAT (LY. 2) _ - ,

FORMAT (8X, +8HSPALEL AVALLABLE IS,17,1uH LUCATLGNS) ,
FORMAT (//5X,4uH¥¥#¥ ¥ MORY ALLGUATLU 1o NUT oUFFiCuieNT
FUIKMAT (Al,13)

ENU

[l X ral enl n ul enT en¥l il on ¥ vl o R el A v el (Y oY 7Y vl PR Y R R (R Y PR e ¥ Y ol (il oY Y R

51
5
53
J4
“5
“u
¢
40

oy
Ci
Cc
Co
vy
ud
v
of
vo
LY
{u
1
{c
(9
{4

i
I
ib
(9
ou
ol
o<

b4~
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SUSROUTINE cbleV (itbsdlaUygNULyNUJ)
MOVES FEN FRUM THr BASL TO TH: SUKFACL AND V1IOE VvEROA
OIMENSIUN U (NUIyNUJ)

COMMON /ZeLUCKL/ ULLL)UtLCyUX’UY’Ul,UL’lARTb b1
10) ItQ lK,.L“A)(,lMJ.N)lNLU.L K’lNLU\JK InT ,J.NlI\LH ’
2 1 1239138y IRy JMARyUMiNyd T4y JUIIP Jéyht,K; (L,c¢
. 3uU N,NL.LL\/,NJ.HL;U,H&CY,NKUT NUP s NXLgNXyNXS grik
QAK,UMLN ANy Xis X<y YNy YYl,YYé,Yl)Yé

9L (0d) g LCUMyLLILIL
Livy [I”LK’.L“LUJ,.LQK.LP
sridNUS y 0UL g NLUIIPy N
UrmgUr (LOUL)yULADS I U

b

bl
iP
u)
LN

Ne-b V=1
ST:P=uUs 05
IF INUP) 1094919

THe FLiN 4S5 AT PRooeNT AT THe oASIS
IF (JEecleleUOReleeEGer) GO TO 8

MUJE=L
CALL tYc (lL’JL,L’)U(lL,JL ’U,NUl s NUJ) ’U,NU.LQNUJ)

(lSl\lF) 7,:.,7

Uc=IPEiN) 3911,
bL(Lt,JL)+b]cF
STebsUllcydr)

,-..u«n
C -

i
l"U Mo —=HNC
l"-<

GU TO 7

Yo (.LC,JL,U]I;ST’U,NUI’NUJ)
\ -

ci ‘UUC) lU,j,lu
UTEST#STEP
g

U(13903,UyNULJNUJ) 9 IPLN)

1

Uy NULyNUJ) gUyNU Ly NUJ)
CALlL mMQOVe 1 JL,U,NbL,NbJ),uLUt)
NUF=1

GO TO e7
TH- FeN 1S5 AT PReoseNT AT THe oSUKFAGL

COENOCULFONE

s e % i s i i s o e s o S s 2 = o ) S Mo i b s G 9 et oo g e ot o s o S i s o o o b e i 00 e o e
LT
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nNecao

L N

(V] )8

IF (It eEGeleURedJbee@s1) GO TO 22

StT MOCg UNCONUDITLIONALY TO 8 IF ThHe VeRVTIUAL Ling 1o CUVeREU bY

ADJACENT PuUsiiIve U

1F (U_IL JKyur=1K)) 1loyloysll

1F (\4JDU) ibylbylo

MuJe=9

lo=1It

Jvd=di

IPeN=3

GU TO <co

MOJE=U

CALL EYce (ioyvbeYLU(Inyde)sUynUl,yeNUG)
lE (lelF) L4917y 44

1F (LPEN=-MUuLL) 1l0,<Z9418
UT_S]ZU?U(lg,dL}U,NUl,NUJ)‘bTLP

IF (UTESTebLibeYCO( icydr)) GO TU <&
MCJE=u v

CAaLL tYo (LoyJdbUTESTyUyiNULyNUJ)

LF (IPEN=MUUE) 235,20,4<3
UTeST=uTlesi=oicef

IFLRST=u

GO TC 19

MUJE=3

GO TO co

MOJE=2

GU TU 2o

IF (IFIRST) iy iy

CaLl MOvE (XCulleadb)sUDU(logJdsysUyNUL, NUJ) 9 LPeN)
ulii= bU(lS,Jé,U,NUl,“L

CALL tYc (icyubsYuullc JL),U)NUl,hUJ)
CAL NOVE (XCutlec,de),¥Codeyoe) smove)
NUP=U

GO TU 3o

CHeCK IF bieVv 15 GUING 1y Be Usel il dHe FUOLLUWLING ciuvE AN
ORUER 10 AVOlu DOuBLEe VERTLOAL Liikc
CUNT INUC

1F (NLINCGU) JSbyg8y00

1F {JK) sijycdyoi

1F (lLo_'QtoNU.L) GJ fU SU

IF (L(Ic+l,de)) 3493Uy380U

et e e A s G o s e O s 9o - i e e e . S e 8 e i, e v, e o i S o o o g s i o i o o e
8
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GU TU 85
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32383933
P
3

Gu TU

s NUJ)
Je+1))
1)
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SUSROUTINE £Yo (L,JdyUTEST,UyNULyNULJ)
RETURNS MOut UF Thio FPoN FUR THe Nexl mOvemend
UIMENSION U INUlyNUJ)

COMMON /ZbBLUUKL/ ULLl,ULLZ,UX’UY’Ul}UC,lAr{Tb,lUL’Lb(OJ),lbUH,lULb‘l
lO),IC Uy .LK,.["IAK’I”.LN; .lNUUIK,iNLJUJK,lNT’l‘\TNL“x,lPtl‘i,li‘L‘.R) .}.PLUb,lJKlP
4211', Icoyioy UKy JMAXy UMEINyJTyJUIIP ,.Ju,KL,KLY (Sy9ciu) griinNUD )y I'IUUL‘.’HL,UH‘", N
sSlaU!'(N,NLLLV, NleU’I\KtY,NKU IQNUP, N)_(:L,NXL’NXJ ,HKCNUA'A,U" (13u) ,ULH:J‘,UH
HAX,UI”,IN,AN,Xl,)\Z,\i‘\l,YYl,Y‘i‘d, Y.L,Yd

[

EGeleUReJTselel) GO TO 7

~F -
~<r~ M e

FadT)) 1522
STeboeUSULTyuTyUy NULIyNUJ)) GU TOU 1

(7]

M ==

THZ O

..(
ZNC o C =t

EV) Geogh
c=IPEeN) ciy4sci

Fmon—

= -

53’0)59

2 G

'y
omc
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r"v

cocmwewmmp
"nan

[

-
cC<
e I e

-
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=

i i b b e b b bt B
AT M T
ZTNCCOCrHZZZ CHX e
O -

-

WC H—~ ~ 1T =N
r\

(e
c
= —
Ch
(9
(2

IF (Ncbov) 9,189
IF (bMiYec=1PoN) 18,5,19
1F (IARTS) bLycuso
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IT=T 3
JT=J 3
Izs=140

IP-N WAS 3. CHiUK FOR CURNER CONTOUR
CALL CORNeK (UygNULyNUJ)
IF (NGORN) bYycoyb

1PN WhAS 2. CHECK FUKR CURNeR GCONTUUK

I23=1

Iis=11

JIs=dT

1To=11

JT3=ul

CA_L CURNEK (U)NUL’NUJ)

IF (NUORN) c9y¢Yycs _
1E (1T~-LUoloUK. 13ekWel) GU TO ou
1ITs=1T3-1

JT3=dT3-1

IF (Uosy(l :

USu (L T,ul hui,NU )) GU TU 24
GO TU ¢3

IT=1T73

\JT:JIJ

GO TO ¢¢

NOT A CURNcK, CUNIUUR LINc

Skl THE INULGATURS GF 1
INTERSECTIUN ARE 11U Be C(HelKcu
iMaT=118

JHAT=JTS

CO TC ¢

IMAT=1T

JMA T =Jl

ST JUNMP

JUMP=Y

IF (NLINCC) <63529yc8

iF CINCUJK) ouydijyou

1IF (JK) &1y 30531

JUMP=1 ) )

1F {123) 35335435

f sul S yUy ‘Ul, NUJ) eGT oUTESTe ANDSUSU(LT3yul3yUyNULyNUG) oL T o
,

9(1

e b e Bt o B ot ] et et e B e et e e ! et ettt e et e ot e ot e B e e e e e e e e
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£ CrCC FFCELFOO
4

U

o ~O

CcCoOOOrOoOCH+rCFEFO
L

o
nec
~—D
E ™Ml

1]

35

JUMP) QC,JQ,JL
JUMP=1

DeFInNe COORULNATES UF THE PenN S LilNc

CONT 1INUL
CALL LINES (1lyuysUyNULlgNUY)

NFaIuL=1

SPCLFY YY1 ANU YYZ2 AS COURULINATLES UF INTLRSLUTING LiNc

YYS=USU (LHATy JtiAT 53Uy NUL yHUJ)
ISn=1
IF (JUMP) Liayo7 44

IF ((JMAT=1).LTe1) GC TU 42

IF (U(IMAT, JlikT=1)) 4cyo8408
YY1I=USU (LIMAT, UMAT=140LyNUL,NUJ)
GU TU 49

IF (JUMP) _4aiy4ug4ad )

IF (U(LHAT+;,JMAI) D5y 43 449
iF (U CLAATy uriAT+1)) Soyulyad
IF (U(LiAT+ L1y, UuMAT)) 5o,43443
YY1=USu(llAal+lyJdital 3 U, NUL,NUJ)
GU TC 4o

IF ((iHMAT=L)elTes) GC TU 50

iF (U(IMAT LyJditAT) ) Ho,4D5,45
YYL=USU(LMAT=1yJiiAT,y U, hux,NUJ)
GO TOU 4y

IF (JUIMAT, uMAT+1)) 5o,
YYL=ULS50 (1MATy uMAT+1 44U, N

IsA=¢
FIND POINT OF INTorRSeCTLIUN
CAaLL GRU»S

F\
C\

J)

kest T THe GUURDINATLS COF THe POINT
POLNT KRAS brociw FOUNU ANU THe ULSTANLL dgThme
INTERSECTIUN AND iHe PULINT WHore

UF LNTLkoLuT¢uN 1F
1S Uk wirl 8Be UN ThHe

e e el e e e e e e L e e e e e ST S e S e et st T e e e e e e el e T S S o o

iUl
LAUC
i1ud
1u4
lub
luo
iurs
iuo
iuy
11U
& bk
ilic
149
11k
145
1ib
11r
1106
id%9
120
icl
lec
lco
ilch
ico
lcu
1Z/(
+c 8
icY
lou
b
-
lod
1ok
195
i0b
137
130
159
14y
L 8
lucg
W
lub
LhY
140
ilar
1408
149
ivuy

LLT
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THANW THe PReSENT LEST Uit

