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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. Whenthe 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
its volume, 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 Chicago,
Illinois, 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.)

ORGANI ZATION

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, ill., 60616.
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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.,

HOPE1 = PLANE/ ...

HOPE2 = PLANE/ ...

HOPE9 = 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)
c. Equip cardt 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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z
HOXYMIN = POINT/Xmin, Ymin, Zmin
HOXYMAX = POINT/Xmax, Ymax, Z/max

'I
L,<

(XMXmxYm0X, Zmax)

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

|Vmjnl =| + y2in + Z!2in .

Vmaxl = X2 +Y2 +Z2

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

I SCALE = V
5.'

(1)

(2)

(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 = }25 / 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.

3
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Fig. 2 - The figure 5 used in the computation
of SCALE corresponds to the translation in

r 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

Table 1
Scale Table

Common Linear
Scale Ratio Desired V for Eq. (3) LimitforX,Y,Zon

HOXYMAX Card

I1 10 5.77- 10

1:1 5 2.88= 5

2 1 2.5 1.44 = 2.5

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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I P P I-P

(a) Separate I and P (b) Identical I and P

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 900. 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, II for y = 0, III for z = 0, IV for
x = 1, V for y = 1, and VI for 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 inner lines.

*CROSEC (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).

5



K. P. THOMPSON

I a o X (a) Perspective

(b) HOPE plane view

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

AT

(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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Table 2
Triangles in the Pattern

Triangle Component Sides

Outer, largest {VI, IV, V}

Intermediate {VI, IV, II}, {III, IV, V}, {VI, I, V}

Smallest {VI, I, II}, {III, IV, II}, {II, I, V}

Reduced to point {I, II, III}

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 (a) - () - © 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 ®9 . 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 ,8 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, TI, 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 a-yy8 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 a, 3, y, and 8. The first and second groups have
planes II and III in common, the second and third groups have planes TI and IV in common,
and so forth, until the last group has planes I and TI 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, TI, and m intersecting) to the largest
triangle (planes IV, V, and VI) or points, ®, and ®, which correspond to the cube
vertex point diagonally opposite point a. There are two intermediate depths represented

*The terms centroid and center are used synonymously.

M-n
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(a) Perspective

0

V V ©
(b) HOPE plane view

I, ]I, x -- 31 21, N1, IV1 -- 3 I[, 221, -T - I, IL, =T

I[, N -- V IL, N

IL, 12 -Ma- I, IV1

I, ir I, It

(c) Face-tracing algorithm

Fig. 6 - An edge of the 3-D cube in the triangular
world becomes a v e r t e x 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 A) -©g)- © and ( -®G - 0. There are three of each of these two sizes. The
projection of point E onto the HOPE plane is masked by the tangent point a. Any perspec-
tive edge leading into this masked point can be wholly or partially hidden. For example,
triangles (3) -() - ® and (I -( - © 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. 7b). If a portion of the cube is considered dis-
carded (Fig. 7c), the cross section is seen to fit into the projected image which has been
drawn in Fig. 7b with wavy and dashed lines. The vertexes of the cross section should
be considered as zero-area triangles of the forms , *, 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, d, e, 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 m. 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 II overlap their image point with III, c' is the cross-
section image point where I, A, 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 c'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.

9



K. P. THOMPSON

(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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(b) HOPE plane view

(a) Cube with cutting HOPE plane

(c) Part of cube removed I "

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

11
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CUBE PLANES

I,X=O; =!,X- I
.1,Y=O; BY- 

m, z= O; M,Z- I

y

(a) Perspective of tangent plane and cube

(b) HOPE plane view

(c) Plane intersections identified

(d) Latent image shown

V, ]]I, TZ

Fig. 9 - HOPE plane tangent to an edge of the cube

m1
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In Fig. 10 the origin is centered in the z = 0 face, the cube itself is rotated 300 about
the Z axis, and the equiangular plane passes through the origin. A perspective sketch of MI
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. lla, 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. lib. 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. lib and are delineated in Fig. lic. They are

Rotation, a(600),

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 abcd 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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II

(a) Cube rotated

I[ vI

(b) HOPE plane view

(c) Latent image shown

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

x
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(a) HOPE plane view of extended PARTNO TEST

(c) Elliptical transformation

(b) Latent image

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

15
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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
-x+y+z= C
x-y+z= C
x+y-z=C

-x-y+z=C
-x+y-z= C
x-y-z=C

-x-y-z= 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 900 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

16
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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 900 3-D world angle can be represented by either 60° or 1200 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 pattern in the triangular world created by an
equiangular HOPE plane. Next is a detailed description of the elements of CROSEC
(MOD 2.0).
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Fig. 12 - Tool motion considerations
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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 discrete sets of x', y' points for the ellipses and
circles of intersection 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" interchangeably should not be confusing in this context. Same
comment applies for Segments 2 and 3.
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Subroutine FINI, where a call is made on ISHOPE. If a HOPE plane is found IFILL7 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 IFILL7 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, IFILL7 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.
KFLAG1 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. If 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:

IFILL7 is set to zero. This controls decisions in PRCNTL.

IFILL8 is set to zero. This is equivalent to INCHOPE which is used by ISHOPE
to keep track of the current HOPE plane.

IFILL9 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.

KFLAG1 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 arepeculiarto 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 m 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 Section 0, Section I, and CROSSEC. The fol-
lowing equivalences are established:

INCHOPE = IFILL8

PLOTPLNO = IFILL9.

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, HOPE1 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, IFILL7 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 last 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 IFILL7 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 FILXMAT9 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
FILXMAT9 except that it is passed through the utility program TIDY. See p. 37 in Ref. 1.

Subroutine GENSOL (LL, L2 , L3 , A, B, C, D, XMAT9) - 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 (NAMEI, IP, KR, SCALE)- The changes in DLINE, since 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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Fig. 18 - Function ISITOK
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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:

(Xc, Y,, Z.) for the point's coordinates

(U., Uyn U.) for the vector's direction cosines,

R for the radius.

These constants are checked by Function S32TO48 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 tangent 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, PHi, 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 IFILL7 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 via a 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 zero 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 not 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.
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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.

All 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.

At statement 360 the direction cosines for the Z axis are equated to those of the U
C C

vector and the Y axis's direction cosines are computed using the cross product of Z

and X.

The subroutine concludes by inserting the computed direction cosines for the three
t~- -,CI -p.

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

Figure 20 diagrams Subroutine TESTCYL.

Function S32TO48 (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 in an APT cylinder definition is not identifiable
in a Fortran IF statement. The -1 after processing, gets stored as 5776377777777774 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
"5776377777777774," 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 (Ul, 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

Fig. 22 - Subroutine FDCOSCYL
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Fig. 23 - Subroutine ALGORA
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The variables from CROSSEC common pertinent to this subroutine are

The point (Xc, Yc' Zc),

The radius r,

DCOSCYL, the direction cosines of the cylinder/sphere, and

CXYZ, 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 S32TO48in the replacement from
DCOSCYL to the "T" notation with subscripts.

Three constants Kl, 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

A14-4A14 + 2'

A-*A B
A24A24 +-2'

C
A3 4-.A3 4 + 2'

and

A44-A44 - 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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Fig. 24 - Subroutine ALGORB

Fig. 25 - Subroutine ALGORC
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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-
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;

XMAT9, 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 (X0, Y0, Z0) = (D*A, D*B,
D*C).

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, Li and L2, (LI > 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 PHI 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, XMAT9, 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. If 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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Intersection is
a circle

Intersection is
an ellipse.

Fig. 26 - Subroutine ALGORD
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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 "LO" and "HI" points via a call to DRAW at
statement 320. If 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. If 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. If 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;

i.e., {(DlZ<OAD2Z<0)V
(DIZ¢TLAD2Z¢TL)V
(DlZ>0ADlZ<TLAD2Z>0AD2Z<TL)}
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Fig. 28 - Subroutine DRAW

| Draw rectangle l
XrY -X ,Y 2-X 2,Y, XY X,YX

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

{(DlZ<OAD2Z>OAD2ZATL)V

(D2Z<OADlZ>OADlZ<TL)}.

