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NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in conqection with a definitely related Government
procurement operation, the Un1§ed States Government thereby incurs no
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Government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be regarded by implica-
tion or otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto.

This report contains the results of an effort to develop simple and
effective methods for. graphically presenting the results of turbine engine
design and performance analysis computations. The work was performed in the
Components Branch of the Turbine Engine Division of the Air Force Aero-
Propulsion Laboratory, Air Force Systems Command, Wright-Patterson AFB,
Ohio, under Project 3066, Task 06 and Work Units 02 and 27. The effort
was conducted by Dr. James S. Petty and Dr. Kervyn D. Mach during the
period August 1975 to August 1976.

This report has been reviewed by the Information Office (ASD/OIP) and
is releasable to the National Technical Information Service (NTIS). At
NTIS, it will be available to the general public, including foreign
nations.
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FOREWORD

This report describes work conducted within the Air Force Aero-
Propulsion'Laboratory, Turbine Engine Division, Components Branch (TBC),
Wright-Patterson Air Force Base, Ohio. The work was accomplished under
Project 3066, "Gas Turbine Technology," Task 06, "Turbine Technology,"
Work Units 02, "Turbine Aeromechanical Analysis," and 27, "Computation
of 3-D Flows in Turbomachinery," betweeﬁ August 1975 and August 1976.

This report was submitted by the authors in September 1976.
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1. INTRODUCTION

The utility of the digital computer for sci?ntific calculation and
the human labor saved through its use are well known. Not long after
digital computers came into popular use for number crunching, it be-
came apparent that a great deal more human labor could be eliminated
if the computer could generate graphic output as well as the normal
printout; it is now unusual to find a computer installation of any size
which does not nave some sort of graphic capability. The advent of the
interactive graphics terminal which allows rapid generation of graphs,
pictures, and in some cases moving pictures added another increment
of flexibility and has indeed become a technical field itself.

The software provided with most computer graphics facilities is
designed primarily to generate the familiar cartesian graphics of Y vs X,
since most data is amenable to this format. Not all data, of course,
fits. One often wants to draw a picture of a surface, say Z = f(x,y),
or he may wish to draw contours of constant Z on the surface or he
may wish to view the surface from different viewpoints or both. One

also wishes at times to draw a picturé of a solid object either with or

without the details of the side away from the viewer. Most graphics

installations have available software to perform some of the above ;

tasks though probably very few have all.

We offer in this report a selection of graphics software which
we have developed. In most cases, program listings are included,

along with sampie results. Except for the contouring algorithms,

we have included a technical discussion which is sufficiently detailed

for the reader to write his own software if necessary.
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The contouring algorithms in Section 2 are complete except
for a driver program and have proven so versatile that there
has been no need to change them since they were originally written.
Their operation is completely described in Reference 1.

Section 3 addrgsses three-dimensional graphics with perspective,

emphasizing basic principlés. Only a simple program is listed in

Finally, in Section 4 we present two hidden Tine algorithms
and compare their performance on the same object. The first is
a direct implementation of Roberts' algorithm; a program listing is
included. The second can trace its ancestry to Warnock's algorithm.
We found a direct implementation to be unsatisfactory because the
original algorithm subdivides the picture until it finds a sub-
scene simple enough to handle. The resulting line lengths were all
too often at the resolutioq limit of the plotting device, which-
therefore increased the execution time tremendously besides yielding

an untidy picture.

2. The Contouring Subroutines LEVEL1 and LEVEL?
2.1 General Description

It is sometimes necessary or convenient to plot contours

of a function of the form Z = f(x,y) where Z is tabulated over a
rectangular field. The two sets of subroutines described here are
fast, easy to use, and do not require large amounts of computer
storage.

LEVELT and LEVEL2 are basically FORTRAN versions of the ]
ALGOL procedures CONTOURT and CONTOUR2 which are described in
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Reference 1. Certain features have been added to increase their

generality. ]
!

LEVELT traces contours through a recténgular mesh, using
linear interpolation to find the intersectioh; of the contours with
the sides of each mesh element (See Fig la). LEVEL2 constructs
a fifth point at the center of each mesh element. The height of
this point is defined as the average of the heights of the four
corner points (See Fig 1b). It then find§ the intersections of the
contour with the diagonals as well as théAsides of the mesh element
and thus produces a smoother curve. This is the only difference
between the two subroutines. For a more thorough discussion of the
internal logic, the reader is referred to the original report.

Usage of the two routines is identical, requiring only one
call with eight arguments to obtain contour plots in either polar
or cartesian coordinates. Both require the user to supply a logical
array which has the same FORTRAN dimenéions as the array to be con-
toured. This array is used for interna] bookkeeping; if storage is
short, another array in the calling program may be used via the
EQUIVALENCE statement. Additionally, one needs an array of X values
which must be monotonically increasing or decreasing, but need not
be uniformly spaced; a similar array of Y values; and an array of

contour heights, The contour heights need not be in any particular

order. There is also no need to worry about requesting a contour

above or below the Z array; if the subroutines do not find any
intersections corresponding to a given contour, they simply move on
to the next.

The general operation of the two subroutines is as follows:

The array of contour heights is processed in order. For each height,

3
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Contouring Meshes
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the subroutine scans along the mesh boundary, starting at the lower
Teft corner, until it finds an intersection with the high ground on the
right as one faces into the mesh. It follows this contour through
the mesh, always keeping the high ground on the right, until the con-
tour emerges from the mesh. It then resumes scanning where it left off
and continues in this manner until all contours of the current height
which intersect the edges of the mesh have been found. Because it must
have the high ground on the right, it cannot "refind" contours it
has already traced. When the open contours (those which intersect the
edges of the mesh) have been processed, the subroutines search the
interior for closed contours or islands, again keeping the high ground
on the right. When all contours have been processed, control returns
to the calling program.
Neither subroutine draws the boundaries of the mesh, nor do ,
they label the contours. The user may not want the boundaries drawn
or the boundaries may not describe a rectangle, as in some of the
examples. If the boundary is a rectangle, one can easily draw it
in the calling program. Similarly, it is difficult to place numeric
contour labels on a plot where they will not be overwritten. The user
usually knows enough about the data being contoured to mark the first
and last points of each contour, as shown in one of the examples.
2.2 Application

The calling program must provide the arrays X, Y, Z, U, and H.
For example,
DIMENSION X(i), Y(Jj), Z(i,3), U(i,j), H(k)
LOGICAL U

(Statements defining X, Y, Z, and H)

!
4’
|
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Jd=7

K=k
U(1,1) = .FALSE. (or .TRUE.)
CALL LEVELT (X, Y, Z, H, U, I, J, K)
or
CALL LEVEL2 (X, Y, Z, H, U, I, J, K)
Where
X and Y are arrays describing the coordinate grid over the rectangular

mesh. Uniform spacing is not necessary, but the arrays must

be in ascending or descending order.

i and j are the number of elements in the X and Y arrays, respectively.

There is no restriction on their magnitude.

Z is an array containing the heights of the dependent variable at

each (X,Y) intersection.
H is the array of contour heights to be plotted.

K is the number of cuntours. Neither K nor the order in which the

heights are given is restricted.

-

U is a logical array which, except for the first element, is set

internally. If U(1,1) is set .FALSE., X and Y are assumed

to be in inches.

If U(1,1) is set .TRUE., polar coordinates are assumed,

with X in inches and Y in radians.
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2.3 Source Listings

e Source listings of LEVEL1, FOLLOW, LEVEL2, PURSUE, and DRAW

™ appear in Appendix 4. LEVEL] calls FOLLOW to trace the contours and

FOLLOW calls DRAW to draw them. LEVEL2 calls PURSUE which calls DRAW.

Most modifications of the package take place in DRAW, as will be seen

in the examples.

2.4 Examples
2.4.1 Contouring Over a Simple Rectangular Array
Program ONE, listed in Appendix 4, reproduces the

two example figures from the original report, The first (Fig. 2) is

drawn with LEVELT and the second (Fig. 3) is drawn with LEVEL2. The

effects of the different methods of interpolation are clear.

2.4.2 Labeling the Contours
One can identify the contours by printing out the X and

E Y arguments from DRAW; however, for large mesnes this can produce many

‘ pages of output. A usually satisfactory alternative is to mark the first
and last point of each contour with a unique symbol. This is easily done
by adding a common block to LEVEL1 (or LEVEL2) and DRAW to pass the con-
tour counter to DRAW. The counter can then be fed to a symbol drawing
routine. The CALCOMP subroutine SYMBOL, for example, has a repertoire

of 15 symbols, numbered O through 14.

7 The listings of LEVEL1 and DRAW in Appendix 4 show how
2 this might be done. One might wish to make it an option and pass the
controlling information through the array UNUSED, since none of the
1 points on the mesh boundary (except the first) are used.
f ¢ 2.4.3 Contouring in Other Coordinate Systems
g The only requirement here is that the mesh be
, g rectangular in some coordinate system. Then a transformation can be
i“q 7
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Contours Drawn by LEVEL1
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built into DRAW to compute and plot the corresponding (X,Y) coordinates.
The following two examples will illustrate.

2.4.3.1 A Joukowski Transformation

This is the familiar cylinder-to-airfoil

transformation from classical fluid mechanics. The stream function
was defined over a rectangle in cartesian coordinates and the stream-
Tines (contours of constant stream function) were traced in this space.
The Joukowski transformation was applied to each point passed to DRAW
to draw the airfoil and selected streamlines. The variable RAM in the
common block TRFORM is used to suppress drawing any part of a stream-
Tine which falls inside the cylinder in cartesian coordinates (If these
are left in, there results a very messy plot because they map into
points outside“the airfoil). The cylinder and corresponding airfoil are
shown in Figures 4 and 5. The protuberances at the two-o'clock and
four-o‘clock positions on the cylinder are standing vortices.

2.4.3.2 A User-Defined Transformation

In this example, the stream function is

defined in (X,n) coordinates, where n = (Y—YL)/(YU-YL) and YU and YL
are tabular functions of X. The streamlines are traced in the X,n
plane and when a point (X,n) is passed to DRAW, it uses the inter-
polating function ATKN to find the Y

and Y,, corresponding to X.

L u
It then computes Y from Y = YL + q (YU~YL) and displays the point.

The variable SY in the 1listing is a scale factor. The finished plot

is shown in Figure 6. The airfoils and upstream and downstream straight
lines were drawn by the calling program. The polar optionin DRAW was

not needed for this problem, so it was omitted.

10
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Streamlines Around a Cylinder with Standing Vortices

A\ el i s




\\_

Figure 5
Joukowski Airfoil with Separation
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Streamlines Traced in X,n Plane and Drawn in X.Y Plane
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2.4.4 Accumulating the Contour Points as an X-Y Array,

If for some reason, one wishes to store all the points
in a given contour and draw them all at once rather than one at a
time, DRAW can be modified to do so. The logical variables FIRST
and LAST signal, as their names imply, the beginning and end of a
contour line. A1l that one needs to remember is that there may be
more than one line segment for a given contour height. An example
of this use is given in the section on three-dimensional graphics.
2.5 Do Not. .

If one wishes to contour over a subset of an array, say a
20 x 20 subset of a 40 x 20 array, do not tell LEVEL1 or LEVEL2 that
the array dimensions are 20 x 20. The algorithm used by FORTRAN
to find the relative location of a variable whose subscripts are I,
J in an M x N array is I-1+Mx(J-1). LEVEL1 and LEVEL2 would assume
‘ M to be 20, whereas the array was defined with M=40. The resulting

plots can be interesting. The proper way to proceed is to set the

p—

unused part of the array to a value far different from that to be

contoured and supply the entire array to the subroutines.

3. Three-Dimensional Graphics with Perspective

3.1 Generai Overview

v N

The generation of a perspective drawing of a solid object
from an arbitrary viewpoint in space requires three steps. First,
the coordinates of the object are translated from its(object) coordinate
system to the viewer's (eye)‘coordinate system, then the eye coordinates

are rotated to align with the viewer's line of sight. Finally, the

ﬁ perspective transformation is applied and the object is drawn. The
4 14
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hidden Tine problem is not addressed here, although this is a necessary
prelude. It is presented in Section 4.
3.2 Translation from Object Coordinates to Eye Coordinates
We assume, for reasons which will be apparent, the object

to be located near the origin of its coordinate system. Then the

translation is only mildly intricate. Consider Figure 7. The view-

point (Xv,Yv,Zv) specified in the object coordinate system is taken

as the origin of the eye coordinate system, in which coordinate points

are denoted as (Xe,Ye,/e). By inspection of Figure 7, we see
Xe = Xv-X
Ye = Z-2v (3-1)
Ze = Yv-Y
These relations can be expressed more neatly in matrix form:
Xe =10 0 X - Xv
: Ye | = g a 1 Y - Yy (3-2)
1 Z 0-1 0 Z- 1y
i
Or
: Yo = P - T (3-2a)
Equation (2) holds for positive Yv. If Yv is zero or negative,
[F] takes the form
FH S50
p F = 0 0 1 (3-3) |
H gl

3.3 Coordinate Rotation

Now we rotate the eye coordinate system so that the Ze axis
points at the ~rigin of the object coordinate system (which is why

we assumed the object to be located near the origin of its coordinate

BE o AP
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Figure 7 1

The Object Coordinate System and The Eye Coordinate System
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system). This takes two steps -- a rotation through angle & about the
Ye axis so that Ze points at (0,0,Zv), followed by a rotation through

angle « about the Xe axis so that Ze points at (0,0,0). From

m

-1 M). If Yv is zero, g = 5 for positive Xv

<YV
: s, a 2 2
for negative Xv. Similarly, a = -tan [ 2Zv//TXv + Yv©)]

trigonometry, 8 = -tan

m

and - 5

The matrix for the first rotation is
cos g O sin g
R = 0 1 0 (3-4)
=sin g 0 cos g
After this rotation, the Xe component of (0,0,Zv) will be null. In
eye coordinates (0,0,Zv) is (Xv,0,Yv).
The second rotation operates on the result of the first

rotation to null the Ye component of [R1]Xe. The rotation matrix

is
1 0 0 :
R2 = 0 cos a -Sin a (3-5)
0 Sin o €oS
If we denote the translation matrix (3-2) and (3-3) symbolically
as
f 0 0
F = 0 0 1 (3-6)
0 f 0

we can combine all three matrices, thus:
[T] = [R,]IR, ICF]
f cos B f sin g 0

= f sin a sin  -f sin o cos B ¢€OS « (3-7)

-f sin g cos a f cos a cos B sin o




3.4 Perspective Transformation

This is the simplest part of the entire process. Referring ‘
to Figure 8, we consider the point P (Xe,Ye,Ze) on the object and
treat the screen (or the plotting surface) as a window through which
the object is seen. Assume the viewer's eye to be a distance b from
the window. By similar triangles, the point P'(Xs,Ys) on the screen

is related to the point P on the object via

b Ze |
(3-8)
¥s _Ye
b e :

The essence then of generating a perspective image is simply
to divide the Xe and Ye coordinates by their corresponding Ze values;

i.e., their depth. In practice, this can generate unacceptably s

e

small pictures. More satisfactory pictures result if we assume the
distance b in equations (8) to be unity and scale the Xs and Ys
i values to give the largest possible picture withip a specified frame.
3.5 Scaling
The final step before displaying the picture, whether on
a terminal screen or an X-Y plotter, is to scale the Xs, Ys values
so as to produce the largest picture which will fit inside a given

frame and also to have the picture centered in the frame. This

ST

requires that the entire object (all its xyz coordinates) be trans-
lated, rotated, and converted to perspective coordinates. (If multiple

views are to be drawn, the new coordinates will have to be stored

in separate arrays or the originals will have to be kept on a mass

storage file and reread for each new view). The new coordinates are

st ik

scanned for the maximum and minimum X and Y values, which are used to 3

>
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compute linear transformations of the form Y' = Ay + B. Referring
to Figure 9, we see that the frame runs from 0 to XF and 0 to YF. We
want A and B to be such that Y'min is 0 and Y'max is YF. Accordingly,

we set

AYmin + B = 0

AYmax + B e

Solving simultaneoucly yields

A

YF/(Ymax-Ymin)

(3-9)

B = -A*Ymin

[}

The X direction must be scaled by the same amount, but we
can't use the same transformation because the resulting picture may
be shifted too far left or right. Therefore, we define a subarea

of the frame whose width is RXF (See Figure 9) and which is centered

so that it extends RXF/2 left and right of the vertical centerline.

The width RXF is defined as

; - _ yf Ymax-Ymin
i RXF = XF Xmax-Xmin (3-10)
E - Proceeding as before, we compute the linear transformation X' = CX + D
y such that
: CXmin + D = XF/2 - RXF/2
: CXmax + D = XF/2 + RXF/2 4
From which
P X = RXF/(Xmax-¥min)
, S (3-11)
D = (XF-RXF)/2 - CXmin

The above assumes that the projected view is higher than it is
¥ wide; i.e., that Ymax-Ymin > Xmax-Xmin. If the opposite is true, we

follow the same procedure, but with the roles of X and Y interchanged.

e g SR

Note that the scaling procedure described here is not

* gVl
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restricted to three-dimensional graphics. It will work for two-
dimensional drawings as well; after all, the drawing of a three-
dimensioral object is two-dimensional. Also, a drawing generated
with this system will not require clipping; i.e., the deletion of
portions of lines which fall outside the frame.

3.6 Contouring in Three Dimensions

Drawing contours in three dimensions differs from the
two-dimensional case only slightly. Rather than drawing each
increment of the contour as it is found, the contour coordinates
are stored until the entire contour is found, then the contour
points are translated, rotated, converted to perspective, scaled,
and drawn en masse. The hill picture in Figure 10 was drawn in
this way using the accumulating version of subroutine DRAW listed
in Appendix B.

3.7 Summary

The generation of a perspective drawing of a solid object
from an arbitrary viewpoint in space has been shown to be a straight-
forward step-by-step procedure. The individual steps can be remembered
from the mnemonic acronym TRAPS, for Translate, Rotate, Add Perspective,
Scale. The drawing of a turbine blade shown in Figure 11 shows a
typical result. The drawing program is listed in Appendix C.

Please note that the procedures described in this section do
not delete hidden lines although they are integral to a hidden line
algorithm. The pictures obtained here are the so-called wire frame
variety and are entirely satisfactory for many applications. Hidden
line elimination begins where the foregoing leaves off, and is treated

in detail in the next sections.
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Figure 10

Contours in Three Dimensions
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4. Hidden Line Algorithms
4.1 Introduction

One frequently wishes when drawing three dimensional
objects with a computer that he had a way of eliminating the back
lines; i.e., those which are on the other side of the object from
the viewer. The drawing of a turbine blade in Figure 11 is an
example. The back Tines are so dense as to obscure the picture.
Ideally, the line-hiding algorithm should not be too difficult to
apply nor take a lot of storage nor take a lot of time to execute.

The two algorithms presented herein partially fulfill these
requirements. Both require some data preparation but memory require-
ments are determined by the number of data points on the object to
be drawn rather than by program size and run times are acceptable if
not brief.

The descriptions to follow will include program listings
and discussions sufficiently detailed that the reader can use either
method on his own problems with a minimum of modification.

4.2 Roberts' Algorithm

4,2.1 Roberts' algorithm takes the approach that each
line in the three-dimensional scene should be tested against every
opaque surface to determine which portions, if any, of the line
are visible. As such it is particularly convenient for scenes such
as the hill in the previous section where one may wish to add
selected contours to the basic hill, or for the turbine blade in
Figures 11 and 17 through 22 where one may wish to leave out part
of the object and show the interior,

The basic concepts involved are quite simple,

but the implementation gets to be very intricate. Everything to
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follow builds on these three concepts: (1) Solid objects are

represented as plare convex polyhedra, convex because a solid is not
able to hide itself. Concave solids; e.g., horseshoe, can be built
of adjoining convex solids, say three (or more) straight bars. (2)

Each plane of each polyhedron is represented by an equation of the

form
ax +by +cz+d=0 (4-1)

The plane equations are stored as column vectors of their coefficients

Po =

Q0 oo

The set of column sectors for a body can be considered as a 4 by

n Matrix, called the Volume Matrix:

Fa], Ay e o anT
W= b], b2 . . bn
Cir Cp - - 1 e

-d], d2 . dn‘

(3) A general point in space can be represented by a row vector,
So = (x, ¥y, z, 1). If So is on Po, the dot product Po-So is zero

by eq (4-1). Furthermore, if So is not on Po, the sign of the dot
product tells which side of the plane the point is on. Roberts
uses the convention that points inside the polyhedron yield

positive dot products. Then points between the viewer and a visible

plane will yield negative dot products. This fact will be very useful
\

later.
4.2,2 First Example: Basic Concepts.
Consider the 2x2x2 cube in Figure 12. Its sides are
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the planes:
1. x = -1 the Ty =12
2o =g Be Zz =10
3. Y= 0 6.z = 2

A point inside the cube is (-2, 1, 1, 1). The reader can

easily verify that the dot product of this point with every column in

the volume matrix below is positive. #
) {0 S (O
g e 1 =k 0
vV = 0 0 0 0 =1
=1 302

4.2.3 Eliminating Back Lines
The easy part of hidden Tine elimination foliows. The
first step is to choose a viewpoint and translate and rotate the xyz
i coordinates of the vertices of the solid just as in Section 2.3 plus

which we translate and rotate the volume matrix. The rotation matrix

-

is the same as eq (3-7) with a fourth row and column added:

f cos g f sin g 0 0
R = f sin o sing -f sin a cos 8 cosa O (4-2)
-f sin B cosa f cos o cos B cosg O
0 0 0 1
The plane translation matrix is:
<
: 1 0 0 0
y il S 0 1 0 0
0 0 1 0
: Xv Yv A 1
é Where (Xv, Yv, Zv) are the object coordinates of the
R viewpoint.
g The translation matrix premultiplies the volume matrix and the result :
Z‘

is premultiplied by the rotation matrix to yield the rotated volume

matrix, B. |
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The rotated volume matrix B = RTV contains the

information needed to determine which planes are hidden. As a result
of the sign convention for planes, the signs of the entries of the

third row (the one containing the z coefficients, C.) will be negative

J
for hidden planes and positive or zero for visible planes. Thus,
if both planes whose intersection defines a line are invisible, that
line is invisible. If either plane is visible the line is visible.
OQur cube in Figure 12 was drawn from these criteria:
4.2.4 Second Example. Drawing the Cube
The viewpoint in Figure 12 is (-4, -4, 16) for which

the rotation matvrix is:

0.7071 =0.707] 0 0
R 0.6667 0.6667 0.3333 0
02357 0.2357 -0.9428 0
0 0 0 1

Performing the matrix multiplication, we obtain the rotated volume

matrix.
-0.7071 0.7071 -0.7071 0.7071 O 0
B = -0.6667 0.6667 0.6667 -0.6667 0.3333 -0.3333
-0.2357 0.2357 0.2357 -0.2357 -0.9428 0.9428
3 -1 -4 6 16 -14

Note that the above does not include the perspective
transformation. We will deal with that presently.

The third row of B above contains negative entries in
columns 1, 4, and 5 which means that planes 1, 4, and 5 of the cube
are not visible. As we look at Figure 12, we can see that this is
indeed the case.

4.2.5 The Hard Part: Adding Another Line to the Scene

The process just described is adequate for drawing

simple objects such as cubes, prisms, etc. However, it does not take
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long to exhaust all the possibilities. If we want to draw something

more complex, such as two cubes, or even add the axes in Figure 12,
we have to test each line against each volume in the scene. If
there are two or more volumes, each line of each volume which passes
the back line test must then be tested against each volume except

its own.

Each line is represented parametrically in terms of

its end points; thus a line from (X1, Y1, Z1) to (X2, Y2, Z2) is:

; X2 X1 - X2
v [v2) o+t [vi-v2
22 71 - 22 ;
1 1 -1 G
orv = s+td

Where 0 < t<1 so that when t = 0 we have the end of

the line and when t = 1 we have the beginning.

The 1 at the bottom of the column vectors permits the homogenous

4-space representation of points in 3-space. It may be thought of

as a scale factor. See Appendix II of Newman and Sproull for a

complete discussion.

Each value of t defines a point on the line (4-4).
We can form another line from that point to thenviewer's eye. (Recall
that in eye coordinates, the viewer's eye is at the origin, z increases

away from the viewer and x and y increase to the right and upward

respectively.) Such a line is:

u = s+ td+ag (4-5)
Where s, t and d are as abave
Q
g is the vector 0

-1

+ > 0, scalar

29




o TR

\

To determine if line (4-4) is hidden by a volume,
we post-multiply equation (4-5) by the rotated volume matrix of that
volume; i.e., we form the product:

h = @ [B] = §[B]+td(B]+ «d (B] (4-6)
If each component of the vector his nor-negative for some values
of t, the line (4-5) passes through the volume, meaning that the
line (4-4) is hidden by the volume for those values of t.

Let us define

P = §([8]
§ = d[8] (4-7)
W = §[8]

Note that w is (from the definition of @) identically the third
row of [B], the row we checked for back lines.

Equation (4-6) then becomes

pj + tqj - XW; >0 (4-8)

Where j counts the columns in [B] (or the planes
of the volume); i.e., for our cube we would have six equations.
We then look for the largest and smallest values of t which will
satisfy the set of inequalities (4-8) for o not negative. In essence,
we have a linear programming problem with n equations and three
constraints; namely, o > 0, t > 0, and t < 1. How do we go about
solving it? Let us look at another example, then we will consider
some of *he intricacies of the process in detail.

4.2.6 Third Example: Testing a Line Against a Volume

Let us look at our cube again from the same viewpoint;

(-4, -4, 16). Say we want to add a line from (0, 1, -5) to (-3,

4, 5) in object coordinates, deleting the part behind the cube.
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The rotated volume matrix is the same as in the second example

and the line (4-4) become after translation and rotation:
4.949 4.2426
2.3333 -3.3333
12 4922 9 4281

Since we already know what W is, we need only to multiply 3 and 3

by R to obtain p and G:

“ A
0 3
— - -
p = _g and q = g
5 -10
-3

1

We can there form six equations in t and « using eq (4-8).

A%
=

1. 2-3t+0.2357 a >
2. 3t - 02357 5 > 0
3, 4 - 3t - 0.2357 o

| v

0

4., =2 + 3t + 0:2357 o > 0

5. 5 - 108 + 0.9428 « > 0

6. =3+ 10t - 0.9428 o > 0
The graphs of these ecuations (taken as equalities) are plotted
in Figure 13.

To find the Targest and smallest t which satisfy these
equations, we solve them simultaneously in pairs, then test the
resulting t and « in the remaining inequalities, discarding any t
and « which do not satisfy all of them. In other words, we are
finding the intersections of the graphed equalities in Figure 13.

In addition, we compute the intersections of each equality with
the 1ines t = 0 and t = 1, discarding any for which « < 0 and testing
the rest in the inequalities as before. Also, we find the intersections

for which t > 0 or t < 1 because solutions in these ranges indicate
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that one end of the before given line is hidden.

Throughout this process, we keep the largest and
smallest t's which survive all of the tests. The final pair are
the left and right extremities of the shaded quadrilateral in
Figure 13. The given line is hidden for all values of t between
these two and visible otherwise, i.e.:

visibles Qi< t < ¢ ik

<Nt

hidden: t .
. min max

visible: t <t <1
max —

If &t .. < 0ort > 1, that end of the line is hidden.
min max

In this example, we find t IR 0.5 and t e

0.9545. The resulting segments are drawn in Figure 14.
4.2.7 Some of the Intricacies

It is possible to speed up the search for t and

min
t e by eliminating some of the graphed equalities from consideration.
There are two criteria we can use:
1. The given line is entirely in front of the body
and is not hidden.
2. The combination of pj, qj, and wj is such that
the inequality (4-8) will always be satisfied for 0 < t < 1 and « > 0.
To test for complete visibility, we go back to the
definitions of P and 4, eq (4-7). By the rules of matrix multiplica-
tion, the jth component of p is the dot product of the end point of
the given 1ine with the jth plane of the solid. Likewise, the jth

-
r

component of the sum p + @ (i.e., t = 1) is the dot product of the

beginning of the given line with the jth plane of the solid. We
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Figure 14

Cube Hiding a Line
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the scale factors described in Section 2.5 are computed. We are ready
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showed in Sections 4.2.3 and 4.2.4 that the jth plane is visible if

Wy > 0 and in 4.2.1 that points between the viewer and a visible

plane will yield negative dot products., Therefore, if Wj > 0, the
plane is visible; if pj < 0, the end of the line is between the viewer
and the plane; and if pj + qj < 0, the beginning of the line is
between the viewer and the plane. If both ends are between the

viewer and the plane, all other points on the 1line must also be

and the Tine is completely visible. Thus, our criterion is:

Wj > 0 and pj < 0 and pj + qj <0 (4-9)
The equalities of pj and pj + qj allow for the case where the line
is on the plane (dot product identically zero from eq 4-1).

[f the criterion (4-9) is met, the remainder of the
proceduq% can be skipped and the line drawn immediately. Obviously.
this can save consideréb1e time in a complex figure where a given :
line is as likely to be in front of a volume as behind.

Roberts gives two criteria for eliminating a graphed
equality on the grounds that (4-8) will always be satisfied.