PARER IS LSS _ } i 1 151
X1 AND Y1 ARt THe CCURDLINATES OF THe PULNT WItH The PeN ON i ade
TH: PAFcke l 158
. 4 154
IF (INT) SuU95445U 1 io%
YY2=0U50 (1A Ty JHAT Uy NUL 5 NUJ) 1 ib6
UDIsN=SQART {(XL=XN)¥¥+ (Y i=YN)*¥*) L L7
IF (NFAIL) b51,52y91 i 1v¢%
NFAIL=C i 199
GU TO bé 1 4 C U
IF (ULSNeGL.ULSCR) GC TU 54 1 loil
XURUOSS= XN 1l loc
YCRUSS=YN 1 1vd
U15CR=0ULSN 1 ic4
GU TO (oY9902),y 1SW il 165
o i 1o
CARRY THe PrUCEDUre ALONG THe D1IAGUNALe UPF 1U THe twoir UF i1 lor
TH-z MATRLX 1 loo
1 109
IMAT=1MAT~1 1 irvu
JHAT =JdtAl=-1 L 173
Ir (IMAT.CcUeUURGUMAT L UWs U) GU TO bu I 17¢
IF (U(IMAT 3 UMAT)) 55,30b,30 1 s2is
1F (NFaAlL) .")/’96”// 1 174
IP=N=¢ 1 1Y
GO TO 4 l 170
_ ‘ » L w77
MOVE THz PoeiN AN The PrResenNT MOUE UP Tu THe FULNT UF LNTerxSeCIIUN 1 1¢s
I 1¢Y
CALL NUVu (xbmuss,Yu«uSs,lPaN) 1l lou
IF (IPciN= yh 9o 1 101
4 1bc
IP-N=MLYC 1 ico
ULAST=UTeS L 164
RETURN 1 i8b
civd I i1o0-

8LT



SUBRUUTINE FLZL (LyJyUy,NULyNUJ)

SUSRCUT 1INt F1lZL L5 FOLLUWING A GIVEN PATH, UHLCUKLING U=-FUNUTLUN
BEFORe AUVANCLNGL THe Pbi ANU MOVING THe PeN Tu Tht weXT FUSLTLUN

coco

OO0F W NCCORrCOoOC CcCoOooo (@}

oo

oNCOCO

DIMENSION U (NUL,yNUJ)

CGUMMCN /el UUKL/ Uctl,uelldsDXsuYyulyudylaRTOy0ebyiu(oyd) gilUkyLULL(L
10) ICU’lK,lIAK;lHlN,le lK,lNCUJK}iI ],,LNr‘\bllgli”i_lv,II"..K.’.LPLUC),.LJI\.LP

i 1233133 UKy JliAXyUMINyJTyUUMP yJosRE KLY (Dycu) 3l NUL g MULL gy NLUNPy N
oéUmN NELEV s NLWCUyWKE Yy NRUTyNUP g NX Ly INXeyNX S g iRENUnyJr (1ouU) gULAS Tyl

LAX, Umlh,XN,x;,xd,YN,YYl,YYZ,Yl,Yd
1 aNu J ARL PUINTLING AT TH: PuUSITiln U WhluH 1o 1Ho Foiv TU ci

MUVEU NeXTe Sob 1F LT IS 10U Br SUKFALE UR BAOLS

IF (U(I,y3)) 149,09

MOVE OUN THr BASIsy CHECOK PRESaNT FULLILUN OF THL Pew

IF (NUF) 2yu4,¢

PEN IS AT THL SURFALE. obLibe LT UUWN 1U THE EASLs FArRST

CALL tLEV (L1-1KjyJ-JKsUyNUIyNUJ)
IF (UK) 83449

IF (U(I‘lK J=JK) e bedusu) GU 10 4
UL=1Kyd=Jdi)=U(I=-LiKyJd=uK)+DU e

ISKIP=y

THz FeN 15> AT THe BALiSe LUOK FUR MUUe UF The MOUve ANU HUVE.
L@LL EYE (.L,\J)YLU(,L,U),U,NUJ:,NUJ)

CALL nOve (XCullyu) s YUO(Lyu)yIPEN)

GU TU Zu

IF (UL(Iy4)eblTebuau) CGU 10 b

U(:L,J)-‘-U(l,d) YUeu

ISKIP=1

lE (LeCuwele ANUe IKeCUWel) L_JU TU 7

ko (JebLUece ANUsUKaEWs1) GO TO 7

GU TO i1

PATH STARTS HeRbe THE PoN 1o oSTIL Al THe BAOLS Su Ii MUST Ec
LIFTeU Uk LF U AT THt SHTARTLNG FUSLTLUN WAS FUSLILVL

IF (U(Li=iK;u=uK)) 11,8,8 )

1F (L_,(.L‘l’(.,d"'JK)o ]c)Uo J) GU 10 Y

lii(l?lK,v’-JK):b‘.L" LiKyu=JdK)=D2Uaeu

SKipP=1

[ Y Y W] < Y R T R S NSl AT L B I Y O TR R O O T PR N N O IR Y R N S O R I R TR Y I o S

Lca~NCc U sSoneE

6LT
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GO T
ISKI
ChAL L
1F «

U U
p
L lK,J JK

IF (NUP) 19jy1c,19
THe FeN IS AT THc
SURFACE

LALL cYe (L
CALL MOve ()
ASSIGN 17 TGO

THo PLN 15 ALKEAUY AT The SURFACE.

i
=L
LoV (L=1lKyJ=JK,yU,yinUl,yNUJ)
(i~ JeiTe b0l w

MUVE ON THc SURFAULC.

BASLSe MUVE LT PRLIUK

(Lydd=UlLyJd)+o UL

U,,\Ul ,NU\J)
u)yUlJylFeN)

IF (NCCRN=1) luylbylo
IF (1c¢o=-1) 10315510
IPzN=0

I3=1T

J3=Jd T

NCORIN=0 ,

GU TC Iswy (174518)
CONT INULE

CL}‘_L clev (Lyu U,I\Ul,“UJ)
1F (LSKiFa Lu.u;
RLTURN

ANJ f'OVLo

Ulu=u (I,4)

CALL tYc (L,usUlJ

CA-L MCVE (XLU(T,
ASSIGH 16 TO LSH

GU TO 19

eiNd

UlLl=1KyJd=dK)=U(l=1Kyu=uK)tDUWU
CHEeCK PReSENT PUSLTLUN UF

Tu LLIF1TAING ur 10

LOUK FUK MULDE UF MuVerMe Nl

Lecccceecccicctecdeaceccceeccctcrecccrececccat.

08T
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SUSROUTINE GLTMAT (UyNULyNUJ)
SUPPL1IS THe PROGRAM WLITH U=-MATRIX AN A MANNcR SPLOUIrIEU BY KLAOSS

KLaSS=1 HATRLX 1S CALCULATELUD USLInG SubRuUUT1Ine vouceld
KLASS=2 HATRLX 15 SUPPLIcU BY UbeRMS SULERCGUILNL tUFLILL? ]
KLASS=0 PATRLX Lo EXTERNALY SUFPLIcU UNLY FARTiALY Alu 45 10U

s CUMPLLTeU Y INTerRPULATLURN
OIMENSLON U (HUl yNUJ)
COMMUN /LAY A/ lN’Al).“\il)\c,lSLLC,JulLL,)\UUI\b;lQLJP\L’ LASOS g ALPHAy ANGL
1ty AFLRyVOLZL s XLG gy XYRUT g X11AX 9 X LML N g XM AX g Xl Liv
COMMUN ZELUULKL/ u:_Ll’UtLﬁ,UX UY,Ul,UC,lF\f{IO’.LLL’J.L;(OU),lLUN,lULb(l
;u) IbEUglKy ItiAAy LMaiNy ANCULK, IN'UuK,LN],Lnlhbu,lPLh,lrgn,lPLUb LOKLF
2y ,Ldo,ié,u&,unAx,leh,JI,JUUP,Jo,nc,hLY(J;cu),s;Nub,nUUL,NuuuP,N
3bU\N,NLLLV,thLL,HKLY,|hUT,NUP,NXl,NX¢,NXd,HhLNLH,Ur(ldu),bLAul,Un
GAXy UMINg XNy XLy X2y YNy YY1, YYZyY1lsYL
1IF (KLAos=1) Lyl
CALCULATE U=1MATRLX

LeF T=RIOGET PATHS

U0 3 I=1,0Ul
XI=X1MN+UCLLI¥FLORT (I-1)

RIGHT=LELFT PATHS

XJ=XMIN+JeLe¥FLOAT (u=-1)

CaLl 0OByLuTl (X1 ,X\J,U(l,d))

CONTINUL
ReETURN

CALL SUBROUTLHE Tu FLLL U=MATRILIX

CALL UFILL (UyNUL,NUJ)
IF (KLAbQoLb-L) KLTURN

U~ARRAY 1S FilLitU PART1ALY, ReMALNLING PULINTL hAve Tu Bk GohNLKAIEL
CALCULATE VARLABLL ULHENSLUNS UF WURKLING AKRRAYS

Koz NUL*NUJ+1

K=NU1

LE {NUJ«GTaNUL) K=NUy
Ki=K5 +K+1

FTARRERERRFFERRRIFIRFTFRIRRIFFTRIRFIRFERIERFRREIARIAIRIRRRFIZTRFIEFARRETZFRAXR

o Vel oS0 T o N Uit o 231 ol 2

8T



acoe
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K2=K1+K
K3=KZ2+K
K=Ko+3*K

CALL INTERPULATIUN ROUTINeS

CALL XINTwLR
RETURN
ciid

(U,NU.L,NLJ,U(K‘D,).),U(Kl,l),U(KZ,l)’Li“\&,l) sU(K&G41))

RERFRREEREIAXR

o1
5¢
XK
b 5
oo
Yo
o
o
-

cu
bl=

781



| of ] =] coco

SUBRUUTINe 16T (1)

RETURNS FUS1TLIUN UF THE NcXT NONUBLANK UCHARAGTeK 1U ve ANALYSLU
8Y SUBROUTLNE LINPUT

CUIHuN JelLUULKL/ Uell,leirldyUX,uY, DL,UC,lAK]O,lbL;lb(Jd),LbUh,lUlb(L
10 ItGy LK,y Lithxy LHLN, leOIf\_,leUJK;U\-I7.LNT‘\LH‘,.LFLI\,.LI"L_?‘ ,.LI"LD.),.LJK.LP
2’1 Ido,léyuf’\;dl'h\}\,uf"IN,J‘,dUIIP JOoyK sk ¥ (b ycu) yriaNuoyMULE gNLUMPy IN
JL()KN,NLLCV,“lHLO,IH\L*,NKOT)NUP i\X.L’NKr_’NxJ,‘ ReNUIyUr (Lou) yULAS UM
L*AA,UI"IJ.N,)(N,)(.L,Xd,YN,YYl,YYZ’Yl, Z

I=i+1

1F (l.LG.dU) o0 Tu ¢

ReAD (By3) 1L

1=1

IF (IC(L)sLUstbL) GC T0 i

RLTURN

FORMAT (8UAl)

eNJ
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SUBROUTINE INCO (1,Jd,U,NUI,NUJ)
CHzCKS FUR LiNHNER LURNoKR ANU ARKRANGEDS URAWLNG UF 1TSS CONTUUKS
UIMENSLCN U (NUL,yNUJ)

COMMCN /BLOCKL/ ULLl,UtLZyUX,UY,Ul,bc,lAK]O’lCL,lb(Od),lbUV}LUlU(L
1u)y 1l LUle,LHAA,lHlN,lNLUlK,leOJK,lNI,lNThUﬂ,LPLH IFcRy1PLUSyIoKLP
2;1"ld\)ld)\JK,JHA)(,UML‘\J)JT,JUIIP,J\?;KL;KLY(J’CU),HJ.N\)J,llUUt’NbUhP,N
QLORN gy NELEVyNLNOCGy NKEY yNKOTyNUP g NA Lyl X yNX Sy MRENUGyUr LLou) yULAS T yU T
GAXy UMINg XNy X1y9X2y YN;YY.I.’YYC,Y‘L,YZ

NINCC=1

GO Tu (A’?,LD), NXL

CONT INLE

IF (1-1) 420,40,<2

;t (U(I)J)) 433y 0

IF (L({l=19J=1)) 4545445

1IF (U(Ll=14J)) LHy0,5

IF (U(I,d'l)) Hbybyb

STURE FRooenNT INULCATURS

NUPS=NUF
NCIRNS=NCURN
ULASTOS=ULALT

Iovx=10

J3>=dJd 3

IPZNS=IPeN

CALL PLUT (X5,YSyu)

SLiDe THt PeilN U0WN TC THe BASIS

CALL ErweV (i)J,U,NUI,NUJ)

STIJRe 1INULCATORS

ULLASS=ULAST

IPCNSS=1FEN

LooS=1s

J3oS=J3 ' )

CALL PLUIT (X55,YS5,0)

URAW LeFT=-RLIGHT CURNER CONTOUR AT THt BASILS
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o
sb
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w9
4Uu
41
4c
490
S4
49
b
4/
48
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U

%81


http:FRc~t.NT

FRREC
RN

(.
u

b
w~G

AV A CHEN A AN o
(X] AVIR © N <A\ ¢

nnooo
UE

rumn
== Z e~ G

H=ZG iz =1 I=C CiH—ZZ

Jl,¢hYUU”JJI“U,M“,NUM
s) 1uUyY9,10
) 1uyaijyuv

z—l' v
HwwoCccn
M s [Tz <
& =Cmin
[

= e~ o~
T I T~
2. i
L=
o
S~
-
Hv
g
-
|
wF
~ -
Ul
Fro
~-
[
~n

—un ne

L (XCUlLlyul) sYLUU(Lyul),y1PLN)
18) 1bylibigid

o<

v.