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

{(D2Z>TLADlZ>OADlZ<TL)V

(DlZ>TLAD2Z>OAD2Z_•TL)}.

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

{(DIZ<OAD2Z>TL)V(DlZ>TLAD2Z<O)}.

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
Z 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 (Xc, Yce Zr) are sent over, while
for a top base plane truncation JE is coded 1 and (Xt1, Yt 1, Ztl) 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

DTH = Off.(M + 1)

The eccentricity EC of the ellipse is computed as

EC = 1 _ (MINOR)2

(MAJOR) 2

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 ((ir/2) + DTH) radians and compute X', Y' values from the equations,

X'= RA cos (TH)

Y'= RA sin (TH),

where

PA = / MINOR2
1 - (EC) 2 cos (TH)

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

52



C:

53 B ,
(Page 54 Blank) <-n

I.:

10

With top p10cc
parameters.

ELBOUNDS

vI RETURN

Program DISCRETE



T,..t- ". I 
Does ellipse lie totallyA E 

Truncation selection w ithout or totally within E 1 
the cylinder? 2 -

|NO/

Fig. 29 _



NRL REPORT 7228

rt

Fig. 30 - Subroutine POINTSE Compute
first quadrant
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pairs for
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EXPAND

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. Its
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

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
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set decrements DTH from TH which has an initial value of 7i/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 IM" 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 900 set
of points (the feeder set) contained in the X and Y arrays, and create a full 3600 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 Lower Upper Initial Value [Increment
Number Limit Limit CX (equivalent) Increment

1 1 M + 2 + + 0 0

2 M +3 2M + 3 + _ 2 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 0 or greater than 10.0 the pen is raised at
that point. (The cylinder/circle intersection is not subjected to the HOXYMIN and
HOXYMAXlimits in CROSEC MOD 2.0.)

The flowchart for the subroutine is given in Fig. 33.
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I Fig. 32 - Subroutine ELBOUNDS
Fill XS, YS array
for 4 quardrants
using X, Y array

feeder set.

( RETURN )

Subroutine ELBOUNDS (Fl, 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 (X1, Y1) and (X2, Y2 ). 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

F1, F2 , 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

]WHIPART, 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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Fig. 34 - Subroutine PLOTSET
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If either quadratic solution is improper, an exit is made with JE set to "NO." If 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 1, YI, X2 , Y2 , 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
(X1, Y1), (X2, Y2) 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 (X1, Y1), (X2 , Y2) are center oriented,
and then the subroutine accomplishes an ordering between the clip points such that (X1,
Y1 ) 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 X1 and X2 the IWHCPART 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 (X1, Y1) 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 X1 is flagged with 99.99.

The search for the relative position of the second point (X2, Y2 ) 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 CONVERT2, 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,

XMAT9, 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:

Convert

XMAT9(1) XMAT9(2) XMAT9(3)

[XX yy, zz}.[p, Q, RR, ] XMAT9(4) XMAT9(5) XMAT9(6)L X z LS Q~ X JXMAT9(7) XMAT9(8) XMAT9(9)
L D*A D * B D*C _

Convert2

DCOSCYL(1) DCOSCYL(4) DCOSCYL(7)

[P, Q, RR]-[(XX-XC), (YY-YC), (ZZ-ZC)] DCOSCYL(2) DCOSCYL(5) DCOSCYL(8)

DCOSCYL(3) DCOSCYL(6) DCOSCYL(9)

Subroutine CONVERT is charted in Fig. 36.

Subroutine REVERSE (MI, N1, M2 , N2) - This subroutine is called from Subroutine
CLIP and reverses the coordinates of two points. The two-dimensional point (M1 , N1 )
swaps values with the two-dimensional point (M2 , N2 ); i.e., the values originally held by
(M1 , N1 ) are given to (M2 , N2 ) and the values originally held by (M2 , N2 ) are given to
(M 1 , N 1 ).

The flowchart for REVERSE is given in Fig. 37.
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ETRCONVERT 2_
(P,0, RR, XX,

Fig. 36 - Subroutine CONVERT
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Fig. 37 - Subroutine REVERSE N1 N2

( RETURN )
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Appendix A

LISTING OF CROSEC (MOD 2.0)

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 00230000 through 00231260
LBSRCH 00240000 through 00240880
FINI 15450000 through 15451000

prefix

ISHOPE ISH
MM MM
CROSEC CRS
TESTHOPE TEH
FILXMAT9 FXM
GENSOL GEN
ISITOK IOK
DLINE DLN
CYLINDER CYL
TESTCYL TCY
S32TO48 STR
FDCOSCYL FCY
ALGORA ALA
ALGORB ALB
ALGORC ALC
ALGORD ALD
HOPARCYL HOP
DRAW DRW
DISCRETE DIS
POINTSE POE
POINTSC POC
EXPAND EXP
PLOTSET PLS
ELBOUNDS ELB
CLIP CLP
CONVERT CON
REVERSE REV
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11/ 0 2/7 0

SUBROUTINg PRCNTL
CeMMMN /TIMETEST/ KSETIMEI, KSETIME2. KSFTiMF,
COMMMN /TAPETABL/ NTAPEXtlO)

KSFTA

COMMON AREA FOR CDC APT 3 SECTION 0

COMMON /SYPTEMZ/ SYSTEM(41
A KAPtID, KFLAGS(1O)sKO,
8 '(4. KS . K(6 ,
C IFILLIS IF;LL2, IFILL3s
D '(FLAGn, KFLAGI, KFLAG2#
E t'LLss IwAvEN, IPTNLYo
F IcLPR'!, INDEXXt IPLOTR,
'i LOCJPT# LGCBEG, '(SECINs
H IFILLA. IF!LL9# IFILL10o
I TAPEtB(l),CANTAP# CLTAPE,
~j LIOtAPo CRDTAP, IFILLliI
K CLCNVTAP, TAPES4, F'ORTIN,
L. LSTFLfl. NUNITS, KSNVTCL,
M Pi, P302, DGTRD,
N EXTRADC20)
EQUIVALENCE (PROTAP,

C is***** sissies
C

) ,XAPTCN,

iI P3LL4.
Foliage,
NePOST a
!FILL7,

OOCTAP,
CORTAP,
INTAPE ,
KITNTR0U PT',

'(APT TR'.
X'2.
K'.8

IF14C6'6
N OP L AT

S NUNMPRT,
PLATOP.
YAPESI *

I Oi LTWAP,

KAPTI
K 3s
K 9,

KAUTM
KDYNP
KPMCIK
I POST
SRP'TA
NUCLY
PUNTA

TAPETB)

EQUIVALENCECINCWOPEIFILL8)
EQUIVALENCE tKOMDSYSTEM)
TYPE INtEnER POCTAP
DIMENSION KOMN1I

KSF.iN ' 0
Co, FREE THE TIME INTERRUPT

CALL TIMESET (0)
IRET a 0
IF(IWAVEN:EQ,0,9001,9000

9000 PRINT 9996
9001 IpIWAVEN*1

GOTO(9010,9005,9100o)I
C
C,, ERROR PROcEDUREaGO TO NEXT PART PqOGRAM
C
9005 GOTe 9040
C
C,, HAVE WE JUST RETURNED FROM SECTION 1
C
9010 IF(KFLAGl.EQ,0)9300,9020
C
C,, NO
C
9020 DO 9030 12,8,o2

IF(KFLAGS(I),EQ,0)903c#9200
9030 CONTINUE
C END OF PART PROGRAM-PRINT ELAPSED TIME AND GO TO INITIAL
C
C
C
9040 KOm(2)wTImEF(l)