They are:

=
A

< 0 and pj > 0 and qj >0 (4-10)

~N
=
A

< 0 and pj > 0 and qj < 0 and pj + qj >0

In terms of the dot products, these mean that the given line 1is on
or behind an invisible plane. We cannot however assume the line

to be completely hidden because although the plane is infinite in
extent, that portion of it which corresponds to a side of the volume
is finite and the ends of the line may stick out past it.

Roberts also gives two criteria for r?jecting graphed

equalities on the grounds that (4-8) will never be satisfied. They
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are:

1. - > 0 andp i
Wy 2 0 an pJ < 0 and q; 0

2, wj > 0 and pj~ 0 and qJ ~ 0 and pj + qj <0
We can see by inspection that these are contained in (4-9).
In practice (i.e., in a computer program), it
is necessary to assign tolerances to the tests in (4-8) and
(4-9) to allow for round-off error. By trial and error, the following
were found to work well:
-6

4-8): .+ tq. - oaw. > -1
(4-8): - p; * %q; ~ om, > ~10

- 107% and B Hgz s 1074 and Wi 2 0

(4-9): p i

i

4.2.8 Perspective
The process here is almost identical to that described

in Section 3.4 except that we do not ignore the z values and we must

transform the volume matrix to the new coordinate system, called

the screen coordinate system by Newman and Sproull. The difference

between screen coordinates and eye coordinates is that in screen

coordinates the viewpoint is at g = ey while in eye coordinates,

the viewpoint is at the origin. The screen in screen coordinates

is not at any particular zZg Tocation. The coordinate transformations

are simply:

xs = 28 (4-11)
o g8 (4-12)
vs = 22
75 ==i (4-13)
le

Or in matrix form,

Xs Xe'
Ys = S Ye
Z Z
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where ,
1/ze 0 0 0]
0 1/ze 0 0]
s = |0 0 0 -1/z (4-14)
0

0 0

Transforming the rotated volume matrix from eye to

screen coordinates turns out to be very simple: B' = 7B, where
1 0 0 0
L= 0 1 0 0 (4-15)
0 0 0 -1
0 0 1 0

The line hiding procedure described above needs no
changes; it works equally well in either coordinate system. Figure 15
is a perspective drawing of the same cube and the same line as the third
example. The t - « diagram is shown in Figure 16.

4.2.9 Summary of Roberts' Algorithm

The foregoing has described a method of generating
hidden Tine drawings of simple objects. We have seen how the volume
matrix for a solid is generated and how the back lines of a solid are
eliminated. Sections 4.2.4 through 4.2.6 dealt with the difficult
problem of add%ng another line to the scene via the parametric
representation of that line in space, the generation of the t-

diagram and the search for t and tmax' Finally, we added the

min
the option of drawing perspective views.

Roberts' algorithm as presented here is capable of
handling rather complicated objects if they are built up of simpler
forms as the next section will show. It will fail however for two
cases. First, if the given Tine pierces a body, the algorithm will

find a t at one of the edges of the body rather than at the intersection

of the line and the plane. Perhaps this could be worked out; it has i
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Figure 15

Perspective Drawing of a Cube Hiding a Line
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not caused problems in the figures drawn to date. Second, it wiTl
not handle cases where two segments of the given line are hidden, as
when the given line passes behind the two arms of a horseshoe. The
implementation given in the next section would leave out the section
between the arms. It would be possible to handle this case by treating
the surviving segments of the test against one arm as two new lines to
be tested against the other arm, then drawing the survivors of those
tests. This problem did not occur for the objects drawn so far and so
was not addressed.

4.2.10 The Last Example: Drawing the Turbine Blade

The turbine blade shown in Figures 17 through 22

is made up of two major units, each of which is in turn subdivided

into convex polyhedra. The fir tree base is divided into five polyhedra:

the rectangular bar on top, the trapezoidal slab beneath it, and three
hexagonal prisms below that. The blade proper is divided into four
tiers of 26 polyhedra each, for a total of 104. These are wedge
shaped except for the leading and trailing edges, which are made up Of
triangular pyramids. It was necessary to divide the blade this way
because the rectangular panels which are drawn are not planar. Instead,
each rectanqular panel is divided along a diagonal and treated as two
planes, each plane being a triangular face of a polyhedron. The diagonal
line is simply not drawn.

Each polyhedron has a number, beginning with 1 through
5 for the fir tree top to bottom and 6 through 109 for the blade start-
ing at the leading edge of the first tier and progressing rearward
through each tier before going on to the next. Furthermore, each
plane of each polyhedron.has a number which ultimately corresponds

to a column in the volume matrix. The actual plane numbering convention
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Figure 18
Turbine Blade Viewed from (-95, -81, 20)
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Figure 19
Turbine Blade Viewed from (95, 81, 20)
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Partial Turbine Blade Viewed from (70, 51, 100)
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K Figure 22

£ Partial Turbine Blade Viewed from (-100, 1, -75)
" Showing Window Boundaries
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does not matter. In this case, the bottom planes of all segments of
the fir tree are assigned number 1 and numbering proceeds counter-
clockwise as seen from the positive x axis (object coordinates). The
near end is next to last and the far end last. The blade uses a

different convention because of its different geometry. Each axial

- increment is made up of lower and upper prisms, the lower being for-

ward. The bottom plane of the Tower prism is number 1, the pressure
(concave) surface is number 2, the suction (convex) surface is number
3, the diagonal plane is number 4 and the forward plane is number 5.
The diagonal plane of the upper prism is number 1, the pressure and
suction gurfaces are 2 and 3, the top plane is number 4, and the rear
plane is number 5. Leading and trailing edge segments are special
cases having only four planes.

Each Tine which appears in the drawings represents
the intersection of two planes of a polyhedron. Accordingly, each
line is assigned a pair of numbers denoting which planes of which

polyhedron, in the form: plane number + 10 times pdlyﬁedron number; 1
e.g. 15 would denote plane 5 of segment 1; and 13, 15 would dengte
the intersection of planes 3 and 5 of segment 1. These numbers are
stored as LLIST for the fir tree and LLISTB for the blade.
Finally, the XYZ coordinates of the end points of
each line are stored and the plane equations for all the segments are
stored in a single 4 x 548 volume matrix according to the numbering
convention. A list called MLIST marks the beginning and length of *
the part of the volume matrix corresponding to a given segment. When i :
a viewpoint is selected, the coordinates are translated, rotated and
converted to perspective as described above. The transformed sbace -

coordinates are scanned for maximum and minimum x and y values and
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the scale factors described in Section 2.5 are computed. We are ready

to draw.

Drawing begins with the upper right corner of the
front base of fir tree and proceeds clockwise around the 20 corners
of that face. Each corner has three lines associated with it and
each line has a pair of entries in LLIST. The first line goes from
the current corner to the next corner on the same face, the second
goes lengthwise from the current corner to the corresponding corner
on the rear face, and the third goes from that corner to the next
corner on the rear face. As each line is selected, the main program
passes the appropriate pair of entries from LLIST to subroutine FINDM.
FINDM decodes the LLIST numbers and returns the segment number in the
variable NM and the volume matrix column subscripts for the two planes
whose intersection is the 1line in the variables MV and NV. The main
program then checks the signs of the Z coefficients in these columns
of the rotated volume matrix. If both are negative, the line is a
back line and is entirely hidden. If one or both are not, the main
program forms two vectors consisting of the x, y and z components of
the beginning and end points of the line and passes these to subroutine
HIDE.

Subroutine HIDE tests the given line against several
segments, excluding the line's own segment which is denoted by NB.

The segments tested against are those which appear in the same region
or "window" of the picture as the given line. Windowing is discussed
in greater detail below. As HIDE tests the given T1ine against each
segment, it keeps the smallest toin (called T1) and largest L

(called T2) from all the tests and finally draws the line based on
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these cumulative values. HIDE calls subroutine SEEK to perform the
actual testing, giving it the s and d vectors for the line and the
beginning column and number of columns in the volume matrix which
correspond to that segment, via the variables J1 and J2.

Subroutine SEEK performs the functions described in
Sections 4.2.5 and 4.2.6. It computes the p and q vectors and attempts
to eliminate some of the inequalities via the tests (4-9) and (4-10).
Subscripts of survivors are kept in the array M. If less than two sur-
vive, the given line is treated as visible. Otherwise, intersections
with the lines t = 0, t = 1 and « = 0 are computed and passed to
subroutine VALID, which tests to see that 4-8 is satisfied for all
subscripts in M. If it is and the t is smaller than the current tmin
or Targer than the current tmax’ VALID updates the appropriate one.
Otherwise, VALID simply returns. The intersections with each other
are handled identically.

Drawing of the blade proceeds simiiarly. The lines
to be drawn are associated with the lower of the two segments associated
with each axial increment. The first goes rear-ward along the bottom
of the pressure side, the second goes rear-ward along the suction
side, the third goes upward on the pressure side and the last goes
upward on the suction side. Thus., the program proceeds rearward along
a tier drawing a pair of L's at each axial increment. The trailing
edge is closed with a line from the trailing edge list, LTE, and
the top of the final tier is drawn from the top 1ist, LTOP.

In order to evaluate the time Roberts' algorithm would
require to draw varying numbers of segments, an option to draw only
part of the blade was included in the program. The user may specify 1

to 4 tiers and 2 - 26 segments in the uppermost tier drawn and thereby
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obtain run times for 5 to 109 segments. The partial blade is
furnished off by capping the partial tier with the bottom lines
of the next tier above or with the top list as appropriate. The
uncovered part of the next lower tier is capped with the remaining
bottom lines from the unfurnished tier. The back of the last segment
in the unfurnished tier is closed with the two vertical lines from
the next segment and with two horizontal lines from the pressure side
to the suction side, one at the bottom and one at the top. These last
two do not appear ir any line list, but they are from the same body
as the two vertical lines: therefore NB is the same as is the windowing
data.

A series of cases were run from the viewpoint (-100,
1, -65) because it yielded the longest observed run times and thus gave
worst case values. The resulting values were fit via least squares
to a curve of the form.

£t = an (4-16)
Where t is the cental processor time in seconds and n is the number

of segments drawn. The curve fit yielded

a 0.0162 and

P 1.491
The important value is the exponent p. Newman and Sproull give an
exponent of 2 and conclude that the algorithm is extremely slow for
complicated scenes. Indeed, this implementation without windowing
is not very fast; it required 17.8 seconds of CDD 6600 time to draw
the entire blade.

Then windowing was added 2s described below and the

process repeated. As might be expected, the program ran siightly

slower for a small number of segments (break-even is between 5 and 10)

50




v e

L AT T AT

&
R £
E &
3

but showed a marked improvement at higher numbers; it took only 8.84

seconds to draw the entire blade. The resulting coefficients from

the curve fit were

a 0.0529 and

p 1.089
Again, the important parameter is the exponent. Merely by dividing
the scene into fourths and testing a line only against these segments
which occupy the same regions and thereby have a chance of affecting
it reduced the exponents from nearly 3/2 to nearly linear which then
makes the algorithm viable for complicated figures. No attempt was
made to optimize the number of windows although an optimum surely
exists; rather the intent here was to demonstrate the concept.
4.2.11 MWindowing

The turbine blade is essentially a vertical object,
therefore the viewing area is divided into four horizontal windows
stacked oné on another as in Figure 22. After all plane and
coordinate rotations are done, the main program calls subroutine
WINDOW; WINDOW computes the height of the window segments as
fractions of the frame height; i.e., they are in page (or screen)
inches and stores them in the array YW. It then scans the Y coordinates
of the ends of each segment, passing to function IN THERE the scaled
(ready to draw) Y value. IN THERE checks the Y value against the
window boundaries and if YW(I) < Y < YW (I+1), it returns the value I,
where I is 1, 2, 3, or 4. WINDOW then stores the segment number L in
location (I,L) of the array IN which is dimensioned (4,109). For
example, if segment 43 appears in window 3 (numbered from the bottom
up), IN (3,43) = 43. After assigning each end of each segment to a

window, WINDOW checks to see if any segment is in three or four

51




D

L T o

windows, that is if, for example, one end is in window 1 and the
other end is in window 3 or 4, the segment must also be in the
intervening window. WINDOW adds these entries to the IN array as
appropriate and returns.

Where the time to draw the a line arrives, it is
a simple matter to prepare a list of segments in the same windows
as the line. One takes the segment number for the Tine, finds which
windows that segment is in, and prepares a list of all segments‘in
those windows. Subroutine DOLIST prepares this list, which is called
JLIST, for use by subroutine SEEK.

4.2.12 Conclusion for Roberts' Algorithm

Roberts' algorithm has been shown here to be a useful
method of generating hidden-1ine drawings of complex objects, although
there is considerable labor involved in setting up the necessary data
for a given object; e.g., fitting equations to all the planes, The
method used to fit planes to the turbine blade is described in Appendix
E. Because of the necessary preliminaries, it is not likely that one
could write a general program which would accept coordinate data for
a given object and generate a hidden line drawing directly. The
first probiem one would encounter is how to divide the object into
planar segments which are all convex. Nonetheless, one could easily
adapt most of the subroutines used to draw the blade and write a new
main program. The windowing scheme could also be adabted to the
object. Note that there is no requirement that all windows be the same
size,

Roberts' algorithm has the added advantage that it is
no trick at all to generate cutaway drawings as shown by the partial

blades drawn in Fiqures 20 through 22. A particularly appealing
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application would be to show the internal geometry of a cooled turbine

blade. Similarly, one could draw such machines as aircraft or
automobiles and remove panels to show the internal machinery.

4.3 A Second Line-Hiding Algorithm

4.3.1 Introduction to LXL

A second, conceptually simple, Tine-hiding algorithm
was developed as a parallel effort to the coding of Roberts' algorithm.
This was done mainly because of the pessimistic reviews of the latter
in the literature.

The present algorithm (which we will refer to as "LXL"
for "line against line") is based to some extent on Warnock's algorithm
and borrows intact some of Warnock's subprograms. Warnock's algorithm
was tried and found to be unsatisfactory for our purposes, not only
because computing times were too long, but also because it tended to
draw lines in short segments (sometimes dot-by-dot). This wasted
plotter time and gave poor looking Tines due to plotter digital-to-
analog converter inaccuracy.

LXL was developed to correct this latter probiem by
analyzing each line in turn. For a line "I" other lines are tested
to see if they Tie between the viewer and line I, and if their images
on the screen plane intersect the image of line I. An ordered Tist of
intersections is assembled for the line I and each 1line segment between
intersections is tested to see if it is visible. The visible segments
are drawn and the program moves on to the next line. Contiguous
visible segments are drawn with a single pen movement.

This basic procedure was improved by dividing the
scene into smaller parts with "intermediate windows." This helps

increase speed since we only need to test lines and polygons which are
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in the same intermediate window as the subject line,

There are few restrictions on the kinds of figures
which can be drawn, aside from memory and time limitations:

a) The figure must lie wholely in front of the
viewpoint.

b) [xcept for quadrilaterals, all polygons must be
planar. Quadrilaterals may be nonplanar,

4.3.2 A Little More Detail

In a little more detail, the LXL algorithm works as
follows:

1.a) A "large window rectangle" (LWR) is defined
which just encloses the projections of all the data points on the
screen plane. This is done so that the picture can be sized to fit
the screen and also for efficient processing,

1.b) This LWR js subdivided into M x M equal "inter-
mediate window rectangles" (IWR), where M depends on the number of
lines, NL’ in the figure. A simple optimization gave

M = integer part (0.5 + NL]/4)
as a good choice. The analysis of the optimum IWR size is given in
Section 4.3.4. For each IWR:

2.a) A list of unprocessed lines, whose projections
intersect* the IWR, is compiled. We designate these lines as "I"
lines -- they are the lines which will be processed in this IWR.

2.b) A new rectangular window, JWR, is found

* We will use the word "intersects" to mean that the projection of
a line or polygon on the screen plane lies at least partly inside the
window.
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which just encloses all the "I" lines. A1l lines and polygons which

affect the visipility of the "I" lines intersect JWR.

2.c) A list of all lines which intersect the JuWR
is compiled. These lines are designated "J" lines. This list includes

all Tines which intersect the "I" lines.

2.d) A 1ist of all polygons which intersect the JWR
is compiled. The polygons are designated "J" polygons. This list
includes all polygons which cover any parts of the "I" Tines.

For each "I" Tline in the IWR:

3.a) A small window rectangle (SWR) is constructed
which encloses the"I" 1line, except for its end points. The line's
end points are excluded from the SWR to avoid unnecessary considera-
tion of lines which are connected to the "I" line.

3.b) From the "J" polygon list, a list is compiled
of polygons which intersect the SWR and lie in front of the "I"
line. These are designated "S" polygons. Polygons which have the
"I" T1ine as an edge are excluded from this list, because we assume
that a polygon cannot hide any of its own edges.*

3.¢) If the SWR is completely covered by an "S"
polygon, then the "I" Tine is completely hidden--we just mark it
"processed" and move on to the next "I" line. Otherwise--

3.d) If no "S" polygons are found, then the line is

completely visible--we draw it, mark it "processed" and move on to the

next "I" l1ine. Otherwise--

3.e) We check each "J" 1ine against the "I" line,

* This is not necessarily true if the polygon is non-planar.

5Y
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to see if their projections on the screen plane intersect, I[f

so, and if the "J" line lies in front of the "I" line, we store the
intersection point.

3.f) If no intersections are found, we draw the line,
mark it processed, and move on to the next line. Otherwise--

3.g) The intersections are arranged 1in an ordered
list from one end of the "I" Tine to the other. We consider the "I"
line to be cut into segments by the intersections.

3.h) If the mid-point of a segment is visible (not
covered by an "S" polygon), we note it.

3.i) After all segments have been checked, we draw the
visible portions of the line. Contiguous visible segments are drawn
with single pen movements.

3.j) We mark the "I" line "processed" and move on
to the next line.

2.e) After all "I" 1ines in the current IWR have
been processed, we move on to the next IWR.

1.c) After all IWR's have been processed, the figure is
complete.

4.3.3 Things to Come

In the following sections we will discuss some of the
features of the LXL algorithm and its subprograms. First, the
optimization of the IWR size is presented. This is followed by a brief
paragraph on the input data format. Then we cover in some detail
the "windowing" technique used throughout the algorithm and the way
in which we define the surfaces of twisted (non-planar) quadrilaterals,

Finally, some results,conclusions, and recommendations are presented.
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4.3.4 Sizing the Intermediate Windows

The optimum number of intermediate windows is determined
by a rather simple analysis. The basic assumption of this analysis is
that the computer spends most of its time in a "windowing" subprogram
named CLIP. (CLIP is used to determine whether a line intersects a
window.) Numerical experiments show that this assumption is good--
the computer spends about half of its time in CLIP,

We now simply minimize the number of calls to CLIP.

A rough count of the number of calls is obtained from the code:

2 g IR (5 on e
N = M™ «[N.N, + 2N ] + N -N_-N + (N; + 1)-N, =N (4-17)
CLIP E 2P L IS PJWR I L PSWR
Where M2 is the number of IWR's
NP is the number of polygons
NE is the average number of edges per polygon
.
‘ NL is the number of lines
NP is the average number of polygons in a JWR
i JWR
i
NI is the average number of intersections per line
NP is the average number of polygons in an SWR
SWR
Since we usually make up figures from quadrilaterals, let Nk = 4,

Our experience has indicated that N& is between 1 and 2, so let's

: take NI = 2. Then we may write the last two terms of Eqn (4-17) as
; 4N - [N + 3/4 - Ny, 1]

: L "PowR PSwr

3 Since an average SWR is much smaller than an average JWR, Nb < <

. SWR

# Np and we can ignore Ny . (Again, experience indicates Np =~3)
3 JWR SWR SWR
b I[f the number of polygons is very large,

f
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N = N,/M
JWR

SO

li=

2 2
NCLIP M--[4 NP + Z-NL] 5 4-NL-NP/M

Finally, for figures made up of quadrilaterals,

: /
Np NL,Z

and we have

S AN TMZ 2
NCLIP = 4 NL [M° + NL/M ]
N is minimized if M = N 1/4 With this choi
cLIP B g3
= oo/
NeLrip = 8N

SO

Numerical experiments gave the final, practical

choice of

M o= dnt [0.5 + N '/

i It is worthwhile to compare this with the case in
which intermediate windows are not used. In this case

N = N oN_eNj + (N, + 1)-N <N
CLIP [ I L PSWR
which, using the same argumernts as above, gives

2
NeLp L

The ratio of times

2N
3 & a2 Ve
- (Trur/To) = 4N

clearly shows the advantage of using intermediate windows, since there

may be hundreds or thousands of lines in a figure.

WA

4,3.5 Data Formats
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Data are input to the program in three lists:

1. A point 1ist which contains the perspective
coordinates (x/z, y/z, z) of pertinent points in the figure. (Per-
spective coordinates are used throughout the code).

2. A line list which contains the identifying
subscripts of the two points in the point list which are the end
points of each line in the figure.

3. A polygon 1ist which contains the identifying
subscripts of the lines which form the edges of each polygon surface
element in the figure.

After the data are input, the initialization section
of the code rearranges the elements of the polygon list so that the
edges of each polygon are in order around the circumference.  Simul-
taneously, it appends to the line list additional lines so that each
polygon edge is a distinct 1ine not used for any other polygon edge.
This is done so that the end points of an edge may be switched to pro-
vide an orderly progression of vertices around the polygon. That is,
the second end point of one edge must be the first end point of the
next edge, and so on. The "windowing" technique requires this
ordering. These additional lines are not used in forming the "I"
and "J" line Tlists.

4.3.6 Windowing ]
A "windowing" technique is used to perform much of the
LXL algorithm - processing lines for the IWR's and JWR's, and process-
ing polygons for the JSR's, SWR's, and line segment visibility. The
windowing method we use is borrowed, essentially intact, from Warnock's

code as presented in Reference 2.
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The windowing sections perform two basic tasks:

1. For a line - determine if any part of it lies
inside the window.

2. For a polygon - determine if any part of any edge
lies inside the window and, if not, whether the polygon "surrounds"
the window. The first part of the polygon task is the same as the
first task.

Most of the windowing tasks are performed in a Sub-
program named CLIP, The first section of CLIP, "ICLIP", determines
if a 1line or edge intersects the window. The second section, "ANGLE",
finds the angle between a line's end points, measured from the center
of the window.

ICLIP divides the screen plane into 9 regions by
extending the sides of the window. Each region is assigned a unique

4 bit code as shown in Figure 23:

| e
|
1001 1000 -1 1010
i :

————— ' '———‘_‘—‘
0001 0000 0010
_______ : T nmis

] I
1 ]
! |
0101 i 0100 | 0110
M !
FIGURE 23. ICLIP Codes for Regions of Screen Plane
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The following steps are then performed:

a) Determine the codes of both end-points of the

line. Call them C] and CZ'

b) If C] and C2 are both 0000, then theline Ties wholly
within the window, so we can set the indicator “ICLIP" to .TRUE. and
exit to the calling program. Otherwise -

¢) If either C] or C2 is 0000, then the line inter-
sects the window frame once. We must then determine the intersection

point before setting "ICLIP" to .TRUE. and exiting. Otherwise -

d) If the Boolean product C C2 is not 0000, then

1°
the line cannot cross the window, so we can set "ICLIP" to ,FALSE.
and exit. (This is why the 4-bit code was chosen.) Otherwise -

e) Clip off any parts of the line that do not fall
between the vertical window frame edges and go through steps a) -
d) with the remaining line segment. Then, if we do not exit -

f) Clip off any parts of the segment that do not

fall between the horizontal window frame edgeé. Then go through

Steps a) - d) with this remaining line segment. An exit will occur.

For example, consider the three lines, A, B and C, in Figure 24a:

— — e — -

—— o e W G e e e e

!
!
!
]
|

FIGURE 24a. Example of ICLIP Operation
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Line A is eliminated by Step d) because the two's bits for both end
points are "on."
Lines B and C are not immediately eliminated by Steps a) - d) and

so are clipped by Step d) to give the segments shown in Figure 24b.

(

\\| ]
A '
i

[

: i
e — = A= = —— — l.. ......
1 |
J t
! [

|
' i
| i
- ) I
_——t - = . - — o ———
~o i
S [}

~

o, | pe
-~

FIGURE 24b. Example of ICLIP Operation (Cont.)
Now segment B' is eliminated by Step d) - The end points have the same
§ code. Segment C' is not eliminated so we go to Step e) which gives

the segment C'' shown in Figure 24c.

—l

s FIGURE 24c. Example of ICLIP Operation (Concl.)
g Segment C'' is properly identified by Step b).
b The reason for the "ANGLE" section is the following:
b
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If the sides of a polygon are taken. in order, proceeding from

vertex to vertex, the tne sum of the angles subtended by successive
vertices and an arbitrary point will be 0° if the point lies outside
the polygon and +360° if the point lies inside.

Determining the angle subtended by the edge if it does
not intersect the window is performed by the "ANGLE" section in a
rather crude manner since we don't need the - tual angle, only a
consistent system of counters which will esnable us to determine
whether a polygon completely covers the window.

To do this.we again subdivide the screen plane as

above and assign to the subdivisions the counters shown in Figure 25.

] |
] ]

3 [ 2 ' 1
| [

— - - - ' l--——
4 0
—-————' '----.--

' :
]

g 6 . 7
| {

FIGURE 25. ANGLE Codes for Regions of Screen Plane
Then, basically, we define the angle subtended by a Tine as the
difference between the counters for the regions in which the line's
end points lie. For example, a line with its first end point in
Region 1 and its second end point in Region 4 subtends an angle of
3
This simple definition must be adjusted because it

allows angles of magnitude greater than 4 (which represents 180°) -
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for example, a line running from Region 7 to Region 0. This is cor-
rected by adding or subtracting 8 (360°) to produce a result between
-4 and +4.

A second problem arises if the end points of the line
lie in diagonally opposite regions (1 and 5, or 3 and 7). For example,

1 . :
consider Lines A and 8 t in Figure 26:

—

2
FIGURE 26. Example of ANGLE Ambiguity

Both lines are calculated to have the same angle (4). However, the
angle for line B should be -4. This problem is due to the fact that
we can't tell which side of the window the lines fall on. The solution
to this ambiguity is to cut the line into two segments and sum the
angles of the segments. The best way to do this is to cut the line
at one of the window frame lines; say, the right-hand vertical
frane line as shown. Doing this to line B gives, for the segment
from end 1 to the frame line, an angle of -3 and, for the rest of
the line, an angle of -1. Then the total angle is -4, which is
correct.

(If we sum the angles subtended by the edges of a

polygon for a particular window, the sum will be either 0 or Hid. IF 8,
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the polygon covers the window, if 0, it doesn't.

The CLIP subprogram is used as follows:

a) For lines, only the "ICLIP" section is used.

b) For edges of polygons, the "ICLIP" section is
executed and only if ICLIP is returned .FALSE., then the "ANGLE"
Section is executed.

4.3.7 Non-Planar Quadrilaterals

In order to find out whether a polygon hides a point
of interest (e.g., the center of a line segment) we must find out if
the intersection with the polygon's surface of a ray from the observer
through the point of interest is beyond the point. For non-quadrilateral
polygons, this is easy since they must be planar. However, for con-
venience, we have allowed quadrilaterals to be non-planar, which
complicates things a bit.

We usually prefer that solid figures be constructed
of quadrilateral surface elements, as opposed to, e.g., triangles.

But quadrilaterals are not, in general, planar. Therefore, in order
to find the distance to the surface of a quadrilateral, we must first
decide on a convention for defining the shape of the surface.

We choose to define the quadrilateral surface to

be generated by straight lines as illustrated in Figure 27:
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FIGURE 27. Definition of Quadrilateral Surface

A straight line (ab) lies in the surface if points a and b are defiped

such that

Lal by = Ly ! by

It can easily be shown that the same surface is defined if equivalent
straight lines are drawn between the other two sides. Thus, this
definition does not depend on the choice of sides.

With this surface shape, we can now determine the distance

to a point p on the surface. From the Figure 27, we have

b, = B 4+ n (r2 - r1)
Lt Ry o (r3 - r4) (4-19)
Ry = +g (r_ - rb)

where v is the vector from the viewpoint to the point subscripted and
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a = L/,

g = Kbp/eba
The vector equations represent nine equations with nine unknowns;
xa, ya, Za’ Xpa Yps &0 @ 2l zp.

The solution of these equations is complicated by

the fact that we are given, not xp and yp, but the projection of p on

v v
the screen plane, xp = xp/zp and yp = yp/zp. If we eliminate
e and Fiy> and let
> - ny ny
= X ’ 3
ke rp/zp ( o* ¥p 1)

then equations (4-19) reduce to the non-linear vector equation

z, rﬁ = 8 [aD + (r] - r4)] + « (r3 - r4) + r

. = = o Sile
where, for convenience, b = —r] + r2 - F3 CH r4. Now £ is eliminated

by taking the vector product of both sides of this equation with

B+ (7 - 7y

which gives, after a bit of manipulation,

2, 7o xloB + (Fy - F)] = [o(fy - Fg) * 7l x [alF, - F) + R (4-20)

Next, the left-hand side of the equation is eliminated by taking the

scalar product of both sides and rp to give

<3

P {lalfy - Fe) + Fl x [alF, - ) + HIE = 0 (4-21)

This is a quadratic equation* for o which is solved for the root,

* This equation may be written in terms of Fa and ?b as

Fa -(r*'b X fd) = 0 which is a mathematical statement of the

P fact that the vector from the viewpoint to
point p must lie in the plane defined by the vectors fromthe viewpoint
to point b and to point a.
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0 <a < 1. The distance to the surface, Zpy» is then found by solving
any one of the three scalar equations represented by the vector
equation (4-20).