AU
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—
-

o nNc
OOV TNC R

N) 174,19,17
18949y 410

bt b b b b b b e 2 e O Rl b b Gt b e bt O L
TRIE
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&9l
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(el 21 Vol ) gl ol ool 0

Hnc
TR Z @ |

OZZ
[} s

<1
-

URAW KRIGHT=LerT CURNcR CONTOUR AT THe BASLS

IF (NXi=1) «42y¢oy42
CALL HMUvVE (XSoyY¥55y9)
IPLN=1IFPcNSO
NCURN=NCORNDS

15=135>

Ju=Jddos

ULAST=ULASS

QANDO'U(I,JI‘I) sbLel e U)

GO

U <4

M

U AU UUg g oy
UOCESNOUEFOCNK
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I1=1

II=1I-1 -
LH-L LYL.(.L.L,J’Ybb(ll,d),u,NUl,NUd)
IF {NUNcG) ¢9,28,cY

iF (NUPUS) <Z9,;3U0yc9
IPS=1PEN

IP:N=o

IART 3=1

GO TO 3

.“‘: (U(ILyd=1)) 89033191
IF (IP.N=2) 35932433
1PcN=3

13=11-1

Jid=d-1

CA.L 1OVE (XCUCLIL,Jd) 9YLUGLLyJ),,1PLN)
LF {NUFUD) oq,d),Qu
NURPO S=(

IP=N=1FS

LART o=y )

IF (NUCRN) 303,338,090

IF (123) 375306y37
1PcN=3

1o=11

J3=J

1F (11=1) 435434539

IF (U(Il=1yu=1) el elUeUeANLoU(LLI-1yUlebreuUel)
IF (L_J(I.L‘.L,u)) 4u94iy4al
NUNE G=1

GuU T0 27 )

IF (NUNgG) 4<ydf442
NUPOS=1

NUNE G =0

GuU TO 27

Rese I INLIGATURDS

LF (NX1=1) LDy44,40
CALL MUVE (XS5,YS,0)
NUP=NUPO

IPLN=1PENS

NLURh NOCRNS

ULASTS

b

T OV O =

C-HOoOU=-v:

(b =N o

N

n—ZL+HC
WA = 1 I

-

M

iul
iduc
PR VRV
lub
iub
iub
10/
luvb
109
Liv
e e
1i¢
i
Lib
idD
1ib
l1i/¢
11db
LA
lcu
i<l
iledd
FAN
lch
1ed
icb
sl
lco
icy
ioU
191
loc
139
1o4
195
i1ob
Lo/
136
199
PR av
141
lac
149
LSS
142
i14u
la/
L4940
Lb4o=-

98T
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SUBRCUTLNe INPUT (NUI,NUJ)
ReQDS INFUT UATA 1IN FURMNM KeY WURD = INTeGeRK UK e=rJURMAT NUlibeK

COMMUN /UATA/Z INTXLy INTXZ9ISIZEe 9 JSILE yNUUNS ) lLUUALyKLASSy ALPHAYANLL
1 ,PAPER VO LZE 9y XLLinG g XYRUT gy XLMAX 9 X LMAN g AZHMA X 3 XM AN

CUIMUN /ZHcAu/ HiAu(cgu)

COMMUN /ELUULKL/ UrLlyUbleyUXyuY UlyucylnarRToydgdllou) yaUtigibibly
1U),ILG LKy lriAXy Litindy AINCULK, .LNL;UJK;L‘\],.LH"\U!‘A’J.Pz_l\,.Lrﬂ_K,.LPLbb;luKJ.P

,lcé,lo,JK,JHAA,uﬂiu,Jl,Ju“P JOosKiL s K Y (D5 du) yrdNUD p ribUL g NLUIPy N

J(U(N,NEL;V,NLNLU,NK*Y,NKU1 QUP,NXl,NXc,NXJ,nnLNLn,bi(LJU),ULABI,UH
L#‘-}X,Uf‘ll[\,)’\\j XI,XZ,YN’YYJ.’YYC,YL,Y(.

COMMUN /qNLin/ KeYS (oygiu) g NKEYDSy Now liv)

UIMENSION sulr),y LL1IU), VAR(S)
eulvALLinNGE (LU (L) INTX1)y (U(L)y ALPHA)
DATA 1S/80/7 3VAR/4ti( s 4HX y4H1IET) /

LA 1GLT (195)

LL
I=1S
SET SWITUHES
U0 o J=1,NKEYD

Ji=u

1=d1+1 B
IF (I1C(L)enNEekeYD(J1l,yJ)) GO TOU 5
iF (Jl,G;.D) GO Tu 3

CALL IGeT (I

GO TC 2

lF (JUL QNKLYQ) LU TC 4 J
StET APFPRUPRLIATE SWITCH
NSW(J)=1

SEARCH FUR CUIINMA

CALL IGeT (1) _ ,

IF (IC(L)eilesedCOM) GC TU +
1s=1

GU Tu 1

I=1iS

CONTINUE

GLT NUMckRICAL VALLES

coccococooccocccocococococcococococooc ococococcocococccococcocoeco

CoSNoULHOoNE

88T
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nNeoo
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. U 51
DO 38 J=1,yiNKrY U b¢
Ji=dJ 6] H3
Jizdi1+1 B ~ 0 o4
IF (IC(1)eNrekteY(ulyu)) GC TO 37 U oo
IF (5=01) Y9,9,8 U bo
CALL ICeT (1) O o7
GO TGO 7 U oo
U o9

ScARCH FUR = 516N U cu
0] ol

CALL IGcT (1) . U ¢
IF (IC(L)eNtelb@Q) GU 10 9 U ©o
IF (JeGTo1nTRUN) GU TO 20 U b4
U Lo

Ge T INTeGeR NUMBLR U co
0 o/

1VAL=U U (9%}
ISLGN=1 U LY
isn=4 U fu
CALL 1CeT (1) 0 r1
IF (Iu(i).gu.lPLUb) LU U 17 u (9
IF (ISW) 124511912 U 74
iF (IC(l).cu.LLUM) GC TU 48 G 1y
JU 138 Je=1,1u U ro
1F ((0(L1)ewediUlotu2)) GU TO 14 U ({
CUNTINLC o 7o
GO TU 3% U (Y
IVAL=1VAL¥1u+Jc=-1 U wou
lon= U o1
CALL 1GcT (1) U  b¢
GO TC 10 0 oo
I5iGN==} U o4
Isa=1 U oY
6O TU 1v U b
IU(J)=IVvAL®*LSLIGN U o7
15=1 U oo
Gu TU 1 U 69
0 9u

LT E=FCORMAT NUMBER Uyl
U S

VAL=U e d V] 93
NF_R=U U Y4
CNSLGLX=yU U Yo
Ne=U G v
Iex=u ] 9/l
uiv=1 U Y0
lon=4u U 9y
CALL IceT (1) U 1uu

06T
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IS1GN=1

IF (1C(Ll)ecUeiPLUS) GU 10 ¢1
IF (L1C(L)eNEerMINUS) Cu TO 24
IS1GN==-1

ISA=1

CALL IGeT (1)

If‘ (ISW) ZCugycoyla R

1F (10(1)ecWws sCCM) GC TOU 30
DU 25 Jé=1,1u i

IF (I(,(J.).Lu.wlbuc.)) GO TO oc¢
CONT INLL

IF (NPER) 27ycby27 B
IF [1C(1)«Nce tPER) GG TO 27
NPzR=1

GO TO «¢

IF (NEZ) ¢Y,c¢8,2Y )

IF (IC(L)elNEceKe) LO TU 39
Ne=1

NF2R=1

GU TGO 22

IF (NSIGeX) o Jyoy _
IF (e el B9 %60 10 31
iF (Ib(x).Hc.uiNUb) GU 10 39
NSLGe X==1

Gu T ¢1

NolGEX=1

GU TU 1

%f' (NL.C‘«-.loAHU.NbIGtX.Lu.U) NS].(:LX:].
SN=

IF (NSIGEX) ouy33y93Y
VA_=VAL*1U.U+FLOAI (Jc=1)

IF (NFER) o4ycecys4

VIv=D1 V""iU U

GU TO Z2¢

IcX=IbX*1U+ul-1

GO TC 22
DCJ=INTNUM)=FLUAT(LSIONI* (VAL/ZUIV)I¥ LU u¥® (LEX¥NOSLGEA)
GO TU 19

I=LS

CONT 1NUL

WRLTE (bykc) L,y,1C

cooccococcccocococcoocoeoocoococcococeococecccocoeccoceoceccco

141
Luc
luo
Lub
Lub
LU0
luf
lLuob
LuY
1iu
ill
idic
119
114
&k
Lib
1ir
3 1.6
L1
lcu
1441
icc
1cs$
1ok
1eo
Lc
lcit
L0
1¢9
iou
loi
iad
loo
104
14320
PRy )
J.y(
1008
1o0Y
L4y
1al
l4c
140
14y
T $7]
ik
Lby
140
L4
12U
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CALL OlFFer (741+74,A41C41,4VAR,3) U 121
STaP 21 U ivc
‘ U ivd

READ HEAOING U 124
0 155

READ (5,41) HLAD U 1o
0O 1o/

NuL=151/l¢c U 198
NUJ=d3olde 0 iv9
RETURN U i1cu
i U iful
FURMAT (cuAk) , , U loc
FOUXMAT (//JK‘UUH*"‘"‘_“*::‘YNTAX cRRUOR IN INPUT UATA N urR AFTeK oULUNN U Loo
1,.L-§//bx,JH¥¥ yOUALyoh*¥¥) t ichk
ti } Lo

6T
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10y IcQydiKylitAXy Litandy LNCU

3b0h sy NELEV ) NLWLO ) InKE Yy NK
GAXyUMINgXiNg XL aXZy YNy YY1,

SUBRUUTLNE LINES (1ydyU,yNUl,ynud)
DZFINES INTERSECTING L1INcS
DIMENSICN UINUL,NUJ)

COMMUN /ZELUULKL/ UciLlyutild

»Y1l,Y2

IF (NINUO) 44494

PATH UF THo PN

PEN IS AT L=iKkyd=uK ANU LS TO BE HOveu TO 1,9

X1=XCU(i-1KyJ=-UK)

)(Z:XCU(J.,\!)

