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ABSTRACT

A Fortran IV program, CROSEC (MOD 2.0) has been written to operate in the
environment of NRL’s APT system on the CDC 3800 Computer. This program
enables the part programmer for numerically controlled tooling systems to obtain
plots of the intersections between a specially designated plane (called the HOPE
plane) and certain defined forms in his APT part program. The forms with which
intersections can be obtained are lines, planes, circles, cylinders, and spheres.
When the HOPE plane corresponds to a coordinate plane (XY, XZ,and YZ), an ortho-
graphic projection pattern is obtained corresponding to engineering drawing’s top,
front, and end views, respectively. When the HOPE plane cuts through the volume
of the part surface and the plotting limits are the part’s minimum and maximum
dimensions, a true view of the cross section is obtained. When the HOPE plane lies
outside the volume of the part and is skewed with respect to the coordinate planes,
an abstract pattern is obtained because the planes and cylinders are not bounded.
Such an abstract pattern, when composed only of plane intersections, through an
unprogrammed process, can be interpreted as a perspective view of the part. When
the plotting limits extend beyond the dimensions of the part and the HOPE plane cuts
itsvolume, a combination of true view and interpretable perspective view is obtained.

Preliminary considerations suggest that a hidden-line-detection addition to the
program would not be difficult because the abstract pattern indicates depth in an
easily identifiable manner, and that the abstract intersection pattern forms a suit-
able framework for describing tool motions in an interactive environment.

Up to ten viewing (i.e., HOPE) planes can be designated in one Part Program.
The report includes programmer instructions, a complete description of CROSEC
(MOD 2.0) with flowcharts and listings and, as an example, the computer output
resulting from a run on a production piece. CROSEC (MOD 2.0) is the implemen-
tation of the computational forms developed in NRL Reports 7025 and 7202,

PROBLEM STATUS

This is an interim report on a continuing problem.

AUTHORIZATION

NRL Problem Z00.01

Manuscript submitted December 21, 1970,
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CROSEC, A FORTRAN IV — APT PROGRAM TO GIVE
ORTHOGRAPHIC, SECTION, AND DEFINABLE PERSPECTIVE VIEWS
OF A PLANAR-CURVED SURFACE

INTRODUCTION

This report is both a program and a programming manual for CROSEC (MOD 2.0).

CROSEC (MOD 2.0) is a series of Fortran IV programs that were written into the frame-
work of NRL’s APT system to provide a capability for plotting intersections between a
specially designated plane and other defined planes, cylinders, and spheres.* (In APT,
a line is a special case of a plane—an intersection of the XY plane with a vertical plane—
and a circle is a special case of a cylinder parallel to the Z axis; therefore, intersections
with these special cases, lines and circles, are also obtained in CROSEC (MOD 2.0).) The
output can be obtained on either a CALCOMP plotter or on a flatbed Gerber plotter.

This is the fourth of a series of CROSEC-related publications. The first, NRL Report
7025 (Ref. 1), described an earlier version of the program, CROSEC (MOD 1.0), that ob-
tained plane intersections only. The second, NRL Report 7202 (Ref. 2), presented the
computational forms for the intersections with cylinders and spheres. Finally, a paper

on CROSEC (MOD 2.0) was delivered at the 1970 Fall APT Technical Conference in Chlcago,

Tllinois, and was published in the proceedings of that meeting (3).

CROSEC (MOD 2.0) is the computer implementation of the computational forms of
Ref. 2, in addition, of course, to the original capability of CROSEC (MOD 1.0). In this
version up to ten intersection plots can be obtained in one Part Program. The program-
mer can inhibit a particular plane, line, or circle from producing an intersection by using
a prefix X in its name. Minimum and maximum XYZ limits can also be established to
define the bounds within which intersections are desired, and to a limited extent plotting
scale can be controlled.

CROSEC gives the part programmer the ability to view the structural framework
within which he plans to move his tool. Generally speaking, intersection patterns are
identical with line endpoint projection patterns in the three principal planes (TOP-XY,
SIDE-YZ, and FRONT-XZ). An intersection pattern becomes a cross-sectional pattern
when the cutting plane on which the pattern is plotted is actually intersecting through the
volume of the part defined by the part program. (Examples of CROSEC intersection
patterns are presented in Refs. 2 and 3 and in Appendix B of this report.)

ORGANIZATION

This report consists of some programmer instructions and the computer program
descriptions. The programmer instructions discuss the Part Program additions that are
needed to obtain CROSEC patterns as well as interpretation principles, and the descrip-
tions are of the two forms of programming elements constituting CROSEC (MOD 2.0).
The first of these are the minor modifications to three standard APT subroutines, FINI,
PRCNTL, and LBSRCH, and the second, the 27 especially written programs and sub-
programs organized into three segments, that perform the CROSEC actions. The appen-
dixes contain the program listings and a sample run.

*APT references are available through the Engineering Services Division, Naval Research
Laboratory, Washington, D.C. 20390, and from the IIT Research Institute, 10 West 35th
Street, Chicago, Il11., 60616,
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2 K. P. THOMPSON

PROGRAMMER INSTRUCTIONS

Earlier instructions given on p. 60 of NRL Report‘ 7025 still apply in general (including
the use of HOXYMIN and HOXYMAX cards); however, some improvements have been made
in this version and they are described below.

1. More than one HOPE plane (up to a maximum of ten) can be specified in the Part
Program by using suffix numbers 1 through 9, and terminating the series with a HOPE or
HOPEN name for the last plane; viz.,

HOPEL = PLANE/ ...
HOPE2 = PLANE/ . ..

HOPEY = PLANE/ . ..
HOPE =PLANE/ ...

For efficiency it is recommended that the HOPE card series be in order, but the only
programming restriction is that the HOPE or HOPEN card be below the HOPE cards with
suffix numbers.

2. Often a line or plane is used for a purpose other than part description, such as
positioning a tool, and its appearance in an intersection pattern can cause confusion. Such
lines or planes can be voided from CROSEC patterns by preceding their names with an X
(e.g., XPL1 = PLANE/ . ..). This X prefix can also be used to suppress circle, cylinder,
and sphere intersections.

3. The overlay form of operation is less expensive and preferred over the use of the
Load and Go Edit procedure described in Ref. 1. The order of cards for an overlay run*
is

a. Job card
b. Demand card (use 53730B)
¢. Equip cardf for
CALCOMP plotter, 10=PL
Gerber tape output, 17=TW
d. Equip card for overlay tape
49 =, .,
e. LOAD MAIN card
f. Part Program cards
g. End of File card

Appendix B contains a reproduction of a Part Program and the output related to it.
This includes the Gerber plots and the line printer messages.

The scale of the CROSEC plot (CALCOMP) can be controlled by the proper choice of
variables on the HOXYMIN and HOXYMAX cards. Generally speaking, these cards define
the minimum and maximum points on the part as shown in Fig. 1. This does not provide

*NRL CDC 3800 Drum Scope Environment,

TTwo separate overlay tapes are needed, only one of which is used at any one time. One
of these is used when running CALCOMP plots, and the other when running to obtain
Gerber tape output.
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HOXYMIN = POINT/Xmin, Ymin, Zmin
HOXYMAX = POINT/Xmax, Ymax, Z/max

(Xmax, Ymax, Zmax)

—1 |

X

Fig. 1 - Minimum and maximum points on
part can be used to define HOXYMIN and
HOXYMAX cards

an easily definable scale, however, such as 1:1, and so if circumstances permit, a certain
compromise can be obtained. In order to work this compromise, a brief description of
what CROSEC does with the HOXYMIN and HOXYMAX values is needed.

CROSEC makes two vectors from the HOXYMIN and HOXYMAX points and uses their
magnitudes in a comparison to get the largest. The magnitudes are defined as

IVmin = l/anlin + Yn21in + Zrﬁin ¢ (1)
lvmax = ‘/anxax + Yn?ax + Zxﬁax ¢ (2)

The largest of the two magnitudes, called V, is used in the computation of SCALE;

* SCALE =

o<

. (3)

where the figure 5 has the plot significance shown in Fig. 2. The programmer can obtain
a 1:1 plot scale by forcing V to be 5 if he uses

HOXYMIN = POINT/0, 0, 0
HOXYMAX = POINT/2.88, 2.88, 2.88,

since

5 = 125 - 1/2.882 + 2.882 + 2.882.

This principle can be extended to other scale ratios by using different multiples of 2.88
as shown in Table 1.
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4 K. P, THOMPSON

[ —— 5 ———

Fig. 2 - The figure 5 used in the computation
of SCALE corresponds to the translation in
X and Y from the lower left-hand corner of
the 10-in.-square plot to the center of the
square for representation of HOPE origin

5"

Table 1
Scale Table

Common Linear
Scale Ratio Desired |V for Eq. (3) | Limitfor X,Y,Zon
HOXYMAX Card

1 10
1, 10 5.77 - 10
2 V3
1:1 5 2.88~_2_
Y3

2:1 2.5 1.44~ 25
e

NOTE — If this method of selecting HOXYMIN (all zeros
here) and HOXYMAX limits violates the bounds shown in
Fig. 1, then some portions of the CROSEC intersections
might not be obtained, depending on the HOPE plane
involved.

CROSEC INTERPRETATION

CROSEC produces intersection patterns. A pattern can be interpreted as a projection
pattern, a cross-section pattern, or as a framework for defining a perspective view, de-
pending on the location of the HOPE plane and the HOXYMIN and HOXYMAX bounds. An
individual pattern can be totally one type or a combination of types.
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Fig. 3 - Distinguishing between intersection
points and projection points

CROSEC produces intersection patterns because the planes and cylinders* are not
bounded by the part and can intersect the HOPE plane in three-dimensional (3-D) space
beyond the piece being conceived by the programmer. It is important to understand the
difference between an intersection point and a projection point. Figure 3 shows a two-
dimensional, two-line sketch to illustrate this difference. Figure 3a shows two line seg-
ments inclined to each other at an angle less than 90°. If the lower segment is considered
as a base line, the upper line when extended intersects the base line at I, but has projec-
tions of its endpoints at P and P’'. When the segments are mutually perpendicular, how-
ever, as shown in Fig. 3b, the intersection and projection points are identical. A part
programmer generally defines his planes as perpendicular or parallel to the XY plane.
Consequently, CROSEC intersections in the principal planes (when HOPE = XY or XZ or
YZ) are interpretable for parallel and perpendicular planes as projections and compare
favorably with engineering drawings for ease of understanding (see Appendix B).

To illustrate the principles of CROSEC interpretation, let us consider some patterns
resulting from CROSEC and a cube whose edges are one unit in length and is defined by
the six planes x =0,y =0,z=0,x=1,y=1,and z = 1.

Initially let the HOPE plane be defined by x + y + z = 0. It will pass through the origin
and be equally inclined at 54.8° to each principal axis. It will also be tangent to a vertex
of the cube. Figure 4a shows a perspective view of the cube and the HOPE plane with the
pattern resulting from the intersections of the six planes when allowed to extend beyond
the cube. Figure 4b is a true view of the pattern. Point a is projected from the cube
vertex (1, 0, 0) and is shown in both views 4a and 4b. Figure 5a identifies the line of
intersection with six Roman numerals, viz., I for x = 0, Il for y = 0, III for z = 0, IV for
x=1,Viory=1,and VIfor z = 1. The 0 value planes form the three inner intersecting
lines, and the 1 value planes form the outside triangle. Such a pattern has been dubbed
“the triangular world.” There are seven equilateral triangles in this pattern, the outer
one and two different size sets of three. These are enumerated in Table 2. The center
point can be considered as a degenerate triangle of the three immer lines.

*GROSEC {MOD 2.0) does produce truncated ellipses when the HOPE plane passes through
the ends of a cylinder TL units long, but is allowed to produce full ellipses when the inter-
section is fully within or fully without the TL bounds, HOXYMIN and HOXYMAX limits
apply only to plane intersections in CROSEC (MOD 2.0).
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K. P, THOMPSON

\ e (a) Perspective

(b) HOPE plane view
\

Fig. 4 - CROSEC intersection pattern for a cube
on the equiangular plane, X + Y+ Z =0

-

(a) (b)

Fig. 5 - The centers of seven equilateral triangles (shown in (a))
are joined to form the projected image of the cube (b)
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Triangles in the Pattern —
Triangle I Component Sides =
Outer, largest {vi,1v, v}
Intermediate {vi, v, i}, {m1, 1v, v}, {VL, 1, V}
Smallest {vi,1,n}, {m, v, 1}, {m, 1, v}
Reduced to point {1, m, m1}

The three sides of an equilateral triangle in the pattern correspond to three planes
intersecting to form a vertex in the cube. For example, point a is the centroid* of the
triangle formed from the intersection lines of planes x =1,y =0, and z = 0. Figure 5a
highlights the centroid of each of the seven equilateral triangles with a small circle, each
a projection of a vertex of the cube. In Fig. 5b these projection points have been joined
to outline the latent, perspective image.

The creation of the latent, perspective image has emphasized the transformation or
mapping undergone by the vertexes of the cube into equilateral triangles. Another trans-
formation, perhaps not as immediately obvious, is that an edge of the three-dimensional
cube becomes, in the triangular world, the common vertex of two unequal, equilateral
triangles that share two common sides in part. Thus, for example, in Fig. 6b the triangle
© (at center) - @ - ® and the triangle 3 - @ - (D have a portion of sides II and IV in
common. It could be said then that the edge of intersection between planes II and IV has
been mapped into vertex @ . It is this very feature of having two planes (lines of inter-
section) in common that justifies drawing a line of the latent, perspective image between
two “center” points, from g to y in this case in Fig. 6b.

A face of a cube becomes transformed in the triangular world into four such vertexes.
This statement, however, must be qualified by an understanding of the special circum-
stances taking place at the center of the pattern. The HOPE plane is tangent to the cube
at a vertex (see Fig. 4a). The three lines of intersection for planes I, II, and III all pass
through the center of Fig. 6b. The triangle for this vertex transformation has been re-
duced to a point.

The procedure or algorithm for tracing out the face a5y in the perspective view is
depicted in the sequence below Fig. 6a. The first line contains four groups of three planes
each, one for each of the cube’s vertexes o, 8, v, and 8. The first and second groups have
planes II and III in common, the second and third groups have planes II and IV in common,
and so forth, until the last group has planes I and I in common with the first group, com-
pleting the cycle.

Finally the last of the transformations from the 3-D world into the triangular world
is that undergone by the depth dimension. (In the triangular world the detection of tri-
angles is basic since the center of the triangle establishes the location of the projected
point for the perspective image and the size (area) of the triangle is the measure of the
distance (depth) of the source point from the HOPE plane.) The extreme variation in
depth corresponds to the tangent point (planes I, II, and III intersecting) to the largest
triangle (planes IV, V, and VI) or points ?), ® , and (9, which correspond to the cube
vertex point diagonally opposite point «. There are two intermediate depths represented

*The terms centroid and center are used synonymously.
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e —1

(2a) Perspective

® z ® ol ® T

(b) HOPE plane view

1,0, T —>= T, M, L —= I, ¥, VT —»I,1I M
I, I — I,
I, I —= I, 1Y
T, VI — I,I
I, I I, T

(c) Face-tracing algorithm

Fig. 6 - An edge of the 3-D cube in the triangular
world becomes a vertex of two unequal, equi-
lateral triangles that share portions of two lines
of intersection in common. A face of the per-
spective view of the cube can be logically traced
out utilizing this edge-transformation rule.
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by triangles @ -© - ® and @ -@-(@). There are three of each of these two sizes. The
projection of point ¢ onto the HOPE plane is masked by the tangent point «. Any perspec-
tive edge leading into this masked point can be wholly or partially hidden. For example,
triangles @ -(M - @ and (7) -® - © have planes IV and VI in common and the perspective
edge y - a (Fig. 5b) is a hidden line. These transformations from the 3-D world into the
triangular world are summarized below:

1. A 3-D point => center of equilateral triangle (with variations)

2. An edge=> two common sides (common vertex) of two unequal equilateral triangles
3. A face=> closed path of points connecting centers with two common sides

4. Depth=> different size triangles (with variations).

Now for some cross-section examples. If the HOPE plane passes through the vertexes
(1,0,0),(0,1,0),and (0, 0, 1) as in Fig. 7a, a combination true view* of the cross-section
and intersection pattern is formed (Fig. Tb). If a portion of the cube is considered dis-
carded (Fig. Tc), the cross section is seen to fit into the projected image which has been
drawn in Fig. Tb with wavy and dashed lines. The vertexes of the cross section should
be considered as zero-area triangles of the form &£ , ', and #°. Each is composed of
three intersecting lines, corresponding to three planes of the cube, forming a part of the
latent image. In Fig. 8a the HOPE plane again cuts through the unit cube. The normal
distance from the origin to the HOPE plane is one unit. The intersection is five-sided,
and is shown in true view in the CROSEC pattern in Fig. 8b. If part of the cube is assumed
to be cut away (Fig. 8c) to make the cross section visible, then part of the latent image of
the cube is not drawn. The remaining portion of the latent image is shown in wavy and
dashed lines in Fig. 8c. This is an instance when the vertexes of the latent image and the
vertexes of the cross section are distinct and separate.

In Fig. 9 the HOPE plane is tangent to that edge of the cube that lies along the Z axis.
A perspective sketch is shown in Fig. 9a, and a true view of the CROSEC pattern in Fig. 9b.
The lines of intersection are identified by their plane number in the table and on the lines
of intersection in Fig. 9c. Planes I and II have coincident lines of intersection which is
the cube edge tangent to the HOPE plane. In Fig. 9d the latent image points are shown by
circles and these are joined by wavy lines and a dashed line to form the latent image.
The vertexes (a, b, c, 4, €, f, g, h) of Fig. 9a have corresponding image points (a’, b’, c’,
d',e’,f',g’, h') in Fig. 9d. There are no triangles. A U degenerate case is present in
this situation. The three planes corresponding to an image point are of the shape L__|
or 1. Half the length of the base of the U is the distance measure. The image point
is located at this halfway position. For example, the image point e’ for planes V, VI, and
IV is halfway along intersection line VI, and distance ie’ is its depth measure. Similarly
image point g’ has depth measure ig’ and image point b', has depth measure a’b’. Since
the intersection lines for planes I and I overlap their image point with III, ¢’ is the cross-
section image point where I, II, and III intersect. Image line e'f’ is dashed because it is
hidden by face a‘'b’d’c’. The depth measures for face a’b’d’c’are shown below.

Point # Depth Measure

a’ 0, tangent
c’ 0, tangent
b’ line a'b’
d’ line ¢'d’

All of these are less than ie’, the depth measure for line e'f’, and this fact forms the
justification for concluding that e’f’ is hidden.

*A true view is a perpendicular projection that permits scaling of exact lengths, a correct,
undistorted picture.
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(a) Cube with cutting HOPE plane

(b) HOPE plane view

(c) Part of cube removed

Fig. 7 - The HOPE plane intersects
three vertexes of the cube
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A

(a) Cube with cutting HOPE plane

(b) HOPE plane view

(c}) Part of cube removed

Fig. 8 - The HOPE plane is equiangular with a unit normal
distance. The cross-sectional pattern is five sided.
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12 K. P. THOMPSON

CUBE PLANES

H
H

1,X:0 I
I,Y=0 I
I, Z =0, I

7, X
X,y
I,z

HOPE
PLANE s

o

Y

(2) Perspective of tangent plane and cube

(b) HOPE plane view

(c) Plane intersections identified x T &

(d) Latent image shown

Fig. 9 - HOPE plane tangent to an edge of the cube
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In Fig. 10 the origin is centered in the z = 0 face, the cube itself is rotated 30° about
the Z axis, and the equiangular plane passes through the origin. A perspective sketch of
this organization is shown in Fig. 10a. The cube faces are identified with Roman numerals
I through VI; the HOPE plane is depicted in an arbitrary manner outside the cube, except
that its cross section with the cube attempts to be accurate. The corresponding CROSEC
pattern is in Fig. 10b, with the intersection lines identified, and the latent image with the
cross section is shown in Fig. 10c. The triangles are not equilateral, but they each have
centers, and therefore definable image points. A’ is the image of A, and similarly B’,

C’, and D' are images of B, C, and D.

What about curved surfaces in CROSEC interpretation? Spheres and cylinders are
the only nonplanar forms presently handled by CROSEC. The sphere is well behaved, it
closes on itself in all three dimensions, and only gives circle intersections—for this
discussion, forget tangent conditions—which can probably be interpreted as part of the
cross section, since the sphere is usually considered as making a contribution to the
volume of a part. If the HOPE plane is outside the part and the sphere is inside the part,
unlike part planes the sphere will not have an intersection.

Cylinder intersections inside the part are part of the cross section and present no
problems in interpretation. The cylinder, however, exudes in one dimension and can
produce circles or ellipses of intersection outside the part dimensions (TL length) in
CROSEC (MOD 2.0). Such a situation occurs in Fig. 11a, the extended PARTNO TESTING
example of earlier report work (see pp. 7, 8, 10 of NRL Report 7025 and p. 37 of NRL
Report 7202). The equiangular plane x+y+z=1 in this situation produces a small triangle
of intersection and the latent image shown in Fig. 11b. To be a part of the perspective
view, the cylinder should have an “image ellipse” that lies in face abcd. The CROSEC
ellipse is a true view of what the cross section would be if the HOPE plane were parallel
to the present HOPE plane and intersected the cylinder within the part. Its presence
helps identify the tangent lines of intersection but does not directly contribute to the
image. The CROSEC ellipse would have to be rotated, translated, and reduced to be a
part of the latent image. The magnitudes of the rotation, translation, and reduction can
be readily defined from Fig. 11b and are delineated in Fig. 11¢. They are

Rotation, o (60°),
Translation, from h to i, and
Reduction, ef/bg.

The CROSEC ellipse is tangent to midpoints of the rhombus wxyz formed by sides of
triangles. The image ellipse is tangent to midpoints of the rhombus abed formed from
parts of altitudes of the triangles which correspond to X- and Y-axis directions. The
translation is along a triangle altitude corresponding to the Z-axis direction. The trans-
formation is not done by CROSEC (MOD 2.0) but could be done in one of two ways; (a) given
the proper constants generate a new ellipse, or (b) transform the set of points that define
the CROSEC ellipse.

CROSEC pattern interpretation is interesting (for those who like such things), but
even for a simple cube the pattern can become complicated, and for a large part can
become close to impossible.* The average user of CROSEC (MOD 2.0) will probably
stick to (a) the principal coordinate planes for PLAN, SIDE, and END views or HOPE
planes parallel to them, or (b) tightly limited cross-sectional views. However, should

*However, even though a triangular world pattern can be complex, some trends of what
the image would be like can be readily surmised; e.g., centers of a group of triangles,
with two sides in common, would form an edge. See Appendix B, Fig. B5.
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(a) Cube rotated

jh\\ .
Juig § <
—}- /
7 I
pvas

(b) HOPE plane view

(c) Latent image shown

Fig. 10 - Example of CROSEC triangles
that are not equilateral



NRL REPORT 7228

(a) HOPE plane view of extended PARTNO TEST +

VAN

(b) Latent image

[}

RN
RN
N

Fig. 11 - Triangular world CROSEC pattern for augmented PARTNO
TESTING, the latent image and the transformed ellipse
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16 K. P. THOMPSON

the user care to visit the triangular world, the computer printout gives sufficient infor-
mation on angles between planes and the HOPE plane and identification of intersection
lines to make CROSEC interpretation possible. The equilateral triangular world for a
principle plane-oriented part is entered by use of one of eight possible HOPE planes, viz.,

x+y+z=C
-xX+y+2=C
x-y+2=C
x+y-2=C
-x-y+z=C
-X+y-2=C
xX-y-z=C
-x-y-2=C,

where C is a constant, zero, negative or positive, and represents the normal distance
from the origin. Degenerate forms of non-equilateral triangles and differing combinations
of three intersections that define an image point can occur unpredictably if the HOPE plane
and part planes are randomly oriented. Any time a plane is at an angle other than 90° to
the HOPE plane its intersection is no longer a projection and needs interpretation; so if a
pattern looks peculiar, the printout should be checked for angle information.

The nine principles of CROSEC interpretation are summarized below.

CROSEC INTERPRETATION PRINCIPLES
1. CROSEC produces intersections.

2. A plane’s intersection is a projection when the plane is perpendicular to the
HOPE plane.

3. Principle plane views will be projections if the defined planes are parallel to
XY, YZ, or XZ (called well defined).

4. CROSEC cuts through the volume of a part, producing true-view cross sectional
lines which can be bounded by HOXYMIN and HOXYMAX.

5. CROSEC patterns in equiangular plane views for well-defined planes provide
equilateral triangles from which a latent perspective image can be constructed
from parts of altitude (median) lines. These patterns provide a convenient
framework for outlining tool motions.

6. CROSEC patterns in non-equiangular plane views that are not projections can
also provide latent perspective images.

7. Cross sections and latent images can coexist in the same pattern.

8. Cross sections can include intersections with spheres and cylinders inside
the volume of a part.

9. CROSEC patterns with cylinders outside a part must be transformed for
inclusion in images.

The question might be asked, “Why not compute images directly?” The answer is
that CROSEC provides an excellent beginning for doing exactly that. A preliminary con-
sideration of some references on the hidden-line problem solutions (4-10) shows a
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transition from elaborate volume considerations by Roberts (4) to mostly planar consid-
erations by Lerman (10) (his exception is some normal computations for faces). A tri-
angular world solution does not appear too awkward, and perhaps, just perhaps, might
have some advantages with its considerations entirely in the HOPE plane, since it has a
depth measure in the area of the triangles and/or degenerate solution'line length.

CROSEC provides not only a base for image definition with hidden-line detection, but,
in addition, principal plane views and true view cross sections. It is our strong contention
that CROSEC has been and is the right way to go as a graphical aid to APT. Beyond this
is the possible application to defining tool motion.

TOOL MOTION

In the APT language a tool motion statement is defined in terms of three surfaces.
(a) The part surface PS which is perpendicular to the end of the tool, (b) the drive sur-
face DS which is parallel to the axis of the tool, and (c) the check surface CS which ends
the motion. A CROSEC pattern in the triangular world could be used in an interactive
fashion to define tool motion because of the convenient display of all relevant surfaces.
Figure 12 depicts the passage of a tool around the cube in four steps, with z=0 as the part
surface (see table in middle of figure). Tool rotation about a major axis could be related
to rotation of the CROSEC figure about a vertex bisector as shown in Fig. 12e. The axes
in Fig. 12e correspond to the latent-image orientation of Fig. 5b.

Criticism of such an approach to tool motion definitions centers around its abstract-
ness or unreality. The alternative is the display of a two-dimensional plan view (XY, XZ,
or YZ) with depth keyed in, or via a perspective view which always lacks equal measure-
ment of the three dimensions. The triangular world, as has already been stressed, treats
each of the three dimensions in an unbiased and equal fashion. The transformations that
relate the triangular world to the real world for the purposes of tool motion definitions
are illustrated by the CROSEC pattern for the cube. These are

1. Parallel lines define parallel surfaces.

2. The shortest of such a series of parallel lines would be the front surface in that
direction, and the longest line the back surface.

3. A 90° 3-D world angle can be represented by either 60° or 120° in the triangular
world, depending on the orientation of front and back surfaces.

4. The traversal of a rhombus does not require a change of position of the tool axis.

5. The traversal of a triangle requires one 90° change in the tool axis (e.g., to
successively pass over the x=1, y=1, and z=1 surfaces by passing around the outside
triangle). :

Assume for the moment that an interactive version of CROSEC existed with a back-
ground data structure. Then orientation and identification of surfaces in the triangular
world could be accomplished by quizzing the data structure via light pen or cursor hits
on the CROSEC pattern or by calling up the latent image simultaneously with the CROSEC
pattern or by a combination of these methods. If the pattern were too complex then win-
dowing could be done to simplify the appearance in any given sector.

Such is the potential of the CROSEC pattérn in the triangular world created by an
equiangular HOPE plane. Next is a detailed description of the elements of CROSEC
(MOD 2.0).

AITITCCYTIOND
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MAIN
PRCNTL-modified
LBSRCH-modified

FINI-modified
ISHOPE
MM
Segment 101 Segment 102 Segment 103
Program CROSEC Program CYLINDER Program DISCRETE
TESTHOPE 8327048 POINTSC
FILXMAT9 TESTCYL EXPAND
GENSOL FDCOSSYL POINTSE
MM* MM* EXPAND
DLINE FDCOSCYL CONVERT
I1SITOK ALGOR A CONVERT 27
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MM*
DRAW
* In MAIN ENDRAW}
t Entry points ISHOPE

Fig. 13 - Program and subprogram dependence for those elements
specially written for CROSEC (MOD 2.0) and described in this re-
port. See listings for additional information on APT and Library
subprogram linkages.

CROSEC (MOD 2.0)

Overall Considerations

The detailed description of the programming elements making up CROSEC (MOD 2.0)
now commences. It is helpful to get an overall look at the entire CROSEC family by con-

sidering Fig. 13, which shows the organization. “MAIN” constitutes that group of program

units that stay in core at all times during APT processing. However, only those elements
affecting CROSEC are listed in the MAIN box. The first three (PRCNTL, LBSRCH, FINI)
are APT subroutines that have been slightly modified to allow the CROSEC tie-in and to
control the segment calls. ISHOPE and MM belong to CROSEC and reside in MAIN be-
cause they are referred to by more than one segment. CROSEC is subdivided into three
segments.* The first of these, 101, entered at Program CROSEC, processes plane/line
intersections. The second, 102, entered at Program CYLINDER, obtains cylinder/circle
and sphere intersections in coefficient form, and the third, 103, which is entered at Pro-
gram DISCRETE, produces and plots dlscrete sets of x', y’ pomts for the ellipses and
circles of 1ntersect10n obtained in Segment 102.

Figure 14 is a flowchart of the control for the CROSEC system that allows for the
transfer between segments. Conventional APT processing proceeds until the end of

*101 means Segment 1 of Overlay 1, 102 means Segment 2 of Overlay 1, etc. Use of
“Segment 1” and “101" 1nterchangea.bly should not be confu51ng in this context. Same

comment applies for Segments 2 and 3,

ot

<

AITIresyy
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Subroutine FINI, where a call is made on ISHOPE. K a HOPE plane is found IFILLT is
coded with “101,” otherwise IFILL7 gets a “0.” In any event, PRCNTL is called which
looks at the contents of IFILL7. If the “101” is present Segment 1 is called, but if “0,”
control passes to APT Section II and CROSEC is bypassed.

At the conclusion of Segment 1 an unconditional jump is made to Segment 102 by filling
IFILL7 with 102 and calling PRCNTL. At the conclusion of Segment 2 if the intersection
is not valid, Segment 2 is recycled to look for more cylinders, circles, or spheres. If,
however, the intersection is valid, control (via IFILLY7 and PRCNTL) goes to Segment 3
for discrete point processing.

When the defined symbol table has been fully searched for cylinders, circles, or
spheres, ISHOPE will be reentered if there are more HOPE planes to be processed;
otherwise, IFILLT is filled with 9999 as a key to PRCNTL to continue the APT processing.

The listing of the program elements described below is reproduced in Appendix B in
the order in which they are described.

MAIN Program Units

Changes to Subroutine PRCNTL — The modification to PRCNTL that controls the
segment calls is shown in Fig. 15a. The CROSEC insertion begins after statement 9300.
KFLAGI is temporarily set to 0 and IFILL7 examined for its five possible values, 0, 101,
102, 103, or 9999. These correspond, respectively, to

No CROSEC processing,

Ready for Segment 1,

Ready for Segment 2,

Ready for Segment 3, and

Done with CROSEC processing.

If there is no CROSEC processing to be done, transfer is to statement 9031. Segments

are called via a call to LBSRCH with the parameters 101, 102, and 103. ¥ CROSEC pro-
cessing is completed the normal PRCNTL flow is entered by transfer to statement 9031.

If IFILL7 does not contain any of its allowed values, a trouble message is printed before
reentering the normal procedure.

At statement 9031, just prior to returning to normal PRCNTL operation, the following
flags are set:

IFILLT is set to zero. This controls decisions in PRCNTL.

IFILLS8 is set to zero. This is equivalent to INCHOPE which is used by ISHOPE
to keep track of the current HOPE plane.

IFILLSY is set to zero. This is equivalent to PLOTPLNO and is used by both
ISHOPE and Program CROSEC to identify the defined symbol table’s
location of the current HOPE plane.

KFLAGI is set to 1 to signify the completion of Section I processing.

After statement 9049, just prior to the call to EXIT, a series of final plot termination
calls are given. These are peculiar to NRL’s CDC 3800 plot package. First the paper is
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advanced to a new origin, then the pen is raised and moved to this origin, and the final
printout call is given in the call to STOPPLOTS which is given only once and results in a
termination message to the operator and on the plot itself. Placing these calls in this
location allows for a common termination for Section I and Section III plotting and mini-
mizes special paper tape feed and symbol punching peculiar to the Gerber plot package.
This plot termination is diagrammed in Fig. 15b.

This completes the description of the PRCNTL modifications.

Changes to Subroutine LBSRCH — The three segments of Overlay 1 are listed in the
DATA statement for the NON TP array,

DATA (NON TP = 100, 101, 102, 103, 200, 300, 400, 18 (7777)).

The 101, 102, 103 sequence is inserted between 100 and 200 and the last term changed
from 21 (7777) to 18 (7777). The original form of this DATA statement is-on cards
00240270 and 00240276. These two cards have been removed and replaced by the two
cards numbered 00240271 and 00240272, which contain the revision. This is the only
CROSEC change in LBSRCH.

Changes to Subroutine FINI — The set of variables in COMMON CROSSEC are inserted
into FINI so that they will become a part of Section I common. This insertion takes place
after card #15450680.

Entrance to CROSEC processing is accomplished by removing card #15450970, which
is a statement 30 call to PRCNTL, and inserting two cards containing

30 CALL ISHOPE

and
CALL PRCNTL

on cards numbered 15450971 and 15450972, respectively.

The call to ISHOPE will establish a flag in IFILL7 if a HOPE plane is present. This
flag is tested in PRCNTL and directs the segment calls.

These are all the FINI changes necessitated by CROSEC.

Subroutine ISHOPE — The purpose of this subroutine is to locate a HOPE plane in
the Defined Symbol Table (D.S.T.). Initially it is called from Subroutine FINI, and suc-
ceeding calls are from Program CYLINDER or Program DISCRETE.

ISHOPE incorporates the common from Sectlon 0, Section I, and CROSSEC. The fol-
lowing equivalences are established:

INCHOPE = IFILLS8
PLOTPLNO = IFILLS9.

PLOTPLNO is declared an integer, and the INCAR array is filled with the nine numbered
names of possible HOPE planes, HOPE1 through HOPE9.

The action begins with the execution of a top-of-form to separate the CROSEC output
to follow from earlier APT output.
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When ISHOPE is entered for the first time INCHOPE will be equal to 0, and transfer
is made to statement 110; otherwise, the attention shifts to statement 170,

At statement 110 PLOTS is initialized, the length of the Defined Symbol Table (D.S.T.)
is placed in IDSEND and the I loop is entered.

The first word of a two-word pair is placed into ITRY, and the D.S.T. positional
information is stored in PLOTPLNO.

ITRY is tested. If it contains HOPEN or HOPE, only one HOPE plane is present;
otherwise, HOPEL is tested for at statement 140. If none of these three possibilities is
present the loop is recycled.

If only one HOPE plane is present INCHOPE is set equal to “ONCE?”; but if more than
one HOPE plane is present, as indicated by the presence of HOPE1, then INCHOPE is set
equal to 1. Following the setting of INCHOPE, IFILLY is filled with 101 (to be acted upon
in PRCNTL) and the return is made.

At statement 170 if ISHOPE has previously been entered, then INCHOPE is incre-
mented and the J loop entered. JTRY picks up the first word of a D.S.T. pair and saves
the positional information in PLOTPLNO.

If JTRY is equal to HOPE or HOPEN, then the /ast HOPE plane has been located and
transfer is made to statement 220; otherwise, a test is made to see if JTRY is equal to
the INCHOPE position of the INCAR array, which, if successful, generates a jump to
statement 130. If all three of these tests fail, the loop is recycled.

If the tests in the I loop and the J loop prove unsuccessful, appropriate trouble mes-
sages are printed out, followed by a return. (Since IFILLT7 will be empty, PRCNTL will
discontinue CROSEC processing.)

The ISHOPE flowchart is shown in Fig. 16.

Subroutine MM (XP, YP, ZP, XR, YR, ZR, XMAT9)— This subroutine was described
on p. 42 of the first CROSEC report, NRL Report 7025. In CROSEC (MOD 2.0), because
of the segmenting involved, it has been placed in MAIN along with ISHOPE. MM is called
by programs or subprograms in more than one segment. It is called by Program CROSEC
and Subroutine DLINE in Segment 101, as well as by Program CYLINDER and Subroutine
HOPARCYL in Segment 102. It performs an important duty in converting a point from
the XYZ system to the HOPE plane system.

This subroutine has been passed through TIDY. See Fig. A7 in Ref. 1 for the flowchart.

Segment 101

Changes in Program CROSEC — Program CROSEC was originally described in Ref. 1
(NRL Report 7025) for CROSEC (MOD 1.0). What follows is a description of the changes
that have been made in the program to bring it up to its present form in CROSEC (MOD 2.0).

1. Program CROSEC in CROSEC (MOD 2.0) has been resequenced in its card num-
bering, the statements have been renumbered to be more orderly, and all format state-
ments appear at the end of the listing. (This is done by a utility program called TIDY.)

2. The original listing numbers CRS 2150 through CRS 2500 performed the task of
locating the HOPE plane in the defined symbol table. This job is now performed by
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Subroutine ISHOPE for the multiple HOPE plane capability. When Program CROSEC is
now entered as segment 101, a HOPE plane has already been located. Its constants have
been stored in A, B, C, and D of CROSSEC common. Its table location is in PLOTPLNO,
and the length of the table is in IDSEND. ’

3. There are three places in this program where the defined symbol table is searched
to identify planes. In MOD 1.0 these spots occur in the vicinity of the original listing num-
bers CRS 3190, CRS 6240, and CRS 6570. In MOD 2.0 the operation is expanded to exclude
picking up any of the possible 10 HOPE planes and any plane whose name begins with an
X. These changes are found in the vicinity of the corresponding new sequence numbers
CRS 2820, CRS 5850, and CRS 6220.

4. Four parameters have been added to the call to Subroutine ISITOK. They are
IONCE, KR, IP, and SCALE. In MOD 1.0 this call is at CRS 7170. In MOD 2.0 this call
is at CRS 6910.

5. Three parameters have also been added to the call to Subroutine DLINE. They
are IP, KR, and SCALE. In MOD 1.0 this call occurs twice, at CRS 6140 and CRS 7470.
In MOD 2.0 the calls are at CRS 5750 and CRS 7090.

6. In MOD 2.0, Program CROSEC ends by incrementing IDSEND, filling IFILL7 with

102 and calling PRCNTL. This accomplishes the fetching of Segment 102. CROSECMOD1.0

was not segmented and ended by terminating the plot and returning to FINI from whence it
was called.

7. A few of the comments have been changed to describe MOD 2.0 features. They
are self-identifying.

The purpose of Program CROSEC in its present form is to provide control in Segment
101 while the intersections between the current HOPE plane and all other allowed planes
are processed. The flowchart in Fig. A2 of Ref. 1 is still applicable except for the first
decision block, which should be deleted.

Subroutine TESTHOPE - This subroutine, which creates the HOPE plane coordinate
system, was originally described within the framework of CROSEC (MOD 1.0) on pp. 31
through 36 in NRL Report 7025. For CROSEC (MOD 2.0) the following changes have been
made:

1. The parameters have been eliminated by the addition of CROSSEC common.

2. For the case when the HOPE plane is parallel to the YZ plane the X' axis is now
chosen to be the Y axis and the Y' axis to be the Z axis because of its more natural orien-
tation. The parameters for the FILXMATY call are

0,1.0,0,0, 0,0,1.0,0, 1.0,0,0, D*A, XMAT9.

3. Three new cases have been added in case D is zero, meaning the HOPE plane
passes through the origin. The solution approach is essentially the “intersection” set of
solutions described in NRL Report 7202, in the discussion related to the establishment of
the cylinder’s system. After selecting the X’'-axis direction cosines, in one of three pos-
sible ways, and picking up A, B, C for the Z' axis, the Y’ axis is computed as the vector
cross product of Z' and X'.

4. The error message now begins “FAILED 9 TESTS...” instead of the previous %6.”

A corrected flowchart is given in Fig. 17.
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Subroutine FILXMAT9 (Ul,..., U12 XMAT9)— There are no changes to Subroutine
FILXMATY except that it is passed through the utility program TIDY. See p. 37 in Ref. 1.

Subroutine GENSOL (L, L,, L,, A, B,C, D, XMATY9) — There are no changes, except
that Subroutine GENSOL is passed through TIDY. See pp. 39-41 in Ref. 1.

Function ISITOK, (XR, YR, ZR, XI, YI, Z, RAWXMIN, RAWYMIN,RAWZMIN,RAWXMAX,
RAWYMAX, RAWZMAX, YES, NO, KR, IR, SCALE) — Function ISITOK has been modified.
Only two tests are now made on the point of intersection sent over from CROSEC. (1) Were
its raw (i.e., X, Y, Z) values within the HOXYMIN and HOXYMAX values ?; and (2) Will it
fit within the 10- by 10-in. plotting square? If the tests are passed then the KR array is
loaded. The point is unscaled in this version of the function because of the revised DLINE.

Comparison against previously accepted points has been eliminated to conserve storage .
space.

The remnants of the revised function have been passed through TIDY.
The updated flowchart is shown in Fig. 18.

Subroutine DLINE (NAME]I, IP, KR, SCALE) — The changes in DLINE, sir{ce it was
first described in NRL Report 7025, p. 48, are

1. The subroutine has been passed through TIDY.
2. COMMON/4/ has been eliminated in favor of an increased number of parameters.
3. The ordering is now done on unscaled x’' and y’ values.

4. The form of the test statements on DELX and DELY has been changed. (Old state-
ments were 110 and 120; now they occur just prior to and at statement 160.)

5. Extra check for no solution in vicinity of old statement 133; now at statement 220.
6. Some changes in the comments.

7. A local scaling function has been added and is now called just before the plotting
action.

Since the changes are of a minor nature, though important, the flowchart has not been
redrawn. Refer to Fig. A9 in Ref. 1.

Segment 102

Program CYLINDER - This program represents an extension of the concepts devel-
oped in Ref. 1 for searching the defined symbol table for a canonical form of a given type.
Here it is the canonical forms for cylinders and spheres that are being sought. The pro-
gram is called from PRCNTL as Segment 2 of Overlay I. It has been preceded by the
identification of a HOPE plane and the determination of its constants and conversion
matrix XMAT9. This information is stored in the labeled common CROSSEC. The flow-
chart for Program CYLINDER is given in Fig. 19.

TL is set to 5 and represents the tool length, the height of the finite cylinder. (If not
directly applicable in Section I, at least consider its introduction as preparation for Sec-
tion III application, or temporary until cylinders have a defined length.)
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The current value for the index I is obtained from ILOOP and a two-word pair is
obtained from the canonical table in the JTABL array.

If between statement 30 and 50 ISAM is found to be equal to 4 then a circle has iden-
tified, similarly a 5 identifies a cylinder, and a 13 a sphere. The circle/cylinder develop-
ment continues at statement 60, while the sphere treatment takes up at statement 100.

The circle/cylinder name is stored in NAMECYL and its constants are stored as
follows:

(X., Y, Z_) for the point’s coordinates
(u,, U, U,) for the vector’s direction cosines,
R for the radius.

These constants are checked by Function S32T048 for the special case of -1 while being
fetched from the DEFSTO array. The axis vector is tested for authenticity. The sum of
the squares of its components must be less than 0.0001 away from unity before the vector
will be accepted for further processing. If the vector does not pass this test, there is an
identifying printout of the circle/cylinder’s name and its constants. A jump is made to
the end of the loop at statement 230.

If the axis vector is acceptable then Subroutine TESTCYL is called for cylinder orien-
tation analysis and direction cosine definition.

IANSWER is quizzed upon return from TESTCYL to determine if a local coordinate
system for the cylinder has been established. If so, the processing continues at state-
ment 160. Otherwise, a jump is made to statement 230.

The sphere treatment commences at statement 100. First its name is saved and its
center and radius are fetched. Then the distance DS from the center to the HOPE plane
is computed.

If DS is less than the radius of the sphere, then a legitimate circle of intersection is
present. A jump is made to statement 150 where a standard set of direction cosines of
the sphere’s coordinate system is assigned via a call to FDCOSCYL. Then the flag WHICH
is set equal to the word “sphere” and the information about the sphere is printed out.
Processing continues for this case at statement 160.

If DS is equal to the radius of the sphere then the plot is a tarigent point. If this is
the case the point is computed and plotted as a triangular symbol, and a jump made to
statement 230.

If DS is greater than the radius of the sphere, then no circle of intersection exists
for the current HOPE plane and sphere. A message to this effect is printed and a jump
made to statement 230.

Processing for all three situations (circle, cylinder, or sphere) continues at state-
ment 160 by calling on Subroutine ALGORA, which computes the coefficients needed to
express the cylinder/sphere in X, Y, Z coordinates. The flag WHICH directs ALGORA
to the right set of equations for this computation.

Then a call is made to ALGORB, where a simultaneous solution of the HOPE plane
equation and the cylinder/sphere equation is performed resulting in the curve of inter-
section in the X, Y, Z system. A call to ALGORC converts the curve of intersection into
coefficients in the HOPE plane coordinate system.
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After zeroing the variables involved, a call is made on Subroutine ALGORD which
analyzes the curve of intersection.

Upon return from ALGORD the result of the curve analysis is contained in the vari-
ables CX, CY, MAJOR, MINOR, RADIUS, PH1, and IOKTEST, which are the center location,

semimajor and semiminor axes, circle radius, angle of axis rotation, and a flag, respectively.

Storage limitations require loading a new segment by setting IFILL7 to 103 and calling
PRCNTL. At statement 230, the ILOOP counter is incremented and compared with IDSEND,
the length of the DST table. If the table has not been completely searched a return is made
to statement 10. Otherwise, IONCE is examined to see if only one HOPE plane is present.
If such is the case IFILLT is set to 9999, the plot terminated, and PRCNTL called.

If another HOPE plane is present the plot is terminated, ILOOP is zeroed, ISHOPE is
called, and the process terminated by a PRCNTL call.

Subroutine TESTCYL (XC, YC, ZC, UX, UY, UZ, R, DCOSCYL, IANSWER) — This
subroutine is called from Program CYLINDER. The parameters are
XC, YC, ZC - a cylinder’s defined point,
UX, UY, UZ - its axis vector’s components,
R - its radius
DCOSCYL - direction cosine array (base address)
IANSWER - a Yes or No flag.

The purpose is to establish a local coordinate system for a cylinder by considering
twelve possible solutions. The first six of these are “standard” solutions. If the cylin-
der’s axis vector U is parallel to +X, -X, +Y, -Y, +Z, or -Z, then a predetermined set of
direction cosines is assigned to DCOSCYL viaa call to FDCOSCYL Statements 110, 120,

130, 140, 150, and 160 are the IF statement comparisons with these six directions, and
statements 170, 180, 190, 200, 210, and 220 are the corresponding calls on FDCOSCYL.

IANSWER returns a ze'ro if a solution has been found.

If a standard solution is not applicable, then three possible intersection solutions are
considered. These are entered by asking the questions:

Is the point at the origin or along the X axis at the same time that the vector is not
parallel to the Y axis? If so, then do the X projection solution.

If not, is the point along the Y axis at the same time that the vector is nor parallel to
the Z axis? If so, then do the Y projection solution.

If not, is the point along the Z axis at the same time that the vector is not parallel
to the X axis? If so, then do the Z projection solution.

Finally, three possible intercept solutions are considered which are entered by asking
the questions:

Is the point off the X axis, and is the vector not parallel to the X axis. If so, do the
X intercept solution.

Otherwise, is the point off the Y axis, and is the vector not parallel to the Y axis?
If so, do the Y intercept solution.

1
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Otherwise, is the point off the Z axis, and is the vector not parallel to the Z axis?
If so, do the Z intercept solution.

If no solution has been found then the message, “NO LOCAL COORDINATE SYSTEM
FOUND,” is printed, IANSWER is set to 1, and a return is made.

A11_>intersection and intercept solutions initially compute a set of direction cosines

for the X axis using their particular criteria and formula, after which they all transfer
to statement 360 for their conclusion.
s
At statem{e_gt 360 the direction cosines for the Z axis are equated to those of tlLe U
vecto_»r and the Y axis’s direction cosines are computed using the cross product of 7

and X.

'_I‘»h_e _»su_lgoutine concludes by inserting the computed direction cosines for the three

axes X, Y, Z into the DCOSCYL array by calling FDCOSCYL, setting IANSWER to 0, and
returning.

Figure 20 diagrams Subroutine TESTCYL.

Function S32T048 (AR) — The purpose of this function is to correct a deficiency in
the CDC implementation of the APT system.

It has been found that a -1 parameter ifi an APT cylinder definition is not identifiaple
in a Fortran IF statement. The -1 after processing, gets stored as 577637T7777777774 in
octal which is -1.00000000008731 instead of 5776377777777777 in octal which is exactly
-1.00000000000000.

To correct this problem the following question is asked. Is the argument equal to
“57T63TTTTTT71714,” or is the absolute value of the argument plus 1, less than 0.00001°?
If so, then the fixed-pointed argument IC is “refloated,” before returning the function
argument, to drop the unwanted decimal portion; otherwise, the argument is merely
returned. In this way the specific example and a general condition are both considered.

The name of the function stands for “Stretching from 32 bits to 48 bits.” This diffi-
culty is possibly related to an earlier version of APT with a smaller word size, if not
32 bits perhaps 36.

This function, then, is designed to improve the handling of -1 in the computer and is
called from Program CYLINDER as the canonical values for the cylinder and the sphere
are picked up. The function is also called from Subroutine ALGORA. The flowchart for
this function is Fig. 21.

Subroutine FDCOSCYL (U1, U2, U3, U4, U5, U6, U7, U8, U9, DCOSCYL) — The purpose
of this subroutine is to fill in the DCOSCYL array. There are 10 parameters, of which
the first nine are direction cosines (three sets of three each), and the tenth is the array
name DCOSCYL which is an acronym for “direction cosines cylinder.” FDCOSCYL is an
acronym for “Fill DCOSCYL.” The call for this subroutine is made from Subroutine
TESTCYL. Figure 22 diagrams this subroutine.