(A twisted quadrilateral, viewed from some directions
can have two intersections with a line-of-sight. In this case, both
roots of equation (4-20) will be between 0 and 1. The solution which
gives the smaller distance from the viewpoint is used.)

4.3.8 Discussion of LXL

The LXL algorithm, as outlined above, was coded in
FORTRAN to run on a CDC 6600 computer system. As initially coded, it
was found to execute an order of magnitude faster than Warnock's
a]éorithm for the same figure. An additional doubling in speed was
achieved by recoding selected subprograms, including “CLIP," in CDC
COMPASS Assembly Language. This allowed us to take full advantage of
the central processing unit's parallel architecture.

As an example, the surface of the aircraft in Figure 28
contains 1100 Tines and 690 poliygons.+ It took 75 CPU seconds to
process. (As a point of interest, the CLIP subprogram was called
300,000 times.)

The use of non-planar quadrilaterals is béf; a strength
and a weakness of LXL. It allows the user flexibility in defining
figures and satisfies our preference for figures with quadrilateral
surface elements. It does, however, have some drawbacks, the most

serious of which is the fact that a non-planar quadrilateral may hide

a line which none of its edges intersect in the screen plane.

tThe data lists for this drawing were borrowed from Capt R. R. Black
of the Air Force Flight Dynamics Laboratory.
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The code cannot handle this. We do not think this problem is significant

if we 1imit ourselves to quadrilaterals which are nearly planar. In
fact, we haven't noticed any occurrences of this in any of our experi-
ments.

Appendix F contains a listing of the LXL code and a
sample data set.

4.4 Comparison of Performances: Roberts Algorithm vs. LXL Al-
gorithm

In an attempt to determine the relative performances of the
code for Robert's algorithm and the LXL code, the turbine blade drawing
in Figure 17 was processed using both codes. The resultant drawings
were identical in appearance. The LXL code was about 257 faster in
execution. However, this is misleading for two reasons: 1) the LXL
code obtained a significant speed advantage because assembly language
code was used in some sections - Robert's algorithm was coded in
FORTRAN only. 2) For figures constructed principally of quadrilaterals,
the execution time for the LXL code is proportional to NligES’ for
Robert's algorithm, NEi&ES' This means that Robert's algorithm has the
edge in speed, at least potentially.

The LXL algorithm does, however, enjoy considerable advantages
in the form of the input data and in the ease of understanding the
algorithm. The simple form of the input data could offset the execution
speed disadvantage when complicated figures are to be processed (such
as the aircraft of Figure 28).

Robert's algorithm has, potentially, a major speed advantage
for complex figures. (We estimate the execution time for Robert's
algorithm of the aircraft figure tu be about 40 seconds - compared to

75 seconds for LXL.) Unfortunately, this speed advantage is offset by




the considerable amount of work (and ingenuity) required of the user

to break up the figure into convex polyhedra.

As might be expected, the authors were unable to agree on

which of the two algorithms was "better."
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APPENDIX A

Listings of LEVEL1 and LEVEL2

The basic versions of the two contouring subroutines are listed
herein. Also listed is a driver program, ONE, which was used to create
Figures 2 and 3.

The listings which appear in this and the other appendices contain
occasional continuation lines marked with a dollar sign. These were
created by the listing program to maintain the right-hand margin and
do not appear in the actual code. A line containing two or more state-
ments separated by dollar signs is real, however; CDC FORTRAN Extended
accepts this as well as statements of the form A =B =C =D = 0.0 and
symbolic names of up to seven characters. The forms READ* and PRINT*
are list-directed (format-free) input-output, used primarily for

interactive programs.
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PRULRAM ONeC

OIMENSION X(B)9gY(D) 32 (695)4H(T7)
LOGICAL U(6y5)

DATA X 7/ 06091¢092¢093e0y4%4e09560 7/
DATA ¥ / 0e0y1e40y2e4053a094e0 7/

DATA (Z(Iy1),3I=146) 7/ 24¢093¢0y6460,7
DATA (Z2(I52)91=146) / 4e0395¢099.0,7
DATA (2(1’3)’131’b) / “n0,600’500’5
DATA ‘Z(I’H),I=1,6) / 3.0)5.0,700’6
DATA (Z2(I492)4I=196) 7/ 34094«09640,5
DATA H / 205,305,4.5’505,6-5)705)80

Ui, 1)

= +FALSC,

CALL PLOT (2¢0y4e04y=3)
CALL PLOTPM (**PM PLAIN PAP-R PLt£ASE«."y3)

E o =uh
J =5
K = 7
IGO =
GO TO

(=

3

CA_L LEVELL (Xp,YyZyHyUyIydyK)
CALL PLOT (84590e0,y=3)

IGO =

2

GO TO0 3

CONTINU=

CALL LEVELZ (X,Y,Z,H,U,I,J,K)
CA_L PL3T (84550e049=3)

CALL SY4BOL

CALL PLOTe

Si0P

JIRAA BUUNDAKY
CALL PLOT (X(6),Y(1),2)
CALL PLOT (X(6),Y(5),2)
CALL PLOT (X(1),Y(5),2)
CALL PLOT (X(1),Y(1),2)

GO TO
END

(1,2), IGO

0
0
0
0
0

s 4.
,6-

90 e

14
/i

(PLOUT,;0UTFUT=4028,TAPE0=0UTPUT)

Uy3.0
Oy&4el
09540
0y3.0
05240

(0e05065,0e105,"FINISHED"y3040,8)

B S UL R
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SU3ROUTINE LEVELL (XMyYMyMISHyHGTSyUNUSEDP Qs R)

INTEGER PyQyR
RcAL MZSH
COMMON /CUE/s OPFEN; FIRST,LAST,H,POLAR

DIMENSION XMUP),YM(Q) yHGTS(R) yMcSH(P,Q) yUNUSZD(P,Q)

LOGICAL FIRSTHLAST,02EN,UNUSED,POLAR

I C
? C THIS PROCEJURE I> USED FOR CONTOURING OVER A
c RICTANGULAR MZSH, A MOKE DcTAILEODO JESCRIPTION
C IS CIVEN IN SECTION &4 OF THE ORIGINAL RcLPORT.
C
E C ADAPTED FROM ALGOL PROCEOURE CONTOUR1
' c BeRe HEAP, T AL ‘THREZ CONTOURING ALGORITHMS®,
C NPL-81, NATIONAL PHYSICAL LASB,
C TEOUINGTON ENGLANU, JEC. 1959, P. 14
C
POLAR = UNUSZOD(1,1)
JM = Q-1
IM = P=-1
C
C ZACH SONTOUR HEL5HT IS CEALT WITH IN TURN
c
D0 7 K=1,4R
H = AGT3(K)
v
C THZ ARRAY UNUSED IS S&T UP FOR THIS HEIGHT.
C
D0 1 J=2,4M
DO 1 I=2,IH
UNJSED(l,J) = MCSH(I'i,J) eLTa H oANJ. qESH(I,J) oG o
§f H
1 CONTINUZ
C
c THZ BOUNDARY OF THt McSH IS SCANNED FOR THE
C 320INNING OF ANY OPzN CONTOUR OF HEIGHT He
C

OP=N = «TRUzq
00 2 I[=2,P
IF(MzZSH(I=1,1) +LTe 4 +ANUs MESH(I,1) «GEe H)
1 FOLLUOW (Lyly=1,0y3XMyYMgMESHsP,QyUNUSED)
2 CONTINUZ
D0 3 4=2,Q
IF (MESH(PyJ=1) +LTe 4 +AND. MLSH(PyJ) oGEs H)
I FOLLOW (P,J,0"1,XM’YH,*CSH'P,Q,UNUSED)
3 CONTINUZ
00 & L=1,IM
I = P=i
IF‘”;SH‘I*i,Q) oLTc 1 OAVD. ”CSH(I,Q, 066. H)
L FOLLON (L1y251y0,XNyYMaMzs,PyQumeSEOT -
4 CONTINU:Z o e

79
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00 5 L=1,JM

J = Q=L

IF(MESH(1,J+1) «LTe A oANDse MESH(1,J) oGEe H) CALL
1 FOLLOAW (1,J,0y1yXMyYMyM-SH,P,QyUNUSED)
5 CONTINUZ

THc ARQAY PUNUSc]’ IS SCANNED FOR THE
SZGINNING OF ANY CLOScd CONTOUR OF HEIGHT H,.

OO0

I = P=M+1
IF(UNUSZD(I,4)) CALL FOLLOW (I4Jy=1,0yXMyYMyMESH,P,Q
5 9 JNUSED)
6 CONTINU-
i 7 CONTINUEZ
RETURN
END
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SU3BROUTINZ FOLLOW (IF,JF,IAF,JAF,XMyYMyMESH,P,Q,UNUSC
» 0)

INTZ52R Py,QyTEMP

LOSICAL UPEN,FIRST,LAST,INJSED,POLAR

REAL MESH

DIMENSION XM(P) ,YHM(Q) 3 1ESHIP,Q) yUNUSED(P,Q)

THZ PROCcDURE STARTS 8Y SZTTING UP THE INITIAL
VALUES OF VARIOUS QUANTITIES.

COMMON /CuUc/ OPEN,FIRSTy.AST,yHyPOLAR
FIRST = +TRUE.

LAST = JFALSE.

E = IF

J = JF

IA = IAF

JA = JaF

Z = McSH(I,J)

ZA = MESH(I+IA,J+JA)

NZIXi POINT

THZ PJUSITION OF THt POINT T WHERE THE CONTOUR
CUT> BETWEEN (I,J) AND (1+IA,J+JA) IS
CALCULATED USING INVERSE LINCAR
INT_RPOLATION.

T = 0.0

IF(Z enCe ZA) T = (Z-A)/7(Z-2RA)
X = XM(L)=T*(XM(I)=XM(I+IA))

Y YM(J)=T*¥(YM(J)=YM(J+IA))

TESTS ARE NOW MAJE TO SEE IF T IS THE LAST PQINT
ON THz CONTOUR,

IF(OPEN) 60 TO 2

IF(IA +£Qs =1 oANDe oNOTs UNUSED(IyJ)) LAST = ,TRUE,
GO TO 3

IF(FIRST) GO TO &

IF(JA e=Qe 0 <ANDe (J .EQ- it .OQ‘ J OEQ' Q)) LAST
5 eiRUE

IF(JA oNce 0 «ANDe (I oEAe 1 «ORe I Qe P)) LAST
5 «TRUE.

3 TFCLAST) GO TO &

THE MARKER IN THe ARRAY UNUSED
IS CANCzLLED IF NeGESSARY.

IF(IA +cQe =1) UNUS:z0(I,J) = +FALSE.
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4 CALL
IF(L

NEW POINT

THZ COOKOINATES JDF T ARt OUTPUT
T0 THt PROCEDUK: DRAW.

DRAKW (X,Y,POLAK, FIKST,LAST)
AST) RETURN

TESTS ARE NOW MAJc TO Stk WHICH OF THE MEZSH
LIN-S THE CONTOUR CRJISScS NcXT,.

THE VALUES OF Z, ZAs; 15y IA, AND JA ARE
ADJUSTED BZFORE SUING ON TU FIND A NEW POINT T,

28 = MESH(I+JA,J=-IA)
IF(Z3 «GEe A) GO TO 5
ZA = Z3
TEMP = IA
IA = JUA
JA = =TZMP
GO T0 7
5 20 = MEZSH(I+IA+JA,J=-[A+JA)
IF(ZC +GEe H) GO TO 5
Z =-78
ZA = 20
I = I+JA
J° = J-IA
GO T0 7
6 Z = 7C
I = I+[A+UA
J = J=TA+JA
TEMP = JA
JA = IA
IA = =T_MP
7 FIRST = +FALSE:s
GO TO 1
END
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SUBKDUTI NE LEVELZ (X!,YH, M= SH,HGTb,UNUS’;O,p)Q’ R)
INTEGER PyQ,yR

RzAL M:Z3H

COMMON /CUC/ OPENyFIRST9LASTyH,POLAR

LOSICAL FIRST,LAST,02EN,UNUSED,POLAR

DIMENSION XM(P),YM(Q), HGTS>(R) yMESH(P,Q) yUNUSED (P, Q)

THIS PROCEDURE IS USZu FOR CONTOURING Ovz3 A

RzCi ANGJLAR MESH, ANJ IS A MORc ELABORATZ ROUTINE
THAN COATOUR 1e A MOKZ DoTAILED DESCRIPTION IS
GIVIN IN SECTION 5 OF THE ORIGINAL RcPORT,.

ADAPTED FROM ALGIL PROCEDURE CONTOJRZ2,

3.Rs AEAP ET AL, ‘THRZE CONTOURING ALGORITHMS',
NPL = DNAM - 81, NATIONAL PHYSICAL LAB.,
TZDOINGTONy oNGLAND, DZCe 1969, P 14,

PO_AR = UNUSED(1,1)

JM = Q-1
IM = P-1

SAC4 CONTOUR HEISHT IS DEALT WITH IN TURNe
DO 7 K=1,R

1 = AGTS (K)
THZ ARRAY UNUSEOD 1S SEi UP FOR THLS HEIGHT,

D0 1 J=2,UM
DO 1 1=2,IM :
UNJSED (I, J) = MISH(I-1,J) LT, H <ANDe MESH(I,J) «GEe
$ +H
1 CONTINU=Z

THe SOUNDARY OF THE “MESH IS SCANNED FOR THE
3Z5LNNING OF ANY OPEN ZUNTOUR OF HEIGHT He

OPEN = ,TRJZ.

DO 2 I=2,P

IF(MESH(I-1,1) .LT. 4 <AND. MCESH(I,1) «Guee H) CALL
1 PURSUEZ (Iy19=1409XMyYMgMtSHyP,Q4UNUSED)
2 CONTINUZ

DO 3 J=2,Q

IF(HLSH(p'J“i‘ wiiie 4 .ANDI "LSH(P,J) este H) CALL
1 PU;SJE (P)J'U,‘1,x",YH’MESH,P)Q’UNUSED)
3 CONTINU:Z

DO & L=1,IM

B e

IF(McESH(L+1,Q) «LTs 4 JANOs MESH(I,Q) «GEse H) CALL
1 PURSUZ (I,Q091y0yXMyYMyM=54,P,Q,UNUSED)

9
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& CONTINJ:
DO & L=t
Jd = Q=L

y IM

IF(MZSH(1,J+1) LTe 4 «AND. MZISH(1,J) «5Ee H) CALL

1 PURSUE
5 CONTINUEZ

(1509091, XMy YM, H_5H,P,Q,UNUSED)

THZ ARRAY UNUSED IS SCANNcO FOR THE BEGINNING

OF ANY

CLOSED CUNTOUR OF HEIGHT He

OPiN = ,FALSc.

DO 5 L=2,JM

J = Q-L+1

DO & ﬂz?,IM

I = P=M+1

IF(UNUSZD(IyJ)) CAL. PURSUE (I9Jy=1,40yXMyYMyMESH,P,Q

3 9 JNUSED)
& CONTINUT
7 CONTINUZ

RZTURN
END
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SUBROJTINE PURSUE (IFyJFyIAF,JAFyXMyYMyMESH,P,Q,UNUSE
3 0)

INTc2G=R P,Qy,TEMP

LOSICAL OPENy FIRSTyLAST,,UNJSEIDYRIGHTyPOLAR
ReAL MZSH

DIMZINSTIUN XM(P),YM(Q ,MeSH(F,Q) yUNUSED(P,Q)

TAIS PROCEDURE IS USZD TO FOLLOW A CONTOUR OF A
SIV_LN HzIGHT THROULH THc MtSH.

COMMON /7CUC/ CPEN,FIRSTHLAST,H,POLAR

TH:z PROCEDURZ BEGINS BY StTTING UP THE INITIAL
VAlJeS OF VARIOUS QUANITITIES,

FIRST = «TRUE,

LAST = ,FALSc.
N

J = JUF

IA = IAF

JA = JAF

Z = MESH(IyJ)

ZA = MESH(I+IA,J+JA)

NZXT POINT,

T = 0.0
IF(Z oNze ZA) T = (Z=A)/(Z-ZA)

TH. PUSITLOW OF THE POINT WAcRe THE CONTOUR
CRO5SES OA (Szt FIue 5) IS CALCULATZO USING
INV_oKSE LINEAR IN/cR?0LATION,

>

XMOL) =T* (XM(I) =X4(I+IA))
YM(J)=T*(YM(J) =Y (J+JA))

-<
"wn

TcSTS ARE NOW MAJe TO Skt IF T IS THE LAST POINT
UN THZI CONTOUR.

IF (OPEN) GO 0 2

IF(ID ,tQ@e =1 +ANDs «NOTW JNUSED(I)J)) LAST = (TRUc.
GU TQ 3

LECF ERS T GO 7O &

IFCJA +2Qe 0 oAN3e (J scds 1 «0Rs J stQe Q)) LAST
$ +TRUE.

IFCIR oNEs O AND. (I +EJe 1 +ORe I oEQe PJ)) LAST
t o«TRUES

IFCLAST) 63 TO «

T4 MARK:zR IN TH:I AxRAY *UNUSEO' IS CANCelLL:D

bbb kS S e
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IF NECZSSARY.
IF(LA +&Qs =1) UNUS:D(I,J) = .FALSE.
NzW POINT.

THz COOKDINATES JF T ARE OUTPUT TO THE
PRO_z0UKE DRAW.

CAL. DRAW (XyY,POLARy FIRSTyLAST)
IF(LAST) RETURN
FLIRST = FALSE.

THE HEISHTS OF T4z PIINTS B AND C (SEE FIGe 3) 1
ARE EXTRACTED AN) THZ AEIGHT OF D CALCULATED AS |
T4E AVERAGEZ OF T4c HEIGHTS OF 0y Ay, B8y AND C, |

H(L+JAyJ=TA) ;

23 = M:c3
ZC = MESH(I«IA+J4A,J-TA+JA) |
20 = 0.2

5% (Z+ZA+ZB+73)

A TEST 1S MAD:z TJ) Stz WHICH OF THE LINZS 0D OR AD
THz CONTOUR CRUSSES.

IF(ZO +Gce H) GO TO 7 i

THZ CONIOQOUR CROS>ZS 00 ANDO THE COORDINATzZS OF THE
POINT WHERE THIS HAP2ENS AR: CALCULATED USING
INV_RKSZ LINcAR INTZRPOLATION AND ARE OJUTPUT TO
THZ PROCEDURE DRAW.

RIGHT = o TRUE,
T = 0.0

IF(Z o«N_e ZU) T = 0e5%(2Z=-H)/(2Z=20)
X = XM(I)=T*(XM(I)=-X1(1+IA+JA))

Y = YM(J)=T*(YM(J) =Y1(J+JA~-TA))
CALL DJRANW (XyYyPOLA2yFIRST,LAST)

O T=ST IS NOW MAJ: TJ Sci WHETHIR THE CONTOUR
SRO5SES 08 AS IN CAS:z (II) OF FIGe be IF SO, A
JUMP IS MAOc TO THE LA3EL ‘TURN RIGHT?®,

IF(Z3 «LTs H) GO TO B8
TOP RIGHT.

¥ = (s
IF(Z3 oNce Z0) T = 0e3%0ZB=H)/(ZB8~20)

THzZ CONTOUR CROSStS> 30 AND THo COORUINATES OF




POINT WHZRE THIS HAPPZNS AR: CALCULATED USING
INV=RSc LINZAR INTERPOLATION AND AREZ OQUTPUT TO
T4Z PROLEDURE DRAW.

OO0

X XMIL+JA) =T*(XM(I+JA)=-XMII+IA))
¥ YM(J=LA)=T*(YM(J=-TA)=-YM(J+JA))
CALL ORAW (XyYyP0LAFRyFIRST,LAST)

nn

A T_ST IS MADc T) ScZ IF THE SITUATION Is AS 1IN
CAS- (V) OF FIG. we IF SO A JUMP IS MAOt TO THe
LA3:L ‘TURN RIGHT’,

QOO0

O 0L s S

IF(.NOT. RIGHT) GO TO 8 ;

A T_ST IS MADE T) SEZ IF THE CONTOUR CROSSES BC |
AS IN CASE (IV) JF FIG. 6. IF SO, A JUMP IS MADE
T3 THE LABEL *STRAIGHT!.

OO0

IFCZC <Ll H)Y GO TO '3

TOP LzFT. |

OO0

6 T = 0.0

THE OSONTOUR CROS3&S Ju ANU THE COORDINATz> OF THe !
PIINT WHEZRE THIS HAPPcNS ARE CALCULATEU USING

INV-RSE LIN-AXK INTERPOLATIOUN AND ARE OUTPUT TO
THE PROCECOUR:z ORAW.

OOCOO0

é IF(Z0 oNce 2C) T = (ZD=H)7(ZD=ZC) |
X = 045* (XMCID* (140-T) +X4(I+1A+JA)*(1,0+T))
Y = 045* (YM(J)*(1.0=T)+YM(J+JA=TA) *(1,0+T))
CALL ORAW (X,Y,POLAR, FIRST,cAST) , |

A T_>T 1S MAUE TJ SE:z WHceTHZR THE SITUATION IS AS
IN CASE (VI) OF FIGe 5. IF SOy, A JJMP IS MADE
T0 IHE LABEL *TURN LEFT ‘e

OOOCOO

EF(RIGHT)Y GO TO 140

A TZST IS MAUz T) SEE IF THE CONTOJR CROSSES 8C
AS LN CASE (III) OF FIG. 6. IF SOy A JUMP IS
MAD- TO THZ LABz. *STRAIGHT'; OTHERAISE, A JUMP
IS MADE TO THE LABEL *TOP TIGHT'.

Q)OO

ERCZB slkie HE GO0 5
60 TO 9
7 RIGHT = sFALSE,

B IS Ay

THEZ CONTOUR CROSSEZS AD AND THE COORJIINATES OF THe

-
oo
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POINT WHEcRE THIS HAPPzNS ARE CALCULATED USING
INV_RSE LINEARK INTERPOLATION ANU ARE OUTPUT TO
THZ PROCEDURL DRAW.

T = 0.0

IF(ZA oNEe Z20) T = )s5%(20=-H)/(ZA=20)
X = XM(LI+IA)=T*(XM(I+1A)=-XM(T+24))

Y = YM(JU+JA)=T*(YM(J+JA)=-Y"(J=IA))
CALL DRAW (XyY,POLARyFIRST,LAST)

A T_ST IS MADc T) stz IF THE CONTOUR CROSSES AC
AS IN CASE (I) O FI>« &« ALF SO, A JUMP I> MADE
TO THE LABcL *TURN LEFT 5 OTHERWISZ, A JUMP IS
MAD- TU THZ LABEL ‘TOP LEFT‘,

IF(ZZ «LTe H) GO TO 6
GO TO 10

TURN RIGHT,
ZA = Z8

THZ CONTOUR £XITS FRUM THE BASIC RECTANGLE 8Y
CROSSING 03. THZ VALUES OF ZA, IA, AND JA W4RE
UPUATED BLFORE GJIING UN TO FIND A NEW POINT T,

FEMP = IA ]
= IA |
= =TZMP |

60 70 1

STRAIGHT i

Z. = &8
THZ CONTOUR ZXITS FROM iHt BASIC RcCTANGLE 3Y
CROSSING RCs THZ VALU:ZS OF Z, ZA, I, AND J ARE
UPOATzD BEFORE GIING GN TO FIND A NEW POINT T,

ZA = 2C
I = I+JA
J 2 J=EA
60 TO 1
FURN LEFTs
Z = 26

THZ CONTOUR =XITS FROM TH& BASIC RZCTANGLE BY
CROS>SING ACe. THI VALUZIS OF Z, I, J, IA, AND JA
AREZ UPDATcO 3ZFO0R:z GILING UN TO FIND

84




c A N-W POINT T,
c -
I = I+IA+JA
J = J=LA+yA
TEMP = Ja
JA = IA
IA = -T_Mp
GO T2 1
ZIND
i
§
;
3
L
£
L]
85
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SUSROUTIN: DURAW (X,Y,POLAR,FIRST,LAST)
LOGICAL POLAR,FIRST,.AST
IF(POLAR) GU TO 2

XP = X

YP =Y

IF(FIRST) CALL PLOT (XPyYP,3)
CALL PLOT (XP,YP,2)

RETURN

XP = X*30S(Y)

YP = X*SIN(Y)

GO 70 1

END
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APPENDIX B

Some Special Versions of Subroutine DRAW

Four modifications of DRAW are listed here to show how easily
one can adapt the basic contouring package. The first version was
used to produce the Joukowski airfoil shown in Figure 5; Figure 4 was
produced with the basic package using the same data. The second version
untransforms streamlines from the X,n plane to the X,Y plane and draws
them, as in Figure 6. The third version does not draw the contours directly
but rather accumulates the coordinates in X, Y, and Z arrays until the
contour is complete, then passes the transformations described in Section
3. Thus was Figure 6 produced. The fourth version shows how symbols
might be added to the first and last points on the contours. The common
block COUNT would be added to LEVEL1 or LEVEL2 and the variable NCT made to

correspond to the loop counter K.
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SUBROUTLNE ORAW (XyYyPOLAKyFIRST,LAST)

COMMON /TRFORM/ cEX,EYySAyCA,KAM

MUOIFLlcU FOR JOUXKUWSKLI TRANSFORMATION,.

LOGLCAL POLAKRyFIRST,LAST
LFCFOLAR)L GO Ta 2

I =2

IF ((X¥*X+Y*Y) LT« RAM) I=3
A = X+eX

B = YeeY

D = A*A+3%83

IF(0) 3,4

XP = A+ (A*CA=-3*SA4)/)
YP = 3=(A¥SA+u5*CA)/D
GO T0O 1

XP = A

YP = 8

IF(FIRST) CALL PLOT (XP,YP,3)
CALL PLOT (XP,YP,I)

IF(JNOT. LAST) RETUIN

PRINT 101

FORMAT (1H )

RETURN

XP = X*¥30S(Y)

YP = X*SIN(Y)

GO TO 1

END




SU3RJIUTLINz URAW (AX,AY,PILAKy FIRST,LAST)
COMMON 70/ X(B1),YL(31),YU(EBL),SY
LOGICAL POLAR,FIRST,.AST

(V]
PS = ATKN(XyYUybl,2,AX)
XP = AX
YP = (SS + AY*(PS = 55))*SY
IF (FIRST) 1,2
1 CALL PLIT (XP,Y¥P,3)
RETURN
2 CALL PLOT (XP,YR,2)
RETJRN
END
2
f
L3 & ”
P
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SUAROUTINE DRAN (X,¥,POLAR,FIRST,LAST)
LOGTCAL POLAR,FTRST,LAST

COMMON /XYNRAW/ XC(19N),YC(100) ,K0

COMMON /MORE/  PX(100),PY(100),PZ(100) ,ZCONT

c
0 ACCUMULAT ING VERSTION
f c |
XP = X
Yye = v
IF C(FIRST) KC = 0
KC = kG + 1
XC(KC) = XP
YC(KC) = YP
» IF (4NO74 LASTY RFTURN
P DO 1 T = 1,KC
PY(I) = YC(I)
X (I) = XC(I)
PZ(I) = ZCONT
1 CONTINUT
2 CALL DISPLAY (PYX,PY,4PZ,K")
H KC = 0
: RETURN
3 ENN

A ATRITAT

W e N
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SUBROUTLNE DRAW (XyYyPOLAKyFIRST,LAST)
COMMON /COUNTZ/ NCT
LOGICAL POLAR,FIRST,.AST
IF (POLAR) GO TO 3
XP=X
YP=Y
1 IF («NOT,FIRST) GO TJ 2
CALL PLOT (XP,YP,3)
CALL SYM30L (XPyYPy0s105yN3T50s0,-1)
RETURN
2 CALL PLIOT (XxP,y,YP,2)
IF («NOTJLAST) RETURN
CALL SYM80L (XP,YP’ 0, 105,NCI,0.0,-1)
RETURN
3 XP=X*C0S(Y)
YP=X*SIN(Y)

GO TO 1
END
.
|
i
4
&
i
p
-
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APPENDIX C

Program SHOWOFF

Program SHOWOFF and its subroutines were used to draw the turbine
blade in Figure 11. The BLOCK DATA subroutine contains data only for
the fir tree; the blade coordinate data was read from a permanent disk
file via TAPE 4, though it could have been read from card input. The data
is listed at the end of this appendix.

Subroutine PREPARE sets up the cdordinate transformation described
in Section 3.3., using ROTMAT to compute the rotation matrix.