1F (HUF) 24352 -
Y.';.:UFU(_l"lK,\)'\JK,U,I\Ul,NUJ)
Yz=UJU(l’J,U,|wUI,iVUJ)

Gu Tu 5

Y1=YCO(I~-1IK,J=JK)

Y2=YCO(1,d)

GU TC 5

PeN IS AT I+INCOLKyJ+INUOJK AND IS 10 be MOGVeU Tu I,J
XL:XUU(J.,J)
X1=XLU(I+LNCOLKyJ+1NCOJK)
YZ2=YCO{1l,d) _
Yi=YCU(L+1INCULKyJ+1INCUJIK)

CHzCK FUk PUSLTION OF THo MAX1IMUM

IF (123) 7,0,7

MAXIMUM 1S5 AT THc DIAGONALE OF THE PeW
SWITCH CCUOKRULINATES UF THe PonNtS PATH
TeMP=X1

xX1=X¢

Xe=TehP

TevP=Y1

Yi=Y¢

Ye=TeNP

ReTURN

chiJ

d’UXQQY,Ul Uy LART 3,y il 7.Lb(()d),lbb“,lb.&(:(a.
lK,lNUOJK’lNT,.LNTI\LH,.LF‘LI\,lf’C.f\).LF‘LUb,l.JK.LP

2 .LI lﬁS’lJ’JK;J"iA)\, d“le,JT,uUHP,JJ,NL,K‘_Y (Dycu) gtiiiNUVoy MUUE s NLUUPy iV
$$,N\JP,N)Ql,h)\c.,l\l)\();HKLNUH,UI"IOU),ULAbl,UH

<

VTUTTTUTTOTOUTTOTTOTTTTOTUTTUCTTTTUTOUT OV UCTCTTCTTTOVDTCTUVUUOT

CoOSNOCULrone

€61
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FUornNEr OCOCO ¢ O C

(U elelel

~NoCoO

SUBRCUTINE MARK (UyNUIyNUJ)
WRLITES TeXT Ul THoe FLUT
UIMENSIUN U (NUl,yNUJ)

CUMHMUN /UATA/Z INTXL,INTX2 9150014 9JS1Ze gNUONSyLGUAL,, KL ASSyALPHAyANGL
13 ?APLRy vOLZE 9 XL lvo g XYRUT 9 XAMAX g X 2h N g XM AX gy KM iy

COMMUN 787 PR’ 120D ,PSL(5) yKOUE (5)

COMEHUN /HLAL/ HERu(2u) ) ) i

CUAMUN /cLulKi/ ULLl’Uth’UX’UY’Ul’DL_,lA'(]O’lUL’Lb_(UU)’:L‘L_I‘U"!l’iblb(l
10) s lcUylkyLidARy LMAN, lNLUIK’lNGUUK,lN]’lNTNUi'}’lPLl\,lfL‘_K’lPLbb,ldf\lP
cylily .[CQ’l~')’JK,J“AA’\JM.LN,JT,JUK‘jp’JQ,Y\L’KLY (Cgcu) griinludy VIUUL,NLPHP’N
3LURN,Nt‘.tv,NiNLU,‘\lKLY;NNUT,NUF‘,‘\XI,H)\L"NX3,i"Kn.l\Lﬂ\,bT (13U) yULASTyUI
GAXyUMINg XNy XLy XZy YN YYLyYYLyYiy YL

CUMMUN ZSWLliUH/ RLYo (D53 10) yNRKCYSyivow (L)

DIMENSIUN 1ulr)y (i)
tQUIVALENCEL (LUCL1) yINTXL)y (U(L)yALFPHRA)
UATA XxLelIzZidHi/

SEl X1 AND Xe BOUNUS TU THE SIZt UF The MATRLIX 1F BUUNUS WeRE
NUT UeFiINzU

IF (X1MLIN) 3,3,,5

1F (XAMAX) 2ycyb

IF (XZMIN) "J’d,b_

1F (XcMAX) 25435
Xivi=1.0

XZ21=1.0

X1oT=FLUAT (NUi=1) /710U
XeST=FLCAT (NUJU=1)/7LUauU
GU TU ¢

SLT VALULcos FUR FUTURE MARKING UF THe AXed>

XIM=X1M1IN
XeM=XelMiN
XI5T=AXIMAX=X1MIN) /1deu
X(..)T: (X(‘.i'iAx-XLHlN) /1lusu

Rest T BUUNUS 10 THedik ORIGIN VALULS FOR LURKeULT LiSHTLNG

IF (XYRUT) 740497
XitlIN=PHI(L)
X1MAX=PHI(Z)
XZMIN=PHL(S)
XeMAX=PH1(4)

fml e ) ay wy a2 R ay wY w wy ey wy wy ) oYy alay ay ey ) ay w W wy a ey ay ey w w = ay w0 el w ay v e

CONOUFOGIRR

76T
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12

WRITE INPUT uATA UN THe PLOT

SIZ.E:UQ‘ B
XKoT==FLUAT(NUL=1)*Dx=beb
RAUALP=ALPHA*¥4, U¥ATAN(L u)/18deu
IF (RAUALPWLTeUeUs) KRAUALP=ULUL
YL=1U.1

LbY=1.5%514¢c

WRITE HcocAULNG

XH==FLOAT (NUL=1)*UX

bu 9 1=1 ) )
CaLtl teller (4,SlcbyUeUyXHyYLyHEAUL(L))
)\H=Xh+‘;}c U*Jlén_-blLtl“'oU

COM INUC

YL:‘Y Li=t]ehy

Sile=U.lc

XL=XoT )

9AL$ L%T1LR (L0951 gUue Uy ALy YL91BHLLIST UF PARAMLILRS)
VL=YL=0.1

CALL PLUI (XLt+t18e¥0512LyYLy3)

CaLl PLUT (XiLyYLye)

YL:yL-Col

NLOOP=NKEY=1 )

DO 18 ¢=19yNLUUP

YL=YL=-LUY

LU 1y I::L,?

XL=XST+S1iZe*FLUAT (1-1)

CALL LETTER (LySLicsUeUsXLsYLsKEY (Lyu))
CONT INUL

XL=XiL+tc.u¥51lc

CALL LeTiler (LySliuyUeUsXigYlLyitQ)
XL=XL+3.0¥51Zc

1F (JeGT LINTNUM) GU TO i1

CALL DIFEER (Q,.[.U(J), o Uy lb,d,Ur 3)
CALL LETTLR (a3SlicydelsXLy¥LaLl)

GO TC 19

IF (JUee (LNTWUN+E) s ANU«ANGLC oL We XLeeTL) GU 10U 1&
CALL Ulrfeik (4yNXy,0(u=- lNTNUM),LL,v’L}F 39)

CALlL Leller (v,biLc,u.u,XL,YL,lL)

GO TU 13 ) )

CALL LETTER (LySIleyUslUgXLyYLyoH N/ RA)D

f gy 20 g T T a2 ey ey Y w2 Wy W Wy Ny Y 2 ) A - S N ey Wy W B A R e W N a ey )

G6T
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CONT INUC
MARK X1 AUU X< Ax1S

HOR=UX*FLOAT (11UJ=1) /104 U
VORT=UY*FLUAT(NUJ=1) 71040
LF (VLR].LT.U.Ub) GUu 10 i 53
olib=Uelc

IF (ViekRTo LT eUed14) Sile=ueiub

pv= Sl[t/c-

UH==4J .0

b0 14 l=1,11 !

Ax Zh+XeSTFFLOAT (1-1)

VaVveERT*FLOAT (L=-1)

H=40R*FLUAT (1-1)

CA_L PLOT (Hyv,y3)

CALL PLUT (h+uedyVyc) )

CALL UlhfLN (4 ,NX,A’IL,J’UF’J) )

CALL LETTER (YySlecyueslUygH=-UHyv=0V,10)

CONT LiNU ¢

CUNT IWhLE

UiS=1.Y i

lF (SlZc.LU.U.Ub) Ulbzlnu

XX&=U1S/SINIRAUALF) o A
IF (XX2oeGTo (FLUAT(NUU=L)*UX+2e5)) XXZ=FLOAT INUJ=L) ¥UX+Leb
CALL tLeTlerR (LyUscyUeUygAX2yUolylHX)

LeT=1u0lu(3) )

IF (WNRCTeNLecd) Loi=10L161(2)

CALL LeTler LylUscsUsUgXX2+UelyUecyblld)

MARK X1 AX1S

HOR=UX¥FLOAT(KNUL=1)7/ v

VLT =UY*FLUAT (NUL-1) /1
= (VL“.L].U.U?) GuU ]

1lE=Uslc ‘

(VLN'.L].U:.L”) :).LZL'_‘UIUU

l e G U

L*e.u+u.b

f%rLuAT(l 1)
LR (b ? yAyILyoyUF,y 3)

U
.

Uou
G 1/

i
T

LU 1]

’0F~
NN

TUOF AT+

S
S
l
Y
L
VEF
b

OA

CIT<<OroCOCO~W0m
rHHFHC*<ﬂ
e

r|<rx

L Ly UsUgH=UHy V=0V, 1I0)
L )
AL L

o

T

=
rrn*«wxh

Cc—7m1»

(@]
P
r

LOOCLOOOCE OO LS OO G000 0 SO0 K0 L0 0 O L0 L0 0 L0 0 0 S0 &0 00 L0 K0 0 S0 0 0 0 0 G0

i1ul
luc
luo
FRTL ]
LUD
LU0
i1urs
LUD
LUY
14U
&d &
1le
l1i0
& L™
il
lio
iir
X 40
119
lecv
icdl
Gl
Lco
ick
L2
1 €6
i
l¢d
ic9Y
l1ou
FRVIS
lLac
13890
Lo4
1oL
iob
Lod
Lo
159
l14u
141
i4c
iL40
144
Lhab
i4b
a4 d
140
149
il50

96T


http:lZL=J.uo
http:Vt.r<r.Ll
http:I~Ul-.~.JI
http:u,XX~+tJ.I::,G.~,LI:.TJ
http:SlZI:.=u.Jb

O
T

O coeo

CONTINUC

CONTINUE

DI)-’-I.:

1F (SIZcoiu.b.ub) UISleU .
XXL=2 s (¥UodtULS/SLNIRAUAKLP) _ )

IF (XX14CTe (FLUAT(NUL=1)%¥DX42459)) XXL=FLUAT (NUJ=1) *UX+2.D
CALL LLTT.r;K (1yUscylUsUy=XXlyUecyih
LeT=1U0IGte)

IF (NRCTeNLeg) LeT=1U16(3) _

CH'_L LE.T]L‘K7(1,u.t_,U.u,‘)(Xl*U.Z’U-L”LL])

IF (IUWLAL LT U) RLTUKN

NXo =1

MARK MAXIMUM ANU MINLHUM LF THe MATRIX HAS uUciN GeNorRATLU
IF (KLASSeclWed) CALL PATHS (UyNULsNUJY)

RETURN
chiJ

o e ) oyl 2y w2y ey wy ey ay ay w)

ib1
15
159
1ow
195
150
157
120
15y
lou
loi
+CcC
i1Lo
Loy
ico
LTb
lor
ioo
169
Llu~-
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SUBRCUT Lk MAXIHM (U ¢NUI 4NUY)