Subroutine ALGORA (WHICH) — This subroutine is called from Program CYLINDER.
Its purpose is to compute the coefficients of the second-degree equation that defines either
a cylinder or a sphere in the X, Y, Z coordinate system. The coefficients are computed
as a part of the conversion from a local coordinate system to the X, Y, Z system.
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Fig. 21 - Function S32T048
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The variables from CROSSEC common pertinent to this subroutine are
The point (X, Y_, Z,),
The radius r,
DCOSCYL, the direction cosines of the cylinder/sphere, and

AITITCCYTIIND

CXY7Z, the array of computed coefficients.

The parameter WHICH contains a Hollerith code word, either “CYLINDER” or
“SPHERE.”

NRL Report 7202 derives the equations used in this subroutine.

The direction cosines are stretched by Function S32T0O48in the replacement from
DCOSCYL to the “T” notation with subscripts.

Three constants K1, K2 , K3 are defined.

A branching is made on the value of WHICH. Statement 10 commences the computation
of the cylinder coefficients, and statement 20 for those of the sphere. (It is easily noticed
that the equations for the sphere involve one more term than those for the cylinder. This
is related to the fact that the sphere needs one more dimension explicitly defined in its
local coordinate system equation.)

The subroutine closes by storing the coefficients into the CXYZ array.
Figure 23 describes this subroutine.

Subroutine ALGORB — This subroutine is called from Program CYLINDER. Its
purpose is to combine coefficients from the HOPE plane equation with the coefficients of
the cylinder/sphere created in ALGORA. The coefficients resulting from this combination
define the curve of intersection in the XYZ system.

The variables from CROSSEC common pertinent to this subroutine are

The CXYZ array with the cylinder/sphere coefficients,
The HOPE plane constants A, B, C, D, and

The EXYZ array for storing the intersection’s coefficients.
In essence those four replacements take place
A
Agehis +5

B
Ay <Ay, + 35

C
Agi<Ay, + 3
and
Ayy< Ay, - D,
for the single power coefficients in X, Y, Z and the constant term, respectively.

Coefficients are transferred between the arrays, even if no changes are necessary,
for bookkeeping convenience.

Figure 24 corresponds to this subroutine.
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Subroutine ALGORC — This subroutine is called from Program CYLINDER. Its —
purpose is to convert a curve of intersection from XYZ coordinates into HOPE coordi- o
nates. The curve of intersection results from the cutting of a cylinder or a spherical =

surface by the HOPE plane.

The elements of CROSSEC common that are pertinent to this subroutine are
EXYZ, the XYZ system coefficient array which was filled in ALGORB;
XMAT9Y, the direction cosine array for the HOPE coordinate system;
A, B, C, D, the HOPE plane constants; and
EH, the HOPE system coefficient array that is filled by this subroutine.

The programming commences with the direction cosines from the XMAT9 array
replaced into an H-prefix series of two-digit subscripts (11, 21, 31, 12, 22, 32, 13, 23, 33).
Similarly, the EXYZ array coefficients are replaced into an A-prefix series of two-digit
subscripts (11, 12, 13, 14, 21, 22, 23, 24, 31, 32, 33, 34, 41, 42, 43, 44).

The HOPE plane origin is defined in the X,Y, Z system as (X, Yy, Z,) = (DxA, DxB,
DxC).

Then the computation of the HOPE system coefficients takes place using the series
of equations developed in NRL Report 7202. These coefficients are identified by the prefix
P and the 16 sets of coefficients identical to those of the A series already given. The
equations involve differing combinations of the H series, A series, and origin terms.

The subroutine concludes by storing the P series of coefficients into the EH array.
A flowchart of this subroutine is shown in Fig. 25.

Subroutine ALGORD (JSUBER, NAMECYL) — This subroutine is called from Pro-
gram CYLINDER, and its purpose is to analyze the curve of intersection as it is expressed
in HOPE coordinates. The input consists of the EH array (filled in ALGORC) in the
CROSSEC common. Output variables are described below. (The input parameter JSUBER
is an APT error indicator used by Subroutine QUAD that solves quadratic equations and is
found in Section I common.)

The first phase of the subroutine identifies nine elements of the EH array in an “E”
prefix series with a two-digit subscript (11, 12, 13, 21, 22, 23, 31, 32, 33). This accom-
plishes the elimination of all Z' terms, since the curve of intersection is to be treated in
two variables only, X’ and Y'.

Next, the three invariants for a plane, second-order curve are computed using the E
series of coefficients. The invariants are used to determine if a degenerate curve is
present, and if not, whether the curve is a circle or an ellipse.

The coordinates for the center of the curve are computed and stored in the variables
CX, CY.

A quadratic solution is made of the curve’s characteristic equation obtaining the two
Lambda roots, L1 and L2, (L1 > L2). If these roots are equal a circle exists, and a jump
is made to statement 340. Otherwise an ellipse is present and the flow is at statement
120.

For a circle the radius is computed.
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For an ellipse the semimajor and semiminor axes are computed and stored in MAJOR
and MINOR, respectively. The angle of rotation PH1 between the HOPE X' axis and the
ellipse’s major axis is also computed.

The concluding portion of the subroutine deals with the setting of certain flags. If a
successful solution for either a circle or ellipse has been obtained, IOKTEST is set to 0.
If there has been a failure, IOKTEST is set to 1. To return the information that a circle
has not been obtained, RADIUS is set equal to 99999. To return the information that an
ellipse has not been obtained, MAJOR is set equal to 99999.

A flow diagram of the subroutine is shown in Fig. 26.

Subroutine HOPARCYL (LINE, HO, TL, AP, SCALE, A, B, C, D, XMATY, XC,YC,
ZC, UX, UY, UZ, R, NAMECYL) — This subroutine is called from ALGORD if the HOPE
plane is parallel to the axis of the cylinder. If the HOPE plane intersects the cylinder
while parallel, this subroutine will plot either a single line or a rectangle, depending on
the circumstances, to represent a finite length cylinder.

The parameters are

LINE returns a success or failure message;
HO, intersection coefficient array;

TL, length of cylinder;

AP, the invariant which when equal to zero indicates a single line solution and
when less than zero a pair of parallel lines;

SCALE, the plotting scale computed in Program CROSEC;

A, B, C, D, the HOPE plane constants;

XMAT9, the HOPE plane coordinate system array;

XC, YC, ZC, UX, UY, UZ, R, the cylinder point and axis vector, and radius, and
NAMECYL, the name of the cylinder for output.

The action begins by printing the name of the cylinder as the first part of the output
message, the rest of which is printed later on in the program.

The intersection coefficients are picked up with an A series of subscripts (11, 12, 13,
21, 22, 23, 31, 32, 33), and the DD distance from the cylinder’s center point to the HOPE
plane is computed. I the absolute value of DD is greater than the cylinder’s radius, a
“NOLINE” message is given to “LINE,” followed by a return. Otherwise the projection
of the cylinder’s axis, “TL units long” onto the HOPE plane is computed in terms of the
HI and LO points in HOPE coordinates.

A major branching occurs when AP is tested. If AP is less than zero, the special
parallel lines solution commences at statement 110; otherwise, the special single line
solution proceeds at statement 190 (provided AP is zero). If AP is neither less than zero
or equal to zero, a skewed line(s) solution possibility is examined starting at statement
310.

The special parallel lines solutions considered beginning at statement 110 are those
parallel to the X' axis or the Y’ axis symmetrical about either the origin or some other
point. (See NRL Report 7202, for equation detail.) All of the possibilities are considered
in statements 120, 150, 160, and 180. Subsequent to statements 130, 140, 170, and 180,
there are four possible calls to ENDRAW to plot the properly scaled, TL-in.-long rec-
tangle, followed by a conclusion to the output message which gives the line coordinates
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and an unconditional jump statement 300, where “LINE” is given “YESLINE” and the return
is made. This is the common exit for all successes.

The special single line solutions considered commencing at statement 190 are single
horizontal or vertical lines passing through either the X'Y’ origin or some other point.
All of the possible conditions are examined in statements 200, 210, 230, 250, 260, and 280.
There are four possible calls to DRAW at statements 220, 240, 270, and 290, where a sin-
gle line is drawn followed by the conclusion described above.

Commencing at statement 310 the skewed line possibilities are considered. If a sin-
gle line is present, it is plotted between the “1.O” and “HI” points via a call to DRAW at
statement 320. I a skewed, parallel set is present, the slopes and intercepts for the
rectangle are computed and plotted. The skewed solutions conclude in the manner de-
scribed above.

The simplified flowchart is given in Fig. 27.

Subroutine DRAW — This subroutine is called from Subroutine HOPARCYL and has
two x’, y' points as parameters which are so oriented as to be either horizontal or ver-
tical with respect to the X', Y' system. I entry is made through DRAW a single line is
plotted, whereas if entry is made through ENDDRAW a rectangle is plotted. The flowchart
is given in Fig. 28.

Segment 103

Program DISCRETE — The cylinder/sphere treatment continues in Segment 3 of
Overlay 1. The variables filled in ALGORD are examined. H an improper curve of
intersection is present IOKTEST will be 1; otherwise, 0. If a curve is present then it is
necessary to distinguish between a circle and an ellipse. If the curve is a circle then
MAJOR will be equal to 99999. If the curve is an ellipse then RADIUS will be equal to
99999. If these tests fail an error message is printed and transfer made to statement 140.

If a circle is present its points are calculated by calling on Subroutine POINTSC, fol-
lowed by a translation correction.

If an ellipse is present its points are calculated by calling on Subroutine POINTSE,
followed by a translation-rotation correction.

In either case the set of points is stored in the XS, YS arrays with ISET specifying
the number of points.

The circle line of flow transfers to statement 130 where the points are plotted. The
line of flow for the ellipse is more involved. The end points of the major axis are com-
puted in the cylinder coordinate system and used in a series of tests. The heights above
the base plane are D1Z and D2Z.

First it is determined which end of the major axis is lower, the positive end or the
negative end. This information is stored in IWHIPART and used as a parameter in the
ELBOUNDS calls made further on.

Next the extent of truncation is determined. If the ellipse lies totally within or
totally without the finite cylinder, then no truncation is performed;

., {(D12<0AD2Z<0)V
(D1Z=TLAD2Z2>TL)V
(D1Z>0AD1Z<TLAD2Z>0AD2Z<TL)}
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Only bottom base plane truncation is needed if the following set of conditions is true:

{(D12<0AD2Z>0AD2Z<TL)V
(D2Z<0AD1Z>0AD1Z<TL)}.

Only top base plane truncation is needed if the following set of conditions is true:

{(D22>TLAD1Z>0AD1Z<TL)V
(D1Z>TLAD2Z>0AD2Z<TL)} .

Truncation by both planes is needed if the following set of conditions is frue:

{(D1Z<0AD2Z>TL)V(D1Z>TLAD2Z<0)} .

NOTE - The finite cylinder is positive TL units long. Above the bottom base
plane is its positive direction, below is negative with respect to the cylinder’s
7 axis. For an end point to be “in” the cylinder, its end distance (D1Z or D2Z)
must be positive and less than or equal to TL.

Truncation of the ellipse is accomplished by making appropriate calls to ELBOUNDS.
For a bottom base plane truncation JE is coded 0, and (X., Y., Z.) are sent over, while
for a top base plane truncation JE is coded 1 and (X,, Y,,, Z,,) are sent over. Addi-
tional parameters are JSUBER (an APT trouble flag for the subroutine that solves a qua-
dratic equation), and IWHIPART. JE returns with a YES or NO answer regarding the
success or failure of the truncation.

If JE is NO the plotting is bypassed and transfer made to statement 140.
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The discrete set of points defining the curve of intersection is plotted by calling
Subroutine PLOTSET, followed by a jump to statement 140.

At statement 140 the ILOOP value is incremented and compared with IDSEND. If
ILOOP < IDSEND the canonical table has not been completely searched for cylinders/
spheres, so Segment 2 of Overlay 1 is reloaded by setting IFILL7 to 102 and calling
PRCNTL.

If ILOOP = IDSEND, then the table search with the present HOPE plane has finished.
If only one HOPE plane is defined, INCHOPE will contain the word “ONCE” so further
Section I processing is terminated by setting IFILL7 to 9999, terminating the plot and
calling PRCNTL. Otherwise, ISHOPE is called to find the next HOPE plane, the plot
zeroed and Program DISCRETE terminated with a call to PRCNTL.

Program DISCRETE’s flowchart is Fig. 29.

Subroutine POINTSE — This subroutine is called from Program DISCRETE if the
curve of intersection is an ellipse. Its purpose is to compute the X', Y' coordinates for
a set of points to be used in plotting the ellipse.

The CROSSEC common information used is

MAJOR, the length of the semimajor axis;
MINOR, the length of the semiminor axis; and
ISET, the number of points desired (set to 400).
Specifically, this subroutine computes a subset of points (called a “feeder set”) of

values for the first quadrant, stores them in the X and Y arrays, and then calls on Sub-
routine EXPAND to fill in the XS and YS arrays with the full set of points.

If ISET points are wanted, the feeder set will consist of M points where M = (ISET -
4)/4, and the radian increment DTH, expressed in radians, is

/2
DTH =1 -

The eccentricity EC of the ellipse is computed as

EC = /1 - (MINOR)?
(MAJOR)?

Computations for the feeder set assume the ellipse is centered at (0, 0) and that the
first point is at (0, MINOR) and the last point at (MAJOR, 0).

The loop that computes the feeder set decrements DTH from TH which has an initial
value of ({(»/2) + DTH) radians and compute X', Y' values from the equations,

X' = RA cos (TH)
Y' = RA sin (TH),

RA = 1/ MINOR? _
1 - (EC)? cos (TH)

(See Fig. 3b in NRL Report 7202.)

where
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The feeder set is expanded into a full ISET point description of the ellipse by calling
on Subroutine EXPAND with M as a parameter.

The flowchart for the subroutine is Fig. 30.

Subroutine POINTSC — This subroutine is called from Program DISCRETE. Iis
purpose is to compute a set of points to be used to plot a circle. Input information, con-
tained in CROSSEC common, is

RADIUS, the radius of the circle, and
ISET, the number of points desired (set to 200).

Specifically, this subroutine computes a subset (called a “feeder set”) of values for the
first quadrant and stores them in the X and Y arrays, and then in turn calls on Subroutine
EXPAND to fill in the XS and YS arrays with the full set of points.

If ISET points are wanted, the feeder set will consist of M points where M = (ISET -
4)/4, and the radian increment DTH, expressed in radians, is

_m/2
DTH -—'—(M 1)

The feeder set assumes that the circle is centered at (0, 0) and that the first point is
at (0, R) and its last point at (R, 0), where R = RADIUS. The loop that computes the feeder

z

GITITELYIOND
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Fig, 31 - Subroutine POINTSC
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set decrements DTH from TH which has an initial value of »/2 radians, and computes the
x', y' values of the points from the equations

x' = R cos(TH)

and
y' = R sin(TH).

(See Fig. 3a in NRL Report '7202.)

EXPAND is called with parameter “M” to fill up the remaining three quadrants of
points.

The flowchart for the subroutine is Fig. 31.

Subroutine EXPAND (M) — The purpose of the subroutine is to take the basic 90° set
of points (the feeder set) contained in the X and Y arrays, and create a full 360° set of
ISET points stored in the XS, YS arrays.

This subroutine is called either from Subroutine POINTSC or Subroutine POINTSE
where the feeder set is filled. The parameter M = (ISET - 4)/4.
Pertinent elements from CROSSEC common are
The X and Y arrays containing feeder set,
The (CX, CY) HOPE coordinates for the center of the curve, and
The XS, YS arrays for the output set of points.
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Table 3
The Elements in the Four DO Loops Which Fill
the XS, YS Arrays Using the X,Y Feeder Set

LOOP Sign Following | X,Y Array “N” Modifier
Quadrant e
Lower | Upper Initial Value
Number |y imit | Limit | X | CY | (equivalent) | IRCTement
1 1 M+ 2 + + 0 0
2 M+3 |2M +3 + - 2
3 2M +4 (3M + 4 - - 2M + 2 2
4 3M +5({4M + 4 - + 2M + 4 2

The subroutine consists of four DO Loops, one for each quadrant of the curve. Each
time around each loop an XS value and a YS value are loaded. For the location of the cen-
ter (0, 0) is used, and the feeder set provides the amount of offset needed for the point.
The offset is some times additive and sometimes subtractive with respect to the center,
depending on the quadrant.

Table 3 summarizes the information from which the loops are built. For each of the
four quadrants, the following information is given in the table:

1. The upper and lower limits for the loop index J. J is the first term in the
subscript expression for the X,Y arrays.

2. The arithmetic sign used in the arithmetic statements for XS(J) and YS(J).

3. The initial value for N, the subscript modifier which is subtracted from J to
correctly identify which feeder set value is needed.

4. The increment applied to N each time around the loop.
The flow chart for this subroutine is Fig. 32.

Subroutine PLOTSET -— The purpose of this subroutine is to plot the set of points in
the XS, YS arrays which define the curve of intersection between the HOPE plane and a
cylinder/sphere. (If an ellipse of intersection is bounded by a finite length cylinder then
the XS, YS array contains a truncated set of points.)

In addition to the XS, YS array the subroutine uses SCALE from CROSSEC common.
Each coordinate from XS, YS is multiplied by SCALE and then increased by 5 to obtain a
plotting coordinate.

If the first point is outside the allowable limits a message with its X, Y values is
printed and an immediate return is made. If not, the first point values are saved and the
pen moved to and lowered at the first point. Then a loop is entered which tours the pen
to all the points in the XS, YS arrays. Exiting the loop causes the pen, still lowered, to
be moved from the last point of the array to the first point to assure that the curve is
closed. The pen is then raised and the subroutine is finished. Within the loop, if the
plotting values in either X or Y are less than O or greater than 10.0 the pen is raised at
that point. (The cylinder/circle intersection is not subjected to the HOXYMIN and
HOXYMAX limits in CROSEC MOD 2.0.)

The flowchart for the subroutine is given in Fig. 33.

TINR
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Subroutine ELBOUNDS (F1, F2,F3, JSUBER, JE, IWHIPART) — This subroutine is
called from Program DISCRETE. Its purpose is to compute the coordinates of the clip line,
and having done that to call in CLIP to perform the clipping. The clip line is computed by
getting the line of intersection between a base plane and the HOPE plane; and then bounded
by intersecting this line with the ellipse to get two points (X,, Y,) and (X,, Y,). With end
planes that are perpendicular to the cylinder’s axis it follows that the clip line is parallel
to the minor axis of the ellipse.

The parameters are
F,, F,, F3, an end plane axis point;
JSUBER, an error detection flag for QUAD,

JE, enters with end plane identification (1 is top, 0 is bottom) and returns with a
YES or NO message regarding successful clipping, and

IWHIPART, major axis orientation information needed by CLIP.

The action commences by placing the end plane code into IPLANE, computing the
HOPE origin and picking up the ellipse coefficients with an E series of subscripts (11,
12,13, 21, 22, 23, 31, 32, 33). The coefficients of the line of intersection, P, Q, R, S, are
computed by subtraction and then converted to the HOPE coordinate system.

Next it is necessary to compute the two clip points, the intersections of the truncation
line with the ellipse. The question is asked, “Is the truncation line horizontal?” If so, at
statement 110 the two clip point Y’ values are identical and equal to the constant term S
divided by the Y coefficient Q and a quadratic solution for the X' values of the clip points
is performed. Otherwise, at statement 140 the line of intersection is expressed in terms
of its slope SL with respect to the X' axis and the intersection EW on the Y’ axis; a qua-
dratic solution for the Y' clip point values is performed, followed by a computation of the
X' values from the line equation.
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If either quadratic solution is improper, an exit is made with JE set to “NO.” I the
truncation line is merely tangent to the ellipse, then the two clip points are identical and
an exit is made at statement 210 with JE set to “YES,” signifying plotting is to continue
without truncation.

If the two clip points are not equal then Subroutine CLIP is called at statement 200
followed by a return. ELBOUNDS’ flowchart is shown in Fig. 34.

Subroutine CLIP (X,, Y,, X,, Y,, IPLANE, JE,IWHCPART)— The purpose of this
subroutine is to create a changed set of discrete points for the ellipse. This change takes
into account the presence of the bounding line called the “clip” line. The parameters
(X;, Y,), (X,, Y,) define the clip line. IPLANE defines which of two end planes is being
treated, JE returns a YES or NO message, and IWHCPART describes the orientation of
the major axis. Pertinent variables from CROSSEC common that are used in this sub-
routine are the (XS, YS) arrays for the points of the ellipse and ISET, the number of
points. Two local arrays (XSS, YSS) are used for temporary storage of a subset of points.
This subroutine is called from Subroutine ELBOUNDS.

The (XS, YS) arrays and the clip line points (X,, Y;), (X,, Y,) are center oriented,
and then the subroutine accomplishes an ordering between the clip points such that (X,,
Y;) will always be the most positive point with respect to both the X' and Y"axes. If it
is necessary to reverse the points a call is made to Subroutine REVERSE.

Next the flag ISW is set according to the sign*of X, and X, , the INHCPART message,
and the plane coded in IPLANE. Table 4 lists the choices. This flag controls the transfer
or nontransfer of points from the set to the subset. If ISW is 1 the transfer is to take
place. The processing is terminated if ISW cannot be set with JE returning a NO.

Table 4
Conditions for Setting the Flag ISW

Clip Line Positive | Clip Line Negative
Position of Major Axis Top | Bottom Top | Bottom
Plane | Plane Plane | Plane
Negative end down 1 0 0 1
(IWHCPART contains NEGDOWN)
Positive end down 0 1 1 0
(IWHCPART contains POSDOWN)

NOTE: For the initial ISW setting, the condition of three variables must be
considered. Is the clip line positive or negative with respect to x'? Is the
major axis X' directed toward or away from the base plane? Which end plane
is being considered, top or bottom ?

If the clip line is positive, processing continues after the setting of ISW at statement
310; otherwise, with a negative clip line, the flow goes to statement 510.
At statement 310 the DO 400 loop is entered. In this loop the relative position of the

first clip point (X, Y,) within the (XS, YS) set is initially searched for since the clip line
is positive or coincident with the Y’ axis. (The clip line points lie on the ellipse but are

*The signs must be identical,
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not explicitly in the XS, YS set. The first XS, YS point in the origin centered condition
begins at (0, b) where b is the semimajor axis.) After each conditional comparison for
the relative position determination, an XS, YS point is passed to the subset if ISW is 1;
otherwise, no point is passed and the index is incremented.

When the first point is found relative to the XS, YS set it is transferred to the subset.
Then since a transition point has been reached, ISW is changed and X, is flagged with 99.99.

The search for the relative position of the second point (X,, Y,) commences. When it
is found a test is necessary to determine if the process is complete or if the remainder of
the XS, YS set must be passed to the subset.

At statement 510 a similar loop (DO 600) is entered, only this time the second point’s
relative position is searched for first because the clip line is negative.

Control, after both loops, reverts to statement 610. The first point from XS, YS is
put on the end of the subset to complete the loop. Then the (XS, YS) arrays are zeroed,
the (XSS, YSS) subset is passed to (XS, YS), the count ISET is reset by ISUBSET, and JE
set to YES. Just prior to the return the original rotation and offset is put back into the
discrete set if necessary. (If the rotation was zero, no translation was performed at the
start of the subroutine.)

The flowchart is shown in Fig. 35.
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Subroutine CONVERT (P, Q,RR, XX, YY, ZZ) — This subroutine performs one of

two possible conversions between three coordinate systems, depending on how it is entered.

If entered at its start it will convert the point (P, Q, RR) in the HOPE plane’s coordinate
system into the point (XX, YY, ZZ) in the XYZ system. But if entrance is made through
the entry point CONVERT?2, the point (XX, YY, ZZ) in the XYZ system is converted into
the point (P, Q, RR) in the cylinder’s coordinate system. This subroutine is called from
Program DISCRETE.

Pertinent elements from CROSSEC common used in this subroutine are
A, B, C, D, the HOPE plane constants,

XMATSY, the HOPE plane’s coordinate system’s direction cosine matrix that was
filled in TESTHOPE and FILXMAT9.

XC, YC, ZC, the cylinder’s axis point, and

DCOSCYL, the cylinder system’s direction cosine that was filled in TESTCYL
and DFCOSCYL.

The conversions performed by this subroutine can be expressed in matrix form as
follows:

b

Convert

[ XMATO(1) XMAT9(2) XMAT(3)

- XMATO(4) XMATO(5) XMATO(6)

[xx, v, 22]<[P, QQ, R, 1] XMATO(T) XMATO(8) XMATY(9)
D x A D+B  DxC

Convert2

DCOSCYL(1) DCOSCYL(4) DCOSCYL(7)
[P, Q, RR]<=[(XX-XC), (Y¥-YC), (2Z-ZC)| | DCOSCYL(2) DCOSCYL(5) DCOSCYL(8)
DCOSCYL(3) DCOSCYL(6) DCOSCYL(9)

Subroutine CONVERT is charted in Fig. 36.

Subroutine REVERSE (M,, N,,M,,N,) — This subroutine is called from Subroutine
CLIP and reverses the coordinates of two points. The two-dimensional point (M;, N, )
swaps values with the two-dimensional point (M,, N,); i.e., the values originally held by
(M;, N,) are given to (M,, N,) and the values originally held by (M,, N,) are given to
(Ml ’ Nl )

The flowchart for REVERSE is given in Fig. 37.
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This appendix contains the complete Fortran IV listing of the programming elements
in CROSEC (MOD 2.0) in the order in which they are discussed and flowcharted in the text.
The list below gives the beginning and ending sequence numbers for PRCNTL, LBSRCH,
and FINI and the three-letter prefixes used for the remaining programs, functions, and
subprograms. Use these keys in a page-thumbing search for a particular listing.

PRCNTL
LBSRCH
FINI

ISHOPE
MM
CROSEC
TESTHOPE
FILXMATSY
GENSOL
ISITOK
DLINE
CYLINDER
TESTCYL
S32T048
FDCOSCYL
ALGORA
ALGORB
ALGORC
ALGORD
HOPARCYL
DRAW
DISCRETE
POINTSE
POINTSC
EXPAND
PLOTSET
ELBOUNDS
CLIP
CONVERT
REVERSE

LISTING OF CROSEC (MOD 2.0)

00230000 through 00231260
00240000 through 00240880
15450000 through 15451000

prefix

ISH
MM
CRS
TEH
FXM
GEN
IOK
DLN
CYL
TCY
STR
FCY
ALA
ALB
ALC
ALD
HOP
DRW
DIS
POE
POC
EXP
PLS
ELB
CLP
CON
REV

Appendix A
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SUBROUTINE PRONTL
COMMON /TIMEYEST/ KSETIMEL, KSETIME2, KSFTIMF, KSETADR
COMMON /TAPETABL/ NTAPEX(10) '
c
Core COMMON AREA FOR CDC APY 3 SECTIGON 0
t
Cutenny 22132 ey LI X X R sRsEER
COMMON /SYSTEMZ/ SYSTEM({4),KAPTEN:  KAPTTR.  KAPT!G@.
A KaPtin, KFLAGS(10),K0, K1 K2, K3,
B Ké, K5 K6, K7y K8' K9,
¢ IFILLY, IFILL2, IFILL3, tFILL4, B ‘
D KFLAGD,  KFLAGL,  KFLAG2, KFLAGS,  KFLAR4,
E IFILLS, IWAVEN, 1PTNLY, NOPBST, !F!Lts, KAUTOP,
F 1cLPR?,  INDEXX,  IPLOTR, IFILL?, N@PLOT, KDYNFG,
<] LeCJPT,  LBCBEG,  KSECIN, NCLREC,  LOEMAC,  KPOCKEY,
H IPiLLe, IFiLLY, IFILL10, {POSTP(1),NUMPST, IPBSTFL(18),
1 TAPETB(1),CANTAP,  CLTAPE, POCTAP, PLATAP,  SRFYAPR,
J L18tAP, CRDTAP,  IFILL11, CORTAP,  YAPES1, NUCLTP,
K CLCNVTAP, TAPES4,  FBRTIN, INTAPE, 10UTAP,  PUNTAP,
L LSTFLA,  NUNITS,  KBNVTCL, KINTRyPTY,
M PI, P1O2, DGTRD, RDTDA, ONE,
N EXTRANC20) ,
EQUIVALENCE (PROTAP, TAPETYB)
Crsnans [ XX 22X L XX XYY wEEUB S svsue s
c
EQUIVALENCE ( INCHOPE, IF]LL8)
EQUIVALENCE (KBM,SYSTEM)
TYPE INYEGER POCYAP
DIMENSION KOM{1)
KSECIN = 0
Core FREE THE TIME INTERRURTY
caLL TIMESET (0)
IRET & 0
{F(IWAVENTEQ,D0)9001,9000
9000 PRINT 9996
9001 I1sI1WAVENSq
GOTO(90LN,005,9100),1
o
C,s ERROR PROCEDUREGO TO NEXT PART PIOGRAM
v
c9005 GOTO 9040
g.. HAVE WE JUST RETURNED FROM SECTION %
coolo IF(KFLAG1,EQ,0)9300,9020
Cos NO
c
9020 DO 9030 122,8,2
IF(KFLAGS(1),EQ,0)9036,9200
9030 CONTINUE ‘
c END OF PART PROGRAMPRINT ELAPSED TIME AND GM® 7@ INITIAL
£
c
c
9040 KEM(2)=TIMEF(1)

00230000
00230010
00230020
00230030
00230040
00230050
00230060
n0230070
00230080
00230090
00230100
00230110
00230420
00230430
00230440
00230450
00230480
00230170
00230480
00230490
n0230200
00230210
00230220
00230230
00230240

00230250
00230260
00230270
00230280
00230290
00230300
00230319
00230320
00230330
00230340
00230380
00230360
00230370
00230380
00230390
00230400
00230440
00230420
00230430
002304490
00230450
00230460
00230470
00230480
00230490:
00230500
00230510
00230520
00230530
00230540
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9100

9200
9250

tee

925%
9256

9260
9300

9051
9052

9053
9054

14/02/70

KOM{2)m (KM ({2)wKFLAG4) /1000
MINsKgM(2) /60
1SECaKOM(2)eb08MIN
WRITE ({OUTAR,9990) MIN,ISEC
CHEEK FOR MQRE PART PROGRAMS
IF (LSTFLG ,FQ, 1) 9045,9050
NAS CLTAPE CONVERSION TAKEN PLACE
1F (CLCNVTAP) 9046,9049
YES » REWIND CLCNVTAP
CALL TAPEQ@P (CLCNVTAP,2,IRET)
CALL TAPERP (CLCNVTAP,4,1RET)
CONTINUE B
CaLL PLOTS(0,0)
CALL PLOT(0,0,3)
CALL SYop PLOET
CALL Ex!lY
INITIALIZE FOR NEXT PART PRA3RAM
CONTINUE
CALL TAPEMP (POCTAP,1,IRET)
CALL TAPEOP (SRFTAP,1,IRET)
CALL tNITYIAL
RETURN
ICLPRY g ¢
INAVEN®Y
le6
KFLAGS(1)s0
121et
KOM(2)=TIMEF (1)
KBM(2)a(KmM(2)»KFLAG4)/1000
MINEKEM(2) /60 ,
1SECaKOM(2)wb08MIN ,
WRITE (1OUTAP,9991) KFLAGS(]I),MIN,ISEC
IF (1 ,EQT 3) 92%55,9260 )
BEGIN SECTIGON 2, INITIALIZE P3CTAP IF NECESSARY
IF (KPOCKET ,EQ, 1) 9256,9260
POCTAP £ NTAPEX(4)
REWIND PBCTAP
CALL TAPE@P (POCYAP,1,!RET)
CALL LBSReH (KFLAGS(I),L1)
KFLAG ®eq
RESET KFLAGL TO ZERO® TO® ALLOW F3R CROSEC
KFLAG1s0O
IF IFILL? 1S NONeZERO
A CROSEC CALL 1S WANTED BR 1S 1IN PROGRESS
IFCIFILL?,EQ,0)9031,9051
IF IF1LL7 1S 101
THE FIRST SEGMENT 1S TO BE CALLED FOR PRBCESSING
OF THE LINE AND PLANE INTERSECTIAGNS
IF(IFILLY,EQ,101)9052,9053
CALL LBSRCH{101.LD)
IF IFILLY? 1S 102 ‘
THE SECOND SEGMENT IS T0 BE CALLED FOR INITIAL @GR

CONTINUED PROCESSING OF THE SEARCH FOR CYLINDERS AND SPHERES

IFCIFTLLY,EQ,102)9054,9055
CALL LBSRCH(102,L1)
IF IFILLY 1S 103

73

00230550
00230560
00230570
00230580
00230590
006230600
00230608
00230610
poed3né12
00230644
00230616

00230620
nN0230630
002306%0
00230660
00230670
00230680
00230690
00230700
00230740
00230720
00230730
00230740
00230750
00230780
00230770
00230780
00230790
00230800
00230840
00230820
00230830
00230840
00230830
00230860
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c THE THIRD SEGMENY 1S T® BE CALLED FOR
c DISCRETE POINT PROCESSING OF A CIROLE
c @R ELLIPSE OF INTERSECY]®ON
9055 IF(IFILL7.EQ,403)9056,9057
9056 CALL gaswcntios.Ll)
c IF IPILLY IS 9999
¢ ALL CROSS SECTIEN PROCESSING ]S COMPLEYED
9057 IF(IFILLY.EN,9999)9034,9058
9059 FORMAT (1X,.1F]LL7 FLAG TROUBLE IN PRCNTL, WAS EQIUAL TOw,18)
9058 PRINT 9359,IFILLY
9031 CONTINUE _
c RESET FLAGS FOR NORMAL APT PROCEDURE
IFILL780
IFILL8s0
IFILL9s0
KFLAGLsT

CHECK TWE CLPROCESSGR FLAGS )
CHECK N@PLOT FLAG= [F ON VvOID PLOTTING

s Ne Ro Ra ]

IF(NOPLOT EQ.0)9303,9302
9302 IPLOTR®Q
9303 DO 9340 !.36.38.1
IF(KFLAGS¢1),EQ,0)9310,9305
9305 KFLAGS(6)ut

GOTO 9320
9310 CONTINUE ,
Cisv  EXECUTE SECTION 3 IF CONVERY FLAG 1S SET

IF (KONVTOL,EQ, 1) KFLAGS(6) = 1

9320 IF(NOPOST . EN,0)9326,9325

9325 KFLAQS(B)=0

9326 IF (Kautop ,EQ, 0) 9330,9327

9327 CALL BUFFTP (PRETAP,3)

9328 KFLAGS(4)|0
GOTO 9020
IPTNLY=g, NORMAL FLOW, 21 ,SKIP SECTION 2 AND CHANGE TAPES
IPTNLY=22e SKIP SECTIBN 2 AND DO NOT INTERCHANGE YAPES
IPTNLY=3« DO NOT SKIP SECTION 2, oaSITION GLYAPE AY
RECORD NUMBER NCLREC

s Ne Ne NeNe]

9330 1sI1PTNLY#d
GO TO (9360,9340,9327,9380),1
9340 CALL TAPECH(PROTAP,CLTAPE)
CALL TAPECH (PROTAP,NUCLTP)

GOTe 9328
Cis GO EXECUTE SECTION 2
9360 =4

GOTe 9200

9380 CALL BUFFYP (CLTAPE,2)
CaLlL SEARCH{CLTAPE,NCLREC,K8M)
NCLRECENC| REC~1
IF(KOM,GE D)9040,9360

9990 FORMAT(441PART PROGRAM EXECUTION TIME = W15, 7H

1 212,44 SEC,/71HY)
9991 FORMAY(28WNSTARY EXECUTIBN OF SECTION ,15,20%,

115W ELAPSED TIME = ,15,7H MIN ,12,4H SEC/1Hp)

MIN

00230870
n0230880
00230890
00230900
00230910
00230920
00230930
00230940
00230950
00230960
00230970
00230974
00230975
00230980
00230990
00231000
00231010
00231020
00231030
00231040
00234050
00231060
N0231079
00234080
00231090
00231100
00231110
00231120
00231130
00231140
00231150
00231160
00231170
00231180
np231190
00231200
0231240
pp231220
00231239
00231240



9996 FORMAT(7W FAILED)
END

PRENTL

PROGRAM LENGTH

ENTRY PQINTS PRCNTL

BL®CK NAMES
TIMETEST
TAPETARL
SYSTEMZ

EXTERNAL SYMBROLS
THEND,
01010100
esaDlcT,
TIMESET
T IMEF
TAREGP
PLOTS
PLAT
STOPPLOT
EX1Y
INITIAL
LBSRCH
BUFFTP
TAPECH
SEARCH
STH,
ONSINGL,

00254 SYMBOLS

00476
60071

00004
60012
00175

IDENT

75
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Cys» N IS THE NAME OR IDENTIFICATION NJMBER OF THE SEETION DESIRED
Ceve L1 IS THE RETURN VARIABLE
c
Cros COMMON AREA FOR CDC APT 3 SECTION 0
¢
Ceennns "I ] ' TY11T] ALY
COMMBN /SYSTEMZ/ SYSTEM(4),KAPTEN, KAPTTR' KAPTIO)
A KAPTID, KFLAGS(10),K0, K1, 2. K3,
B8 K‘o , KS. Kbl K7i . KB. K9.
o IFtLLe,  IFILL2,  IFILL3,  (FILLA4, o
D KFLAGD KFLAGL, KFLAG2, KFLAGZ, KFLARG, ,
B IFILLS,  IWAVEN,  IPTNLY,  NGPBSY, IFiLl's,  KAUTEP,
F 16LPRT, INDEXX, 1PLOTR, {FILLY, NGPLOT, KDYNFG)
€] LBCJPT. LOCBEG, KSECIN, NCLREC, L@CMAC. KPOCKET,
] IFILLE, !F!LL9. tFILLi0, IPOSTP(LY, NUMPQT. IPOSTFL(18),
I TAPETR(1),CANTAP, CLTAPE, POCTAP, PLmTAp. SRFTAP,
v LIBTAR, CRDTAP, 1FILL1L, CORTAP, TAPE*l. NUCLTPn
K CLCNVTAP, TAPES4, FORTIN, INTAPE, 18UTAP, PUNTAP)
L LSTFLG, NUNITS, KONVTCL, KINTRUPT,
M Pt, Pl@2. DGTRD. RDTDG. ONE,
N EXTRAQ(20)
EQUIVALENCE (PROTAP, TAPETB)
Cosnpse (SR XXT) [ AL RY] L EXXT)
c
DIMENSI®N NONTP(25),1SPECL(14)
(N L1ST THE AVAILABLE OVERLAY AND SEGMENT NUMRERS BN LIBTAP
DATA (NONTP2100,101,102,103,200,300,400,4n1,4n25403,404,
1 14(7777))
Civy L1SY YHE SPECIAL PROGRAM AND I1YS SECTI®N OF EXFCUTION
DATA (I1SPECL & G6HDYNDMP,200,8HCLECHCK,200,6WCOMAMP,200,8(0))
DATA (NS = 0)
Core SAVE | ASYT SEGMENTY NUMBERS
NSSV a NS
Cors 18 N AN INTEGER OR A BCD WBARD
NN & N , _
1F (NN » 10000B ,EQ, 0) 10,100
Civa INTEGER FOUND BBTAIN OVERLAY AND SEGMENT NUMRERS
10 NGB = NN /7 100
NS 2 NN = (NO % 100)
Cian SEARCH FOR NN IN @VERLAY LIST
15 D0 20 1 = 1,25
I1F (NN ,ED. NONTP(!)) 30,20
20 CONTINUE
Cors OVERLAY NOT FOUND PRINT ERRGR MESSAGE

11/02/70

SURRBUTINE LBSRCH (N,L1)

WRITE ({OUTAP,25) NO,NS,N

25 FORMAT ( ¢0HM  OVERLAY 14, 10H  SEGMENT ]4, 10H  NAMED

28
30
32

34
Cien

1

19M 1S NOY @N LIBTAP /)
CALL PRCNTL
CONTINUE
KSECIN » NO
IF (Ns ,E0, 0)32,34
CALL OVERLAY (N@,NS,LIBTAP,0)
Ge YO 35
KRECALL = 0
IF SEGMENT 1S IN CORE, RETURN 70 7

skeses

[ 2R3 22

1A8,

00240000

00240040
00240020

00240030
00240040
00240050
00240060
00240070
00240080
00240090
np240100
00240110
p0240120
00240130
00240140
00240150
00240160
00240170
00240180
00240190
00240200
00240240
00240220
00240230
N0240240
00240250
00240260
00240273
00240273
00240280
00240290
00240294
00240295
00240296
00240300
00240340
00240320
00240330
00240340
00240350
00240360
00240370
00240380
00240390
00240400
00240410
00240420
00240430
00240440
00240450
00240440
00240445
00240470
00240472
00240474
00240475
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1F (NS ,EQ, NSSV) KRECALL = 8H,RESALL,
CALL SEGMENT (NOWNS,LIBTAP,KRECALL)
LI = <999
RETURN
BCD NAME FOUND, SEARCH FBR NAME IN ISPECL
DO 110 1 = 1,14,2

1F (NN ,Eq. ISPECL(])) 120,110

110 CONTINUE )
1IF (N® ,EQ. 1) 115,111
Cive NGT IN SECTION 1, BCD NAME NOT LOCATED, e« ERROR
111 WRITE (jQUTAP,112) NN
112 FORMAT (144 ROUTINE NAMED A8, 284 NOT _OCATED [N | BSRCH TABLE/)
GO TO 28
Corn N 1S ASSUMED TO® BE A SYSTEMS VACR®
115 L] = ¢
RETURN ) .
Cirs NAME FOUND, 1S ROUTINE TO BE EXECUTED IN TH]S MVBRLAY
120 NNN = 1SPECL(]*1)
NN® = NNN / 100
NNS s NNN « (NN@ * 100)
IF (NNO ,E0, NO®) 130,200
Cirn YES, CHECK CURRENT SEGMENT
130 1F {NNS ,EQ, NS) 150,135
135 IF (NNS ,EQ, 0) 150,140
Civ EXECUYE THE CALL T® NEW SEGMENT
140 NN z NNN
NS s NN§
GO YO 15 _
Conn RETURN 10 CALLING ROUTINE Far EXECUTIGN
150 L] 3 !
RETURN _
Ciun ND, CHEEK FOR ANOTHER MATCH IF CURRENT OVFRLAY IS NOT 1
200 IF (N® ,Eo. 1) 290,210
210 12 2 1 & 2
DO 220 J = 12,14,2
1F (NN ,Bp. ISPECL(J)) 215,220
215 1 s 4 _
G0 TO 128
220 CONTINUE ' ,
Ciys RETURN TO CALLING ROUTINE T0 3UILD SPECIAL PRAGBRAM RECARDS
250 L1 s 1
RETURN
END
LBSRCH 11/02/70
IDENT LBSRCW
PROGRAM LENGTH » 00370
ENTRY POINTS LLBSRCH 00113
BLOCK NAMES

SYSTEMZ 00475

EXTERNAL SYMBOLS

THEND,
08aDICY,
PRENTL
OVERLAY
SEGMENY
STH,
ANSINGL 4

00231 SYMBOLS

7

00240476
00240478
00240480
00240490
00240500
00240510
00240520
002490530
00240540
00240550
00240560
00240570
no240580
00240590
00240600
00240640
00240620
00240630
00240640
N0240650
00240660
00240670
00240680
00240690
00240700
00240740
£0240720
00240730
00240740
00240750
002407460
ng240770
00240780
00240790
00240800
00240810
00240829
00240830
00240840
00240850
00240860
N0240870
00240880

ED 0
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SUBRBUTINE FINI
BANK, (FINT ),

Cons FINI ROUTI VE
tee TH1S ROUTINE PRODUCES THE FINAL PROTAPE RERORD FMR A
Corre PART PROBRAM
Cove COMMEN AREA FOR GCDC APT 3 SECYION 0
c
Coesnny [T 11T [ XL TT] PR EES (I XY
COMMON /SYSTEMZ/ SYSTEM(4),KAPTCN,  KAPTYR,  KAPTIO@,
A KAPTIN,  KFLAGS(10),k0, K14 K2 K34
B Ka, K5, . K6, X7 K8 K9
” IFILLe,  IFILL2,  IFILL3,  1FILL4, .
D KFLAGo,  KFLAGL,  KFLAG2, KFLAG3, KFLAR4,
E IFILLS,  IWAVEN,  IPTNLY, NBPOSY,  IFiLL6,  KAUTOP,
F ICLPRY,  INDEXX,  IPLOTR, IFILLY?, NGPLMT,  KDYNFG}
G LeCJPY, LOCBEG, KSECIN, NCLREC, LOMMAC,  KPOCKET,
H 1FILLe,  IFILLY9,  IFILL10, ({POSTP(13,NUMPRY,  IPOSTFL(18),
! TAPETB(1),CANTAP,  CLTAPE, POCYAP, PL®MTAP,  SRFTAP,
J L1BTAP, CRDTAP, IFI.L1s, COBRTaAP, TAPESY, NUELTP,
K CLCNVTAP, TAPES4,  FORTIN, INTAPE,  1QUTAP,  PUNTAP,
L LSTFLG,  NUNITS,  KONVTCL, KINTRUPT,
M Pl P1oz, DGTRD, RDTDG, ONE,
N EXTRAQ(20) '
EQUIVALENEE  (PROTAP, TAPETR)
Casnnxe 31331 TIITY) T YTl
¢
Coas COMMEN AREA FAR CDC APT 3 SECTION }
c
Crenune [ T2 1 1Y) kW EEES R [ LR XX
COMMON /SECTILOG/ 17TAB1, [TAB2, 1748%,
1YABA4), 17485, 1SNaM, 1TAB11,  17ABY2,  1TAB13,
JENDPTPP, JENDCAN, JENDSTOR, JUSTRTCAN, JENDSYM,
JCANTEMP, JRPTAB,  JLPTAB,  MAXNST,
JINWD, JCHAR, IWDERR,  JBUFL, NUPERP,  NUPUN,
JSTYPE,  JVARS2,  SCHERR, NMACy, MAFASN2%),
INDXPY.  IPTP, 1XPT, M@ DE EQCFLG,  LPNDFL,
TRMFLG, INTRUPY, JUMPFL, 1CDERR,  DERUS,
MAGMOPE, NESTFL,  NRESULT, IPTLIM,  JEYEE,
KTYPE,  MACTYP,
1PARTERR, FINIS, 10FLG, MACDEL. = JSUBER,  NUMBERR,
PEFSTR(85), DEFTAB(1000), 7SUR(30),

XECSCAUVTOTEZIF XL~ IQMMOMOOIET >

1sTDMADE, IStDLIY, 1STDTSBL,
JPTIND, KPYCODE, KPTNAME,
KPTSUR,  KOMFLG,  KOMPAP,
KANREE,  KANCNT,  INAME,

JPRELEN, NEWCARD, JGBORIT,
IRECIX, [RECNE@, JTLPOS,
NNODEFX, NNBDEFI, NIDJM,

1DUMMY , N10000, N7777,

MACREI ',  MACL®C,  MACBEGN,
MACNAME(3), MACINDX(3), NMV,
JYEMP{,  JYEMP2,  JTEWP3,
JYEMP7,  JYEMPB,  JTEWPY,

11/02/70

/SYSTEMZ/,/SECTL.0G/,/VOCABTBL/

XMATA(L6) ) XMATS(16),XMAT2(16),XMATL (16, TMATX(16),

ISTDINDX, 1SYD?YPE, 1STDWD,
KPTYYPE, KPTNUM, KPYINDX,

NBSURS,  KANFLG,  KRFSVS)
XANSURF, KANINDY,

NUMSTID, NUMCSEN,
ITITLE(Y),LSRERN)

{SLASH, T1EAUAL', 1BLANK,
MASKU, MASKL , 1D1v,
MACLASY, MARLEVFL,
JRESTGR, MACPSH(3,25),
JTEMP4, JTEMPS), JTEMPG,
EXTRA1(2n)

EQUIVALENCE (DEFANS(L),IDEFSTO(4),NEFSTO(4)), (LSYYPE, KTYPE),

15450000
15450005
15450010
15450020
15450030
15450040
15450050
15450060
154500790
15450080
15450090
15450100

- 15450110

15450120
15450130
15450140
15450150
15450180
15450170
15450180
15450190
15450209
15450210
15450220
15450230
15450240
15450280
15450240
15450270
15450280
15450290
15450300
154503410
15450320
15450330
154503490
15450350
15450360
15450370
15450380
15450390
15450400
15450410
15450420
15450430
415450440
15450450
15450460
15450470
15450480
15450490
15450500
15450510
15450520
15450530
15450540



11/02/70

| X

[ 122 2 1)

1 {PTNUM, KPTNUM) ‘
DIMENSI1GON IDEFST®(85), DEFANS(26), [DEFTAB(1000) .
1 1LPTAR(200), IRPTAB(200), ITNTAB(200), JPROTP({100),
2 IRECSV(200), MACVAR(25), MACN®R(25), INWARM(Ig), IBUUP(2),
$ P1STA(6), IP1STO(6), IDREC(4)
EQUIVALENCE (INWORD(14), IBUUP(14), ILPTAB(990), IRPTAB(790
1 1TNTAR(590), PISTO(390), IPISTA(390), !DREC(384),
2 JPROTP(380), IRECSV(280), MACVAR(75), MACNER(S50),
c 3 IDEFTAB({000), DEFTAB(1000))
¢ COMMAN sVOCABTBL/ KOM(100)
COMMBN /2/ JTABNUM, JTABL(L00)
Consuee 133311 [ E 1Y 1IX1 )]
COMMBN/CROSSECY
1 A,B,C,D,IDSEND,XMAT9(16),
2  ARRAy (254),
3 XC,YC,72C,UXsUYsUZ,R,
4 SCALE,
5 DCOSCYL(9).,
6 HO(9), ‘
7 X$¢400),YS(400)
8 X(103).v(103), _ )
9 MAJBR,MINOR,PH!,CX,CY,RADIUS, 18T,
D CXYZ(163y,EXYZ(16),EH(16),
E IOKTEST,
F o TL,
G 1LB0P, 1P, KR(200), 1ONCE
LSTFLG = 0
Crss 1S AN IMPLICIT CHECK SURFACE PENDING
IF (1REESYVY 11,15
11 CALL ERRMSG (650)
IRECSV(1) 8
15 JGOR!T s 0
JPROTR(2) = 14000
JPRELEN = 2
CALL RITAPE
Coan MGVE SRFTAP TG END
IF (LSRECN ,67T, 0) 16,18
16 LSRECN & LSRECN # ¢
CALL SEARCH (SRFTAP,LSRECN,I10FLS)
18 CALL TAPEAP (SRFTAP,2,10FLG)
Cons WRIYTE END OF FILE ON PROTAP AND REWIND
CALL TAPEQP (PREYTAP, 2, 1OFL8)
CALL TAPEQP (PROTAP, 1, 10FL.G)
CALL BUFFTP (CANTAP,3)
Crev EWECK HERE FMR MORE PART PROGIAMS
READ (INTAPE,50),SYSTEM(1)
IF (EQF,INTAPE) 19,20
Coon SET LAST PARY PROGRAM F_AG
19 LSTFLG & 1
20 BACKSPACE INTAPE
Croe IFf TIME INYERRUPT OCCURRED WE WANT CLPRNT ®F THE PROYAP