Subroutine RAM transforms the input data to the eye coordinate system,
using subroutine PHI to perform the matrix multiplication, then converts
the result to perspective coordinates and computes the scale factors for

plotting as described in Sections 3.4 and 3.5.
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PRRGIAM SHOWAFS (TNEUT,0UTPUT,TARZL,PLOT)

COMMON X3(5,27) 3Y¥Y3(5,27)4527(5,27) 9PXR(5,27) 4yRY3(5427)
< , £

1 R7I(EH27) 97X (2152 432Y(2192),22(21,2) 4X(27),YP(27),YS
)

COMMON /QBJY=OTZL XFT (2152) 3YET (21420 ,ZFT(21,2)

CNMMOn /VITH/ XVYyaYVyeZV

COMAN £ FRAXNS /£ XEg YEsHE R Ey CIEOF

COMMON /HOW/ PRISEZXMIN, XMAY , YMTN, YMAX

NATA X7, YR 0282 /2%E, 0, ,JRUL, /

YSCALE (¥} = PE & DF*X
YSCALT(Y) = RF + AFsY
;"(T\Jﬁ

nn 2w s

R=000 Ch e 000N 7

TAN (4, 100) (X(T) g YS(I) YO (T)yI=1,27)

FOPUAT (3F10,¢)

[

|8 s ¢ = 192742
= IS T D,

XKy ) = X (T)

Y2 (K kY = YRICT)

ZREK ) = 7

DR TN

L

-

Qg2 = 22,5242
= 1 +Y/"}

X7 (KyJ) = ¥ (TL-T)

YK,y J) = YS(E4=T)

2R (K qgJ) =

@ OrT TN

£ R RN

GALL BLOT (1 lg2e5eo=5)
CALL FLATOM (wOK PLATH PAPTR, SLTASI,™,T)
SN TET S

o

pren

“

v

B N . e . - T

TNT =, “WI=WegTNT ™
SAN A, XV,YV,7V
CXV s 50e G608 «BNBg YV =R 0T ¢ltile ZV oERs 0409

.
THT & YL,V
N el

Yoary = YMAX = =1,0%F

YMTA = YU4TH = {40548

CRLEL RAM (XETGYFTyZFT o R X ykY R 7521524 21)
PRINT &, warTuery RAMS™

CHLL PAY (X8 ,¥Y3,784RXA

yRYA,P23,5,27,5)
0549 FIeTesr
SINT #, “3TGINNING FIRT2E!™

nn & T = 1,420

225 s

-

.‘" oy " P

SALL PLOIT (XSCALT(TX(I+152)),YSCALT(RY(I+192))42)
LL PLAT (XSCALTUIFRX(TIs2)) s YSCALSUPY(T,2)),42)
LL PLAT (XSCALT(RY(I41)) s YSAALE(DY(I,1))42)
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I CALL FLOT
i

(XSCALT(PX(T¢1,41)),YSCALE(RY(I+1,1)),2)

5 CONTINY™
8 DRAW RLANT
PRTNT *, 37 GINNTNG 3LAC™ ™
no & 1 = 1,27
CALL PLAT (XSCALT(PX3(1,T)),YSCALT(RYB(1,I)),3)
0o & K = 2,5
CALL PLOT (XSCALT(FX3I(KyT)),YSCALS(PY3(K,T)),2)
£ CANTINY -
% POINT %, ®yIn LANF"
I nn - « = 1,45
i CAL ELNT (XSCALT(RY3(Ky1)) ,YSOCALT(RYR(Ky1)),3)
g no > 1 = 2,77
‘ CALL PLOT (XSCALT(RY3 (KyT)) yYSCALE(RYS(K,1)),2)
Fs T CONTINU®
' PRINT #, “FINTSHTN*
_ CALL PLNOT (8,54Na0y=3)
& GO TH &

8 CALL SYHBOE (0,5, 0, 0y0, 105, *ETNISHEN* 90,0, 8)
CALLLS PLATE
<TNf

= N

; 4
. " ~
i {
:
i
k
4
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BLNCK NATA

COMMON /O0RJECT/ XFT(21,2),YFT(21,?),2FT121,2)

DATA (XFT(Iy1)yI=1421) /7 21*=Ne1 /

NATA (XTT(I42)yT=1421) / 21%1,2 /

OATA (YFT(I41%,I=1521) / 2%06990685904759068y0e4750675
T 90.h54047,

1 0eFy0e5906590045906357)0049063906359042592%04240649 7/
OATA (YT (I92)9I=1421) 7/ 2%0,48052,0,43052,0,33052,0,
33052,
0628052,0,33052,0.23N052,0,28052,0,18052,0,08052,=0,0
1941,

Je ”305’,-00 "69&“,-"0 019“5,-0. 119‘#5,'00 069‘08,'0. 169‘#8

WA N A

y

?¥=0e21948,N,4L8052 /
DATA (ZFT(Iy1)yI=1421) /7 106052%3¢599e4599¢499¢3549.3
,9.25,2.2,
1 2%9,15734299¢2579¢3959¢3553e499645,2%9,5,2%10,0 /
DATA (ZFT(I,2)91=1421) 7/ 10¢092%9¢599¢4559¢4939¢35,943
2 ’q0251302,
1 2%9¢15594235942559¢393¢3593e493445,2%3,5,2%10,0 /
‘.‘N;"
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SUBROQUTINE PREPARFE

SET UP ROTATION MATPIX

COMMON /VIEW/ XV4aYV,yZV
COMMON /MATRIX/ MAT (4, 4)

DIMENSION FM(3,3)
LOGICAL ZERO

ZFRO = ABS(YV) LT, 1.0c=5
F = =SIGN(1.,0,YV)
IF (ZERND) F = 1.0
POTATE SO THAT .Z5 AXIS FOINTS AT OLD ORIGIN
HYP = SART(XV*XV + YV¥YV)
AL PHA = =ATAN(ZV/HYP)
BETA = 1.5707963*SIGN(1.0,XV)
IF (ZERD) GO TN 1
BETA = =ATAN(XV/YV)
CONTINU™

CALL ROTMAT (ALPHA,85TA)

F*RMAT (J,1) ‘

Dn 2 J = 1,3
FM(J,1) =
FM(J,2) = F*RMAT(J,3)
FM(J’3) = R“AT(J,?)
FONTINUT
no 31 = 1,3
Do 3 J = 1,3
RMET (I,J) = FM(T,J)
CONTINU~T
RFETURN
END
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SHRIAUTTNE
COMMON /MATEIX/ SMAT(4L,4)

ASSUMES
LERT =
SA
cA
on
CR

EMAT (141)
RUAT (4,2
RMAT (1,3)
RMAT (2910
RMAT (2,°)
PMAT (2,3)
SMAT (Sl
RMET(1,2)
PMET (2,3)
RUAT (1,¢)
DMAT (L ,1)
:ﬁAT(“q‘)
BTTRY
NT

POTMAT (AL CHA,R™TA)

HAMT=) VTRSICN

L L I 1 I O ¥ Y A O { N B T

SIN(ALTHA)
co<S(aL®ip)
QIN(RFTA)
CNT(3IFTA)
L1

NN

<2

SA®*S3

rA

-’Alca
-tﬁ&PA

A

gaA%e

<MAT (24%)
RMAT (L 42)
te?

RMAT (344)
MAT (4, 3)

non
0 N

)
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SURROUTTNT SAM (X,Y 7 3RXyRYsRZyMyNyNT)
COAMON /VITW/ XV, YV, 7V

COMMON /FRAME/ XF, YF, AF, BF, OF, OF
CONMMON /HOW/ ©2S0, XMIN, XYAX, YMIN, YMAX
LAGICAL PRSP

5 ROTATZ AND SCALT
FEAL X (7 gN) 3Y (MygN) g Z(MyN) g X (MyN) g RY (MyN) yRZ (MyN)
Dn 1 J =Sl :
0ot T = M
RX(IyI) = XTI, 0 =XV
CRYALT ,J) = N (T, ) =Y
RZ(I,4) = 2T ) = 2V
1 CONTINI:
i CALL PHI (RXySY,274M,N)
IF (4NOT, PRSP) GO TO 3
Do 2 J = 14N
nn 271 SR
07 = 1.”/QZ(I,J)
RY (I,J) = RX(T,J4)*07
RY(I,J) = €¥Y(T,J)*02Z
P7(TI,4) = = 07
2 CONTTNY
30N Ly = 4yN
0o & T =4 NT
YMIN = AMTNL(YMIN,2Y(T,J))
g YMAY = AMAX1 (YMAX,2Y(I,J))
1 XMIN = AMTIML(XMINGRX(I,J))
i XMAYX = AMAXTL(XMAX,RX(T4J))
4 Lt CONMTINU-
_ ny = YMAX = YMIN
i ny = XMAX = XMIN
t IF (DX «GTe DY) GO 70 &
RYE = XF®OX/NY
AF = YE/NY
af = = AF®YMIN
CF = RXF/OX
5 ; il = NeS*(XF = RYF)} = CF*XMIN
g FETU2N
\ ' 5 RXF = YF*OY/NX
; rF = XF/NX
nF = = CE3YMIN
AF = RYF/NY
! _F = 0 5¥(YF = RXF) = AF=YMIN
k TTURN ’
- ~an
i

PPV R LSS TR

-
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SURCOUTING DHT (X,¥,7,M,N) T
DIMENSTON X (MyNY oY (M, N) ,Z (M, N)
COMMON /MATETIY/ RMAT(4,4)

0O AL T = 1M

BASAE S =R

XP = AMAT(1,1)%X(1,J) & RMAT(1,2)*Y(I,J) + RMAT(1
e S IVEZ(T, ) 0
e = AMAT(2,1)*X(T,J) + RMAT(2,2)*Y(I,J) + RMAT(2
T L T)XZ2(T,J)

zeP = DAAT(3,1)¥X (T, J) & RMAT(3,2)*Y(T,J) + RMAT(3
B 431 %2(T,J)

X (TsJd)y = XP

Y(I,)) = YP

20T 0y = oD

1 CONTINGT
QC""I]D\N
NG

-

-

L

AT
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AR

S o X

L T -

§
-~

10. 00000
«00573
«01087
«02174
« 03201
e 06435438
05635
«10870
«16305
021740
27175
« 32610
« 380465
43430
e 483815
« 54350
«5978%
«35220
« 70655
«75030
«31525
« 853960
«32335
¢ 37830

1. 03255
1.06526
1.07613
1.08153
11.,31200
-e 00734
-e05357

-e 04237

-¢03107

-«013706

‘000846
« 04305
«10456
013108
«21759
« 27410
¢33061
« 38713
e 44304
«50015
«556¢c0
«51318
066909
« 72520
«78271
«83323

«33619
e 36377
« 38457
«33871
41223
« 42516
e 43153
«52572
«55929
« 58334
«53862
« 60570
« 604935
«595562
«53083
«25759
« 22680
e 43826
e4l1060
«38532
32212
« 243993
«17157
.088481
«037062
« 02035
«01095

« 38100
41370
« 43439
«45031
s4b6LIE
« 47695
«53316
«58536
« 01352
+« BL4238
«65666
«05127
« 65719
«eB4472
« 623937
«23494
« 55747
+51126
49584
¢ 33049
e 3146k

«33619
e 32202
e 33102
« 33959
031775
« 35551
e 33308
«+1504
e 23447
e 44304
0%561?
e 45909
42037
e 424940
e 43057
« 41815
«33333
e 33173
322385
« 27050
«223740
«15535
«101423
e 03349
« 00314
¢« 02365
«0108>

«35100
« 306277
e 37327
e 33 3106
«33251
40134
e 43879
«>5083
e 43702
«50039
e50718
e50792
e 201255
e 43088
7250
e4b73
L1271
. 3)972
« 31791
258632
«139219

100



05957* .2?862 12049
35225 13365 04398
‘ 1.00876 203133 ~. 03650
1 1.04267 -.03291 -.03715
‘ 1.05337 -.05473 -.10423
1.05902 -.09059 -.09029
12.62500
-.12328 eha371 s44971
-.10653 . 50393 «+4050
-e 05479 e 51874 e 44870
-.08305 .53289 L2639
-.07132 «SUb42 46367
-. 01265 s005128 43429
04603 65042 051652 !
10470 583545 eb31kl
15338 . 70526 053957
. 22205 « 71657 54129
23073 71730 53664
« 33940 « 70962 e52547
: «39308 «69137 050737
_ $ 45675 « 66506 45169
.g 51543 052890 e s 757
i 57410 38339 e 40423
63278 52831 035202
; 59145 46330 23180
{ 75013 . 38786 0 22L92
. 80850 « 30175 e15241 1
« 36748 020227 « 07206
32615 .039932 -. 00658
«38433 -o 014933 -.03206
1.02003 -.08092 ~e14506
103177 -e11143 -+15300
: 1.,03702 -.14335 -.14995
3 13, 33800
: -+e18997 54827 054827
: -, 18235 $58577 53257
: -s17058 «59915 53757
‘01’;852 061133 0[4‘*239
: ~e14635 $ 62411 ¢54032 4
g -e136418 063772 .55395
7 -e 07334 e 68555 e502730
; -.01251 722506 57837
o « 06833  LGTT «53300
& 10917 70134 53132
P .17001 76508 57482
by 023084 « 75944 $55179
« 23158 74357 54239
§ + 35252 J71832 51508
¥ ¢ 41336 63382 48219
»

101 1
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0'07;'19 05'0016 o"“OlS
«23503 «28731 «33991
53587 e52220 «33219
e 350714 45354 «25738
71756 e 37243 « 13824
e 77838 e231538 «12374
«83922 «18133 e 04501
«30000 o 07241 ~e 03747
« 35059 -s 04458 -e12336
«997+0 -~+11828 ~e17041
1.009506 -e14333 -¢ 136434
1.01535 ~e¢18250 -¢13250
15.,25000
=+258190 «055510 « 65510
-e2473y e58762 «63853
-e234L79 «29711 « 633502
=e22219 e 70520 « 63935
-e20953 e716389 03353
-e19639 e 72318 « 63954
-+13399 « 750600 e 63725
~«070393 e 78429 «b3098
-.007899 «30020 « 62003
« 05501 e 80550 «60609
. «11801 «30326 e53710
s «18101 79057 ¢55358
i c 24401 « 76649 «53504
«30701 « 73706 e53115
: o « 37001 «630632 5152
{ S «43301 «b4523 +41580
«+9001 «235306 ¢ 35391
55501 «51834 « 208600
.52201 0'1‘40‘01 -2'0251
«58501 e35341 « 17334
« 74301 «25799 «10031
«51101 «15512 « 02357
«37401 -0*593 '0097‘01
5 ¢33701 -,00650 =¢1+130
; e I7481 -el3324 -«13336
0987‘01 -e16313 ~e 21159

«39337 -¢20093 ~«20093 1
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APPENDIX D

The Hidden-Line program DRACULA

D.1 Program DRACULA, which was used to draw Figures 17 through 22, is
listed on the following pages along with its subroutines (except for
RAM, PREPARE, ROTMAT and PHI, which are identical with those in Appendix
C) and all necessary data.

DRACULA begins by calling BLDATA, which reads the blade coordinates
and plane equations from mass storage on logical unit 4. This operation
is not repeated.

Then DRACULA reads the viewpoint (e.g. XV, YV, ZV: 12, 12, 20),
the number of tiers to be drawn (NT: O thru 4) and the number of seg-
ments of the uppermost tier (NSEC: even numbers 2 thru 26). XF and YF
are the frame sizes for the final drawing, in inches. PRINTM is a logical
variable which if set to .TRUE. causes the rotated volume matrix to be
printed and the Togical variable WHITE signals the operator to mount
plain paper instead of graph paper on the plotter.

The variables NT and NSEC are checked to be sure they do not
exceed 4 and 26 respectively, then MANY counts the number of segments
to be drawn. The least is 5, for the fir tree alone.

DRACULA calls PREPARE to set up the rotation matrix, ROTPLN
to transform the plane equations and transform and scale the line
coordinates, WINDOW to assign windows to each segment, and WINLIST
to print the window 1ist. Subroutine TIMREM is used to time the
computation.

The preliminaries over, DRACULA begins selecting lines to be drawn.
Subroutine FINDM decodes the line list entries and returns the

segment number in NE and the plane numbers in MV and NV, which are used

103




O A

&
7
.
.

for the preliminary visibility test. If the line is not a back line,

DRACULA prepares two vectors of length 4 (VB for the beginning of the
line and VE for the end of the line) and passes them to subroutine HIDE.
The logical variable NEWSEG signals HIDE that the given line is on the
same segment as the last and the old DO 1ist can be used or that this

is a new segment which needs a new list. When drawing the blade proper,
DRACULA calls VSET to prepare the vectors. After all segments of the hlade
are drawn, DRACULA calls TOPPER to draw a top on it.

D.2 Subroutine BLDATA reads the data file listed at the end of

this appendix. Blade coordinates are given as five sets of an X array
and two Y arrays, one each for the pressure and suction sides, running
from the leading to the trailing edges. BLDATA selects every other X
point and steps from front to rear taking Y's from the pressure side,
then back to the front taking Y's from the suction side to form a closed
loop at each of the five sections. After reading the coordinate data

for a section, BLDATA reads the plane equations for that section. When
all five sections are read, it reads the matrix and line lists for

the blade and finally it reads the line lists for the trailing edge and the
top.

D.3 The BLOCK DATA subroutine contains the coordinates and plane
equations for the fir tree as well as the plane translation matrix and
the plane perspective transformation matrix.

D.4 Subroutine DOLIST is called by HIDE to prepare a 1list of all
segments in the same windows as the current segment, which is

denoted by NB. The first loop finds the windows (columns of array IN)
occupied by segment NB and the second loop copies all other entries

in those columns into array JLIST. MEMSET is a machine language
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subroutine used to set JLIST to 0. It can be replaced by a DO loop.
D.5 Subroutine FINDM decodes the line 1ist numbers supplied in L1 and
L2 and returns the segment number in NB and the numbers of the two
planes whose intersection is the 1ine in MV and NV in the form of
column subscripts in FVMAT.

D.6 Subroutine HIDE tests each line given it against all the bodies

in JLIST. It is more fully described in Section 4.2.10.

D.7 Function INTHERE returns a value of 1, 2, 3, or 4 according to
which window Y is in.

D.8 Subroutine MMIP is used to multiply the 4 by 548 volume matrix

by the rotation matrix and store the result back in the volume matrix
in order to save space.

D.9 Subroutine MMPY is a general purpose matrix multiplier.

D.10 Subroutine ROTPLN transforms the fir tree and blade coordinates
using subroutine RAM. The largest and smallest X and Y from the two
sets of data end up in XMIN, XMAX, etc. and are used by RAM, to com-
pute the scale factors as in Section 3.5. The plane equations are
transformed using matrices 4-14, 4-15, and the rotation matrix.

D.11 Subroutine SEEK performs the operations described in Section
4.2.7. SD contains the S and D vectors from eq. (4-6). J1 marks the
first column of the current body in the rotated volume matrix and J2
marks the number of columns. JS then is the offset or distance from
the first column of RVMAT. For instance., if the given segment were
represented by columns 48 through 52 of RVMAT, J1 would be 48. J2 would
be 5, and JS would be 47. Further details of SEEK are in Section 4.2.10.
D.12 Subroutine TOPPER is called by DRACULA to draw a cap on the blade.
If the fourth tier was the last drawn, IW is 1 and TOPPER draws the

cap using the top list; otherwise IW is 2 and TOPPER forms the cap
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from the bottoms of the next tier. If a partial tier was drawn,
DRACULA calls TOPPER a second time to cap the uncovered lower tier.
D.13 Subroutine VALID tests a given t-a pair in the inequalities
(4-8). NVQ counts the number of times VALID is called; 50,000 is
not uncommon. Usually VALID returns early from the first loop and
therefore does not use much time. L1 and L2 mark the pair of lines
whose intersection is the current t and «; they are not tested.

If t and o survive the first loop, VALID updates tmin or t and

max
returns.

D.14 Subroutine VSET forms the VB and VE vectors from the blade
coordinates as directed by DRACULA.

D.15 Subroutine WINDOW assigns each segment of the object to one or
more of the four subareas (windows) of the viewing area (see Figure
22) by comparing all Y coordinates of that segment with the Y
boundaries of the four windows. The X boundaries need not be checked
because the scaling procedure centers the object left to right.
Results are recorded in the array IN such that if a segment appears
in a window, the segment number is stored in IN (NW,NS), i.e., if
segment 53 appears in window 3, IN (3,53) contains 53. CDC FORTRAN
Extended allows arbitrarily complex subscripts, hence the peculiar
looking statements just before statements 2 and 3. It all amounts

to obtaining a Y value from the fir tree coordinates, which are
stored sequentially rather than by segment, scaling it, and feeding
it to INTHERE which returns an integer from 1 through 4. This
integer is our first subscript; the second subscript is L. Two loops
are necessary for the fir tree because the upper two segments have
four corners on the end planes and the lower three have six. The

Togic for the blade is similar except that it handles the segments in
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pairs (see Section 4.2.10) and it enters a value for the segments

immediately above the current segment, for use when drawing the cap.

Finally, WINDOW checks for cases where the two ends of a segment are

. not in adjacent windows, ie., one end could be in window 1 and the other

in window 3. WINDOW fills in the intervening spaces in IN.: .
D.16 Subroutine WINLIST prints the window list (array IN) so that the

user can see which segments are in which windows.
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FIGURE 29

Flow Chart of DRACULA
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FIGURE 30
Flow Chart of HIDE
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PROOGRAM DRACULA (INPUT,0JTPUT,TAREL,PLOT,

5 TAPE6=UJTPUT)

COMMON /0BJELT/ VMAT(4,35), XFT(21,2)y YFT(21,2),
> ZFT1(21,2)

SUMMION /ZLaSTS/ "LIST(10992)y LIST(2090)y LLIST3(4,
L 13,5),

1 LTt(",z)’ LTOP(13,‘0)

COMMON /3LADEZ xXBU(oy27)y YB(54927)y 28(5,427)

CUMMION /VIEW/ Xvy YV, 2V

COMMON /FXAME/ XFy YF, AF, B8Fy CF,y DF

SOUMMUN /EDGE/Z N>,y VB(u&), VE(&)

COMMON /40W/ PR.Py XMIN, XMaX, YMIN, YMAX

COMMUN /NVQAL/ wvQ

CUMMON /3U0JY/ NEWSEG

COMMION /7 RVMAI (49543), 3LMAT(49512)y RX3(5,427),

1 RYB(5,27), KZB(L427)y RX(2142)y RY(21,2),
2 \2(21’2)’ FQ(Z,U’, M(O), SU(Z,LO), Jl’ JZ,

3 T1Ny 2Ny MANY, NT

LOGLsAL Pk>Py HLJUEN, PRINT My, WHITE, NEWSEG
NAMELIST /STAR/ XVyeYVyZvgini yNSECyXFyYFyPRINTMydHLTE
F"L\JL}iN(M,N) = RVMAT(3’M) oL Te 060 eRND o RVMAT(3’N)
> oLTn Jel

UATA XVyYVy2ZVyN EC 7/ 3*U.0y0 7/

DATA XFyYF /7 2% 2.0 /

UATA PRINTMyWHI EyNVIcWs / 2*.FALSE.y0 7/

C INLTIALIZE
&
chbtbt PLUT (1.0’1..0,'3)
PRSP = QTRUE.
NT = 3
C
[ BEGLN
C ;
CALL BLUATA ;
1 CUNTINUL
NVQ = 0
RzAu STAR
1F (XV «tQe Dol <ANDe YV oEQe 00 +ANDe 2V «tQe 0.0)
I GU TO 30

PRINT 100y XVyrV,2V

100 FORMAT (*1 VIEWPOLNTS *,4,3F10Le5)
IF (AHITE JANUe NVIEWS LT« 1) CALL PLUTPM (
> “PM PLAIN rAPE< PFLEASE.",3)

NVLItAS = NvIiEWS + 1

NT ML«O(NT,4)
NSEC MLIJ40(NSEC,25)
MANY 2o (NT = 1) + NSEC + 5 |

MANY = MAYQ{MANY,5)
PRANT 101' NI'N:)tL’MANY

x-s-«;w
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101 FORMAT (*u ORAWING*,13,* TLERS JUF THE oLADE*/
1 % AND®*,I13* ScZTIONS OF THE UPPERMOST TILIER*/
2 * FOR A TUTAL OF*,i>* 300ItS*)
CALL PREPARE )

v
(> TRANSFOKM NO SCALE COUROUINATES
C
SAcL xOTPLN
L™ = MLLST (MANY, 1) + MLIST(MANY,,2) = 1
IF (PRINIM) PRINT 102y ((KRVMAT(IyJ)yl=1y4),yJ=1,yLM)
102 FUXMAT (*0 VOLU'E MATKIX*/(1H +215.7))
c
< SORT SEGMEN:S INTO WINDOWS
c
CALL WINDOW
CaLl WINLIST (MINY)
C
() DRAW FLRKRTKEE.
C
CACL TUIMREM (TLoFT)
V3(4) = VE(4) = 1.0
M3 =0
D) o 1 = 1,20
g0 5 J = 1,_’2
CAblL FINDM (LLL:T(Igu)gLLioT(IyJt1)yNByMVyNV)
IF (HIJODEN(MVyNYV)) GO TO o
l IF (J eble &) Gy TO 3
. Vo (1) = RX(1,y1)
| v3(2) = RY(I,y1)
Va(3) = RetIyl)
IF (J e0le 2) Gu TO 2
ve (1) = RX(I+1,1)
VE () = RY(I+1,1)
vE (3) = RZ(1+1,1)
GO TI &
2 VE(1) = RX(I,2)
v (2) = RY(1ly2)
ve (3) = RZ(I,2)
30 T) «
3 V5 (1) = RK(1y2)
! V3 (2) = RY(I,y2)
V3 (3) = xZ.1,y2)
VE (1) = RX.1+1,2)
VE (2) = RY(I+1,2)
VE (3) = kZ(I+1,2)
& NEWLZG = No «NE. M8 :
i CALL HIDE 3
! M3 = N3 '
i 5 CONTINUG
; & CONTINUC
{
i
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C) CLC)

) o O OO

) €O

€ Ca KD

€3 €2 € €D

.
-
~
V]
-
4

10

11
te

URAW 3LADF.

MB )

20 13 K = Lo

IMAX = 13

IF (< «cQe NiI) _MaX = N>ZC/2
8o 12 [ = 1,IMAX

go ‘11 J = 1,742

CALL FINUM (LLI>Tuo(KyIyJd) gLlLISTE(KyLyJd+1) yNSyMVyNV)
LF (41JDEN(MV,nY)) GO TO 11
IF (J «uie 1) GY TO 7

PRUSSURE 510k, H4URLZUNTAL
Cale VSLT (Kyly<yi+l)
60 TJ 10
IF (J +Gle 3) >0 TO 8
SU.TLUON Si1 Ey HORIZINTAL
CALL V3ET (K,ZJ-l’K’Z?-I)
GO 7J 10
IF (J +GTe 5) Gu TO 9
PRZSSUKE 5. uEy VERTLCAL
CALL voLT (KyIy<tl,1)
50 10 17
SUCTION SIDEy VERTIGAC
FOR I = 1, IT I> THE SAME AS THE PRESSURE
SIUE (1eEe LEADLINGO ZuGE) AND IS NOT KEPEATED.

CALc. VOET (Kyl26-1yK#i,208-1)

NCZWSZ06 = NG «NE. M43
G S

M3 = N2
GONTINUC

CUNTINUCZ

LASi VERTLUAL tUOUNDAKY (TRALLING EuQG:
U COMFLET_O TIz=R).

IF (K +EQe NT) 5O TO 14

TRALLING £.6t




[——

AT

AL

-y

.
'»

C262CI

OGO OGO C, o C

(SN ON )

13

15
16
:

18

29

CaLL FINUM (LTE(Kygl)yLTE(K y2) gN3yMV,yNV)
IFr (HIVDJEN(MV,NV)) GO TO 153

CALL V3T (Kylws K+1l,y19)

GALL HIOE

60 TH 18

VERTICAL L:NES FROM NLAT BOOY IN TIER

IF (IMAx +EGe 135) GO TO 13

1 = Im:X + 1
Do 47 Jd = 5y 42
NEwSEG = J .EQe >

CALL FANOM (LLI . To(KgIyJ) yLLlST3(KyLyJd+1) yNByMV N

IF (J «ole B)Y o) TQ 15
CALL VOET (Kyly<tl,1)

G2 TJ 16

CALL VST (Ky20-1yK#1,y20-1)
caLL HIDJE

CUNTINUE

HI ‘IZONTAL LINE, PrRESSURE TU SUoTiUN SIJE,
AT BUTTOM _F NEXT Z30Y.

CALl VSET (Ky2u-1yKyI)
NEWSZG = +F4LSE.
CALL HIuZ

COnILINUE

T O

LF LESS THAW FOUR TiIxS ARE JRAWNy THE CAP L5

V)

FORMEuU FRUM THE 30TTOM> OF THe NeXT TIER (KTOP

1).

IF «LL FOUx TIER> Axt PRESENT,y THE CAP IS
FUMtU FROM THE i0P LIS (KTOP = 2).