00230000
ADR 002300o0

00230020
00230030
00230040
00230050

***... 00230060
I0. 00230070

00230080
00230090
00230100
00230110

OPs 00230120
FG, 002301o0
KET, 00230140
MVL 18) .00230150
AP 0o0230160
iP. 00230170
AP, 00230180

00230190
00230200

00230210
n0230220

assail 00230230
00230240

00230250
00230260
00230270
00230280
00230290
00230300
00230310
00230320
00230330'
00230340
00230350
00230360
00230370
00230380
00230390
00230400
00230410
00230420
00230430
00230440
00230450
00230460
00230470
00230480
00230490
00230500
00230510
00230520
00230530
00230540

C
C',,1 
C
C s* * ****
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KSM(2)z(WSM(2)*K!LAG4)/1000
MIN;K@M(2 /60
ISECsK9M(2)uw60*MIN
WRITE (tiUTAP#9990) MlNsISEC

C,,, CHECK FOR MORE PART PROGRAMS
9044 IF (LSTFLG *eQ, i) 9045,9050

Cos, WAS CLTAPE CONVERSION TAKEN PLACE
9045 IF (CLCNVTAPI 9046,9049

Co, YES * REWIND CLCNVTAP
9046 CALL TAPEOP iCLCNVTAP#2#IRETI

CALL TAPF!P tCLCNVTAPljIRET)
9049 CONTINUE

CALL PLTSt O 0O
CALL PLOT(O,003)
CALL STEP PLOT
CALL EXIT

Cott INItiALIZE FOR NEXT PART PRM3RAM
9050 CONTINUE

CALL TAPESP (POCTAPIIRET)
CALL TAPESP CSRFTAPl, IRET)
CALL INITIAL
RETURN

9100 ICLPRT s
IWAVENSI
IS6

9200 KFLAGS(I)O0
9250 lmuet

KOM(21;TIMEF(l)
KOM(22.(KMM(2)*KFLAG4)/1000
MINRKZM()2/60
ISECmKOM(2)w60*MIN
WRITE (ItuTAP#9991) KFLAGS(I),MINISEC
IF (I ,EQ- 31 9255,9260

Cot, REG!N SECTION 2, INITIALIZE P3CTAP IF NECESSARY
9255 IF CKPOCKFT ,EQ, 1) 9256,9260
9256 POCTAP * NTAPEX(4)

C, , REWIND POCTAP
CALL TAPEOP fPOCTAPl1,IRET)

9260 CALL L9SRCH iKFLAGSCI),Ll)
930o KFLAGI i

C RESET KFLAG1 TO ZERO TO ALLBW F3R CROSEC
KFLAGIlO

C IF IFILL7 IS NONaZERO
C A CROSEC CALL IS WANTED OR IS 14 PROGRESS

IF(IFILL7,E0,0)903li9D5i
C IF IFILLi IS 101
C THE FIRST SEGMENT IS TO BE CALLED FOR PRSCFSSING
C OF THE LINE AND PLANE INTERSECTIONS
9051 IF(IFILL7,EQ,10l)9052,9053
9052 CALL LBSR0Hil0iLI)

C IF IFILLi IS 102
C THE SECOND SEGMENT IS TO BE CALLED FOR INITIAL 80
C CONTINUED PR8CESSING Or THE SEARC4 FOR CYLINDERS AND SPHERES
9053 IF(IFILL7.E0,102)9054,9055

9054 CALL LBSRCH(102.LI)
C IF IFILLi IS 103

C:

:;}!
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00230550
00230560 c
00230570
00230580
00230590
00230600
00230608
002306i0
0023o612
00230614
00230616

00230620
00230630
00230650
00230660
00230670
00230680
00230690
00230700
00230710
00230720
00230730
00230740
00230750
00230760
00230770
00230780
00230790
00230800
00230810
00230820
00230830
00230840
00230850
00230860
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C THE THIRD SEGMENT IS TO SE CALLED FOR
C DISCRETE POINT PROCESSING OF A CIRCLE
C OR ELLIPSF et INTERSECTION
9055 IrtIFILL7,EQ.l03)9056#9057
9056 CALL LBSRCHimO3.LI)
C IF IFTILL7 IS 9999
C ALL CROSS SECTION PROCESSING IS COMPLETED
9057 IF(IFIL07,Eo,99999031,905s
9059 FORMAT fjXD*IF1L.7 FLAG TROUBLE IN PRCNTL WA! FQIJAL TO*,18)
9058 PRINT 9559. FILL7
9031 CMNTINUF
C RESET FLAGS FOR NORMAL APT PROCEDJRE

IFILL7s5
IFILL8uQ
IFILL9iO
KFL AG i

C
C I
C
C

9302
9303

9305

9310
C , , ,

9320
9325
9326
9327
9328

C
C
C
C
C

CHECK THE CLPROCFSSOR FLAGS
CHECK NOPLOT FLAG- IF ON VOID PLOTtING

IFeNOPLOTE0.0)9303,9302
!PLOTRUO
DO 9310 ts36,38,1
IF(KPLAGS I) ,E,0)9310,9305
KFLAGS (6)m
GOTe 9320
CONTINUE

EXECUTE SECTION 3 IF CONVERT FLAG IS SFT
IF (KONVTCL,90, i) KFLAGS(6) * I
IFtNOPMST6E0,009326,9325
KFLAGS(81u0
IF (KAUTOP ,EO, 0t 9330,9327
CALL BUFFTP CPROTAP,3)
KFLAGSt4).0
GOTO 9020
IPTNLYaO. NORMAL FLOWmlSKIP SECTION 2 ANn CHANAE TAPES
IPTNLYU2u SKIP SECTION 2 AND DO N3T INTERCHANGF TAPES
IPTNLYz3s DO NOT SKIP SECTION 2, >OSITION CLTAPE AT
RECORD NUMRER NCLREC

9330 I*IPTNLY*l
Ga To C9360,9340#9327,9380).,

9340 CALL TAPECHCPROTAPCLTAPE)
CALL TAPEcH (PROTAP#NUCLTP)
GOT@ 9328

C,, GO EXECUTF SECTION 2
9360 1.4

GOT@ 9200
9380 CALL 8UFFTP (CLTAPE,2)

CALL SFARCH(CLTAPE#NCLRECKqMt
NCLRECUNCi.REC-1
IF(KOMGEO0)9040.9360

9990 FORMATC44W1PART PROGRAM EXECUT13N TIME !
1 ,12s4H SEC./lHIl

9991 FORMAT(28WOSTART EXECUTION OF SECTiON ,I5,2oX,
115W ELAPSFn TIME * 15,7H MIN ,12,4H SEC/Hoi

.0 I !

00230870
00230880
00230890
00230900
00230910
00230920
00230930
00230940
00230950
00230960
00230970
00230974
00230975
00230980
00230990
00231000
00231010
00231020
00231030
00231040
00231050
00231060
00231070
00231080
00231090
00231100
00231110
00231120
00231130
00231±40
00231150
00231160
0 0231170
00231±8o
00231190
00231200

5',7H MIN 00231210
00231220
00231230
00231240
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9996 FERMAT(7H FAILED)
END

PRCNTL

PROGRAM LENGTH
ENTRY POINTS PRCNTL
BLOCK NAMES

TIMETEST
TAPETARL
SYSTEMZ

EXTERNAL SYMBOLS
THEND.
01010100
080DICT,
TIMESET
TIMEF
tAPE8P
PLOTS
PLOT
STOPPLOT
EXiT
iNITIAL
LBSRCH
BUFFTp
TAPECH
SEARCH
STH,
ONSINGL,

00254 SYMB8LS

0 0476
0 00 71

75

00231250 rly
0031260 1

ED 0

IDENT PRCNTL

0 00 04
0 00 12
0 0 175

�i/02/70
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SURROUTtNF LBSRCH (N,LI)
N IS THE NAME OR IDENTIFICATION NJMBER OF THE AEeTiSN DESI
LI IS THE RETURN VARIARLE

COMMON AREA FOR CDC APT 3 SECTION 0

0 

COMMON /SYSTEMZ/
A KAPTID,. KFLAGS(:
d K(4, 1(5'
C IFILLI'. IF'ILL2#
U) KFLAGn' KFLAG1,

IFILLS. IWAVENP
ICL PRT's IND 1LXXI,

(i LGCJP T. LOCBE&.
H IFILLP'. FillL?