1F (KINYRUPT ,EQ, 1) 25,30
KINTRUPY = IWAVEN =z 0
CALL 1SHEPE

79

15450550
15450560
15450570
15450580
15450599
15450600
15450640
15450620
15450630
15450640
15450650
15450660
15450670
15450680

15450690
15450700
15450710
15450720
15450730
15450740
15450750
15450760
15450770
15450780
15450790
15450800
15450810
15450820
15450830
15450840
15450850
154508790
15450889
15450890
15450900

15450910

15450920

15450930 -
15450940

15450950
15450960
15450973

AITITSLYIOND
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CALL PRONTL
50 FORMAT (A8)

RETURN

END

FINI

PROGRAM LENGTW

ENTRY POINTS FINI

BLOCK NAMES
SYSTEMZ
SECTLLAG
VOCABYRL
2
CROSSEC

EXTERNAL SYMBELS
THEND,
08ablICT,
ERRMSG
RITAPE
SEARCH
TAPEQP
BUFFTP
{SHOPE
PRENTL
Q80 FEOF
BSP,
TSH,
ONSINGL,

00445 SYMRBLS

00322
00006

003475
02642
00144
00445
03037

IDENT

FINI

11/02/70

11/02/70

15450972
15450980
15450990
15451000

ED
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SUBRAUTINE ISHOFE

COMMBN /TIMETEST/ KSETIMEL, KSETIME2, KSFTIMF, KSETADR
. CeMMON AREA FGR CDC APT 3 SECTION 0
] (22 R D ] 2 XS N E ] s kN [L XN 22
COMMAN /SYSTEMZ/ SYSTEM(4),KAPTCN,  KAPTTYR,  KAPT!@,
KAPTIN,  KFLAGS(10).K0, K1y K2, K3,
K4, . K5, K6 K7 K8 K9,
1FILLY, IFILL2, IFILL3, 1FILLG,
KFLAGNs  KFLAGL, kFLAG2, «FLAG3, KFLAR4, _
IFILLS, JWAVEN, IPTNLY,  NOPBST, 1IFILle,  KAUTEP,
1cLPRY,  INDEXX,  IPLOTR, IFILL7, NOPL®Y,  KDYNFG)
LBCJPT, LOCBEG, KSECIN, NCLREC, L@EMiC,  KPOCKETY,
IFILL8,  IFILLY,  IFILL1M, IPOSTP(1),NUMPSY,  IP®STFL(18),
TAPETR(1),CANTAP,  CLTAPE, POCTAP, PLOTAP,  SRFTAP,
LI8TAP, CRDTAP,  IFILL14, CORYAP,  TYAPES®1, TAPES2,
TAPES3,  TAPES4,  FORTIN,  INTAPE, ~ I1QUTAP,  PUNTAP,
LSTFLG,  LTVFLG,  W@ONVYCL, «INTRUPT,
P1, PI®2, DGTRD, RDYDG, ONE,
EXTRAO(20)
EQUIVALENCE  (PROTAP, TAPETB)
- sHEER S ChEdwE RN N [ X2 2R
e COMMON AREA FOR CDC APY 3 SECTION ¢
" TILL TIIIY YTy T IITL
COMMEN /SECTLLAG/ 17A8%, 174B2, 1YARY,
1vagde,  1TABS5, ISNAM, 1TAB14,  17ABY2,  1TAB13,
JENDPTPP, JENDCAN, JENDSTOR, JSTRTCAN, JENDSYM,
JCANTEMP, JRPTAB,  JLPTAB,  MAXNST,
JINWD, JCHAR, IWDERR, JBUFL, NUPERP', NUPUN,
JSTYPE,  JVARS2,  SCHERR, NMAQv, MABASN(25), )
INDXPT,  IPTP, IXPT, MODE| EQEFLG,  LPNDFL,
TRMFLG, INTRUPY, JUMPFL, 1CDERR, DERUG,
MACMBRE, NESTFL, NRESULT, 1IPTLIM, JEXEE,
KTYPE, MACTYP,
1PARTERR, FINIS, 10FLG, MACDEL,  JSUBFR,  NUMBERR,
DEFSTA(BS), DEFTAB(1000), 2ZSUR(30), i
XMATAE16), XMATI(16) ,XMAT2(16),XMAT1(16), TMATX (16,
18TDMpDE, !STDLIT, 1STDYBL, 1STDINDX. 1STDY¥YPE, ISTDWD,
JPTIND,  KPYCBDE, KPTNAME, KPTTYPE, KPTNI'M,  KPTINDX,
KPTSUB,  KOMFLG,  KOMPOP,  NOSURS,  KANFL'G,  KRFSYS,
KANREC,  KANCNT, INAME, KANSURF, KANINDY,
JPRELFN, NEWCARD, JGORIT,  NUMSTID, ' NUMCSEON,
IREcix,  IRECN®,  JTLPAS,  ITITLE(9),LSRECN)
NNODEFX, NNODEFI, N]DyM, ISLASH,  IEAUAL,  1BLANK,
1DUMMY,  N10000, N7777, MASKU, MASKL, 1DV,
MACREL,  MACLOC,  MACBEGN, MACLAST, MAGLEVEL,
MACNAME(3), MACINDX(3), NMV, JRESTOR, MARPSH(3,25),
JTEMPq,  JYEMP2,  JUTEMP3,  JTEMP4,  JTEMR5,  JYEMPG,
JTEMP?,  JYEMPB,  JTEMP9,  EXTRAL1(2n)

EQUIVALENCE (DEFANS(1),]DEFSTO(4),NEFSTAL4Y), (LSTYPE, KTYPE),

(PTNUM, KPTNUM)
DIMENS!@N IDEFSYO(B5),
1LPTAR(200),

IRPTAB(200),

DEFANS(26),

ITNTABL200),

|DEFTAB(L00N)
JPROTP (100},

1SH
1SH
15
1SH
15H
1SH
1SH
1SH
1SH
1SH
1SH
1SH
1SH
1SH
1SH
1SHW
1SH
1SHW
1SH
1S
1S
1SH
1SH
1SM
1SH
1SH
15K
1SH
1SM
1SH
1SH
1S
1SH
1SH
1SH
1SH
1SH
1S
ISH

18H

1SH
1SH
1SH
ISH
1SH
18H
1SH
1SH
1SH
ISH
1SH
I1SH
ISH
1SH
1SH
1SH
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10
20

40
50
60
70

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
249
250
260
270
280
290
300
310
320
330
349
35¢p
369
370
X8
390
400
a1p
420
430
449
450
460
47p
474
472
473
474
475
489
49
500
510

TINA

T
L&
[

ERIER

Lt
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2 IRECSV(200), MACVAR(25), MACNOR{25), INWORD(10)}, [BUUP(2),
3 P1SYO(6), IP1STO(6), IDREC(4)
EQUIVALENCE (INWMRD(14), JBUUP(16), ILPTAB(990), IRPTAB(790),
1 1TNYARt590), PISTO(390), IPISTA(390), IDREC(%84),
2 JPRETP(380), IRECSV(280), MACVAR(75), MACNOR(50),
3 IDEFTAR(4000Y, DEFTAB(1000))

COMMAON/VBCABTBLY KOM(1400)

ceMMoN /27 JTABNUM,JTABL(12120)
LS s Eeenss sSedesy LEE 2
C@HM@N/CRESSECA
A,B,C,D, IDSEND,XMAT9(16),
ARRAY (254),
XC,YC,2C,UXsUYUZ,R,
SCALE., ,
PCOSCYL(9))
“et9),
XS(aOO).YSl400),
X(103)-v(103).
MAJGR,MIN@R,PH1,CX,CY,RADIUS, 85T,
CXYZ(16) EXYZ(416),EH(16),
10KTEST.

(I
1L0OP, 1P, KRE200) ., 1ONCE

EQUIVALENGE ( INCHOPE, IF[LLS)

EQUIVALENCE(PLOYPLNG, IFILLY)

DIMENSTION INCAR(9)
DATA(INCAR®SHHOPEL, SHHOPER , SHHOPES, SHHBPEA, SHHAPES , SHHOPES,
15HHOPE 7', SWHOPEB , SHHOPES)

INTEGER PLOTPLNG

THE PURPBSE OF THWIS SUBROUTINE

1S 70 SEARCH OUT AMD SEQUENTIALLY IDENTIFY zaMOPEzz PLANES
IN THE DEFINED SYMROL YABLE, UP Tm TEN #2zWOPEXZ Pi ANES ARE
POSSIBLE tN ANY ANE RUN,

IF HOPE PLANE NUMBERING 1S UYSED THERE SHOULD BF
NG MISSING NUMBERS [N THE INYERvAL CWOSEN,

1,E, IF THERE ARE FIVE PLANES LET THE NAMES BE
HOPEL ,HOPE2,HOPEY,HOPE4AH, HOPEN

6R

HOPEY,HPPE2,HOPE3,HOPE4, HOPE

THIS SUBRAUTINE 1S CALLED INITIALLY FROM ZeFINT 22,
AND LATER BY ZZCYLINDERZZ AT THE END OF SEBMENT 1p?,
OR BY #zDISCRETE#2Z AT YHE END ®F SEGMENY 103,

THE INFGRMATION RESULTING FROM 17S SEARCH 1S TRANSMITTED TO
CRASEC BY MEANS ®F THREE FLAGS, ##{ONCEz%, z#PLOTPiN®%#, AND
ZZINCHOPESY,

PZIONCE#2, FLAG USED TO® INDICATE A SINGLE WOPE Pl ANE
AR YHE LASY HOPE PLANE OF CURRENY SER]ES,

tSH
1SH
1SH
15H
15K
1SH
1SH
1SH
1SH
1SH
1SH
1SH
1SH
1S
15H
1SH
15H
1SH
1SH
tSH
1SH
1SH
15
1SH
ISH
]SH
1SH
1SH
ISH
1SH
1SH

. ISH

15M
1SH
18H
1SH
15H
18H
1SH
ISH
ISH
18M
ISH
1SH
1SH
1SH
1SH
ISH

520
530
5490
550
560
S570
580
590
600
610
620
630
640
650
669
670
68¢g
699
700
740
720
730
740
750
760
770
789
790
800
8lo
829
830
840
250
860
879
88p
890
%00
910
920
930
949
950
960
970
980
990

1SH1000
1SH1010
15H1020
1SH1030
15H1040
1SH1050
1SH1060
1SH1979
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110

120
130

140
150

160

170

180

11/02/70

ZZPLOTPLNO#Z, THE JTABL LECATION 9F CURRENY HWBPE Pi ANE

#ZINCHOPE2z#, THE SERIAL NUMBER OF CURRENT HOPE PLANE)
THEREBY KEEPING COUNT BF THE NUMRTR OF WMOPE PLANES PROCESSED

A TOP BF FORM ACTIGN TOH SEPARATE CROSEC OUTPUT FREOM FARLIER
APY QUTPUT,

PRINY 200

DEFINED SYMBAOL TABLE BEGINS AT ITAB11 AND FNDS AT 1TVAB42
175 TETAL LENGTH ]S THEREFORE (I1TAR12«ITABY1)ed

IF (INCHOPE,EQ,0) 110,170
CONTINUE

#ZZARRAY 22, 1S USED [N YHE PLOTS {NIYIALIZATION CALL,

CALL PLBTS (ARRAY,254,10)
IDSENDa {1 TAB{2=]TABLL) o1
e 166 fwy, IDSEND,2
1SAVEs?

PLOTPLNG®1SAVE

Ielnt _
1TRYsJTABL(ITABLle])

IF ONLY ONE HOPE PLANE BEING PR!CESSED THE NAME CAN BE E]THER

EZUOPENZZ OR ZZHOPEZZ,

IF ((ITRYTEQ,5HHOPEN) ,BR, (I TRY,E0,4HHBPE)) 120,140
INCHOPE34WONCE

1FILL78404

RETURN A

IF (1TRY,E0,3HHEPEL) 150,160

INCHOPESRY

GO 1O 130

1siSAVE _

PRINT 240

RETURN

IF MORE TWAN ONE HOPE PLANE

CONTINUE
INCHOPEgINCHOPE#Y

D® 190 Je1,IDSEND,2
JSAVEsJ

JEJel ' .
JTRYSUTABL(]TABLL+J)
PLOTPLNG=JSAVE

TERMINATIQN OF WOPE STRING OF PLANES ACCOMPLISMED RY USE
OF ZAMOPENZZ OR #ZHOPEZ#

IF (CJTRYTEQ,4HHOPE),BR, (JTRY,EQ,5WHOPEN)) 120,180
1F (JTRY,EO, !NCAR(!NCHnPE>> 130 190

83

1§H1080
1SHL090
tsWit100
18H11190
1SH1129
18M1130
1SH1140
1SH1450
15H1160
1SH1470
181180
1SH1190
18H1200
15H1210
1SH1220
1SW123p
1SH1240
1841250
1SH1269
1SH1270
1SH1289
1SW1290
18H1300
1SH1310
18H1320
15H1330
1SH1340
1SH1350
1SH1360
15W137¢
15M1380
1SH1390
1SH1400
1SH1410
1541420
18H1430
15W1449
15H1450
1SH1460
1SK1470
15H1480
1SH14990
1541500
1SH1510
1SH1520
1SH1830
1SH1%40
18H15590
18H1560
18H1570
1541580
1SH189p
1SH1400
1SH161p
1SH1620
1S5H1630
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190 JsJSAVE _
PRINT 228, INCHEPE
RETURN
c "
200 FORMAT (iKH1)
210 FORMAY (1ix,*NO HOPE, HOPE1, OR WAPEN CARD FOUNDs)
220 FORMAY (iX:9NO KOPEs,[S,s OR HOPEY CARD FOIINDe)
END
1SHEPE 11/02/70
IDENT [SHOPE
PREGRAM LENGTH 00223
ENTRY POINTS ISHOPE 00051

BLOCK NAMES
TIMETEST 00004
SYSTEM? 0n4y75
SECTLLAG 02642
VECABTRL 02114
2 27531
CROSSEC 03037

EXTERNAL SYM3OLS
THEND,
QsanlcrT,
PLATS
STH,
ANSINGL,

00475 SYMBOLS

1SH1640
18H1650
1SH1660
1S5H1670
1SH1680
15H1690
1581700
!SH17101

ED ]



14702770

SUBRBUTINE MM (XP,YP,ZP,XR1YR,ZR,XMATS)
THIS SUBRAUTINE PERFORMS THE COMPJTATIENS
NECESSARY TO CONVERY A SEY

OF COORDINATES IN THE MAJBR SYSTEM (X,Y,2)
INTO 4 SET OF CEORDINATES IN THE 48PE SYSTFM (X2, Y2,2%8)

THIS SUBRAUTINE 1S STGRED IN MAIN RECAUSE

IT 18 CALLED FRGM MORE THAN @NE SZAMENT,

1T 1S CALLED BY PROGRAM CROSEC AND

SURROUTINE DLINE IN SEGMENT 101,

ALS® BY PROGRAM CYLINDER AND SU3R3UTINE HOPARCYL IN SEGMENT 192,
(XR,YR,ZRy 1S THE MAJOR SYSTEM PRINT

(XP,YP,ZPy 1S THE COMPUTED HBPE SYSTEM POINY

THE XMATS ARRAY MGLDS THE CONSTANTS NECESSARY FOR THIS CONVERSIEN

le s Ko Be Ko Re No Re e Rs Bo Bo Re Re Be Ne o Ro R Ng |

DIMENSION XMAT9(1)

XPEXREXMATO (L) *YROXMATO(2)¢ZReXMATO(3)+XMATO L 4)
YPaXRaXMATO(T)+YReXMATO(6)+ZR#XMATO( 7)o XMATG(B)
ZPaXRaXMATO (D) +YROXMATS (LD )+ZROXMATI(LL ) e XMATO(12)
RETURN

END

MM 11/02/70

IDENT MM
PROGRAM LENGTH 00177
ENYRY POINTS MM anoo3
EXTERNAL SYMBOLS
gsaplicr,
00U60 SYMBELS

ED

85
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PROGRAM CRBOSEC

COMMEN /TIMETEST/

B

IR TR Y] kbR REEWES IR 202 Y]
COMMEN /SYSTEMZ/ SYSTEM(4),KAPTCN, KAPTTR, KARPTIO,
KAPTID, KFLAGS(10) KN, Ki, K2, K3,
K4, K5, K&, K7, K8, Ke,

P RPN APVO 0N NE WM

KSFTIMEY, KSETIMFE2, KSETIME, KSETADR
CBMMBN AREA FBR CDC APT 3 SECTION 0

TFILLY, 1FILL2, 1FILLS, IFILLY,

KFLAGQ, KFLAGY, KFLAG2, KFLAG3, KFLAG4,

1FILLS, TWAVEN, IPTNLY, N@PAST, 1°1LL6, KAUTOP,

1CLPRT, INDEXX, IPLOTR, 1FILLY, NOPLOT, KDYNFG,

LECJPT, l.OCBEG, KSFCIN, MCLREC, LACMAC, KPACKET,

CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS

IFILL8, 1FILLY, TFILLI0, 1POSTP(4),NUMPST, IPOSTFL(18),CRS

TAPETB(1),CANTAP, CLTAPE, POCTAP, PLOTAP, SRFTAP,
LIBTAP, CRNDTAP, 1FILL1L, CORTAP, TAPESY, TAPES?2,
TAPESZ, TAPESY, FORTIN, INTAPE., 10UTAP, PUNTAP,
LSTFLG, LTVFLG. KONMVTCL, KINTRUPT,

Pl P102, DGTRN, RDTDG, ONE,

EXTRAQ(20)

FQUIVALENCE (PRETAF, TAPETB)

(A2 2R R ] Bk LA AR L LA E LA

CeMMEON AREA FOR CDC APT § SECTIGN 4

(A S X RS ] LLERES ] LA 2 2] sEES kb

»
rOMMEN /SECTILAG/ 1TARY, 17AB2, ITARY,

N ECCAALFAASAS AR APRGSODICTNBGNM

1T4ABS, 1TABS, 18NAM, 1TAB1Y, 1TAB12, 1TABL 3,
JENDPTPP, JENDCAN, JENDSTOR, JSTRICAN, JENDSYM,
+CANTEMP, JRPTAB, JLPTAB, MAXNST,

VINWD, JCHAR, IWNERR,  JBUFL, NUPERP,  NUPUN,
vSTYPE,  JVARS2, SCHERR, AMaACY, MACASN(25),
INDXPT, 1PTP, IXPT, MODE, EQCFLG, LPNDFL,

TRMFLG, INTRUPT, JUMPFL., 1CDERR, DEBUG,

MACMODE, NESTFL., NRESULT, IPTLIM, JEXEC,

KTYPE, MACTYPR,

JPARTERR, FINIS, 10FLG, MACDEL, JSUBER, NUMBERR,
LEFST@(85), DEFTAB(1000), 2ZSUR(30),

XMATA(16) ) XMATI(16) ,XMATP2(16) ) XMATL(16), TMATX(16),
1STDMENDE, ISTDLIT, I1STDYBL, ISTDINNX, ISTDTYPE, 1STDWD,
JFTIND, KPTCODE, KPTNAME, KPTTYPE, KPTNUM, KPTINDYX,
KPTSUB, KOMFLG, KQMPOP, MNOSUBS, KANFLG, KRFSYS,
KANREC, KANCNT, INAME, KANSURF, KANINDX,

JPRELEN, NEWCARE, JGARIT, NUMSTID, NUMCSEQ.,

IRECIX, IRECNG, JILPRS, ITITLE(9),LSRECN,

NNODEFX, NNADEF!, NIDUM, 1SLASH, 1EQUAL, 1BLANK,
JCUMMY, Ni0OQOO, N7777, ~ MASKU, MASKL » 1DV,
MACREL , MACLOC, MACBFGN, MACLAST, MACLEVEL,
MACNAME(3), MACIADX(3), WMV, JRESTOR, MACPSH(3,25),
JIEMPy,  JUTEMP2,  JTEMP3,  JTEMP4,  JTEMPS,  JTEMPSG,
wTEMP7, JTEMEg, JYEMPY, EXTRAL(20)

FOUIVALENCE (DEFANS(1),INEFSTO(4),EEFSTO(4)),(LSTYPE, KTYPE),

1
1

RIMENS1@N IDEFSTO(85), DEFANS(26), 1DEFTAB(1pp
ROT

(FTNUM, KPTNUM)

0)
P

ILPTAB(200): IRPTAR(20n), ITNTAB(200), JPRBTRP(1g0).

CRS

CRS !
CRE ¢

CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRE
CRS
CRS
CRS
CRS
CRS
CRS
£RS
CRS
CRS
CRrRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
Cre
CRS

‘CRS

450
460

471
472
473
474
475
489
499
500
510
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IRECSV(200), MACVAR(25), MACNER(25), INWORD(10), [RUUP(2),
PISTO(6), 1PISTA(A), [DNREC(4)

FQUIVALENCE (INWARD(14), [RUUP(14), ILPTAB(990), IRPTAB(790),
TTNTAB(59p), PISTO(39g),s IPISTE(390), IDREC(384).
JPRETP(3B0Y, IRECSV(28n)s MACVAR(75), MACNGR(5p).
ICEFTAB(1000), DEFTAR(1QNO))

rOMMEN/VBCABTBL/ KAM(1100)
COMMEN /24 JTABNUM,JTARL(12120)

. Y3111 "TEIETY] shsd ke LA AR
COMMEN/CRASSERN/

A,B,C,D, IDSEND,XMATO(16),

ARRAY (254),

XCrYC22C,UX,UY,UZ,R,
SCALE,

DCESCYL(9),

HO(9),

XS(40p)sYS(4pp),
X(ios)thlﬂs,l
MAJER,MINOR,PH!,CX,CY,RAD]IUS, ISET,
CXYZ2(36),EXYZ(16),EH(16),
1GKTEST,

TL
ILOGP 1P, KR(200) 1 ONCFE
EQUIVALENCECINCHOPE, IFILLR)

ECQUIVALENCE(PLOTPLNE, IFILLY)

DATA (]ONEPARTz8HM )
. . . * * . *
» * coOMMENT * * »
. * . . » * .
. . * * . . *

CROSEC (MOD 1) PROVILES A MEANS AF EXTENDING THE USE OF THWE PLANE
SURFACES(DEFINED BY THE PART PRQARAMMER IN THE PART PROGRAM) BY
PROVICING A PLOTTING CAPABILITY IN WHICH THE LINES OF
INTERSECTION, WITHIN SPECIFIED LIMITS, BETWEEN A CROSS-SECTIONAL
FLANE AND ALL OTHER LEFINEDN PLANES CAN BE SHOUWN,

THE CROSS SECTJONAL FLANE FOR THF POT AND ITS DIMENSIONAL LIMITS
ARE CENTRELLED BY MEANS OF ONE PLANE DEFINITION (NAMED #7#MOPEZZ)
AND TWO P@INT DEFINJTIONS (NAMED ZXWOXYMINZZ AND ZEZHAXYMAXZZ)
ADDELC T@ THE PART PREGRAM,

THE PLOT ]S SUPPLEMENTED BY PRINTER GUTPUT THAT IDENTIFIES
A LINE @F INTERSECTIEN BY GIVING

1TS SLOPE AND INTERSECTIAN

w]TH RESPECT Tm THE #QPE PLANE AXES,

tROSEC (MED 2,0) PREVIDES CRASS SECTIQNS THROUGH CY_INDERS,
WHICk INCLUDES CIRCLES, AND SPHERES,

THE FROGRAM 1S WRITTEN IN THE FRAMEWORK OF THE CBC 3800 APT 2.1
CONFIGURATION AND THREE SEGMRNTS WAVE BEEN ADDED IN SECTION I,

CRS
CRS
CRS
CRS
CRE
CRS
CRS
CRS
RS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CrRS
CRS
£RS
£RS
CRS
CRS
CRS
RS
£RE
CRS
CRS
CRS
CRS
CRS
RS
CRS
RS
£RS
CRS
CRS
£RS
CRS
CRS
CRS
CRS
CRS
CrRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
CRS
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520
530
540
550
56¢p
870
580
590
600
610
620
630
640
659
b6p
670
A8p
460
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
BAO
890
900
%10
920
930
940
950
960
9270
980
9919
1000
1010
1020
1130
1040
1050
1n60
1070
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THE FIRST ONE, SEGMENT 101, PROCESSES PLANE INTERSECTIONS,
FSSEMTIA{ Y 1T PERFORMS THE WORK OF THE & D CROSEC (MAD 1,0),
THE SECOND ONE, SEGMENT 102, PROCESSES CYLINDERS/CIRCLES
AND SPHERE INTERSECTIQMS,
AND THE THIRD ONE, SEGMENT 1p3,» PRECESSES THE DISCRETE PQINTS
FOR ThE INTERSECTIONS FROM SEGMENT 1p2.
CRGSS SECTIONA|L PROCESSING COMMENCES FROM SUBROUTINE FIN! WHEN
721S WOPExZ 1S CALLET,

» * [ » » *
THE #XPROGRAM## CROSEC CONTRALS SEGMENT 101

¢OMMENTS €N THOSE PPRTIONS BF CRASSEC COMMON
PERTINENT Y@ SEGMENT 101,

#HEGPE® |S THE NAME GIVEN TR THE PLANE @F THE CRASS SECTION
NBTE-~THE HOPE SYSTEM IS CALLED TKE PRIME SYSTEM. TWE TERMS ARE

USED INTERCHANGARLY AND 1S DENATED BY THF SYMBOL®,
THIS SYMBE@L 1S USUALLY USEN AS A SLFFIX, SUCH AS X#

4,8,CsD, ARE THWE HOPE PLANF CONSTANTS

ABTAINED FROM THE CANONICAL FORM

1SENT IS THE LENGTH €F THE DEFINFD SYMBOL TABLE

THE XMAT9 ARRAY WIL{ HWOLD THE MATRIX QF COEFFJCIENTS FOR
rEOREINATE COMVERSIEN (TRANSLATIGN AND/AR ROTATION)
FROM THE MAJBR SYSTEM TO THE HOPF SYSTEM

FRGM THE EQUATIONS

X2 8 T11(X-X0) + T21(Y=-YQ) + T3I1(Z-Z0)

Y2 B T12(X-X03) & T22(Y~-YQ) ¢ T32(Z-20)

Z% 3 T13(X=X0) » T32(v-YQ) » T3I(Z=70)

WHERE »
THE X# AXIS HAS LIRECTI!ON COSINESw T11, T2%1, T31
ThE Y¥ AX1S HAS CIRECTION COSINES~» T12, T22, T32
THE Z# AX1S HAS LJRECTION COSINES= T13, T23, 733
THE PRIME SYSTEM GRIGIN 1S AT (X0,Y0,Z0)

17 1S FORMED AS FOLLCWS~

CRS1080
CRS1090
fRS1100
CRS1110
CRS14120
CRS1130
CRS1140
CRS1150
CRE1160
CRS1170
CRS1180
CRS1190
CR21200
£RS1210
CRS1220
CRS1230
CR%1240
CRS1280
CRS1260
CRS4270
CR81280
CRS1290
CRS1300
CRS1319
CRS1320
CRS1330
CRS134(
CRS1350
CRS1360
CRS1370
CRS1380
CRS1360
CRS1400
CRS1410
CR81420
CRS1430
CRS14490

‘TRE1450

fRS1469p
CRS81470
CRS4480
CR81490
CRS1500
CRS1510
CRS815%20
CRS1530
CRS1540
CRS155¢
CRS1560
CRS4570
CRS1580
CRE1590
CR%1600
CRS1610
CRS1620
CRS1630
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! 714
!
! T12
1
! T13
1
1
!
WHERE =~
Cl = -(T11leX0
€2 = =({T12X0
C3 3 ~(T13sX0

T24
T22
T23

T21=Y0
T22¢Y0

T23=Y0

THE KR ARRAY HOGLDS THE (X2Y#)
#N ONE COMPLETE PASS TWRAURH THE INNER L OGP COMMENCING AY

rARD, #2CR86160%%,

Z21P#% COUNTS THE NUMBER QF PAIRS

REAL kR

#XIONCE#X IS A FLAG THAT CONTROLS THE CALLING OF SUBRGUTINE DLINE

T34
T32
T33

T31w70)
T32%20)

T33«70)

##SCALE#Z, HOLDS THE PLOT SCALE COMPUTED

FROM THE WOXYMIN AND HOXYMAX CARDS,
¥210KTESTE®, 1S A FLAG USED T@ TEST THE POINTS OF INTERSECTION,

c1
c2
c3

11/09/70

SPECIFICALLY, 1T RECEJVES THE BUTPLT GF FUNCTIGN ISITOK.

] *

. .
THE PROGRAMMING ACTIEN STARTS HERE

Z¥YESZZ AND 2ZNO#ZZ ARE THE TW@ P@SS{BLE ANSWERS FOR

FUNCTION IS]TOK,

INTEGER PLOTPLND
YES=1

NG=0
. *
. .
. *
. .

DEFINING THE CANGNICSA|, FORM GF THE PLANE AS
e« Y #» CAS BETA & 7 * COS GAMMA

X % CBS ALPHA

]

COMMENTY

L
.

L}

L]
| ]

s % 2 &

WHERE THE COSINE TERMS ARE DIRECTIEN COSINES OF X,

L 3R B R J

s P

Y, AND 2

I8 1 =B = el 1= S 0 0

INFORMATION OF ALL PSINTS GBTAINED

LB BN BE 2

89

CRS1640
€rRS1650
fRS1660
CRS1670
CRS1680
CRS1690
CRS1700
CRS1710
CRS1720
f£RS1730
CRS1740
£RS1750
CRS1760
CRS1770
CRS1780
£RS1790
CRS1800
CRS1810
CRS1820
CRS1830
CRS1840
CRS185)p
CRS1860
CRS187p
CRS1880
CRS1 890
CRS19090
CRS1910
CRS1920
CRS1930
CRS1940
CR81950
CRS1960
CRS1970
CRS1980
CRS199¢
CR&Z000
fRS2010
CRS2020
£RS2030
CRSZ2040
CRS2050
CRS2060
CR82070
CR82080
CR%2060
CRS2100
CRS2110
€RSZ2120
fRS2430
CR82149
CRS2150
CRS2160
CRS2170
CRS82480
CRS2490

TINA

e
n
“wn

I

et
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RESPECTFULLY., ' CRS2200
THE CANONICAL F@RM @F THE #HAPEZ PLANE 1S CALLED AND STORED 1IN £RS2210
THE REFERENCE ARRAY, WHERE CRS2220
ZRCBSAZ CONTAINS COSINF ALPHA CR%2230
ZRCGSBZ CONTAINS COSINE BETA CRS2240
ZRCBSGZ CONTAINS CASINF GAMMA ,AND CR%2250

¥R WOPE PZ CONYAINS THE #P# @R CANSTANT VALUE CRS226¢

» * . » » . s« CRS2270

. * * . * . * CRS2280
CRS2290

##ZKANSURF¥2 1S DESIGNED T@ HALD PGINTERS T® CANONICAL FORMS, €RS2300
AN CARD 2#CRS2340## 17 ]S HOLDING tHE POINTER CRS2310
TO THE ZZMOPEZ# PLANE CANONICAL FBRM, rR$2320
CRR233,

KANSLRFeJTABL (ITABL11+PLOTPLNG) £RS2340
ITHENAME2JTABL (I TABL1+PLETPLNA=L) CR82350
CRS2360

THE ##CANGETZ# SUBROLTINE FETCHES THE CANGNICAL FORM PBINTED TO CR32370
pY ZZKANSURF#£Z AND STORES ITS ELEMENTS [N THE ##DEFSTOZ# ARRAY, CRS2380

CRS2390

CALL CANGET CRS2400
RCESAsSDEFSTER(4) CR52410
RCOSE=DEFSTYQ(S) CRSZ2420
RCOBSGsDEFSTR(6) CRS2430
RHGPEP=DEFSTR(7) CRS2440
. N CRS82450

USING THE SHOBRTHAND SYMBOLS FOR THE PLANE CONSTANTS«=A,R,C,D CRS2460
CRS247¢

AERCESA fRR2480
RERCESH . CR22490
reRCESG CR82500
PERMEPEP CR%2510
PRINT 370, IHQNAME,A»BsCHD trR82520
CR82530

SUBRELTINE TESTHOPE FILLS IN THE #XXMAT9## ARRAY £RS2540
tRS255)

CALL TESTHAPE CR82560
CRrR82570

ANGTHER TOP-GF ~FORM CR82%80
CRS2590

PRINT 360 CRS2600
] » COMMENT . . * (ORS2610

] . . ) . ] ¢ (CRS26420
SINCE THE COSINE OF THE ANGLF BETWEEN TWA PLANES IS EQUAL T® TKE CRS2639
SUM GF THE PRODUCTS €F CORRESPONDING DIRECTION COSINES, THIS FACY CRS2640
1S TAKEN ADVANTAGE OF BY CAMPUTING THE ANGLE BETWEEN EACH DEFINED CRS265p
PLANE AND THE REFERENCE PLANE, SPECTIAL ATYENTION IS CALLED Y9 CR82660

THOSE PLANES THWAT ARE EJTHFR PARALLEL OR PERPENDICULAR CRS2670
T@ TRE REFERENCE PLANE, CRS2680
i * . . . " « CRS2690

» . . . » . s CRS2700
PRINT 38p,1HGNAME CR%2710
ne 120 Je=1,1DSEND,2 CRe2720
121TAELL1+Je] tR82730
rRS2740

tRS2750
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A MGRE DETAILED EXAMINATION @F THE SECOND W@RD IN THE DST PAIRS
1S NEEDED 7@ AVEID PICKING UP ITEMS THWAT ARE NAT PLANES,
##10NEX# PICKS UP THE FIRST WeRD @F THE PAIR

¥#1TWC22 PICKS UP THE SECOMD WORD €F THE PAIR

1ONEaJTABL(])

1THREJTABLIT+1)
1ONERPARY=]JONE,AND,77777777000000008
1Xs(1SNE,AND,77000000000000008)

RYPASS GCCURS IF THE NAME CONTAINS AN#ZXZZ OR THE WORDEZHOPEX¥,

1F ((]ONEPART,EQ,8HHEPEQONDN).OR, (IX,EQ.8HX0000000)) 120,40
CONTINUE

IF A NAME 1S UNDEFINED THE SECOND W@RD CANTAINS THE BCD WARD
¥#NQCEFY S¥#,

1F A NAME 1S INCORRECTLY DEFINED
THE SECOND WORD CONTAINS THE BCD WERD ZENGDEF] S¥#,
THIS TEST PREVENTS QPERATING 8N THESE SITUATIQNS,

1F (1TWG,EQ,NNODEFX ER, JTWO,EQNNBEEFI) 120,20

#2]1STOWD##18 SET EQUAL TO THE SECOND WORD BECAUSE
17 IS N@W ASSUMMED TE BE A STANDARD WORD BY APT DEFINITIONS,

1STDWDa[TWE
SUBREGUTINE STDUNPK 1S CALLFED UPEN T@ UNPACK THE STANDARD WARD

1STDVEDES=D
1STDTEL =D
1STDINDX=Q
1STDTYPE=Q
CALL STDUNPK

¥2ISTCTBL®# RECEIVES BYTA AND A #£¥4%# REPRESENTS A CANONICAL FORM

tF (ISTDTBL.EQ.4) 30,120
1T IS NOW SAFE TO PRECEED AND EXAMINE THE CANGONICAL FORM ITSELF

KANSURF2ITWE
CALL CANGET

Z#]SAMZZ PICKS UP THE 4 RJGHTMGST BITS
AF TRE FIRST CANGNICAL WORN

1SAMs(DEFSTO(1),AND,7777B)

1F #2]SAMEZ 1S EQUAL TO A #23¥# THEN IT IS A PLANE CANONICAL FORM

1F ((ISAM.EQ.2).0R,(ISAM,EN,3)) 40,120

91

CR82760
CRR82770
CRS2780
CR82799
CRS2800
CRS2A10
CRS2820
fR82830
CRS2840
CRS2850
CR82860
CRS2870
CRS2889
CRS82890
CRS2900
fR8Z2910
CR82%20
CR82930
CRS2940
CRS2950
CR82960
£RS2979
CRS2980
CRS2990
CRS3I000
CRS3010
tRS3020
£RS3030
CRS3040
CRSIN50
£RE3060
CRS3070
CRSI080
CR83090
£RS3I100
CRE3IL10
CR83420
CR83I130
CR334140
CR8315¢
CRS3IL160
CRS347p
CRS3180
CR23I190
CRS3200
CRS3210
CRS83220
CRS3I230
CR83234
CRE83240
CRS83I250
CRS83260
CRS3I270
CRS8328¢
CR&3290
CRS3300

ITITSCYTIOND

7

)

3
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THE SLM OF PRBDUCTS -€F CORRESPONDING BIRECTION CASINES
AF TWE PLANES,

COSSAMERCOSA*DEFSTA(A)+RCOSBDEFSTE(5)+RCOSGYDEFSTO(6)
1F ##2COSSAM#Z 1S NEGATIVE, CHECK 1T FURTHER AT STATEMENY 938
{F #2COSSAMZZ]S ZER@® TWEN THF PLANBES ARE PERPENDICULAR

1F (CESSAM) 100,50.60
PRINT 390, IGNE
et TE 120

IF 22COSSAMzZ]S #z1#2 THEN THE PLAMES ARE PARALLEL

FXCESS=CASSAM~-1,0

'F (EXCESS) 110,90,70

tF (EXCESS,LT.0.0001) 90:8n
PRINT 409, 1ONE,COSSAM

GO TE€ 120

PRINT 410, 1GNE

60 TE 129

1F #2C0SSAMz® BETWEEN »1 AND 0
PRECEED 76 TAKE THE ARC COSINE
ATHERWISE GO TA END GF LOGBP

1F (CCSSAM,GT.(~1,0)) 110,120

1F #xCOSSAMZ# 1S N@Ne«ZERO, AND NPT = 1, TAKE THE ARC COSINE
AND CENVERT YO DEGREFS .

ANGSAMSACES (COSSAM)INEY , 32
PRINT 420, I[ONE,ANGSAM
CONTINUE

NOTHING IS DONE WITH THIS INFORMATIGN
AN ANGLES BETWEEN THE P|ANFES

ATHER THAN PRINTING IT QUT FOR ITS USEFULNESS TO THE PROAGRAMMER

PRINT 360
. . . . . »
» * ™ * . -
. . » " » .
" * cCOMMENT . »
. . * . . »
™ . . . . w

THE MINIMUM AND MAXIVMUM VALUES BF THE MAJBR COPRNINATE SYSTEM
VARIABLES (1.E, X,Y,2) ARE INTRENUCER THRAUGH A SEQUENTIAL PAIR

AF SPECIALLY NAMED PCINTS = 2ZHOXYMINZZ AND ZZMAXYMAXEZ,
THESE VALUES ARE PICKED UP VIA THE DEFINED SYMBOL TABLE

THE CEQRESPONDING VALUES IN THE PRIME SYSTEM ARE COMPUTED,
(E.G. XZMIN® F(XMIN,YVMIN,ZMIN)

2 & & & & &

CRS3310
CRS3I320
CRS3330
CRS334n
fRS3I35p
CRS3360
CRS3370
CRR3380
CR8339p
CRS3400
tR83410
CR83420
fR%3430
CRS3440
CR8345)
CRS3460
CRS3I470
CRS3489
CR8349¢
CRrRS3500
CRS3510
CRS3I520
CRS]3530
CR83540
CRS3550
CRS3IB60
CRS3B70
CrRS3B8a0
CRS3590
CRS3600
CRS3640
CRS3620
CRS3430
CRS83640
£RS3I&50
CRS3IA60
CRS3670
CRS3IAT
CRS3680
CRS3IA90
CRS3700
fRS3I7L0
CRS3720
CRS3730
CR83740
CRS3I750
CR83I760
CR83I770
CRS3780
CRS3790
CRS3800
CR83840
CR83820
TR33830
CRR3IB40
CR%3B50
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11/09/70
A MINIMUM AND A MAXINUM VECTAR MAGNITUDE IN THE PRIME SYGTEM ARE
COMPLTED
tE.G, VMIN =SQRT(XZMIN®##2 & YZMIN##2 & ZZMIN®#2)

THE LARGESTY @F THESE VECTBRS IS SCALED TO COVER 5 INCHES OF PLOTY
LENGTHK,

THE PEINTS @F INTERSECTIGN ARE CAMPUTED
FIRST IN X,Y,Z COARDINATES
SECGOND IN X#,Y#,7#COORDINATES
THE Z% VALUES ARE IGADRED AND SHAULD BE ZERG
THE PLOTTING COORDINATES (XP,YP) ARE COMPUTED USING THE SCALE
FACTER AND AN BDDITIVE BIAS OF 5,0 IN BATH DIRECTIAONS,

IF THE RESULTING VALLES OF XP AND YP ARE NEGATIVE ®R EXCFED 10.0
THEY ARE REJECYED AS EXCEENING THE BOUNDS @F THE LIMITING VECTER

%* % % &
" % % =
e %" & 8
L 2K BN BN )
L BE B BN J
L 3K B K
»> " 8 8

THE [ST TABLE 1S SEARCWED FOR THF NAMES
PEHOXYMINE® AND zxHEXYMAXZEZ,

ne 4140 K=31,IDSEND,2
KSAVE=K
KEK»Y
HMAXYMIN

TF (JTABLCITABL11+K),EQ,304866770443445608.AND, JTARL(ITAB11+K4+2) EQ,

13046677044216760B) 130,140
HeXYMAX

INCREMENTAL INDECIES T@ SECOND WORL LOCATIONS IN DST

IMINNG2K+1
IMAXNGaK+3
60 Te 150
KEKSAVE
PRINT 430
sT0P

THE MINIMUM VALUES ARE EXTRACTED FRGM THE HOXYMIN CANBNICAL FORM

KANSLRFEJTABL(ITAB11¢IMINNA)
CALL CANGET
FAWXMINZDEFSTO(4)
RAWYMINBDEFST@(S)
RAWZMINZDEFSTOL6)

93

CRS3B6O
CRg3870
CRSIA88N
CRS3I89N
CRS3900
CRS3I%1p
CRS$3920
CRS3IGIO
fRS3ISA0
tR53950
LRSIVED
CRS$3970
CRS3%989
CRS3I990
CRS4900
CRS4010
CRS4n20
CRS4030
CRS4N4D
CRS4050
CRS4NAD
CRS4070
CR%40N80
CRS4DGN
CRS4100
CrRS4110
CRS4120
tRS41 30
CRS44140
CRS4450
CRS416p
CR54170
CRS418p
CRS4190
CRR4200
CRS4210
CRR4220
tRS423p
CR84240
CRS4250
CRR4240
CRS4270
fRE4280
CR84290
CRS4300
CR84310
tRS4320
tR84330
CRS434D
fRS4350
CRS4360
CRS437n
CRS4380
CR84390
CRS4400
fRS4440

13N1

on
[
[

I
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THE MAX]MUM VALUES ARE EXTRAGTED FROM THE HOXYMAX CANONICAL FORM
KANSLRFsJTABL(ITABLL+ IMAXNG)
CALL CANGET
PAWXMAXEDEFSTA(4)
RPANYMAXZDEFSTO(5)
RAWZVAXSDEFSTO(6)
PRINT 443
PRINT 453, RAWXMIN,RAWYMIN,RAWZMIN,RAWXMAX jRAWYMAX )RAWZMAX
THE CEORESPONDING MINIMUM VALUES IN THE HBPE PLANE.
YPMIN,YPMIN,ZPMIN
ARE CEMPUTED IN SUBREUTINE MM USING THE XMAT9 MATRIX
CALL MM (XPMIN,YPMIN,ZPMIN,RAWXMIN,RAWYMIN ,RAWZMIN,XMAT9)
THE SAME W]TH THE MAX]MUM VALUES, XPMAX, YPMAX, ZPMAX
CALL MM (XPMAX,YPMAX,ZPMAX RAWXMAX,RAWYMAX s RAWZMAX ) XMATQ)
THE MINJMUM AND MAXIMUM VEGTAR MAGNITUDES ARE COMPUTED

MINVCTORSSORT (XPMINws 24 YPMIN®#2+7PVIN#%2)
MAXVECTORSSORT (XPMAXS 924 YPMAX*#¢2¢7PMAXS*2)

THE GREATEST OF THESE IN MAGNITUNE 1S SET EQUAL T® ZXREACH#Z
1F (MINVCTOR,GT,MAXVCTOR) 160,170

REAGCKEM]NVCTOR

¢6 TE 180

REACHEMAXVETOR

£0 TE 180

THE SCALE FACTOR- REACH MUST FIT INT® 5,0 INCHES OF PLOT LENGTH
SCALE35,)4REACH

PRINT QUT THE CAL~=CgMP PLET SCALE

PRINT 460

PRINT 470, SCALE

CALCLLATE AND PRINT E€UT THE GERBER SCALE FACTGR NEEDED T@
FRODUCE A 131 PLAT, THAT [S, A PLOY AN WHICH ONE UNIT 6F LENGTM
1S EGUAL TB ONE UNIY OF LENGTH @N YHF GRIGINAL PART DRAWING,

SCLFAC=1/SCALE

PRINT 480, SCLFAC

PRINT 360

PLACE A RIGHY ANGLE INTERSFCTIAN AT THE @RIGIN (5.0,5,0)

cALL SYMBBL (5,0+5,0+0.,20,3:0,~1)

CRS4420
CRS4430
CR84440
CRS4450
CRS4460
CRS4470
CRS4480
CRS4490
£RS4500
eRS451)
fR84520
CRS4539
CRS454y
CR84550
CRS4560
CRS4570
CRS4580
CRS4590
CRS4600
CRS4610
CRS4620
CR54630
CRS46410
fRS4650
CRS4660
CRS4470
CRS4688
CRS4650
CRS4700
CRS%4710
CR24720
CRS4730
CRS4740
CRS4750
CRS4760
CRS4770
CR84780
CRS4790

" CRS4800 -

CRS4810
fRS4820
CRS4830
CRS4840
CRS84850
CRS4860
CRS4870
CRS4880
CRS4890
CRS4900
CRS4910
CRS4920
£RS4930
CRS4940
£R84950
CR%4960
CR84970
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PLACE A SCALE MARK IN THE LOWER LEFY HAND CORNER
SHEWING THE CAL-COMP DISTANCF CORRESPENDING T8 GNE INCH OF
PART LENGTH,

cALL PLET (0,0,3)

cALL PLET (0,0,2)

rALL PLOT (0,-0,25,2)
cALL PLEGY (SCALE,~-0,25,2)
rAlLL PLOT (SCALE,0,2)
cALL PLOET (SCALE,(0.3)

. * s . * .
. * * * » .
. . cAMMENT ] »
. » . * * .
. * . * « .