KT P =1

IF (‘T oat:o “) '\TOP = 2

CALL TO PR (Nitly1,1M8XyKi0P)
IF (IMAX .Gte 13) GO TO 29

PUT TUuP ON JUNCUVEKRED PART 0OF LOWER TIER.
CALL TOrFPEK (NT,IMAX41,13,1)

SUNINUE
CALL PLOT (XF + 3eCGyleldy=3)
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CALL Ti9kEM (TNJW)

TA = Tu FT = TNUA

PXINT #, "“HiulN, TIME = ", TH

PRINI "%, “Vab P WAS GCALLED. %y NVQy ** TLMESS
1F (TNOW «GTe veu) GO TO 1

PXLNT #*, *LLSS iHAN FLVE >zCUNUJ> LEFT."
SUNTLNU%

LALL SYMS0L (Qe.90ezy0e105)"FINLISHED"9y90.0y38)
PILnT *, NVIEWS, " VIEWAS D<AWNG"

CALL PLOTE

ENO




AT

o

[
-

1C0
101

1u2

103

10&

SUSRIUTINE BLDA
CUMMUN /LISTS/

A

e o e A o s it

ML1ST1(109,2),

LLIST(20y0)y

1 LLiST3(a,

1398), LTc(4,2),

LTOP(13y4)

SOMMIN /BLACE/

15(572/),

Y5(5,427),

23 (2,427)

CUMMJUN /7
1 RYb(2,427)
2 KZ(Zl,Z) )
3 TlN’ TZN,

J1McNSIUN

J!

J2

RowiIND =

00 3 K

REaJ (441C

Rz AU (4410

g3 1 1

J

X3(Ky J)

Y3(KyJ)

23 (KyJ)

CUNITLINUL

Do 2 I

J

X8 (KyJ)

Y3 (KyJ)

23 (Ky J)

CUNTLINUL

EE GG e

RE4As (+910

J1

Je

RVMAT (Lky5aB),

y RZ3.24927)y KK (21492),

FQ(cyo0)y M(8)
MANY, NT
X(27), YS(Z(),
1

1ds

"nn

= 1,
0) Z
0) (X 4),YS({L)
1,742
1 & 1/2
X(1L)
YF(I)
Z

n

2‘3, 93,2
1 + 1/2
X(54=-1)
YS(54-1)
%

) G. TO +

3LMAT (49512)
y SU(2s4) s Jis

YP(27)

s YF (L) y1=1,27)

&‘3(2,2/) [

RY(21,y¢<)

J2,

1) ((B-HAT(L,J),I;lg‘v)’J:leJZ)

= J4 € 128
= JZ * 128

FUXMAT (3F10.5)
FORMAT (+4L16a47)

CUNTINUE
XEAU (441C

ReEAu (+4,103)

2) ((CIST(lyJ)yJ=142)y91=0,91d9)
FURMAT (213)

FUMAT (51I5)
REAU (49102) ((_TE(Kyu)y

Rebdu (+,10+)
FORMAT _ (e Io

Ko TURN
END

J=1,2);K=1,~)
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(CCLLLISTo(KyJdydi) yI=1,48)y9J=1,13),K=1,yk)

((_TOFELayI)y1=1y4)yJ=1,13)




{1

r 4%

g

¥ =’

€O Q)

<2 ) Q)

<) €Co o

¢, €

BLOLL DATA
COMMIUN /7JBJeCT/
1 ZFET {21 y2)
CUMMON /TxF CrM/

CUMMON /LISTo/

1 L.\.LSTB("’].S,S),

JATA
DA A

JATA
JATA
OATA
JATA

JAT A
JA T+

BO3Y 1

(VAT (Ly1d,
(VLT (Ly2),

(VYA (1,43),
(VHAT (Iy9),
(VMAT (I,5),
(V4T (Iy0),

golyY 2

(VAT (Iy7),
(VMAT (L,8),

> 3.031134 7/

o

<
o

L

>

)

b

-

UK A
DATA
/
UniA
CaiA

UM in

CATA

‘J1*7(1'9)7
(VMAT (I,10)

(VHAT (Iy11:
(VMAT (1y12)

BOUY 3

(VMAT (I,413)
(VAT (Lyle)

Je0lblow /

JATA
/
JAT A
UATA
/
UATA
/
JR Tk

UATA

AT M
LATA

(VAT (14 15)

(J““T(l’ 1'~4‘1
(VMAT (1,17,

(VMaT (gl

(V1T (1y13
(VHAT (1y2C

BJUJY =

(V18T (Ly219
(V8T (1,22)

bevallse /

AT M

/

(VLT (1423

VHAT(W,SO), XFT(Zi,Z), YFT(ZI,&),

IMAT (wy=)y TNLT(4494)

”LIST(IUQ,Z), L-IST(ZU,O)’

LTE(%,Z), LTOP(13,~)

L1=1,4+)
i=1’~)

I=1,*,
I=1,*)

I=1,%)
I:1’4)

L1=1y4)
1;1,4)

I:1y9)
,I=l,h)

yI=1,6)
yI=149)

9l=1,*)
y1l=1,y4)

yI=1y4)

,I=1,#)
yI1=1,4)

pI=1,9)

,131,4)
,Izly“)

yl=1,H’
sl=1,y4)

'Izlyﬂ)

NN

N NN N

/

/

/
/

Lir

2‘000,100,‘9.5 /
=Je38220779y=1e04yUe04904357732

2%0e09y=140y100 7/
0-62207711-0,000,‘001J/732 /

‘1.0,2“000;1-2 /
1.092%0.040.1 /

2‘b03’1l0’°3045 /
~Ue101338y=Ue341.0,-

2% 0el09=1e099e2 /
0e¢1061330850e991.09=-9.00806b0

=1.092*%0.dy1e2 /
1.052%063ydel /

2“0-0,1007‘9-35 /
~0e101333y=0e59140y~

'01322077’2"1001100167732

Z‘U.J,‘loﬁ,goﬁ5 /
;0322977’100,-100730132200

0.101330’309,100,‘90353500

'1.0,2'0-0,1.2 /
1.0)2*00J’doi /

2‘00J,1¢U"9025 /
'00161333,'015)110’-

=0432207792%=1e0910.u17732
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=
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1

DATA (UMAT(L1924) 9y1=1y4) / 2%0.09=1.093.35 7/
DWTA (JMAT (125 9I=1yv) 7/ 3432257741405, -140y84902208

Jhle (V"‘-AT(L;ZO',l:l"’) / 0-101535,3'9,1.0)-3.‘196606

UAim (VMAT (19270 91=1y4) 7/ =14Uy2%0091.2 /
UATA (VIAT(L928) 9i=1y~) 7/ 1e092%0e0yU0el 7/

80JY 5

UAT A (\I:“AT(l,Z"J/’l:l,#) / 2'000,1.0"9015 /

UATA (VMAT (19 30) 91=1y9) / ~0elol338y9y=0e291el0y~-
8etobl3% /

DATH (V‘1AT(1’31/,I=1"1) / -Uo322677,2“1.0’90637732 /
OATA (VAT (14532 91=1y4) / 2%0e09=1.093.25 7/

DATH (VYAI (L9337 91=1y94) 7/ 04322577 91eUy=1.0,8.832203

JATA (\/ﬂﬁi(l,3—),I;1,-’) / r--161350,005’1.0’"30303¢°b
/

jr‘ATA (JW“Y(I’3J},I=1’~') / '100,2‘000)102 /

JATA (VMAT (Ly30) 91=194) 7/ 1.092%0.0y90.1 /

EDJGES

JATA (XFT(Iy1),2=1,21) / 21%=0.1 /

DATA (XFT(I42)49:=1421) / 21*1s2 /

JATA (YFT(I,I),=1)21) / 2"0-3,0.55,0.79,0.5,0.7,
0.79’0059,0.7,

000, C.'/,Uo"v’a- 7,0.3:,u.-v,0.5,3.35,0.29,2‘0.2,u.9 /
DATA (YFI1(Iye)y.=149210) / 2*00‘#3052’0.‘*3b52)0033\3?29
Je 33052y
Ge230929y0433U5290e23022y0Ue20052yuel0u22y0603022,
CeulSB42y

0.33022,‘0'00") J"E001‘3’b,‘00113~05,'0-009-)5,‘
Uel0o9%

2*=~Uel21948y0e~2002 7/

gAT L C2F T ‘1)1)".:1,21.) / 1]00)2“305)3.‘7,9.‘#,9.55)
9.3’7.29)‘9.2,
2“"1.15,302)9-25,9-519-39,')-""3.-0‘).’2'905’2‘10.0 /
JATA (ZFT(l,Z),l:1’21) / 1&.0’2"059"0‘09,ﬁ.‘1,9035,
JoQ,“ﬁcZJ ’902’
2"'3015,902’9025,9-3,9-35,3.*,9.#9’2‘905,2‘1000 /

LULATIUNS OF bUJY MAT-1CES IN VMAT

JAT A (HMLST(lle,lziyg) / 1.,7,13,21)29 /
JATA (MLIST (1y2) 91=1y5) /7 2%0,y3%3 7/

LENE LLIST
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UA A (L-le(l,l),L=l’;)
DATA ‘_-IST‘E’&I,I:l’D)
UATA (LelST(394)9i=1,y0)
VAT A (LLiST(8ypu)9l=1y0)
CATA (L~I5Il5|5)’$=1gi)
DATA (LsIbT(O,&)’L=le)
Jalh (le)T(?);’)l=1;3)
DnTA (LgIST‘O,L),l:I’U)
JATA (LLIST(Yy4),4i=1,3)
DAT A (LLlST(lJ,‘)’I:lyJ)
DRI A (L-Ibf&ii,.),l=1,6)
DATA (LLlST(12,.))l=1gO,
VATA (LLIST(13430)91=1y0)
UATA (L.IST(lhy.)9I=iy0)
JATA (LLlST(15’ )’131’0)
DATA (LLLDT(15,~)’1=1’O)
JATA (gLLbT(l],-’)l=l,0)
DATH (L&.IST(id’.),l:l,O)
UATH (LLLDT(1911,,1=1,0)
URTA (LLlST(20y.)9I=1y0)

1¢916912,13,12,15
119109114125 11,15
22926911,11,22,25
38 ¢330 2152243135387
5c,30,32,63,32’37
*5,%0,51,3&,93,“7
G298y 42943922947
239289419929 23957
16,90152993,92757
;1155071,)2,91,57
26953920921 9254957
U5,90’95’95,25,57
GbyByuly+bywnya?
kY3 u5yubynby k7
3by339y31,30930937
39’35,37’30,35,37
249229219249 24925
11,16,11,11,11,15
1651591991151 44515
159109139149 13515

NN NN NN NN\
NN N NN NN NN

NN NN N NN NN NN
B SO e i TR S SR S

PLaNe TRAN_LATIUN MATRIX

)<

LATA (TALT(1yI),1i=1,4+)
JATA (TULT(2y1),1=144)
DATA (T‘-T(3)I))I=1,h)
DAT A (TJ_T(“)I’,I=1,4)

1.0,3%J.0 /
UelgleOy2*%0.0 7/
2¥0e09le0y93.0 7
3*usuylel 7/

AN NN

PlLaNe FERO-EULTIVE TRANSFURMATIUN MATKIX

€, €. Q)

JHTu (Z QT(l)I))I=1,H)
UATA (ZMAT (cya)yI=1y4)
i JAT A (Z’ﬁhl_(éyl)yl.:l,*)
f DATA (2 AT (ayl)yl=lys)
INU

1.093%0.,0 /
0.09140342%0.0 7/
3*Lely=1.0 7
2* Celyledyloeu 7/

/
/
/
/
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SUHBRIUTINE UOLIST

CuMMUN /EDGE/Z NBy Vo(k),y VE(L)

CUMMON /WHICH/Z N(&4,y1C3), YW(D)

CUMMION /HLIST/Z JLIST(109), JMAX

COMMUN 7/ RVMAI (byoe3), 3 MAT(49512)y RX3(5427),
1 RY3(5927)y RZ312927)y RX(21,42)) RY(21,2)

2 RZ(21492)y FQ(2y8) 9y M(3),y SU(2y4)y J1, J2y

3 11Ny T2N, MANY, NT

DIENSIUN JuU (4

C
C LS H4E LINE 1IN TWU U< MUxE ALNUOAS?
v
JJ = 0
Do 1 1 = 1,4
IF (LN(iyNB) oLTe 1) GO TU 1
JJ = Jd
JJ0JJ) = 1
1 CuniiNUE
iF (JJ «oT. 0) GO TO 2
FRINT #, " NU chTrIES FUJNJ FOXx 3UDY ", NB
SiLr
2 JMKX = 0
o AoocMoLE LIST OF 30DLe> 1IN SAME WINUOWO AS LilNE

CALL MEMSET (JLIST (1) ,JLISI(183),0)

90 & i = 14HANY
J0 3 J = 1,4
3 ZUNTINUE
GU TJ >
w JMLA = JMaX + 1
JLlST (JMAaX) = LN 400D, 1)
& JunNiiNJZ
Re i UXN
ENU
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SU3BRJUTINE FINUY (L1lyc2yNoyMV,yNV)
COMAIN /LLoTS/ LIST(10992)y LLIST(23y0)y LLLIST3(4,

3 13843),

1 O.TE(‘O’._’)’ LTOFJ\13"7)

N3 = L1710

M3 = L2710

NV = MLIST (Nzy1) ¢ L1 = NB*10 = 1
MV = MLiST(Mdely & L2 - MB3*10 - 1§
RETURN

END

SAWLTAT
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SUBRJUTINE HIOt

COMMIN ZEUGEZ . yVbla) yVE (=)
CUMMUN /FRAME/Z AFy YFy AFy oby CFy
CUMMUN /ZLISTS/Z "LLIST(1G9y2) 9y LLIST
¢ 13,3),

1 LTe(ey2)y LTOF(13y:4)

CUMMON /HLLST/ JLIST(109), JMAX
CUuMMUN /BULY/Z N_WSEG

wOMMON 7/ RVMAT 4y9940), 3LMET (49212)y XX3(5427),
1 KYc(D920)y FZ3.2927)y aX(2192)y RY(21492),

2 RZ4(2142) FQ(2,3) M(@3), SU0(294)y J1, JZ,

3 ‘lN, TZN, FANY, NT

LOGLCAL NEWSEG

XSCALE (X) OF + CF*Xx

Yo>Cnmrw (Y) BF + AF*Y

PULNI (Jyi) VECJ) & T#*SI(1,J)

OF
(20’0) y LLISTL‘(%,

nonon

LO4D SO
RUA 1 IS T-c OLIFFERENLE,y V3 = VE.
l(ON 2 1S V-

CrCo Co <o Cy

DO 1 U

SD(1,9)

2J (29 J)
1 CONisNUL

i,-
vB(J) = VE(J)
VE(J)

nonn

TEST LANE ZGAINSY EALA VOLUME
CXvLUJLNG .Tb OIJN-

GO OO

T1
T2

2'\-
= e 0

non

FiNo WINDOW FOR TH4S LuNE

<) C. G

Ir (NeWseG) CAL. uOLIST
B0z Jilie = 1y JMAX
J = JLooT (JTL)

N3 DENUTES THE 3uldY 1y WHICH
TH= LINE 3:LCNGS.

G C OO

TE G -;Qo Neg) -0 TO 2

J1 L. ST (Jyl)

J2 MLLST (JyR)
CAdLl SERK

i T1 = AMNLIC(iL,T1IN)
T2 = AM X1(T2,T2V\)

WALPPING A UEAD HOKSE
LERE 18 U PEEITRLY S LoUENS

20O

SR B

.
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€, C.Co O C.CoCo s, o

[VEYEP NS

sl

1F (T1 ecbe 0ol +AND. 72 eote 1.10) S 1 UKN
CONTINU®

OLsFLAY

IF T1 > 1.. ANO T2 < s.0y THE LINE IS
COMPLEIELY V1SI3LE.

IF (Tl 'G]-l 1.U QANO' ‘2 0-10 0-0) (’U TU 5
Ir (T1 «.Ee Gol)» GU TO 3

Ti

LINE
2z <0

Calil PLUI
CA_L PLOT

= AM.Nl(Tl,LoJ)

IS Vvi:lBLE FOx i BETWEEN
AND il

(XSCr e (VE(L1) )y ¥YSCALE(VE(2))43)
(XSCALE (FULNT (1,511)) 3YSCALE(PUINT(2,T1)),2)

LF (12 +5Es 1.0) KETURN

12

LINz

= AM X1(T24063)

I> vi I3k FOR T BETWEEN

T2 ANU 1.

CAclL FLOT
CALL PLOT
RETURN

¥2

(50 70 =+

END

(XSCH_E(VeE(1))yYSCALE(VBI(2)),43)
(XSTA E(PULNT (14T72)),YSCALE(PUINT (2,T2)),2)

= Oeu
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FUNCTIOW LINTHERT (Y)
COMMOUN /WHIUH/ . N(&,103), Yn(5)

INTHERE = 0
TE (¥ ol YW(2:) GO 1O 1
INTHERE =1
RETURN
1 IF (Y «oTe YW(3)) GO TO 2
INTHZRE = 2
~Z 1 UXN
2 LF (Y o5ie YW(ss) GO TO 3
INTHeERCE = 3
~E i UXN
3 INTHERE = 4
RETUXN
END
§
;
i
_"’
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:
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SUSRIUTLINE MMIF (AyByN)

MUCTIPLLES MATRKLX w TLMES MATRIX 3 AND
STurts THe KRESULT IN oe A LI> OIMzNSIONZJU 4Xby
8 13 + XN

€ o G o

OLMENSTIUN A(&hy~) ’ d(‘O,N)
90 & Jd = 14N

SA = 0.0
83 = 0l
BC = 0.0
3) = 0.0
00 1 K = 1"7
34 = oA + A(1,K)*3(KyJ)
Bo = B3 + A 2,K)*B(KyJ)
20 = 830 + A(34K)*3(KyJ)
8J = BD + AilbyK)I*B(KyJ)
1 ZUnNiINUC
B(1,J) = 8A
B(2yJ) = o©d
8(3,J) = BC
3(=«yJ) = 8J
2 Cuivi INU_
. Re 1 URN
1 ENJ
5
{
3
%
1

W RN AR

125

4
i~
’ .




TR WS T %6 B

AR

DJ:XKJ\JTJ'.NE NMPY (A,d):’L’M’N)
OIMENSION A(LyMi,y, B(A,N)y C(L,N)

I 0 I
09 f
cCls b)
DO 1 K
(1,0
CONTINUE
REVUXN
END

oM o i

i,L
1yN
0.0
i,mM
Cliyd) + A(I,KI*P3(KyJ)

126



SUBWJUTINE KRUTP.N

CUMAON /TRFUKM/ ZMA T (aya) )y TNLT (4494)

CUMAUN /VIEW/ A:yYV,2ZV

SOMMIUN /UBJLCi/Z VMAT(sy 320y XFT(2142)y YFT(21,2),
1 ZF1(21,2)

CUMMON /oLAUE/Z x3(59270y Y3(5427) 9 23(2,27)
CURMIN /MATRIX/ RMAT (4y9)

CUMPMON /HUW/ PrSPy XMINy X1uXy YMing YMAX

CUMMON /7 RVMAT (4495-+0)y BLMAT(99512)y RX3(5,27),
1 ~Y3I(5,27)y RZI15427)y &X(<L14y2), RY(21,2),

2 RZ(21492)y FQ(2,3) 9y M(B)y SU(2y%),y J1, J2y

3 l'lH’ T?‘J, “AN', NT

UIMENSLON WAIT(-y&dy PHAT (wy4)

LIJLLoAL PRoOF

» TXANSFORM LNG SuhE COURDINATES.
3 FIST THL FiRTREE, THEN THZ BLAJE.
c
XALN = YMIN = 1.0&5
XM A X = YMLX = -1.0E6
CALL RAYW (XFT;¥FT3ZFT sniksRY ¢RZ52L¢2421)
CALL KAM (XD,YD,ZB)&KG,KYB,"ZB,JA’27,NT"1)
C TRANSLATE «~ND RITATS SLANES.
i INLT (491) = XV
TNLT (4492) = YV
i THLT g3y = Z¥

LALL MMPY (KMAT, TNLTyWAIT y=ytryts)
CQLL ”Nl"y (Z“Aiy HAIT’F’MAT,~’Q’“)

i Do 1 J = 1y50
30 % 1 = 1)
XéMaT (LyJ) = VM-T(I,4)
1 CuNiIlINUC
go 2 J = 37’ PY-)
g 20k = 1’1'0

RVVAT (IL,yJ)
2 ZONTLNUE
LhLe MMIP (PNH],RVMAT,D"QD)
PRANT 100y ((PMIT(I19Jd)gJd=1y&)y1=1,y4)
100 FO-MAT (*C PLANF KUTATLION MATIX®/
RE TUXN
tENJ

BLMAT (1,yJ=35)
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QG

OOLOOO

QOO O)

SUBRIUT LNE SEEK

CuMMON 707 Ty A_PHAy TAMINy TMaXy Kiy JTAy JSy iy L2
SOMMUN /780JY/ N-WSEG

CUMMIN /7 RVMAIt9y565),y 3LMAT (49512)y RrRX3(5,27),

1 RYc(2927)y KIS 1H927)y RX(214y2)y RY(21,2),

2 (l(Zl,?.), f'Q(Zyj), M(a)y 20(Zy+)y J1, J2y

3 Tiluwy 72Ny NANY, NT

LOGICAL NeWSEG

MULTIPLY S)*VMal, 03T44N PQ

il = f
Jie

v)
nn

b

N LS THE NUMBER UF 2LANES ON
THe 30U0Y I+ QUESTION.

CALL MMrY (oUyrR/MAT(1yJ1)9yFuygly+yN)
RuW 1 UF PJd 1S Qy XRIW 28 IS P
JTA =0
S0<i IHKUUsH FUy RETAIN KRELEVANT PAIKS

03 + J = 1,.\1
IF (RVMAT (3,J4#4J.) «Gle 0e3) Gu 19 2

IF THESE n E TRJUE, THt INEQUALITY
IS A_LWKY> _ATISFlEJ.

CH-CK ALAL st INVISISLE PLANES

IF (PQ(2yJ) «Gts Ul oAnde PUllyJ) «3Ee Je0) GU TU =«
IF (PQ(cyJ) 6T Gol eANJe FU(LyJ) oLTe Je0 JANU,

3 (PQC2yJ) +

1 PI1yJ)) «GEe _eud GO T -~

IF (’(VM:‘AT(S’J"‘Ja) oL;o 00'3) GU TO 3

IF THESE Ae TRJEy THE INEQUALITY
IS NEVER SATISFLED.

CHcCK AGAL ST VISIBLe PLANLS
IF THE TES:IS 1IN STATEMENT 2 ARE TRJEy

iHt LinwkE «. UN THE SUXFACc OF A VISIBLE PLAN:
UR BETWEEN THE VvicwWEAR AND A VidIBLE PLANE.

2 1F (PQ(cyJ) oLEe 1eUE~4 +ANUs (PA(2yJ) +

1 PJ(l,J)) ebbe LelE=+) I TO 113
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EPERS T

Lo, O)Cy ¢y

(PRGN

C. Q0

<2

€O Q)

3 JTA
M(JTA)
CUNTINUL

o

JERA
4 % 48

"non

FIND INTERSECTLONS Jr T = ALPHA LINES

IF VWO OR _ESS T - ALFHA LINE> CXLST,
NO SULULTTIO« LS POSSI3LE.

TMIn = 264
TMEX = -2.0
KT =9
JMAX = JTE = A
INTERSECTIONS WLITH T = 8 AND T = 1
Ee =0
U © J = ly}TA
1] = Qoo
MJ = M(J)
1 = MJ
ALFHA = PA2yMJI=JS)/RVMAT(39MI)
LF (ALPHA LT -1.0E-0) 50 TO 5
LALL VAL_ID
AL FHA = ALPHA ¢+ PU(Ll,yvu=~Js) /RVMAT (34MJ)
i‘ = 10;
IF (ALPHA +LTe. -1.0E-6) >U TU 5
vALL VALLD
CONTINUE

INTEXSECTIUNS WITH ALFHA = 0

AL FHA = 0.

o3 7 J = 1,JTA

[ 2 = MU))

MJ = M(J) = JS

LF (AdS(PQIL,MIN) «LTe 1e0E=B) GU TO 7
T = =Pil2 s MI)Z P 5 MI)

caLl vaLlIu
CUNILNUC

INTERSEeCTLI NS WITH ZACH OTHER

wo 9 J = 1, iMAX

Ki = J ¥ 1

MJ = M(J) .
L1 = 1 .
JU 5 K = K1, JTA

MK = M(<)




-

U &

e

» =

SRy

~9

. C, 0 Q

€, €. Q)

g2 = MK

W = AVMAT (39MJ) 7/ <iMAT (34 MK)

JENUMY = PRL1yMJI=d>) = HA*PA(Ly3MK=J3)

EE GABS (OENOM) JLTe 1elE~6) GO 10O 3

T = (A *PWU(2yAR=03) = PL(29MJ=JS)) /OENUM
AL ErA = (1 PU(1ygMK=J>) ¢+ PA(2yMK=J35))/RIMAT(3,
3 MK)

1F (ALPHA LT . -1.0E-6) 50 70 8

THLS T ANu ALPHA MU>T ALSO SATISFY ALL THe
OTHER INEZWJALIILCS.

CalL VALLU
5 CONTINUE
3 COnIINUC
Ti4 = THMLN
T2N = TvuX
IF ©ABSETAN=T2N} <LEs LeDE=8 +OUR.
L CE 2N it T GelD o« ANUe TIN LT T2N) «ORs
20 0T 4N STe 100 ~ANDG ddN <616 TAINDY 60 TO 10

rETUXN
EINENLS BUn PEETELY VIESIELE
10 T1IN = 2+
IZN = -200
~eE TURN
ENUJ
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€21€. €3 €

U

SU3rJUTINE TUPP X (Kyl3,1E91W)

CuUMMON /LISTS/Z LIST(13992)y LLIOT(2090) 9 LLIST3(&,
- lo,j)’

1 Ci1E(2y92)y LTOF(13,%)

CUMHON ZELGEZ Ny V3(a)y VE(4)

L COMMUN /B8uuY/s N-HWSEG

CUMMON // KVMAT (4y563)y 3.MAT (49212)y RX3(5,27),
1 RYS(5927) 9y RZ3(5927)y X (2192)y RY(21y92)

2 KZ(21,2), FQ(2,06)y M(0)y 3U(294+)y Ji, J2,

3 T1Ny T2Ny MANY, NT

LUGICAL NzZWScG

43 =230
30 o 1 = I TE
B = v = 1453,2

iF (IW «NtLe 1) L0 TO 1

CALL FINOM (Lel-TB(KyIyd) gL LIST3(KyIyJ+1)yN3,MV,y4NV)
6g TI 2

CALL FLIOM (LTU-(Lyu) yLTIF(LyJ+l) yNoyMVyNV)

TF ‘\V”%T(3’MV) elLTe Dol enNUe ‘VMAT(3,NV) sl » 0.0)
» 60 TO S ;

ER Gl o G TONS

PRESSURE SiZE

Akt NSIH (Kyly<geItl)
GJ T <

SUCTIuN Siu:

Cawt VSEI (K,ZD'I)K)Z?’l)
NEwSz 06 = ﬁj eNEe N3
EALe HIJE

Mo = N3

SOOI LINUL

CONTINUL

LINC. FROM SJCT1lUN SLdt 10 PXESSURL >IUE IF THLS
SAP UUcON'T eNuU A7 THc TRAILING EDSE.