LUSATLS MAXLHUM AU MINIMUM VALUES IN U MATRLIX

SIMENSION U (NUL,NUJ)

COMMON /ZBLUULKL/ UritigboicyuXyuYyuaiybegdarRToydiblyrblou) gllUNMyLLILLL
1U), .LCU’ J.K, LMAAy IMLINy INCULKyINLOUK y LINT ,.Ll\lrI\Ul»,lPLN,lk‘L“\,.LPLUD,.Lb?\.L*"

LTy 123 ’lO,JK’dHH)\’JMlN’JT JUiP \Ju,'\L’KEY_(
OC (Xl,l‘v)\ﬁ,“)‘é;"lNL‘\U‘-’bT(1~5U),L¢LA:)C,U“

CXMN gy NELEVy NLILLUyNKE Y, Nf\UT;NUP
AKX, UMLINy XNy )\.L,X(_,YN,YY.L YY(.,Y.L,Y&

DATA ALcTI/ZiHu/

ARTLNL VALUES
: s NU L
s NUJ
) e NLeXLETL) GO TU ¢

M

FINU MINIMUM AND MAXLIMUM

DO 8 1=1,NUl
o0 8

J=iyNUu
IF (U(l,d)e@aXLell) GO TOU 8
IF (U(I,u)=UMiIN) 443845
MUL M IN=MUL LN+ i
1F ((I+U)ebre (IMAX+UMAX)) LO TU 5
UMLN=U(L,J)
1MIN=1
JiIN=J
Lu Tu 8
IF (U (1,0)=UtiAX) €904 7
MULMAX=MLLIMAXTL
lF_((1+J).Lc.(LMAA+JMAX)) GU 10 &
UHAX=U(L,sJ)
lihX=1

J,CU)

yhidiNUo g FIUUL o NLUINIPy IN

ARAAAAZXAAXAZXZIARDXAXEZXARXAZXAXIAXA DA AXAAXZXAAAXAZXZAXZAXT A XXX T XXX DX

oscuUufoenrr

86T



JHAX=J R 51

8 CONTINUCL R vc¢
C R 53
IF (MULMLIN.GT.1) WRITL (by9) UMIN,MULMIN R o4

c 1F (MULMAXeGTe1) WR1ITE (byd1U) UMAX,HMULMAKX i{{ LY
XK “o

ReTUKN R 57

# o , _ R Yo
9 FORMAT (//oXyoHVALUL 92134 597H OCCURSy 1Dy 1SH TilMeo Ao A MLNLMUN) R 99
14 Eit\)j'{MAT (/7/9XyO5HVALUE ycl1oe o9 7H OLUUKS g1y 2 SH 11Meo AL A mAXIMUNM) K Cu
J R c©i-

66T
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SUBROUTLINE MOVe (XNyYNyN)

CHECKS THg mUuc Gr THc c
FOK N=¢ CNLY PREVONTING THE PeN TRAVELLING LWNLFivtewliLy

ABUVE THL PAPcR

IF (N=3) 1y4,1 )
IF (NLAST=38) 39249

CALL PLUOT (xLsYLyo)
CALL PLUT (AN;YNyc)
NLAST=N

XL=XN

YL=YN

RETURN
ENJ

MOVEMeNT OF 1He Pein ANu muveos THe Pel

[P V41 Vol ¥oX ¥ Vol Vak Vol VN Val V.l ¥l V8 Vol Vil Vel VA VAl 7

WSO ULONE

002
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CNO U+ LN

(VoL I e

SUBROUTINL NKVD (U, NUL,NUJ)

LIQUOATLS PUSLTIVE VALUES UF U=FUNCTLUNW LF LT STanUo ALUNL

UIMENSLIUN U (NUL,NUJ)
DATA XLcTL/1HL/

SXLeTI) 60 TU 8

-

NceXLcT1i) GO TO o
4y b

teXLiT1l) GO TU o

A b B 2 e e )
o C =+ C |~ P

o

WeeXLelTl) GU TO o6
Uy 8 i
NeceXLETI) LO TG o

TMTMTTMTTMMCS
b

P e o g, o o e, O CC

C CCCGLOCRCHE
—_— bl o~~~
bt s Gl T T S
® W O % 8w e e

(Ly J)=XLETL
f’(li’L (0,9) lyu
CONT INLE
ReTURN

F?{MAT (oXy1a4HebLereNT AT L =514 50H,
eNJ

3C b b e O

J 9 lb4y,1luHLiUULUATEY)

o ot s et ] ] ] s ot ] et ] ] ]t ) ] ] ot st ] i ] ] ]

CoNCVU FUnNne

10¢
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SUBROUTINE PATHS (UyNUI,NUJ)

URAWS PATHS OF EGQUALLTY CUNSTRAINTS AU 3£T5 LURRLOSPUNUING
U=LeMENTS TU =2su FOR FURTHoR PRINTING PURFUSES

UIMENSIUN U Ul ,NUJ)
UIMENSIUN PSiL(5), PSH(1lu)

COMMUN ZJOATA/Z INTXL1yINTXZ9yISIZb gJSidt yNUUNS y IWUALyKLASSOSyALPHA y ANGL
1o s PAPLERyVOLLE ) XLEivby xYKUT,XlllAX,X;NH\,Xr:.aH-\X,)(u'uu

CUMMUN /47 PH (CU)’PD.L‘J)’KUUE o)

CUMMUN /ZELUULKL/ ULbl yutL2,UXyuYUlyueytARTEyiblyab(ol),yi0UMyLULLLL
10),1LU’J.K lilA)(,ll‘.LN’leUlK lNLU\JK,lN‘)lN]l\LJH,J.."A.I\’.[l"t_K’J.“LUleJK.L"‘
2317y ch,io,dh,uﬂu)\, ol llu,dl,\JUHP,J«,?\L’i\LY (Ugcu) giiaNUOy MULE g NLUMPy N
SCORN g MNe L VyNLWLUyNKe Yy NRUOTy NUFP s NXLyliXe g NX 3y NLiiyUFr {10u) ,ULAbl’UH
LGAXy Ui LNy XNy )‘l,x&,YN;YYl YY¥23Y¥313XY2

LUM:’IUN /bW.L]Lh/ KLYb(),lu),N!\ Yb,ubw(;u)

UATA UNU/ZcHUN/

It=1

JbL=1

ISH=4

iF (NX3eNteU) GO TUO 2¢
bL-1=(XlPAA-XlHlN)/FLU AT(NUI=-1)
Db = AXCMAX=Xcidl) ZFLUAT (NUJ=1)
DO 1 k=1,1WUAL

UF (K) =liNu

CUNT INLE

l=u

J=1

i=i+1 ]

=u

J=d+1 )

IF (JsLceNUJ) GO TO ¢
Lod=1

J=y

1=1

J=uit 1

1F (JeLroeNud) GO TU 4
J=1

I=1+1

IF (L 6TeNUL) LU TU 21
XizXIMIN+ULLL¥FLCAT(I-1)
XJ=XZ2MIN+ UL LZ¥FLUAT (u=-1)

cocCococ oo ot cc oo ccroceccococcocccocccococcocce

T ONCOCVY FONE

(44



)
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(O ol elelode

PR OOG
o

—rOPrPOCOO
w N

-

IS=1
=J

CALL cCQUAL (X1yXJ)
510]

—
i

10 19

v N\
CCPrTUHC
——vie
it O X
A B NN o 1
C> TVXs =

R VAR g R

C XX
I H e MM
[SEERTR T
mrX>xXx
N
+ +
A
r
e
.»
o
i 7

CALL 03cecCl (RIyxu,yll)
ST INLTIAL VvAaLUceo

1F (UF(K)=UNU) 1uyYy1u
UF(K) =UuuU

IC(K) =1

PS")(K)-’_—UD\) (IyuyUynlUlyNUJ)
PSMIK+IUuUAL)I=UbU(LyJyUyNULyNUJ)
1C(K+2¥ LLUAL) =J

UF (K+ LQUAL) =Uu

10(K+ LUuAL) =1
IC(K+3¥IGUAL) =y

MAX 1 MU

IF (UU=JUF(K)) 12,1<2,11
UF(K) =uu

1C(K) =1

10K+ ¥ LLUAL) = )
PSY(UK)=UU(LydyUyhUL yNUJ)
GU TU 14

FMLINIMUN

1F (LU=-UF(K+1GUAL)) 15y 144914

UF(K+1GUAL) =UU
PSOMK+1IUWLAL)I=ULU(LyJd Uy NULyNUJ)
IC(K+ 10UAL) =1

ICIK+3FiLUAL) =J

UTeST=loullydyUynNulyhud)

19
IL(K))) GU 10U

o

cocccrctcrccocococccococrcoccCoccc o oo ooccccocaccococcrca
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rnnons
ce N

(FN1 4N
AV o

1T=1

Ji=dJd

IF {ITeEGel1eORevwTEGel) GO TO 17

17=1T-1

JI=gT=1 i

1E (U(IT,J]’) 1oy1i0410

IF (UltaT-UbU(.LT,uT,b,NUI,NUJ)) 164519 ,15 ) ) ~
%ALL)%ETTCN (LyUeryUeUgXUU(LsJd)=ULeubUU(LlyuylUyNULyNUJ)=UslDy LG
KE1

ULy Jd)==K=1

PollL (K)=F>1 (K)

1=1S

J=J$S

CUNT INUL

IL=1

JL=J

ik (Low) 3,52,

1F (HNSh (4 ).Nt.u) GO TO o7

FARK MAXLUn AND MINIMUM

K=1

IF (IUUAL) <c8523y5cH
F_":;"l(K)=VJU(li‘m)\,JnAX,U,NUI,NUJ)

GO. TG 2o

IMAX=1IC(K)

JHAX =10 (K+c¥LWUAL)

ISA=4d

I=1 MAX

J=JMAX

UTeST=P5M(K)

lF (lecGal UR J E\(ol) GO TO pge)

i=i=1

Jy=J=1 Lo

li" (U(l,U)) 20)2],&/ ) ‘

Al (LlCD]“UDU(l,J,U,'\Ul,NUJ)) 31’2&),(0
IF (I5W) Sujycyyou

CALL GRAF (XLUTLAAXy GMAX) 9POPM(K) y UeiB D)
CALL ORAF (XCUCLHAXy GlHAX) yPOSHM(K) ytenrdsD)
CALL ORAF (XCU{LIAXyJitAX) sPSIM(K) g ue vt 99)
GO TC s1

CALL GRAF (XCulLlitinyurmidil) yPoM{K+LGWUALI yUelb,y2)

CALL ORAF (XCU(lLitlyultlN) yPOH(K+LLUAL ) yUelcyc)
CALL OFAF (XCUCLALNy GridIN) sPOM(K+IGUAL) yUe UL )
IF (LSh) Susocyobn

iSd=1 ‘

1F (LTWUAL) 33,3838,u4

ccecccocaccoccoccocccoccccoccococcceoeccoccocococcecec coccocaccccoccco

iul
luc
iuo
fuy
iug
luo
Lufs
i1ud
L U9
livu
1id
iic
PRy
114
115
110
4.3
116
& LY
10
iel
Al C
1ecd
lck
i1ey
+CC
Led
128
29
FRRN R
iol
ioc
FRVEV]
FRVE |
l1o5
lob
197
190
1399
14U
led
14c¢
1459
lus
L&
140
i4¢
140
149
15U

70¢
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33
34
35

PSM A K)=USU (IMINgJiiINyUyNULyNUJ)

GU TOU 3

>

IMIN=1C(K+1GUAL)
JNlN—lC(K+u*1uuAL)

1=1

X OCC
Hm O—l
i
o~ =—HUIEZZX
[l e L e | ol =
il &
n

=

SHMIK+1GWUAL)

a

o)
-
-
7(
H
-
c
b=
-
A

WRITE (oy388)
WRLTE (cy09) j
1(K+2¥ IGUAL) yK=141WUAL)

KeTURN

FOXMAT
1y CONST
FORIMA]
ib1ve 2,47

LiNJ

(
R
(
H

/
A
/

/
1
7
A

)
N
X
T

u-J)(

2
>
/
A

ULALeLEou) RLTURN

L‘t,g"’é?