THE SUBROUTINE #SIMEQZ THAT SELVES THREE PLANE EQUATIONS
SIMULTANEQUSLY 1S UTILIZED TP OBTAIN POINTS OF INTERSECTIAN
AN THE ##£MOPE#¥ P_ANE, A i INE OF INTERSECTION IS IDENTIFIED
WHEN A PLANE IS INVOLVED I[N MORE TKAN ONE POINT, FOR THIS
REASEN AN GUTER |OOP ]S CYCLED #¥IDSENDZ# TIMES, AND AN INNER
LOOP CYCLED Z#IDSEND ¢ INSFNNEZ TINES SO THAT EACH PLANE 1§
HELD CONSTANT (A_ONG WITH ##HOPE¥Z OF CQURSE) AS AL BTHER
PLANES ARE BRBUGHT [N FOR TESTING,

] * * . * |
L * » L ] ¥ [ ]
- * . L] * [
. . * » ] L}

TITLE FGR THE NEXT PAGE AF PRINT OLT
PRINT 490, [HBNAME

THE 2zDEFTABZ# ARRAY HOLDS THE INPLY INFORMATION FOBR
SUBRELTINE SIMEQ, HERE THE HAPE PLANE CONSTANTS ARE
INSERTED, THEY WILL NgT BE CHANGFD SINCE THE HppE PLANE
'S INVBLVED IN ALL THE POINTS OF INTERSECTION

NEFTAB(108)=RCASA
DEFTAB(109)=RCASB
PEFTAE(110)=RCASE
NEFTAB(111)=RHAPEP

INITIALIZATION OF THREE FAGS

#21ONCEX¥ CONTROLS THE CALL TO SUBROUTINE DL INE

A ZZip#® VALUE MEANS OFF

A ZEgE® VALUE MEANS AN

TRE INITIAL VALUE 1S @FF

1T IS TURNED ON EY THE ACCEPTANCE OF A VALID POINT IN
FUNCTION [SITEK,

IT 1S TURNED @FF AFTER EACH CALL
##1P2% 1S THE COUNTER IN THE Z#KRZ# ARRAY

LR B N 3N J

L 3 R 2

95

CRS4980
CRS4990
CRSS000
CRS85010
CRS5020
CRS5030
CRS5040
CRS5050
fRS5060
CRS5070
CR85080
CRs5090
CRS5100
CRS5410
CRSS5120
CRSE5430

CRS5440

PRS5150
CRS5160
CRS5170
CRE5180
CRS5190
CRS5200
£R85210
CRS5220
CRS5230
CRS5240
CRS5250
CRS5260
CRS5270
fRSE5280
CRS5290
CRS5300
CRS5310
CRS5320
CRS5330
CRS5340
CRSS350
CRS5360
CRS5370
CRS5380
CRS5390
CRR5400
CRS5410
CR854290
CRS5430
CRS544p
CR8545)
CRS5467%
CRS5470
CRSSA4R0
CRS5490
CRS5500
CRSS5510
CRS5520
CRS583g
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g21PTANOZZ 1S THE INTERSECTIGN PBINT NUMBER CBUNTER

1ONCE=1
1P=}
tPTNE=]

THE START OF THE QUYER LBOP

Pe 330 KK=1,IDSEND,2
KeKKey

SHOULL #ZDLINEZXZ BE CALLED?
1F (1ENCE.EQ,1) 200,190

THE ILEA IS TGO CALL TLINE FBR THE PURPGSES @F DRAWING A

LINE BETHEEN THE MINIMUM AND MAXTMUM

POINTS [N THE SET OF ALL TWE INTERSECTION PQINTS @BTAINED

RURIAG THE JUST COMPLETED PASS THRL THE INNER LOOP, IF NO® POINTS
WwERE CREATED » NO® CALL IS MADE v® #2DLINEZ#,

CONTINUE
rALL DLINE (NAME1,1P,KR,SCALF)

cLOGSE THE GATE

1ONCE=]
rONTINUE
151TAB11+K

SEE REMARKS IN VICINITY OF STATEMEAT 921

TONEaJTABL(])

1TWEaJTABLL]+1)
T1ONEFART=[ANE,AND,77777777000000008
1X=(JENE,AND,7700000000000N0NB)

RYPASS QCEURS IF THE NAME CONTAINS ANZZX7ZZ OR THE WOARDZZHOPEZXZ,

1F ((IONEPARY.EQ,BHHEPEQDDD).OR, (IX,EQ.8HX0000000)) 330,240
CONTINVE

1F (1TWO,EQ.NNODEFX,ER,JTWA,EQ,NNOBEF]) 330,220

1STDWC=z]ThWp

CALL STDUNPK

1F (ISYDTBL,EQ.4) 230,330

CONTINUE

KANGURF2ITWE

CALL CANGET

THE CANGN]CAL FORM @F A PLANF HAS BEEN ]SGLATED AND ITS NAME AND
CONSTANYS ARE NOW PICKED UP FBR USF, THESE VALUES WILL BE USED
PURING THE COMPLETE FRMOCESSING OF THE INNER LOGP,

1SAM3(DEFSTA(1),AND,77778)
IF ((ISAM.EQ,2),0R,(1SAM,EQ.3)) 240,330

CRS5540
CRS5550
fRS85569
CRS5870
CRS5580
CRSS590
fRS5600
CRSS5610
CRS5620
CR%5630
CRS5649
CRS5450
CRS5460
CR8567
CRS5680
fRS569)
CRS5700
CRS5710
PRS5720
tRS5721
CRS5722
CRE5730
CRS5740
CRS5750
CRS576¢
CRS5770
CRS5780
CRE5790
CRS5800
CRS5810
tRS85820
CRS85830
CrRS85840
CRS5850
CRSSA60
CRSS5A70
CRR5880
CRS5890
fRS5900
CRS5940
CRS5920
CRSS5930
CRS5940
tRS5950
CRS5960
tRS5970
CRS5980
CRg5990
CRS6000
CRS6NLO
CRS6020
CRS6030
CRS6N40
CRS6050
CRS6060
CRS6NTN
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NAME13]ONE

PEFTAB(104)=DEFSTR(4)
PEFTAB(108)=DEFSTO(S5)
PEFTAB(L106)=DEFSTR(6)
PEFTABC(107)sDEFSTO(7)

START OF THE INNER LEOP

ne 320 L=1,IDSEND,2
ME1TABL1#+L =1

SEE REMARKS IN VICINITY @F STATEMENY 92%

1ONEa3JTABL (M)

1TWEaJTABL (M+1)

TONEFART= | ONE.AND,77777777000000008
tX3([ENE,AND,7700000C00000000B)

RYPASS GCCURS IF THE NAME CONTAINS AN#ZXZE GR THE WERD#ZHOPEZXZ,

IF ((]GNEPART,.EQ,BHHEPEQDDD),OR, (IX,EQ.8HX0000000)) 320,250
CONTINUE

1F (1TWE,EQ.NNODEFX ,ER.ITWA,EG,NNOEEFT) 320,260

1STDUES]TWA

CALL STDUNPK

1F (ISTDTBL,EQ,4) 270,320

CONTINUE

KANSLRF=lTWE

CALL CANGETY

THE CANGN]CAlL FGRM @F THE THIRD PLANE HAS BEEN ISGLATED.
1TS NAME AND CANSTANTS ARE NOW PICKED UP FOR USE,

1SAM=(DEFSTO(1),AND,77778)

1F ((ISAM.EQ.2),PR,({1SAM,EN,3)) 280,320
MAMEZE 1 ONE

NEFTAB(100)=DEFSTO(4)
NEFTAB(101)=DEFSTR(5)
REFTAB(102)=DEFSTA(S)
NEFTAB(LD3)=NEFSTAR(T)

THE ERRQR MESSAGE INLJCATOR IS ZERECED
JSUBER=0

READY T@ SQLVE THWREE PLANE EOUATIONS SIMULTANEGUSLY
CALL SIMEG

1F (JSUBER,EQ.1005) 290,300

CENTINUE

UNSUCCESSFUL SOLUTION

60 7€ 320
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CRS6080
CRS6090
CRS610D
CRS6110
CRS6120
CRS6130
CRS6140
CRS6150
CRS6160
CRS6170
CRS6480
CRS649D
CRS6200
CRS6210
CRS6220
CRS6230
CRS6240
CRS6250
CRS6260
CRS627g
CR86280
CRS62%9
CRS&30N
CRS634n
CRS63290
CRS6330
CRS6340
CRS6350
CRS6360
CRS6370
CRS6380
CRS6390
CRS6400
CRS6410
CRS6420
CR86430
CR864490
CR%6450
LRSE460
CRS6470
CRR6480
CRS6490
CRS6500
CR%6810
CRS6520
CRS6830
CRS6840
CRSE550
CR$6560
CRS6570
CRS6580
CRS6590
CRS6600
CR36610
CRS6620
CR86630

=
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300

310

320
330

349
359

360
370
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CONTINVE

YRiYR+ZR ARE THE COQRDINATES OF THE PQINT IN THE MAJRR SYSTEM,
¥ReDEFTAB(112)

YR3DEFTAR(113)

ZR=DEFTAB(114)

XPy, YP, ZP ARE THE CEGRDINATES
MF THE POINT [N THE ‘hOPE PLANE SYSTEM

¥peg

YPa(

7P=0

CALL MM (XP,YP,ZP,XR,YR,ZR,XMATS)

X, Y ARE THE CAORDINATES @F THE POINT FGR THE PLOTTER,
¥eXP+SCALE+5,0

YEYPHSCALE+S, 0

782P

TEST TO DETERMINE IF TWE PAINT 1S ACCEPTABLE=
ARE (XR,YR,)ZR) WITHIN THFE X,Y,Z LIM]TS?
ARE (X,Y) WITHIN THE PLAT LIMITS?

CRS6640
CR$6650
CRS6660
CRS6670
CRS668p
CRS6690
CR86700
CRS6710
CRS6720
CRS6730
CRS6731
CR8E740
CRS6750
CRS6760
CRS6770
CRS6780
CRS6790
CRS6A00
rRS6810
CR36820
CRS6830
CRSEB4p
CRS6850
CRS6860
CRS6870
CRS6880
Cr$6900

ISTEETOK2]SITOK(XR, YR ,ZRyXsY+Z/RAWXMIN,RAWYMIN,RAWZMIN,RAWXMAX ,RAWCRE6910

LYMAX  RAWZMAX,YES,NO,1ONCE, KR, IP,SCALE)

1F (ISTESTOK,EN.N@) 324,330
POINT ACCEPTED CONTIAUE
CONTINUE

IPTNEZIPTNO+1

CONTINUE

FONTINUE :

NRAW A LINE THROUGH THE LAST SET OF PQINTS IF THEY EXISY
1F (JENCE.EQ.0) 340,250

CONTINUE

rALL DLINE (NAMEY,1P,KR,SCALE)

FONTINUE

THE LINE AND PLANE CANNONICAL FORME WAVE

ALL BEEN BPERATED 6N,

NOW GE TO SEGMENT 2 AND LOAK FOR CYLINDERS AND SPHERES
1DSENLC2]DSENDey

YFILL7=102

CALL PRCNTL

FORMAT (1MW1)
FORMAT (1X,A8,/,1X,44,8,C, Dy, 4F10,7)

CRS6920
CR86930
CRS694p
CRS6950
CR56960
CR86970
fRS69RQ
CRR699D
CRS7000
CRS7020
CRE7030
CRS7040
CR87080
CRR7060
LRE7670
CRS708p
CRS709D
CRS7100
CRS7410
CRS7420
CRE7130
CRE744p
CRS7450
CR&7160
CRS7470
CRS7180
CrS7198
CrRS7200
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380 FORMAT (30X,*ANGLES BETWERN ®,AB,s AND THE DEFINED PLANES*,/////)CRS7210
390 FORMAT (1X,AB,1X,32HFERPENDICULAR T8 REFERENCE PLANE,///) CR87220
400 FORMAT (1X,sFQR #,A8,sCOSINE ARGUMENT GT 1, 1S »,E20.7) CRS7230
410 FORMAT (14X, AB8,1X,27HFARALLFL TO® REFERENCE PLANE,///) CRS724)

420 FORMAT (1X,AB8,4X,2HAT,F10.1,1Xs24HDEGREES TO REFERENCE PLANE,///) CRS725p
430 FERMAT (1X,sHOXYMIN AND HOXYMAX NOT FRBUND®,/,41X,«THEY MUSY BE SEQUCRS726p

4ENTIAL, MIN THEN MAX®) CRS7270
440 FORMAT (1X,*IN BRIGINAL COARDINATE SYSTEMe4/,/4/) CRS728
450 FORMAT (5X,#MINIMUM VALUFES®,/,/,3¢10XsF1ne5:/)2/,5X,MAXIMUM VALUECRS729
18%,/,/03(10X,F10,51/)) CRS7390
460 FORMAT (/,/,4X,%IN HEPE PLANEs,/,/) ERS731 0
47p FORMAT (1X,#SCALE.,,*,F10,5,% INCHES BF PLOT LENGTH = g INCH @F PACRS732p
1RT LENGTH#) CRS733p
480 FORMAT (/,/,1X,#70 GETAIN A ¢ T@ 1 PLBT AN THE GERBER USE A SCALE#ERS734g
1,% FACTGR IN BOTH X AND Y OF ,F10,5) CRS735¢
490 FORMAT (3gX,AB,* INTERSECTIONS WITk ALLOWED DEFINED SURFACES*,////CRS7360
1) . CRS7370
END CRE7380~
CRESEC 11/09/70 ED 0
IDENT CROSEC
PROGRAM LENGTH 01467
ENTRY POINTS CRESEC 00276

BLOCK NAMES
TIMETEST 00004
SYSTEMZ 00175
SECTILRG 02642
VECABTBL 02114
2 27534
CROSSEC 03037
EXTERNAL SYMBOLS
GBQENTRY
THEND .,
NBOSTOPS
01610100
a8qpicT,
CANGET
TESTHOPE
STDUNPK
MM
SYMBOL
PLBT
DLINE
SIMEQ
1S1T6K
PRENTL
SQRTF
ACOSF
STH,
ONSINGL,
00663 SYMBOLS
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SUBRROUTINE TESTHOPE

TEH
TEH

COMMON /CROSSEC/ A,B.C.D,IDSEND,XYATI(16),ARRAY(254),XC,YC,ZC,UX UTEH
1Y:UZ,R,sSCALE,DCOSCYL(9),HB(9),XS(400),YS5(4n0), Y(lﬂ‘)nY(103).MAJOR TEM
2MINOR,PH! ,CX,CY,RANIUS, ISEY CXVZ€16)0E¥YZ(16) FH116), 10KTEST,TL,ILTEH

JGBP,!P.KR(ZOO)pIONCE

THE PURPOSE OF SUBROUTINE TESTHOPZ IS T@ EXAMINE TWE DIRECTION
COSINES @F THE HOPE PLANE IN QRDFR TO DECINE BN THF ORIENTATION
OF THE HWMpPE PLANE COGRDINATE SYSTZM

A,B.C.D ARE THE HOPE PLANE CONSTANTS

THE XMAT9 ARRAY MOLDS THE CANVERSION CONSTANTS RETWFEN
THE CQORNINATE SYSTEMS AND 1S FXP_AINED IN THE CROSEC COMMENTS,

IF ALL 4 aF THE HGPE PLANE CONSTANYS ARE ZFRO,
NO CRBSS SECTIONAL SOULTION 1S PASSIBLE

1F (A.EOLD.AND.B.EO.D.AND,C.EO.O.AND.D.EO.n) 10,20
PRINT 200
sTOP

IF ALL ¢ @F THE WOPE PLANE CONSTANTS ARE NMNsZERM,

OR IF PARALLEL 70 EITHER THE Y AXIS OR THF Z aXIiS

THEN & GENERAL SMLUTION IS CALLED FOR SINCF N® H®PF PLANE
ORIENTAYIAN WITH A MAJAR COORDINATF PLANE FXISTS,

TEM
TEM
TEM
TEHW
TEHW
TEW
TEW
TEM
TEMW
TEMW
TEHW
TEH
TEH
TEHW
TEHW
TEM
TEHW

TEW ?

TEHW
TEM
TEM
YEH
TEH
TEH
TENW
TEH

TEW !

TEH

IF ((a, NE 0, AND B,NE,0,AND.C,NE,0,AND,D, NE.0),®R, (A ,NE.D,AND;B,EQ, TEK
10,ANDLC, NE, AND D NE D).@R (A, VF 0,AND,B,NE,0,AND,C.EO, 0 AND,D NETEHW

z.oaa 30,40

CALL GENSAL (D/A,0,0,A,B,CsDVXMATY)

RETURN

HOPE 18 PARALLEL T8 THE XY PLANE IFs

IF (A,EQ0.n.AND,B,EQ,0,AND,C,EQ,1) 50,60

HOPE PARALLEL TO® XY PLANE

CALL FILXMATY €1,0,020,0,0+1,040,0,040,1.0,eDeC,XMATO)
RETURN

WBPE 1S PARALLEL TO THE XZ PLANE IFfe

IF (A,EQ,0.AND.B,EQ,1,AND,C,EQ,0) 70,80

HOPE PARALLEL YO XZ PLANE
CALL FILXMAT® ¢1,0,0,0,0,0,0,1,0,0,0,21,0,0,eDeB XMATO)

TEM
TEHW
TEM
TEM
TEH
TEH
TEM
TEM
TEH
TEM
TEM
TEH
TEMW
TEM
TEH
TEM

TEH °

TEW
TEH
TEH
TEH

550
560
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RETURN

HOPE 1S PARALLEL TO® THE YZ PLANE IFs
!‘ ‘A:EQ»’|AND,8.EQ|0-AND.C.EQ.O’ 90'100
HWOPE PARALLEL TO YZ PLANE

CALL FILXMATY (0,1.000,0,05042,0,0.3:0,0,0,D%A,XMATS)
RETURN

HOPE PARALLEL TGO X AXIS AND INTERSEPTS Y AND 7 AXES
IF (A,E0.0.AND,B,NE,O,AND,C,NE,D) 110,120
CALL FILXMATY (1,0,0,0,0,0,C,#B,0,4,8,C,=(NsBuReMsln) XMATO)

RETURN

IF D 1S ZERO THEN HOPE PLANE INTERSECYS THE ORIGIN
IF ((D,EQ.0),AND,(B,NE,0)) 130,140

IN SUCH A SITUATION

FIRST TRY 70 LEY THE X PRIME AX1S RE
THE INTERSECTION BETWEEN THE HOPE PLANE
AND TWE Xy PLANE

PHISATAN((=A)/(B})
Ti1sCoS(PWI)
T24nSIN(PUT)

73120 .

GO T® 180

SECOND YRy THE INTERSECTION BETWEEN
THE WEPE PLANE AND THE X2 PLANE

IF ((D.EG70),AND,{CNE,0)) 150,160
PHIZATAN((=A)/(C))

T118COS(PHI)

T21x0 )

T318SIN(PWI)

Go Te 188

THIRD TRY THE INTERSECT]ON BETWEEN
THE WGPE PLANE AND THE YZ PLANE

IF ((D.EQ,.0),AND,(A,NE,0})) 170,190
PHIRATAN( (=B)Y/(C))

Titn0

T21aSIN(PHI)

T318CaS(PWI)

GO YO 189

101

TEH
TEW
TEH
TEH
TEH
TEH
TEM
YEHW
TEH
TEW
TEM
TEM
TEM
TEHW
TEH
TEHW
TEM
TEH
TER
TEW
TEH
TEH
TEH
TEH
TEM
TEH
TEH
TEH
TEM
TEM
TEW
TEM
TEM
TEM
TEH
TEN
TEMW
TEM
TEH
TEM
YEW
TEH
TEMW

570
580
590
600
510
620
630
640
650
660
670
680
690
700
710
720
738
740
750
760
770
780
790
800
aLo
A820
830
840
850
860
a7p
a8o
890
900
910
920
930
940
950
960
970
98¢
9%0

TEN100D
TEM1010
TEH1020
TEH1030
TENML040
TEML050
TEH1060
YEH1070
TEH108p
TEW1090
TEML1100
TEWM1110
TEHL120

gATITECYIOND

X
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o TEH1130
THE DIRECYTIGN COSINES FOR THE Z AXIS ARE A,B.C TEW1140
TEHL150
180 T13XsA TEH1160
t232R TEM1170
3330 TEW1180
c ) TENM1490
¢ THE DIRECTION COSINES FOR THE Y PRIME AXIS TEH1200
c ARE THE CROSS PRODUCTS OF ZPRIME C[RBSS X PRIME TEH1210
£ TEHL?20
T12272347312T721s733 TEN1230
T228T11eT33aT13T31 TEW124p
T328T43aT21T118723 ‘ TEHL250
CALL FILXMATO (741,721,731,0,742,722,732,0,743,723,733,0,XMAT9) TEW1260D
RETURN TEH1270
c TEH1?280
€ IF TW1S PAINT 15 REACHED, THEN NGO HOPE COORDINATE SYSTEM 1S TEM1290
c POSSIBLE, AN ERRMR MESSAGE IS PRINTED TEW1300
c AND THE PROGRAM STOPPED, TEW131p
c TEN1Z20
190 PRINT 210, A,B,C,D TEWM1330
STOP TEM1349
¢ TEWL350
e TEH1360
200 FORMAY (ix,*ALL COEFFICIENTS FOR 4APE PLANF TESTY ZERGws,/,sN@ CRESSTEH1370
1 SECTION POSSIBLE, STOP CALLED FR3s) TEWL380
210 FORMAY (4x,sFAILED 11 YESTS IN T=STYHOPE, NECLARED INVALIDw,/,1X,+TEH1390
1A = w,F1575,%, Bu #,F10,5,%, C £ ¢,F10,.5,%, D = F10,5.,/) TEM1400
END TEWL410w
TESTHEPE 11/02/70 ED 0
IDENT YESTHAPE
PROGRAM LENGTM 00527

ENTRY POINTS  TESTHOPE 00056
BLOCK NAMES
CROSSEC 03037
EXTERNAL SYMBOLS
THEND,
080STEPS
asablcY,
RENSOL
FILXMAYS
SINF
cosF
ATANF
STH,
aNSINGL,
00162 SYMBOLS
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SUBROUTINE FILXMATO (UL,U2,U3,Ud44 U8, U6, UT 1B USRS UL0,U11,UL2,XMATI)FXM

WITH THE 12 INPUT PARAMETERS,
THE PURPBSE OF XMAT9 1S EXPLAINED IN CROSEC COMMEN

THIS SUBRAUTINE 1S CALLED FROM SU3SROUTINE TESTHOPE

aaaaoaoannand

DIMENSTION XMATO (1)
XMAT9(1)y=yl
XMATO(2)m)2
XMATO (3)y=3
XMATO (4314
XMATO (%5)ay5
XMATO(6)a6
XMAY9(7ym)7
XMATO(By=y8
XMATO(O)ym9
XMAT9(10)gU10
XMAT9 (14)sULL
XMAT9(12)sU12
RETURN

END

FILXMAT®

IDENT FILXMATS
PROGRAM LENGTH 00200
ENTRY POINTS FILXMAT? 00003
FXYERNAL SYMBOLS
a8aDlcY,
00073 SYMBOLS

THE PURPGBSE OF THWIS SUBROUTINE IS 70 FILL UP THE XMATO ARRAY

TS

11202/70

FXM
FXM
FXM
FXM
FXM
FXM
FXM
FXM
F XM
FXM
FXM
FXM
F )M
FXM
FXM
FXM
FXM
FXM
FXM
FXM
FXM
FXM
FxM
FXM
F)M
FXM

ED

270»

AITITECVIOND
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SURROUTINE GENSOL (L1,L2,L3,A,R,C,N,XMATH) GEN
GEN

THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE GEN
THF DIRECTION COSINES FOR THE GENEZRAL CASE WHERE THE HBPE PLANE  GEN
1S N@T PARALLEL T@ PLANES XY, XZ, AR YZ, GEN
GEN

(L1,L2,L3) IS THE INTERSECTION BF THE XeAX1S AND TWE HOPE PLANE  GEN
GEN

REAL L1,L2,L3 GEN
GEN

A,B,C,D ARE THE HEPE PLANE CONSTANTS GEN
GEN

THE XMAY9 ARRAY 1S FOR QUTPUY AND 1S DESCRIBED IN CRMSEC COMMENTS GEN
GEN

DIMENSION XMAT9(1) GEN
BEN

THIS SUBRAUTINE 1S CALLED FROM SU3RBUTINE TESTHOPE GEN
BEN

THE COARDINATES OF THE POINT FORM=p BY THE INYERSECTION OF THE GEN
NGRMAL TO® THE PLANE AND THE PLANE ARE (DA,nB,DE) GEN
GEN

DA=DweaA GEN
DB=xDwg BEN
DCaDeg GEN
] ) GEN

THE DELTA X, DELTA Y, AND DELTA ¥ DISTANCES BETWEEN THE TW® POINTSGEN
GEN

XXzlL1sDA GEN
XYzL240B GEN
XZal 3¢ GEN
] GEN

THE Xz AX1S 1S DIRECYED FROM (DA,DR,0C) 1O (L1,L2.,3) GEN
GEN

DENSSQRT(XXsw24XYs28XZ8%2) GEN
XAXeXX/DEN GEN
XAYBXY/DEN GEN
XA28X2/DFN GEN
GEN

GEN

THE 72 AX1S HAS DIRECTION COSINES 4,8,C GEN
GEN

THE Y AX1S HAS ITS DIRECTION COSINES COMPUTED BEN
FROM YHE cRGSS PRODUCT TERMS @F 22 CROSS Xz GEN
: GEN

YAXSBuXAZLCeXAY GEN
YAYSCuXAXgASXAZ GEN
YAZmAuXAYBeXAX GEN
GEN

THE XMAT® ARRAY 1S FILLED WITH POSITIONS 4, 8, AND 12 BEING GEN
FILLED BY THE COMPUTED CONSTANTS 24y €2, C3 AS DEFINED IN THE GEN
CRASEC COMMENTS, GEN
GEN

XMATO (1)sXAX GEN
XMATO(2)sxAY GEN
XMATO(3ysyxA2 GEN
XMATO (4ysyAXw{aDA)eXAYs(aDB)aXAZu(eDC) GEN

10
20
30
40
50

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
2490
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
44y
4590
460
470
480
490
500
510
520
530
540
550
560



11/02/70

XMATO (3)avAX

XMATO (6ymyAY

XMATO(7)myALZ

XMATO (BysyAXe(=DA)+YAY®(«DB)eYAZn (D)
XMATO(9)myp

XMAT9(10)aB

XMAT9(1432C
XMATO(12)zAu(=DA)+Be(-DB)¢Cx(xDC)
RETURN

END

GENSOL 11/02/70

IDENTY GENSOL
PROGRAM LENGTH 00323
ENTRY POINTS GENSOL 00003
FXTERNAL SYMBALS
Q8aDlICT,
SQRTF
00111 SYMBOLS

GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN
GEN

105

570
580
590
600
610
620
630
640
650
660~

ED
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FUNCTION 1SITOK ¢XR,¥YR,ZR,X1,Y!,Z,RAWXMIN,RAWYMIN,RAWZMIN,RAWXMAX, 10K

1RAWYMAX,RAWZMAX,YES,NB, ]®NCE,KR,12,SCALE)
DIMENSI@ON KR(1)

THE PURPBSE BF THIS FUNCTIGN 1S TO PERFORM

TWO ACCEPTANGE TESTS

ON THE NEWLY COMPUTED POINT OF INTERSECTION AND Y0 PR@VIDE A YES
OR NO ANSWER TO I1TS ACCEPTA3LENESS

(XR,YR,2R) ]S THE PQINT IN THWE X,Y,Z SYSTEM

(X,Y,2) 1S THE POINT IN PLOT CIORDINATES (Z [NAGTIVE)
RAWXMIN', ..., ARE THE X,Y,2 SYSTEY LiMITS

YES, NO ARE THE TW® POSSIBLE ANSWERS

THIS FUNEGTION 1S CALLED FROM THE {NNER L0OOP IN CRESEC

REAL KR

DOES THE POINT FALL WITHIN THE X,v,Z LIMITS?

1ok
10K
160K
10K
10K
10K
10K
10K
10K
18K
1ok
16K
10K
10K
10K
16K
10K
10K
10K
10K
10K
10K
18K

IF (XR,LT.RAWXMIN,OR,XR,6T,RAWXMAX,OR,YR,LT ,RAWYMIN,OR,YR, BT ,RAWYMIOK

1AX,0R,ZR, L T,RAWZMIN,OR,ZR,GT,RAWZVAX) 30,1n

ARE TME P(®T COORDINATES BETWEEN § AND 10,n?

IF (%1,L770,0,0R,X!,67,10,0,0R,Y!,LT,0,0,0R,Y].GY,10,0) 30,20
IF THE POINY HAS PASSED YHE FIRST TWO TESTS 178 ix,vy) IS
ENTERED IN THE KR ARRAY USED BY SJUBRROUTINE DLINE.
KR(IP) = (X1+5,0)/8SCALE

KR(IPat)=(Y1=5,0)/SCALE

{PelPs?2

OPEN THE GAYE THAT CONTROLS THE DLINE CALL

1ONCERaD

THE YES RETURN

1S1TOK=YES
RETURN

THE NO® RETURN

1S178K=NG

ZERD THE PAINT VARIABLES SINCE YMEZ. ANSWER 1§ N®,
XR=)

YR=0
ZRel

16K
10K
10K
160K
16K
10K
10K
10K
18K
16K
10K
18K
10K
10K
16K
10K
10K
16K
10K
10K
180K
16K
16K
10K
10k
10K
10K
16K
16K
10K
16K

180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
540
520
530
540
550
560



Xla0
YIs0
280
RETURN
END

I1S170K

PROGRAM LENGTH
ENTRY POINTS 1517T6K
EXYERNAL SYMBOLS
01010100
peablcT,
00134 SYMBQLS

IDENTY
00310
00p0e3

107
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18 570
18x 580
10K 390
19K 600
10K 6310~

11/02/70 ED
Is1YoK

1

¥
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SUBROUTINF DLINE (NAMEL,1P,KR,SCAL_E)
DIMENSTON kR(1)

THE PURPOSE @F THIS SUBRBUTINE 1S TO PLOT A COMTINUOUS LINE
BETYWEEN THE POINTS IN THE KR ARRAY

WITHOUTY ALLOWING ANY OVERDRAWING )
AND TP COMPUTE AND PRINY THE SL9PE AND INTERCEPY OF THWIS LINE,

AN BRDERING IN X IS PERFORMED
TO FIND A MINIMUM AND MAXIMUM,
IF 4 VERTICAL LINE ]S PRESENT, WOWJEVER,
AN BRDFRING IN Y [S NECESSARY,

NAME ¢ {8 THE NAME GF THE PLANE ISOLAYED IN THE MUTER LOOP
AND 1S THWE PLANE WHOSE LINE OF INTERSECTION
1S ABsUY 1@ BE PLOTTED,

THE KR ARRAY CONTAINS CONSECUTIVE X,Y PLOT COMORDINATES
{(1Pu1)s2 1S THE NUMBER OF PBINTS)

REAL KR B
REAL MINX'MAXX,SLBPE
REAL MINY,MAXY
StWIsWeSCALEAS,0

ESTABLISH THE END COUNT FBR LBOP ZONTRGL
IPENDeIPwy

THE FIRST POINTe

XEKR{4)
Y=KR(2)

1F TMERE 1S ONLY BNE PBINT IN TWE ARRAY A LINE CANNGY BE DRAWN
IF THERE ARE MORE THAN TWO POINTS A MINIMUM AND A MAXIMUM MUST
BE DETERMINED T® AVOID THE PEN DRAWING BOVER A LINE

MBRE THWAN ANCE,

1F (I1P.EQT3) 280,140

THERE ARE TWO OR MORE POINTS

INITIALLY THE FIRSY POINT IN X IS 80TH THE MINIMUM AND MAXIMUM
MINX=X

YOFMINXgY

MAXX=YX

YOFMAXXgY

Do 450 1=3,1PEND,2
A NEW SET OF VARIABLES

X=KR(1)
Y=KR(1+4)

THE TESY FOR MINIMUM

DLN
DLN
DLN
nLN
DLN
DLN
DLN
DLN
nLN
LN
DLN
nLN
nLN
DLN
DLN
BLN
DLN
NN
DLN
BLN
DN
nLN
DLN
DLN
ALN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DN
DN
DLN
DLN
nLN
DLN
DLN

DLN

DLN
DLN

DLN

DLN

DLN

DLN
DLN
DLN
NN
DLN
DLN
NN
NN
nEN

‘DLN

420
4340
450
460
470
480
490
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140
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IF (X, LT,MINX) 130,120
THE TEST FOR MAXIMUM
IF (X,67,MAXX) 140,150

A NEW MINIMUM
MINXaX
YOFMINXaY

GO YO 1590

A NEW MAXTMUM

MAXXZX
YOFMAXXgY
GO TO 155
CONTINUE

THE SLOPE AND INTERCEPY OF THE LINE ARE TO BE CALCULATED

AND PRINTED OUT ALONG WITH THE NAME @F THE PLANE FB®R

PURPASES aF INFERMATION AND AS AN AID T8 PLOT INTERPRETATVION

THE ExAMEINATION OF DELX AND DELY FOR ZERD 1S T® AVAID AN ATTEMPY
10 DIVIDE BY ZER® WHEN COMPUTING TWE SLOPE

IF DELX is ZERG® THAN AN ORDERING 3F Y i{S DANE
ON THE ASSUMPTION BF A VERTICAL LINE BEING PRESENT

IT 1S ASSUMED THAT TWO EOUATIGONS 3F THE FORM Y=MYsR EXIST
WITH THE TWO PAINTS THAT HAVE REEN ISOLATED,
(MINX, ¥ OF MIN X), (MAX X, vy OF MAX ¥))
AND THE FOLLOWING COMPUTATIONS REPRESENY A SOLUTIGN FOR M AND B
UNDER VAR1BUS CONDITIENS,
1.E,
YOFMAXX3SLOPE®MAXX#B
YOFMINXZSLOPESMINY«B
PLEASE NOTE,,,
WE LET M RE REPRESENTED BY THE WORD S| OPE
T0 AVAID CONFUSION WITH AN INDEX REGISTER
THEN,
SLOPE=(YOFMAXXeYBFMINX)/ (MAXXeMINX)
OR SLBPESDELY/DELX
AND OF COURSFE, BzYOFMAXXeSLOPEwMAXX

DELXaMAXX s M]INX

DELYsYOFMAXXuYBFMINX

A RRANCH TB STATMENT 180 IS A VERTICAL SOLuTIEN

A BRANCH TO STATEMENT 240 IS A HORIZONTAL SeLUTION

A BRANCH TO STATEMENT 470 IS A NORMAL (Y3SLOPEsXaB) SGLUTION
1F (ABSF(DELX),LY,0,00004) 180,160
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DLN
BLN
DLN
DLN
LN
DN
DLN
DLN
DLN
DLN
nLN
DLN
DLN
DLN
DLN
DLN
DLN
OLN
DLN
DLN
DLN
LN
DLN
NN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
DLN
BN
BLN
DLN
bDLN
DLN
BLN
DLN
DN
DLN

500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
740
720
73D
740
750
760
770
780
790
7914
800
810
820
830
Bdo
850
8690
a7e
889
890
900
910
920
930
940
950
96D
970
980
990

DLN100O
DLN1010
DLN1020
pLNi030
DLN104D
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160

170

180

190

200

210

220

230

1F (ABSF(DELY).LT,0,00004) 240,170
NGRMAL SBLUTION

TAEDELY /DELX
SLOPEm(ATANF(TA))s57,32
BeYOFMAXXaTACMAXYX

PRINT 208, NAME1,SLOPE,8
GO T8 240

14/702/70

SINCE DELY 1S ZER® IT 1S NECESSARY TO TRY ®RDERING IN Y

INITIALLY THE FIRST PGINT 1S BOTH THE MINIMUM AND MAXIMUM

VERTICAL SOLUTIBN

XEKR(1)

YaKR(2)

XOFMINYaX

MINYsy

XOFMAXY Y

MAXYmY ,

DO 22¢ 1w3,PEND,2

A NEW SEY OF VARIABLES
XBKR(D)

YEKR(1e1)

THE TESY FBR MINIMUM Y
1F (Y,LT,MINY) 200,190
THE TESY FOR MAXIMUM Y
IF (Y,Bf,MAXY) 210,220
A NEW MINIMUM Y
XEFMINYEYX

MINYsY

6O T 2290

A NEW MAXTMUM
XOFMAXYRYX

MAXYmY

GO 10 220

CENTINUE

CHECK F@R NO SOLUTIEN
1F (MINY,NE,MAXY)Y 230,250
CONTINUE

B:XO?MAx! .
PRINT 308, NAMEL,B

SETTING Up THE PLGT ON ORDERED Y VvALUES

FIRSTX=S{XBFMINY)
FIRSTY=RS(MINY)
SECONDXwS (XOFMAXY)
SECONDY®S (MAXY)

Ge TO 27¢

HERIZONTAL LINE SOLUTION

DLN105D
D NL06D
DLN310?70
nLN1080
nLN1090
DLN11090
DLN141D
DLN1120
DLNLL3D
DLN1140
DLN1150
DLN1160D
DLN1170
DLN1180
DLN1190
DLN3200
DLN121D
DLN1220
DLN1230
nLN1240
nLN1250
DLN1260
DILN1270
nENi28D
DLNL290
DLN1300
niLN1310
nLN1320
DLN1330
DLN134p
DLN1350
DLN136p
DLN1370
DLN1380
DLN139)D
DLN1400
DLN1410
DLN1420
DLN1430
DLN144p
DLN1450
DLN3 460
nLN1470
DLN1489Q
nLN1490
DLN1500
nLN1510
nLN1520
DLN153D
NLN1540
nLN1550
DLN1B6D
DLN1BT7D
NLN158D
DLN1S9D
DLN160D
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SLOPE=D
BeYOFMAXYX
PRINT 340, NAME1.B
60 TH 260
CONTINUE
Ne SOLUTIGN
PRINT 320, NAME1
6o 10 285
CONTINUE
SETTING UP THE PLOT BN GRDERED X vALUVES
FIRSTXES(MINX)
FIRSTY=S(YAFMINX)
SECONDX =S (MAXX)
SECONDY®S(YOFMAXX)

6o to 278
CONTINUE

DRAW A LINE FROM THE MINIMUM TO THE MAXIMUM

MOVE WIYW THE PEN UP TO® THE MINIMyM™
CALL PLOT (FIRSTX,FIRSTY,3)

LOWER THE PEN

CALL PL®T (FIRSTY,FIRSTY,2)

MBVE 1O TWE MAXIMUM POINT WITH THE PEN DOWN
CALL PLOY (SBCONDX,SECBNDY,2)

RAISE THE PEN AT THE MAXIMUM POINY
CALL PLuT (SECONDX,SECBNDY,3)
CONTINUE

INITIALIZE TWE KR ARRAY COUNTER
1Pa1

AN EXTRA LINE SPACE

PRINT 330

111

DLN16lo
DLN1620
DLN163D
nLNis4n
DLN1650
DLN166D
DLN1670
DLN1689
DLN169D
DLN1700
DLNI710
DLNL720
nDLN1730
nLNL740
DLN1750
nENi760
DLNL770
nLN1780
DLN1790
nuNig0o
NLN181D
nLNiR20
nLN1g3o
DILN1840
DLN185D
NLN1B6D
nLN1870
DLN1880
DLN18S0
DLN1900D
nLN1910
NLN1920
DLNL930
DLN1940
DLN19590
DL N1960
DLN1970
DLN198D
DLN19990
nEN2000
DL N20LD
DLN202D
BLN2030
DLN2049Q
pLN2050
nLN206D
BLN2070
pDLN2080
DLN2090

FORMAT (/,/,1X,sLINE OF INTERSECTION FOR PLANE s, A8, /,1X,wHAS A SLDLNZ2L0O

10PE = #,F7,1,% DEGREES,2X,#AND & Y INTERGEPT =z #.,F6,2)

pLN21ln

300 FORMAY (1x,*LINE OF INTERSECTION FOR PLANE »,AB,/1X,*IS VERTICAL,1DLN2120
1.E,SLBPE = 90 DEGREES=*,/1X,sAND I\TERSECTS TWE X PRIME AX1S AT » FOLNZ2130

26,2)

DLN2140

310 FORMAT (1x,#LINE OF INTERSECTION FOR PLANE w,A8,/,1X,#1S PARALLEL DLN2150
170 THE X PRIME AXIS AND #,/,1X,#INTERSECTS THE Y PRIME AXIS AT «,FDLN2160

.
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26,2) _ DLN2170
320 FORMAY (1x.,«FOR w,AB,+ PLANE BOTW DELX AND DELY ARF YZER®#,/,1X,sTHNLNZ218D
1EREFORE N@ LINEAR FBORM BF LINE IS PBSSIBLEs) pLN2190
330 FORMAT (1x4/) DLN2200
END DLN2210+
DLINE . 11/02/70 ED {
IDENY DLINE
PROGRAM LENGTH 00620
ENTRY POINTS DL INE 00151
EXYERNAL SYMBOLS
THEND,
nsaplicr,
PLOT
ATANF
STH,
ONSINGL,

00146 SYMROLS
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PROGRAM CYLINDER cYL

COMMEN /TIMETEST/ KSETIMESY,KSEYIME2,KSETIME,KSETADR cyL

eyl

1 CeMMON AREA F@R CDC APT 3 SEETION O eyL

cyL

sEs N shs s 111 Y sexkne CY|

r@MMCh /SYSTEMZ/ SYSTEM(4) , KAPTCN,KAPTTR,KAPTIO,KAPTID KFLAGS(19),CYL

1KD K1 K2 K3, K4,KS,K6,K7,KB, K9, IFTLLL, IFILL2,IFTILL3,IFILL4,KFLAGD, KCYL
ZFLAGl'KFLA520KFLAG3,KFLA64¢IFILL511NAVEN0IPTNLYJNBPQSYlIFILLénKAUTCYL
IOP,ICLPRT, INDEXX, IPLETR,IFILL7 NOPLOT ,KDYNFG,LACJPY,LOCBFG,KSECIN,CYL
ANCLREC,LOCMAC  KPOCKET , IFILLB, IFILLO,IFILLL0,IPASTP(1) ,NUMPST,IPRSTCYL

SFL(48),TAPETR(41),CANTAP, CLTAPE.P“CTAP PLOTAP,SRFTAP,L1BTAP,CRDTAP,.CYL

GIFILL12)CERTAP,TAPESY, TAPES2, TAPFSY, TAPES4,FORTIN, INTAPE, 10UTAP, PUCYL
INTAP,LSTFLG,LTVFLG KENVTCL ,KINTRUPY,P],P102,DGTRD,RDTDG,ONE,EXTRAQCYL
8t20) cyL
FOUIVALENCE (PRGTAP,TAPETR) cYyL
» EENES TILIL) TYITT) susses CYL
CyL

XK COMMEBN AREA FOR CDC APT 3 SECYION 1§ cyYL
eyL

“EEURN wERERS (X212 2 wsuvss OV

FGMMFN /SECTILAG/ I1TABL,!1TAB?,1TABI, 1TAB4,ITABS, 1SNAM, 1TABL1,1TARLIEYL
12,1T4B13,JENDPTPP, JENDCAN, JENDSTOR, JSTYRTCAN, JENDSYM, JCANTEMP, JRPTACYL

EP.JLPTAB:MAXNST:JXNHEpJCHARo!HDERRuJBUFL;NUPERP.NUPUN»JSTYPEnJVAPSCYL

32,SCHERR,NMACV ,MACASN (25), INNXPT,IPTP,IXPT,MODE,EQCFLG,LPNDFL, TRMFEYL
4G, INTRUPT, JUMPFL, ICCERR,DEBUG,MACMODE,NESTFL ,NRESULT, IPTLIM, JEXFCEYL
5,KTYPE,MACTYP,!PARTERR,FINIS,I@FLG,MACDEL , JSUBER,NUMBERR,DEFSTO(A5CYL
6),DEFTAB(1000)sZSUR(20),XMATA(16),XMATI(16) ,XMAT2(16),XMATL(16), TMCYL
TATXt46) ISTDMEDE, ISTILIT,ISTDYBL,ISTDINDX, ISTDYYPE,ISTDWD JPTIND,KCYL
8PTCALEKPTNAME KPTTYFE,KPTNUM  KPTINDX ,KPTSUB KOMFL G, XKOMPOP ,NOSUBS,CYL
9K ANFLG,KRFSYS,KANREC ,KANCNT, INAME ; KANSURF ,KANINDX, JPRELEN,NEWCARD, YL
$UGBRIT,NUMSTID,NUMCSEQ, IRECIX,IRECNG, JTLPOS, ITITLE(9),LSRECN,NNONECYL
SFX,NNEDEF] ,NIDUM, ISLASH, 1EQUAL  JRLANK, cYL
T ITUMMY,  N10000, N7777, MASKU, MASKL IDIV, (ALK
U MACREL , MACLOC, MACBEGN, MACGLAST, MACLEVEL, ryYL
v MACNAME(3), MACINDX(3), NMV, JRESTOR, MACPSHI(3,25), eyL
W JTEMPY, JTEMP2, JTEMP3, JTEMP4, JTEMPS, JTEMPG, cyl
X JTEMPT7, JTEMPS, JYEMPY, EXTRAL(20) cyL
EQUIVALENCE (DEFANS(1),]DEFSTO(4),PEFSTO(4)), (LSTYPE,KTYPE), (PTNCYL
1UMKPTNUM) cYL
RIMENS]ON ]DEFSTO(B5), DEFANS(26), IDEFTAB(1000y, ILPTAB(200), IRPCYL
1TAR(200), ITNTAB(200), JPRATP{100), IRECSV(200), MACVAR(25), MACNOCYL
2R(25), [NWORD(10), JBUUP(2), PISTOLE)Y, [PISTO(6), 1DREC(4) cYL
FQUIVALENCE (INWORD(14),1BUUP(16),1,PTAB(990),IRPTAB(790),1TNTAB(SCYL
190)PISTO(399),IPISTE(39n), IDREC(IRG),JPROTP(JBg), IRECSV(280) ,MACVEYL
2AR(75),MACNOR(50), IDEFTAB(1000),PEFTAB(1000)) cYL

cyL
COMMEN /VBCABTBL/ K@M (1100) eyl

eYL
COMMEN 72/ JTABNUM,JTABL(12120) eyYL
. TIILr sEER AR xehdeue sxex  MYL

eyL
rONSTANTS CARRIED OVER FR@EM CROSFEC, ryL
SEE FROGRAM CRASEC FER DETAILS AND CARD #ZXCYL 820## BELOW, cYL

eyl
COMMEN JCROSSEC/ A,B,C,D, [DSEND,XMATS9(16),ARRAY(254),XC,YC,2C,UX,UCYL

331
332
333
334
335
340
350
360
370
380
390
400
410
420
430
440
450
46
470
480
490
500
510
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1V, UZsRsSCALE,DCOSCYL(D),HO(D) ,XS(400),YS(400),X(4103),Y(103),MAJOR,CYL
ZMINBR PHI,CXyCY RADILS,ISET,CXYZU16) ,EXYZ(16))ER(L6) IOKTEST,TL,ILCYL

3AEP, IF/KR(200),10ONCE
FOQUIVALENCE (INCHOPE,JFILLA)
FQUIVALENCE (PLOTPLNE,IFILLY)

THE PLRPOSE BF PROGRAM CYLINDER 1S Te PROVIDE
THE ENTRANCE POINT FER SEGMENT 102 AND YO CONTRQL TS ACTIONS,

THE MAIN ACTIONS TAKEN ARE 1O~

¢1) FETCH AND IDENTIFY CYLINDER/CIRCLE AND SPHERE FBRMS
IN TRE DEFINED SYMBOL TABLF,

t2) GBTAIN THE CANONICAL CONSTANTS
FOR YHE PROPERLY IDENTIFIED F@RMS,

(3) CENTROL INTERSECTION PROCESSING THRU THE 4 SUBRGUTINES,
ALGOR A, ALGAR B, ALGCORC AND ALGAR D,

t4) FRINT @UT THE DESCRIPTION OF TWE CIRCLE OR ELLIPSE,
AS THE CASE MAY BE, AND

(5) CALL IN SEGMENT 103 IF MORE PRECESSING IS NEEDED, OR
RECYCLE ITSELF,0R

AR GE T@ ]JSHOPE FOR ANATHER HOPE PLANE,@R

PREPARE FBR CRMASEC TERMINATION [F AL POSSIBLE
tYLINCERB/CIRCLES ANT SHPERES HAVE BEEN PROCESSED AND

N® MERE H@PE PLANES ARE PRESENT,

COMMENTS @N THOSE PERTIONS @F CRMSSEC COMMON
PERTINENT TO SEGMENT 102

THE CANGN]CAL FORM FER THE CYLINRER CBNSISTS @F A
1) A PEINT IN SPACE,
2) A VECTBR, AND
3) A RADIUS,

LET THE P@INT BE DESIGNATED RY XC, Y€, ZC,
THE DIRECTION CESINES OF THE VECYOR BY UX, UY, UZ, AND
TKE RADIUS BY R,

THE DCOSCYL ARRAY HELDS THE DIRECTIGON COSINES
AF TWE LOCAL CYLINDER COARNINATE SYSTEM

THE CXYZ ARRAY HOLDS THE COEFFICIENTS OF THE CYLINDER EQUATION
IN THE X,Y,2Z SYSTEM

THE EXYZ ARRAY HOLDS THE CAEFFICTENTYS
fF THE CURVE OF INTERSECTIAN
FXPRESSED IN THE XYZ CMORDINATE SYBTEM

eyL
cYL
eyl
eyl
eyl
eyL

. EYL

eyYL
eyl
eyYL
oYL
eYlL
cYL
eyL
evL
eYL
eyYL
eYL
evL
evL
eYL
eyl
eYL
eyl
evL
eyYL
eyl
eYL
eyYL
eYL
eYL
oYL
eyl
A7
eyl
eyl
eyl
eyl
ey
eyl
cyL
eyl
eyl
eyl
evL
cyL
eyL

520
530
540
550
560
570
580
590
600
610
620
430
640
650
460
670
680
481
69
700
710
720
721
730
7490
750
760
770
780
760
800
810
820
830
840
850
860
870
880
B9
900
910
920
930
940
950
960
870
980

€YL1000
eYL1010
eYL1020
CYL1030
cyL1040
CLY1041
£YL1050
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THE EW ARRAY HA_ DS THE COGEFFICIENTS oF THE CURVE @F INTERSECTIGN
FXPRESSED IN THE HOPE PLANF CORRDINATE SYSTEM

THE KE ARRAY HWOLDS THE COEFFICIENTS FGR THE CURVE INTERSFCTION
IN TRE WOPE PLANE WHEN 1T 1S REDUCED T6 TWO COORDINATES,
¥PRIVE AND YPRIME,

THE X,Y ARRAYS ARE USED T@ BUILD UP
ANE GLADRANT SET @F FQINTS FAR EITHER
THE ELLIPSE @R THE CIRCLE IN BUILDING
THE LISCRETE SET OF FOINTS,

##ZMAJERZZ AND 2XMINQR¥# ARE THE SEM]-AXES OF THE ELLIPSE,

€X AND CY ARE THE H@FE PLANE COORDINATES OF THE
FENTER GF THE ELLIPSE ®R CIRCLE AF INTERSECTION,

#2ZRALIUS#2 IS THE RALJUS OF A CIRCLE OF INTERSECTI®ON,

¥Z1SET#%, 1S THE NUMEER ®F COMPUTED DISCRETE PG@INTS FOR THE
ELLIPSE @R CIRCLE (209 FAOR A CIRCLE AND 4gpn FOR AN ELLIPSE),

z2TL2%, 1S THE LENGTK OF THE FINITE CYLINDER,
1INT]L, REFINED BY FUTLRE CHANGES ALL CYLINDERS ARE CONSIDERED TO
BE 5 JNCHES LONG,

¢21LBEP%#, USED IN CENNECTIGN WITH THE CYLINDER/SPMERE SEARCH
LOBP BETWEEN SEGMENTS 192 AND 103,

z#210NCE##, FLAG USED TO INDICATE A SINGLE HOPE PLANE @R THE
LAST HWOPE PLANE OF A SEQUENCF,

THE XS,YS ARRAYS HOLLS TWE POINTS €F THE PERIMETER OF THE CIRVE
AF JNTERSECTIGON IN TRE HBPF PLANE COORDINATE SYSTEM

THE SEM]=AXES OF THE ELLIPSE

REAL MAJBR,MINBR

SEARCHING THE DEFINEC SYMBAL TABLE FOR A CYLINDER
REE CRASEC COMMENTS F@R DETAILS

TL25

18lLEEP

1STDTBLSO

1SAMBY

JBITABL1+] =y

1ONE=2JYABL (YD
1Xs(1@NE,AND,.77000000000000008}

REJECTIAN 1F CONTAINS ##X#£¥ PREFIX,

1F (IX,EQ.8HX0000000) 230,20

115

CyL1060
Cyi 1070
cyL1080
cyL1090
cyLi100
cytL1410
c£yLi12¢0
CYL14130
cyL1140
cyL4450
cYL1160
cyL1470
cyLi480
cyL1190
€YL1200
£yLi1210
cyLi220
eYL1230
€YL1240
€YL1259
£YL1260
CYL1279
CYL1280
cyL12%0
eYL1300
CYL1310
£yL1320
CYL13310
tYL134p
CyL1350
eYLA360
cYL1370
cYL1380
CYL1390
CYL1400
eYL1410
£yYL1420
cyL1430
CyL1440
£yYL1450
CyL1469
£yYL1470
CYL1480
£YL1490
eyYL1500
oYL1%10
£yLL820
cYL4530
CyL1%40
cYL1850
eyL1560
cyL1570
£YL1%80
CYL1590
€YL16p0
eYL1610

Es
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20

30

40

50
60

70
80

90
100
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CONTINUE

TTWESJTABL(Je1)

'F (1TWO,EQ,NNODEFX ,ER, JTWO,EQ,NNODEF]) 230,30
1STDWER]THA .
CALL STDUNPK

1F (1STDTBL,EQ,4) 40,230

KANSLRFalTWwg

CcALL CANGET

1SAME (DEFSTO(41),AND,77778B)