IF (IE «6Ee 13) RETURN
val vouT (K,ZD‘l)Kyl)
gLt HIJE

Rz 1 UXN

END
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SUSSJUTLNE VvALL
SOUMMIN /07 Ty ~.PHAy TMIN, TMAX, KT g dFle Sy L1y L2
CUMMON /NVQAL/ “VQ
CunmMOn 7/ A(VMAT“Q’b“D,, 3L"1AT("’)1(.)), (Xd(5,27),
1 RY0(5927)y K26 5927)y KX(2152)y RY(21,2),
2 x2(21492)y FU(2,c)y M(2)y 2U(2y+)y J1l,y J2,y
3 Tld’ TZN, MANY, NT
NVQ = Nul) ¢+ 1
DV 1 L = 1,J7A
IF (M(L) «EQe L1 +ORe M(-) EQe L2) GU TO 1
LF (PQ2yM(LI=J ) + T*PQ(L1,yM(L)=J>) = ALPHA*RVAAT (3,
5 ML)
1 «LTe =1.0E-6) (ETURN
1 CONiLNUE

KT = KT + 1
TMLN =T

IF (KT = 1) &y3,4

2 1F (T +cEe TMAX) KETJRN
3 THMAX =T
+ RETURN

END

T

WA

14T

R g

L T - ot

&
=~




SUSJUTLINZ VOET (LyJdyKyl)

COMMIN ZEubi/Z N.oy Volq)y V7 (k)

CUMMIN // RVMAT (49543),y 3LYAT(+9512)y RX3(5,427),
L ~Y3(o9c7)y RZot2927)y RX(21492)y RY(2192),

2 Z2(21452)y FQ(2,0) 9y M(B8)y o0(29%)y J1, J2,

5 T1INy TZN,y MANY NT

Vv3(1) = RX (I,4J)
v3(2) = KY (149J)
V3 (3) = RZ (IyJ)
vZ (1) = RX5(Kyl)
V= (2) = RY_(KyL)
VE (3) = RZ (KyL)
RE TUXN

ENU

s ol
A

ot . L A

L T
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SJYU3IRIJVTLNL W
vUMMUN
Cum~uw
COMMIN 7/
1 xY¥3(»427),

—

AT,

/WALUH/
WVMAL L ey oad),

INC W
/FRAMEZ AF,

YFy AFy OBF, uF
.N(H,lU‘H, Yn(5)
3LV&T(1’512)’

X (Zly2)y RY(21,y2)

Cikly

iZD\D,27)’

2 R2(2142) 9y FQ(2:3)y M(B)y oU(29%)y Jily J&y
3 T1liy T2N,y MANTY,; NT
YSCALE (Y) = 8r & AF*Y
KFIx(Ky1) =K = 23*(2L = 1) & (2 = K)*I
calbl MESeT (InC1l)4yIN(435),0)
YA (1) = Qe
YA (2) = YF/4.C
)01 885 ¢ = 3,5
YA (1) = Ynil=1) + YA(2)
1 CUNIINU=
C FIR TwEE
(2
ud 2 kb = 1,2
1¢ =2
11 = 2 - 1
B0 2 0T =Gl
Jo 2 J = 1,72
DO 2 K = 1,2
: (b INTHLRE KETORNS a4 VALUE UF 1, 2, 3,
v
INCINTHALRE(YSCA_ S (RY(KFLIR(Kyi)9J))iy) = L
2 COnNiINUL
DO 3k = 245
i2 = 2%
i1 =P =82
80" 3 I = A2
b 3 J = 1,2
Do 3 K = 1,2
INCINTACRE(YSCHLE(RY(KFLx(Kyl)yJ)))y) = L
3 :ONT.LNJL
LF (MANY JLE. o GO0 10 o
3 o LA Z
3 c
\ MA XL = MIVC(MANY + 1,103)
> N> ECL = MAadY = o = 26% (NT - 1)
g IF (NSEC +EQe 25) MAXL = XANY = 1
g U0 -+ o = HyltAXL,y2
& K =41 + (L = )25
i 1 =1+ (L ~ 35 - 26%(K = 1))/2
Du < NK = 1,
DJ . NJ = 1,.
DU - N1 = %y2
13«

e

)
T
3,

RK3(2,427),

Ox <



Ku = IN. HoRe (YSCALE (RYB(K + 2 = Ky (2 = NJ)*
3 (1 ¢+ 2 - NI g
£ ) 2 (NJ = 1)%(.8 = (I & 2 = NI)) f))

IN(KL, L) =L
IN(KCyL+1) = L+
i1F (K .tl' 6 o0 e NK et lde 2) GJ TU -
IN(KLyL+20)= L + 26
IN(KLyL#t27)= L + 27
¢ CONITLNUZ
20 Da AL = 1, AXL
c vHECC FUR CaSES WHERZ ONE 300Y IS iN THREZ 0%
S £ MUKE
% NI‘{‘ JUNS .
c
IF (INCLyL) ecd. L oAND. IN(G3y0) ocQs L) IN(2y0) = L
IF (IN(LgL) oNF. L «JKe Ldl4y0) oNEW L) GU 10 o
IN(2yL) = IN(3yL) = o
© AF (IN(2yL) «EQs L oANJe iN(4gl) oclQe L) INGIyL) = L

7 CONT LwU~-
Re TUXN
ENU

L

SR s T

* S0
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A AT

T

L ing
e 15

-~
| »

SUBKRIUTLINE WINLLISI

COMMUN /WHICH/

PRANT 13030
FunxMAT (*0
N

IF N =T
00. 2 T

00 1 J
FRINT 1.1,
FOxMAT (1H
CONIINUE
PLINT 101
L1
CONIINUE
L2

J0 & J
P<iNT 101,
SUNTLNUC
FRINT 131
Rci1UxN
END

. N(wy1U3),

WINLOW LISi*)

0o n

(LN(JygL) gi=L1yL2)

~ 1 n

INC(JyL ) gL=L 1y 2)




T R e PHE L T,

u oy

s LS P

LR

¥ ke
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10.70000

« 005732 «33019 «33619
«01087 « 36977 « 32202
02176 « 33457 « 33102
« 032561 «39871 0 33959
e QL34 «&1223 « 34775
« 05435 4216 35551
«10070 ««3153 « 33908
10305 « 52572 o4l 204
«21740 ¢« 555929 o 43447
2T LTS ¢ 53334 el804
« 320610 «23862 ebob17
0380“6 obJ??O .‘9)309
43430 « 60495 5037
«45915 «59562 e L4940
e 24350 «28083 e43bo07
¢ 597565 «e55759 e 41315
«65220 e52630 ¢ 33339
« 70655 « 48826 «35179
« 76030 44160 « 32285
«31525 «38£32 e 27t 0
369580 e 32212 e22370
«3233% e 24993 «10505
«97830 o 17457 «10143
1.032065 «08881 . « 03349
1036526 l03762 '00091'4
1.07613 «02035 =+ 023065

1.081%3 -«01095 -+01035

0. O
e174715224¢02 45410425t +02
1671367402 =45530320t 401

-e164658b:+02 0.
e16465302402=0,
052502305402 +1259940E+03
«1668181t 402 =44813739c+01

0. 0
-e20646433=Z+402 0.
0. 0.

-¢1102407-+02 14325360402
e1205675c+02 =49347854E401
-e152824L7E+02 0,
e 2046483-+02=0,
015282‘67};‘*0?'0.
-e1132507=Z+02 ,1330978€+02
¢1275309E+402 -,9582332k+)1

Do Oe
-e207L536-402 0.
0. 0.

=e95003592401 +15465275+02
011022512402 =,1093824c+12

«1000000=+01
-+ 1000000E+G1
«10000002+01
-« 1000000c+01
«1000000=Z+01
=«1000000c+01
+1000000=+01
-.1000000-+01
-+1000000=+01
«1000000=+01
-.1000000=+01
«10000002+01
=¢1700000c+d1
«1000000=+01
«1000000E2+01
-.1000000Z+01
«10000002+01
=+1000000=+401
-+ 10000002+01
+1000000c+01
=.1300000c+01
«1000000=+01
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-.1000000=z+02
-e5289419c+01
-¢8236329E+01
«1035797E+02
-¢1035737c+02
-¢3303224+02
-e8509135c+01
«1131200c+02
e10kwy312402
-.1000000z+02
«5497681=+01
-eb4495112+01
«106o4u8c+02
=e1044431:+02
-e1066448E+02
«5863977:+01
-, 0004173E+01
«1131200c+02
«1090235=+02
-+1000000c+02
e20w3074E+01
=+5396275c+01




L AT o

-

=

-¢1021330=¢02

«207403062+02~
«1021330z¢07=

-¢38287705+01
e1157669:2+02
Do
=e2103232:-+02
0.
~e7301239¢c+01
¢9231097c+01
=e7747259c+01

Oe

O

Q.
«1440123c402

-¢1058257L+02

0.

0.

0.
«1748501E402

=¢129379LE+02

0.

e 7747259401~

=e7310243+01
¢9302574z+01
Qe
-e2329545c+02
Oe
=e41057106c+01
«5889131:=+01
=e7950551c+01

«23235L5-¢02~
«7950551c+01~-

-¢30532004-+01
«5733630-+01
0
-e2523077+02
Oe
=e1645525c+U0
¢1250694c-+01
~e310&281-+01

O

«1713201+02
~e1308449¢c4+02
Uo
O
0.

0« 2056643402
~e162763LC+02
0.

0.
0.

«2175310E%J2
~e1745676c 402
Ue
Ce
0.

e 25552708402
~e21477160432
0.

e2523077c¢02-0,

e3106231-+01~

«1229046c+01L

«11285€5£+00
0
-e27522%5:-+02
0o

e6621631-+01
-e6937773c4+01
-~e5330350:2+01

Oe
«30006413=¢02
~e25011375+C2
O

0.

0
«35631L3E+) 2

=e3149133L+02

0.

«2752255.402=0,

«8390356+01~

«14353058=2+02
=e1268620c+02
Oe
=¢3026525:402
0.

¢2813100z+02
-¢3020128:=¢32

0.
«5393236E+02

“s&310056E+02

Ue

0.

0.
«7065250L+02

=e5070151c¢02
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-e1000000=+01
.1000000=+01
+1300000c+31

<e10G0000c+U1
«1000000=+u1

-¢1000000=z+01

-+1700000z+01
«10000002+01

-+1000000c+01
«1006UN00z+01

-.1900000Z+901
«1000000=z+01
«1000000c+)J1

-+1000000=+01
«1000000=+01

-.10000002+31

-.1000000z+01
«1000000=+01

=¢13000000+01
«1000000z+01

-.1000000=+31
«1000000=+01
«1300000E+01

-+19C0000c+01
«10000002+01

-+ 10000002401

-¢10300000c+01
«1000000=+01

-.1700000c+031
«1000000c+01

-.1000000=+01
«1700000=+01
«1000300-¢01

-¢1000000c+01
«1000000=+01

-« 1700300Z2+01

-.1300000c+01
«1000000=+01

-.1000000z+01
«1000000c+01

-.1000000c+01
«1000000c+01
«1000000E+01

-¢1000000c+01
«1000000=+01

-+1000000E+01

-.1000000E+01
«1000000=+01

-+ 1000000Z+01
«12000002+01

«1111019c+02
-.1090205c+02
-¢1111019E+02

¢« 5465157L+01
-e61625592+01

«1131200c+02

e12351432+02
-.100000Q0c+02

«3390577=+01
= 4755859E+01

«1168426+02
=e1235143c+02
~e1168420c+02

e 4145903E+01
~el4704353c+01

«1131200=+0¢

«15064432+02
=¢1J00000c+02

«14957036c+01
-e2177101E+01

«1253267c+02
-+ 150644 3c+402
-e1259267:2+02

«1338240E+01
-e1421731E+01

e1131200=+02

«1322775z+02
-¢1000000c+02
=+1602715:=+01

e2443800c4+01

«1354933E+02
=e 18227752402
=e1354983E+02
-e4242376z+01

e2061862-+01

e1131200=+02

«21906812+02
-+1000000=+02
=¢9157334c+01

«1208830E+02

«1456016:c+02
-.2196681=+02
=¢e1+456010ct02
=e2137360ct02

«2196330=+02

«1131200c+02

«25k49182+02
-.1000000c+02
~e3014103E+02

e4170033E+02




A AT R T

¥ k™

~e802874L15+01

«3026528c+02-
«36287512+«01~

¢ 52553+15+03
-«¢1000720C+03
Je
-e33052376L+02
De

e1418b162+03
-e1198739L+0>
-e88581008c+01

0o

(1S

G
¢99349591+03

-e1701025€+)3

Do

0e

0.
«218Hh041E+03

-e1223377L+405

Oe

«33623782+¢02=0,

«880166R8E+01~-

e 3232368c¢+02
-e¢6955013£+02
O
-¢3730830c+02
Ue

«32705315+0°?
-e60336265+02
-e91492332¢01

«37309302+02~
¢9143233c+01-

¢ 2235110:2+02
=+ 3€6085063c+02
0.
=e320053z+02
O

e2247233Z+02
=¢36b780bc+02
=e9434083C+01

e4320053E+02~
e346340985+01~

«1878057€E+02
-e2538283c+¢02
De
-e5036L58_+02
(1

elokibo1z+02
-e2539L28C+02
-+11504953£+402

«5036463+02-
¢1150953=+02~

e1717636-+02
-e215511672402
0
-¢5807880+02
O

«18125108+01
~¢2838833z+02

(1S
«3353610E+02

e/ 734L53E 402
Oe

Oe

0
¢ 3505844LE402

-e5489248E+02
Oe

G

0.
«20095065+02

-+2883€60E+402
Oe

O

O
«1997827E+02

=e2043227E#02

O

O

(118
e143214L3E+02

~el16474L37c+02
O

Oe

O
«1448560E+02

-¢1681050€£4+32
0.

O

Oe
e1184428L+02

=ell69941t+02

Ue

Oe

O
e1629346 402

=e95093536c+01
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-+1000000=+01
«1000000=+01
«1000000<+01
«10000002+01
«1000000z+01

-.1300000E£+01

-+1000000-+01
«1000000z+01
«1000d00c+0u1
«1700000:+01

-.1000000=Z+01
«1000000=+01
«1300000E-01
«1000000=+01

-«1000000z+01

~+10C0000£+01

-+1000000c+01
«1000000z+01
«1000000Z+0U1

-+ 1000000c=+01

-+1700000=+01
«10600006=+01
+1000000c+01
«1000000+01

-+1000000Z+01

-.1000000c+01

-+1N000000=+01
«1000000=+01
«10060000z+01

-.1000000z+01

-,1000000c+01
« 1000000c+01
10000002401
«100600002+01

-.1000000E+01

-¢1000000=+01

-+1000000=+01
«1000000c+01
«1000000c+01

-+1000000=-+01

-,1000000=+01
«1G00000z+01
0 1000000c+31
«10000002Z+01

-+ 1000000L+01

-+ 1000000Z+01

-+1000000=+01
«1000000c+01
«1000000+01

-.10000002+01

«15627006E+02
-e204L4916:5+402
-+15627006E+02
~e7&430047+03

e1448809c+03

«1131200c+02

¢ 31929435402
-.1000000L+02
-~e13825186:2+03

«1586493c.+05

«1675806=+02
-¢3192943=+02
-e1675800c¢02
-e 4703047402

e97070242+02

«1131200E+02

«30876948c+02
-+1000000E+02
~e4bbblaelE+02

«8015040E+02

«1795617E+02
-+e38706948c+02
-¢17950617£+02
-e3393183c+02

«5068523c+02

«1131200=+02

«47507182+02
-.1000000c+02
-+3401108¢c+02

«e5042571E+02

«1922938c+02
-e 4756718402
-e19229338E+02
-e2982505E+¢02

e 3363692c+02

«1131200c+02

e9327177c+02
-«1000000=+02
-e2943810c+02

« 33216552402

e2236723£+402
-e53271772+402
=e2236723.402
-e2318967c+02

«3339770c+02

«1131200:2+402

«7186902z+02
~«1000000£+02
~+1178138¢c+02

¢e4053870c+02




fp—

T4

>

-¢e3376222:2+02
e5807880.+02
e3376222E+¢02
¢3271553.+01

~e2910072c+02

Co
11.31200

-+ 05794
-e 05387
-e 04237
-s03107
'.0197b
-+ 008460
« 04805
«10e56
«16108
«21759
« 27410
«33061
« 38713
e 443bw
«20015
+ 556560
«01313
+56959
e 72620
«78271
e 53923
«89E74
95225
1.00876
1.064267 -
1.053937 -
1.053¢02 -

0. '

e1797.2082+92
e1541228.402

~e1622791E+02

0.
-0
=0,

e 15549L4E402
~e02483904E 401

¢30619991c+02
=e 4452944E4+01
0.

¢1622731:+402=-0.

e22246202+012
e1535883=+02
0o .
“o2046440E+02
(1%
-0316667+Z2+01
«1131531c+02
~+1513136C+402
e 204blLepE+02
«1513196E£+02
-¢3309586=-+01

«L072L031L 402
o7 L4751F 401
Oe
(18
0e :
e1077227E+02
~e8502402L+01
0.

=0
-0

«1232002E¢32
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-+ 1000000=+01

e40514L8302+02

«1000000=+01 -.71806802c+02
«1000000c+01 -44051436c+02
«1000000£+01 -.1336803c+02

-+ 1000000E+01

0 -.1000000E+01
« 38100 «33100
«41870 « 36277
43639 e 37327
« 45031 « 38316
c4B438 e 33251
47835 40134
053316 43873
+» 28536 obo033
+61952 48702
« D428 «500630

465658 CE1718
«6b6127 e 0792
«65719 « 50255
e OLLT 2 e43088
e623937 47250
« 58434 e+b073
«e55747 1271
«51126 35972
45584 « 31791
e 33048 «25832
¢« 314b4 «19219
« 220602 «120w2
«13365 « 053948
003133 -'03650
«03291 -e 03715
e 025673 -e10423
«03059 -«09059

O «1000000c+01

-«1000000=z+01
.1000000c+01
=¢1200000z+01
«1700000£+01
-+ 1000000E+01
«1000000=+01
=+1000000=+91
-. 1000000401
«1300000=+01
-.1000000£+01
+10000300c+01
=¢1000000z+01
«1000000E+401
«»100N000=+01
=« 1000000=+01

e 4133298E+02
«11312034c+02

-¢1131200c+02
-e1438363£+01
-e8722441E+01
«1062442c+02
~+1062442c+02
“e2946436c+01
=e8597802c+01
«1262500E+02
e 10454922+ 02
=¢1131200ct02
«b3026425+01
~e7134935c4+01
«1101239&£+02
e 1044432E+02
=¢1101299c+02
e0312070-+01




« 11096551 #02 =,8992112F+01 « 4+ 1003000=+01 =,53116005+01

0 0. =~ 1000000c+01 +,1202500=z+02
=¢2074250c+02 0, -«10000002+01 .1090213:2+02
Oe Oe «1000000E+01 -+1131200c+02

=¢8368503z+01 .1226104E+02 =-,1000000=+01 ,56333823E+01
e1047230c+¢02 =,9573018c+401 ,1000000=+0% -.0553806c+01

=e10016439+02 0. -+14000002¢01 ,1173320c+02
«2074250E¢02=0. «1000000E+01 =-.10903213c+02
«10014%935+02=0, «1000000c+01 =-41179320=+02

-e8015531:-+01 (148G112E+J2 =-,1000000=+01 +51630715+01
0105037+2+02 ~-,1023758c+02 +10000002+01 -,0300786¢c+01

0. 0. -+ 10000002401 ,1262500c+02
-¢2163097E+02 0, -.1000000£+01 ,1235137c+02
3. 0. «1000000=Z+01 -.1131200c+02

-e6832717:24+401 ,16130G07E+02 =-.1003000+01  +45649330.+01
+8550396-+01 ~-.1202652E+02 +1000000E+01 =,5238627C£+01

“e79577062+¢01 Qo -.1000000c+01 .1252940&E+02
¢2163097c+02-0. » 10 000080E+0L =4 12395137 c+02
e7557704E401=0. « 100600002401 -41252940,+¢02

~eb07L6ES4+01  «2110117E+02 -4 1000000E+01 +2110470=+01
e8625102-+01 -41293159E402 +10Uu0000E+01 -.4bb89951E+01

O 0 -« 1000000E+01 ,1262500£+02
-e23288402+02 0. -.1000000zZ+01 41506330£+02
Te Ue «1U00000E+01 -41131200E+02

=e4301575=¢01 J20L11528E+02 =.1000000Z+401 +20027+49z+00
052340422401 -,159216478+¢02 ,10000002+01 -,2291559E+01

=« 7750885E+01 0o -+ 1000000E+01 +1343652E+02
e2328840c+02~-0. »1000000=2+01 =-.15006330E+02
0 7750885c+01=0., «1G00300c+Ul =-41343652£+02

=e28718755+01 +3411079E+02 =-.1000000c+01 -.5201127c+01
e 4958764 +01 =~-41760521E+02 ,10C00005+01 -,111293515+01

O O -+1000000zZ+01 +1262500E+02
-e25225745+¢02 0o -+ 10000002+¢01 ,1322638:=+02
0. 0. «17000002+01 -,1131200=+02

e1ub1307=Z401 41055615 +02 =-,10000008+01 -,9373624c+01
¢3853423.-01 =-,2183733c+02 ,1000000=+01 ,3001438E+01

=¢7953713:¢01 0. -.1000000=z+01 +1433112E+02
0 2522574E+02=-0. «1000000c+01 -,1822638E+02
«79537132+01-0. +1000000Z+401 -.1439112c+02

«1073708:¢02 +796+575c+02 =-,10000002¢01 =-.3287062c+02
~e1567677401 =.2647006E+02 +10000002+01 «00690753c&+01

0. Do =.1000000=+01 .1262500.+02 :
-e2750830z¢02 0. -+1000000Z+01 .2196152=+02 1
0. O «1600000=+01 -,1131200=¢02

e341272Gc+0? +1283550E+03 =-.1u000005+01 -.00404%8E+02
~e10050092¢02 =~,3413208E+02 10000005401 +15049338E+02

=+31073853c+01 U, = LU0UDOUE+DL  «15388721E+02
«2750840:-+¢02-0., «1000000=+¢01 -.2195152c+02
«e81H79632¢01=0 «+1000000c+08 -41539721E+02

05936441 +02 +1875359E413 10000002401 -413491543+03
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P —_——

e T

T AT

P

=e2025870=¢02 -,5335185E+02

0. Ge
=¢30253462¢02 0.
Q. 0e

«5004807407 e 95304354 +0¢
~ebI65360c+02 -4B6LOL3IGE+D?
«.8393531c+0L 0.

¢« 30253405+02-0,

03333531c+01-0,

¢2532501c+02 ¢ 3333651t +02
=¢715115524¢03 =,1027535L+04&

}

O Ue
'033597755+0? ﬁ.
0o O

e 267310402 « 31859301 E+02
-¢1230343E403 =,1423635E+03
-e8632479E¢01 0.

0 3359775c+02=0,

¢86326732+401-0,

2118150402 ,2209662E+32
=e4/7B81LELHEHD2 =-,L072363E402

Oe 0
-e3778L17.¢02 0.
O 0.

0225500652402 42027442E+D2
~eU5624LESCH02 =43652234c+02
-+8334323=+031 Q.

«3778L17E402=0,

e8834829-+01-0.

e205L1272¢02 <1729335E+02
=43299550c 402 =42396795E+02

0. O
=e+3148215+02 0.
0. 0.

21607872402 41647756LE+02
e 3412232 ¢02 ~-,2130783E+02
=+39153015c+01 0,

«43143212¢12=0,

«31530152+01=0,

¢2070385E+02 «19281a4E¢02
=e235L2565+402 -41654035E+02

0. g 0
=e5030651c+¢02 0.
0. 0.

¢2153752E+02 +1485108E+02
=e293435+E+02 -41593291£+02
-e1125045c¢02 0.
|Sﬂ30551;*02'00
«112036455+02=0,
«2121136£+02 «1438027€+02

«10000002+01
-« 1000000E+01
-+1000000c+01

«»10000002+01

«1000000E+01

«1000000=+01
-«1300000=+01

«1000000=+01

«1060000c+01

«10060000=2+01
-, 10000002+01
-« 10000002+01
-¢1000000c+01

«1000000E+01

«10C0000Z+01
-+«1900000E+01
-+ 1000000Z+01L

«103030000c+01

«1700000=+01

«1000000=+01

~«1000000=+01
-.1000000=z+01

-¢10000002+01
«1000000=+01
«1000000z+01

-«1000000E+01
-+ 1000000<+01

»15000005¢01
+1000000z+01
«1000000c¢01

-¢10000002+01
-« 1000000z+01

-.10000002+01
«1000000=+01
«10000002+01

-.10000002+01

-.10000002+01
«1000000c+01
«1000000=+01
«1060000cC+01

-+1000000c+01

-.1000000E+01

-+ 1000000E+01
«10000002+01
«10000005+01

=~+1000000cz+01

-+ 17°000002+01
«1000000=+01
«10000002+01

0 3211034E+02
«1262500c+02
e 26L4327c+02

-+1131200c+02
= 3106067 1E+02

«5619043c+02
v 15458752402

~e20L43272¢02
=e15458752+02
- 4268741402

«1022627E4+04
1262500402
¢ 3191347c+02

-+1131200c+82
- 4085582E+02

1591946 +u3
«17548091:+02

=+31813472+02
=« 1758031082
“e3371874:=+02

«B67333525¢02
«1262500.+02
«3875037E+02

-.1131200=+02
~e3413372c+02

+£6108297E+02
»18708+41C+02

~¢3875087c+02
=+ 18768+41c+02
=e3187446E+02

«42544092+0¢
«1202500=+02
«4752327E+02

=s1131200+02
=¢3261277E+02

e 40652772402
«2002796E+02

=e4752327:=%+02
=+20027302Z+02
=»3169831E402

«+070317-+02
«1262500c+02
«5321638+02

=e 113120 0E+02
=e 32474252402

«+133954=+02
«2306128E+02

=¢59216332+02
~«230b6128E+02

+1700000=401 =,3217534c+02
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The FORMATs for the data inputs are

listed at the and A€ ciBbALT -




oS

L5 S % A

P

B

=.2633088=z+02
Oe
-e9739470-+¢02
0.
6075032+ 01
-e3L0o98L3E+02

=0l 327289E+02
Oe

J.

Ul

« 2096988 +]2
=e980728 e+ 1

-¢3367530=¢+02 0.
e5739470=+02~0.
«3367530c+02=-04

e5752050c+01
=e34551490E+02
De
12.52500
~¢ 12328
-¢11325
= 10623 -
‘509‘47‘3
-+.08308
-+07132
-¢012c5
eUlb03
« 10470
e163305
22205
« 28073
« 33941
«39308
450672
«515473
e 27410
003275
«H81u5
« 78013
«30889
30743
«3I2015
¢«98433 -
1.021003 =
Le 03177 =
1.03702 -
O
e1154443-.+02
¢1351688:+02
~¢1573586E¢02
e1573586E£+02
e11663€662+02
¢1309719E+02
0
=e2046705c+02
0

01998723€ +0 2
=e9313026f +01
U

-.10000005+01
-.1000000c+01
-«10000002+01
«1000000=+01
«1000000=+01
-+«1000000L+01
-, 1000000£+01
«1000000c+01
+1000000E+01
«10000300c+01
-+ 1000000£+01
-.1000000c+01

hRATL . eha9Tt
e h3b4L 43135
¢ 50393 «4+050
e51874 «24+870
«53289 «e5°b39
«24b 42 b 367
.bﬂild ."9"29
«e02042 «91652
« 63345 e23141
e 70526 «53957
o 7 1657 54129
o7 1/90 .5306‘0
e73%802 ' 852547
569197 « 50737
« 665 06 48153
«02890 L4757
« 958339 40429
e 52834 «32202
+ 40330 e 23130
« 30175 120241
« 20527 « 07506

«03932 =+ 0085
001'*93 '.0320
« 08092 =s 1451
«11143 =s 1530
e 149935 -e1439
0.
«2113333E+402
~e 41757240401
0,
'Oo
e21225665¢02
=e 4965503401
O
Ge

O

143

8
D
(5]
0
5
«1000000c+01
-+1000000=+01
«1000000=+01
~«1000000Z+01
«1000000E+01
-+1000000c+01
«10000002+01
-« 1000400z+01
~«1000000.+¢01
«1000000Z+01

3332961E+02
«1262500E+02
«7178133E+02
=+ 1131200 c+02
-¢1408210£+02
«4706399c+02
«4b97432E402
=o7178133c+02
- boG7482c+02
-+15593535+02
»4705950c+02
«1262500c+02

=

-e1262%00E+02
e 4544333.+01
-e308077u4c+01
«10948bo0E+02
-e1094866c+02
e4910353c+01
- B7276430E+01
«13938002+02
e1044458c+02
-41262500E£+02

&




o

¥ e

e 7

-

-¢05308618Z+01

$9353333c+01
«9231038c+01 =.7523719E+01
-e1438516£+¢02 U
e 204B765c4¢02-0,
e1498516c¢02=-0,

=e4322707c+¢01 11494158 +J2
«8626373E+01 -.8+403b645E+01

O 0.
=e207L577402 0.
O 0.

~e5676871E¢01 10546600402
+8630340=+01 =-.6405336c+01

-e98204345+01 U,
«20745772+02=0,
09820434=+01~0.

=e4148455¢01 J14643c5Lc4+02
e840b171E401 =,9389159t+01

Oe Ce
‘.2133“5"‘_"02 Oo
0. Ue

-e4473372c+01 el1410204E402
e 7246546-+01 =-,1086+30E+02

'.737“7u7i*01 0
o21u3boi+02=-0e
e 73747L7=+01=04

=« 2797619=¢01 022393864 +3 2
07208453401 -+1409505E+402

Oe O
=¢23292532+¢02 0.
0, O

=e1802244=+101 «2330662¢ +012
e 46168952+01 -.1636556E+02
-e75581605¢01 0.
¢ 2329253 +02~0+
e 755810401 -U,
¢2339142c+01 e4372064E+02
e3404272=+01 =~-42312852E+02

00 D.
=¢2523059E+02 0,
0 0

¢6675829:+401 «4952014E+02
=916894L8c+01 =-42852614E+02
-e7751343.+01 0.