I TAPETS CI) ICANTAP .
iJ LISTAP, CROTAP,
K CLCNVTAP, TAPES4!'
L LSTTLG, NUNITS,
M PI$ P 1 2,o

*5*0**IA

SYSTEM(4) ,1APTCN,
10)'KOo kit.

K(6# 17,
IFILL3s iFILL4o
KFLAG2, kFLAG30
IPTNLYA NOPOST I
IPLBTRo fill'
K~SECIN', NCLREC,
IFILLiD, iPOSTP(l),
CLTAPE, POCTAP,
IFILL~i, C.ORTAP,
FORTIN' T NTAPE,
K(ONVTCL, kINTRUP!T.
DGTRDs RDT~r4,

* * * **I

WAPT+R'.
K2',
Ka8.

KFLAVI4'.
I F I L 6.
NOPLOT .
LOMAC'.

S N UM PW
PLOT WR,
AP EIS I I

I0 u TA P.

KAPT
K 3,
K 9'.

KAUT
KOYN
KPOC
IpOS
5RFT
NUCL
PUNT

TAPETS)
*5*S*S

N FXTRAOC20)
EQUIVALENCE (PROTAP,

Cs*****
C

IRET

JFGi
'KE1

rAP,

*I

DIMENSION NONTPt25biISPECL(14)
C,,, LIST THE AVAILABLE OVERLAY AND SEGMENT NUMPERS ON LIRTAP

DATA (NONTP100,10, n102, 103.200' 300,4Q0.04fi.4M2'4n3'.404';
1 14(7777))

C,,, LIST THE SPECIAL PROGRAM AND ITS SECTION OF FXFCUTION
DATA cISPFCL : 6HDYNDMP,200,6HCeCQCK,2rn 6wCOMnMP',p00,8(0))
DATA (NS a 0)

Clo SAVE LAST SEGMENT NUMBERS
NSSV a NS

C,,, IS N AN INTEGER OR A BCD WORD
NN S N
IF (NN / 1000OB ,EQ, 0) 10,100

cG,, INTEGFR FOUND OBTAIN OVERLAY AND SEGMENT NUMPERS
10 NO * NN I 100

NS NN * No * 100)
CG,, SEARCH FOR NN IN OVERLAY LIST

15 DO 20 1 a 1,25
IF (NN *Fo. NONTP(I)) 30,20

20 CONTINUE
CG,, OVERLAY NOT FOUND PRINT ERROR MESSAGE

WRITE (IOUTAP#25) NONS,N
25 FORMAT t i0H OVERLAY 14, 10H SEGMENT 14. i6H NAMED .A

1 19w IS NOT ON LIBTAP /)
28 CALL PRCNTL
3n CONTINUE

KSECIN P NO
IF (NS ,EO. 0)32#34

32 CALL OVERLAY (N0,NSL1BTAP,0)
G0 TO 35

34 KRECALL a 0
C,,, IF SEGMENT IS IN CORE, RETURN TO IT

00240000
D 00240010

00240020
00240030
00240040
00240050

0**5* 00240060
3, 00240070

00240080
00240090
00240100
00240110

F o00240120
;; 00240130
.7. 00240140
L(lBbp00240150

0 0240160
a; 00240170

00240180
00240190
00240200
00240210
00240220

**. 00oo240230
00240240
00240250
00240260
00240271
00240273
00240280
00240290
00240294
00240295
00240296
00240300
002403i0
00240320
00240330
00240340
00240350
00240360
00240370
00240380
00240390
00240400
00240410

8, 00240420
00240430
00240440
00240450
00240460
00240465
00240470
00240472
00240474
00240475

CII,
C,,,I 
C
C, ,,0
C
Cs 0 * 0 *
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IF (NS ,Eo. NSSV? KRECALL a 8HRE'ALL,
CALL SEGMENT (NGNSL1BTAPKRECALL)

35 Li * *999
RETURN

Cl,, BCD NAME FOUND, SEARCH FOR NAME IN ISPECL
100 00 110 1 m 1,14,2

IF INN EQ. iSPECL(ID) 120,110
110 CONTINUE

IF (NO Ea. 1) li5,s11
C,,, NOT IN SECTION 1. BCD NAME N!T LOCATED, * FRRWR
11 WRITE (IWUTAP,112) NN
112 FORMAT c14H ROUTINE NAMED A8, 284 NOT LWCATED IN IESRCH

GS TO 28
C,1, N IS ASSUMED TO BE A SYSTEMS 4ACR8

115 LI 4 0
RETURN

C,,, NAME FOUND# IS ROUTINE TO ME -EXECUTED iN TWIS MVERLAY
120 NNN * ISPFCL(Ij1)

NNO * NNN 100
NNS * NNN (NNO * 100)
IF (NNO FQ, NO) 130,200

C,,, yES, CHECK CURRENT SEGMENT
130 IF (NNS P.O, NS) 150,135
135 IF (NNS FO, 0) 150#140

C,,, EXECUTE THE CALL TM NEW SEGYENT
140 NN 4 NNN

NS * NNS
GS TO 15

C,,, RETURN TO CALLING ROUTINE FSQ EXECUTION
i ; 

CII 
200
210

2 15

22 0
C II,

2 50

TABLE/)

LI * m1
RETURN

NN, CHECK FOR ANOTHER MATCH IF CURRENT MVFRLAY IS NOT I
IF (NW ,EC 1) 250,210
12 z I * 2
DO 220 J a 12,14,2
IF (NN ,ED ISPECL(J)) 215,220
I * J
GO TO 120
CONTINUE

RETURN TO CALLING ROUTINE TO 3UILD SPECIAL PROMRAM RECORDS
Ll ; I
RETURN
END

LBSRCH 1 1/02/70

PROGRAM LENGTH
ENTRY PCINTS LB3RCH
BLOCK NAMES

SYSTEMZ
EXTERNAL SYMWWLS

THEND,
0800ICT,
PRCNTL
MVERLAY
SEGMENT
STH,
QNSINGL,

00?31 SYMBOLS

00370
00113

IDENT

77

77 r

00240476 -
00240478 M'
00240480
00240490
00240500
00240510
00240520
00240530
00240540
00240550
00240560
o0240570
00240580
00240590
00240600
00240610
00240620
00240630
00240640
00240650
00240660
00240670
o0240680
00240690
00240700
00240710
00240720
00240730
00240740
00240750
00240760
00240770
00240780
00240790
00240800
o0240810
00240820
00240830
00240840
00240850
00240860
00240870
00240880

ED 0

LBSRCW

00a1 75
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C
C,,,I 
C
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SUBRMUTINF FINI
BANK,(FINI ), /SYSTEMZ/o/SECT1LMG/s/VOCABY9L/

F I N I R C U T I M E
THIS ROUTINE PRODUCES T4E FINAL PROTAPF REr!RD FMR A
PART PROGRAM

COMMON AREA FOR CDC APT 3 SECTIMN 0

COMMSN /SYSTEMZ/ SYSTEM(4)K1APTCN,
A KAtfo. KFLAGS(10).,KO, Kit,
B K(4, K(5' K(6, ~
c IFILLIP IF!L20 !F1403 !FIILL4,
tb KFLAGO. KFLAG1, KFLAG2# 1(F4,AG3'
e IFILL'S. IWAVEN', TPTNLY0 NJ5POST'
F !cLPR'r. INfEXXs IPLOTRD !0FILLIF
13 LOCJPi, LOCBFEGI KSE'Z!N# NCLRFC,
H IF!LLgo IFILiL9, IFILLio, iPOSTP(
I TAPETIS(i),CANTAP , CI.TAPE, POCTAP,
.J L!RTAP# CR1DT A P9 IFILLii. CORTAP,
K CLCNVTAP, TAPES4s FORTINs WNAPF.
L LSTFLI~. NUNITSs KONVTCL, KINYRUF
M PI# P102i DGYRTn, RDTDG,
N ExTRAO(20)
EQUIVALENCE (PROTAP, TAPETB)

C,,, CSMMSN ARFA FOR CDC APT 3 SECTIMN 1
C

(11,

; TS

KAPTTR'.
K2;
1(8.
K FL A,~
KFCAM4 .