!F (‘ISAM0E004)'@R"lSAM|E0|5>) 60050
1F (1SAM,EQ,13) 100,230

MAMECYLa]@NE

WHICK2BHCYLINDER

CYLINDER VALUES PASSED THRU S32TR48 TO AVEID ~1 TROUBLES,

¥C2532T0408 (DEFSTO(4))
YCeS32T048(DEFSTA(S))
7CaS327048(DEFSTO(6))
UX5S3I2TE4B¢DEFSTA(7))
UY=S32TR48(DEFSTA(R))
UZ=S32TE48(DEFSTA(9))
RES3IZTA4B(DEFSTA(10))

IF THE SUM OF SQUARES OF THE VECTOR¥S COMPEONENTS IS N@T WITHIN
n1000t GF UNITY THEN FURTHER CYLINBER PROCESSING FOR CROSEC 1S
NGT FESSIBLE,

1F (ABS(1=(UX#»e2+\Yus24\JZ»«2)),LF,0,0001) BO,70
PRINY 270.,NAMECYL,UX,UuY,UZ

GA TC 23

CONTINVE

THE FARAMETERS IN THE CALL TP TESTCYL ARE THE SEVEN ELEMENTS BF
CYLINCER#S CANONICAL FORM AND THE NAME OF THF ARRAY

THAT IS TO BE FILLED
WITH THE DIRECTION CESINES OF THF CYLINDFRZS COORDINATE SYSTEM,

TANSWER5999
CALL TESTCYL (XC,YC,2C,UX,UY,UZ,R,ECOSCYL, IANSWER)

THE GUESTION IS ASKEL
ZZWAS A CYLINDEF SET OF COGRDINATES ESTABLISHED?##

JANSWER®0 MEANS YES,1ANSWER=1 MEANS NO

I1F (IANSWER,EQ.1) 230,90

G0 TE 160
MAMESFHE[GNE

cYL1620
eYL163D
cyLi640
CYL1650
CYL1660
£YL1670
CYL4680
cyL 1690
cyLi700
cYL1710
eBYL4720
£YL1730
eyYLL1740
£YLL750
CYL1760
CYL1770
CYLL780
eYL1790
£YL1800
eyL1810
CYL1B20
eyi1830
cYL1B40
ey 1852
CYLL1860
cYL1870
CYL4188¢p
cLy1881
€YL1900
£yYL19210
£YL 1920
eYL1930
eYL1931
cyi194n
eYL1950
CYL1960
£YL1970
CYL1980
CYL1999
€YL2000
eYL2n010
cyL2020
eyL2030
cYL2n40
cYL2050
CYL2060
ryL2070
eyYL2080
eyYLZ209g
£YL2400
eyi2110
cyL2120
cyL2430
eYL2140
£yL2150
£YL2160
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WHICH=BHSPHERE
XCxS32TA4B(DEFSTA(4))
YC=SI2TGAB(DEFSTA(S))
7C=SIZ2TQ4B(DEFSTA(A))
ReSI2TR48(NEFSTO(7))
THE CISTANCE FROM THE CENTER OF THE SPHERE TO THE WOPE PLANE
'S TRIS DISTANCE IS GREATER THAN R, THE HEPE PLANE DMES
NOT INTERSECT THE SPRERE
JF THIS DISTANCE S EQUAL T® R, THE INTERSECTYION IS A POINT
'F DS 1S LESS THAN R, 60 AWEAD A CIRCLF 1S PRESENT
NSaABSF(((XCoAY+(YCE )+ (Z2C*CI=D)/SERTF(A*#24Bsu24Cn%2))
SPHXS=sDS=R
1F (ABSF(SPMXS),LT,0,000t) 130,110
tF (SPHXS.LT.q) 150,12n
TP (SPHXS,GT,.p) 140,23n
PRINT 289, NAMESPH
NS HWAS DIRECTION COSINES A,B,C
RECALSE 1T IS NORMAL YO THE WOPE PLANE
THE CEMPRNENTS BOF DS IN TERMS OF TWE XYZ SYSTEM
ARE TKWEREFARE DS»A,DS#B,AND DSx(C ’
THE TANGENT POINT (XT,YT,Z7) IN THE XYZ SYSTEM
XTzXCeDS*A
yTsYC+DS#B
7Te2C+DSC
THE TANGENT POINY COANVERTEN T@ THE HOPE SYSTEM
CALL MM (XP,YP,ZP,XT,YT,72T,XMATS)
YeXP#SCALE+S,0
vysYPs«SCALE+S5,0
787P
THE TANGENT POINT PLETYED AS TRIANGLE SYMBOL
CALL SYMBOL (X,Y,0,20,2,0,-1)
@ TE 23¢
PRINT 280, NAMESPH
"0 T€ 239
rONTINUE -
rAlLL FDCOSCYL ¢1,0,0,0,0,1,0,0,0,0,4.0,DCO8CYL)
CALL ALGORA (WHICH)

CREATE A SET OF COEFFICIENTS OF THE CURVE
OF INTERSECTION RY TRANSFQRMING

THE CYLINBER EQUATIGON INTO TWE XYZ SYSTEM AND AND SOLVING 1T WITH

HOPE PLANE COEFFICIENTS
CALL ALGORE

THE CURVE OF INTERSECTION 1S TRANSF@RMED
INT@ THE HWBPE PLANE SYSTEM,

CALL ALGORC

THE CURVE OF INTERSECTION IS IDENTIFIED AS 7O TYPE,
€X=0

rYs(

MAJBR=0
MINOReD
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CyL2170
CYL2180
ryLesso
cyL2200
r£yYL2210
fYLZ2220
CYL2230
CYL224q
€YL2250
CyYL226p
€yYL2270
cyL2280
£YL2290
CYLZ23pp
€YL2310
cyL2320
£YL2330
CyL234p
€yL2350
CYL2360
CyL2370
ryL2380
€y 2390
cyL2400
CyLZ2440
€yLz2420
€yiL2430
€YL2440
€YL2450
CyL2460
£YL2470
CyL2480
EYL2490
cyL2%00
cyL2510
cyL2520
cyL253p
£yL2540
£yYL2550
CYL25514
CYL2560
cYLZ2570
ey 2580
CYLZ2590
cYyL2600
cyL2610
tyL2611
€yL2620
CYL2630
CYL2631
CYL2640
CYL2650
CYL2660
EYLZ670
cyYL2680
CYL2690

airit
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170

180
190
200
210
220

230

240

250

11709770

RADILS=Q

PH] =0

1OKTEST=Q

JSUBER=D

CALL ALGORD (JSUBER,NAMECYL)
TF (ICKTEST,EQ.0) 170,230
CONTINUE

CEMPUTE THE ECCENTRICITY

FC=SCRTF (1 ((MINOR*#2)/(MAJORS%2)))
rPH]IsPH]«RNDTDG
'F (RADJUS,E0.99999) 180,190

PRINT OUT INF@ ON EITHER ELLIPSE @R CIRCLE

PRINT 300, NAMECYL.CX,CY.MAJMRnM!N@R.EC.DPHI

GB TE 220

CONTINUE

1F ((hH]cH.EQ.eHcYLlhDER).AND.(MAJGR.EO.99999)) 200,210
FRINY 31p, NAMECYL,CX,CY,RADIUS

e T8 2290

PRINT 310, NAMESPH,CX,CY,RADIUS

GO TE€ 220

FONTINUE

THE CLRRENT CYLINDER HAS BFEN PRACESSED THRU THE
NETERMINATION OF ITS CURVE OF INTERSECTION
tEITHER CIRCLE OR ELL]PSE)

NOW CALL SEGMENT 3 AND PROGESS FURTHER FOR
NISCRETE POINT DETERMINATIONS

TFILL72103

CAalLL PRCNT{

END GF CYLINDER SEARCH L0GP
TURN EFF THE PLOTTER

68 T€ 233
FONTIAUE

1L00F8]|0@P+1

1F ¢(ILBOP,EQ,INSEND) 240,10

FONTINUE

CYLINCER/SPHERE PROCESSING T® BE DISCONTINUED
1S TRERE BNLY ONF HOFE PLANE

1F (INCHOPE,EQ,4MONCE) 250,260

CONTINUE

THE CYLINDER AND SPHERE SEARCH |5 COMPLETE
TERMINATE CREGSS SECYIONAL PLATTINMG

AND GE BN TQ@ OVERLAY 2

1FILL729999

CALL PLETY (0,0,3)

CALL PLETS (0.0)

I1DSENC=[DSEND~1

CALL PRCNTL

1F NET, SEARCH FOR ANOTHER~

cYL2700
CYL2740
cyL2720
cyL2730
CyL2740
€YL2750
CYL276¢
eYL2770
cyL2780
eyL279o0
CYL2R0D
tyLZ2B4p
€yL.2820
€YL283p
cyYL2840
tyL2850
cYL2860
cyL287¢0
CylL2880
cyYL2890
CYL2900
cyYL2910
€y 2920
CyL2930
CYL2940
CYL2941
eyL2950
€YL2960
cyL2970
cYL2980
€YL2990
cyL3000
cyL3010
CyL3020
cYL3030
cYL304n
CyL3nS0
CyL3060
cYL3N70
CYL3IORO
ey L3090
¢yL3100
eyL3110
cYL3IL20
CyL3130
CYL3I14n
CYL3150
CYL3IL60
CYL3170
CyL3180
eyYL 3190
CYL3200
cyL3210
cYL3I220
eYL3230
CYL3240
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260 CONTINUE CYL3250
caLL PLOGT (040,3) ' CYL3260
CALL PLOTS (g.0) CYL3I27n
1L00P=Q CyYL328p
CALL ]SHOPE CYL3?290
CALL PRONT( cyYL3300

¢ cYL3310
270 FORMAT (1X,A8,% DOES NAT HAVF A VALID VECTOR#,41X,3(E27,20,1X)) eyL3dao
280 FORMAT (41X,A8,% TANGENT T@ PRESENT HOPE PLANEs,/) CYL3330
290 FORMAT (1X,A8,» NBT INTERSFCTED RY PRESENT HOPE PLANEw*,/) CYL3340

300 FORMAT (1X,A8,w,ELLIFSEs,s, CENTFR AT #,F7,2,%, ,F7,2,%, SEM]=MAJCYL3350
1R AX]S = w,F7,2,%, SEql=yMINOR AXIS = #,F7,2,») ECC & *,F7,5,%, PHCYL3360

21 = 5, F7,2,/ CYL3370
310 FORMAT (i1X,A8,%CIRCULAR INTERSECTIEN WITH#,s, CENTER AT #,F10,2,%,0YL33R0
1 *,F10.,2,%, RADIUS = #,F10.2,/) eYL33%0
FND CYL3I400.
CYLINDFR 11/09/70 ED 0
IDENTY CYLINDER
PROGRAM LENGTH 00750

ENTRY POINTS CYLINDER 0n13é
BLOCK NAMES
TIMETEST 0noo04
SYSTEMZ o0nL75
SECTLLOG 02642
VBCABTRL 02114
2 27534
CROSSEC 03037
EXTERNA[ SYMBOLS
QBQENTRY
THEND,
R1003100
n8aDiICT,
STDUNPK
CANGET
8327048
TESTCYL
MM
SYMBOL
FDCOSCYL
ALGBRA
ALGORB
ALGORC
ALGORD
PRCNTL
PLOT
PLOTS
1SHOPE
SQRTF
STH,
ONSINGL,
00553 SYMBELS

g3rineg
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SUBROUTINE TESTCYL (XC,YC,ZC,UX,UY,UZ,R,DCASCYL , 1ANSWER)
DIMENSI@N DCOSCYL(1)

THE PURPOSE OF SUBROUTINE T:STCYL 1S YO ESTYABLISH A LGCAL
COGRDINATE SYSTEM FOR A CYLINDER 3R A CIRCLE,

IF 17 18 RETERMINED IN STATMENTS \@®, 110 TWRU 160 THAT A

VEGTOR 1% PARALLEL TO EJTHER THE + BR » DIRECTIONS @F ONE OF THE
AXES THEN A STRAIGHTFORWARD ASSIGNMENT GF NIRECTION COSINES CAN
BE MADE IN TME APPROPRIATE STATEMENT OF YHE SER]ES
170,180,190,200,210,220,

AFYER TH!S, THERE ARE SIx POSSIBILITIES FOR A SKFWFD VECTBR

THREE OF tHESE ARE CALLED INTERSESTION SOLUTIENS
A SERIES oF TESTS FOR THEM BEGINS AT STATEMENT 230,

THE LASY THREE POSSIBILITIES ARE ZALLED INTERCEPY SOLUTIONS
A SERIES oF TESTS FOR THEM BEGINS AT STATEMENY 290,

THE BASE PLANE

THE CYL{NDER*S BASE PLANE 1S DEFINED AS YHAT PLANE WHICH CMNTAINS

THE PRINT (XC,YC,ZC) AND HAS THEZ CYLINDERZS VECTOR AS 175 NGRMAL,
THE EQUATION FOR THE BASE PLANE 1S
(UXysyx ¢ (UYYsY & (UZ)wZ = UXeXC + UYsY( o U7e7C

THE X AND Y AX]S FOR THE LOCAL CYLINDER CMQRDINATF
SYSTEM ARE ASSIGNED IN THE BASE PILANE,
THE 27 AX1S IS TWE VECTOR,

THE Y AXxls 1S DEFINED AS Z CROSS X,
SOME GENERAL COMMENTS ON INTERSECTION SALUTIONS

THE POINT FROM THE CYLINDER DEFINIT]ION MUST BE BN AN AXIS,

THE LOCAL X AXIS TO BE CREATED IS THWE INTEPSECTXMN OF THE RASE
PLANE W1Tw GNE @F THE PRINCIPLE P_ANES (X0, Ys0, 750),

THIS INTERSECTJON MUST BE PERPENDICULAR TO TME CYLINDER#S AXIS,
AND THE EQMPUTATIGN @+ 1TS DIRECTION CBSINFS MAKES USE BF THIS
FACT, SINCE A NEGATIVE OF THE QJATIENT OF TW® AXIS VECTOR
COMPONENTS IS INVOLVED,

SOME GENERAL COMMENYS ON INTERCEPT SQ@LUTIONS
THE X Ax1s OF THE CYLINDER SYSTEM 1S DEFINED BY THWE DIRECYED LINE

SEGMENT FROM (XC.YC,XZC) T8 THE 3ASE PLANE INTERCEPT
WITH EJTWER THE

TCY
ey
Tcy
TCY
TCY
TcY
TCY
TCY
TCY
TCy
TCY
TcY
TCY
TCY
ey
TCY
TcY
TCY
TCY
Ty
(]
TCY
TCY
TCY
TCY
MM
YCY
TCY
TCY
TCY
TCy
TCY
TCY
TCY
Tey
TCY
TCY
YCY
TCY
YCY
TCY
TCY
TCY
TcY
TCY
TCY
TCY
TCY
TcY
TcY
TCY
TCY
TCY
Ty
TCY
TCY

‘10
20

40

50

60

70

80

90
100
110
120
139
140
150
151
160
170
180
190
200
210
220
230
240
250
26¢
270
280
290
300
310
320
330
340
350
360
370
380
390
400
4310
420
430
440
45¢
469
470
489
499
500
510
520
530
540
550
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110

120

130

140

150

160

170

i8¢0

i9¢0

200

121

MAJOR X Ax1S, B8R THE MAJOR Y AXIS, @R THE MaJ@R 7 AX1S DEFINED BY TCY

THE PROGRAMMER,
THE SYART OF THE STANDARD TESTS
IF (UX.EOT1,0,AND,UY,EQ,0,AND,UZ,55,0) 170,120

DBES U POINT IN BIRECTION BOF eX
IF (UX.EQ =1,0,AND,UY.EG,0,AND,Y2.EQ.0) 180,130

DBES U POINT IN DIRECTI@N OF Y
tF (UX.EQT0,AND,UY,EQ,1,0,AND,UZ,50,0) 190’140

DOES U POINT IN DIRECTION OF w¥
If (UX.,EQT0,AND,UY,EQ.=1,0,AND,UZ,EQ,0) 20n,150

DOES y PEINT IN PIRECTION OF a2
IF (UX.EQT0,AND,UY,EG.0,AND.UZ,E0.1,0) 210,160

DOES y POINY IN DIRECTIGN OF e2
IF (UX.E0C0,AND,UY,EQ.0,AND,UZ,EQ,~1,0) 228,230

THE DIRECTION COSINE SET FBR X VECTOR QRIENTATI®N,

CALL FDCOSCYL (031,0,0,0,0+1,0,1,0,0,0,DCO8CYL)
GO 10 379

THE DIRECTION COSINE SEY FOR <X VECTOR ORIENTATION,

CALL FDCOSCYL €0,0,1,0,0,1,0,0,24,0,0,0,DCASEYL)
GO T8 379

THE DIRECTIGN COSINE SET FOR ¢Y VECTOR BRIENTAT]ON,

CALL FDCOSCYL (0,0,1,0,1,0+0,0,0,1.0,0,DCOSCYL)Y
Ge 1o 373

THE DIRECTION C@SINE SEY FOR =Y VEZCTOR GRIENTATION,

CALL FDCOSCYL (1,0,0,0,0,0,2,0,0,-1,0,0,DC08CYL)
GO T8 37§

Ty
TCcY
TCY
TCY
TCcY
TCY
TCY
TCY
TCY
TCY
TCY
{4
Tecy
TCY
TCY
TCY
Ty
ey
Tcy
TCY
TCy
TCy
TCY
TCY
TCY
TCY
TCY
TCY
TCY
TCY
TCY
TCY
TCY
TcY
TCY
TCY
TCY
TCY
TCY
TCY
TCY
Ty
TCcY

B840
570
580
590
600
640
620
630
640
650
660
670
680
690
700
710
720
739
7490
750
760
770
780
790
800
810
820
830
840
850
860
879
880
890
%00
930
920
939
940
950
960
970
980
990

TCY1000
TCY1010
TCY1020
7CY1030
TCY1040
TCY1050
TCYL060
TCY1070
TCY1080
TCY1090
TCY1100
TCY1410

wris
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210

220

11/02/70
THE DIRECTION COSINE SET FOR «2 YEC£TOR GRIENTATION

CALL FODCOSCYL (1,0,0,0,0,4,0,0,0,0,4.0,DCOSCYL)Y
GO Y9 370

THE DIRECTION COSINE SET FOR 2 VECTOR GRIENTATION
CALL FDCOSCYL (0,1,0,0,1,0,0%0,0,0,51,0,DCOSCYL)

6o T0 373

START OF THE SIX SKEWED SOLUTI@NS

THE PROJFCTION SOLUTIONS

IS THE POINT AT THE ORIGIN OR ALONG THE X AX!S
IF S®, AN X PROJECTY]ON SOLUTIGN 15 APPREPRIATE,

TCY1120
YCY1139
TCYL140
TCY1150
TCY1160
TCYAL170
TCY2180
TCY11990
TcYi20g
TCY1210
TCY1220
TCY1230
TCY1240
TCYL250
TCY1260
TCY1270
TCY1280
TCY1290
TCY1300
TCYL131D
TCY1320
TCY1330
TCY134p

230 IF (((XC.EQ,0,AND,YC,EQ,0,AND,2C,50,0),0R, (XC,NE,0.AND,YE,EQ,0,ANDTCY1350

240

250

260

270

1,ZC,EQ.0)) ., AND,(UY,NE.0,)) 240,230

X INTERSECTION SALUTIGN

PHIZATANC (=UX)/ZLUYY)

T11=COS(PHI)

T218SIN(PHI)

T31=0 -

GO TO 3D

1S THE POINT ALONG THE Y AXIS

IF §0, YHEN A Y PROJECTION SOLUTIIN IS APPRGPRIATE.

1F ((YC.NE.0,AND,XC,EQ,0,AND,ZC,EQ.0),AND, (UZ,NE 0,)) 260,270
Y INTERSECTION SOLUTION

PHISATANCE»UY)/Z(UZ))

T11=z0

T21=COS(PW!)

T31eSIN(PHI)

60 TA 360

IS THE POINT ALONG THE Z AXIS

IF 50, THEN A Z PROJECTIBN SOLUTIIN IS APPROPRIATE

I¥ ¢(2C,Ne.0.AND XC,EQ,0,AND,YC,ED,.0),AND, (UX,NE.O.)) 280,290

Z INTERSELTION SALUTION

TCY1360
TCY1370
TCY1380
TCY1390
TCY1400
TCY1410
TCY1420
TCY1430
YCY1440
YCY1450
TCY1460
TCY1470
TCY1480
TCY1490
TCY1500
TCY1510
TCY1520
TCY1530
TCY1540
TCY1550
TCYA560
TCY1570
TCY1580
1CY1590
TCY1600
TCY1610
TCY1620
TCY1630
TCY1640
TCY1650
TCY1660
TCY1670
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290

300

310

320

11/02/70

PHIZATAN((=UZ)/(UX))
Ti1eSIN(PHT)

T2120 .
T312COS(PKI)

GO 10 360

THE INTERCEPT SELUT]IONS

1F (XC.NETO,AND,(YC,NE,0,BR,ZC,NE,0),AND,UX NE,0) 300,310
X INTERCEPT SOLUTION

IF UX 1§ NOY EQUAL TO ZERO® THEN AN INTERCEPTY

BETWEEN TWHE BASE PLANE AND THE X vAJOR AX1S 1S POSSIRLE

THE X INTERCEPRY (XI) 1S @BTAINED
BY SETTING Y AND Z TO ZER® IN THE
EQUATION FOR THE BASE PLANE, (1), AND SGLVING FOR X,

X1s(UxeXCallYeYCaUZeZC)/7UX
LET

DE_X=x!aXC
XL,THE LENGTH OF A LINE FROM (XC,YC.2C) TO (X1,0%50)
XLeSORT(DELXss2aYCe22420u%2)

THE DIRECTION COSINES FOR YHE CYLINDER#S X AX1S (1F X! 1S USED)

Ti1zDELX/XL
T21eeyC/XL
T31z-2C/XL
GO TO 340

IF (YC,NETO,AND,{XC,NE,0,BR,2ZC,NE,0),AND.UY,NE,0) 320,330
Y INTERCEPY SOLUTIOGN

-

1F UY # 0 THEN AN INTERCEPT BETWEEN THE BASE PLANF OF THE
CYLINDER AND THE YeMAJUBR AX]S IS PBSS|BLE,

THE ¥ INTERCEPT (Y1) 1S GBTAINED

BY SETTING X AND Z 10O ZER® IN THE

EQUATION FOR THE BASE PLANE, (1), AND SOLVING FOR v
Y]s{UXeXCelUYoYCeliZ#ZC)7UY

LEY

123

TCY1480
TCY1690
TCY1700
TCYiT1i0
TCY1720
TCY1730
TCYL1740
TCY1750
TCY1760
TCY1770
TCY1780
TCY1790
TCY1800
TCYA810
TCY1820
TCY1830
TCYiB840
TCY1850
TCY1860
YCY1870
TCY1871
TCY1BB0
TCY189)0
TCY1900
TCYL1910
TcYiv2e
TEY1930
TCY1940
TeYi9so
TCYL1960
TCY1970
TCY1980
TCY1990
TCY2000
TcY2010
TgY2020
TcY2030
TCY2040
TcY2050
TCY2060
TCY20790
TCY20890
TCY2090
TCY2100
TcY2140
TcY2120
TCY213)
TCY2140
TcY2150
TCY2160
TCY216%
YCY2170
TCY248¢
T0Y2190
TeY2200
TcY2210

TIND

=13
S
&

ER!

Ll
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330

340

350

360

11/02/70
DELY=YlwYE

YL,THE LENGTH OF A LINE FROM (XC,YC.ZC) T8 (0,Y1,0)
YL=SORT(Xgew2+DELYew2+7Ces2)

YHE BDIRECTION CQSINES FOR THE CYLINDER¥S X AXIS ¢IF Y1 ]8 USED)

TitzexCrYL
T21zDElLyY/vYL
T3135.2C/YL
GO Y® 360

{F (2c,NE70,AND,¢(XC,NE,0,0R,YC,NE,0),AND,UZ,NE,0) 340,350
Z INTERCEPT SOLUYTION

iF Uz # 0 THEN AN INTERGCEPY BETWEEN THE BASE PLANE
OF THE CYLINDER AND THE Z MAJGR AX1S 1S POSSIBLE,

THE 2 INTERCEPTY (ZIl) IS BBTAINED
BY SETTING X AND Y 7@ ZER® IN THE 4 _
EQUATION FOR THE BASE PLANE, (1), AND SOLVING FOR 7,

Z1x(UX*XCallYsYCaUZs2C) /U2

LET

DELZ=Z1a2C , ,
ZL,THE LENGTH OF A LINE FROM (XC,YC,ZC) TO (0,0,7])

2LaSQRT(XCws2¢YCow24DELZ#%2)

THE DIRECTION COSINES FOR THE CYLINDER2S X aXIS €I1F 71 1S USED)

Tit=ewxC/2L
T212=¥YC/ 2L
T31sDELZ/TL
G@ TO 380
PRINT 390
GO T2 380

THE coMmon FolLLew UP FOR ALL SIX CaMPUTED SeLUTIANS

THE DIRECTION COSINES FOR THE CYLINDER2S Z aXIS$
ARE TW®SE BF U, THE AX!S VECTQR,

T13=UX
123=yy
T33sU7

Tcy2220
Tecy2230
TCY2240
TcY225)0
TCY2260
TCY2279
TCY2280
TCY2290
TCYZ300
TCY2310
TCY232)
TCY3330
TCY2340
TCY2350
TCY23680
TCY2379
TCYZ380
TCY2390
TCY2400
TCY2410
TcY2420
TCY2430
TCY2440
TCY2450
TCY2451
TCYR460
TCYR47¢
TCY2480
TCY2490
TCcY2500
TCY2510
TCY2520
TCY2530
TCY2540
YCY255)
TCYZ2560
TCY2570
TCY2580
TCY2590
TCY2600
TCY2610
TCY2620
TCY2630
TCYZ2640
TCY2650
TCY2660
TCY2670
TCY2680
TCY2690
TecYer00
TCY2719
TCY2711
YCY2720
TCY2730
TCY2740
TCY2750
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c
¢
c THE CROSS PRADUCY TERMS FOR CYLINDER Z CROSS CYLINMER X
c YO GETY YWE DIRECTION COSINES FOR 2YLINDER v,
¢
712872367319 7216733
72227119 T33e713#731
T32eT13eT21aT110723
o
c T
CALL FDCOSCYL (T11,T21,T31,712,722,732,713,723,733,DCOSCYL)
370 CONTINUE
c
o J1ANSWERSO MEANS YES, AN AFFIRMATYIVE ANSWER
¢ YES, A SEY OF DIRECTION COSINES FQR YHE CYLINPER WAS FOUND
¢
1ANSWERRO
RETURN
c
c
c JANSWER=1 MEANS NO®, A NEGATIVE ANSHWER
c NB, A4 SEY OF DIRECTION COSINES FAR THWE CYLINDEFR WAS NAT FAUND
c
380 JANSWERs1
RETURN
c
390 FORMAY (1x.,eNO LOCAL COORDINATE SYSTEM FOUNDe)
END
TESTCYL 11/02/70
IDENT YESTCYL
PROGRAM LENGTH 01211

ENTRY POINTS TESTCYL 00013
EXTERNAL SYMBBLS

THEND,
asaDIcT,
FDCOSCYL
SORTF
SINF
CosF
AYANF
STH,

00340 SYMBOLS

125

TCY2760
YcY2770
TCYZ2789
TCY2790
TCY2800
TCY2810
TCY2820
TCY283D
YCY2840
TCY2850
TCY2860
TCY2870
TCY2880
YCY2890
YCYZ2900
TcYesio
TCY2920
TCY2930
TCY2940
TCY2950
TCYZ2960
TCY2970
TCY2980
TCY2990
TCY3000
Tcydonio
TcY3020
TCY3030w

ED 0

AITITSSYIOND
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FUNCTION $32T0D48 (AR)
c
c THE PURPOSE OF THIS FUNCTION 1S Y0 CORRERT A DFFICIENCY
c IN THE APY SYSYEM WITH RESPECT 710 GIVING CY_INDER PARAMETERS
c FULL 48 BIT WORD REPRESENTATION
c THE FUNCTION GIVES THE FLOATING P3INT MINUS ONF REPRFSENTATION
c
c AS 5776377777777777
c
c INSTEAD BF
C
c 5776377777777774
c
C WHICH TWHE CDC 3800 SYSTEM SEEMS T3 CREATE UNDER
c DRUM sC@PE 2,0 RESIDENT 2R,0
o
iC=zAR _
IFCLAR EQ,57763777777748),9R, (ARSF(AR+1,0),LT,(n,00001))3)10,20
10 S327T048s1r
RETURN
20 S327T048zAR
END
§32T048 11/02/70
[DENT §$327048
PRAGRAM LENGTH 00106

ENTRY POINTS §327048 00003
EXTERNAL SYMBGLS

01010100
asablcr,

60U26 SYMABLS

STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR

ED

10
20

40
50
60
70

90
100
101
120
130
134
132
133
140
150
160
170
180
190
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SURRBUTINE FDCASCYL (U1,U2,U3,U4,U5,U6,U7,185U9,BCASCYL)
DIMENSI@N DCOSCYL(1)

THE PURPOSE OF THIS SUSRBUTINE

1S 16 FILL THE DCESCYL ARRAY

WITH a SET OF DIRECT]ON COSINES, ) .
THE SUBRGUTINE 1S CALLFD FROM SYBROUTINE TESTCYL,

lsReReNeRoNe Ra}

pcoscyLtiysud
DCASeYL(2y=y2
DCASCYL(3)=U3
DCASCYL(4y3U4
DCOSCYL(5)=US
DCOSCYL(6)=U6
DCASCYL(7)2U7
DCOSCYL(B)sUB
DCASCYL(9)3U9

RETURN
END

FOCOSCYL 11/02/70

IDENY Foceseyl
PRBGRAM LENGTH 00150
ENTRY POINTS FDCESCYL 60003
EXTERNAL SYMRELS
nsabICcY,
00057 SYMBaLs

127

FCY
FCY
FCY
FCY
FCY
FCY
FCY
Fcy
FCY
Fey
FCY
FCY
FCY
FCY
FCY
FCY
FCY
FCY
FCY
FCy
FCY

ED

10
20
30

50
60
70
80
90
100
110
120
130
140
150
160
1790
180
190
200
210~

a7 53
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11/02/70
SUBROUTINE ALGORA (WHICH)

ALA

COMMON /CRASSEC/ A,8,C,D, !DSEND.X%AT?(ib).ARRAV(?54)aXC YC,ZC,UX,UALA
1Y,UZ,R,SCALE,DCOSCYL(9) ,HA(D), XS(400),YSt4n0), Y(iO!) Y(103) ,MAJBR,ALA
ZMINBR,PH!,CX,CY, RAD]US:ISET CXVZ(i&)oEXVZ(!G).FH!16’ul@K7EST TLelLALA

360P
REAL Ki,K2,K3

ALGORITHM A COMPUTES THE CBEFFICIENTS ‘
NEEDED YO EXPREBSS THE CYLINDER AND/OR SPHERE B
IN TERMS @F XYZ (THE MAJOR COORDINVATE SYSTEM) , YHAT IS ¢
FOR A CYLINDER=
X(CYLBYSTEM)uw2eY(CY SYSTEM)ma2zRas2
AND F@R A SPWEREe
X{SPHSYSTEM)es24Y(SPHSYSTEM)# 02+ Z({SPHSYSTEM)uu2zRue?
GEY CONVERTED IN THIS SUBROUTINE,

THE CXYZ ARRAY (ONTAINS THE xzAzz COEFFICIENY SET
RESULTING FROM SUCH CGNVERSIONSe

(ALY X & AL2 Y & AL3 7 + Al14) X
(A21 X » A22 Y & A23 7 + A24y v
(A31 X o A32 Y » A33 Z « A34) 2
w(AdY + A&2 * A43 ¢« Ad4)y = ¢

R 1S THE RADIUS OF THE CYLINDER,(XC,YC,2ZC) IS THE AX!S POINY

THE DCOXCYL ARRAY CONTAINS THE DIRECTION CMSINFS THAT
DEFINE THE CYLINDER CO®RDINATE SYSTEM

RETURN YO THE #2T## SUBSCRIPTS

Y112532Y048 (DCOSCYL (1))
T2135327048(DCOSCYL(2))
T31=5327048(DCOSCYL(3))
712=2S327048(DCOSCYL(4))
T22¥8327048(DCASLYL(S))
13225327048 (DCOSCYL(6))
T13eS3270848(DCOSLYLL7))
T2355327048(DCOSEYL(8))
T338S327048(DCOSCYLIM)

DEFINE ¥HREE CONSTANTS K1,K2,K3

KieTigexCaT2ioYCaT3102C
K2eT120xCeT224YCATI282C
K3eT13exCaT234YCeT3382C

THEN o _
1F (WHICKTEQ,8HCYLINDER) 10,20
CONTINUE

A CYLINDER

ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
AL A
ALA
ALA
ALA

161
170

190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
3490
350
360
370
380
390
400
410
42

021
422
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, ALA 423
AL1T(T11we24712422) ALA 430
AL22(T11%7214T12722) ALA 449
A132¢T11473147124732) ALA 450
Aldze (KinT114K20¥12) ALA 460
A21%412 _ ALA 470
A22z(T21%42+722w42) ALA 480
A23=z{T24w731eT222732) ALA 490
A4z w (KinT214K2T722) ALA 500
A31=A143 ALA 510
A322423 _ ALA 520
AS3B(T31es24T32442) ALA 530
Addma{KeuT314K24T732) ALA 549
Adyzagd ALA 550
Ad22A24 ALA 560
A43zA34 ALA 570
AAas(K1s¥24K2%82eR%22) ALA 589
GO T® 3¢ ALA 590
ALA 600

A SPHERE ALA 601
ALA 602

CONTINUE , ALA 610
A113(T149w20T125420T13222) ALA 620
Al2=(T11wT21T120T2247434723) ALA 830
AL3str1awr3LeT12eT32+4T132T733) ALA 649
Aldza(KieT114K2sTL12eK34T713) ALA 650
A21=A42 ALA 660
A222(T24we24T22492+T2352) ALA 670
A23=(T24wr314T2207324T232733) : ALA 680
A24zw(KinT214¢K20Y224K38723) ALA 6990
A31sAa43 ALA 700
A323A23 ALA 730
AS32( 1348924732422+ T33482) ALA 720
Addma (Kiny3LaK20T324K3I#T33) ALA 730
Adixmat4d ALA 749
Ad23424 ALA 750
A43pA34 ALA 760
AQ4z(KLem24K29924K3822-Rus2) ALA 770
ALA 789

LOGADING Up TRE CXYZ ARRAY ALA 790
CONTINUE ALA BOQ
ALA 810

CXYZ{1)gagd ALA 820
CXYZ(2)8A42 ALA 830
CXYZ(3)9a4d ‘ ALA 840
CXYZta)sAqid ' ALA 859
CXYZ{5)sA21 ALA 860D
CxYZt6)aAa22 ALA 8790
CXYZ(7)ph23 ALA 880
CXYZ(B)zA24 ALA 890
CXYZ(9)eA3Y ALA 900
CXYZ(10)=432 ALA 940
CXY2¢11)=433 . ALA 920
CXYZ(12)=2a34 ALA 930
CXYZ(13)madl ALA 940

CXxYZ(14y=a42 ALA 950

UERIE
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CXYZ(15)8243
CXYZ(16)=444
RETURN

END

ALGURA

PROGRAM LENGTH
ENTRY PBINTS ALGORA
BLOCK NAMES
CROSSEC
EXTERNAL SYMBOLS
01003100
nA8aADICT,
S3270448
00122 SYMBALS

IDENY
00423
wooo4

n2525

ALGORA

11/02/70

11/02/70

AlLA 960
ALA 970
ALA 980
ALA 990~

ED
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SUBROYUTINE ALGORB

131

ALB

coMMON /CROSSEC/ A,B,C, D.lDSEND,quY9<16).ARRAV(954).xc YC.2C,uX.yALB
1Y,UZ,R .SCALE.DC@SCYL(9).H0(91.15(400) YS(4n0),%(103),Y(103),MAJOR,A|B
ZMINBR, PRI, CX,CY,RADIUS,ISET, CXYZ(ib)pEXYZ(16) FH!16).IBKTE9T TL,ILALB

3p0P

THE SIMULTANEQUS SOLUTION OF THE 40PE PLANF EQUATIAN AND THE
CYLINDER EQUATION IS ACCOMPLISMED RY ADDING TME FIRSY DEGREE
COEFFICIENTS AND THE CONSTANY TERMS, TYHAT 1S«
2eTHE NEW A14 = (2sTHE OLD A14 & A) FOR THE X CMEFFICIENT
2% THE NEW A24 = (2¢THE QLD A24.+ B) FOR TWE ¥ COEFFICIENT
20 THE NEW A34 3 (2¢THE OLD A34 « C) FOR THWE 2 CAEFFICIENT
THE NEW Ad44 5 ( THE OLD A44 « D) FOR THE CONSTANY

WHERE 4,B,C, D ARE FROM THE PLANE FQUATION (AX+B¥erZ=D)
THE CxYZ ARRAY CONTAINS THE COEFFICIENTS

FOR THE CYLINDER EQUATION BR YHE SPHERE EQUATI®N

IN THE XYy MAJOR CRORDINANT SYSTEY

THE EXYYX ARRAY CONTAINS THE COEFFICIENTS FAR THE ELLIPSE(CIRCLE)
OF INYERSECTION IN THE XYZ MAJOR CAGRDINANY SYSTEM

FOR A11 THE Xw#2 COEFFICIENT
EXYZ(¢1)sCXYZ (1)

FOR A12 1/2 THE XY COEFFICIENT
EXYZ(2)sCXYZ(2)

FOR At3 172 THE X2 CREFFIC]IENT
EXYZ(3)=sEXYZ(3)

FOR Aq4 1/2 THE X GOEFFICIENT
EXYZ(4)eCxYZ(4)eA/2

FBR A21 172 THE XY COEFFICIENTY
EXYZ(5)sCxYZ(5)

FOR A22 THE Yw»x2 COBFFICIENT
EXYZ(8)uCXY2(6)

FOR A23 1/2 THE YZ COEFFICIENT
EXYZ(7)cCXYZ(7)

FOR A24 1/2 THE Y CQEFFICIENT
EXYZ(8)sCxXYZ(B)aR/2

FOR A31 172 THE XZ COEFFICYENT
EXYZ(9)elXYZ(9)

FOR A3?2 172 THE YZ CREFFICIENT
EXYZ(10)3aXYZ(10)

FOR A33 THE Z##*2 COEFFICIENT

EXYZ(11yaeXYZ{11)

ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB

151
160
164
170
180
190
200
210
220
230
249
250
260
279
280
290
300
3190
329
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
810
520

¥

AITITCCYIOND
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e Re)

FER A34 )
EXYZ(12)=cXYZ{12)+C

FOR A44
EXYZ(13)=EXYZ(4)

s Be} a0

FOR A4?2
EXYZ(44)=FXYZ(8)

FOR A43
EXYZ(15)y3gXYZ(12)

FOR A44
EXYZ(16)=XYZ(16) D

a e Nao] aaQ

RETURN
END

ALGORBE

PROGRAM LENGTM
ENTRY POINTS ALLGORB
BLOCK NAMES ’
CROSSEC
EXTERNAL SYMBRALs
asablcT,
00U%1 SYMRALSR

172 THE
/2

172 THE
1/2 THE

1/2 THE

7 CoEFFICIENT

X CIEFFICIENT

Y CREFFICIENT

Z CREFFICIENT

THE CONSTANY TZRM

0p042
00003

02525

IDENT

ALGORR

11/02/70

11/02/70

ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB
ALB

ED

530
540
550
560
570
580
590
600
610
620
630
6490
650
660
670
680
690
700«
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SUBROUTINE ALGORC ALC 10
coMMBN /CROBSSEC, A,B,C,D, lDaEND.X%AT9(16)DARRAY(?54)oXC;YC ZC,Ux,UALE 20
1Y+,UZ4R.SCALE, DCOSCYL(9),H@(9).XS(400) YS(400’¢!(103);Y(103’ MAJOR,ALC 30
ZMINGR,PHI,CX,CY,RADIUS, JSET,CXYZ(18) sEXYZ(46),EHI16) IOKYEST,TL,ILALC 40

3906P ALC 5o
ALC 60
] ALC 7D
ALGORITHM € OBTAINS THE ELLIPSE/CIRCLE EQUATION ALC 80
IN HOPE P ANE COORDINATES, ALB 831
1,6, {N TERMS OF THE #PRIME# COBRODINAYE SYSTEM WWESE GRIGIN !S AT ALC 99
THE INTERSECTI@N @F THE WBPE PLANE AND 178 NORMAL, ALg igg
AL
THE BXxYZ ARRAY CONTAINS YHE COEFFICIENT ARRAY IN TERMS OF THE ALC 129
XYZxMaJOR COORDINATE SYSTEM ALE 130
ALC 140
THE XMAT9 ARRAY CONTAINS YHE CONVZRSION CONSTANTS BETWEEN THE ALE 159
XYZweMAJOR AND THE ¥PRIME# CBORDINATE SYSYTEMS, A,R,C,D ARE THE ALGC 160
HOPE RLANE CONSTANTS, ALC 170
» ALC 180
THE EMW ARRAY WILL RECEIVE TWE COMPUTED EREFFICIFNYS F@R THE  ALC 190
#ZPRIMEZ COORDINAYE SYSTEM [N THE AQPE PLANE, ALC 200
ALC 240
ALE 22D
USING #zHz# [NSTEAD OF THE USUA|L #2T##, THE nzweerlnw COSINES ALC 230
THAT DEFINE TWE PRIME AXES ARE IDINTIFIED FROM TNE XMATY ARRAY ALC 2;0
, ALC 250
H11=XMATY (1) ALC 260
H213XMAT9(2) N ALC 270
H31=XMAY9¢3) ALC 289D
H122XMAT9(5) ALE 290
H22sXMAYO(6) : ALC 300
M322XMAT9(7) ALC 310
H13zXMAT9(9) ALC 3208
H23sXMAY9(10) ALC 330
H33aXMATO(11) ALC 349
ALC 350
_ ALE 360
THE COORDINATES OF THE Z£PRIME®x 3RIGIN (X8,Y0.20) ALC 370
ALC 380
X0=Dwa ALC 390
¥Y0=D#3 ALC 400
20=Dsg ALC 410
ALC 420
. . L ALC 4308
THE CGEFFJCIENTS W,R,T, XYZ MAJOR ARE IDENTIFSED WiTH #ZAzs ALC 449
AND 17S SyUBSCRIPTS, ALC 44y
ALC 450
AL1sEXYZ (1) ALC 460
A12zEXYZ(2) ALE 479
A13SEXYZ(3) ALC 480
AL4zZEXYZ(4) ALC 490
A21zEXYZ(S) ALC 500
A222EXYZ(6) ALC 510
A233EXYZ17) , ALC 520
A24=ExYZ2l8) : ALE 530

AS13EXYZ(9) ALC 540

(LERIER]
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11/02/70
AJ2SEXYZ(10) ALC 550
A33ZEXYZ(11) ALC 560
A34zEXYZ(12) ALC 570
AGLEEXYZ(43) ALC 580
A423EXYZ(14) ALC 590
A432EXYZ(15) ALC 600
Ad43EXYZ2(16) ALE 610
ALC 620
‘ ALE 630
THE COMBUYED COEFFICIENTS FOR THE z#PRIME## SYSTEM ARE ALC 640
IDENYIFIED BY THE LETTER ##P#z AND THE CORRESPONDING SUBSCRIPTS ALC :20
' ALC 669
P11 FER THE COEFFICIENT OF X PRIME SQUARED ALC 670
ALC 680
ALC 690
PLle{A1ds (H11992)9A22% (H21##2)+A33s(HI1e52)424212eH11#H21#24A130H1ALC 700
110H312sA230H21H3L) ALC 710
ALC 720
i ALC 730
P1? FOR 1,2 THE COBEFFICIENT OF X#Y# (WWERE # 18 YHF PRIME SYMBOL) ALC 7;0
) ALC 750
P12$(Aii0H11quZtA22¢H21vH22¢A33¢431‘H320A12'(HiiuﬂZ?tH21uH12)tAi3ALC 760
1o (HL1#HID4HILoHI2) ¢ A23 0 (H21sH324H228HI1)) ALC 770
ALC 780
ALC 790
P13 FPR 1,2 THE COEFFICIENT OF X#Z# ALC 800
: ALC 810
P132(A110H114H13aA228H21wH234A3Iw3LWHITI+A120(H118H23aH21wH13)+AL3ALC 820
1w (H1LaHIZAHILoHIT)4A230(H210HITaH238H31)) ALC B30
ALC B4
- : ALC 850
P14 FRR 1,2 THE COEFFICIENT 6F X¥ ALC Bép
ALC 870
PLlas(AL1eH110X0aA229H21wY0+A33e N3 wZ00AL28 (H21sX0WH11wY0)#ALTe¢HI1ALC 880
18Z0eM3LeX0) A2 0 (H210Z00M3IL oY) vA148HL14A240M2904340H3Y) ALC 890
ALC 900
ALC 910
P21 F@R 1,2 THE CBEFFICIENT OF x2Y¥ ALC 920
ALC 930
P21sP12 ALC 940
ALE 950
ALC 960
P22 FGR THE CBEFFICIENT OF Y#em2 ALC 970
ALC 980
P22z (A118(H12#92)0A22(H22942)eA33#(HI2092142e(A12eH12vH22) 429 (AL3ALC 990
1oH120M32)428(A230H224H32)) ALC1000
ALCl010
ALC1020
P23 FQR 1,2 THE COEFFICIENT @F vzZz# ALC10390
ALC1040
PZS?(A11tHiZ*HiStA?Z‘H?Z‘H?S*A330432‘H33*A12*(H1?tH230H22:H13)¢A13AL01050
1a(HL2uH3ZH138H32) A3+ (H224H33+H322H23)) ALC1060
ALC1070
ALC1080
P24 FER 1,2 THE CROEFFICIENT AF vy# ALCL090

ALC1100
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P24z (A11wH12eX0aA22%H220Y0+A33 3202044120 (H220X0eH122Y0)wA13e(MI2ALCL11D
10Z04M3I2eXN)#A23% (H229Z204H328Y0) 4 A148HI24A249H224A344H32) ALC1120
ALC2130
_ ALC1140
P31 FER §,2 THE COEFFICIENT OF x#z# ALC1150
ALC1160
P342P13 ALC1170
ALC1180
ALC1199
P32 FGR 1,2 THE COEFFICIENT OF y#72# ALC1200
ALC1210
P32=P23 ALC1220
ALC123D
ALC1240
P33 FOR TWE COEFFICIENTY OF Z#Zss2 ALC1250
ALC126Q
P332(Ale%(H138%2)¢A22%(H23#42)4A330(H33982)4240120(H13#H23)42«A13%ALC1270
LUHII#HIII 420 A23(H2I#H3I)) ALC128D
ALC129)D
. . ALC1300
P34 FER 1,2 tHE BQEFFICIENT OF 27 ALC1310
ALC1320
P34 (AL wH138X0wA228H2IMYD+ASI N3 InZ0MA120 (M23oXNuHe3uYD)+ALT 0 HI3ALLCL330
16Z04HIIZeXNISA230 (H230Z0#M3I3+YD)oA1A0HLIeA24H2Z2A348H3T) ALC1340
ALC135p
) ALC1360
P41 FER 1,2 THE COEFFICIENT OF X# ALC1370
ALC1380
P41ePi4 ALC1390
ALC1400
ALC141D
P42 FAR 1,2 THE COEFFICIENT OF vz ALC1420
ALC1430
P423P24 ALC1440
ALCL1450
i ALC1460
P43 FaR {,2 THE COEFFICIENT OF Z# ALC1470
ALC148D
P43zP34 ALC1490
ALELS00
ALC1510
P44 FRR TWE CONSTANTY TERM ALC1520
ALC1530
Padz (AL1» (X0uw2)sA220 (YDun2)4AIIn(70%92)42uA120X0uY0w2%At3exXNs70+2ALC1540
18A23ev0s70420A142X042+8248Y0428A344Z02444) ALC1550
ALC1860
ALC1579
FILLING THE EH ARRAY ‘ ALC1580
) ALC1590
EH(1)azP11 ALC1600
EH(2)=P{? ALC1610
EH(3)3P43 ALC1620
EH(4)sP14 ALC1630
EH(5)ePRi ALC164D
EH{6)aP22 ALC1850

EH(7)=P23 ALCL660

13NN
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EH(8)sP24

EH(9)Y=P 31

EH(10)apP3?
EH(14)=P33
EM(12)2p 34
EM(13)2P4y
EH(14)sP4e?
EH(15)8p43
EH(16)3pP44

RETURN
END

ALGORC

PROGRAM LENGTH
ENTRY
BLOCK

POINTS
NAMES

EXTERNAL SYMBOLS

00126 SYMROLS

IDENT
00557
60003

02525

ALGORE

11/62/70

11/02/70

ALCl670
ALCL680
ALCAS90
ALC1700
ALC17310
ALC1720
ALC1730
ALEL740
ALEC1750
ALC1760
ALC1770
ALC1780=

ED 0
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SUBRGUYINE ALGOR D(JSUBER,NAMECYL)
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ALD

COMMON /CROSSEC/ A,B,C, D, IDSEND.XWAT9(16)cARRAV(754).XC YC,ZC,uX yALD
1Y,UZ, R.SCALE DCESCYL(9),HO(9),X5(400),Y5(400), !(101),Y(103),MAJ®R ALD
2ZMINOR,PHI,CX,CY,RADJUS,ISET, CXYZ(lé)nEXYZ(!é) EHL16), JOKTEST,TL, 1LALD

80P, 1P, KR1200) s 1ONCE
REAL WAJOR,MINOR
REAL L1.L?