2523059+ 02=0,

e77513L3-401~0,

«8331 2165402 +3125684E+03
=e94L3892€EC+01 =-o4519418LE+02

Ue 0e
*s2751467E+02 0.
O Ge

144

-.1000000c2+01
«10000002+01
-+«1000000_+01
«1000000Z+01
«1000000z+01
-+«10600000c+01
« 1700000E+01
-+1000000zZ+01
~.1000000z+01
«1000000:-+01
-.1000000%2+01
«1000000-+01
-+ 100000U0c+01
«10000002+01
«11000000Z¢01
-+ 1000000=2¢#31
«1000000z+01
-+1000000z+01
-¢1000000:+01
«10000030c+01
=¢1000000c+01
«1000000=+01
-.1000000c+01
«1000000c+01
« 100 8000Z %01
-«1500000z+01
«1000000=+01
-s13000002+01
~e 1000000UE+01
«1000000=z+01
-+13200000c+901
«1000000E+01
-¢1000000c+01
«10000080c+01
«1000000c+01
-+«10000005+01
«10000002+01
-+13060000=+01
-«10003005+01
«1000000cC+01
-+ 1000000=z+01
«1000000Z+01
-, 1000000E+01
«1000000+31
«1000000+01
-~ 10J000005¢01
«1000000c+01
-¢1000000c¢01
-+ 1000000=+01
«10000002+01

« 1832239c+01
-~ 78407742+01
«1138033=+02
~e1044458+02
~031138033c+02
e 7U0201«1c+01
-e7427610c+01
«1393800E+02
«10901830E+02
-¢1262500c+02
e 7340203L+01
-07#257%°E*01
«1250077c+02
~¢1090136c+02
-e1250077€+02
e543066833E+01
~e6473417c+01
«1393800&c+02
o L2 35132+ 02
~s1262500c+02
A SN AT T A
=535 817 0=+ 01
e1339714E+02
=y 1235132 +82
~01339714+¢02
o 1017600 +01
~e3745784+01
«1393800=+02
e 1506373c+02
~¢1262500=z+02
e 4450734£+00
-+ 13235500L+01
«14303282+402
~e1506373c+02
~e1430328c+02
-¢1169318E+02
e 1l92286E+01
«13938030E+02
01822745c+02
o1 262500E+0¢
-e15662425+02
«5131120E+01
«1525581E+02
-~e1322745E+02
~e15256581c+02
-¢1798965€+03
e 2T4L3754E+02
«1393800c+02
«e21963+8:2+02
~e1202500E+02




e 5547510403 «14B86933L+0%
=e 31495275402 ~48284472E402
=-e7954201401 0,

e2721407c+#02=0,

«7354201=+01=0,

¢3038200:+02 «02€E2237E+02
=e25320644+403 =eH1504700+03

0. O
=e3026043=+02 0.
D Oe

e30798525+02 Ju4669517E+02
=e7939u71c+02 =41147931+03
=e3163471c=+01 O
«3026043c+¢02=0,
eB8168471c+J1=0,
02252629E+02 +298324L7E+02
~e3847274-4¢02 =44350252:+402

00 OQ
~¢3360635E+02 0,
0. U'

2 2428277402 253318 7:+02
=0372593 9402 =-43649927E+32
~e8394007-+01 0.

033"000%5:.*]2")0

e33340067-+01-0,

e22LLJ16c+02 422394155402
~e3016007c+02 =42745530E+02

e Uoe
=37 735052002 O
Je Oe

¢ 23962632+ 02 0L 372k £ 2
“e 31443812402 =-.2284080L+02
-+86330L624+01 0o

¢«37735052+02=0.

«80 3304@:*01-0'

e 2404592c¢02 ¢2028333E+02
“e29384581:4¢02 =-4,20779309E+32

Je Oe
~e4316239=¢02 Q.
Te Qe

025454032 +02 «1373825E+42
~e 31178262402 =418307424E+02
-¢3855430c+01 O

e 315233z¢02=0,

eB338563N-+01=0,

¢ 26575932+02 ,2005933¢+02
~¢31653L0c+02 =41823732E¢02

Je O
~¢50325405+402 0o
Je 0e

«1200000c+01
«1000009c+01
-+ 1000000c+01
«1000000=+01
«1000000=+01
« 10000005401
-.1000000z+01
-« 10000002+01
-¢1700000c+01
«1000000=+01
«1000000c+01
-.1000000c+01
-«1000000E+01
«10C00000=+01
«1000000c+01
«10000002¢01
-+1000000=+01
=¢1300U00c=+01
-«1000000=Z+91
«1300000=+31
«1000000c¢31
-«1000000-+01
=+1300000-+01
«1200000=z+01
«1300000£+01
«1000000=+01
-,1000000cz+01
-+1000000c+01
-.1000000z+01
«1J00000c+01
«1100000=+01
-+ 10060000-+01
-.1000000=+01
«1000000=+01
.1000000£+01
«1700000-+01
-+1J00000E+01
=+ 10C0000=+01
-+ 1000000£+01
«1000000L+01
»1000000=+01
-¢1000000z¢901
-+1000000=+01
«13000002+31
«1000000c+01
«1300300z+01
-¢1000000c+01
-.1000000c+01
-+ 1000000=+01
«10C0000=+01

-9 9822725E+03
e50692387+02
«10250603E+02

-e2190348t+02

-¢1025808c+02

-e2094036c+02
okl 1L2123c+03
«1393300E2+02
e 2bhuwb4ot02

-+ 12625002402

-eod184322+02
«1254652E¢03
e 17314525+402

-s20440b45c+02

-e1731452=2+02

-0 3767572c+02
«b300808:z+02
+1393800=+02
«3191840c+02
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APPENDIX E

Fitting Equations to Planes

The important concept to understand here is that quadrilaterals
in 3-space are not necessariiy planar, even though all four sides may
be straight. For a simple proof, crease a sheet of paper along a
diagonal. Therefore, we represent the quadrilateral surface elements
of the bodies to be drawn by pairs of triangles, which must be planar
(hence the wedge-shaped blade segments used by DRACULA). The choice
of which pair of triangles to use to represent a quadrilateral is some-
what arbitary; there may be objects for which one choice is more con-
venient than the other.

Fitting a plane equation to a triangle is then a simple matter of
solving the three simultaneous equations obtained when one substitutes

the x, y, z coordinates of the three corners into

Zz = ax+ by *d (E-1)

Special cases result when one encounters a plane of the form x =
constant, but they are not a great difficulty.
Having decided how he will subdivide his object into segments,

one can write a computer program to read object coordinates and create

from them a data file like that in Appendix D.




APPENDIX F

Listings for the Line-Against-Line Algorithm

The operation of the LXL Algorithm is described in Section 4.3.
The program listings on the following pages were written in CDC
Fortran Extended.

Data are input on two files. From the first file, INPUT, are
read the plot scale and offsets. SCALE is the size of the picture in
plotter units and XOFF and YOFF are the location coordinates in plotter
units of the lower left corner of the picture relative to the plotter
origin. (Plotter units are 1/inch for CALCOMP plotters and 1024/
screen width for TEKTRONIX 4010 series graphics terminals.)

The second input file, TAPE4, contains the point, line, and polygon
lTists which describe the objects. The first card image on this file con-
tains the numbers of points (NPTS), lines (NLINES), and polygons (NPOLYS)
in the picture. Following this card imaye are NPTS card images,
each containing the perspective coordinates of a single point. (If the
z-axis passes through the viewpoint and lies along the Tine of sight,
the perspective coordinates of a point [x,y,z] in the scene are defined
to be [x/z, y/z, z].) Next come NLINES card images, each identifying
a line by its end points. For example, a line from point #1 in the
point 1ist to point #2 is identified by (1,2). The polygon data
cards are last. For each of the NPOLYS polygons there is a set of
data card images. The first card image of a set defines the number of
edges n of the polygon. This is followed by n card images, each
identifying an edge from the line 1ist. The edges must be identified

in sequence around the polygon's circumference.
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The FORMATs for the data inputs are listed at the end of SUBROUTINE
READINP.

The code, as listed here, uses an online CALCOMP Plotter. However,

relatively minor changes in HIDE and LINEDRW permit the use of other

plotters and graphics terminals (in particular, TEKTRONIC 4010 series
terminals).

A small sample data 1ist follows the program listing. (These

data describe a 2" cube viewed from 10" on a 30° azimuth and 50° eleva-

tion.

For a two-fold decrease in execution time, the subprograms LINESX,

NXTEDGE, ICLIP, PUSH, IWCODE, and IANGLE were also coded in CDC COMPASS

Assembly Language. The COMPASS listings are not included here due to

their length and computer specificity. Listings are available from the
authors.
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PRJGRAM LXL (INFUT ,00TPUT,TAPLGL,TARIS=INPUT TAP D=
UUTPUT, PLOT)

LIN. B8Y LINc ALGORITHM FOR HIJDZN LINE RcMOVAL

T T CI I N m E s m m e CmE E EEmE EE e m e e m e e — e m e~ m—— = -
S S SS S-S S ST SIS CSSC-sTZZ=T=-S=zTEZTZzZ=Z==2z=ZzZz=====z===

INITTALIZE PULDTT:R
CALL PLOT (040,y0s0,4=3)
RZAD INPUT DATA - PUINT, LINcy & POLYGUN LISTS
CALL RZAOINP
INITIALIZE LXL TABLES
CALL INITIAL
MAIN ALGORITAHM
CALL HIDE
T=RYINATE PLOT
CALL PLIOT (12440.0,=3)

CALL SY180L (04090a550a1y" "FINISHE0*390.0,8)
CALL PLOTE
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SUBROUTINz READINFP
Rcd) INPUT UATA ANU FOXHM LINKEed LISTS

COMMON
L ZCWLZ MLXyWRXyWBY, WTY, QX QY QZyPXyPYyPZ s XX1,YY1,
5 XX2,YY2,I0:LTA
COMMON
// 1:c1,152,NLINESyNPOLYS,IPPTR,X0OFF,YOFF,SCALE,
NPTS,
X3(1105),YS(1105) ,ZS(1145) ,IEONU(2760),
IPLNO(530),
IS01(2760) y12D02(2700) y IEDLINK(2760) ,
PZHIN(590) yPILYA(290) ,POLYB(630) 4POLYC(690),
POLYD(590),
IPCDGE (090) , iPLIST(690) yIPLINK(H630) AX(1770),
AY(1773),
AZ(L770) yAXY(1770) AXYZ(1770)

O NN & & o 1N o

D0 1t I=1,400
IZJUINK(I) =0
CONTINUZ
RZAD PLOT SCALE AND OFFOETS
RZ4u (5,8) SCALE,XOFF,YOFF
RIA3 NUMBER OF POINTS, LINzS, ANU PDLYGONS

RecbJ (4y93) NPTL,NEZDGIZISyNPOLYS
NLINES=NEDG:S

RZAJ POINT COOKDINATEZ LIST
RecAUD (4,100 (XS(I),Y5(1),25(I),I=1,4NPTS)
READ LINE ENDFOINTS LIST
RZAD (4,11) (IEOL(I), 1o02(1),1=1,NEDOGES)
RZAJ ANu LINK POLYGUN AND POLYGON =DGE LISTS
00 2 I=1,NZOGES
IED.INK(I)=~-1
CONTINUZ
IPPTR=0
00 7 I=1,NPOLYS

IPLINK (1) =IFPTR
IPPTR=I
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GO (2 N5 B OO0

€0

€2 &

READ (4412) J
IPENOQ(CTI) =J
IP=JUGE(I) =K=IFIND"D(NLDGI S, M)
ICONU(K) =M
3 CONTINUZ
IF (Jetdiel) GO TO &
K=I:t DLUINK(K)=IFINDEDIN-OGE 54M)
IEONJ(K) =M
J=J=-1
GJY T@ 3
¢ CONTINUZ

ARRANGE POLYSON Z0GeS Atiy VERTISES IN ScQUSNCE IN
LINKED LISTS

e

IZOLINK(K) =0
=1P Do (1)
J=IZ02 ()
IF ((Je_ Qole31(I . DLINK(K))})ORe(JecBeIcI2C(IEDLINK(K))
3 ) GO FO 5
IX=1cJd1(K) & TeOi(K)I=LIeB2(K) $ TED2(K)=IX
> CONTINUY:
TE (kv EQelo) GO 0T 7
=LEILINK(K)
IF ((UeZQe0)eOR,(IED2(KILEQLIEDLI(U))) GU TO 5
IX=T 0L () & TeDiCJ)=T=02(]) B IEDR(S=IX
CONT LNU-
K=J
GO TO 5
7 CONT INYZ
RZTURN

m

FORYMAT FOR SCALZ AWS UFFLETS
8 FOPMAT (3F10ew)

FOR~AT FOR NPTS, NLINc3, AND NPOLYS

9 FORMAT (3I%)

FORMAT FOK FOIMT COURDINATES

10 FORMAT (3E23+15)

FORYAT FOR LINE L1ST

11 FO<MAT (215)

FOR4AT FOR NUMB:x OF cJGES ON POLYGOW
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12 FURMAT (1)
FURMAT FOR FOLYGON £06
13 FORMAT (5X,I5%

END
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FUNCTION IFINDED (NEJGESyM)

c REAJ THz NoXT PULYGON -0GL AND GIve IT AN UNIQUc
< > STORAGe
C LOCATION

CUMMON

£  ICWLA HLX g HRXsWBY s NT¥9dX s QY s0Z sPX s PY JPZ s XXL,YY 1,
3 XX2,YY2,ID:ELTA

SUMMON

1 //  LEL9LlE2,NLINES,NPOLYS,IPPTR,XOFF,YOFF,ySCALCy
3 NPTS,

2 XS (1105),YS(1105) ,2S(1105),IEDND(2760),

3 IFZNO(530),

3 Iz01(2760),12u2(2750),IZ0LINK(2760),
- PZALIN(5630) yPILYA(030),PULY3 (030),POLYC (530),
5 POLYD(>30),
> I°E0GE(690) g IFLIST (6903) y IPLINK(590) ,AX(1770),
v AY(17713),
(5] AZ(1770) 4yAXY(1770),AXYZ(1770)
C Redd NEXT POLYGON &DGe MUMBER
C
5 READ (4,2) M
; IF (IED_INK(M).:Qe=1) GO TO 1
E § c
C THIS =0GE AL>S0 BILON>L> TU ANOTHZR POLYGON = GIVc
: c ) IT A
: c OIFFLRENT STORAGE LOCATION
C
NEDGLo=NEUGES+1
IEJL (NcJGzS) =IEOL (M)
E232 (NEJGES) =TEDZ (M)
IFINDEI=NLUG=S
RETURN
C
C THIS EDGE HAS NOT BE=N USED PREVIOUSLY
¢ [
1 CONTINU
IFINUED=M
RETURN
c
b 2 FORMAT (5%X415)
i CNo
%
?
b %
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SU3ROUT INZ INITIAL
INITIALIZE LxL CONSTANTS AND TABLES

DIMINSTIIN X(65),Y(05) 4Z2(25),ISI0E(65)

COMMON

1 FCWL/ WLXyWRXyWBY, WTY,UWX,QY,QZyPXyPY,PLyXX1,YY1,
E XX2,YY2,IBELTA

COMMON

1 /7 IC1,IC2yNLINES,NPOLYS,IPPTR,XOFF,YOFF,SCALE,
5 NPT,

2 XS(1105),YS(1135),25(1105) ,IEONO(2760),

5 IPENO(590),

3 I201(2760) 5 1202(2700) y IZJLINK(2760),

4 PZMIN (690 yPILYA(63G) 4 POLYB(630) ,POLYC (630) ,
3 POLYD(590),

5 IPLLGE (690) yIPLIST(€90),IPLINK(530) ,AX(1770),
B AY(1770),

b AZ (177003 AXY(1770) 4 AXYZ(1770)

LOGiCAL CHANGE
JEVZLOP SULALZ FALTORS &NJ OFFSETS

XMIN=YMIN=ZMIN=1,222 § XMAX=YMAX=ZMAX==1,£22

DO 1 I=1,NPTS

XMIN=AMINL (XMINy,XS(I)) v YMIN=AMIN1(YMIN,YS(I))
XMAX=AMAX1(XMAX,XS(I)) $ YMAX=AMAX1(YMAX,YS(I))
ZMIN=AMIN1 (ZMIN,ZS(I)) T ZMAX=AMAX1(ZMAX,ZS(I))
CONTINUZ

SF=AMINL (L e/ (XAAX=XMLN) 91e/ (YMAX=YMIN))
SZ=1./(ZMAX=-ZMIN)

DO 2 I=1,4NPTS

XS(I)=XS(I)*SF § YS(L)=YS(I)*SF $ 2S5S(I)=ZS(I1)*3Z
CONTINUZ

XOFF=XOFF=XMIN*SF*SCALZ § YOFF=YOFF=-YMIN®*SF*SCALE

GEN=ZXATZ PLANE EQUATIONS FOR PLANAR POLYGONS

IOLOP=D

IP=1PPJR

CONTINU=

IF (IP.:Q.0) GN TO 13
NXT-0G=LPcDGE (IP)
NSIDJDZS=IPENO(IP)

IF (NSIJDES«.LEe4) GO TO o
DO + I=1,NSIDES
ISIDZ(I)=NXTEDG
I0=NXTEDG (NXTENG)
X(I)=PX 3 Y(I)=PY § Z2(I)=PZ
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4 CONTINUC
S=0. 3% JS=0

XANSIDE>+1)=aX $ Y(N>IDES5+1)=QY $ Z(NSIJES+1)=QZ

NSM=NSIJZ5-1
LO > I=1,N3M

SI=A3S ((X(I+1)=X(I))*(Y([+2)=Y(I+1))=(Y(LI+1)=Y(1))*

o (XK(I+2)=X(I+1))

1)

IF (5I..teS) GO TO 5

S=5I ¢ JS=I
5 CONTLINUT

LTu=NXTe06e (ISIOE(JIS))

I X1=X(JS)*Z(JS) ¢ YL1=Y(JUSI*L(JS) $ Z1=Z2(JS)
‘ X2=X(JS+1)%Z(JS+1) X1 § Y2=Y(JUS+1)*Z(JS+1)~-Y1L § Z2=

d Z(JS+1) =21

5 2(JS¢2)=-21
GO0 1O 7
& CONTINUZ
I0=NXTEDGE (NXTEDG)
X1=PX*PZ $ Y1=PY*PZ t 721=P7?
I0=NXTCUGZ (NXTEDS)
X2=FX#¥P/=X1 B Y2=PY*PZ-Y1 % Z2=PZ-21
X3=aX¥QZ-X1 $ Y3=QY*21Z-Y1 » Z3=NZ-21
7 CONTINUZ
POLYA(IP)=Y3*22-Y2*23
POLY3(IP)=X2%Z23-X3%*72
1 POLYC(IP)=X3*Y2-X2*Y3

"4 POLYUC(IP)==(POLYA(IP) *X1+POLYB(IP)*Y1+POLYC(IP)*Z1)

OO0
v

{ IMIN=1,.99
NXTZDG=1P=0GE (IF)
8 CUNTINUZ
IF (NXT-DGE(NXTLOG)«ZQs0) 50 TO 9
IF (ZMINVeGTePZ) ZMIN=PZ
GO TO 8
9 CONTINUc
PZMIN(I=)=ZMIN

-

OO0

IF (IOLJF.EQ.0) GO 7D 10
IPLINK(LOLOP) =IPLINK(LP)
% GO TO 12
4 10 CONTINU-

IPPTR=IP

G0 #9 de

XK3=K(JS+2)*Z(JS+2) =X1 ¥ VY3=Y(JS+2)*2(JS+2)=-Y1 $ Z3=

TORE NEARESY VeRTEX UF EACH POLYGON

THI> PULYGON IS SccN UN cOGE = ZLIMINATE IT

A



T AT

PP o

k]

OO0

QGO

11 CONTINU:C
IoLIP=1IP

12 CONTINUZ
IF=IPLINK(IP)
GO 70 3

RelLINK THAe POLYGON LISi IN ORUER UF OISTANCE FROM
£ VIZWER

13 CONTINUZ
CHANGE =« FALSE.
I0_0P=0 3 IP=IPPTR
14 CONT INU=
IF (iP.cQ.0) GO TO 13
J=IPLINK(IP)
IF (oNOi o ((JoeNZ.0) o ANDe (PZMINCIP) o LToPZMIN(J)))) GO
Ty 17
IF (IOLJP.:tQe0) GO T2 15
IPLINK(IOLOP) =J
GO 70 15
15 CONTINU: |
IPPTR=
16 CONTINU. g
IFLINK (IP) =1PLINK (J) |
IPLINK(J)=IP |
CHANGE=. TRUE ’
10L0P=J i
%

GO TO 1+
17 CONTINU:
IOLDP=I" |
IP=IPLINK(IP) ]
GO 10 1«
183 CONTINUZ
IF (CHAANGe) GO 70 13

GENZRATZ THF ZQUATLUNS FOR THE LINCS i

00 20 I=1,NLINZS

lc1=I801 (1) & 1:22=1IED2(I)

AX(I)=A5(1c2)=XS(It1) 3 AY(I)=YS(Ic2)=-YS(IELl) -

AZ(I)=2Z5(1E2)=2ZS(IEL) 3§ AXY(I)=YS(.ic2)*XS(IEL)~-

$ XS(Ie2) *YS(Iel)

IF (ABS(AX(1))«LT,AB5(AY(I))) GO TO 19

IF (ABS(AX(i))alLTeliZ=4) AX(I)=LlecoO

Z22=XS(I_.2)*.S({£2)=X>5(I&E1)*2S(IEL)

IF (ASS(ZL)elLTe?7S(Ic2)*1.k=-10) Z2Z2=2S(Ic2)*1.E-10

AZ(I)=(A2(I)/22Z)«AND,=18

AXYZ(I)==2S(Ie2)®*2S(iel)*AX(I)/Z22

Gu TO0 20 .
19 CUNTINUL '
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IF (ASS(AY (L)) elTedleZ=4) AX(I)=1lecbb
2Z2=YSC(I_2)*/S(Ie2)=-Y3(1E1)*ZS (1Ic1)

IF (ABS(22)elLTeZS(1:2)%1e2-10) ZZ=2S(Ic2)*1.E=10
AZ(I)=(AZ(I)/22).0R.138
AXYZ(I)==ZS(Ic2)*ZS(LE1)*AY (L) /22

CONTINUL

RzTURN
END
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SUBX0UTINz HIDE

COUz FOR INTERMLIIATI SIZtD WINDOWS

COMMON
1 /CWL/ WLXyWRXyWBYy WTY,)QXyQYyQZyPXyPY,PZyXX1,yYY1,
T XX2,YY2,1I0:-LTA
CUMMON
// I1E1,Ic2,NLINES,NPOLYS,IPPTRyXOFF,YOFFySCALE,
NPTS,
XS(1105),Y5(1105),2S(1105),IE0NO(2760),
IPENO (090),
I1-01(2760),1202(2760) ,IEOLINK(2760),
PZMIN(030) yPILYA(DI0) ,PULYS3(690),POLYC(630),
POLYO(230),
IFCUGE(590) g IFLLIST(690), IPLINK(630) yAX(1770),
AY (1770,
AZ(1770),AXY(1778),AXYZ(1770)

O i V' or 4 W &N &>

CO%40N
/LINKS/Z  JPLINK(630),ILLIST(1770),IJLLINK(1770),
ILFTRyJLPTK,
JPPTR

nN

SET NUMbocR OF INTERM_ODIATE WINDOWS
NW=(Ue5+ (FLOAT (NLINES))**0425)
SIZc THo LARGE WInNJOA RECTANGLce (LWR)

WLX=W3Y=1,299 5 WRX=ATY=-1.,c99
00 1 I=1,4NPTS
WLX=AMINL(WLXyXS(I))
WRX=AMAXLL (WKXyXS(I))
WBY=AMIN1(WBY,YS(I))
WTY=AMAXL(HIY,YS(I))

1 CUNTINUZ
XMIN=WLX=1,_=6%A35 (W_X)
DX=(WRX+1ec=H5FA35 (WRX)=XMIN) /FLOAT (NW)
YMIN=W3Y=1lec=6%AB8S (W3Y)
DY=(WTY+14c-b*A3S(WIY)=YMIN)/FLOAT (NW)

PRzScT LINE STATJS LISI
DO 2 I=1,NLINES
ILLIST(I)=0
2 CONTINUz

SCAV 3Y INT=xMEULATC WINDUW XECTANGLES (IWR)
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DO 19 IJX=1,NHW
U0 19 IJY=1,NH
WRX=XMIN+UX*FLOAT (IJX)

We X=WRX=DX
NTY=YMIN+OY*FLOAT (IJY)
W3Y=WTY=DY
c IOENTIFY "I LINZIS AND FORM A LINKAGE LIST
¢
ILPTR=D
DO 3 1=1,NLINES
IF CILLISTAI)MELD) 50 TO 3
QX=XS(I-D1(I)) 3 QY=YS(IEDL1(I))
PX=XS(IzD2(I)) $ PY=YS(IED2(I))
IF (ICLIP(D)«EQ.0) 6O TO 3
IJLLINK(I)=ILPTR § ILFTR=I % ILLIST(I)=1
3 CONi INU=
IF (ILPTReEGe0) GU T2 19
g DT-RMIN: THE U WINDDW RECTANGLE (JHWR)
WLX=WHY=1et99 ¢ WRX=ATY=-1,£99
I=ILPTR
| & CONTINU=
; WLX=AMING (Wi Xy XS (IEDL (L)) 4XS(IED2(I)))
: WRX=AMAX1 (WRXyXS(LEDL(I)) yXS(IED2(I)))
WY=AMINL(WBY,YSIIEUL(I)) Y5 (IEG2(I)))
H WTY=AMARL(WIY,YSCIEDL1(L)),YS(IED2(I)))
I=IJLLINK(I)
§ IF (I4NZ+0) GO 10 &
c
c FINJ "J" LINES ANU FORM A LINKAGE LIST 3
; JLFTR=ILPTR |
30 5 I=1,NLINES
IF (ILLIST(I)«EQe1) 50 TO 5
QX=X3(IZ01(I)) ¢ QY=YS(IED1(I))
PX=XS(Iz02(1)) 3 PY=YS(IED2(1))
IF (ICLLP(0)«EQ.0) GJ TO 5
IJo_INK(L)=JLPT=
‘ JLATR=1I
; 5 CONTINUZ
| c
‘ G FIND POLYGONS IN THLIS WINDOW ANU FORM A LINKAGE
s - $ LIST
. ISUR=JPPTR=0
* Z25UR=1,_.99
] IP=IPPTR
6 CONTINU- ,
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ITHETA=J
NXTZUG=IPEDGE(IP)
7 CONTINU:Z
IF (NXT-D6G=(NXTecDG)+=2Qe0) GO TO 9
IF (IGLLIP(1)}EQe0) GI TO 8
JPLINK(LP) =JPPTFH
JPPTR=I? 3 ITHtTA==1
GO 10 tu
8 CONTINU:
ITHLTA=ITHITA+IDELTA
Ga T 7
3 LONTINUZ
IF (IA3S(ITH=TA),NE.3) G2 TO 10
IF (ZIP.GE.ZSUR)Y GO TO 10
ZSUR=ZI~ ¢ ISUR=IP
10 CONTINU-
IP=IPLI WK(IP)
IF (IF.Vce0) GO TO b

SLIMINATE ALL LINES ANU POLYGONS BEYONOD THE
) NEAREST SURXOUNIER

OGO
&

IF ((ISJUKecQe D) sORe (JPPTRerQe0)) GO TO 17
IOLuP=0 & IP=JUPPTR
11 COUNTINUZ
NXT-UG=LPEDGLC(IP)
12 CONTINULC
NZJ=IEONU(NXTEDG)
IF (NXTZDGL(NXT:06).2Qe0) GG TO 15
IF (ICLIP(1)«tQe0) GO TO 12
WXY=XX1
IF ((AZ(NzD)eAND,13)sNEsDJe) HWXY=YY1
IVAL=AXYZ(NED)/ (AZ(N=C) *WXY=1,)
IF (ZVAL LEsGETZ(ISUR,XX1L,YY1)) GO TO 15
13 CONTINUC
IF (ILLIST(NEU)WZQel) ILLIST (NED)=2
ILLIST(NcC)=ILLIST(N:zO) +10
Ne u=IZIJONO(NXTEDG)
IF (NXTZDGE(NXTEDG)«NE&wD) GO TO 13
JEZJPLINK(IP)
IF (IOLJOPeEQe0) GO TI 1«
JPLINK(IOLOF)=J
60 ¥O 45
14 CONTINU-
JPPTR=
GO 70 1o
15 CONTINUZ
I0LDP=IP
16 CONTINU:

LETRER
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IP=JUPLINK(IP)
IF (IP«NEWO) GU TO 1t

17 CONi INU=
c PROCSSS ™I LINES AND URAW VISIBLE PORTIONS
G
IF (JUPPTR.EQe0) GO T) 19
GALL LINEIRW
G CHECK OFF LINES SOMPLETED
DO 18 I=1,NLINFS
IF (ILLIST(I)e6re10) ILLIST(I)=ILLIST(I)=10
IF (ILLIST(I)EQel) ILLIST(I)=2
18 CONTINU:
c
G THIS INTERMEDIATZ WINDOW IS PROCCSSED
G
19 CONTINU:
g
c ALL UONE
c
RE TURN
£ND
i
5
i
¥
[‘1
#
)
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SUBROUTINZ LINZORMW

PROZ-SS THZ LINtS IN AN AINTcRM-DIATE WINDOW

£ 6D

DIMENSION XI(102),Y1(102)4,21(102)
LOGICAL LANESKytVIS,ICANIIT
COMMON !
L /CWL/ NLX,h:{X,NBY,HTY,QX,QY,QZ,PX,PY,PZ,XXl,YYI,
$ XX2,¥Y2,ID:zLTA
CIMMON
// Ic£1yIc24NLINES NPOLYS,IPPTRyXOFFyYOFFySCALE,
NFTS,
XS(1105),Y501105),25(1105),IEONO(27€0),
IPENO(590),
IcD1(2750),1202(2750) ,IEOLINK(2700),
PZMIN(990) yPILYA(030) yPOLYB(690),POLYC (090),
POL YL (230
IPEUGE (c30),IPLLST(630),IPLINK(D30),AX(1770),
AY(1770),
AZ(1770) 3 AXY(1770),AXYZ(1770)

Nt § A& Y o

O' &2

S UMM UN

/CINKS/  JRLINK (630) 3 ILLIST(1770), TJLLINKC '70),
ILPTRyJLPTR,
JPPTR

N ¢4 =

CHZCK AND JORKAW LINE B8Y LINE

-
€O G

I=ILPTR
1 CONTINUZ

LF THIS LINZ IS ScEN £Nu=-ONy, IOGNORE IT

(SN P NS

IF (AX(I)+EQe1eEH606) 50 T3 15
Ici=TED1(I) 3 IE2=1E}2(I)
IF (LWINOJOW(I,ZINTRSCI)=1) 15,3,2

NO INTERSECTOKS - ORAW LINE

O QO

2 CONiIINUz
GALE PLOT ((XUFF*SUALE*XS(IEL)) y(YOFF+#SCALE*YS(IEL1))y
5 3)
CALL PLOT ((XOFF+SCA_c*XS5(Ic2)), (YOFF+SCALE*YS (IE2)),
L 3 2)
i 60 TO0 15

INT_RSECTORS EX1I>T =~ SOLVc

OO0

3 CONTINUZ




c FINU INTERScCTIONS ON LINe "I

XECLy=X3 (IEL) 3 YL(L)Y=YSCLEz1) 8 ZI(1)=Z2SCIEL)
NINT=2
: J=JLPTR

4 CONTINUC
IF ((JezQel) sORe(AX(J)aEQeleEDBD)) GO TO 5
IF (LAN_SX(IyJyXI(NINT) gYI(NINT) 9ZI(NINT))) NINT=
5 NINT+1

5 CONTINUZ
J=I1JLLINK(J)
EF (deNE.0) 60 TO &
NINT=NINT=-1
IF (NINisLZe2) Gu TO 9

ARR4NGe THZ INTZRScCTIONS I OXOcR FROM *“IEL1"™ TO
.IIEZI.