1 FT L L 6.

, NUMP9T'I
PLMTiP'I
TAPE~11'I
I(I TAP
MN ClIP

KAPTI
K 3,
K 9's

K AUVT 
KDYNF
KPOC14
I pmS 
SRFTA
NU CLT'
PUNTA

IP..
rG.s
4ET,
TFL(
AP.

'Ps

COMMON /SFCTiLGG/ ITAS1, iTA82, !TABS,
A !TAB4'1 ITAS5I ISNAM, jTAB6I1 ITABi2'0 !TA913s
a JENDPTPP'. JENDCAN, JENDSTOR, JSTRTCAN, JFNDSYM.
c %JCANTEMP, hJRPTAB, JLPTABo MAXNSTt
0 J!NWD. JCWAR, !WDE-RR. jBVFLe NUPERP'. NUPUN,
B; JSTYPE.# JVARS2', SCHERRs NMACV, MAlRA!N25)',
F, ?NOXPf's IPTp, !XPT', DSOE' EOCFCG. LPNDFL,
13 TR'4rLa. INTRUPT, JUMPFLI TCDE;R, DERUS's
H MACm8DEm NESTFLO NRESULT1 tPTL!M, JEWEOI
I KTVPF, MACTYP,
hJ IPARtFRR, FINISs ISi.Go MACDEL, JSUBP.R'p NUMSERR,
K DEFStM(85), DEFTAR(1000), surcoat),.
L XMAT4f16),XMAT3(16)JYMAT2(16),M~c lMAXil
H ISTDMMPE-o ISTDLIT, ISTDTBL, tSTDTNDX'. ISTD*YPE' ISTDWD,
N JPTINT,, KPTCODE, KPTNAME, 1(PTTYPE, KPTNIJMH. KPTINDX,
B KPTSLR', KOMFLG' K(5MPOP's PNOSURSs 1ANFUG, KRVSYS',
p KANRIEC. KANCNT, INAMER. 1ANSURFs KANINtJW,
tQ jPRELF, NEWCARD, JGOR!To .JUMStlDs NUMCREM's
R IRECiWY. IRECNOR JTLPOSs JT1TLE(9~,LSREfrN.
S NNSOEFXo NNODEFI. NID.JM, iSLASH, !EfMUWL' IBLANK,
T IDUMMYV. N10000', N7777, MASKU, MASKI2, IDly,.
U MACREI, MACLOCD MAC3EGN, MACLAST, MAL!VFLj
V MACNAMi(3), MAC!NDX(3)o NMV, JRESTOR* MACPSw03'25),
H JTEMPI I' JTEMP2 . JTE4~P3, JTEMP4., JTFMPS', JTEMP6,
X JTEMP7. JTEMP8s JTE,4P9'0 EXTRAI(2fl)

EQUIVALENCE CDEFANS(1)sIDEFSTSC4hflEFSTSo(4ndi[STYPE. KTYPF),

15450000
15450005
15450010
15450020
15450030
15450040
15450050
15450060

*** 15450070
15450080
15450090
15450100
15450110
15450120
15450130
154S0140
15450150

i8) , 15450160
15450170
15450180
15450190
15450200
1545021o
15450220
15450230

ls** 15450240
15450250
15450260
15450270

*** 15450280
15450290
15450300
15450310
15450320
15450330
15450340
15450350
15450360
15450370
15450380
15450390
15450400
15450410
15450420
15450430
15450440
15450450
15450460
15450470
15450480
15450490
15450500
15450510
15450520
15450530
15450540

C* * *
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I CPTNUMs KPT!NUM)
DIMENSION IDEFSTMC85), DEFANS(26). IDEFTABI100f,) 

1 ILPtAq(200), IRPTAB(200). ITNTAB(200)o JPRMTPC¶0n)#
2 IRFCSV(2d0)s MACVAR(25)o MACNMRRC25)' !NWMRRM~i0o, IBUU
3 PIStRj6)`s IPtSTO(6), IDREC(4)
EQUIVALENCE (INWMRD(14), IBUjUPC1,6, ILP!ABi99018 IRPTAB(790

I !TNtAB(590), P!STOC390Ob IPISTMC390). !DREC(384)'.
2 JPRM*0(380), IRECSVC280). M4ACVAR(75)o MACNOR9R501,
3 IDFVA8(1000), DEFTAB(1000~)

COMMON /VBCASTBL/ KOM(100)

COMMON /2/ JTABNUM,JTABL(i0o)
C****** ****** ****** ***S..

COMMWW/CRSSSEC/
1 ABC ,D'IDSENDXMAT9(16)#
2 ARRAY (254).
3 XG YC;.CoUXtUY#UZ#Ro
4 SCALE,
5 DCOSCYL(9ht
6 Hec9)
7 XSi400),YSi400).
8 X(0o3)oYv103l .
9 MAJSRMtNeNRPHI ,CXCY,RADIUS, iSET,
D CXYZ1u6s.EXYZ(16) EH(I6)s
E IOKTEST.
F TLI

CLOMPSIP#KR(200),ISNCE
LSTFLG * 0

Col. IS AN IMPLICIT CHECK SURrACE WENDING
IF (IRECSV3 11,15

11 CALL ERRMSG (650)
IRECSVC±2 * 0

15 JGORIT s n
JPROTP(2) * i4000
JPRELEN v 2
CALL RITAPE

Cts MSVE SRFTAP TS END
IF CLSRECN jnTs 0) 16,1B

16 LSRECN * LSRECN * 1
CALL SEARCH iSRFTAPLSRECNlOFL3)

18 CALL TAPFMP iSRFTAP#2,ISFLG)
Cos, WRITE END SF FILE ON PR3TAP AND REWIND

CALL TAPEMP (PReTAP# 2, I8F')
CALL TAPERP (PROTAP 1. IGF.G)
CALL BUFFTP iCANTAP,3)

Cost CHECK HERE FSR MORE PART PRSGRAMS
READ (INTAPE$50)'SYSTEM(l)
IF (EF ,INTAPE) 19.20

Cost SET LAST PART PROGRAM F.AG
19 LSTFLG 4 i
20 BACKSPACE INTAPE

Cs.. 17 TiME INTERRUPT OCCURRED WE WANT CLPRNT MF THE PROTAP
IF (KINTRUPT EQ. 1) 25,30

25 KINTRuPT . IWAVEN a 0
30 CALL ISW;PE

15450550
15450560
15450570

P121, 1,5450580
15450590
15450600
15450610
15450620
15450630
15450640
15450650
15450660
15450670

*.*.** 15450680

15450690
15450700
15450710
15450720
15450730
15450740
15450750
15450760
15450770
15450780
15450790
15450800
15450810
15450820
15450830
15450840
15450850
15450870
15450890
15450890
15450900
15450910
15450920
15450930
15450940
15450950
15450960
15450971

C

C

J
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CALL PRCNTL
50 FORMAT (AS)