THE PURPOSE OF ALGORITHM D IS Tde

1) LOCATE THE CENTER @F THE E_LLIPSE/CIRCLE IN THE HOPE PLANE
{Tm BE EXPRESSED AS CX AND €Y),

2) COMPUTE 1T#S SEM]<MAJBR AND SEMIMINGR AXES
tEYPRESSED AS MAJBAR BR MIN3IR)
@R 17% RADIUS IF A CIRCLE (RADIUS)

3y 175 ROTAYION ANGLE (PHI), aND T@

4y PRAVIDE A YES OR NO FLAG 3N THE VAI IDITY
@F THE ELLIPSE/CIRCLE
{1nKTESY SERVES AS THIS FLAG)

THE EW ARRAY CONTAINS THE ELLIPSE/CIRCLE COEFFICIENTS
IN THE WOPE PLANE SYSTEM,

ONLY COEFFICIENTS IN XPRIME AND YPRIME ARE USED SINCE 2¥ = 0,

IDENTIFYING AND FETCHING THE COEF-ICIENTS ¢(TW@ DIMENSIONAL SET)
Ple3,14159245

P1OV221,570796325

RDTDGs57,29578

MAJORg(

MINOR3O

RADIUS=0 _

E11 THE COEFFJCIENT FQR XZ##2

Ef{1sEnN(1)

Ei2 1{/2 THE COEFFICIENT FQR y#Y#
E123EH(2)

ELl 172 THE COEFFICIENY F@R x¥

E13zEK(4)

E22 THE COEFFICIENT F3R y##s2

E22%BH(6)

ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD

_ALD

ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD

240
250

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
4590
460
470
4890
490
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E23 1/2 THE COEFFICIENT FOR YZ
E23=FM(8)

E33 THE CONSTANT TERM
E33sEM(16)

THESE EQUALITIES EX]ST

E21=E1?2

E318E43

E323E23

HO(1)=E4LY
HO(2)2E12
HO(3)=zE43
HO(4)sE21
HO(5)gE22
HO(6)RER3
HOt7)=E3Y
HO(8)zE32
HO(9)=2E33

CEMPUTE THWE INVARJANTS @F A PLANE SECOND ORDER CURVES !, D, A
REPRESENTED BY z2T1#¢, #zDlz#, AND #7A1%%, RESPEPT!VELY.

TIzEL4+4E22
DI=EL1sE22«E21#E42

ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD

AlzE1q# (F22sE33oE324E23)rEL128 (B2 sE332E319R23)4E4 3w (E21wE32eEI10E2ALD

12)

TEST FOR PARALLEL POSSIBILITIES
IF (¢ABSF(Al),LT,0,0001),AND, (ABSF{Dl),LT,0,0001)) 10,20
10 CONTINUE

AP (B22sE33aB23sE32)#(E112E33EL134E31)
LINE=28H

ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD
ALD

CALL HOPARCYL (LINE, WO, TL,AP,SCALE,A+B,CsD,XMATS, XC,YCHZC,UX o UY,UZALD

1,R,NAMECYL) )

!F (LINE,EO,7HYESLINE) G®& T@ 3590
PRINT 360 NAMECVL

GG YO 350

TEST FOR PRESENCE OF ELLIPSE 3R CIRCLE

20 CONTINUE

ALD
ALD
ALD
ALD

500
510
520
530
540
5§50
560
570
580
590
600
610
620
630
640
850
660
670
680
690
700
710
720
730
740
750
760
770
780
78¢
799
800
830
20
830
840
850
860
870
880
890
900
%30
920
930
940
950
960
979
980
999

ALD1000O
ALD101D
ALD1020
ALD1030
ALD1040
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IF (¢A1,NE.O),AND,(D].GT,0), AND, (A}/T1),L7,0)) 40,30 ALD1D50
30 IF ¢((Al,NE.D)Y.AND,(D!.GT,0), AND.( ARSF(E11=E22),LT7,0,0001),AND, tEL2AL D106
1,E0,0)) 50,3%0 ALD1070
ALD108D
40 CONTINUE ALD10%0
GB Y0 &0 ALD1100
ALD1110
: ALD1120
50 CONTINUE ALDi130
Ge Yo 60 ALD1140
ALD1150
60 CONTINUE ALD1160
ALD1170
ALDI18D
THE CENTER 1S ATe ALD119D
ALD1200
CXzr(EL39E22aEL12¢E23)/D] ALD1210
CYsm(EL18E23-EL30E21)/D] ALDY220
ALD1230
, ALD1240
SELVING THE CHARACTERISTIC EQUATION ALD1250
ALD1260
Les2ellalel ALP1270
ALDL280
WHERE #gLz# STANDS F@R LAMBDA ALD1290
AND 1a7] ALD130Q
AND DeD{ ALD1310
ALD1320
COEFFICIENT POR Lws2 ALD1330
_ ALD1340
IYY Y ALD1350
A ALD1360
COEFFICIENT FOR L ALD1370
ALD138¢
BBa(eT1/2) ALD1390
ALD1400
CONSTANTY ALD1410
ALD1420
cC=D! ALD1430
ALDL44p
A QUADRATIC SOLUTIGN ALD34S0
, ALD1460
CALL QUAD (A4,BB,CC,R1,R2) ALD1470
ALD1489¢
143 (JSU8§R.EQ.1050) 70,80 ALD;490
70 PRINT 370 ALD1300
GO T® 350 ALD1S10

80 IF (JSUBER.ER,1051) 90,100 ALDAS20
90 PRINTY 38§ ALD1530
GO 10 350 ALD1540
ALD1350
100 IF (Ry,EQTR2) 110,120 ALD1S60
ALD1570
110 CONTINUE ALD1580
Li=R1 ALD18990

L2sR2 ALDL1600O

aIri
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240

250

260
270
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GO TO 340
1F (Ry,6T7R2) 130,140

L1sR{
L2sR2
GO T 150

L1sR2
L2sRY

MAJBRESORT(m(Al)/(L19(LR2s02)))
MINORESORY (s (ALY /7((L1xn2)92))

IF({E12,E0,0),0R,(ABSF(E12),L7,0,0001))16n,240
CANTINUE
JSUBER=(Q
AA=E22
BB=E23
CCeE3IJ+2wE13sCXaEL14CXCX
CALL QUAD (AA,BB,CC,R1,R2)

ALD1S6LO
ALD1620
ALD1630
ALD1640
ALD1650
ALD1660
ALD1670
ALD168D
ALD16%0
ALDL700
ALD1T10
ALD1720
ALD1730
ALD1740
ALD1750
ALDA760
ALD177¢
ALD1780
ALD1790
ALD1800
ALD1810

IF ((JSUBER,NE, 1050).AND (JSUBER,NE,2051),AND, (ARSF(ABSF (R1«CY)=ABA|D182)

1SF(R2eCY)),LT, 0 ,0001)) 180,170

PRINY 393, E22,£23,£33,CX,CY, MAJOR, MINSR
Ge 16 350
IF (ABSF(ABSF(R1aR2)s2¢MINGR),LT,0,0001) 190,200

N® ROTATI®N NEERED

PHIsO
GO TO 330
90 DEG ROTATIGN NEEDER

PH1sPIOV2
GO T6 330

THERE 15 AN XY TERM

iS THERE A 4% NEG SOLUTIEN
CONTINUE

{F ((ABSF(E1{=E22),L7.0,0001),AND,{EL12,NE,n)) 228,730
45 DEG SBLUTI®ON

PHILxP1BV2/2
60 10 240

DETERMINING THE PROPER VALUE 10 ASSIGN 710 PH!

PHI180,50ATAN((28E12)/(E11=E22))
PH!2-PH!1¢P1@V2

IF ((e12.0L7,0),AND,(PHIL,GT,0)) 250,260
PHlsPKHIY

GO TO 330 4
IF C((E12.1.T,0),AND,(PH!2,LT,PI0OV2)) 270,280
PHY=PH12

ALD1B30
ALD184p
ALD185p
ALD1860
ALD1B70
ALD1880
4,0189p
ALD1900
ALD1910
ALD192D
ALD1930
ALD1940
ALD1950
ALD1960
ALD1970
ALD3%80
ALD1990
ALD200D
ALD2010
ALD2020
ALD2030
ALD203%
ALD2040
ALD2050
ALD205Y
ALD2052
ALD2053
ALD2060
ALD2070
ALLD20BO
ALD2090
ALD2100
ALD2110
ALD212p
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GO YO 330 _ ALD2130
280 1F ((E12.G7T,0) AND,{PHI1,LT.0)) 290,300 ALD2140
290 PHIePHId ALD2150
Ge TO 330 v ALD2160
300 IF ((E12.67,0),AND,(PHI2,GT,PIOV2)) 310,320 ALD2170
310 PHIePKI2 ALD2480
G0 To 330 ALD2190
320 CONTINUE ALD2200
DPH]2sPH12#RNTDG ALD22%10
DPHI41aPKHIt#RDTDG _ ALD2220
PRINT 4g0, E12,E11,E22,DPHIL,DPAL2 ALD2230
GO T6 359 ALD2240
330 CONTINUE ALD2250
PHIzsPH] ALDR2260
JSUBER=0 ALD2270
ALD2280
MESSAGE TWAY CIRCLE NOGY FOUND ALD2290
ALD2300
RADIUS299999 ALD2310
ALD2320
1OKTESTaD ALD2330
RETURN ALD23490
ALD2350
ALD2360
SOLUTION FOR A CIRCLE ALD2370
ALD2380
340 RADIUS=SORT(=(A])/ (L2 (L2%%2))) ALD2390
. ALD2400
MESSAGE TWAT ELLIPSE NBT FOUND ALD2410
ALD2420
MAJOR=299999 ALD2430
AL,02440
: ALD2450
10KTEST 50 ALD2460
ALD24790
RETURN ALD2480
ALD24990
, ALD2500
10KTEST=0 MEANS YES, IOKYEST=s1 MEANS NO ALD2510
ALD2520
350 1OKTESTzl ALD2530
RETURN ALD2540
. _ . ALD2550
360 FORMAT {30X,s PARALLEL To PRESENT HWOPE PLANE AT DISTANCE GY RADIUSALD2560
4 OF CYLINPER, THUS, NO INTERSECTIAN®,/) ALD2570
370 FGRMAT (ix,*N® SOLUTION FOR LAMBDA, BOTH A AND B ARE ZERD#) ALD2580
380 FORMAY (iX,*N@ REAL ROOTS FOR LAM3INA®) ALD2590

390 FORMAT (1ix»*PHI COMPUTATION TROUBLE W]TH Xy TERM ¢ 0'N® SELUTIEN WALD2600
1AS FOUND FOR Y#,/,F310,.5,8YSQUARE +,F10,5,0Y 29,F10,5,% = Des/ 1X,ALD2610
28CX, CY#,1X F10,5, 14X F10,5,¢ A, 8 «,F10,5.1%,F10,%) ALD2620

400 FORMAY t1x,*UNABLE T0 DETERMINE Pdle,/, 84X #EL12 = +"F10.7,/,1%,wE114LD2630
18 #F10,7+/7:1%,0E22 = ®,F10,727,1% ) *PH] 1 = #,F10.2: 721X sPH] 2 =ALD2640
2 »,Fip.2) ALD2650

END ALLD266¢~

1NN
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ALGORD

PROGRAM LLENGTH
ENTRY POINTS ALGORD
BLOCK NAMES
CRASSEC
EXTERNAL SYMBOLS
THEND,
esadlcY,
HOPARCYL
QUAD
SQRTF
ATANF
STH,
ONSINGL ,
00240 SYMBOLS

IDENT ALGORN
01041
00154

03037

11/02/780

ED
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SUBRELTINE HOPARCYL (LINE)HO)TLIAPISCALE,AsB+CiD,XMATY, X, YCnZC UXHEP

1,UY L2 RINAMECYL)
DIMENSTON HO(1)
PIMENSTIGON XMATO(1)
REAL K

REAL M12,M34

TH1S SUBRBUTINE 1S CALLED FRAM ALGERD IF IT HAS BEEN

DETERMINED THAT THE PQ@QPE PLANE [S PARALLEL TO THFE AXIS GF THE
CYLINCER, ITS PURPOSE IS TO PLET THE DEGENERATE LINE S@LUTIAGN AS
4 SINGLE LINE, @R A FAIR OF PARALLEL LINFS EITHER HBRIZANTALLY,

VERTICALLY OR SKEWED,
1F THE SGLUTION 1S ThO PARALLEL LINES, THEY

ARE JEINED ON THEI!R ENDS TP FORM A RECTANGLE TO COMPLETE THE
INTERSECTION OF A FINITE CYLINDER WITH END PLAINS FORMING A

FIGHY CIRCULAR CYLINFER,

THE PARAMETERS ARE
#2LINE2#, A HOLLARITF MESSAGE BHYES([INE GR BHNOLINE

1S RETURNED Y@ INDICATE SUCCFSS AR FAILURE OF THE CALL,
xHOzz, THE ARRAY CONTAINING THE HEPE PLANE INTERSECTION

COEFFJCIENTS,

22TLza2, THE LENGTH OF THE CYLINDER,

#2APxg, THE INVARIANY WHICH WHEN =0 INDICATES A SINGLE DFGENERAYE
LINEs, AND WHEN LESS THAN ZERO®, A PAIR OF PARALLEL LINES,

¥ASCALEZ%, THE PLGTTING SCALE WHICK WAS COMPUTED IN CROSEC,

##A,8,C,Dx%, THE HOPE PLANE CONSTANTS,
#ZXMATOZZ, THE HOPE FLANE CONVERSIEN MATRIX,
#2XC,YC,2C,UX,UY,UZ Rgz, THE CYLINEER CONSTANTS,
##NAMECYLy#, THE NAME OF THE CYLINEER IN HOLLARITH,
LOCAL SCALING FUNCTIEN
S(W)S(WeSCALF+5,0)
STARY OF GUTPUT MESSAGE
PRINTY 410’ NAMECYL
INTERSECTION COEFFICIENTS PICKED UP FRGM HB ARRAY,

X SOUARED

Ali1skE(1)
Xy

HEP
HEP
HAP
HeP
HEP
HEP
WEP
NEP
HEP
HER
HAP
HEP
HEP
HEP
HGP
HBP
MO P
HEP
HEP
HEP
HEP
HEP
HEP
HEP
HEP
HEP
WGP
HEP
HOP
HEP
HAP
HEP
WGP
HeP
HEP
HEP
NEP
HEP
HEP
HEP
WOP
HOP
HEP
WOP
MEP
HEP
HOP
HOP
HaR
HEP
WGP
HEP
HEP
Wap
HEP

10

20

30

40

50

60

70

ao

L1

91
100
110
120
130
131
140
150
160
170
180
190
200
210
220
230
240
250
260
270
2a0
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
460
470
480
490
500
510
520
521
530
540
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A122kE(2)
A13skE(3)
A213kE(4)
A22=kE(5)
A233kC(6)
A31=kE(7)
A32zrE(8)

A33skE(9)

11/09/70

X

XY
YSQUARED

Y

X

Y

CONSTANTY

nD I8 DISTANCE FREM CENTER PBINT TE HOPE PLANE,

1F ##[Dx# |S GREATER

DD3(AsXC¢B*YC+CZC~D)
IF (ABSF(DD).GT,R)

THE zzLGzx AND zgHIzy
THEY ARE THE PROJECTI
VECTER @N7@ THE HOPE

Xl.2XCeDD*A
YL=YC-DD*B
7L=ZC~DD*C
YH2XL+TL *liX
YH2YL+T| sUY
7HaZL e T s\2

THE KEPE PLANE COORD!

CALL MM (XLO,YLO,ZLO,
CcALL MM (XHI,YHW],ZH],

TESTING FOR PARALLEL
1F (APLLT.0) 110,190

110 IF ((tA11,NE,D),AND, (4
173,EG,0)) 120,150

120 IF (AL13,EQ,0) 130,14¢

THAN R NO LINE SALUT]GNS ARE PBSSIBLE,

/SQRT(A®S2+4Rs82+Cx*D)
GR TO 4n0

PRINTS ARE CEMPUTED,

AN OF THE END POINTS OF THE CYLINDER
PLANE.

NATES ARE GBTAINED,

XL,YL,ZL,XMAT9)
XH,YH, ZH, XMATS)

LINE SOLUTION,

FER VERTICAL PAIR
Xes2 AND CONSTANY TERM MUST BE NON ZERQ
AND XY, Y*w2 AND Y TERMS Z2ERD

1S THE PAIR SYMMETRICAL ABOUT GRIGIN
1.,E.1S THFRE AN X TYERM

X+ MR « SCGRT(A33) ABQUT (0,0)

HEP
HEP
HEP
HaP
WOP
HEP
HEP
HOP
HOP
HEP
HOP
HEP
HEP
HEOP
HEP

© HWeP

HOP
HEP
HEP
HOP
HEP
HOP
HEP
HEP
HEP
WOP
HEP
HOP
HOP
HEP
MEP
HOP
HEP
HEP
HEP
HOP
HOP
HOP
HaP
HEP
HOP
HEP
HEP
HOP
HaP

550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
760
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
961
970
990

HBP1000
WEP1001
33,NE.0),AND,¢A21.ED,0) AND, (A22,E0.0),AND, (AHEP1010

\ HEP1020
WaP1021
MEP1030
WEP1040
HEP1044
HAP1050
HEP1054
WEP1060
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n=SQRT(ABSF (A33))

CALL ENDDRAW (S(<0),S¢Y[0),S(0),85(YHI))
Wis=G

w2agQ

PRINT 420, W1,W2

60 76 3g9

X = & OR o SQRT (A33) ABOUT (H,0)

H:-AiS

NARSF(SQRT(Hew2eA33))

CALL ENDDRAW (S(o0+H),S(YLP),S(Q+M),S(YHI))
wilnc‘H

W23sQ+M

PRINT 420, Wi,w2

rO TE 390

FAR HARIZONTAL PAIR

Yes2 AND CONSTANT TERMS MUST BE NON~ZER®
AND) Xw#2,XY,AND X TERMS MUSY RE ZER®

145

WEP1061
HOP1070
REP1080
WEP1090
HEP1100

HeP3129
HeP1124
HEP1130
MOP14131
HEP14140
HEP1450
HEP1160
HOP1470
HEP1180

. HEP1190

HEP1200
HEP4L201
WepL240
HEP1220
HEP1230
HER1231

150 1F ((A22.NE.Q),AND,(A33,NE,0),AND,(ALL.EO,0), AND.(Alz EC.0),AND, (AHEP1 241

160

170

180

190

143,EG.0)) 160,310

IS PAIR SYMMETRICAL ABBUT @RIGIN
~DEPENNS OM PRESENCE BF Y TERM

TF (A23,EQ.0) 170,180
Y = « @R = EQRT(A3Z3) ABOUT (0,0)

N=SORT(ABSF (A33))

CALL ENDDRAW (S({XLO),St(»Q),S{XH]I)8¢0))
Wize(

wes=qQ

PRINT 430, Wi,wW2

6O 1€ 3990

Y 8 ¢« BR » SQRT(A33) ABAOUY (0,K)

KewA23

NeABSF(SQRT(K*s22A33))

CALL ENDDRAW (S(XLO),S{~Qe¢K),SIXH]I,S(QuK))
Weyz=G+K

W2rRQeK

PRINT 430, Wi,w2

rO TF 3p0

1S THERE A SINGLE LINE
WITH HGPE TANGENT T® CYLINDER

1F (AF,EQ.0) 200,310

A VERT]JCAL SITUATIGON IF
Xss2 TFERM KON ZERO

HeP1250
WBP1 254
HEP1260
HEP1270
HER1271
HOP1280
HEP1284
HEP1290
HAP129¢
HER1300
HEP1310
WOP4 320
HEP1330
HBRP1340
HEP1359
HEP1354
HEBP1360
HOP1364
HEP1370
WRAP1380
HEP1390
HEP1400
HEP1410
HEP 1420
HEP1430
HEP1431

HEPL 440

HER1450
HEP1451
HEP1460
WEP1461
HEP1470
HEPY 480

i

TINR

5
[
o

HER IR
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AND XY,Y##2,AND Y TERMS ZERD

WEP1490
WOP1499

200 1F ((A11,NE,0),AND,(421,EQ.0),AND,(A22.EQ,D),AND,(A23,EQ,0)) 210,2HAP1500

150
IS 1T THRU THE BRIGIN
210 1F ((A13,EQ,0).AND,(A33,EQ,0)) 220,230
X 20 @R THE Y AXIS 1S THE LINE

220 cALL LCRAW (S(0),S(YLE),S(0),S(YHI))
TWisihX
wi=0
PRINY 440, [Wi,uW1
0 TR 300

IS IT THRU ANGBTHER POINT
230 IF ((A13+92),EQ,(ABSF(A33))) 240,310
XawAll

240 CALL LRAW (S(-A13),S5(YL0),S(=A13),S(YHI))
tWizikX
Wim=AL3
PRINT 440, [Wi,wW1
a0 Y& 3og

A HARIZONTAL SITUATION IF
yse2 TERM ANQN ZERQ
Xes?,XY,AND X TERMS EQUAL YO ZERO

HEP1510
HEP1S14
HEP1520
HEP1%21
HEP1530
HEP1B31
HEP41540
HOP1541
HEP1550
HEP1560
HEP1570
HaP1880
HEP1%90
HEP1591
HOP1600
HEP1601
HEgP1610
HEP1611
HOP1620
HEP16214
HEP1630
HEPL1640
WeP41650
HEP1660
HEP1670
HEPL671
HEP1680
HEP1690
HEP4700
HeR1701

250 IF ((A22,NE,D).AND,(A14,EQ.0),AND,(AL2.EQ,0),AND,(ALS,EQ,0)) 260,3HEPL740

140

ALONG X AX]S , SYMMETRIC ABAUT ORIGIN., IFws
Y TEFRM AND CONSTANT BOTH = ¢

260 1F ((A23,EQ,0),AND,(A33,EQ,0)) 270,280
Ye0
270 CALL DRAW (S(XL@),5(C), S(XH]),S(0))
TWiagiky
Wia0
PRINT 440, [W1,W1
GO TE 390
NOT SYMMETRIC ABQUT BRIGIN
280 IF ((A23+%2),EQ,(ABSF(A33))) 290,310
YreA23

290 CALL LRAW (S(XL0),S(»A23),S(XH]),S(»r23))

HEer4720
HEP1721
HEP1730
HOP4 749
HEP17414
HOP1750
HEP1751
HER1760
HAP41764
HAP1770
HOP1780
H@P17990
HOAP1800
HEeP1810
HEP181Y
HEP1820
HEP1821
H@P1830
HEP1831
HEPL840
HOP1B4Y
HEP1850
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320

330

34p

350
360

370
380

390
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tWisikY

WimrA23

FRINT 440, Iwl,6Wi
0 TF 300

| INESBHYESLI]INE
RETURN

CONTINUE

1S A SINGLE, SKEWED LINE PRESENT,

147

HCP1B60
HEP1870
HeP1880
MEP1890
HAP1900
HEP1910
HEP1920
HRP1930
HEP1940
HEP1950
HEP1960
HEP1970

1F (((DD=R),LT,0,0004),AND, ((AP3#%2)-(A22+A33),L7,0,0001)) 320,330WRP19R0

cALL CRAW (SIXLO),S(YL®),SIXHI)Y,S(YHI))
PRINT 450, XLO,YLO,Xk],YH]

66 TC 3p¢

CaNTINVE

5 SKEWED PAIR OF PARALLEL LINES 1S NEEDED,
THE SLOPE OF TME LINES,

PHIZATANFG(YHI=YLO)/(XH]=XLO))
JSUBER=0

A GENERAL SGLUTION FPER THE INTERSECTIONS ON THE Y PRIME AX!S,

CALL GUAD (A22,A23,A33,B1,R2)
1F (JSUBER,EQ,1050) 34p,35n
PRINT 460, A22,A23,A23
PRINT 479

6@ TE 400

1F (JSUBER,EQ.10%1) 360,370
PRINT 4679, A22,A23,A23
PRINT 489

"0 TE 400

CONTINUE

1F (B1,67,B2) 380,390
EBIzE}

Ri=B2

RZaBE]

rONTINUE

SLOPE. INTERCEPT SO_LTIGNS FAR THE RECTANGLE SIDES,

M12sTANF (PH])
M34sFPh]el,570796325
M34csTANF(M34)
F3aYR]»MI34uXk]
R4sY| E~MI4eX| 0
NENZV12-M34
¥1=(H3eB1)/DEN
Y1oM12#X1481
¥23(E3=B2)/DEN
Y2=eM12#X2+R2
y3z(E4eB2)/DEN

HEP1990
HEPZNOO
HAP2010
HAR2020
HEP2030
HEP2040
HAPZ050
HEP206N
HEP2070
HEP20R0
H@PZ09Q
HEPZ100
HEPZ410
HOPZ2120
HEPZ2130
MEP2140
MAP2150
H@PZ1 60
HEP2170
HEPZ480
HERPZ2190
H@rP2200
HEPZ2210
WEP2220
HEeP2230
WEP2240
HEP2250
WEP2260
HAP227D
HEP2280
HAP2260
HOP2300
HEP2310
HEP2320
HEP2330
HEPR2340N
HEP2350
HEP2360
HEP2370
HEP2380
WEP2390
HEP2400
HEPZ410

AITITCLYTIOND

S
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vy3eM12%X3+B2 HEP2420
X428 (R4-81)/DEN Mep2430
Y4zM1i2eX44H1 WEP2440
c HEP2450
£ THE SKEWED RECTANGLE IS PLATTED, HAP2460
€ HEP2470
CALL FLOT (S(X1),8S({Y1),3) HEP2480
CALL PLET (SIX1),S5(Y1),2) HeppP24%90
CALL PLET (S¢X2),S(Y2),2) MeP2500
CALL PLBT (S(X3),S8(Y3),2) WEP2540
rALL PLOT (S(X4),S(v4),2) WEP2520
rtALL PLBT (S(X4),S(Y1),2) HaP2330
CALL PLOT (S(X1),S(y1),3) HEP2540
pPPH]aPH]*57,29478 H@rP2550
PRINT 490, PPHI,X1,Y1,X2,Y2:X3,Y3,%4,Y4 HeP2560
O TE 300 WEP2579
400 | INERBHNOL INE WAP2%80
RETURN NEP2590
c HEP2600
410 FORMAT (1Ke,A8,e, INTERSECTIAN [Sis) MEP2610
420 FORMAT (3gX,*VERTICAL PARALLFL LINES, X = #,F10,2,%» X 2 ,*F10.2:,/HOP2620
1 HOP2639
430 FORMAY (30X,*HORIZANTAL PARALLEL LINES, Y s »,F10,2,%, Y = *,F10,2HGP2640
1:7) MBP2650
440 FORMAT (30X, *SINGLE LINE, #,41,% & #,F10.2,/) HEP2660
450 FERMAT (30X,*SINGLE LINE, FRAM( #,F10,2,%, #,F10,2,%) Tg (*,F10,2,Hgp2670
1ey, 5, F10,2,n)e) HEP26B0
460 FORMAY (1X,«IN HOPARCYL, RATATED QLADRATIC SOLUTIGN FOR Ys/,1X,%A HWOP2690D
le #,F10,5,¢, B = ,F10,5,%, C = *,F10,5) HEP2700
470 FORMAT (1X,+BOTH A AND B TERMS ZFRew) HOP2710
480 FORMAT (41X,*N@ REAL ROATS#) HEP2720
49p FORMAT (3gX,sRECTANGLE AT #,F9,2,% DEGREES#,/,309X,#FOUR CORNERS ASHAP273p
1 XY PAIRS, #,4(s( ¢, FG,2,%, #,F9 2,u) »)) HEP274p
FND HAP2750»
HEBPARCYL 11/09/70 ED 0
INENT HOPARCYL
PROGRAM LEMNGTH 02036

ENTRY POINTS HBPARCYL 00206

EXTERNAL SYMBOLS
THEND,
08GDICT,
MM
ENDDRAW
DRAW
QUAD
PLOT
TANF
SQRTF
ATANF
STH,
ONSINGL.,

00424 SYMBOLS

11/09/70
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SUBROUTINE DRAW (X1,Y1,X2,Y2)

THIS SUBROUTINE 1S CALLED FROM 2z48PARCYL2#,
IT 1T USEp YO DRAW EJTHER A SINGLZ LINE

11/02/70

8R A REETANGLE,

149

DRW
NRW
DRW
DRW
DRW

THE ORIENTATION OF THESE FIGURES 18 EJTHER WOR{ZMNTAL OR VERTICAL,DRW

CALL PLBT
CALL PLOT
CALL PLOY
CALL PLOT
RETURN

(X1,Y133)
(X1,Y1,2)
(x2,Y2,2)
(X2,Y2,3)

ENTRY ENDDRAW

eaLL PLET
CALL PLOY
CALL PLOT
CALL PLOT
CALL pLOY
CALL PLOT
CALL PLOT
RETURN
END

DRAW

PROGRAM LENGTH
ENTRY POINTS

(x1.Y1;3)
(X1,Y152)
(X19Y2,2)
(X2,Y2,2)
(X2,Y1,2)
(X1,Y1,2)
(X1,Y1,3)

DRAW
ENDDRAW

EXTERNAL SYMBOLS

geabtcr,
PLOT

00036 SYMBBLS

IDENT DRAMW
00157
00003
00030

11/02/70

DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRW
DRMW

ED

V)

A3TITCCYIOND
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11/02/70
PROGRAM DISCRETE )
COMMAN /TIMETEST/ KSETIMFL, KSETIME2, KSETiMF, KSETADR
. CoMMON AREA FOR CDC APT 3 SECYION o
» [ Z 2 XE ] LA R R 1 2 IR X R Y] AR R R RS
COMMON /SYSTEMZ/ SYSTEM(4),KAPTCN,  KAPTTR,  KAPY1@,
1 KAPTID, KFL‘”Stlﬂ’JKOn K, K?; K3,
2 K“ K ] K7I ern Kgg
3 TFILL1, lrlLsz IFILL3, tFILL4,
4 KFLABD,  KFLAGL,  KFLAG2,  KFLAG3,  KFLAG4),
5 IFTLLS,  IWAVEN,  IPTNLY,  NOPBST, IFILL6,  KAUTOP,
6 TcLPRY,  INDEXX,  IPLOTR,  IFILL7,  NOPLAY,  KDYNFG)
7 LeCJPT,  LOCBEG, KSECIN, NCLREC, LOGMAC,  KPACKET,
8 IFtLLe,  IFILL9Y  IFILL16, (POSTP(1),NUMPST,  IPOSTFL(18),
4 TAPETE(1),CANTAP,  CLTAPE,  POCYAP,  PLATAP,  SRFTAP,
$ L18%aP,  CRDTAP, 'FILL1Y, CORYAP,  TAPESL, TAPES2,
$ TAPES3,  TAPES4,  FORTIN,  INTAPE,  10UTAP,  PUNTAP,
$ L8TFLGs  LTVFLG,  KONVTCL, «INTRUPT,
$ Pl, P12, DGTRD, RDYDS, ONF,
$ EXTRAD(20)
EQUIVALENCE  (PROTAP, TAPETS)
» sEEP R LR XXX sREhRY (L EZ XY
‘e COMMON AREA FOR CDC APT 3 SECTION 1
» kMR (XL EE] . KERERY [ 2R3 X]
COMMBN /SECTLLOG/ 1TA31, 1TAB2, 1TAB3,
1 11484, 1TABS, ISNAM,  1TAB1%, 174812, 1TAB13,
2 JENDPTPP, JENDCAN, JENDSTOR, JSTRTCAN, JENDSYM,
3 JCANTEMP, JRPTASB, JLPTAB, MAXNST,
4 JINWD, JCHAR, IWDERR,  JBUFL, NUPERP,  NUPUN,
5 JSTYPE.,  JVARS2,  SCHERR,  NMACvY, MACASN(25),
6 INDXPT,  IPTP, IXPT, veDE, EGCFLG,  LPNDFL,
7 TRMFLG, INTRUPY,  JUMPFL, 1CDERR, DERUS,
] MACMONE, NESTFL, NRESULY, IPT| 1M, JEXEC,
9 KTYPE, MACTYP,
$ IPARYERR, FINIS, 10FLG, MACDEL,  JSUBFR,  NUMBERR,
$ DEFSTA(B5), DEFYTAB(1000), 2ZSUR(30),
$ XMATA{16) ) XMAT3I(16)  XMAT2(16),XMATL(16),TMATY (16,
% 1sTDMADE, ISYDLIT, ISYDT3L, {STDINDX, ISYDYYPE. !STDWD,
$ JPTIND,  KPYCBDE, KPTNAME, «PTTYPE, KPTYNUM, KPTINDX,
$ KPTSUR,  KOMFLG,  KBMPAP,  NOSURS,  KANFi.G,  KRFSYS,
$ KANREEs  KANCNT,  INAME, KANSURF, KANINDYX,
$ JRRELEN, NEWCARD, JGORIT,  NUMSTID, NUMCSEN,
$ IRECIx,  IRECN@,  JTLP®S, ITITLE(9),LSRECN,
$ NNB®DEFX, NN®DEFI, NIDUM, ISLASH,  TEQUAL,  I1BLANK.
T 1DUMMY,  N1000C, N7777, MASKU, MASKL', IDIV,
v MACREL » MACLAC, MAC3EGN, MACLAST, MACLEVFL,
v MACNAME(3), MACINDX(3), NMV, JRESTGR, MARPSH{3,25),
W JYEMPY,  JTEMPZ,  JTEMP3,  JTEMP4,  JTEMPS,  JUTEMPSG,
X JTEMPT,  JTEMP8,  JTEMP9,  EXTRA1(2n)
EQUIVALENCE (DEFANS(1),]DEFSTO(4),DEFSTR(4Y), (LSTYPE, KTYPE),
1 tPINUM, KPTNUM)
DIMENSIGN IDEFSTA(B5), DEFANS(26), IDEFTAB(1000) .
1 1LPYTAB(200), IRPTAR(200), 1TNTAB(200), JPRATP(10N),

DS
nIs
nls
nls
nis
DIs
D1S
D1s
DIS
DIs
DIS
DIS
nis
DIS
DIS
D1S
DIS
DisS
nis
Dls
DIS
DIS
D1s
D1s
n1s
pIs
nis
D1s
DIS
DIS
DIs
DS
DS
pts
DS
n1s
nis
DIS
DIs
D1s
n1s
DIsS
D1S
DIs
pDis
DIS
DI1s
DIS
DI1s
D1S
D1s
D1S
DIs
D1s
DIS
D1s

340
350

400
410
420
430
440
450
460
470
471
472
473
474
475
480
499
500
510
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1RECSYV(200), MACVAR(25), MACGNOR(25), (INWMRN(10Y, IBUUP(2),
P1STa(6), 1p1STgté), IDREC(4)

EQUIVALENCE (INWORD(14), IBUUP(16), ILPTAB(990), IRPYAB(790),
1TNTAR(590), PISTO(390), IPISTA(390), IDREC(384),
JPRETP(3IBO), IRECSV(280), MAZVAR(75), MACNOR(50),
IDEFTAB(1000Y, DEFTAB(1000))

coMMaNn/yRCABTBL/ KOME1100)

COMMAN /22 JTABNUM.JTABL(l?l?O’
* (R RN 31T whxdrew [ X 2]

CONSTANTS CARRIED OVER FROM CRASES,
SEF CROSEr AND CYLINDER COMMENTS FaR DETAILS

COMMAN/CRASSECY
A+B,C,D,IDSEND, XMATI(16),
ARRAY(254)"

XC,YC, 70, UXaUY»UZ4R,

SCALE.

DCOSCYL(9),
HOLt9),

XS(400),YS5(400),
X(iﬁS).Y(lOB).
MAJBR,MINOR,PH1,CX,CY,RADJUS, ISET,
CXYZCL6),EXYZ(16),EH(16),
10KTEST',

T,
1LEOP.IP,KR{200),1ONCE

EQUIVALENCE (INCHWBPE, IFILLB)

EQUIVALENCE (PLOTPLNG,IFILLY)

REAL MAJBRIMINGR

REAL LM

THISZZPROGRAMZZ PROVIDES THE ENTRANCE POINY FOR SEGMENT 103,
17S PURPESE IS TO»

(1) CcALL FOR THE C@MPUTATI@N OF TWE DISCRETE SEY OF POINTS
THAY peFiNES THE PERIMETER OF TWE ELLIPSE MR TME CIRCLE,

t2) IN THE CASE OF THE CIRCLE THE PBINTS ARE IMMEDIATELY PLOTYED,
BUT FOR TWE ELLJPSE ]T MUST BE DETERMINED IF TRUNCATION 1§
NECESSARY, TO MAKE TH!S DETERMINATION TEST ARF MARE @N #xDi2z#
AND #zD2Z2¢#, D1Z AND D27 ARE YHE DISYANCES FROM TWE MAJOR=AXIS
END PQINTS TO THE BASE PLANE: @F T4E CYLINDER MEASURED IN

THE 2 DIRECTIGN @F THE CYLINDERzS COBRDINATE SYSTEM,

THE CALLS Y@ ELBOUNDS WANDLE THE ACYUAL TRUNCAT]®N,

t3) TESTS ON D1Z AND D2Z NOT ONLY NETERMINE THE EXTENT @F
TRUNCATION, BUT ALSG DETERMINE TMEZ SETTING FOR ##IWHCPARTZZ,
WHICH PART OF THE ELLIPSE 1S LOWER, THE PBS{TIVE END @R THE
NEGATIVE END OF THE MAJBR AXI1S,

151

pls
D1s
DIS
Dis
Dis
DIs
Dis
nis
DIs
DS
D1s
D1s
nts
nis
n1s
D1s
DS
DS
ols

520
530
540
550
560
570
580
590
600
6%0
620
630
640
630
660
870
680

700
710

1NN

o =1
<
i

!

>4
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10

20

30

40

50

11/02/70

t4) PROVIPES FOR PROPER TERMINATiaN, EITHER, ‘
(A)VRETURN TO SEGMENT 102 v1A PRCNTL TO LOOK FAR MORE
CYLINDERS, OR }
(8) RETURN Y0 ISHOPE FOR ANOTWER HWGPE PLAME, AR
(C) GO BACK Y0 PRENTL FBR APT CONTINUATION,

TEST9299999

IF (1GKTEST,EQ,0,AND,MAJBR,Z0,TESTY) 10,30
COMPUYE SET OF QRIGIN ORIENTED POINTS FER CIRCLE
CALL POINTSC

ADD CENYER OFFSEYS, CX AND CvY,

DO 20 1s1,200
XSC1)sXS{1)eCX
YS(1)eYSt1)eCY
CONTINUE _
GO 10 130

{F (18XTEST,EQ,0,AND,RADIUS,EQ,TEST9) 40,120

COMPUTE SEY OF QRIGIN ORIENTED PAINTS FAR TWE FLLIPSE,.
CALL POINTSE

INCLUDE RATATION AND TRANSLATIAN

De 50 1:1.,400

XXSEXS(1)sCOS(PHI)*YS(1)eSIN(PHI)
YYS2eXS(])sSIN(PHIDI*YS(])COS(PKI])

XS(1)aXXSeCX

YS(1)sYYSHCY

CONTINUE

CONVERT MaJBR AX)S END POINTS TH xYZ SYSTEM

XPARTsMAJAR*COS(ePH])

YPARTIMAJORSSIN(sPH])
PizCXeXPART
Q1zCYaYPARY

Riz()

Xiz0

Yi=z0

Z1ia0

CONVERT FROM HOPE COGRDINATES T3 XYZ SYSTEM,
CALL CONVERT (P1,01,R1,X1,Y1,21)
CONVERT FROM XYZ SYSTEM Y@ CYLINDZR SYSTEM,

CALL CONVFRT2 (PC,0C,RC,X1:Y1,21)

nIs108¢0
n1siogo
ni1s1100
pisiiip
nisii2g
pi1s113p
D1S1140
nysi15o
nys1160
DIS117p
D1S1180
D1S1190
n1s1200
nysizie
D1sS1220
n1siz23g
n1si24yp
n1si1250
nysi2éon
pisiz27o0
D1S1280
pisiz9c
DIsS1300
pisi3ie
n1siz2o
nIsi3do
DIsS134p
n1s1350
n1sS13690
niEs137¢
niIs1380
nLsi3vo
DIS1400
D1S141p
pIs142¢0
D15143¢0
D1S1440
pisi45p
n1S1460
nIsS147¢
D]S1480
p1S149g
D1S1500
nIsisio
n1s1520
p1s8183¢0
pIS1i540
p1s1550
D1S1560
nisis7eo
n1si1s80
nls1590
D1S1600
p1sislo
N1s1620
DIS1630
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60

70
80

90

100

110

153
11/02/70

Di1ZsRe N1S1649
P2sCX o XPARY D151650
02sCY.YPARY D1S1660
R2=0 nIS1s70
X2=0 Di1sSi680
Y2e0 D1S1690
2220 , D1S1700
CALL CONVERY (P2,02,R2,X2,Y2,22) pysizie
CALL CONVERT2 (PC,0C,RC,X2,Y2,22) pD151720
D2Z22RC n1S1730
D1S1740

USE MaJaR AXIS END POINY DISTANCES n1s175¢
TG DETERMINE ##IWHCPARTZZ ORIENTATIGNS, D1S1760
n1S177¢

IF (((Diz‘GT 0),AND,(D2Z,GT.0),AND,(D42,LT,D22)), @R , ((D1Z,L7.,0),ANN]S1780
1D,(D2Z.67T, 0)}.0R ((D1Z,LT.0), AND (n2z, LT 0y, ANn.cAnsr¢n1Z) 6T, ABSFD1S1790

2(D2Z)))) 60,70
IWHIPARY=7HPASDOWN
60 TO 80
IWHIPART=7HNEGDOWN
CONTINUE

USE #2zD{Zz# AND ##D2Z#7 10 DETERMINE EXTENT OF
NECESSARY TRUNCATI®N, EITHER,

tAy NEJTHER PLANE, ©OR

(8) BASE PLANE ONLY, OR

(C} TOP PLANE ONLY,QR

tDy AATH PLANES,

XTLeXCoyXe L
YTLYCoUYeTL
ITLEZCoUZeTL

nysisfo
DIS181p
D1S1820
D1S183¢0
D1S1840
D1sSi85p
n1siséo
n1si87o
n1S188yp
n1sisvo
Dl1s81900
DIS1940
nis1920
D1S1930
D]S1940
D1si95g
nisivéo
n1s197p

1F t((D{Z7LE,0),AND,(D2Z,LE,0)),0R,({D1Z,GF YL),ANH . (D2Z.GF,TL)Y),0D]81980
1R, C((D12,67,0), AND (D1Z,LE.TL)),AND, (!D?Z GT OQ.AND tD2Z.LE, TL’)})D!51990

169 T 130
IF (¢(Dy27 Lt,00, AND.((DZZ GT,0),AND, (D22,LE,TL)))Y,0R,
1((D2Z,L71, oa AND.!(DlZ GT,0), AND (Dil LE,TLYY)IGO 1A 90
1¥ ((1022 G* TL), AND, ((DiZ GT, 0).AND.¢D12 IE Tiyhy,eR;
10(DLZ,6T.TL), AND ((D2Z,G7,0), AND (D2Z,LE,TL))IIGO T§ 100 .
¥ {ClDiZ LY, 0, ANo.cuzz GT TL)) AR, CED2Z,LT,0),AND, (D1Z,6%,TLY))
160 10 14
PRINT 200,TL,D12,D22
CONTINUE
JEsQ
CALL ELBOUNDS (XC,YC,sZC,JSUBER,JE,IWHIPART)
GO Y9 130
CONTINUE
WEel , .
CALL ELBOUNDS (XYLaYTL2ZYL,)JSURER,JE)IWHIPARY)
GO YO 130
CONTINUE
JE=D . .
SéLt ELBBUNDS (XC,YC,ZC,JSUBER, JE, IHHIPART)
-4

D1Sioey
DxSZOOO
n1sento
nyseo02n
n1s2030
nysendo
n1s2050
nyseo5y
n1sS2069p
p1sz207¢
nis2080
DI%2090
D152100
p1s2110
n§s2120
n1s213o
N1S2140
nrs215o
n1s2160
D182179

NA

<

1

= -3
<
L4l

airit
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120

130

140

150
160

170

180

11/02/70

CALL ELBOUNDS (XTLeYTLZTL,JSUBER,JE,IWHIPARY)
GO TO 135
N® CYLINDER INTERSECTIGON

CONYINUE

THE RETURN FROM ALGOR D (BACK IN SEGMENY 4in2) .
WAS N@T RECOGNIZABLE AS EITHER CIRCLE ®R ELLIPSE.

PRINT 190, 1OKTEST
GO TO 140

CONTINUE
1F (JE,EQT2HNO) GO TO 140

THE SEY OF XS,YS POINTS 1S PLOYTED,

CALL PLOTSEY

YHE CURRENT CYLINDER HAS BEEN PRASESSED THRU

THE DISCRETE POINT DETERMINATIONS

NBW GO BACK TO SEGMENT 2 AND (@BK FOR

MBRE CYLINDERS @R SPHERES THAY WAVE NOY BEEN PROEESSFD

CONTINUE
ILOOP=1L0pPs1

If (1L88P EQ, IDSEND) 150,180
IF {INCHOPE,EQ,4HBNCE) 160,170
CONTINUE

IFILLY®9909

CALL pLBTS (0.,0)

CALL PLBY (0,0,3)

CALL PRENTL

CONTINUE

CALL PLOT (0403}

CALL PLOTS (0,0)

CALL ISWBPE

1L08P=0

JIDSEND= I DSEND=L

CALL PRENTL

CONTINUE _

IFILLY#4 82

CALL PRCNTL

D182180
nis2190
D1%2200

D182210

njs2220
n18223p
D1S2240
n1s82259
Di1S2260
p182270
D18228p
p1s2290
D1sS230Q
D1S23310
n1s232n
D1s233n
p}S234g
p182350
n1s233y
D]S2360
p1sa237e
p1s2380
p1s2390
D1S2394
N1s24090
D]82410
D1524290
D1S243p
Di1Seddg
pisa45y
N1S2460
D182479
n1sS2489
D18249)0
n1s2soo
n1s2sio
nys252op
D]S2530
D1S2540
n1s82s55¢
D1823%60
D182570
D182580
DiS2590

190 FORMAT (1x #1OKTESY FAILUREs®,/,1X,»UNABLE T0 INENTIFY EITHER CIRCLN]S2600

200

1E BR ELLIPSEs)
FORMAT (41X .»TRUNCATI®AN DETERMINATION TROUBLES,
11X,*TL = «,F10.7,
21X,*D17 a2 %,F10,7,
S1X,%D2Z = #,F10,7)
END

D1S281p
nisesit
nises2o
D1526830
D18264p
D182650-



DISCRETE

PROGRAM LENGTH
ENTRY POINTS
BLOCK NAMES

DISCRETE

TIMETEST
SYSTEMZ

SECTLLOG
VOCABYRL

2
CROSSEC

EXTERNAL SYM3QLS
GBGENTRY
THEND,
08QDICT,
POINTSE
POINTSE
CONVERY
CONVERT2
ELBOUNDS
PLOTSET
PLOTS
PLOT
PRENTL
1SHOPE
SINF
COSF
STH,
ONSINGL ,

00603 $YM3GLS

00613
00052

00004
00175
02642
02114
27531
03037

IDENT

DISCRFTE

11/02/70

155



o ]

aaaaoaaaoaaoaaaaaaoaaaanoanaaann

156

10

11/02/70

SURROUTINE POINTSE

PBE

COMMON /CRASSEC/ A,8,C,D, IDSEND,XVAT9(16),ARRAY(254),XC,YC,2C,UX,UPRE
1Y,UZ4R,» SCALE DC@SCYL(9);HB(9) XS(400) YS(4n0’ !(103).Y¢103) MAJ@R POE
ZMINGR,PHI,CX,CY,RADIUS, ISET, CXYZ(l&)nEXYZ(16) EHU16), 1OKTEST,TL, ILPOE

SOOP

REAL NUM _
REAL MAJBR,MINAR,MA,MI

THIS SUBROUTINE 1S CALLED FROM xz®ROGRAM DISCRFTEgzg,

THE PURP®SE OF THIS SUBROUTINE 1S TO® COMPUTE z#M#z SFTS,
(XS{JY,YSCJ)) WHERE J RUNS FROM 1 TO #zMz#,

OF PBINYS OF AN ELLIPSE WHOSE CENTER [S AT c¥X,rY

AND WITHW tHE DESIGNATED SEM]eMAJBI AND SEMIoMAJBR AXFS

THESE ¥zMz# POINYS ARE [N THE FIRST GUADRANT,

TAKEN FROM 12102CLOCK TO 310£CL 30K,

THEy wlLlL SERVE AS A FEEDER SET

FROM WHICH A FULL SET ®F 400 PAIRS WILL BE COMPUTEN
IN SUBRQUTINE EXPAND,

VARTABLES USED!

EXINCz#, THE NUMBER @F INCREMENTS IN P! RAP]ANS
¥2DTHe#, THE RAD{AN INCREMENT,

#ZTHz2, THE VALUE OF THE ANGLE THEZTA IN RADIANS,
#2ECZ#, TWE ECCENTRICITY OF THE E_LIPSE,

2ZMAJ@Rz2', THE SEMIwMAJBR AXIS,

ZZMINGRZZ, THE SEMI«MINOR AXIS, ) v 5
ZZRAZZ, A VECTOR FROM CENTER T8 1TH POINT mN PFRIMFTER,

1SET=400

MAzMAJOR

MI=MINGR

ME(]SETedy/4

INCo(Mat)y2
DTH23,141592653589793/INC
TH=({3,141592653589793/2)«DTH
EC=SORTF(4n{ (MINOR®#2)/(MAJOR*22)))
N=Me2

NUMZ (MINORw*2)

ASZECes2

DB 10 Jsi'N

THzTHeNTH

AODsTH .

AlzCOS(AQ)

A2zAtan?