Wikt T MInLiiUri AND WAXLMUM VALULS

(UF (h+1GUAL) yIC(K+1UWUAL) 5 LUIK+3¥ LUUAL) yUF (K) 3 LUIKI 1L

C

o

coOHMINIMUM AND MAXIMUM VALULS WwdilH

MLANLMUMyEL ey /H AT L =414y 0H,
-,l"t’(.)hy J -’.L‘l)

J

tkedreCl Tu clUALL

Sy l4y O Xy (HIMAXLIUNI

ceccgcceccccocococccaccccocccacce

151
1b¢
109
io4
155
iob
b Y §
iv0
129
ilou
161l
ikc
1od
lob
io0Y
1L0
1o/
igy
15
Al U
Ll
lic
179
174
1riy
lio-

02
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SUSROUTINL PRINTG (UyNUL,yNUJ)
PRINTS PLALN VILW UF THo SURFACE
UDIMENSICON U (NUIy NUJ)

COMMUN ZUATA/Z INTX1iyeINTXZyiSIlc
1t,PAFLN,VbLLL XLth,xqul,xluhx
CUIMUN ZA/ PH.L((.U),Pb.L(S’) sKUOUC (
COnMMUN /L/ uiG(H)
CUMIUN /tLUUKL/ UcbLl,UcbeysUXyuY,
lU)ilLu’le.LHAX s IMLINy lNLUl"legJ
9
’
’

yJolLE ,NbUNS,thAL, K‘_ASS,ALPHA,HNUL
s X1tiding X< A X g XM i

5)

,LE,’,:J.A;{Ta,LUL,J.b(aU) s L LUNMyLULL(]
INTHINTNUFMgiPenN g Ire Ry LPLUS 9L OKLP
sKEgKeY (55 cU) yurndNUuoy MULL g NUUMP,
’ H

9.LLQ,.LO,\H\,\JHF\)Q,VP’.LN,\J',JUH (
WXy WX Sy MRENUHyUr (L3U) sULAS T yUIi

déU’(N,f CL.EV,‘1.LHL/U,|\KLYgNi\UT,I\UI‘J N

u1l
Ky
Jo
Al
Ye

GAXy UMLNg XNy X199 A2y YNy YY1 ,y3YYCCyY1

OLMENSIUN LUNL (e9) )
DIMENSIUN VAK(b), VARK1(2), VArRZ (D)

UATA PLUSyRINLWUS/LH+Y y1H=/

UATA VAR/SHI(UXK,y4HL391y4HKX, s4H th’.[")/
DATA VARL/4H(3Xgyt4H TRt T aHInL ] SRl
UATA VARc/4h(uXyysH ’“H(ZX,’HH 0)),‘“" /
WKL T (b,d)

WRITc (€y7)

LiNEJ=NUu )

IF (LINcuvsblbelido) GU TU 1

LINEJ=123

WRLTe (oy1u) NUJ B -

CALL DIFFER (LyLINcJdsuUeuUyICyLlyVAR,D)
Ll:L.‘LNﬁg/'J

CALL UlFFer (dyllyUeUylly1,yVARL D)

CALL UIFFer (& LL,U.U,lC,l,VA&d,b)

Lu 2 1=1,L1

LINE (L) =0%1

CONTINUC i

WeLTe (cy,VARZ) (LINc (U) yd=1,L1)

WR1ITE (GyVARL)

LU o K=1sNuUl

I=NUI1=-K+1

LU 5 u=1,NUJ

UF(J)=FLuS

lF (b(l,d)f.;.u) Y3090

UF(J) =RMLINUS

GO TO »

JN:‘U(J.,\J)‘l.U

UF(J)=DLC{JN)

CUNT 1iUc

OCSNOUIPONE

902



PLCoeNOO

WRITE

(Q,VAK) I, (UF (J) ’J=1’L1NL‘:J) ,l

CUNT INUL

WRLTE (o,VAR1)

NK.LTL (b,Vl-\r{é) (LinNE (J) sJ=1,0L4)

WRLITE (0,y9)

RETURN

FORMAT (OX,47HTOP VIcW OF THo PLOTTLD SURFALE = wATRLIX Ull,Jlz/)
FORMAT (1HW)

FORMAT (1dK) ; - ‘
FORMAT (//79Xy33HLLNGTH UF THe L1INc TRUNGATEU FRCviyiwy/H TU 13771
tind

o C <<

L0T



ocaco

o o

oot O

SUBROUTINe PRINTL (V)

CA_CULATES ALPHA, VSIZE ANU XLeNG 1F THo ANGLe ur The VieW LS
SPLClFIcu ANU PRIWNTS L1IOST UF PARAMETLRS

CUNHON /BLOCKL/ ULLi,UI‘.LZ’DX,UY,Dl,UZ;lAKV]O’.LUL,.LL(OU)’.LLIUN’.LU.Lb(l
10) ) IcUylRKyLrAXy LotiiNg INCUL Ky INUOUK g LNT y LNTNUMyuPehvy LRyl FLUSy Lok P
CalT g 13yl 3yJdRKyJMAXyJMIN)JTyJUNP 9 JosKEyKLY (5 ycU) yrianNudy MULLyNLUIMPy N
3GU5{H,“ELCV,i"JlHCU,“KLﬂY,NKU’,NUP,N)(;L,NXL.)NXQ,i'lNLNUI‘l,UT(luu),ULAbl,Uh
“-fAX,U“lN’XN,Kl’Xd,YN,YY_:L’YYC’Yl,Y(z, . .

CUMMUN ZUATA/Z INTALyINTAL 9io1c s JdSLsb s NUONS y LLUAL s KLASOyALFHAY ANGL
1L,DAPLR;VSLLL)XLLHU’ XYRUT ,Xl.'IAx,)().H.LN,X:.HA)\,X;.I‘X.LN

CUMMUN /HbRru/ HLAUL (cu)

CUMMUN ZowlllH/ KLYS (D,.LU),N‘L‘.YEJ,NBW(iU)

UDIMeNSION LUul/)y uliv)
EQUIVALENULE (Lu (L) g INTX1)y (U1)y ALPRA)
DATA XLioli/1HL/

CALCULATc ALPRAy ALENG AND VS1Zb FuUk oPeClFitl AnbLe UF vitw

IF (ANGLbetUexLeTi) GU TO 1
KE=SURT (e u)

p:[.lW:"oU#“TA“(lc g)/lb e U

OB=SURT (PAPLR¥*2/ (1. U+RR¥%2) )

AA= 8 B¥RR v ) ]
ULNLT=AA*SURT (ce W) /FLOAT (Lo1Ze+JdS1lde-<i
RAJAN=ANGLL ¥*PiM
ALPHA=ATAN (SIN(RAUAN)D)
Nid=iSlic=1 _

IF (JSlZcebledbldi) NiJ=
XLNC=UNLIT*FLUAT(NLJ)/Z/ (5
Vi=aAd¥>5 N (RAUAN)
V=B LUS (RAUAN)
VolZue=Vi1i+Ve
ALZHA=ZALFHA/P LM

J31Zk-1 _
WRT (2 U)¥LUS (ALPHA))

WelTE (Lyil) HEAU

WELTE (uyic) (KoY{(Llgd)yd=i92),,1U0(L)
WRLTe (byid) ‘KC.Y(.L"C),l:l"D)’lU(C.)
Wl T e (U,iU) U’\r_}’(l,b’),L:l,b_),lU(o)
WL T e (bsyd/r) U’\LY(J.’LQ)’.L:.L,')),‘LU(H)
Wl Te (oya8) (KEY(Ly2)yl=iy2),10(0)
WhlTe toydl9) (KeYUlLlag)sdi=1lyo) Ut
IF (KLASGS=Z) Zydyn

WRiTE (cyelu) \Y\L.Y(}.,()’l:l,f))’.LU(IJ)

b -2 - - 30 - - 2 - - - - - i 18- b 2 A - - B - - 3 - 3 - - 1 36 B> 320 M- 1 30 3 e T~ - 3 3 -0 a0 - 3

CENCUEFONK
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ooc

e s Xtel o B o Y

UF W N o

(AT N T S S
nNE ol NO

GO TU
WRLTE
GO TO
WRITGE

, (6y2¢)
WRLITGC

{o,13)

1F (ANGLbetwWexLETL)

5
éb,&l) (KeY{(Ly7)31=1y5),I0(7)

(KtY(;_[,?) ,L=l,5) ’l_.U(()
(KLY(L,@)’lzl’b);U(l)
tU 1U b

(UcbrekeS) )
(beGrzed) )

3y /O Xy L0 (1k=)///5Ky LSEHCAULWG
{iks/oAy Lo t1H=0/77)

313 y1luXy4lHNUNMBLR UF INIEeRVALS #LUTTCU ALUNG

slosauXy @uHI=LLIreiNOLON CF The Poulieu MATKLEX

931391 UXy 4 uHU=ULMENSLON uF THe PLuTTeou HATRLX

UF INCGQUALLTY CUONSTRALNTO)
U tGUALLIY CunoTKALINTD)
WAS GoNekAlcu vy

WAS KtAL 1IN FoLLY)

WRLT C (O’.LU) ‘KCY\l,‘:)’l‘:l,b),U(C)

GO TO 7

WRLITE (0y39) (KEY( 3)y1=1,49) )

i\Kth (C,CO) (KeY 1u) yi=1y9),U(0)

WRLTE {(€yco) (KLY i1) ),L=.L,.7),U(‘t)

Wl T e (O’ZO) (K Y 12) ;l:l’D),U(‘.'J)

ARLT & (U,d/) (KeY 10,)’.[:1,9)’U(U)

WRITE (£y928) (KeY lH))i:l,D),Lﬁ(/)

WRLiTeE (€ye9) (KEYL 1) yl=1y5) 4,0 0)

WRLTE (oyou) (KeYl 10) 31=1y99) 3L ()

WRLTce (oy31) (KeYdlgd/),1=1,y2),0(0(10)

PRINT LisT UF Stl SwWwilCrHeo

WLTe (cydw)

NL=NKEYS=~1

DU 8 I=1,NL )

IF (NSW(L) eNreU) WRITE (oyd1a4) (KeYS(Jyl)yu=lyo)
CONT IHUc

RETUKRN

FURMAT (UXyoA1y,9H = N/Ay7Xy24HANGLLE UF Vich
FURMAT (5Xy35AL,3H = ycluedySXKy24HANGLL UF Vick
FORMAT (LH149Xy cUHREFURT CN PLUTILNb
I OFRX L UAggaH FX¥ L,/ /75Xy L8HLLIST UF PARANE
FORMAT (5Xy39ALe8H = 53138s1uXxy4iHNUIILLK UF
11 AX1S) i ) _
FORMAT (UX35A193H = ycliuedydXya3HANGLE UF THe BEASLS Ul
1 (JEGRzwLS))

FUKMAT (9Xy5A1)

FORMAT (uXy9A1ly3H =
12 AXLS)

FURMAT (5XgoALyoH =
1(i,9))

FURNMAT (oXy9Al,3H =
1(1,J))