OO
&

IF (ABS(AX(1))<LT<ABS(AY(L))) GO TO 7
NN=NINT -1
00 o J=2’NN
JP=J+1
| DO 5 K=JP,NINT
; IF (AX(E)*(XI(K)=XI()))eGEsDs) GO TO 6
, X=XI(J) & XL(J)=XI(K) $ XI(K)=X
i Y=YI(J) $ YLCJ)=YI(K) » YI(K)=Y
Z=21(J) » ZI(N=7I(K) $ ZI(K)=2
6 CUNTLINU:=
: G0 70 9
7 CONTINUZ
NN=NINT=-1
N0 & J=2,NN
JP=J+1
00 8 K=JP,NINT
IF (AY(I)*(YI(K)=-YI(J))e3EaD0s) GO TO 8
X=XI(J)  XLCJY=XI(K) $ XI(K)=X
Y=YI(J) $ YI(J =YI(K) 3 YI(K)=Y
: Z=21(J) $ ZI(H=21(K) & ZI(K)=Z
8 CONTINU-
9 CONTINU:
XICNINT#1) =XS(LE2) & YL(NINT+1)=YS(IE2) $ ZI(NINT+1)=
3 2S(IE2)

JRAW VISIBLE SEGYENTS OF LINE *I®

OO

o XJ=W=0s5%(X1(1)+XI(2)) > YI=0s5%(YI(1)+YI(2))
I IF ((AZ(I)«ANDe18) eNZe0s) HW=YJ
' LZI=AXYZL L)/ CAZCT)*W=1 )
IF (oNOi ¢ ICANCIT(INTRSCTyXKJyYJy2Jd)) GO TO 10
LVIS=eTRUE

KTl

g
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<)

140

11

3 iz

13
1«

>

Xe=sXILC€x) 3 YE=YI(1)

GO TO 11

CONTINUZ

LVIS=4FALSL.,

CONTINU:Z

1F (NINT+EQel) GO TO 14

L0 13 J=2,NINT

XI=H=Be 5EOXTCIY XT (Je L)) F YJ=0e5* (YT (JYEYT (J+1))
IF ((AZU(1) eANDe13)aNZaD,) W=YJ

ZJ=AXYZ(I)/(AZ(L)®*HW-14)

IF (ICANCIT(INTRSCT,y4XJyYJyZJ)) GO TO 12

IF (aNOisLVYIS) GO TO 13

LVIS=4FALSZ,

CALL PLOT ((XOFF+SCA_E*XZ), (YOFF4+SCALE*YE) ,3)
CALL PLAT (CXOPE+SCASEXKECS)) o CYOFEE+SCALES YILI) )5 2)
O DS

CONTINUZ

IE ¢LVIES) 648 TO 13

XE=XT(J) $ YE=YIUJ)

LVIos=ei<Ute

CONT INU=

CONTINU:

IF («NOT<LVES) GG TO0 15

CALL PLOT (K (XCPF+SOACEYXE) 3 (YOFF+SEALEYYE) ¢ 3)

CALL PLOT ((XOFF+SCA_E*XS(IE2)),(YOFF+SCALE*YS(IE2)),
2

»

15 CONTINU:Z

I=TJLLINK(I)
IF (L.N-,0) GO TO 1

RETURN
END
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FUNCTION LWiNDOW (I,INTRSCT)

FORM A LINK_J LIST OF aiclL POLYLONS WHICH
INTERS=CT T4e SWR

COMM0ON
FCWL/ WLXyWRX,WBY, WTY, QX,QYy0ZyPXyPY4PZyXX1yYY1,
XX29YY2,IDELTA
COMMON
/7 L[El,1E2yNLINZ>,NPOLYS,IPPTRyXOFF,YOFF,SCALE,
NFTS,
XS(1105),YS(1105%) ,2S(1105),Ic0ONO(2760),
I=eNO(290),
IZ01(2760),1202(2760) ,IEOLINKI(27560),
PLMIN(5380) ,PILYA(B3U),PULYB(B3I0),POLYC(630),
POLYD(530),
IPZ06GE(030) 4y IPLL3T(090),IPLINK(590),AX(1770),
AY(L773),
AZ(1770),AXY(1770),AXYZ(1770)
COMMON
/LINKS/  JFLANK(€30),ILLIST(1770),IJLLINK(L1770),
ILPTRyJLPTR,
JPPTR

LALNJOW=0
JEFINe SMALL WINJOW RcCTANGLEe LIMITS FOR LINE *I*

XC=X5CI=1) & YC=YS(Iz1) 3 ZC=ZS(1icl)
XT=(XC+XS(Ic2)) %5 & YT=(YI+YSUATIE2))*e5 $ ZT=(2C+
25(1c2))*0.699999

IF (ABS(AX (L)) .LT«ABSCAYL(I})) GO TQ 1
SPX=AB3S(AX(I))*1.t=5

60O 70 2

CONTINUZ

EPX=2=AB> (AY(I))*1lsE=5

CONTINUE

ERPY==LPX

WLX=AMINL(XS(IE2) 9 XC) +EPX

WRAX=AMAXL (XS(IZ2),4XC) =ZPX
W3Y=AMINLI(YS(IZ2),YC) +cPY
WiY=AMAXL1(YS(Iz2)yYC)=CPY

INITIALLIZE THINKZIR LISTS

LSURNUR=INTKSCT =0
ZMINMAX=AMAX1 (ZC,y2S(Lc2))
ZSUKk=1+299




OO OO

OO0

OO0

OO0

START LOOKING UUAN THE FOLYGON LIST
IP=JPPT
LUOKER

3 CONTINUSZ
IF ((IP¢cQe0)¢O0R, (PZMIN(LIP) «GT4ZMINMAX)) GO TO 9

O0N’'T CONSIDZR PILYGONS HAVING LINE *“I* AS AN
tJGE

k57

NXT=20G=1IPcIsE (IF)
4 CONTINU:z
IF (IEZONO(NXTEDBG)«£QeI) GO TO 8
NXToIDG=IcULINK(NXTEDS)
IF (NXT.UCeNZe0) GO TO &

ITHETA=0

NXTZ06=LPIJIGE(IP)
5 CONTINUZ
IF (NXT_0GE(NXTEZDG) «2Qe0) GU TO 7
IF (ICL1iP(1).EQ.0) GO TO 6
IPLIST (IP) =INTRSCT
INTRSCT=1IP
ITHETA=-1
GO 70 7
CONTINUZ
ITHETA=ITHETA+IDNCLTA
G0 T0 5
7 CONTINUZ
IF (IA35(ITHETA)«NE.3) GJ TO 8
ZIP=GETZ(IPyXT,¥T)
IE (Z1P. LT <21 RETURN
IFf (Z1P«Ge«ZSUR) GO TO 8
ZS8JR=21Ir
ISURNDR=IP
CONTINU:
IP=JUPLINK(IP)
GO 79 3
CONT INU:

o

<

0

THINKZR
IF (ISU<NCR.E£Q.08) Gu TO 1>
WMIve ANY HIDDEN POLYGONS

LuluP=0 3§ IP=INTRSCT
10 CONTINU:
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14

15

IF le'LQQU) GO TO 15

NXT_.0G=1IPz0GE (IP)

CONTINUCZ

NCu=ItINO(NXTEDG)

IF (NXT_UGE(NXTEDG)e-Qed) Gu TO 13

IF (ICLIP(1).cQ.0) GI TO 11

WXY=XX1

IF ((AZ(NZO) «ANU«18) . Necele) WXY=YYL
ZVAL=AXYZ(NLD)/ (AZ(NZU)*AXY=1,)

IF (ZVALWLE«GETZ(ISUINDRyXX1,YY1)) GO TO 13

POLYGUN COMPLLTc.Y HIUUCEN

J=IPLIST (IP)

IF (IfOLOP«EQe0) GO TO 12
IPLIST(IOLOP)=J

GO 70 1~

CONTINUZ

INTRSCT=U

GO 10 1+«

CONTINU:Z

IoLOP=1I"

CONTINUZ

IP=IPLIST(IP)

GO 70 10

CONTINU=

LWINDOW=2

IF (INTXSCTeNE.O) LWINODUW=1
RETURN

END




LOGICAL FUNCTIOUN LIn=SX (I, J’XC’YC’ZC)

J0Es CINE =4 CRIASS 1IN FRONITGFE LINE “'I* 2

£ CH

C0140N
1 /:Nl/ HLX,N\X.NdY;NTY,QX,dY,qZ,PX,PY,PZ,XXl,YYi,
b XX2,¥Y2,IDELTA

COMMON
1 /7 el IEZ2y NLINESyNPUOLYS, IPPT R,y XOFF, YOFF, SCALL,
b NPTS,

‘ 2 X>(1105),YS(1105) 42ZS(1105) 5, IEDONO(2760),

: 3 IPLNO(530),

i & 1201(2700),1202(2750) y IEOLINK(2760),
B PZMIN(6530) yFILYA(090) yPUOLYS (590) 4,FOLYC (230),
5 POLYD(590),
5 IPc06e(n30) 3 LFLIST(E90) yIPLINK(DI0) 4AX(1770),
F AY(LIZ270),
5 AZ(1770) 4 AXY(1770)4,AXYZ(1770)

(4 )

JEL=1EDL €3) $ Jr2=TEY2(H
EIN: K=, ENLSE,
IF (AMINLCZSC(JIEL) ,ZSAJERN ). G o AMAXL (ZSIIEL) »ZS(EE2)))
§ RETURN
J DZAX(L)*AY (J) =AK(J) =AY (1)
IF (ABS(D) eLTl,L~8) RETURN
XC== (AXY (I)*AX(J) =AX{ (J)*AX (1)) /D
Yoz- (AXY (I)*AY(J)=AXY(J)*AY(I))/D
IF (ASS(AX(I))+LT<A35(CAY(I))) GO TO 1

) IF (COXZ=XS(Iel))/AXCI) elce1eE~5) ¢ ORe ((XS(IE2)=XC)/
B AX(I)e_EeleE=5)
1) xcTURN
: Zo=AXYZ(I)/(AZ(1)*XC-1,)
! 60 70 2
1 CUNTINUZ

IFE CCCYo=YS(IEL)YNAAYCL) site leE=5) ¢ ORe (CYS(IER) =YC) /
3 QY(I).‘..C:-l.E";)
1) XSTURN
ZC=AXYZ(L)/(AZ(TI)*YC=1,)
2 CUNVINUZ
IF (ABS(AX(J)) e TeA3S(AY(J))) GI TO 3
; IF CCCXS=XSUJEL) )7 AXCY) sLEN Leoe=5) w ORe CUXSI(IE2)=XT) 7
§ AX(S) wLEsLeE=5)
1) RETURN
DJ=AXYZ(J)ZCAZCJY*XC>14)
GO 70 &
3 CONTINUZ
IE CCCYS=YSCIELNI/AAY LI «LEv LeE=5) s OR CCYSTIE2N=VEC) /
5 AY(J) LEsLlsE=5)
1) REFOURN




)

0J=aXYZ(J)/(AZ(J) *YC=14)
CONTINUZ v

IF (2ZCeLTe«3J) RETURN
LINcoXx=eTRUco .

RETUXIN

END
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LOGICAL FUNCTIOM ICANCIT (IPPTyXC,yYC,y2C)

IS THE FOINT (XC,YC,2C) VISIBLE?

COMMON
/\:Nl/ NLX,WT\X,N-jY,NTY,*'J’(,QY,")Z,“’)(,PY,PZ,X)(l,YYl,
XX2,YY2,IDELTA
COMMON
// IE1,iT2,NLINES,NPULYS,IPPTR,XOFF,YOFF,SCALL,
NPTS,
XS(1105),YS(11035),25(1105) ,IEDONO(2760),
IPINO(590),
I1c01(2750) ,I202(27€0) 4 LEILINK(2750)
PZMIN(590) y2ILYA(w30) 4POLYB(030),4,POLYC(030),
POLYD(590),
IFZ06E(230) ,TFLISI (£90),IPLINK(SI0) sAX(L770),
AY CL2 7000,
AZ(1770) yAXY(1773)4AXYZ(L770)
CATA EP3/1eo-3/

ICA'J:IT: «FALSE «
CONSTRUCT A TINY WINDUW A30UT THc POINT

WLX=X0= P> ¢ WIX=XC+=PS
W3Y=Y_=-PS § WTY=YC+-PFS

STAXT LUOKLNG DNAN TH: POLYGOUN LIST

IP=IPPT

CuUNT INY-

I (IP«zQeBY GO 70 5

IF (GETZ (IPyXCyrYC) ¢ Gl 6 ZC=1sE=7) GO TO &
ITHE TA=0

NXTeJdG=IPEIGE(IP)

CONT INU_

IF (NXT-.DGe(NXTtIG).ZQese0) G0 TO 3
IF (ICLLP(1)eNZ0) RZTURN

1THE TA=ITHETA+INELTA

Gu TO 2

CONTINU-

IF (IAGs (1THETA)«E08) R=TUKN
CONTINU .

PP SR PLISTECER)

GO 70 1

CUNTINUL

ICQ'JV‘IT:QTRULQ -

RETURN
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FUNCTION GETZ{IP,XP,YP)

FINJ THZ Z=vALUT AT (XP,YP) ON SURFACE OF PULYGON
IP

COMMON

1 FONL/ WLX ) WRXyWBY,y WTY,UX,QY,QZyPXyPY,PZyXX1yYY1,

XX2yYY2,10zLTA
COMMON
/7 1cly182y,NLINEZSyNFOLYS,IPPTRyAKOFF,YOFF,SCALE,
NPT Sy
X35(1105),Y5(1135),2S(110%),IcDONO(2700),
IPENO(590),
IZ01(2750),1-02¢2700) ,I-0LINK(2700),
PZMIN(530) yPILYA(ESU) yPOLY3(590),POLYC (690),
POLYD (230),
TPEUGL (630),IPLIST(690),IPLINK(530),AX(1770),
AY (1773),
AZ(1770) 4 AXY(1770)4,AXYZ(1770)

DATA IPSTORL /0/

LF PULYGON IS NOT A QUAURALATzZRAL, FIND Z THE

> ZASY WAY

IF (IPENO(IF).EQek4) 50 TO 1
GETZ==PALYOC(IP)/(POLYAC(IP)*AP+POLYB(IP)*YP+POLYC(IP))
RETURN

IF POLYGON IP WAS THZ LAST QUAOKALATERAL O9Nc,

8 SKILP THE

PREILIMINARY STUFF

1 CONTINUz

IF (IP.cQsIFPSTORE) G TO 2
PRe.IMINARY STUFF

IPSTURE=IP

JEL1=IPEDGE (IP)

JE2=I2DLINK(JEL) § J_3=IZOLINK(JZ2)

IP1=1c01(Jct) § IP2=IE02(J:=1) § IP3=IED2(uc2) $ IPu=

B LeDe2(JEJ)

XO0=XS(IPL)*ZS(1P4) & YU=YS(IP4)*Z5(IP4) 3 ZU=Z35(IPy)
XAJ=X5(IP1)*¥ZS(IPL1) ~-X0 '
XCO=XS(IP3)*ZS(IP3)«XD

OX==XA0=-XCO=-X0+X5(Ir2)*ZS(1IP2)

YAO=YSEIPL)*LS CIPL V=YD

EEI=YSLPSI YL SICEPS Y=Y

179




UY==YAD-YCO=YNe¢YS(IP2)*ZS(IP2)

ZAL=ZS (IP1)=-20D

Z031=2S5(IP3)=-20

b2=-ZAD-2C0-20+Z3(1P2)

BX=YCD*UZ-2ZCD*0Y § 3Y=2C0#0X=-XCD*JZ $ 3Z=XCOo*DY-YCOD*
& OX g
EX=YAJ*¥ZCO-ZAO0*YCO-YD*uZ2+20*DY
EY=ZAD*XCO-XAD*Z2Cu=Z)*ux+Xu*DZ
tZ=AAU*YCO=-YAD*XCO=X0¥IY+YI*#DX

GX=YAD*ZJ-72A0%YD § GY=ZAD*XD=XAD*Z0 3 GZ=XAO*YD-YAD*
5 X3

ST UP AND SOLVE QUADRATIC FOR ALPHA

OO

2 CONTINUZ
3=XP*3X+YP*uY+32Z
C=XPYo X+ YP*LY+Z7Z
G=XP*GX+YP*oY+G7
IF (AB3(8)sLTe1,2-8%A8S(Z)) GU TN &5
S=2/(3+3)
3 SS=5%%2+G/3
IF (SSelLTe0s) GO TO 5
ALFPAA=3+SQART (S3)
IF (ALPHAWGT«14) ALEHA=S+S=-ALPHA
3 CUNTINUZ
i : XX=(DX=XP*0Z) *ALPHA+XAJ=XP*ZAJ
i YY=(JY=YP*DZ) *ALPHA+YAD=YP®* ZAD
§ IF ((ABS(XX)+AB3(YY)) ecTleZl*1 t~11) GO TO 7
IF (ABS(XX)eLT.ABS(YY)) GO i0 &4
: GETZ=( (¥ *ALPHA=-Y) *ALPHA=GY) /XX
o RETJRN
& CONTINUC
GETZ==((B3X*ALFPHA=CX) *ALPHA=GX) ZYY
~cTUXN
5 CONTINUZ
ALPHAZ=5/E
60 T 3

THZ POINT Is NUT ON THZ POLYGON'S SURFAuc

il
<O OO

& CONTINU-=
i GeTZ=1.:22
] KZTURN

TWO SOLUTIONS - iaKt THz NEAREST

OGO

7 CONTINUJ=
Z2=7ZD+ALPHA*®ZCD b Z1=22+ZAD+ALPHA*DZ
GETZ=A4iN1(21,72)
RETURN
END

g
’
i
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FUNCTIUN NXTeuGe (NXTEDG)

FIND oNBPOINTS 0 NeXT -uUGe IN LINKED LIST

COMMON

i /Cwi/ HLX,Hr(A,NoY,HTI,Q‘(,QY,’)Z,PX,PY,PZ,XXl,YYi,
3 XX2,YYZ2,12:LTA

COMMON

1 //  Tel,122,NLINES,NPOLYS,IPPTR,X0OFF,yYOFF,SCALC,
3 N;JT)’
2 XS(1105),YSC(1105) ,25(1105) ,IL0ONO(27€0),

5 IPaNO(590),

3 LED1(27€6u) ,1:-202(27560),IE0LINK(2760),

4 PZMIN(580) ,PILYA(030) ,POLYB (b3U) ,FPOLYL (690),
¢ POLYD(590),

> IPZUGE (630), IPLIST (690),IPLINK(630),AX(1770),
3 AY{(1771),

5 RZ(1770)yAXY(1770) yAXYZ(1770)

IF (NXT_-UoecQe0) GO TO 1
I=1EDL (NXTEDG)
PX=X3(I)

PY=YS(I)

PZ=23(1)
I=1:02(NXTZDG)
Qx=XS(I)

QY=YS(I)

@Z=Z3 (1)
NXTZOG=LZ0CINK(NXTEDS)
NXTZUGEZ==1

KETURN

NU MORc £D065S FOR THIS FOLYGUN
CONi INYZ
NXTeEDG==0
R TURN

END
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FUNCTION ICLIP (DUyINJ)

c
c CLIP SURPROGRAMS = INCLUDE ICLIP, PUsH, IANGLE,
c 5 AND IWCODE
C
COMMON
L /CHL/ WLXyWRAsWBY, WTY,QX,QYyQZyPXyPY,PZyXA1,YY1,
I XXZ,YY?’IDLLTA
COMMON
1 /7 1El,1E2,NLINES,NPOLYSyIPPTRyXOFF,YOFF,SCALE,
3 NPTS,
2 XS (1105),YS(1105) ,2S(1105) ,IZDONO(2760)
$ IPENO(590),
3 I1-01(2750),120U2(2750) y IEDLINK(2760),
4 PZMIN(690) yPJLYAL630) ,”0LY3(690),POLYC (690),
§ POLYD(590),
5 1PEDGE (030) 3 LPLIST (690), IPLINK(690) ,AX(1770),
3 AY(1770),
5 AZULTT0) » AXYCLTTD) s BXYZ(L770) 101102
19}
G ICLIP SECTION
IDZLTA=)
XX1=2X - YY1=QY
IC1=IW3O0E (XX1,YY1)
. XX2=PX 5 YY2=PY
IC2=IWCIDE (XX2,YY2)
i 1 CONTINUS

IF ((IC1eEQs0)«ANDe(IC2.EQs0Q)) GO TO 6
: IF ((IC1.AND.IC2)4Nczs0) GO TO 7
; IF (IC1.Nce0) GO TO 2
IX=102 5 Ioi=lcg § I
Xe XXy § XX12%XZ 3§ X2
X=YYL § YYL=YY2 ¢ YY2
2 CUNTINU:
IF ((IC1+ANDs1)EQe0) GU TO 3
CALL PUsH (0, WLX)
60 10 1
3 CONTINU-
3 IF ((ICieANDe2) ¢5Q40) GO TO &
i LA&.L pU)H (U,N:(X)
. GO0 Tu 1
& CONTINUZ
IF CUICL AND«%)EQeD) Gu TO &
! CALL PUsH (1,W3Y)
i GU TO 1
5 CONTINU:
. IF ((IC1eANDeB) eNZe0) CALL PUSH (1,WTY)
# GO TO 1

IX

nnn

X
X

L

e

182

®




U b R

B o

¥ &

-«

€200 6

()

6 CONTINUC

LCL ER==1
RCTURN

7 CONTINJZ

10

IF (INJ.cQe0) GO TO 10

ANGLE SECTION

IA1=TANGLc (UX,QY) § IWu2=IANGLC (XX1,YY1)
$ LANGLZ(PXyPY)

In1=TA1-IA2 ¥ IA2=Iw2-1A3
IF (IABS (IA1)«LEs3) SO TO
IF (IA1.LT.0) IAL1=1IA1+16
IA1=IA1L=-3

CONTINU:Z

IF (IABS (IA2).LE«3) GO T0O
IF (IA2.LT.0) IA2=IA2+16
IA2=]A2=3

CONT LNUZ

IDZLTA=LAL1+IA2

CONTINU-

ICLIP=0

ReTURN

END
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SUBROUTINZ FUSH (IAL4RT)

CLIP THE LINT AGAINST The cXTcNOEU EDGES OF THE
ANINDOH

OGO
s

COMMON
1 /CHL/ ALX g WRX, WBY,y WT Yy QXyQYyQZyPXyPYyPZyXX1,YY1,
8 XX24YY2,I0ELTA
COvYMON
7/ IE1ylE2yNLINESyNPOLYS)IPPTRyXOFFy)YOFFySLALE),
NFTS,
X>5(1103),YS(1105) 425(1105) ,IZ0NJ(2760),
IPENO(030),
IED1(2760) ,1202(2750) 9y IEOLINK(2760)
PZMIN(o90) 4POLYA(DIC) yPOLY3(090) yPOLYLC (530),
POLYD(z90),
IPZDGE(E90) 4IPLIST(690),IPLINK(D690) yAX(1770),
AY(1770),
AZCLTT70), AXY(C1770),AXYZ(LTT0)911yIC2

CoH Vit d W N &

(]

1F (IAL.NZ.0) GO TO 1
: YY1=(YY2=YY1) *(3T=XX1)/ (XX2=XX1)+YY1
k3 XX1=8T
. GO 10 2
i 1 CONTINUZ _
XX1=(XX2=XX1)*(3T=YYL)/Z(YY2=YY1)+XX1
YY1=37
2 CONTINUZ
Io1=IWCUDE(XX1,YY1)
RZTUXN

(@]

gD

PO R

' AT

g
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FUNCTION 1IWJ00Z (X4Y)

w
C JuT_RMINE THE LOCATLION CODE FOR POINT (X,Y)
(5
C OMMUN
1 /CHLZ HLXy WRXyWBY, WT Yy UXsQYsQZyPXyPY PZyXX1,YY1,
§ XX2,¥¥2,LoELTA
COMMON
1 // I1c1,IZ2,NLINES,)NPOLYS,IPPTR,X0OFF,YOFF,SCALC,
5 NPTS,
2 XS(1105),¥S(110%) 325(1135) ,I0NJ(2760),
$ IFEINO(290),
3 IS0U1(2760),I:02(2760),IEDLINK(27560) ,
+ PZMIN(590) yPILYA(630),POLYB(690) 4POLYC (590),
3 > PI_YD(230),
: 5 IPCOGL(€390) ,iPL1S1 (690) 4 IPLINK(590) yAX(1770),
; 3 AY(1770),
5 AZ (17701 9AXYCL770),AXYZ(1770),IC1,TC2
IWZ20DE=0
IF (XelioWLX) IWCODc=IWCODT+1
IF (XeGToWRX) IANCOOZ=IWCOO-+2
IF (YeLToW3Y) I[WCOD-=z=IACODL +4
§ IF (YJGToWTY) IWCODE=IWCD0-+8
§ RETJRN
END
i
i
i
&
»
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FUNCTIUN IANGLCE (X,Y)

JET_RMINZ

COMMON

/CHL/ WLX )y WRXyWBY, WTY,QX,QY,QZyPXyPY,PZ, XX1,yYY1,

THc ANGLC

P XX2,YY2,IDLLTA

O A V& I WtAN =

CQOMMON

// 1E1,Tc2yNLINES,yNFOLYS,IPFTRyXOFFyYOFFySCALE)

NPTS),

20Jc FOR THe POINT

(XyY)

XS(1105),YS(1105),2S(1105) ,IEDNV(2760),

IPZNO(590),

IED1(2759) ,I202(2750) ,IEDLINK(2760),

PZMIN(59N0) yPOLYA(D30),POL_Y3(690),POLYC(c90),

POLYD(590),

IPLDGE (630) yIPLIST (£90), IPLINK(530),AX(1770),

AY (1770),

AZ (1770),AXY(1770),AXYZ(1770),I01,1IC2

IF (XeGZ e WLX)
IANGLE =%

IF (YeGToNWTY)
1F (YeLTenWBY)
Rz TURN

CONT INUZ

IF (XelZeHRX)
IANGLE=D

IF (YeGToWTY)
IF (YeLTeW3Y)
RETURN

CONT INU_

IF (YeGTaWTY)
IF (YecLT e WBY)
RTCTURN

END

GO TO 1
IANGLE=3
LANGLE=S
GC TO 2
IANGLE=1
IANGLE=7

IANGLE=2
IANGLEZ=6
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SAMPLE

8
0.1671
0.0875

=-0.0483
0.0403
00347
-0.0329
-0.1708
-0,0877

F T WP TN T WN -

FILE “INPUT™

1.0

FILE “TAPE4™

-0.,3362
0s1443
0,0438

-0.1518

'0.U31"0
0e1242
0.u370
0.1297

aNOWMOMo NI FWwN

oo N O \n F W -

OV o

JATA FILES

- e - ————— e -
SSSSESsIS=ZEZ=I=S==E==2

P L Tovmm—

10,1120
9.4692
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(FOR CONVELNIGNCE, HERE Wt HAVE VIOLATED
THE FORMAT FOR THE POINT CUUKDINATES.)
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