Ad4zA25A3

DENs12Ad

A6 (NUM/DEN)

RAZSQRTF (AS)
X(J)=2RA#CASF(TH)
Y(J)zRASSINF(TH)

CONTINUE

POE
POE
PRE
PRE
PDE
POE
POE
PBE
PRE
PBE
PBE
POE
POE
POE
POE
POE
PBE
PBE
PBE
PBE
POE
PGE
POE
POE
POE
PBE
POE
PRE
PRE
POE
POE
POE
PBE
PBE
POE
PRE
POE
PRE
PBE
PBE
PGE
PRE
POE
PBE
POE
PRE
PRE
POE
PBE
PBE
PGE
PBE



¢
CALL EXPAND (M)
RETURN
¢
END
PBINTSE

PROGRAM LENGTH

ENTRY POINTS POINTSE

BLOCK NAMES
CRASSEC

EXTERNAL SYMBoOLS
n1Q205100
neabplcT,
EXPAND
SQRTF
SINF
cosF

00105 SYMBOLS

11/02/70
11/02/70
IDENT POINTSE
00145
00003
02525

157

POE 620
POE 630
POE 640
POE 650
POE 660
POE 670

ED 0
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SUBRBUTINE POINTYSC

11/02/70

PBC

CoMMAON ,CROSSEC/ A,B,C,D, IDSEND,XMATO(16),ARRAY(P54),XC,YC,ZC,UX,UPBC

TH1S SURRRUTINE IS CALLED FROM %zPROGRAM DISCRFTEZz,

THE PURPASE OF THIS SURRBUTINE 1S 1O COMPUTE zzMxz SETS,

(XS(JY¥SEd) Yy JrlezzMrz,

6F POINYS OF A CIRCLE IN THE WOPE PLANE CENTERFD AT (g.gQ)

WITH THE DESIGNAYED RADIUS

THESE #zMz# POINTS ARE IN THE FIRST GUADRANT,
TAKEN FRGM 1210£CLOCK T@ 310£CLOCK,
THEY Wl L SERVE AS A FEEDER SET

FRAM wHICW A FULL SET OF 200 PAIRS WILL BE COMPUYEN

IN SUBRBUYINE EXPAND,

SHARTHAND FORM FOR RADIUS
R=RADIUS

1SET=200
TH=3,1415927/2

Mz (lSET=4)/4
INCz(Me1)e?
DTH=z3,1415927/1INC

INITIAL VALUE FOR Y

FIRST VALUES GF FEEDER SETY

X(1)=9
Y(1)=R

Nz=Me+1
D6 10 Jz2,N
YHeTHaDTH

X(JY=2R*COSF(TH)
Y(J)sReSINF(TH)
CONTINUE

K=Me2

X{K)=R
Y{(K)=0,0

1Y,UZ,R4SCALE,DCASCYLL9),MO(P),XS(400),YS(4n0),X(103),Y(103),MAJOR,POC
2MINGOR,PHI, CX,CY RADIUS, I1SET,CXYZ(16) s EXYZ(16),EHI16), 1OKTEST,ILOOPPOC

pec
PBC
PEC
PeC
PaC
Pec
POC
PRC
PBC
PBC
pPac
POC
PoC
PeC
PBC
PoC
PBC
POC
PeC
PaC
PoC
PeC
ol
POC
PeC
PeC
peC
POC
PoC
PoC
PBC
pec
Pac
POC
PBC
PeC
PBC
pPec
PBC
PaC
POC
POC
poc
pecC
PoC
PoC
PBC
4]
]
PEC
PoC
POC

170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
3290
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470

49p
500
510
520
530
540
550
560



c
CALL EXPAND (M)
¢
RETURN
€
END
POINTSC

PROGRAM LENGTH _
ENTRY PBINTS POINTSC
BLOCK NAMES
CRASSEC
EXTERNAL SYMR6LS
01705400
a8aDICT,
EXPAND
SINF
COSF
00070 SYMBOLS

1DENT
00105
00003

n2524

159
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POC
poC
pac
PBC
pPecC
PBLC

11402770 ED
PBINTSC

570
580
590
500
510
620~

13N0

==
<%
<

LER

i
=
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11/062/70
SUBRAUTINE EXPAND (M)

gxp

COMMON /CROSSEC/ A,B,C,D,]DSEND,X4AT®{16),ARRAY(254),XC,YC,ZC, X yEXP
1Y,UZ.RsSCALE, Dcescht9).He(9).x5t400) YS(400),¥(103),Yt103),MAJOR,EXP
2MINOR,PH|,CX,CY,RAD]JUS, ISET, CXYZtis)oEXYZ(16!aFH!16).!0KTEST TL,ILEXP

joeP

TH1S SUBRARUTINE IS CALLED FRGM EITHER SUBRMUTINE PAINTSC
OR FREM S(BROUTINE POINTSE,

THE PURPOSE OF THIS SUBROUTINE

1S T0 TAKE THE BASIC 90 DEGREE, FIRST QUADRANY, SET OF POINTS
CONTAINED IN THE X AND Y ARRAYS

AND EXPAND THEM INTO A FULL SET OF JSEY POINTS

17 WORKS FOR EITWER A CIRCLE FEEDER SEY (PREPAREN RY POINTSC)
®R FOR AN ELLIPSE FEEDER SET (PRESARED BY P@INTSE),

SETTING UPPER AND LOWER QUADRANT L_IMIYS,

108yzMe2

102, %108Us1
102U=102L M
103La102U41
103Us103L 4M
104L=193Us1
104U=104L 4 (Mel)

FIRSY SUADRANT 12100 7O 33100
e 10 g=i, 101U
XStJYeX(J)
YS{JisYtJ)
10 CONTINUE
SECOND QUADRANT, 3100 TO 6:00
Ne?
e 20 Jalg2L.i02U
XS{JIs¥X{JaN)
YS{JYau¥{ eN)
NzN#2

20 CONTINUE

THIRD QUARRANT, 6300 Y@ 9400

EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
ExP
EXP
ExP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP

240
250

270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
539
520
530
540
550
560



NElQ2Uey
pe 39 Jalo3L,lQ3U
o
XStJ)awX(JaN)
c
YS(J)emY(J=N)
c
30 CONTINUE
¢
c .
€ FOURTH QUADRANT,9:00 TO 12100
N=elQ3L
C .
De 40 Jsigdl,lQ4u
¢ ‘
XStJymaXtiuN)
c
YStJ)sY(JsN)
€
NzNe2
c
40 CONTINUE
o
RETURN
END
EXPAND
IDENT
PROGRAM LENGTH 00201
ENTRY POINTS EXPAND 00003

BLOCK NAMES
CROSSEE 02525
EXTERNAL SYMBALS .
~asaDict,
00111 SyMBeLs

EXPAND

11/02/70

{1/02/70
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EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
ExP
EXP
EXP
EXP
ExP
EXP
EXP
EXP
EXP
EXP
EXP
ExP

ED

570
580
599
400
630
620
830
640
650
860
670
680
690
700
710
720
730
740
750
760
770
780
790
8Qa
810~

¥
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01/20/71
SURROUTINE PLOTSET

- PLS

COMMON /CROSSEC/ A«RsCoDo IDSENDOXMATO(16) s ARIAY (-54) o XCoYCeZColIXsUPLS

1YeUZ 4R SCALFyNCOSCYL () o HO(Q) 9 XS(400) 4YS1400) aX(103)9Y(103) ¢MAIORLPLS

DUINOR PHT 4 CX9CY9RADTUS»ISEToCXYZ(16) sEXY7(16) oEH/16) s IOKTESTTI o ILPLS
INOHP

in

20

30

THIS ROUTINE 1S CALLED FROM ##PROGRAM DrSCRETE#4.

THE PURPOSE OF THIS SUBROUTINE IS TO POt THF SEr OF POINTS
IN THE XS AND YS ARRAYS WHICH ARE THE CU2VE oF INTERSECTION
RETWEEN THFE HOPF PLANE AND A CYLINDER,

PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

THTS CIIRVF IS FITHER A CIRCLFs AN ELLIPSes 02 A TRUNCATED ELLIPSE.PLS

MOVE THF PEN IN THF UP POSITION TO THE 15T POINT
PX=(XS(]1)4SCALF) +5
PY=(YS(1)¥SCALF) +S
TF ((PYXelTe0) eORe(PXaGTo1040) sORe(PYeLTen) a0 (PvaGTal0s0)) 10420
PRINT &0, PX,PY
RETURN
CONTINUE
PX)=PYX
PYl=pY
cALL PLOT (PXePYed)
LOWER THF PEN
FALL PLOT (PXyPYe?)
J=1
no 50 Js2,1SET
PX= (XS JY#SCALE) +5
PY=(YS(.J)#SCALF) +5
TF ((PXel.Ta) oDRe(PXeGT41040) ¢ORe(PYolLTa)e0uea(PysGTel0e0)) 30,40

PLEASE NOTE.ee
THERF IS AN INTENTIONAL INCONSISTENCY HWERE,
THF FLILTPSE ANND/OR CIRCLE IS NOT BEING S BJERTED T0O
HOXYMIN AND HOXYMAX (L TMITS IN CROSEC (MON Z24N),
AS ARF PLANF INTERSECTIONS,
ONLY TO A 10 INCH SOUARE CHECK,
THE RFASONS FOR THTIS CHOICE wEKRES
(1) TO ALLOW THE FULL ELLIPSFES TO BE PLOTTED IF ~0SSIBLE FOR
RFASONS OF SHNOWMANSHIP,
(#2THEY REALLY CaN BE COMPUTED AND P OTTeD==-
SFFe WERE THEY ARE+##)
(2) SINCE THERF wlLL PROBABLY BE FEWER CT1RCUI AR aND ELLIPTICA|L
INTERSECTIONS THAN PLANE INTERSECTIONSe aLLO»ING THIS EXCEPTIONS
AT LFAST INTTIALLYs SHOULD NOT DESTROY TuE STMPLYCITY
AND INTERPRETARILITY OF THE PLOT,.
(3) THF FLBROUNNS FFFECTS ARE PERHAPS RESTRICTION ENOUGH
ON THE ELLIPSES SINCE THEY ARE POTENTIALLY CONTRNLABLE BY
THE SPFCTFICATION OF THE CYLINDER LENGTH,
A FURTHER ROUNNDARY CHANGE IS LEFT TO LaATrR
CROSFC MORIFICATIONS,

rAtL PLOY (PXePYed)

PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

1n
20
30
4n
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
33n
340
150
360
70
380
190
400
410
420
430
460
450
460
470
480
490
500
810
520
530
540
550
560



G0 70 =0

40 CALL PLOT (PX,PYy2)

S0 CONTINUE

CALL PLOT(PX1+PY142)
CALL PLOT(PX14PY143)

c
(o
CALL PLOT (PXsPYe3)
RETURN
C
FND
PLOTSFT

PROGRAM LENGTH
FNTRY POINTS PLOTSET
RL.OACK MNAMES
CROSSEC
EXTERNAL SYMROLS
THEND,
QRODICT,
PLOT
STH,
ANSTIMGL
0n1174 SYMRO|S

01/20/71

RAISE THE PEN AT THE LAST POSITION

60 FORMAT (1Xs*FIRST POINT PLOT OVERFLOWY X o Y ®9F10,591XF10,5)

01720771

INENT PLOTSET

00165
00017

02525

163

PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

ED

570
580
890
591
592
600
6lo
620
639
640
650
660w
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12/23/70

SUBROLTINE ELEOLNLS (F1,F2,F3,JSUBER,JE, INHIPART) ELB 10
CEMFAN /CROSSEC/ AsB,CyD.y IDSEND XMAT9(16)0ARRAV(254)'XC YCy)2C, UX,UELB 20
1y, UInFmSCﬁLEMLCCSCYL(9).H0(9).X$(400}.YS(400),X(103).Y(103).MAJ®R ELB 30
2VINCROHPX'CX:CY RADILS JSET CXYZ(16) 1EXYZ(16)1EH(16) s JOKTEST»TLILELB 40

AU@P PF.KR(ZLO),[GACE ELB 50

ELB 60

ELB 70

THIS iSUEREUTENE 1§ CALLED FROM ##DISCRETE##, ELB 80

ITS RLRFGSE 1§ TO CEMPUTE THE CBARCINATES of THE CLIP LINE ELB 90

AND RAVING LONE TRAT TO CALL ON #zCLIP## TO PERFORM TWE CLIPPING, ELB 128
ELB

THE CLIF LINE ]S COMFYTED BY, ELB 120

{1) .GETYING THE LINE OF INTERSECYION BETWEEN A BASE PLANE ELB 130

ANL THE POPE PLANE, ELB 140

{2} INTERSECTING THS LINE WITH THE ELLIPSE ELB 150

18 GET Tw® PEINTS (X1,Y1) AND (X2,Y2), ELB 160

{WiTk ENL PLAINS THAT ARE PERPENDICULAR T8 THE CYLINDER®S ELB 170
#X]S 17 FOLLEWS THAT THE CLIP LINE IS PARALLEL TO THE MINGR ELB 180

AX]S OF THE ELLIPSE), ELB 190

ELB 200

THE FARAMETERS ARE ELB 210
#2Fl F2,F822, AN eND PLANE AXIS POINT, ELB 220

2z JSLEER#2, AN ERROR DETECTION FLAG FOR SUBROUTINEZZQUADZZ, ELB 230
#2JE#3, ENTERS WITH END PLANE I1DENTIFICATION= ELB 240
KEY AS TO WHICH BASE PLANE lS ELB 250

BEING PRBCESSED ELB 260

JEe0 ]S BOTTOM BASE PLANE ELB 270

JEZ1 |5 TOP BASE PLANE ELB 280

RETLRNS W]Tw HOLILARITH YFS @R ND MESSAGE ELB 290

REGARL ING SLSSESSFUL CLIPPING, . ELB 300

721wk ]PART 22, INFERMATION NEFDED BY ##CLIP#Z, ELB 310
‘ ELg 320

ELB 330

IPLANEDE ELB 340
Xg=Lws ELB 350
Ye=lst ELB 360
7e=L«( . ELB 370
F118KHE(Y) ELBR 380
g128me (2) ELB 390
E133meC3) ELB 400
E2%EkE (4) ELR 410
E228mME () . ELB 420
F238KHCE(€) ELB 430
FILBRE(D) ELB 440
E323mE(E) ELB 459
F332pELS) ELB 460
E(LB 470

ELB 480

ASSLME (YLINDER BGUNL PLANF HAS FQUATION IN X)Y,Z SYSTEM ELB 490
ELB 500

UX ® X # 1LY & ¥ & U2 » Z 2 UX * F1 « Uy  F2 ¢ UYZ * F3 ELB 510
ELB 520

WHERE ELB 530
WXyUYyoZ ARE THE CYLINDER AX1S DIRECTION COSINES ELB 540

ELB 550

AND F1,F2,F3 ]S A FRINT ON THE AX]S ELB 560
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110

1¢0
130

140

12723770

CBTAINING LINE EF INTERSECTION SETWEEN HWAPE PLANE AND END PLAIN,

FaAslX

0=B=LY

RzCe=ld

SsDa (L XaF e L YaF2+(ZnF3)
T11EXNATO(1)
Tz18XMATG(2)
T31TXMATH(3)
T123xMAYG(5)
Te23xMAT9(6)
T328XMATG(7)
T132XMAT9(Y)
Tz32XMATG(LG)
T33sxMATY(L])
FlsFelllalaT21+ReT31
Gl=Fsllex(»122+R%T32
FlzPellle(e122+ReT33
S1=Se (XC*FAYONQEZESR)
Pz=pl

G=01

RzR1

S5=S1

TESY 70 DETERMINE IF TRUNCATION LINE IS HMORIZONTAL

IF CCF.LT,0,
1H1»1 40870756831, 7,0,C0004)) 110,140

TRUNCAT]EM LINE HERIZONTAL

Y1=84¢

yesvl

AAakll

EBselewyisE13
CC3E2esyYinYl4geE2 wy14E33
Catl 1GUAD ‘ﬂAlB&rCC‘Xl.X?,
IF (JEUEER,e0,1050) 150,120
IF {JSUEER,EQ,1051) 170,130
IF tX3,EQ,X2) 210,20C

TURLNCATIEN LINE NOT HARIZONTAL

CENT INUE
CETAINING [NTERSECTIEN OF ##lL INEZ# WITH ELLIPSE
Te GET .CLIP REINTS,

SL=t=G/F)

TE=8 /F

AASTELILaSL#SLe24E1248 +E22)
BEZ(ELLaSL#TE)+(EL2¢9TE) ¢ (EL3sSL ) +E2S
CCE(EILoTE#TE+LI3e29E130TE)

165

ELB
ELB
ELB
ELB
ELR
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELH
ELB
ELB

0C001),6FR,(ABSF(PHI#*1,57079635),L7,0,00001},PR, (ABSF(PELB

ELRB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB
ELB

570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
84¢
850
860
870
880
890
900
910
920
930
940
950
960
970
980
950

EL.B1000
ELR1010
ELB1020
ELB1030
ELB1040
ELB1050
ELB1060
ELB1070
ELB1080
ELB10GD
ELB1100
EL81110
ELB1120
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JSUEER=(
Cabll 1GUAD (AABE,CC,YL,Y2)
IfF (YSUEER,e0,1050) 150,160

150 CENTIRYE
JESZHAQ
FETLRN
160 1F {wSUEER,£Q,1051) 170,140
170 GENTEMNGE
JEZ2HND
HETLRA
180 IF Y1 .EQ,Ye) 240,19¢C
190 CENTIMUE
X138 eY1+1E
xg=$LevesTE
200 CALL CLIP tXx1,Y1,X2,Y2,]PLANF,JE, IWH]PART)
RE T RA
SINGLE SBLUTHEN
210 CENTIMUE
JES3FYBS
RETLRA
END
LBEUNTS
JDENT EL3MUNDS
PROGKA" LENGTF 004506
ENTHY FELATS ELBEUNDS 00006
BLOCK MNAMES
ChBSSEC 03037
EXTERNAL SYMHELS )
eQLlICT,
QL AL
CLIF

p02te SYMALLS

12723770

12/23/70

ELR1130
ELB1140
ELB1150
ELB1160
ELB1470
ELLB1180
ELLB1190
ELBL1200
ELB1210
E(,B1220
ELR1230
ELB1240
£4,81250
E|LB1260
ELB1270
ELB1289Q
ELB1290
E.81300
ELB1310
ELB1320
ELB1330:

ED (
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01/07/71
SUBRGLTINE CLIP cx;.vx.xz.vz 1PLANE , JE, |WHCPART)

167

CLP

CEMMEN /CROSSEC/ A»B,C,D, |DSEND, XMAT9(16’.ARRAV(?Sd)aXC.YCoZC.UX.UCLP

iY, UZ-R:SC@L&-EC@SCYL(Q)aH@(?’lXS(400)3YS(400)0X(103)uY(iOS)aMAJQRv

cLP

QMINBRPW] CXsCY RADJUS, ISET,CXYZ(16),EXYZ(16),)EH(16),IOKTEST,TL,ILCLP

30CPJP.KR(200), JONCE

THE SUBROLTINE S CALLED FROM 2ZELBOUNDSE#

1725 PURPESE IS Y@ FORM A SURSSET OF POINTS,

TRAT DEFINE A TRUNCATED ELL]PSE,

FROM THE SET @F POINTS DEFINING TWE ENVIRE ELLISPE
CENTAINED IN THE XS, Y5 AHRAYS,

THE TRUNCATION LINE RUNS FROM (X1,Y1) TO (X2,Y2),

RETW @F TRESE P@INTS ARE @N THE PERJMETER OF THE ELLIPSE,

RLUT MAY NET BE IN THE XS, YS SET @F POINTS,

ThE RELATIVE POSITION OF (X1,Y1),AND (X2,Y2) BETWEEN POGINTS OF
THE X8,YS SET WJLL BE DETERMINED BY TESTING,

P2 ]PLANEZ#®, 18 THE KEY AS T8 WHICH END PLANE [S BEING PRBCESSED,
wHEN JPLANEz] THE TGP PLANF 1S BEING PROCESSED, AND
WhEN JPLANEs(Q THE BASE PLANE [S BEING PROCESSED,

»2]WHCPART 22 BRINGS IN A HOLLER]TH MESSAGE

WHIGH DESCRIBES THE QGRIENTATION OF THE ELLIPSE,

IF JWHCRART = 7WP@SDEWN

IT MEANS THAT TWE ELLJPSE 1S SLANTED WITH THE P@S]TIVE END @F THE
MAJBR AX1S DIRECTED DOWNWARD W,R,T, THE CYLINDER#S Z AXIS,

I¥ JWRCPARTz7HNEGDOWN THE OPP@SLYE 1S TRUE, THE NEGAT]IVE

END BF THE MAJGR AX]S 1S [OWFR THAN THE PESITIVE END W,R,T,

TE CYLJNLERZS AXIS,

¥z JE#¥, RETYRNS A HOLLARITH YES AR NO® MESSAGE,

A 22NE#z MESSAGE MEANS CLiPPING

WAS NET BEEN PERFQRMED BECAUSE EITHER
(X3,Y1) AND (X2,Y2) DID NOT MEET THE PROPER CJRTERIA, @R
[WKCFART WAS NOT PROPERLY IDENTIFABLE,

LECAL ARRAYS FOR INTERMED]ATE PURPGSES

DIMENS]BN XSS(400), YSS(400)

LEGCAL FUNCTIONS FOR RQATAT]AN

XNEW(P,)Q,PPH])=(PeCOS(PPH])#QeSIN(PPH]))

YNEW(P )G (PPHI)S({=P4SIN(PPH] )} +Q*COS(PPHI))

1F THE ANGLE @F RGTAT]ON ]S NBT Z2ERQ THEN
THE X§,YS SET OF POINTS MUST BE TRANSLATED AND ROTATED T2 AN
@RJGIN CENTERED, ZERO DEGRFE PGSITIGN,

IF PHM] ]S ZgRe TRANSLATION 1S NBT NEEDED,

IF (PRI NE+O) 110,130

CLP
cLP
cLP
CLP
CLP
CLP
CLP
cLP
CLP
cLP
CLP
cLP
cLP
cLpP
CLP
cLP
cLP
cLP
cLP
CLP
cLP
cLP
CLP
CLP
cLP
cLP
cLP
cLP
CLP
CLP
cLP
CLP
cLP
cLpP
CLP
cLP
cLP
CLP
cLP
cLpP
CLP
CLP
CLP
eLP
CLP
CLP
tLP
cLP
CLP
cLP
cLP
CLP

10
20
30
40
50

70

80

90
100
110
120
130
1490
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
359
360
370
380
381
350
400
401
402
403
410
420
430
440
450
460
470
480
490
500
540
520
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110

120

-430

01/07/71

CENTINUE
ROTATE SET OF POINTS T@ ZER® DEGREES TEMPORARILY

pe 320 J=1,1SeT
x1aXS(1)eCX
YIsYS(l)eCY
XINBXNEW(X] Y] ,ePH])
YINEYNEW(X],Y].ePH]}
X$(1)axX]N

YSCIIRYN

CENTINUE

TRE (X1,Y1) AND (X2,Y2) PUINTS MUST BE HANDLED IN THE
SAME MANNER,

xX1sXx1

Yyisvil

xX2ax2

yyesye

X]®X1isCX

YsYLeCY
XINSXNEW{XT,Y],ePHI)
YINSYNEW(X] Y]2oPH])
X1=X1IN

yisYIN

X]aXZe«CX

YjaY2eCY
XIN!XNEN‘XI.Y[.-PHI)
YINSYNEW(X] Y], oPHI)
XxeeXINh

vyzeYIN
CENTINUE
Me({]SETwd)/4
1SUBSETsL

THE TWO PEINTS MUST BE SO OGRIENTFD TYWAY THE FIRSY GNE IS

~ VGRE POSITIVE THAN THE SECOND ONE, THE TWO POINTS ARE

140
150

160
170

SWAPPED WiTw EACH OTHER IF NECESSARY T8 FULLFILL THIS CONDITION,

1F ‘Yl.LTéYz) 140,150
CAL% REVEKSE (X1,Y1,X2,Y2)
CENYINUE

A4 MAJER BRANCKING TAKES PLANE BASED BN THWE SIGN OF X1 AND X2,
1F THEY ARE NET OF THE SAME S|GN SGMFTHING |S WRONG,
AND A ##NE#x MESSAGE ]S RETURNED [N #2JEZ?%,

F ((X1,GE,Q0),AND,(X2,6E,0)) 200,160
Fo4OX1,LT,0),AND,(X2,{T,0)) 410,170
F (((ABSF (X1

CLP
cLP
CLP
cLP
CLP
cLP
CLP
CLP
CLP
CLP
CLP
cLP
CLP
CLP
CLP
CLP
CcLP
cLP
cLP
cLP
CLP
CLP
cLP
CLP
eLP
CLP
CLP
CLP
cLP
cLP
cLP
CLP
CLP
cLP
cLP
eLp
eLP
CLP
CLP
CLP
CLP
CLP
cLP
cLP
CLP
CLP
CLP
CLP
cLP
cLP
CLP
cLP

530
540
541
550
560
570
580
590
600
610
620
630
640
650
660
670
680
681
682
683
684
690
700
740
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

CLP100O
CLP1010
CLP1020

Y,LY,0,0008),AND, (ARSF(Y1=3,0),LT7,0,0004)),AND,((ABSFCLP1030
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1(x2),LT,0,0001),AND, (ABSF({Y2¢1,0),L7,0,0001)) OR,
s 1taB8F X1, LY, 0,0001),AND, (ABSF(X2).LT.0,0001)) 1180,1490
180 Xx1=0,0
XZ!Q.U
6e 10 200
160 PRINT 680, x1,Y1,X2,Y2
GE 10 679
200 CENTINUE

THE SWITCH 221SW#zz [S SET TG CONTRO| THWE TRANSFER
¢R NON=YRANSFER OF POINYS FROM THE SEY TG THE SUBSET,

IF ]SW=y THE TRANSFER IS T® TAKE PLACE,

THREE VARJABLES ARE INVGLVFD IN THE DETERMINATION OF THE
INITIAL SETTING OF [SW, THESE ARE THE SIGN OF Xt AND X2,
THE VALYE @F JPLANE
AND THE IWHCPART GRJENTAT|ON,

(SEE THE TABLE GJVEN IN THE SUBROUTINE WRITEU®)

IF {(IWHCPART ,E0,7HNEGDAWN) 210,240
210 1F (IPLANE) 220,230
220 1SwWsi
GE T@ 290
230 1SWaQ
€ 10 300
240 IF (IWHGPART,EQ,7HPBSDAOWN) 250,280 .
250 1F {IPLANE) 260,270
260 (SWEQ
Ge Y€ 2990
270 1SWel
Ge T8 300

b CLIP MESSAGE 1S PRINTED IDENTIFYING THE PLANE
AND TRE CLIP POINTS,

280 PRINT 690
GE TO 670
250 FPRINT 700,XX1,YYL,XX2,YY2
re 16 310
300 PRINT 710,XX1,YY1,XX2,YY2
310 CENTINUE

IN THIS LOGP THE RELATIVE POSITIAN 6F THE FJRST PRINT 1S
INITIALLY SEARCHWED FOR SINCE YHE X4 SIGN IS PBSITIVE 8R ZERG,
WREN (X1,Y1) 1S FOQUND RELATIVE T® THE XS,YS SEY

1T IS TRANSFERRED TO TWE SUBSET AND 1SW 1S CHANGED,

AND X4 FLAGGEL WITW 99,99,

THEN THE SEARCH FOR THE RELAT]VE PESITION OF (X2,Y2) COMMENCES,

169

CLP1040
CLP104Y
CLP1050
CLP1060
CLP1070
CLP108D
CLP10%0
cLP1100
cLP1110
cLP1120
CLP1130
CLP1140
CLP1150
CLP1160
CLP1170
CLP1480
CLP14190
CLPL200
cLPi1210
cLP1220
CLP1230
CLPL240
CLP1250
CLP1260
CLP1270
CLP1280
CLP1290
CLP1300
CLP1310
CLP1320
CLP1330
CLP1340
CLP1350
CLP1360
CLP1370
CLP1380
CLP1390
CLP1400
CLPL1410
CLP1420
CLP1430
CLP14490
CLP1450
CLPLd60
CLP1470
CLP1d80
CLP1490
CLP1500
CLP1510
CLP1520
CLP1530
CLP1540
CLP1550
CLP1560
CLP1570
CLP1580
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170

340
350
360

1
370

380
390

400

410

420
430

440
450

460
470

01707471

CLP1890

WWEN THE SECOND POINT 1S FOUND RELATIVE TG THWE XS,YS SET A TEST 1SCLP1600
MECESSARY Y@ DETERMINE |F THME PRACESS 1S COMPLETE QR JF THE CLP1610
REMAINDER ©F XS,YS MUST BE PASSED, cLP1620

CLP1630

CLP1640

DE 400 ;-% ) 1SETY CLP1650
1IF {(X1,EC,99,99) ,AND,(X2,EQ,99,99) ,AND,(1SW,E0,1)) GO& T@ 390 CLP1660
1F ((((AB§F(XS(1)-X1).LE 0,0001}, OR,(XS(!).GTaxl)).AND.((ABSFCYi-YCLP1670
St1)),LE.0,0001),6R, (VS(I).LT Y;);).aa (C(ABSF(XS(1)eX2),LE,0,0001C P1680
1, BR (XS], LT, X2))|AND ((ABSF(Y%(])-YZ).LE 0,0004),0R, (YS(]),LT,YCLP1690
2))1) 320,380 CLP1700
CENTINVE CLP1740
1F {X3,E0,99,99) 360,330 CLP1720
CENTINUE CLPL730
XSS{]SUBSET)axy CLP1740
YSS{ISUBSET )=yl CLP1750
X1399,99 CLP1760
1suaser-15usSET-1 CLP1770
IF (]SW) 3504340 CLP1780
1SWey tLP1790
Ge Y0 380 ‘ CLP1800
1SWeQ CLP1810
Ge te 380 CLP1820
CENTINVE CLP1830
XSS{ISUBSET)=x2 CLP1840
YSS({]ISUBSET)=Y2 CLP1850
1SUBSETEISUBSET#1 CLP1860
X2899,99 CLP1870
i3 l((IHHCPART EQ,7HNEGDOWN) (AND, (IPLANE,EG,1)),0R, ((lNHCPART EQ,7CLP1880
PPOSDEWN) JAND, (XPLANE EQ, ) 370,610 CLP1890
1Sy CLP1900
GE Y6 380 CLP1910
CONTINUE CLP1920
IF (ISW,EG,1) 390,400 CLP1930
centInud CLP1940
CLP1941

PASS INCLLS]ON AREA POINT 7O SUBSET CLP1950
CLP1954

XSS{ISUBSET)=xS(1) CLP1960
YSS{ISUBSET)=YS(]) CLP1970
1SUBSETE[SUBSET#1 CLP1980
CENTINUVE CLP1990
1SUBSETSISUBSETw1 cLP2000
GE Y& 6310 CLP2040
CENTINUE CLP2020
IF (IWHCPARY,EQ,7RNEGDOWN) 420,450 CLP2030
1F (IPLANE) 430,440 cLP2040
1SWe0 cLP2050
Ge 16 490 CLP2060
IswWey CLP2070
GE 10 500 CLP2080
IF {IWHCPART,EQ,7HPOSDOWN) 460,280 CLP2090
1F (IPLANE) 470,480 CLP2100
[sWey cLP211p

GE 16 490 €LP2120
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480
490
500
5310

15WsD
e 18 500

PRINT 700, X4,Y1:X2,Y2

e 16 530

PRINT 7309 X1,YL2X2,Y2

ce 16 530
CENTINUE

01707774

IN THIS LGOP x1 AND X2 ARE NEGATIVE AND THE RELATIVE POSITIGN OF

(X2,Y2) IN THE XS,YS SET |S SEARCWED FGR FIRST,

WHEN (X2,Y2)2s POSITIAON 15 FOUND IT 1S TRANSFERRED TG THE
SUBSET, TRE ISW SWITCH IS CHANGED AND X2 FLAGGED WITH =99,99,

THE SEARCR FOR THE RELATIYF POSITIBN OF (X1,Y1) THEN COMMENCES,

WhEN T IS FOUND [T IS PASSED TQ THE SUBSET AND A TEST MADE T0
DETERMINE [F THE REST OF THE XS5,YS ARRAY SHGULD BE PASSED,

nE 600 J=LsISET

1F ((X2,EGC,99,99) ,AND, (X1 ,EQ;99,99) AND,(ISW,EQ,1}) GO TQ 590
IF ((((ABSF(XS(l)-XZ) LE. U, 0001) ar, (XS(!).LT X2)) AND, ((ABSF(YS(]C{LP2360

1m

CLP2130
CLP2140
cLP2150
cLP2160
CLP2170
cLP21890
CLP2490
CLP2200
CLP2210
cLP2220
cLP2230
CLP2240
CLP2250
CLP226p
CLP2270
CLP2280
CLP2290
CLP2300
CLP2310
CLP2320
CLP2330
CLP2340
CLP23S0

11=Y2),LE,0, 0001).@R1(Y5(l, 675 YZ))) OR, ({X2,EQ,#»99,99) ,AND, ( {ABSF{C{ P2370
2XS(I)-X;);LE.U.0001).GR.(XS(!)cGT,Xl)).AND.((ABSF(YS(()-Yi).LE.0.0CLP2380

3rol),ER (YS(1),GT,Y3)))) 220,580
520 1F (X2, EQy»99,99) 530,550

530 YSS(ISUESET)*Xi

540
550

560
570

580
590

600
610

YSS{ISUBSET)sYL
Xx1399,99
15U88ET!I$UBSET¢1

CLP2390
CLP2400
CLP2410
CLP2420
cLP2430
CLP2440

IF (C(IWHCPARTY,EQ,7HNEGDOWN) ,AND, (IPLANE,EQ,0)) ,0R, (¢ IWHCPARY,EQ,7C| P2450

LHPOSLEWN ), AND, (IPLANE EQ,1))} 540,610

{SWad

Ge 10 580

CENTINUE
XSS{ISUBSET)sx2
YSS{]SUBSET)sY2
¥23999,99
1SUBSETSISUBSET+1
1F t1SW) 960:570
S

G0 Te 580

ELLE!

te 16 580

1F {ISW}) 390,600
CENTINUE
XSS{ISUBSET)=XS(])
YSS{ISUBSET)=YS(1)
1SUBSETSISUBSET e
CENTINUE
1SUBSETBISUBSET =1
CONTINUVE
xSS(ISUESET)=xSS(1)
YSS{ISUBSET)=YSS(1)

CLP2460
CLP2470
CLP2480
CLP2490
€LP2500
cLP2540
ELP2520
CLP2530
€LP2540

CLP2550

CLP2560
CLP2570
CLPe580
CLP2590
CLP2600
CLPR610
CLP2620
CLPR630
CLPZ2640
CLP2650
CLP2660
CLP2670
CLP2680

AITITECVTIOND
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620

630

640

650
660

670

0L1/07/74
SWAP

THE TERMINATIGN PROCESS COMMENCES BY ZEROING THE X8,YS ARRAY,

FEe 620 ym3,ISET
XS(y)80
YSty)e0
ceNYINUE

TWE SUBSET VALUES ARE TRANSFERRED 79 TWE XS,YS ARRAY AND THE
1SET COWNTER RESET YO YHE NEW VALUE OF [SUBSET,

DE 630 Kel,]SUBSET
XS{KIBXSSIK)
YS(KIBYSS(K)
XSS{K)=0

YSS(K)s0

CENTINVE
1SETs [ SUBSEY
JESIHYES

TRE REBTATIAON AND TRANSLATION ]S PUT BACK [N IF NECESSARY,

1F (PHI,NE,0) 640,660
CENTINUE

PUT PH] ROTATION BACK INTG NEW SET OF POINTS

DE 650 }=},]SUBSEY
XINBXNEWIXS(I),YSC(L)2PHI)
YINEYNEW(XSCI) ¥YSC1 ) PH])
XS(])SX]N*CX

YS(]ISY]NeCY

CENTINVE

CENTINUE

RETURN

rFENTINUE

JE®ZHNO

RETURN

CLP2690
tLP2700
CLP2710

CLP2720

CLP2730
CLP2740
CLP2750
CLP2760
CLP2770
CLPZ2780
CLP2790
cLP2800
CLP28310
cLP2820

"CLPZ830

CLP2840
CLP2850
CLP2860
CLP2870
cLP2880
CLP2890
cLP2900
CLP2940
cLP2920
CLP2930
CLP2940
CLP2950
CLP2960
CLP2970
CLP2980
CLPE990
CLP2991
CLP3000
CLP3001
CLP3010
cLP3020
cLP3030
cLP3040
cLP3050
eLr3060
CLP3070
CLPIO0BD
CLP3090
cLP3100
cCLP3110
CLP3120

680 FERMAT (1X,eCLI1P REJECT]ON, ADJUSTED X VALUES W,R,T, ORIGINs,/,1X,CLP3130

650

FcRMAT (4X,)sNe CLIPPING PERFORMED, |WWCPARY TROUBLEsS)

1»MUSY BETH BE PBSITIVE GR BeTH BFE NEGATIVEs® ./, 1X,*X1,Y1,X2,Y2 »,4CLP3140
2(F10, 5:3X))

CLP3150
CLP3160

700 FGRMAT (10X ,sTOP PLANE CLIP»,1X #FRQM X,Y *,F7,2,2, &,F7,2,» YO X,CLP3170

1Y #,F7,2,%, *,F7,2)

CLP3180

710 FERMATY (10X ‘BASE PLANE CLIP®,1X,eFROM X,Y '077 2,9y %,F7,2,% TO XCLP3190

1,Y w87 120'1 «,F7,2)

END

cLP3200
cLP3210



CLIP

FRBGRAM LENGTH
ENTRY PEINTS
BL,OCK NAMES

EXTERNAL SYMBELS

00462 SYMBELS

cLie
CROSSEC

THEND,
080LICT,
REVERSF
SINF
COSF
STH,
ANSINGL ,

173
01/07/74 ED
JDENT cLip
03247
01572
03037
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11/02/70

SUBROUTINE CONVERT (P,0,RR XX,YY,27) ceN 1o
COMMON /CRGSSEC/ A,B,C,D, IDSEND,XMATI(16) 4 ARRAY(P54),XC,YC, 26, )X, yCON 20
1Y, UZ,R.8CaLE, DCQSCVL(9).H0(9)pXS(400) Ys(4npn), 2(101)-Y¢103).MAJ@R ceN 30
2MINGR,PH],CX,CY,RADIUS, ISET, CXVZ({&):EXYZ(16’ FHE16), IOKTESTTL,ILCON 49

SOOP 1P KR(200), IGNC& toN  5p
ceN 6

ceNn 70

THE PURPOSE BF THIS SUBRAUTINE IS ceN 89
PERFORM MATRIX CONVERSIGN FROM coN 8¢
(1) WBPE SYSTEM T@ XYZ SYSTEM, coN 90

(2) xYZ SYSYEM T@ CYLINDER SyYSTEM gcan 100
tHANDLED BY ENTRY CONVERT?2) ceN 40

THIS CONVERSION 1S DBNF FOR SIN3LZ POINTS WHERF ceN 120
THE INPUT POINT 1S (P,.N,RR), AND toN 130
THE OUTPUT POINT IS (XX,YY\22), CaN 14p
coN 159

coN 160

PICKING Up DIRECTI®N COSINES, ceN 170
cON 180

TitaxXMat9(l) CaN 190
T21sXMATS(2) coN 200
TIL=XMATO () CaN 210
T128XMAT9¢5) ceN 220
T228XMATO(6) coON 230
TI2=XMATS(7) CON 240
T13eXMAT9(9) ceN 250
T23EXMAY9(10) caN 260
T3IITXMATS (11 con 270
coN 280

COMPUTING THE BRIGIN, coN 290
goN 300

XZER® 2D yh ceN 310
YZER®=DeR coN 320
2ZERD=zDsC coN 33p
CeN 340

THE CBNVERSION EQUATIGNS FOR ROYATIGN AND TRANSLATION, cenN 320
CoN 0

XX=Tli-PtT12~0*T16-RR¢XZERG coN 370
YYZT21epar224Q+T23%RR+YZERD cCeN 380
2227344p+132uQ+T33#RR+ZZERD CON 390
RETURN cON 400
coN 410

ENTRY CHNVERT2 coN 420
CON 4390

PICKING UP DIRECTI®ON CASINES, CEN 44p
CeN 450

Ti1=DenSCYL (1) CON 460
T21=DCOSCYL(2) coN 470
T34=DCASCYL(S) coON 480
T12=DCOASCYL(4) caN 490
Ye2:DCAsCyL (D) CceN 300
T23=zDCAsSCyYL(6) CON 510
T13aNCOSCYL(7) coN 520
123zDCOSCYL(8) coN 530
T33znCH8CYL(9) CON 5490

£ON 550



TRANSLATIGN,

an

DXeXXaXC
DYaYYeYC
DZ=7ZeiC

Ay Ne Ne |

PeT11uDX#+T214DY2T31aDZ
Q=T124DX«T22¢DYaT328D7Z
RR=Y13#DX+T23%DY+T335D7
RETURN

END

CONVERT

PROGRAM LENGTHW 00310

ENTRY POINTS CONVERT 00003
CONVERT2  0N077

BLOCK NAMES
CRASSEC 03037

EXTERNAL SYMROLS :

osebdlIcy,

00135 SYMBOLE

IDENT CONVERT

11/02/70

THE CONVERSION EQUATIONS FOR ROYATION ON THE TRANS! ATED PEINTS,

11/02/70

175

CON
CeN
coN
coN
CON
coON
cen
CceN
coN
cen
cenN
ceN
chi

ED

560
570
580
890
600
610
620
630
640
650
660
870
680+

="
<
-8

o
Lo

L
L)
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11/02/70
SURROUTINE REVERSE (M1,Nt,M2,N2) REV 10
HOLD1sM2 . REV 20
HOLD23M1 REV 30
M1aM®L D1 REV 40
M2xHOLD2 REV 50
HOLDiaN?2 REV 60
MBLD2sN1 REV 70
NioN®| D4 REV 80
N2aKBLD2 REV 90
RETURN REV 100
END REV 140=
REVERSE 11/02/70 ED

1DENT REVERSE
PROGRAM LENGTH 00131
ENTRY PGINTS REVERSE 00003
EXTERNAL SYMBOLS
01010100
asaDICT,
00034 SYMBELS
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Appendix B

COMPUTER OUTPUT‘ RESULTING FROM PART PROGRAM RUN
WITH CROSEC (MOD 2.0)

This appendix contains the line printer output from the CalComp and the Gerber
plotter* output of a computer run for four CROSEC plots on a production piece at NRL,
a lower cover of a film magazine container.

A regular, non-computer-related drawing of the piece is shown in Fig. B1. The pro-
gram deck contained definitions only: no tool metions. The part-programmer’s origin
was chosen in the center of the XY plane.

Figures B2 through B5 show the four plots to which typed labels have been added.
Ordinarily CROSEC plots contain no lettering. The scale is shown in the lower left-hand
corner. The distance between the vertical marks represents one unit. The HOPE origin,
barely visible as a + symbol on the originals, has been touched up with a pen to show its
location, since intersection lines were drawn through it by CROSEC.

Figures B2, B3 and B4 correspond to coordinate plane cuts through the piece and
relationships to views of the drawing in Fig. Bl can be readily observed. Because of
perpendicularity in these three views, projected lines correspond to intersected lines
and recognition comes easily.

Figure B5 requires interpretation. The intersection lines do not necessarily cor-
respond directly with projected lines. Planes that represent true surfaces in the part
and have been cut by the HOPE plane have produced a true view of their intersection. It
is beyond the present capabilities, of CROSEC to distinguish between these two situations.

A similar situation exists with cylinder intersections, they may or may not be a part
of the cross section. In any event the ellipses help in locating the neighboring lines of
intersection from certain planes. This subject of interpretation of CROSEC patterns is
discussed in detail in the text of the report.

The elapsed time for the CalComp version shown on pp. 183-236 was 4 min and
9 sec and was the actual time spent by the computer doing its CROSEC job, which involved
Section I interpretation of the data cards and treatment of four HOPE planes with a quick
bypass of Sections II and III. There was of course, no post processor involved either. The
“part program execution time” of 5 min and 5 sec shown on p. 235 represents the total
elapsed time including interrupts, etc., and can be confusing. (The elapsed time for the
Gerber version was 10 min 14 sec, and the Part Program execution time was 10 min 20 sec.
Paper tape punching accounts for the increased time.) '

The overlays and segment fills were done from magnetic tape and are obviously
time consuming, especially when processing circle/cylinder intersections. Utilization of
the drum would probably provide a time saving. The plot toock 10 min off line.

This part program was made available through the kindness of Jay Williams, part
programmer par excellence in the Engineering Services Division.

*A version of CROSEC (MOD 2.0) with paper tape output for the flatbed Gerber plotter.

177
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Figure B2
HOPE 2
Y=0
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\ /
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Figure B3
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HOPE 3
X=0

Figure B4

;;74 ~ 7
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(cos 45°) Y + (cos 45°) Z=0

Figure B5




SEQUENCE 23775 STARTED PRéNTlNG 11/23/
DRUM SCOPE 2,0 COMPUYTER ONE, MAX, DEMA
SEQUENCE NUMBER 40377% STARTED AT TIME
J08,23720001,573kPT,10

DEMAND,537308

EQUIP,10=PL _

EQUIP,49= (CRUSEC CALCOM) HI,RO,DA
L@ADMAIN,49,10,3500

EXECYUTIAN STARTED AT 2002 «25

70
ND
2

0

T
S
2

1

2002
5400
? D

42 ON |

08,
ATED

LPOQ
RESIDRENY 27,1
11/03/7¢0

183
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PARTNO

TAPE S«170 DWG 682013 LGWER COVER

NBPEST
MULTAX

HOXYMINZPOINT/=05,%05, =05

HOXYMAX=PBINT/05,05.,05
SYN/P,P@INT,L,LINE,E,PLANE,C,CIRCLE,GL,GOLFT/GR,B0RGT,BF,GAFWD,GB,%00000%00

G@BACK TN, TLON.TL, TLLP? TR, TLRGT (XS, XSMAIL:XL,XLARGE PA.PARLEL $ 00000400

L2A
L16
Li7
L18
Lo
L29
M1

PL1A
PL1B
PL2A
PL3A
PL5A
PL6A
L9A
LigA
L7A
L8A
L21A
L22A
L5
co

P9
PT

17,INTOF, YL YLARGE,YS, VSMALL

.

0

iAW 00000100
00000300

» 25, ZSMAL L, ZL 7L ARBE.RA,RADIUS,S ononoron

CE-CENTER.TA.TANT@.AA.ATANGL.PE.PERPT@:SDoGeDLTA pooonoson
E/0,0,1,,1 ofonp900
E/0:0:400 00001000
E/D:0s1,w,687 ononiton
E/0+10,1422,125 00001200
E/0¢0s1022,362 00001300
E/PA,PLYL,2801.5 onpntiéon

006140PLL, 7L, 05 000n1%00
E/010+14e,5 ononiéoon
L/XAX1S 00001700
L/YAXIS poon1so0n
L/PA,LY,XS,4,1875 00on190n
L/PA, LY, XL ,4,1875 edon2000
L/PA,LLsXL, ,25 o0p02100n
L/PA,L3,xL,7.875 00on220n
L/PA,L3,xL,17937 onon23gn
L/PA,L5,xL,470 00022400
L/PA,L5,XS,,437 go0on2%00
L/PAsL6,XS,.437 000ﬂ2700
L/PA, L6, XL, ,a37 000N2800
L/PA,LX,¥L,271875 00002900
L/PA,LX,Y5,2.1875 onon3oon
L/PA,L12,YL,725 00003100
L/PA,L13,YL,3,875 00003200
L/PA,L11,YL: 03 00003300
L/PA,L12,Y8,703 0non3d4on
L/PA,LL.X%,,25 00003500
L/PA, L2.xL..g40000005 00003800
L/PA,LL,xL,808 onon370n
L/PA,LX,YL,,187 0n0n38gn
L/PA,LX,YS, 187 onon390n
L/ZPA, LX) YL, .58 onon4anon
L/PA,LX,YS,,5 ononalon
MATRIX/YZRQT.90 00004200
REFSYS/My 0nNon43g0
L/XAX]S 000n4400
L/YAX!S 00004500
L/PA,PL1A,YS,,687 00004600
L/PA,PLLA,YS,2,125 onon47oN
L/PA,PL1B.XS,2 onpn4%on
L/PA,PL1B,XL,? pronSo0n
L/PA,PLEA, XS, 437 ononSi0n
L/PA,PLOA, XL, ,437 00005200
L/PA,PL5A,XS,.437 poon53pn
L/PA,PL3A XL, ,.437 00005400
L/PA,PL1A,YS,,.906 000A5%00
L/PA,L214,Y5,.75 0npn5800
L/PA,PL1B.XS5,4,962 00005700
C/XL,sL15,YS, PLiA:RA..5 onpnS8on
ZSURF/(E/O pr4s9,287) 00005900
P/CE, 9 ononéoon

P/C9,AA, 225

000n6100



Le
LC

PTT
k21

P1
P2
P3
P4

PS5
P&
P7
PR
P10
Cip
C11
C14
Ci15
L15A
L164A

Ci

cz2

c3

ce

cs

cé

c?