FOMAT (5X9ybAiyoH = 431091uXy ScHNUNMDEK

FOXMAT (5X45R1y0H = ,lo,lUX,JUHNUhuLh

FORMAT (oKyohiy,3H = 3i3,1UxyouHMATRLX
1BRUOUT INE Uuutuf)

FORMAT (UXyS5RALyoH = ,lé,ldx,f-&H"lA'le

FUIMAT (oXyHAL93H = 91341 UXso0HUATRLX WAS KRo AU Liv
1PLETEU EY lh!lKPULATlU“;

INIcRVALS rLullicu ALUKG X

THe PLLIUKL

e ANS UE OU

60¢
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bpoCa ~N O s o
CcC~CocCo

VAT IA

<= T—-HZ-IEZX
b= = = ~ 37 & — N 74D =X anb =2 A ¥4h =]
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(OXy39AL,3H = yieluedsdXySUHLUWER BUUNL UF 1he VARLAbLL X1) W sila
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SUBROUT Ik RcAULU (U, NUL,NUJ)

RLADS U=-MATRIX CULUMN=WISE FROM THe UNLT ¢ ) _
U=MATRIX WAS WRITIcN UN THe UNIT ¢ bY SUBROUUTLING nOtUR RKUK=WLiSL
STARTING FrRCHM THe LAST kUWy THUS SURUUTING ReAUU RelURNS

Tz MATRIX RUIATzU CLUCK=WISE BY YU bebieesS

DIMENSION U (iNuu,yNUIL)

DIMENSIGN OLT (2]

RedIND ¢

CALL ULFFLR (Q’O,Uod’iC’l’UCT,Z)

ReEAUD (¢yUCT) (U Lyd)sl=1yNUJ) g u=nyhUL)
IToHMP=NUl

NUL=NUU

NUJ=ITumP

ReTURN
ciNJ
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SUBROUTANE ROGTUR (UyNUL,,NUJ)

ROTATES UPPLrR ANY LOHWLR LiMLTs> ANU CALLo FOx wUlaATIuN OF
AHOLE MATRLA )

DIMENSION ULT (2)
CIMENSLIUN UINULyNUJ)

COMMUN ZUATA/Z INTALyINTX9dSIde 9JS1ee sNLONSyLWUAL yKLASDyALPHAyANLL
1&’PA["LF§;V~).LLL.’XLC.| Ly XYRUT,}(:\.MAX,)(lr“.LN KSR Xy Xe M I

COMMON /gLulLKi/ Uell JLL&,UK,UY;UL,U&;LHKIo,lbL,;b(ou),lbbﬁ,lULb(;
iu) .[Lu,ly,lllk)\,ll‘iQ’lQLUIK"LNuUuK’LH‘,.LNTI\LH g iFPEivg PRy IPLUDSyLOKLP
Zylfyld\,)l),JK’uMA}\’d MLIN, T,JUHP,JO’}'\C,}\L.Y(/,CU);HJ.NUQ,‘IUU:.,NL;UHF‘,H
300((!4,"32LL\/,NJ.HL/U,HKLY,NI\

4II\X,UM;LI\,XN,XL,XZ,Y»J,(Y.L, Y(.’Yl, YZ

Ueli
§ FLUATINRUT*9UD))elTeleuw) Gu TU 1
Gy Tu ¢

) 350494

ecle=YusU) RUT=27UWu
ecWle=cTUeu) ROT=94 v

RUT) /YUeu
"R (s UyletylCy91,00T,2)
,HKU)

XN XKt OOV
mm
X=X FcC
1 7[)71;
b 4 II Ty
b = S EPN
X

U e
(¢,00T) (U(lyd)yd=1,yNUJ)

L X
—~=OH HHD DD UONe A~

MU RO

[l e &
—_— T

) Usby 2

CALL RLAUU (UsNUL,NUJ)

J
OTyNUP g NXLgivAcynXogriRENUGiigUir {Lou) yULAD L yUR
;4 :

o e e, A, G, A, e 2, o, o, S, A, o, A, o, S, W, e o, o, A A, o o, A, o, o, e, A, e, . .

TRPe N O Ui e

(A4
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F'3
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SPACE

ENJ

-7}
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b=
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= RN R CC - O

SPACE
SPACE

4e/oLSFACEy18/2

")
18

106

(¥ 5}
AUFXL
XK=<
u¥Xx1
61

by
AL¥XU

Bc
SPALLE

T—C—=T> THh MM T
FCCOCT rxzXTCM

T MAGK LN XU 10 bBilS LifFl vUSIiFlLy
DTAIe THo MASK 10 ST LUWLST 16 oils
A LUALer TOC X1

TRALT FwWA LUAUCR 11U Ac

A UF BLANK CLisMCin 10 X1

XTRAUT FWA LLANK Lualiun TU Xb

ASS FWA BLANK LUNMMUIN U UALLLINL PRUGL

URLDS uF ThiL FiRS1 WurU AVALLAbLE

KR THo wUAUek Tu Xxo (idlo 1> The
JTAL moniurRY AvAlbLAcit oliNbLe BLANK
AMUN Fabls LNTLARe RedAINLING SPAwR)
L mienrURY TU Ab _

TUlaL MenurY SFALe TU CALLLINL PR

Vﬂ:
(Vb=

NANNNNNNRAMMNANNNNSENNNNNNNN

CESNOTUEFWNe
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SUBROUTINE UOUT (UyhNULL,yNUJ)

RcADS U=-MATRIX 1IN BOTH UATA ANU PLUIER UNLT
UPON REQUeST PKRKINTIS IT UUT ANUZOR PUNLHLS 1

COMMGON /5WLTUH/ KeYs(o,1U) yNKeYSy ok (1u)

DIMENSIUN U(NULyNUJ)

00 9 1Sh=1,¢
KeAD TR HATRLX

READ (g) U

SWAL LUW cilUu=UF=FlLEt MARK
ItuF=u_ ) o

CALL UDIFFer (bylcUFyAslsl1,Ay1)
IF (LEOF) 152,1 -

IF (NSW( 1)) 858,43

GO TO (442),y LSW

WelTie (0,145

GU TO o

LG 7 1=1,NUl

WRLTE (oylu) LyNUJ

WRLITce (ey11) (UlLyd) yd=1,y0NUJ)
CONT Il _

IF (NSKH () stlsud) GU TU 9

PUNCH BINARY U=MATR1IX

WRLTe (8) WNUl,NUJ,U

L) FliLc 8

CUNT INUE

ReENINU ¢ o

IF (NSW () eNEeu) nRiTe (oy1h)

FORMAT (/9X,9H1 =,14411H, J =
FORMAT (1iucioeb

FORMAT (1

FOR#MAT (1

FOMAT (/

C BINARY FitLtLoe)

1 Tuslarz)

9

J

HL 99Xy A7HU=MATKIX UNSCALLU/bLKy17 (1H=)/)

H1,0xy cobU=rATRLIA SCALED FUR PLUTTLNGL/LX,20(1H=)/)
/oXyHHU=MATRIX PUNUHEU LN UnoULALEU ANU SUmLEbU FURDM

TaPE2 ANU

LOENOCU Foin e

G1¢C


http:SCALt.IJ

216

HN2F NI 0D A

-

3
NI
(ré1)Nn=14N

MNNTTY
n*nGg-(réT)yn=nan

TETED (NG~ (PfTYIN) 4T
(PANETANY N NOTISNIWTA

(PANCTINNENEQETY nen NOTLONNS

Q O « ON



C oocooccooococoaooot

QOO

cCo

OO

SUSRUUTINE XiNTer (U s N1 s NJ9sXCyYCyUgnroUTLMF)

Tu COMFLETE PARTIALLY FILLEU SUKFACL MAITRIX U BY TH. MeTHUU
OF SPLINc iINTLRPULATIOUIN,

INPUT TGO SUBRUUTING 1N1tKP CUNSLISTS UF FUOLLUWLING-

1e MATRLIX UNLyNJ) WHUSL czLiebcelNTS ARc PrResStt 10 vALuc 1ihi
EKbEP[ F UK iHn KNCWN CLucMenTS WHIUH ARE uebliNcu sl
GRIC PULNT OF A RcUTANGULAR ritohe

e WN1= NCe UF KRUnAS IN Uy NI=WUe UF LULUMNS LN U

3¢ XMIN = HINLMUM X1 VALUC

Le XMLN = wiNthUil Xeg VALUC )

¢ UX = LNURLHENT IN X1 JIReUTLIUN

be UY = INCRelbNI IN X¢ CLReCT1UN

THe FULLUWLRNG ARe WORKLING ARRAYS TULLIHLR Wilh MAXe JLIMENOLUNS

XCON) ,YL(\I) ’U(“) ,H(O}N) ,UTC‘_NP(N)

N= LARCer UF Wi UK NuJ

DIMENSIUON UlillelHu)y X0(1)y YO(1),y D1y ALS,1), viwiP (1)

UATA ROW,LULs5H RUWyaH CLOL/
OATA XLL]l/LHl/

ST LUWLR LiitdTs ANU LHNURLMeNTS
Xl'lLNzl.J

YHLIN=1eU

X=1.U

UY:lnlJ

CH-CK LF FUUR COUORNerR POINTS ARt OUeFINcU

ir (L(l,l).Lu Xiell) GU TO <2
1" (U( J).LQ.XL‘_TI) Gu T(J LiE
IF (b(il,l).th XeeTi) GU Tu 22
IF (UINLyNU)eWeAeTl) GO TO <2
Nii=N1-1
NJL=NJ=1
KE=N1
KU=NJ
COMPLETE onND COLUMNS
CUNT LHUC
KROW=N1
C KLUL =NJ
Ko=0
Jd=1
DU 5 u=1,2
DO 2 [=14N1

COoO~CUFonE

LTT
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UT_MP (I)=U(1l,yuy)

CONT INLEL

CALL CHeCK (U]LMP,Nl,Kl,KZ,N)
1F (NOEQQU) GUu TU &

Ii: (Kl.LI-U) LJU TU iy
IF (KceGlau) GU TU 1u
CALL INS

IF (KUDL.Gl.u) GO TO cb
UG 3 1=1,N1L
U(lyJuJ)=UTnP (1)

cunt Iivte

KCOL=KCUL=-1

JJd=NJ

GUNT Ll

FILL MATKRLIX RUW=WiSL
DO 9 1=¢dyiNll

DU b J=1,4iNu
UT=MP (U)2U(1,yd)
(JUNT .LNUL.