RETURN
END

FINI

PROGRAM LENGTH
ENTRY POINTS FINI
BLOCK NAMES

SYSTEM2
SECTILRG
VeCABTRL
2
CROSSEC

EXTERNAL SYMOOLn
THEND,
080DICT,
FRRMSG
RITAPE
SEARCH
TAPEOP
PUFFTP
I SHOPE
PRCNTL
0801FEOF
ASP,
TSH,
QNSINGL,

00445 SYM9SL%

15450972
15450980
15450990
15451000

IDENT FINI

1 1/02/70

00122
00006

00175
02642
00144
00145
03037

E D 0
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SURRMUTINE ISHOPE
COMMON /TTMETEST/

II. I

KSET!MEI, KSET!ME2'. KSFTIMF, KSETA

COMMON AREA FOR CDC APT 3 SECTION n

COMMMN /SySTFMZ/
1 KAPT1rj. IFLAGS(~
2 K(4, ('
3 IFILLis IFILL2#
4 KFLAOD.s KFLAG1,

IF!ILL5 i IWAVFN,
6 lC4PRT,# INDEXXo
7 LoCJPT s LOCBEGD
#3 IFILL8o. IFILL9'o
9 TAPErR(i),CANTAP,
5 L19?AP,. CROTAP,
$ TAPES3' TAPES4's
$ LSTFLGs LTVFLG#
$ PI, PIM2#
S EXTRAo(20)
EQUIVAL.ENCE (PROITAP,

SYSTEM(4),XAPTCN, KAPTYR'.
10)#KOP Ku1 2'

K61 K7, Ka"
IFII.L3, !FILL4,
KFLA02, kF~LAG3s KFLAn~4.
IPTNLY, NOPeST# ~fiL.L6'.
IPLOTRs TFILL7, NOPLMT'.
KSEC!N, NCI.RECo Lormic'.
IFILLMfl jPOSTPil).NUMPST'.
CLTAPE, POCTAPS PLtATi P.
IFILL11, CORYAP, TAPE~tf.
FORTIN, INTAPE, IGU1TWP.
KONVTCL, kiNTRUPT.
DGTRD# RDTDO, SINF,

KAPT I
K 3,
K 9 ,

KAUTM
KDYNF
KPMCK
I PoisT
SRFTA
TAPES
PUNT A

ODR

DPa
7G's
(ET,
rFL0

;2e
iP D

TAPE73)
*

I I . CoMMON AREA FOR CDC APT 3 SECTION I

COMMON /SECTiLMG/ !TABI, jTAB29 ITARN9,
1 ITA84' ITA85, ISNAM, iYASiI, !YB" . ITAB;, IO3,
2 JENDPTPP', JENDCAN, JENDSTMR, jSTRTCAN .JENDfSYM'.
3 .JCANTEMP', JRPTAB, ~JLPTABA MAXNST .
4 ,imnW', JCWARI !WDERR s JBUFL, NUPERP'. NUPUN,

JSTVPE ,JVARS2l SCHERR, NMACV, MACAgNi25).,
6 INOXPT, IP!P, !XPT, MODE' EOtMFiG'. LPNDtL,
7 TRMFLG, INYRUPT, JUMPF'L, iCDE;RR DEPUO.
8 MACMMDEI NESTFLs NRESULT, IPTLIM, JEWErs
9 '(TYPE. MACTYPI
S TPARtFRR'. FINIS, !OFLG, MACDEL, JSUBPR'. NUMBERR.
w DE!S'fM(85)0 DEFTAB(l000), ZSURO30'.
$ XMAt4ii6~ ',XMAT3(16) ,XMAT2(16) ,XMAT¶(16l',TMATY~{6)'
s !STDMcODE, ISTDLIT, ISTOTBL, ISTDINDX. ISTD+YPE. ISTDWD,

S JPT~ fl, K P YCODE, KPTNAME, K T Y E P N I . K T N X
S KPTSU~. KOMFLG# KOMPOPs NOSuRs, KANF G'. KRFSYS,
S '(ANRFCj KANCNT, INAME, KANSUPF', WANINDY,
$ JPRELFN, NEWCARD, JGORIT# NL)MSTID# NUMCgEM~
S lRFCiX. IRECNO', JTLPMSP lT!TLE(9),LSRECN',
$ NNTDEFX, NNMDEFI, NIDU.M, ISLASH# IEfMUAL' IBLANKs
T IDUMMY1 N10000s N7777, MASKU, MARKL,' TIDV's
U MACREL, MACLOC# MACBEGN, MAC4AST9 MACLFVFL,
V M4ACNAME(S)o MACJNDX(3)t NMV. iRESTOR, MAMPSH(3,25),.
W JTFMPI', JTFMP2, JTEMP3, JTEMP4, JTFMP5. JTEMP6#
X JTeMP7. JTFMPBl JTEMP9,0 EXTRAI(2n)
EQUIVALENCE (DFN~)IESO4,rE~o4)(SYE KTYPE-),

1 (PTNUM, KPTNUM)
DIMENSION !DEFSTM(85), DEFANS(26). IDEFTAB(no0~)
1 ILPTAR(200), IRPTAR(200)', ITNTAB(2oci)o JPRM!TP(l0n)s

ISW
'SW
!SW

!SW

ISH
ISH

!SW
ISH

I SW

!SW
'SW

ISH
!SW
?SW
! SH

'SW
ISH

ISW

'SW

ISW
?SW

ISH

ISH

ISW
1SH

ISH

'SW

15W

'SW

ISH
15w
ISW

'SW

C
Cl
C
C

C
C
C
C
C

I10
2 0

5 0
6 0
7 o

00
110

120

1350
j4o

i8
190
00

22 0
23 0
24 0
250
26 0
2 70
28 0
29 0

31 0
32 0

35 0
36 0
37 0

39 
40 0

45 Q
46 0

471
472
4 73

48 0

490o
5 0 

0 * * * * *

,,
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2 IRECSVf200)1, MACVAR(25)t MAC40RC25) INWARn1t0). IRUUP(2s, ISW 520
a PISTMS6), IPISTO(6), IDREC(41 ISH 530
EQUIVALENCE (INWMRD(14), IBUUPCI6h. ILPTABf990,1 IRPTAB(790), ISH 540
l ITNTAR(590), PISTO(390), IP1STsc39na. ynREett84, ISH 550
2 JPROTPt38O), IRECSV(280), MAVAR(75), MACNOR(50), ISH 560
a IDFFTA8(i000), DEFTAB(1O0o)) ISH 570

1SW S80
COMMON/VSCABTBL/ KSM(li00) ISH 590

C ISw 600
COMMON /2/ JTABNUM#JTABL(12120) ISH 6,0

C *e*a*s* **** jSH 620
COMMON/CROSSEC/ IsW 630

l ABCDWIDSEND&XMAT9(16), ISH 640
2 ARRAy t254bo ISW 650
s XC,YC;7C,UX.UYUZ.R. ISW 660
4 SCALE. ISH 670
5 DCMSCYLt9); Ism 680
6 Wut9g, ISH 690
7 xSe400Q),YS(40o) ?SW 700
8 YCloS.vC3,ISW 710
9 MAJOR'MTNeRPH!ICX.CYRADIUSDISt ISH 720
S CXYZtj6).EXYZ(i6),EHtj6), ISH 730
s leKTES*'- 19W 740
S TL, ISH 750
S lLOPIP,(KR(200bIeNCE 1SW 760

EQUIVALENCEfINCHBPE',IFILLS) 1SW 770
EOUIVALENCE(PLOTPLNOIFILL9) ISW 780
DIMENSijN INCAR(9) ISW 790
DATA(INCA^P5WHBPEl5HHBPE2,5HHOPE3.5WHOPE4.5WHMPF5.5WHBPE6. ISW 800