[of.]
SPA
SPB
SPC
SPD
PT4
PT2
PT3
HOPEL
HAPE2
HAPES
HOPE

HOXYM!
HOXYMA
PLO
PL1
PL2
PL3
PL4
PL5
PL7A
PL6

LX

Ly

L1

La

L3

Lé

(

(
¢

s
L]

L/PT,AA, 945
L/PA,PL54,XS.1,937
P/IT)LB,LE

L/PYT,LEFT, TA co
ZSURF/(EIQ o 92,287y
P/ZIT.PLBA,L21A
P/1T,PL5A,.22A
P/IT,PLOALL22A
P/IT,PLEAL2YA
ZSURF/(E/000}11!20287)
P/IT,PLSA,L274A
P/1T,PL34A,L22A
P/1T,PLOA,L22A
P/1T,PLOA,L29A
P/414125|002100
C/YS,PL2a,XL,L7A,RA,,006
C/YS,PL2A,XS,L8A,RA, 06
C/YS,PL2A,XL,L9A,RA, 06
C/YS,PL24A, xs LioA.RA..o6
L/PA,L15,%X8, 703
L/PA,L16, XLn.ﬂ3

REF SYS/NOM@RE

C/XSst.2,YL'Le2,RA,,687
C/XS,L2.Y8,L11, RA,,687
C/XL,L1, YS L11,RA,,687
C/XLsL1sYL,L12,RA,,687
C/XL.L3.YL LTS, RA,,125
C/YS,L4,YL.L1Z, RAD.125
C/XSJL4'VS;L1‘|RAI;125
C/XLsL3,YS,L14,RA,,125
P/0p3.512
P/5,0,2
9/0,33.5,2
P/=»7,0.:2
P/e,9220,0,".1
P/=,9R45,0,=71
P/n,9845,0, .1
E/Z0s001400
EZ0:24040
E/1404010
E/00470711,47074120
PRINT/3,ALL
0) POINT X =5,000000
n) POINT 3 5,000000
n) PLANE 4 0,000000
Ny PLANE a 0,00000nN
N) PLANE 4 o,000000
n) PLANE 4 0,000000N
0) PLANE 4 0.,000000
n) PLANE 4 0,000000
N) PLANE 4 0,00000n
N) PLANE 4 0,000000
0) LINE 4 0.000000
f) LINE 4 1,00000n0
N} LINE 4 =1,000000
) LINE 4 1,000000
Ny LINE 4 1,000000
N) LINE 4 1,000000
n) LINE 4 1,000000
N) LINE 4 1,000000
0) LINE 4 e1,000000
0) LINE 4 1.,000000
0) LINE 4 «1,000000
0) LINE 4 1,00000ﬂ
N) LINE 4 o,on0000
1) LINE 4 0,00000nN

=5,000000
5,000000
0,000000
0,0000n0
n,00600N00
o, nonnno
0,n000A0
n.nono@o
0,000000
0,000000
1,000000
n,NoNoAo
0,000000
0,000000
n,nonono
0,000000
n,000000
n,000000
0,N00000
0,00n000
n,nonpono
n,Nonono
1,000000
Pi.OOOOOD

=5.p00000
5.,00000n0
1.n00n0n
1.00000n
1. ononon

1. nnonon‘

1.000000
«1.000n0n
1.000000
i, nnonon
0, DOOOOn
0.00000R
0.000N0N
0,000n00
0.nnonpN
D.ononon
0.ononon
G.p00N0N
0.00an0n
0.000n0n
nD.o00N0N
D.oNonoON
0,00000n
0.00000n

185

ononé200
onons30n
ononé4pn
ononéSon
00oné6on
gnoné7gn
00006800
00006900
oton7o0n
onon710n
00pn7200
00007300
onon7400
000n750n
00007800
00007700
onon78pn
onon790n
pnondoon
onondiQn
00Qn820n
pnondlon
0nongdnn
pfon8Bon
snNpn8éon
pnon87on
0ngnBeeon
00008900
pooheoQn
0nonoLon
0non920n
0npn93on
onono4on
onon9Son
onon9%on
onon%7on
nnon98gn

00009900

0,100000
0,000000
=0,687000
«2,12%000
*2,362000
1,500000
0,050000
=20,500000
0,000000
0,000000
4,187500
4,187500
*3,9375N0)
3,937500
»2,000500
1,999500
2,437500
=1,56%500
=1,562500
2,436500
2,187500
2,1875N0)

g3riig

by



~0nenon
“0no00n
000000
,000000
-000000
.000000
000000
,000000
000000
000000
000000
000000
‘08000n
000000
,000000
2000000
000000
000000
000000
,000000
000000
0600000
000000
.000000
000000
.00000N
, 462000

,462000
1815553
707107
,000000
937000
707107
,000000
,0n000n
-00000N
.pnonon
,000000
,000000
0n000n
,000000
412500
377000

¥623000
1623000
377000
. 000000
-gngoon
500500
;500500
?500500
.500500
812500
;812500

-812500

1.000000
1,000000
1,000000
~1,000000
0,000000
0,000000
0,000000
1,000000
=1,000000
1,000000
»1,000000
8,0000n0
0,000000
0,000000
0,000000
=0,000000
»0,000000
0,000000
0,000000
0,000000
0,000000
0,000090
6,000000
-0,000000
-0,000000
0,000000
~0,000000

0.287000
n,287000
0,0000n0
0,000000
0,2870N0
0,000000
-2,287000
-2,287000
=2,287000
2,287000
2,287000
2,287000
2,2870N0
1,000000
=0,0000n00

=0,000000
=0,000000
~0,000000
0,000000
0,00n0n0
=1,500500
1,500500
1,500500
»1,500500
»1,812500
»1,812500

1,R12500

0.000n000
0.o00n0N
0,000N0N
0.o000n0N
0,000n0n
0,000000
0.nnpnon
0,0npn0N
0.o000n0N
0.000000
0,000N000
o.noonon
1.0n00n0n
1.000000
0,000000
=1,00000n
»1,000N000
0,0n0n0n
0,000000
0,00000n
0.000000
0,0n0000
0,0n0n0N
wl.DOUnOQ
=1,00000n
0,00000n
=0,50000nN

<0,500000
»0,85355%

0,707107

0.00000f
-1,732407

0.707107
«0,906000
°1,65600N
s1,65600n0
«0,906N000
=0,90600nN
~1,656000
»1,6%6000
'O;OOOQUﬂ
«0,747000

=0,747000
=0,747000
=0,747000
0,000000
0,000000
0.onrongn
0.000000
0.00000n
G.o00000
0,o0n0n00
c.on0nQ0

0.000000

01,937500
1,937500

2,217500

2,247500
4,437500
4,217500
4,312500
0,487000
0,487000
0,50nr000
0,50n000
6,000000
a.00n000
n,000000
0,000000
0,687000
2,125000
2,000000
2,000000
»4,563090
2,437000
2,437000
e1,562000
0,904000
1,656000
4,962000
0,000000

=4,00R664
3,937000

=4,008664

0,000000
0,000000
0,000000
0,000000
4,992000
4,342500
0,000000
0,00n000
0,000000

0,000000

. 0,000000

0,000000

0,000000

»1,000000

«1,000000
=1,000000
»1,000000
»1,000000

0,000000
0,000000
0,000000
0,000000
0,000000
0,000000
0,000000

n,000000

0,000000

n.000000
0.000000
0.000000

0,000000

1.000000
1.000000
1.,000000
1,000000
1,000000
1,000000

1.n0000¢0
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=4,000n00n

0.500000

0.060000
o.o0ép00n
0.060000

0.060000

0.687000
0.687000
0,687000
0.687000
0.125000
0,125000

0.123000

gITITECYIND



L1d
Lid4
Li1A
L124
L1A
L24A
L16
L7
Li8
19
L20
M4

PL1A
PL1R
PL24
PL3A
PL5A
PLOA
LoA
L10A
L7A
L8A
1214
L224A
Li5
co

P9
PY
.8
PTT
L21
P
P2
P3
Y]
PS
P6
P7

P10
ci0

ci1
C14
C15
L154
W16A
c4
c2
¢3
cé
c5
cé
7

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
L INE

MATRIX {

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
CIRCLE

POINT
PRAINTY
L INE

LINE

PAINT
LINE
PAOINT
POINT
PAINT
PAINT
PAINT
PAINT
PAINT
PRINY
PAINT
CIRCLE

CIRCLE
CIRCLE
CIRCLE
LINE

LINE

CIRCLE
CIRCLE
CIRELE
CIRCLE
CIRCLE
CIRCLE

CIRCLE

4
a
4
4
4
4
4
4
4
4
4
2

4
4
4
4
4
4
4
4
4
4
4
4
4
7

NGl Gl A DA DDA

~N N

~N s

S

AITITCCYIOND
4

DR OO FHEARARODOFOORPR OO0 PR OOOD

E ]

t ]
-

4 32 3 4 an
Lo L~ 2

LT T S SN R X - )

L)
[ I

a
[

*h

LY
«
L XY

L2



-0n

fon
non
non
non
non
=00
300
oan
non
non
agon

1,812500

3,500000
0,000000
=3,%00000
0,0000n0
0,000000
0,000000
0,000080
6,000000
1,000000
0,0000n0
0,707107

C.o00n0n

2.nnpn0nN
2,000n000
2,000000
2,000000
=0,100000
=0,100000
0,100n0f
1,00000n
D,000n0n0
0,000000
0.707107

0,000000

0,000000
n,0A0N00D
n,00N0ND
6,00N000
07010000

0,000000

1,000000
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0.125000
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cs8

SPA
SPB
SPC
SPD
PT1
PY2
PT3
HOPEY
HRPE2
HAPEJ
HAPE

FINI

¢

(
4
t
{
(
(
(
(
¢
(
(

0) CIRCLE

0) POINT
n) PAINT
0) PRINT
n) PRINT
Ny PAINT
0) PRINT
N)y PAINY
0) PLANE
N) PLANE
N) PLANE
0) PLANE
PRINT/Z0

END

~

Db DA AN AN

'

A

-
T

=381
(%]

0o
5,501
opont
7 o
0,927
»0,98
0,98
0,00f
0,004
1,00¢
0,00¢



HOPEY 3
A,8,¢,D 0,0000000 0.0000000 1,0000000 0,0000000
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ANGLES BETWEEN WOBPE| AND THE DEFINED PLANES

PLO

PL1

P2

PL3

PL4

PL7A

PLé

LX

LY

L1

L2

L3

L4

L5

PARALLEL

PARALLEL

PARALLEL

PARALLEL

PARALLEL

PARALLEL

PARALLEL

PERPENDICULAR

o

T8

TO

e

T

19

70

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

T® REFERENCE

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

16

T0

T0

Te

1@

T0

’REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE



L6

L7

L8

L9

L10

L1l

Li2

Li3

Li4

Li14a

L12A

L1A

L2A

L16

L17

Li8

L19

PERPENDICULAR

PERPENDICULAR

PERFPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERFPENDICULAR

PERPENDICULAR

PERFPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

Te

T@

TG

TO

TO

TO

TO

TO

O

TO

Te

TO

Te

Te

Te

Te

TE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE
PLANE

PLANE

193
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L20

PL1A

PL1B

PL5A

PL6A

L9A

L10A

L7A

LBA

Li5

LB

e

21

L15A

L16A

PERPENBICULAR TO REFERENCE PLANE
PARALLEL 1@ REFERENCE PLANE
PERPENDICULAR TO REFERENCE PLANE
PERPENDICULAR TO REFERENCE PLANE
PERPENDICULAR T@ REFERENCE PLANE
PERPENDICULAR TO REFERENCE PLANE
PERPENDBICULAR TO® REFERENCE PLANE
PERPENDICULAR TO REFERENCE PLANE
PERPENDICULAR TO REFERENCE PLANE
PERPENDICULAR T@ REFERENCE PLANE

AT 45,0 DEGREES T® REFERENCE PLANE
PERPENDICULAR Y@ REFERENCE PLANE

AT fs.u DEGREES TO® REFERENCE PLANE
PERPENDICULAR T@ REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE
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IN GRIGINAL COORDINATE SYSTEM

MINIMUM VALUES

'5|00000
»5,00000
=9,00000
MAXIMUM VALUES
»,00000

5,00000
5,00000

IN HQPE PLANE

SCALE, s, 0,62500 INCHES OF PLOT LENGTH = § INCH @F PART LFNATH

TG OBTAIN A 1 TO 4 PLOY ON THE GERBER USE A SCALE FACTOR IN BOTH X AND Y @F ¢,60000

HUERIERRSS- A ML
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MOPE1Y INTERSECTIONS WITW ALLOWEN DEFINED SURFACES

LINE OF INTERSECTIGON FpR PLANE LX
IS PARALLEL 70 THE X PRIME AX!S AND
INTERSECTS THE Y PRIME AXfS AT 0,00

LINE ©F [NTERSECTIGN FpR PLANE LY
IS VERTICAL,I,E,SLOPE = 9§ DESREES
AND [NTERSECTS THE X PRIME AX1S AT  ,00

LINE OF INTERSECTIGN FoR PLANE L1
IS VERTICA|,1,E,SL@PE s 90 DEBREES
AND INTERSECTS THE X PRIME AXIS AT _4,19

LINE OF INTERSECTION FpR PLANE L2
IS VERTICAL,I,E,SLEPE = 90 DEBREES
AND INTERSECTS THE X PRIME AXIS AT 4,19

LINE OF INTERSECTIQN F@R PLANE L3
IS VERTICAL,1,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT 3,94

LINE OF INTERSECTIQN FpR PLANE L4
IS VERTICAL,1,E,SLGPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT 3,94

LINE OF INTERSECT!@N FoR PLANE L5
IS VERTICAL,1.E,SLgPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT 2,00

LINE OF INTERSECTION F@R PLANE L6
1S VERTICAL,!.E,SLGPE s 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,00

LINE OF INTERSECTI@N FpR PLANE L7
IS VERTICAL,1,E,SLGPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT =2,44

LINE OF INTERSECTI@N FOR PLANE L8
IS VERTICAL,1,E,SLOPE = 9§ DEAREES
AND INTERSECTS YHE X PRIME AX1S AT =¢,56

LINE OF INTERSECT!GN FOR PLANE L9
|S VERTICAL,1,E,SLAPE s 90 DEGREES
AND INTERSECTS THE ¥ PRIME AX1!S AY 1,56

LINE OF INTERSECTIQN FpR PLANE L10



15 VERTICAL,I,E,SLOPE = 90 DEGREES
AND INTERSECTS TYHE X PRIME Ax!S AT 2,44

LINE OF INTERSECTIQN FoR PLANE L11
1S PARA||EL TO THE X PRIME AX!S AND
INTERSECTS THE Y PRIME AXIS AT 2,19

LINE OF INTERSECTIGON FpR PLANE L12
IS PARALLEL T® THE x PRIME AxIS AND
INTERSECTS THE Y PRIME AXIS AY =2,19

LINE OF INTERSECTIGN FQR PLANE L13
1S PARALLEL 18 yME X PRIME AX!S AND
INTERSECTS THE Y PRIME AXIS AT »4.94

LINE OF INTERSECTIQM FoR PLANE L14
IS PARALLEL 0 yHE X PRIME AX1S AND
INTERSECTS THE Y PRIME AX!S AY 1.94

LINE BF INTERSECTIQN FR PLANE L11A
1S PARALLEL TO THE ¥ PRIME AX1S AND
INTERSECTS THE Y PRIME AX1S AT 2,22

LINE OF INTERSECTIGON FoR PLANE L12A
1S PARALLE_L TO THE ¥ PRIME AX!S AND
INTERSECTS THE Y PRIME AX1S AT 42,22

LINE OF INTERSECTION FoR PLANE L1A
[S VERTICAL,],E,S_OPE s 90 DEGREES
AND INTERSECGTS THE X PRIME AX!S AT ~4,44

LINE OF [NTERSEETIgN FoR PLANE L24
1S VERTICAL,1,E,SLOPE = 90 DEBREES

AND INTERSECTS THE X PRIME AXIS AT 4,22

LINE OF INTERSECTIQN FoR PLANE L1316
IS VERTICAL,I,E,SLOPE = 90 DEGREES
AND INTERSECTS THME X PRIME Ax1S AT 4,31

LINE OF INTERSECT!IGN FpR PLANE L1317
IS PARALLEL TO THE X PrIME AXIS AND
INTERSECTS THE Y PRIME AX!S At 0,19

LINE OF INTERSECTIQN FoR PLANE L18
IS PARALLEL TO THE X PRIME AX]S AND
INTERSECTS THE Y PRIME AXiS AY =0,19

LINE OF INTERSECTIGN FpR PLANE L19
IS PARALLEL 10 gHE X PRIME AX1S AND
JNTERSECTS THE Y PRIME AX!S AT n.50

LINE BF INTERSECT1@N FaR PLANE L20
IS PARA| | E| TO® THE X PRIME AX!S AND

197
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6,00

»2,00

2.00

2,44

s2,44

=1,56

vd,96

=3,94

vd,99

4,34

199
(Page 200 Blank)

wINE, FROM( 4,46, «0,00) 7O ( 04,46, -5,00)

L 7O PRESENT HOPE PLANF AT DISTANCE GT RADIUS OF CYLINDER,

L T® PRESENT MBPE PLANF AT DISTANCE GT RADIUS OF CYLINDER,

THUS, N@ INTERSECTION

THUS, N® INTERSECTIAN

3

AITITECYIOND



INTERSECTS THE Y PRIME AXIS AT

TILESYTIIND

™
LINE OF INTERSECTIGN FoR PLANE PEiB
1S VERTICAL,!,E,S_.8PE s 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

LINE @F [NTERSECTION FoR PLANE PL5A
IS VERTICAL,],E,SLpPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXI!S AT

LINE OF INTERSECTIGN FAR PLANE PL6A
IS VERYTICAL,I,E,SLOPE = 90 DEGREES
AND JNTERSECTS THME X PRIME AX1S AT

LINE OF INTERSECTIGN FaR PLANE L9A
IS VERTICAL,1,E,SLBPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE BF INTERSECYIGN F@R PLANE L10A
IS VERY!ICAL,I1,E,S|.BPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF INTERSECTIGN F@R PLANE L74
IS VERTICAL,1,E,SLBPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

LINE BF INTERSECTION FAR PLANE LBA
IS VERTICAL,1,E,SLOPE = 90 DEBREES
AND INTERSECTS THE X PRIME AXIS AT

LINE BF INTERSECTION FaR PLANE L15
I5 v=Q7ICAL,},E,SLOPE » 90 DEGREES
AND [NTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTION FoR PLANE LC
[S VERTICAL,],E.SLOPE & 90 DEGREES
ANL [NTERSECTS YHE X PRIME AXIS AT

LINE BF INTERSECTIGN FGR PLANE [15A
IS VERTICAL,I,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AxIS AT

LINE OF INTERSECTIGN FaR PLANE L16A
]S VERTICAL,],E,SLBPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

co . INTERSECTI®ON 1St  SINGLE
c10 + INTERSECTIGN IS} PARALL

ci1 + INTERSECTI®ON !S} PARALL



. TO PRESENT HOPE PLANE AT DISTANCE GT RADIUS OF CY_INDER,

- 7@ PRESENTY

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

AY

AT

AY

AT

AY

AT

AT

a7

MBPE PLANF

3,5n,

3.5(’!,

!31501

93.50‘

03:811

3.81)

3,81,

-3.51_.

AT DISTANCE GY RADIUS OF CYLINDER,

'1-500

1.500

1o5°l

'1-505

w1.81,

!1081l

1081l

1-810

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS
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THUS, N® INTERSECTIQN

THUS, N® INTERSECTION

AITITECYIOND
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CCYTIONN

1

ci4 + INTERSECTIGN IS PAR{ﬁLE
-z
C15 + INTERSECTIGN 1SI PARALLE
31 CIRCULAR INTERSECTION WITH,
c2 CIRCULAR INTERSECTION WITH, ¢
¢3 CIRCULAR INTERSECTION WITHW, (
c4 CIRCULAR INTERSECTION WITH, (
cs CIRCULAR INTERSECTION WITH, ¢
Ccé CIRCULAR INTERSECTION WITH,
c? CIRCULAR INTERSECTION WITH, ¢

ce CIRCULAR INTERSECTION WITH, 1



HOPE?2 i}
448,C,D 0,0000000 ¢.,0800000 0,0000000 0,0000000
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ANGLES BETWEEN WOPEZAND THE DEFINED

PLO

PLY

PL2

PL3

PL4

PLS

PL7A

PL6

LX

LY

[

L2

L3

L4

PERPENDICULAR TO REFERENCE

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDJCULAR

PERFPENDICULAR

PERPENDICULAR

Te

TO

T0

Te

TO

T®

7O

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PLANES

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PARALLEL T REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TG REFERENCE PLANE

PERPENDICULAR TO® REFERENCE PLANE



L5

L6

L7

L8

L9

L10

L1l

L13

L14

LilA

LA

L2A

L16

L7

L19

PL1A

PL1B

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENNICULAR

PARALLEL T0® REFERENCE PLANE
PARALLEL T® REFERENCE P|ANE
PARALLEL T® REFERENCE PLANF

PARALLEL T® REFERENCE PLANE

TO

TO

TO

TO

Te

To

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PLANE

PLANE

PLANE

PLANE.

PLANE

PLANE

PERFENDICULAR TO REFERENCE PLANE

PERPENDICULAR T® REFERENCE PLANE

PERPENDICULAR T® REFERENCE PLANE

PARALLEL t® REFERENCE PLANF

PARALLEL T@ REFERENCE PLANE

AT 96.0 NEGREES TB® REFERENCE PLANE

PERPENDICULAR YO REFERENCE PLANE
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PlL2A AT 90,0 DEGREES T® REFERENCE PLANE
PL3A AT 90,0 DEGREES T® REFERENCE PLANE
PL5A PERPENDICULAR TO REFERENCE PLANE
PLOA PERPENDICULAR 7@ REFERENCE PLANE
L9A PERPENDICULAR TG REFERENCE PLANE
L104 PERPENDICULAR TO® REFERENCE PLANE
L7A PERPENDICULAR TG REFERENCE PLANE
LBA PERPENDICULAR TO REFERENCE PLANE
L21A AT 90,0 DEGREES T® REFERENCE PLANE
L224A AT 90.0 DEGREES T® REFERENCE PLANE
L15 PERPENNICULAR T® REFERENCE PLANE
LB AT 90.0 NEGREES T® REFERENCE PLAVE
LC PERPENDICULAR T® REFERENCE PLANE
L21 AT 90.0 DEGREES T® REFERENCE PLANE
L154 PERPENDICULAR TO REFERENCE PLANE

L16A PERPENDICULAR TO REFERENCE PLANE



HOPE2 INTERSECTIONS WITH ALLOWED DEFINED SURFACES

LINE OF INTERSECTION FaR PLANE PLO
1S PARALLEL T® THE x PRIME AX!S AND
INTERSECTS THE Y PRIME AXIS AT 0,10

LINE OF INTERSECTION FoR PLANE PL1
[S PARALLEL TO THE % PRIME AX}S AND
JNTERSECTS THE Y PRIME AXIS AY 6,00

LINE OF INTERSECT]GON FER PLANE P2
IS PARALIEL TR THE X PRIME AX1!S AND
INTERSECTS THE Y PRIME AX1S AT 0,69

LINE OF INTERSECT!@N FoR PLANE PL3
IS PARALLEL 10 yHE X PRIME AXIS AND
INTERSECTS THE Y PRIME AX!S AT #2,13

LINE OF INTERSECTIGN FmR PLANE PLA4
]S PARALLEL 10 THE X PRIME AX1S AND
INTERSECTS THE Y PRIME AXIS AT 2,36

LINE OF INTERSECTION FOR PLANE PL5
IS PARALLEL Tp THE X prIME AX!S AND
INTERSECTS THE Y PRIME AXIS AY 1,50

LINE OF INTERSECTIGN FOR PLANE PL7A
IS PARALLEL 10 yHE X PRIME AXI1S AND
JNTERSECTS THE Y PRIME AX!S AT 0,05

LINE BF INTERSECTIGN F@R PLANE PL6
IS PARALLEL 10 yHE X PRIME AXIS AND
INTERSECTS THE Y PRIME AX1S AY =0,50

LINE OF INTERSECTIGN FeR PLANE LY
IS VERTICAL,],E,SLOPE s 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF [NTERSECT!GN FoR PLANE L1
IS VERTICAL,.E,SLGPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECT!ON FAR PLANE L2
]S VERTICAL,I1,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AY

LINE OF INTERSECTION FpR PLANE L3

0,00

4,19

4,19
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IS VERVICAL,l.,E.SLQPE = 90 DEGREES
AND INTERSECTS THE ¥ PRIME AXIS AT 3,94

LINE OF INTERSECYI@N FAR PLANE L4
IS VERTICAL,I,E,SLOPE = 90 DEBREES
AND INTERSECTS THE X PRIME AX!{S AT 3,94

LINE OF INTERSECTION FoR PLANE L5
IS VERTICAL,1,E,SLgPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT »2,00

LINE OF [NTERSECT!ON FeR PLANE L6
IS VERTICAL,I,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,00

LINE OF INTERSECTIQN F@R PLANE L7
]S VERTICAL,],E,SLOPE a2 90 DEGREES
AND INTERSERTS THE X PRIME AXIS AT 32,44

LINE OF INTERSECT1oN FoR PLANE L8
IS VERTICAL,l,E,SLOPE s 90 DEGREES
AND NTERSECTS THE X PRIME AXIS AT 1,56

LINE OF INTERSECTIGON FoR PLANE L9
IS VERTICAL,],E,SLOPE a 90 DEGREES
AND JNTERSECTS THE X PRIME AXIS AT 1,56

LINE OF INTERSECTIGN FpR PLANE L10
IS VERTICAL,},E,S.0PE s 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT 2,44

LINE OF INTERSECT!GN F@R PLANE L1A
IS VERTICAL,l,E,S.OPE = 90 DEGREES
AND JNTERSECTS THE X PRIME AXI!S AT 4,44

LINE OF INTERSECTION FpR PLANE |24
IS VERTICA_,1,E,S_6PE s 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT 4,22

LINE OF INTERSECTIGN FaR PLANE L1316
IS VERTICAL,].E,SLBPE = 90 DEGREES
AND INTERSECTS YHE X PRIME AX!S AT 4,31

LINE OF INTERSECTION F@R PLANE PL1A
]S PARALLEL T8& THE X PRIME AX1S AND
INTERSECTS TME Y PRIME AX1S AY 0.00

LINE OF INTERSECTION FOR PLANE PL4B
IS VERTICA_,1,E,S_OPE = 90 DEGREES
AND INTERSECTS THE x PRIME AXIS AT 0,00

LINE OF INTERSECTION FaR PLANE PL2A
IS PARAL | E TO THE X PRIME AXIS AND



INTERSECTS THE Y PRIME AX!S AT 0,69

LINE OF INTERSECTION FOR PLANE PL3A

1S PARALLEL 10 yHE X PRIME AX]S AND

INTERSECTS THE Y PRIME AX1S AY «2,13

LINE BF INTERSECT!ON FoR PLANE PL5A
]S VERTICAL,I1,E,SLOPE = 90 DEGREES
AND INTERSECTS tHE X PRIME AX!S Ar

LINE OF INTERSECTION FQR PLANE PL6A
IS VERTICAL,I1,E,SLOPE = 90 DEBREES
AND INTERSECTS THE X PRIME AX1S AT

LINE OF [NTERSECTIGN FoR PLANE L9A
Is VERTICAL,l,E,gLOPE s 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTION FAR PLANE L40A
IS VERTICAL,1,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF [NTERSECTION F@R PLANE L7A
IS VERTICAL,]1,E,SLBPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF INTERSECTIQON FaR PLANE L8A
IS VERTICAL,I.E,SLBPE s 90 DEGREES
AND INTERSECTYS THE X PRIME AXIS AT

LINE OF [NTERSECTION FaR PLANE L21A
IS PARALLEL yO yHE X PRrIME AXIS AND

=2,00

2,00

1,56

2,44

22,44

©1,56

INTERSECTS THE Y PRIME AXIS AT »0,9%

LINE OF INTFRSECTIGV FQR PLANE L22A
IS PARALLEL 10 yHE X PRIME AXIS AND

INTERSECTS THE Y PRIME AXIS AT «1,66

LINE OF INTERSECTION FaR PLANE L15
IS VERTICAL,},E,SLOPE s 90 DEBREES
AND INTERSECTS THE X PRIME AX1!S AY

LINE OF INTERSECTIGON FaR PLANE LB

HAS A SLGPE = e45,0 DEGREES AND A Y INTERCE=PT =

LINE OF INTERSECTION FpR PLANE LC
[S VERTICAL,].E,SLOPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

’4.96

3,94
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4,99

4,34

JENTER AT

JENTER AT

JENTER AT

SENTER AT

JENTER AT
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—

TO PRESENT

L3 1]
-

T9 PRESENT

(11}
-

TO PRESENT

"
-

TO PRESENT

il TO PRESENT

L T8 PRESENT

L TO® PRESENT

zL T® PRES:=NT

= ~5,87

’4.46’.

’2|38.

31.62,

1!62‘.

2,38,

HBOPE PLANF

HOPE PLANF

HOPE PLANE

HBPE PLANF

HOPE PLANE

MBPE PLANF

WOPE PLANE

HOPE PRLANF

e0,5ﬂ,

=0,75,

!0.75‘

'0.75!

0,75,

RADIUS

RADIyYS

RADIUS

RADIUS

RADIUS

AT DISTANCE GY

AT

AT

AT

AT

AT

AT

AT

DISTANCE GT

DISTANCE GT

DISYANCE GT

DISTANCE GT

DISTANCE GY

DISTANCE GT

DISTANCE GT

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

oF

oF

aF

aF

ofF

oF

oF

af

0,06

6,06

0,06

0.06

CYLINDER,

CYLINDER,

CYLINDER,

CY(LINDER,

CYLINDER,

CYLINDER,

CYLINDER,

CYLINDER,

THUS,

THUS'
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LYT1INN

LiINE Wr [NTERSECTIGN FAR PLANE L.Z'I
HAS A SLOPE = 45,0 DEGREES &&n

fron

LINE OF INTERSECTION FoR PLANE L1BA
1S VERTICAL,],E.SLBPE & 90 DEGREES
AND [NTERSECTS THE X PRIME AX1S AT

LINE OF INTERSECTIGN FaR PLANE L16A
IS VERTICAL,].E,SLEPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

o CIRCULAR INTERSECTION WITH,
c10 CIRCYLAR INTERSECTION WITH,
Ci1 CIRCULAR INTERSECTION WITH,
C14 CIRCULAR INTERSECTION WITH,
C15 CIREULAR INTERSECTION WITH,
c1 ¢« INTERSECTI@ON 1IS1 PARALL
c2 » INTERSECTION IST PARALL
c3 + INTERSECT!ON IS{ PARALL
c4 + INTERSECT!@ON 1S7 PARALL
c5 + INTERSECT1@N IST PARALL
ce + INTERSECTION 1S§ PARALL
c7 + INTERSECTION 1S1 PARALL

ca + INTERSECTION IST PARALL
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ANGLES BETWEEN WOPE3AND THE DEFIMEN

FLO
PL3
PL2
PL3
PL4
PLS
PL7A
PL6
LX
LY
L2
L3
L4

L5

PERPENDICULAR TG REFERENCE

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

TO

T0

TO

T

Te

Te

TO

70

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PARALLEL TO REFERENCE PLANE

PARALLEL T8 REFERENCE PLANE

PARALLEL TO REFERENCE PLANE

PARALLEL 10 REFERENCE PLANE

PARALLEL TO® REFERENCE PLANE

PLANES

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE



L6
L8
k10
L1l
L12
L13
Li4
L11a
L12A
L2A
16
W17
Li8
Li9
L20
PL1A

PL1B

PARALLEL 7@ REFERENCE PLANE

PARALLEL 719 REFERENCE PLANE

PARALLEL TO REFERENCE PLANE

PERPENDICULAR

PERPENDICULAR

PERPEND]CULAR

PERPENDICULAR

PERPEND]ICULAR

PERPEND]CULAR

o

Te

Te

TO

0

T

REFERENCE PLANE

REFERENCE PLANE

REFERENCE PLANE

REFERENCE PLANE

REFERENCE PLANE

REFERENCE PLANE

PARALLEL T2 REFERENCE PLANE

PARALLEL 1O REFERENCE PLANE

RPERPENDICULAR T® REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR T@ REFERENCE PLANE

PERPENDICULAR T@ REFERENCE PLANE

PERPENDICULAR T® REFERENCE PLANE

PARALLEL 1O REFERENCE PLANE
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PL2A

PL3A

PLOA

L10A

LBA

L214A

L22A

LB

L21

Li6A

PERPENDICULAR TG REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PARALLEL T® REFERENCE PLANE

PARALLEL T0 REFERENCE PLANE

PARALLEL 19 REFERENCE PLANE

PERPENDICULAR T® REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

AT 45,0 NDEGREES TO® REFERENCE PLANE

AT 45,0 DEGREES TO® REFERENCE PLANE

PARALLEL TO REFERENCE PLANE



HOPE3 INTERSECTIGNS WITW ALLOWED DEFINED SURFACES

LINE OF INTERSECTION FAR PLANE PLO
1S PARALLEL 7O THE X PRIME AX1S AND
INTERSECTS THE Y PRIME AXIS AY 0,10

LINE OF INTERSECTI@N FoR PLANE PLY
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AY  0.00

LINE OF INTERSECTION F@R PLANE PL2
IS PARA | E| TO THE X PRIME AX!S AND
INTERSECTS THE Y PRIME AXIS AY ,0,69

LINE OF INTERSECTIGN F@R PLANE PL3
1S PARALLEL T@ THE X PRIME AX1S AND
INTERSECTS THE Y PRIME AXIS AT 2,13

LINE OF INTERSECTIgGN FER PLANE PL4
[S PARALLEL 10 tHE X PRIME AXI!S AND
INTERSECTS THE Y PRIME AX1S AT 2,36

LINE OF INTERSECT!ON FaR PLANE PL5
IS PARALLEL 1@ THE X PRIME AXIS AND
INTERSECTS THE v PRIME AX1S AT =1,50

LINE OF INTERSECTIGON FoR PLANE PL7A
IS PARALLEL 7O THE X PRIME AX1S AND
INTERSECTS THE Y PRIME AX!S AT 0,05

LINE OF INTERSECTION F@R PLANE PL6
IS PARALLEL 70 THE X pRIME AX1S AND
INTERSECTS THE Y PRIME AXIS AY 0,50

LINE OF INTERSECTIQN FaR PLANE LX
IS VERTICAL,].E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

LINE OF INTERSECTION FaR PLANE 11
IS VERTICAL,1,E,SL.OPE & 90 DEGBREES
AND INTERSECTS YHE X PRIME AXx1S AT

LINE OF INTERSECTION FeR PLANE (12
18 VERTICA, ,1.E,S OPE = 90 DEGREES
AND INTERSECTS YHE X PRIME AX1S AT

LINE OF INTERSECTIGN FAR PLANE L33

0,00

2,19

2,1%
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T 1,94

T 2,22

! 0’19
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«0,19
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#0,50

ALLEL T® PRESZNY MOPE PLANF AT DISTANCE GT RADIUS OF CYLINDER,
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IS VERTICAL,I,E,SLOPE = 90 DEREE
AND [NTERSECTS THE X PRIME AXI3S -

L7451
LINE OF INTERSECTION FoR PLANE.L:
1S VERTICAL,I1.E,SLBPE = 90 DEGREE
AND INTERSECTS THE X PRIME AXTS

LINE OF INTERSECTIGN FoR PLANE L:
IS VERTICA{,1,E,S.6PE = 90 DEGREE
AND INTERSECTS THE X PRIME AX!S '

LINE OF INTERSECTIGN FGR PLANE LI
IS VERTICA, ,1,E,S OPE = 90 DEGREE
AND INTERSECTS YHE X PRIME AX1S .

LINE OF INTERSECTION FOR PLANE L.
IS VERTICAL,I.E,SLOPE = 90 DEGREE
AND INTERSECTS THE X PRIME AX!S

LINE OF INTERSECTIGN FoR PLANE L.
IS VERTICAL,!,E,SLOPE s 90 DEGRE:
AND [NTERSECTS THE X PRIME AX1S

LINE OF INTERSECTION FaR PLANE L.
IS VERTICAL,1.E,SLOPE = 90 DEGREE
AND INTERSECTS THE X PRIME AX!S

LINE OF INTERSECTIQN FoR PLANE L-
IS VERTICAL,1,E,SLOPE = 90 DEGRE!
AND IMTERSECTS THE X PRIME AX1S -

LINE OF INTERSECTIGN FaR PLANE PI
IS PARALLEL TG THE X PRIME AXIS
INTERSECTS THE Y PRIME AXIS AT

LINE OF INTERSECTIGN F@R PLANE P!
IS PARALLEL 1@ THE X PRIME AX1S .
INTERSECTS THE Y PRIME AXIS AY

LINE OF INTERSECTIQN FpR PLANE PI
]S PARALLEL 10 tHE X PrRIME AXIS
JNTERSECTS THE Y PRIME AXIS AY

LINE OF INTERSECTION F@R PLANE L
IS PARALLEL y® tHE X PRIME AXIS :
INTERSECTS THE ¥ PRIME AXIS AT

LINE OF [NTERSECTION FoR PLANE L'
1S PARAL\E| TG THE X PRIME AXIS
INTERSEETS"THE v PRIME AXIS AT

c9 ) INTERSECTION 1ST PA



EL

EL

1o

T9

TO

T

T®

T8

10

Te

TO

Te

T

T8

PRESENT

PRESENT

PRESENT

PRESENT

PRESENT

PRESENT

PRESENT

PRES:ENT

PRESENT

PRESENT

PRESZINT

PRESZINTY

HOPE

HOPE

HOPE

HAPE

HOPE

HAPE

HOPE

HAPE

HEOPE

HOPE

PLANE

PLANE

PLANE

PLANF

PLANE

- PLANF

PLANE

PLANE

PLANE

PLANF

PLANFE

PLANE

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

DISTANCE

DISTANCE

DISTYANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

DISTANCE

GT

Gt

a7

GT

67

G71

GY

GTY

ch]

ch)

th

GT

RADIUS

RADIUS

RADIUS

RADIUS

RADIUS

RAD1US

RADIUS

RAD1US

RADIUS

RADIUS

RADIUS

RADIUS

aF

aF

oF

aF

oF

oF

oF

oF

oF

oF

ol

oF

CYLINDER,

CYLINDER,

CYLINDER,

CY_INDER,

CYLINDER,

CYLINDER,

CYLINDER,

CYL_INDER,

CY_LINDER,

CYLINDER,

CYLINDER,

CYLINDER,

THUS,

THUS,

THUS,

THUS,

THUS',

THUS,

THUS',

THUS

THUSY

THUS,

THUS',

THUS

Ne

Ng

NG

Ne

NE

NG

NG

Ne

NE

Ne

Ne

221

(Page 222 Blank)

INTERSECTION

INTERSECTION

INTERSECTIGN

INTERSECTI@GN

INYERSECTIBN

INTFRSECTION

INTERSECTIAGN

INTERSECTION

INTERSECTIGN

INTERSEETIQN

INTERSECTION

INTERSECTIAON

1NN

S
L
s

!

4311



Cci0

ci1

C14

€15

c1

ce

c3

c4

c5

cé

c?

cse

INTERSECTION
INTERSECTIQQ
INTERSECTIGN
INTERSECTION
INTERSECTIBN
INTERSECTYIGN
INTERSECTIGN
INTERSECTION
INTERSECTIGN
INTERSECTION
INTERSECTYIGN

INTERSECTIEN

n

X

o=

PARRRL L
“n

w

PARKLL
rm
Lt

PARALL

PARALL
PARALL
PARALL
PARALL
PARALL
PARALL
PARALL
PARALL

PARALL



:?SEC-D 0,0000000 0,7071088 0,7071068 o.ooouooo‘

223



224

ANGLES BETWEEN HOPE AND THE DEFINED PLANES

PLO

PLY

PL2

PL3

PL4

PL5

PL7A

PL6

LX

LY

[

L2

L3

Lé

AT 45,0 DEGREES TO® REFERENCE PLANE
AT 45.0 DEGREES T® REFERENCE PLANE
AT 45,0 DEGREES TO REFERENCE PLANE
AT 45,0 DEGREES TO® REFERENCE PLANE
AT 45,0 DEGREES TO® REFERENCE PLAVE
AT 135,i DEGREES T® REFERENCE PLANE
AT 45,0 DEGREES TO REFERENCE PLANE
AT 45,0 NEGREES TO REFERENCE PLANE
AT 45,0 DEGREES TO REFERENCE PLANE
PERPENDICULAR T@ REFERENCE PLANE

FERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERFENDICULAR

T® REFERENCE PLANE

TO REFERENCE PLANE

TO REFERENCE PLANE

TO® REFERENCE PLANE



L3

L6

L7

.8

L9

L10

b1l

k12

L13

L14

L11A

Li2A

L1A

L2A

L16

L17

L18

PERPENDICULAR

-PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPEND]CULAR

T@ REFERENCE PLANE

T® REFERENCE PLANE

T® REFERENCE PLANE

T® REFERENCE PLANE

T® REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE
AT 45,0 DEGREES T® REFERENCE PLANE
AT 135,1 DEGREES T® REFERENCE PLANE
AT 45,0 NEGREES T® REFERENCE PLANE
AT 45,0 DEGREES T® REFERENCE PLA\E
AY 45,0 DEGREES T® REFERENCE PLANE
AT 135,41 NEGREES T® REFERENCE PLANE
PERPENDICULAR T@ REFERENCE PLANE
PERPE&nxcuLAR TG REFERENCE PLANE
PERPENDICULAR T® REFERENCE PLANE
AT 45,0 DEGREES TO REFERENCE PLAVF

AT 135,1 NEGREES T REFERENCE PLAVE
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L19

L20

PL1A

PL1B

PL24A

PL3A

PLSA

PL6A

L9A

L10A

L7A

L8A

L214A

L22A

L15

LB

AT 45,0 NEGREES TO REFERENCE
AT 135,41 DEGREES T® REFERENCE
AT 45,0 DEGREES TO® REPERENCE

PERPENDICULAR TE REFERENCE PLANE

AY 135.1 DEGREES TO® REFERENCE

AY 135,1 DEGREES TO REFERENCE

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

T0

{0}

TO

Te

To

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

REFERENCE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

AT 135,{ DEGREES T® REFERENCE PLANE

AT 135,( DEGREES T8 REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

AT 60.0 DEGREES T® REFERENCE PLANE
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PERPENDICULAR T® REFERENCE PLANE

aIri

AT 60.0 DEGREES T® REFERENCE PLANE

PERPENDICULAR T® REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE
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HOPE INTERSECTIONS WITW ALLOWED NEFINED SURFACES

LINE OF INTERSECTION FOR PLANE PLD
IS PARALLEL 7O THE X PRIME AX1S AND
INTERSECTS THE Y PRIME 4X1S AT .0.14

LINE OF INTERSECTIQN FaR PLANE PL1
1S PARALLE, TA THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AX!S AT  0.00

LINE OF INTERSECTIQN FpR PLANE PL2
1S PARALLEL 10 tHE X PRIME AX]S AND
INTERSECTS THE Y PRIME AX1S AT 0,97

LINE OF INTERSECTION FoR PLANE PL3
IS PARALLEL T® THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 3,01

LINE OF INTERSECTION FpR PLANE PL4
IS PARALLEL Tg THE X PRIME AXIS AnD
INTERSECTS THE Y PRIME AX1S AT 3,34

LINE OF [NTERSECTIGN FgR PLANE PL5
1S PARALLEL Tg THE X prIME AX!S AND
INTERSECTS THE Y PRIME AXIS AT 2,12

LINE OF INTERSECTIQON FpR PLANE PL7A
[S PARALLEL 1@ yHE X PRIME AX!S AND
INTERSECTS THE Y PRIME AX1S AT =0,07

LINE OF INTERSECTION FAR PLANE PL6
IS PARALLEL 10 yHE X PRIME AXIS AND
INTERSECTS THE Y PRIME AX1S AT 0,73

LINE OF INTERSECTIQON FoR PLANE LX
IS PARALLEL T® THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AX!S aAY 0,00

LINE OF INTERSECTIGN FOR PLANE LY
IS VERTICAL,!,E,SLOPE = 90 DEBREES
AND INTERSECTS THE X PRIME AX1S AY 0,00

LINE OF INTERSECTIQN FaR PLANE L1
IS VERTICAL,I,E,SLBPE a 90 DEGREES
AND INTERSECTS THE X PRIME AX{S AT 4,19

LINE OF [NTERSECTIGN FaR PLANE L2



[5 VERTICAL,].E.SLBPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTION FaR PLANE L3
1S VERTICAL,},E,SLGPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

LINE OF INTERSECTION FpR PLANE L4
IS VERTICAL,1,E,SL@PE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE O6F INTERSECTI@N F@R PLANE L5
1S VERTICAL,1,E,SLgPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX1S A7

LINE OF INTERSECTIGN FeR PLANE L6
IS VERTICAL,].,E,SLOPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF INTERSECTI@N F@R PLANE L7
1S VERTICAL,}.E,SLEPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXx1S AT

LINE OF INTERSECTIGN FoR PLANE L8
IS VERTICAL,}.E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AY

LINE OF INTERSECT!oN FgR PLANB L9
18 VERTICAL,!.E,SLBPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S A7

LINE OF INTERSECTIGN F@R PLANE L10
IS VERTICAL,1,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX1S AT

LINE OF INTERSECTI@N FpR PLANE (11

4,19

93.9‘

=2,00

2,00

»2,44

1,56

1,56

2,44

1S PARALLEL 70 THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT  3.09

LINE OF INTERSECT!1@N FoR PLANE L12
IS PARALLEL TG THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 3,09

LINE OF JNTERSECTION FoR PLANE L13
1S PARALLEL 10 tHE X PRIME AX!S AND
INTERSECTS YHE Y PRIME AX1S AT 2,74

LINE OF INTERSECTIGN FoR PLANE L14
IS PARALLEL 10 tHE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 2,74

LINE OF INTERSECTION FaR PLANE L11A
1S PARALLEL T@ THE X PRIME AX1S AND
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INTERSECTS THE Y PRIME AX1S AY 3.14

LINE OF [NTERSECTION FpR PLANE L12A
IS PARA% EL T@® THE X PRIME AXIS AND
INTERSE %s THE Y PRIME AX1S AT .3,14

LINE OF INTERSECTIQN FaR PLANE L1A
1S VERTICAL,|.E,SLOPE = 90 DEGREES
AND [NTERSECTS THE X PRIME AX1S AT .

LINE OF INTERSECTIGN FAR PLANE L24
IS VERTICA, ,1.E,S GPE = 90 DEGREES
AND INTERSECTS THE ¥ PRIME AXIS AT

LINE OF INTERSECT!ON FoR PLANE L16
1S VERTICAL,1,E,SLGPE s 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTIGON FaR PLANE L17
1S PARALLEL TO THE X PRIME AX1S AND
INTERSECTS THE Y PRIME AXIS A? n.26

LINE OF INTERSECTIGN FaR PLANE L18
1S PARALLEL T8 THE X PRIME Ax1s AND
INTERSECTS THE Y PRIME AX!S AT 0,26

LINE OF [NTERSECTIGN F@R PLANE L19
IS PARALLEL 70 THE X PRIME AX!S AND
INTERSECTS THE v PRIME AXIS AT 0,71

LINE OF INTERSECTION FaR PLANE L20
IS PARA_LE_ 7@ THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXiS AT 40.71

LINE OF INTERSECTI@N FeR PLANE PL1A
[S PARALLEL TGO THE X PRIME AX!S AND
INTERSECTS THE Y PRIME AXIS AT  0.00

LINE OF INTEWSECTIGN FoR PLANE PL1B
}S VERTICAL,1,E,SLGPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S ATY

LINE OF INTERSECTI1@N FoR PLANE PL2A
1S PARALLEL TO THE X PRIME AX1S AND
INTERSECTS THE Y PRIME AXIS AT 0,97

LINE OF INTERSECTIGN FOR PLANE PL3A
IS PARALLEL T@ THE X PRIyE AX1S AND
INTERSECTS THE Y PRIME AXIS AT 3,01

LINE OF INTERSECTION FOR PLANE PL5A
1S VERTICAL,1,E,SLgPE s 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT =

4,44

4,22

0,00

2,00



LINE OF [NTERSECTIGN FoR PLANE P(6A
IS VERTICAL,1.,E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTIGON FaR PLANE L9A
Is VERTICAL,],E,sL@PE = 90 DEBREES
AND INTERSECTS THE X PRIME AX1S AT

LINE OF INTERSECTIGN FoR PLANE L10A
[S VERTICAL,],E,S(8PE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF INTERSECT!@N FgR PLANE L7A
IS VERTICAL,1,E,SLGPE & 90 DEBREES
AND INTERSECTS THE X PRIME AX1S AT

LINE OF INTERSECTION FpR PLANE L8A
1S VERTICAL,].E,SLOPE = 90 DEBREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF INTERSECTION FOR PLANE L21A
IS PARALLEL 70 yYHE X PRIME AXIS AND

2'00

1,56

2,44

2,44

1,56

INTERSECTS THE ¥ PRIME AXIS AY 1.28

LINE OF INTERSECTIGN F@R PLANE L22A
1S PARAL | E| 7O THE X PRIME AXIS AND

INTERSECYS THE Y PRIME AXIS AY 2.34

LINE OF INTERSECTIGN FAR PLANE L15
1S VERTICAL,1.E,SLgPE = 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTIGN FpR PLANE LB
HAS A SLOPE = 54,8 DEGREES AND

LINE OF INTERSECTI@N FoR PLANE LC
IS VERTICAL,I1,E,SLBPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AY

LINE B8F INTERSECTIQON F@R PLANE L21

HAS A SLGPE = 54,8 DEGREES AND A Y INTERCEPT =

LINE GF INTERSECTION FoR PLANE L15A
IS VERTICAL,1.E,SLOPE = 90 DEGREES
AND INTERSECTS THE X PRIME AX!S AT

LINE OF INTERSECTIQN FOR PLANE L16A
IS VERTICAL,1.,E,SLOPE = 90 DEGREES

»4,96

A Y INTERCEZPT =

=3|94

4,99
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SEMleMAJBR

SEMIaMAJOR

SEMI=MAJDR

SEMIaMAJOR

SEMl=MAJOR

SEMI=MAJOR

SEMleMAJOR

SEMIeMAJOR

SEMlevMA @R

SEMleMaAJOR

SEMleMAJOR

SEMIeMAJOR

SEMI=sMAJOR

FLAPSEN TIME =

ELAPSEN TIME =

AX1S

AX1S

AX1S

AX1S

AX1S

Ax1S

AX1S

AX1S

AX1S

AX1!S

AX1S8

AX1S

AX1S

0,71,
0,08,
0,08,
0,08,
0,08,
0,97,
0,97,
0,97,
0,97,
0,18,
0,18,
0,18
0,48,

4

5

SEMIeMINGR

SEMIeMINOR

SEM]=MINGR

SEM]aMINGR

SEMI=MINGR

SEMI=MINGR

SEM]=MIN@R

SEMI=MINBR

SEMI=MINGR

SEMIeMINGR

SEM]eMINOR

SEM]eMINOR

SEMI=MINGR

MIN

MIN

AX1S

Ax1S

AX1S

AX1S

AXIS

AX1S

AX1S

Ax1s

Ax1s

AXIS

AXIS

AX1S

Ax1s

58 SEC

3 SEC

H

0.501

0,06,

0,06,

0,06,

0,06,

0,69,

0,69,

0,69,

n.69,

0012l

0.‘12:

0,12,

0.120

ECC

ECC

ECC

ECC

ECC-

ECC

ECC

ECC

ECC

ECC

ECC

Ecc

ECC

z 0.70711)

z 0,70714)

8.70711,

2 0,70714)
g 0.70744,
= 0.70711%,
= 0.70714)
£ 0,70711)
= 0,7071%,
s 0.70711)
: 0,70711,
2 0.70711,

= 0,70711,

PH 1

PH1

PHY

PHI

PH!

PH?

PHI

PHIY

PH!

PHI

PH1

PH!

PH1
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z «060,00
2 290,00
= 90,00
= =90,00
= $90.00
= <90,00
= 90,00
= 90,00
s 90,00
2 <90.00
= $90,00
= =90.00
2 »90.00
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AND INTERSECTS THE X PRIME AXIS AT

c9o

€10

C11

Ci4

C15

c1

c2

c3

C4

cS

cé

c7

cs

1ELLIPSE,

1ELLIPSE,

+ELLIPSE,

+ELLIPSE,

+ELLIPSE,

1ELLIPSE,

1ELLIPSE,

+ELLIPSE,

1ELLIPSE,

+ELLPSE,

1ELLIPSE,

JELLIPSE,

+ELLIPSE,

CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER

CENTER

At

AT

AT

AT

AY

AT

AT

AT

AT

AT

AT

AT

AT

STARY EXECUTIAGN OF SECTION

STARY EXECUT]ON OF SECTION

!4.46|

=2,38,

'1362'

1,62,

2,38,

3,50,

3,50,

=3,50,

'SQSO‘I

‘3.81'

3'81}

3.810

-3|81l

200

400

n

4,3

REREE AR

e
~

1.0

1.0

1,0

=2,1

2,1

2.1

!2|1.

2,5

'2.5

2,5

POST PRACESSER NOT AVAILABLE ON LIBTAP BEND



PART PROGRAM EXECUTION TIME =

5

MIN

5 SEC
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