CALL CHeUlK (UTEMPyNJ K1 3K24N)

IF (Nscuweu) GU TO 8
IF (K1l .6Teu) GU TU Y
IF (Kceuleu) U TU 9

CALL LINSCRI1I (XCy YU Uy A UTEMPyiNJ g XHilNguUXyRUNWy LyKCLL)

iF (KUUcebLTaLU) GU TOU ¢5
LO 7 Ju=1,Nu
U(lf_d):UTEi‘oP(u)

CONT 1RUC
KROW=KKJW=1

CONT InUc

Gu Tu 11
COMPLeTE LNU UWS
K3=1

11=1_

U 17 I=1is¢

U0 Lz Ju=1,NJ
UT-MP (U)=U(Llyd)
CONT INLE

eRT (AC YU, UyAy UTEMPyNLyYHINyUYyC ULy JuyKUUL)

(SEULGRUSU S S ba § o by
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CALL ChirCK (UTLMPyNJ K1 3KZyN)

IF (N.EWQsuU) GO TO 1o

1F (Kl.[\:.u) bU TU 1.3
1F (K3seltewl) GU Tu a7
GG TC 2o

CALL INS

IF (KUCc.Glasu) GU TO 25
LO 15 o=1,NJ
ULI,d)=ttenF )

CONT INLE

KROW=KRUN=1

IF (KrROWeLrcoU) ReZTURN
1i=N1

FiLbk HMAITRIX CuLUMih=nWlsSE
LU 21 J=Zynul

Lu 1d 1=1,N1

UTcHP (I)=Uu(liyJ)

CONT INULL

CALL CHeUOK (WTEmMPyNLyK1yK2yN)
IF (Netueu) Gu TU <cu

IfF (KieGTeuv) GU Tu 21
IF (KcebTeul) GU Tu «1

CALL INSERT (XC,Yu U Ay UTEMPyNL s YMINyUYyLULyJsKULL)

IF (KOUc«GTau) GU TU &5
00 19 1= lyNd
U(l%J)-bOLHP(l)

CONT INLe

CUL =kuuL=1 i
Fo(kLOLsLoelU) RoTURN
UVTL“UL. .
F(KkUWLbLoku) GU 1C 24
F (KLCLeLLWKR) GU TC 24
R=KkUW

C=KCLUL

0 T0 1

WRI1TE {oy2l)

WRLTL {cy2o)

GU TC ¢»

ERT (XU YU UyA UTEMP yNJ g XINy UXyRUWy 1Ly KLUE)

iul
luc
LUO
lus
luy
1ub
Lufl
luo
i1uY
liu
4 44
i1ie¢
119
i1l4
idJ
ito
Lid
110
ia4
lcu

s Ligd

1£¢é
Fayaye)]
lek
AED
i1co
ilet
120
icy
lov
161
¥ s N
L1909
104
195
LOU
197
iob
109
i4u
L4944
i4c
149
144
Sl b
lsyg
1a/
140
149
iy

61¢C
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Gil IO
Fonrow o

) 1
WF‘U.TE _(C,O‘f) (U(.L’J) ’J:l’NJ)

FURMAT (/X,y 3uHNUT ALL CURNLR POINTS UckunNch ) !
FURMAT (/X,08HLUAPLL TLON OF SURFACE MATRLX clbMeniS NUOT PuSSibiLe o
Y INTERPCLATLIUN )

FURMAT (7X,45HTO0 nANY BOUNJARY PULNTS LLUSIEREL 106e1HeEk )
FURMAT (7X,41HTUU FLWw PULNTS UcFlheu Fixk KRUW UR LULUN )

FURMAT (/7X,5uHSUKFACL MAIRIX AT TLRMINATLUN /) _

FORMAT (//8XysyH¥+¥%% | LCONULTIUNS FUR AN TERPULALLON )

FURMAT (/oA ,300RK0W =4 14/)

EURHM (1ucd13.)

]

02t
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SUSROUGUTLINE CHoeCGK (UTeriPyNUyK1 K2y N)

CHECKS ThE FOLLOWING UKLTeRIA TO bL SATiISFlcocu FOUR INTERPCLATLUN
T0 B PUSS1ible=- ) v .
1. gCTUL?TS THAN PU1l PerCoNT UF PULINTO Poek KRUW Uk CULUMN MUSH
c “ NpuU
e NUT MUORe THAN PUZ PERUCCNT UF UNuLFinNeU FULRTS #ilol Be
CLUSTLREDU TUGELTHERS

Ki=0 OURLTewxiUN 1 SATLISFLcU y K1=1 ORLTeRIUN 1 VIiucAlcD
KZ2=U URLITerklUnN ¢ SATIOFity KZ=1 LxRLIeRIUN ¢ VIiutAicu
N= NUMBcrk UF uUhNJerdNgU FulNiS PerR Rukh (Uur CULUMNI

UDLMENSLUN UlciiP (1)
DATA Xeell/aiHis

PQZ=U09U
PLi=Ues5u

Ki=U | -

KZ=U

N=u

Ju=U

NiN= U

U0 1 J=1,NC

IF (UTeMiP(u) eREoXLETI) GU TO 1
IF (JueiNbe (J=1)) iN=u

TONN) /ZFLUAT INC) «6T4PC2) GU T0 2
CATUN)ZFLOAT (NC) «GTWoPLL) K1=1

Lo~ oUdenE

12e
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&BROU“A&IMAGO(A’MN)

SOLUTIUN UF IRIUDLAGUNAL SYSTe UF tWUATIUONS

UDIMENSICN Aloy1),y, Xu (i)
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~
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(@ BN 2l op BN

SUBROUTLNE 1INSERT (XCyYC,aUyByUTEMPyNUC,AMLINyUAyALFHA,JA ) KUUL)
COLUMN=-WISE UK ROW=WISE INTERPULATLUN

NST= FIRST UVeFINou PCINT RoLATive 10 PULNTS AN
NEN= LAST wuctlNeu PUINT ReLATIvVve TU PULINTS AN

UIMENSIUN XC(L1)y YO(1)y UTeMP(L),

UATA XLcTl/1iHi/

A=AMIN

KOJL =u

NCe=NU=2

N=u

JU 1 J=1,Hu

A=a+ JA ‘
IF (UTerMPlU) elUeXLTi) GU T0 1
Jd=J

N=N+ 1

IF (NesEUWel) NOT=Ju
YUUN) =L TP ()

XCUN) =A

CONTINUE

NeN=u J

IF (NSTerWed1) GO TO 2

1F (NST=3) ¢ycy5

IF (NehNecUWenNU) GU TO 8

1F (NL[\‘I\L;(_) 299399

CALL SFLLT ‘N,X‘J,\IU,D,B)
A=LM AN

DO 4 J=1,0iL

A=4+UA )
1F (LTLMP(U)eiibeXLceTi) GO TO 4
UTZMP (J)=5PuLline (AyNy XUy YU, D)
CONT INUg

ReT URN

KOukb=1

RETU N

cNJ

LaNCOC U F UK

€2T
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FUNCTION DPL.LHL ()\P,N’X’Y’U)
CU3IC SkLINe ANTERPULATIUN
UIMENSION KQ(;)’ Yu(.L), U L)

Ni=N=1

'LJU 1 i=4isN1 R )

IF (XxPoaLTeXGl(1)) GO TU_ .

jf (XPs bTeXGCi+1)) GU TU 1

=1

GO Tu ¢

CONT INUE

CONT 1NUC

IF (XPeLTeXWll)) u=1

1F (JeGT e XW(iN)) J=i-1

H=X Q {J+ 1) =X (J)

CO=tYU(J+ 1) =YUulu))/E=-H¥ (D (J+1)=D(J)) 7w,
UDUzY G (L) =U(JU)*H¥H/ b,

A= (X W (J+1) - XP)*¥¥35/0e/7H
B(XP=XG(J))¥¥5/0/H
C=(XP=xulJd))
SPLINE=0(J) *a+U (U+1) *B+LL*U+0UD
Re TURN

ENJ

COSNO U GNP

V44



Q) GO

SUSROUTINE SPLIT (NyXysYsuUyA)
TO INITIALLZEs CALCULATES SECUND ULLERIVATIVES
DIMENSION XG(1),y, YQU1)y DLy Aloyi)

DeL=0.5

Ally1)=U.

A(2y1)=2eu

Aloy 1)==coe¥ULL
U(13=Uo

NNZN-l

Lo 1 \J:(,“N

Hi=X U (J)=Xu (J=-1)
HZ=XG(u+1) =X (J)
Fe=(YU(u+li) =-YW(J))/HZ
Fi=(YG(Ju)=-YGlu=1))/H1
U(J) =0 ¥ Fe=FL)/ (hi+Hc)
AL=Hc/(H1I+HCZ)
AUzlo-‘L

A(l,J):AL

Alcyd)=ce

A(S, J)=AL

covtinue
A(l,N):‘c.*UtL
AlcyN)=caeu

A(O N):U.

D(NJ=u.

CALL ULAGS (AyUyN)
RLTURN

ENJ
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AH
AH
AH
AH
AH
AH
AH
AH
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BLICK UATA

COMMUN ZUATA/Z INTAL,INTXZ,IS14 3 JSict yNUONS 3 LGUAL 9 KLASSyALPHAy ANGL
1e; PAPLRy VS Loy XLENG ) XYRUT, XiﬂAXgALHLN,XgHAX,thih

CUUMON /A7 ErAl(2d),PSito) 3K0uc (&)

CUMMUN /707 uib(v)

CUMMUN /ZELUCKL/Z DLblil,unllyuX, UY,U.L,‘.)C,J.AI\TU;LL‘JL,.LL«(uu),.LL;U‘I;.LU.LLJ(:L
1U)%ILQ71K,1HAA,IH1N,‘NLU1K~leUdelni,LNTNUH,lPLh’thﬁylPLbb,iuKLH

9l L2010y UKy dliAXy JMLINyJ Ty JUIP yJoykL sReY (Dycu) ynidNUsy MUUL g NLUIPy N
JCUKN,I ('.LL\/,N.LHL;U,UKL‘.Y,NKU‘,NUI),I\)(].,HX(_,NX:i’I KeivbiigUr (130D s LLAS I yU
‘*AX,U‘ .LH,AN,XJ.,)\L,*N,YYl,YYC,Yl

CUMMUN /Z3WHiiuh/ KLYb(;,lu),N«L§S,qu (.u)

UR]A \CI{L_/‘#I'U‘L;II/,HHP}"LI shHe=ouUyuaH=PRL ’L#HP\HL?L./

bAlA :[AKTJ,.LHvUJK ININUIMg JIOKLP g NINCU gy K Y g hikeinUbMi/u gy Mgl Uy10ylu/
UAT A .@.N1)‘1,LN‘)\2 .L-Jl[.._,J\)lLL,NbUN.J’luuHL,)\LHDQ/;J,DJ,J*,JL,L,U,;/
UATA ALPRA, ANJLL,?HPCK,VolLL,ALth,AYuU"XLHHXQK;HLH,XCHHK’ALHLN/L
lU.q,lﬁI,c*lU.u (s 29 9%0 e/

‘_JF-]_A lLL,.LL'x’.Lﬁ'L\.Au’H.Ll UJ,lPLf\,lLUH,l\I_/.Ln ,lh-—,lhf,lﬂ"lhg ’.Lh’,.LHA./
LATA 1ClC/LiAUyiH1y1lHEZy1HS N4y il gyl 17 9 1h0y LN/

URTA ULlCG/iHliyiRdyiHOyiHY, LHL/

UATA NXS/u/

UATA NRUIyilUc/ 2yc/

UATA NRcYoyNOW/Dyiu¥(/

UATA KoY/iHLlyHNyiHT gdlHXy iH1ydHLy 1HIN, LMy Xy lH<y Hiy1HSy1HL iy 1

1o s AHJy lhos by lrde sy i gy AHNs LHUL 1Hb,.LHh,.LHb,.LI‘1H,.Lf'.._,a.dhl,.i.hb,lﬁﬁ-\,.l.ﬁ.\
231HL g lHA,1H>y 1HSy IHA yLHL lHP,.LHH,lHA,lHH, IHiNy IHLy LHU yAHE y I HF g LHAy L
SHPy 1HL 9 1ERy AHVy Aol bly AHZydH y AHXyLHLyAHE g 2Ny ub by Xy uihY gy ik yattU
‘_Q,l"“T,'lHA,.LHl, Hily aHAy1H Ay IHX 3 i1y ity iHLy AMiNg ARy HCy LHIMy AHAS 1HXy &
9HX,_1HC,1*‘|‘,JJ‘lglﬁl\;la‘lf‘u‘a/
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