15HHePE7' 5WHPE8, SHHSPE9) ISH 8lo
INTEGER PLOTPLNO ISW 820

C ISH 830
C ISW 840
C THF PURPOSE MF THIS SURROUTINE ISH 850
C IS TO SEARCH SUT AND SFOUENTIALLY IDENTIFY $#HMPF*9 PLANES ISW 860
C IN THE DEFINFD SYMBSL TABLE, UP TM TEN X*WOPEO$ Pi ANES ARE ISW 870
C POSSIBLE 1N ANY MNF RUN, ISw 880
C ISH 890
C IF HOPE PLANE NUMBERING IS USED T4ERE SHOULD BD ISH 900
C N@ MISSING NUMBERS IN THE INTERVAL CHSSEN, ISW 9.0
G I IpEo Ir THERE ARE FIVE PLANES LET THE NAMES BE 1SW 920
C WOPEiHOPF2#WePE3,HOPE4HHOPEN 15U 930
G OR ISH 940
C W0PElHPE2jH8PE3#,WPE4,HOPE ISW 950
C ISW 960
C ISH 970
C THIS SUBRmUTINE IS CALLED INITIALLY FROM OOFINIO, 1SW 980
C ANn LATER 9Y $$CYLINDER$ AT THE END SF SEGMENT i4oP 1SW 990
C OR BY $$DISCRETE$$ AT THE END OF SEGMENT ln3, ISH1000
C ISH1010
C THE INFORMATION RESULTING FROM ITS SEARCH IS TRANSMITTED TM ISWI020
C CRMSEC BY MEANS OF THREE FLAGS, 00iNCgF **PL8ePiNOX#, AND ISWM030
C 0XINCHMPE04, ISW3,040
rC ISW3050
C eIBNCEO; FLAG USED TO INDICATE A SINGLE HOPE PLANE ISW3,60
C OR THE LAST HOPE PLANE OF CURRENT SERIES, ISH1o7o
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C ISH1080
C 00PLOTPLN00', THE JTABL LOCATION 9F CURRENT MGPE P;ANE ISHln90O
C ISW1100
C 0XINCHOPE90, THE SERIAL NUM8ER OF CURRENT WGPE PLANE; ISH1llo
C THEREBY KEEPING COUNT MF THE NU41:R SF WOPF PLANFS PROCESSED ISW1120
C ISW1130
C A TOP OF FORM ACTION TM SEPARATE :ROSEC SUTPUT FRSM FARLIER ISW1140
C APT OUTPUT. ISW150
c ISW1160

PRINT 200 ISWU170
C ISWli8O
C DEFINED SYMBSL TABLE BEGINS AT ITA811 AND FNDS AT TTAB12 ISH119o
C ITS TSTAL LENGTH IS THEREFORE (ITARj2.iTABil)*i ISH1200
C I SH1210

IF (INCHOPE ,EQ 1 110,170 ISW1220
110 CONTINUE ISW1230

C ISWI240
C $$ARRAY$$, IS USED IN THE PLSTS 1NITIALIZATIMN CALj., 1SW1250
C I SW1260

CALL PLOTS (ARRAY,254,10) ISW1270
IDSENDuitjABi2-ITA911 )1 I SW1280
DS 160 iU1,1DSEND,2 I5W1290
ISAVEFT 1S51300
PLOTPLNBEISAVE ISW1310
I'l-i ISW1320
ITRYvJTABL(ITABji+! 1SW1330

C ISW1340
c IF ONLY SNE HOPE PLANE BEING PROCESSED THF NAME CAN BE EITHER ISW1S50
C #XHOPEN#9 OR #H*PE0, !SW1360
C ISU1370

IF ((ITRYEQB5HHSPEN),R, (ITRYEO.4HHOPE)) 120 140 t1S4380
120 INCHMPEp4HONCE IS 1390
130 IFtLL7±0Si ISH1400

RETURN I SH1410
140 IF (ITRyEQ,SHHOPE1) 150,160 ISH1420
150 INCHSPEfj ISW1430

GO TO 1;O 1SW1440
160 ImISAVE ISH1450

PRINT 215 151W460
RETURN tSW1470

C ISW480
C IF MORE THAN SNE HOPE PLANE ISI1490
C ISW1500

170 CONTINUE ISH1l5O
INCHMPE.!NCHOPE*i IS41520
DO 190 JoilDSEND,2 I511530
JSAVE*J ISW1540
JmJni ISW1550
JTRY*JTABL(ITAB1i*J1 ISW1560
PLOTPLNeGJSAVE 154W570

C !1SH580
C TERMINATitN eF HOPE STRING SF PLANES ACCOMPLISHES RY USE 151590
C OF $XGWPEN9 OR *$WOPE* ISW1600
C ISW1610

IF (uJTRV7EQ,4HHSPE).OR,(JTRYEg.5WHOPEN)) 120;180 ISH1620
180 IF (JTRYE0,tNCAR(INCHOPE)) 130,190 .IS1630
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C

190 JgJSAVE
PRINT 22 0; INCHOPE
RETURN

200 FGRMAT CiWi)
210 FORMAT ix',*NO HMPE, HOPEI, OR HIPEN CARD FOUNns.
220 FORMAT jiX.*NNO HMPFOI5#* 04 HOPFq CARD FOHNno)

END

I SHOPE

PRGGRAM LENGTH
ENTRY POINTS ISHOPE
BLOCK NAMES

TTMETEST
SYSTEM!
SECTILOG
VGCABTBL
2
CR8SSEC

EXTERNAL SYM9SLS
THEND,
0800? CTS
PLOTS
STH,
ONSINGL,

00475 SYMBLS

0 0223
on"'l

IDENT ISHOPF

00004

02642
02114
275 31
03037

I SH1640
!SW1650
ISH1660
I S WI670
ISWI6~0
ISH1690
I SW1700
ISWI710.

1 1/02/70 E D 0
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SUgROUTiNg MM tXP#YP#ZP#XRo YRZRXMAT9) MM 10
C MM 20
C THIS SUeRmUTINE PERFORMS THE CMPJTATIONS MM 30
C NECESSARY TO CONVERT A SET MM 40
G OF COORDINATES IN THE MAJOR SYSTE4 CXiYZ) MM 50
C INTO A SET OF COORDINATES IN THE doPE SYSTPM (XY,,Y*7x) , MM 60
c MM 70

C THIS SUaRmUTINE IS STORED IN MAIN RECAUSE MM 90
C IT IS CALLED FROM MORE THAN ONE SEGMENT. MM 100
C MM 110
C IT IS CALLED BY PROGRAM CROSEC AND MM 120
G SUBROUTINE DLINE IN SEGMENT 101. MM 130
C ALSO YY PROGRAM CYLINDER AND SU3R3UTINE HePARCYL IN SEGMENT 102, MM 140
C MM 150
C tXRUYR.ZR) IS THE MAJOR SYSTEM POINT MM 160
C MM 170
C tXP#YP.ZP) IS THE COMPUTED HOPE SYSTEM POINT MM 1o8
C MM 190
C THE XMAT9 ARRAY HOLDS THE CONSTANTS NECESSARY FOR THIS CONVERSION MM 200
C MM 210

DIMENSION XMAT9(e) MM 220
XPsXR*XMAT9tl)*YR*XMAT9(2 *ZR*XMAT9(3)*XMA!9(4) MM 230
YPuXR*XMAT9t5)*YR*XMAT9(6)*ZR*XMAT9(7? xMAT9(8t MM 240
ZPsXR*XMAT9C9?*YR*XMAT9(1o)*ZR*XMAT9Cti)*X.AXt9(?) MM 250
RETURN mM 260
END MM 270-

MM ii/02/70 ED 0

IDENT MM
PROGRAM LENGTH 00177
ENTRY POINTS MM 00003
EXTEQNAL SYMROLS

00U60 SYM9OLs
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PROGRAM CROSEC
CoMMeN /TIMETEST/ KSFTIMF1. WSFTIMF2, KSETIME, KSFTA

COMMON AREA F0R CDC APT 3 SECTION 0

rOMMEN /SYSTEMZ/
I KAPTID, KFLAGS(1.
2 K(4, K5,
3 TFILLI, IFILL2,
4 KFLAGO, 1(FLAGJ,
5 IFILL~s TWAVeN,
6 ICLPRT, INDEXX,
7 LSCJPTO LOCBEGo
8 IFILLB, IFILL9#
9 YAPETB(1),CANTAP,
s LISTAP, CRflTAPp
S TAPES3o TAPES4,
s LSTFLG, L.TVFLG#
s RI. P102t
s EXTRA01120)
FOUIVALENCE (PROTAF,

SYSTFM(4)oWAPTCN,
o ) * K i,

1(6v
I VILL3o
1(FLAG2s
IPTNLY#
I P LSTR R
K(SFCIN#
IF ILLIn #
C L.T ARE
IFILLi,
FORPTINt
'(5N IV TCL.a
DGT Rns

xi ,
1(7,
IFILL4,
1(FLAG3,
IN8PeST.
IF ILL7,
KCLREC,
IPOSTP(1),
P SCTAPR
CSR T A P
IN TA F'E.
KI1NTRUPT,
RDTDGp

KAPTTR.
K2#
K8,

KFLAG4,
JrILL6,
NOPLOT,
LOCMAC,
,NUMPST,
PLOTAP.
TAPES1t
I S U T P ,

0NE .

KAPT I
9(3,
Kg9,

K AU!TO
1(DYNF
KPm~CK

SRFTA
TAPES
PU NT A

TAPETB5

,,. COMMON AREA FOR CDC APT 3 SECTION 1

CPS
CRS
CIRS

CPS

KETo CPS

52 CR5
kl CPS

CR5
C R5

cps
CRA5

9r8mmeN /Sfc;;LtG ITA~li ITA82. ITA P3D
I ITAB4, ITAB5, ISNAM, ITA81S., ITAB12# ITABI3*
2 ~JENDPTPP* JENDCAN, jENDSTOR, .jSTRICANs JENDSYM,
3 ,.-CANTEMP, .JRPTAB, J4PTAB, MAXNST.
4 hINWD, JCHAR, IWfERRI ~JBUFLt NUPERP, NUPUN,
5 ,~STYPE, JVARS2, SCHERR, KMACV, MACASN(25)t
6 IKDXPI, JPTP, IXPT, t'SnE, FOCFLG, LPNDFL#
7 YRMFLGP INTRUP!, JUMPVL, ICDERR, DERUG.
8 PACM8IJE, NESTFL, NRF7StJLT, IPTLIM, ,JEXEC,
9 type, MACTYP,
s IFARTERRP FINIS, IOFLt, P'ArDEL. JSUJBER. NUMBFRP,
s CEFSTOc85), DEFTAB(1000)o ZSUjR(3n),
$ Xi.AT4(16) ,XMAT3(16$,XMAT2(16),YMATI1(6),TMATX(¶6)a
s ISTDMODE, ISTDLIT, ISTDTBLt ISTDINnX# ISTDTYPE, ISTDwD#
5 4jPTIND, 1(PTCODE, K(PTNAME, KPTTYPE, KPTNOM, KP'I'NDX#
s K(PTSUj, K(SMFLG, K(MPRPP, KOSURS. KANFLO, KPFSYS#
$ KANREC, KANCNT, INAME, x(ANSURF* KANINDX,
$ ~JPRELEN, NEWCARro JGMRRT, KUMSTIn), NUMCSFG#
$ IRECIX# IRECNOO JTLPMS# ITITLE(9)#LSPECNP
s kNSDEFX, NNMDEFIs NIDUMP ISLASH. IEOUAL, IBLANK,
T IcUMMYr N1OQOO, N7777, MASKLJ, MASKLP Inly,
U P~ACRELs MACLOCI MACBFGN, I'ACLAST, MACLFVEL,
V P'ACNAME(3)t MACIrKDX(35)p "MV, JRFSTOPs MACPSH(3t25)p
w ~jTEMPI, .JTEMP2# JTFMP3s JTFMP4, JTEMPS, JTEMP6o
X ,oTEMP7, ijTEMI0r~, JTFMP9, EXTRAI(20)
FOUIVALENCE (DFFANS(l) , IfEPS!G(4) ,EEFSTO(4) ),(LSTYPE, 1(TYPE)s
1 (FTNUM, KPTNUM)

rIMENSION IDEFSTOS85), DEFANS(26)o IDErTAB(IODD)
I ILPTAB(200)- IRPTARC20n0h IINITAH(200), JPROTP(ion)s

* * *CRs
CPS
CR5
CrS
CRS
CRS
CRS
CPS
CR5
CRS
CRs
CRS
CRS
CPS
CRS 410
CRS 420
CR5 430
CRS 440
CRS 450
CRS 460
CRS 470
CRS 471
CRS 472
CR5 47 
CR5 474
CRS
CRS
CRS
CR5
cps

C
C
C
C

C
C
C
C
C

I10
2 0
3 0
4 0
SO0
6 0
7 0

9 0
90a

i10o

¶2o
¶30
i~0
¶5o

190
P00
2¶fl
22 0
230

26 0

270

290a

3360
3 4 o

39 0
40 0

475
48o
49o

5o0n
5 I 
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2 IRECSV(200)p MACVAP(251i MArNIR(25), INWORD(i0), IPULJP
3 PISTO(6), IPISTO(6), IrREC(4)
FQUIVALENCE (INWORDCI41, IRUlIP(le), ILPTAB(990)t IRPTAP(790)

1 ITNTA$(590)o PISTG(390 )t IPISTE(39o), !DREC(384),
2 ~JPROTP(380 ), IRECSV(28n)- MACVAR(75)p MACNOR(5o~s
3 IVEFTARCIooo), DEFTARCiono))

C
rOmMMN/V@CABT8L/ KOM(1100)

C
COMMtCN /2/ JTARNUM#JTARL(12120)

c ******

COM~'ON/CROSSEr/
A,F~,C#DIDSENDpXMAT9C16)s
ARRAY (254),
XC#.Y CZ CPU X, UYoi Zo 

SCALE,
DCeSCYL(9)t
HO( C )I

YS(400)PYS(400 )t
X(103) ,Yt103).

MJRMINOR ,PHI, CX CY, RAnIUS, ISETi
CXYZ( 16 )oEXY7( 16) ,EH 16)#
IOKTESTv

ILeOPsIP,KRC200)IolNCF
EQUIVALENCEC INCHOPE, IFILLP)
EGUIVALENCE(PLOTPLNO, IFILI.91
DATA (IONEPART=BWH

*

*

*

*

C 0 M M P N1 T

a *

S

*

*

*

*

*

*

)(2) CRS 520
CRS 530
CPR 540
CRS 550
CRS 560
CRS 570
CRS 580
CRs 590
CR5 600
CRS 610

**** CRS 620
CRS 630
CRS 640
CRS 650
CRS 660
CR5 670
CRS 680
CRS 690
CRS 700
CRPS 1n
CRS 720
CR5 730
CRS 740
CR5 750
CRS 760
CRS 770
CR5 780
Cr5 790
CRS 800
CR5 810

* CRS 820
* CR5 830
* CRS 840
* RS 85 0

CRS 860
CROSEC (MOD 1) PROVIrES A MEANS MF EXTENnING THE USE OF THE PLANE
SURFACES(GEFINED BY THE PART PPOrRAMMER IN THE PART PROGRAM) BY
PROVIDING A PLOTTING CAPABILITY IN WHICH THE LINES OF
INTERSECTION, WITHIN SPECIFIED LIMITS, BETWEEN A CROSS-SECTIONAL
PLANE AND ALL OTHER rEFINE" PLANFS CAN BE SHMWN,

THE CROSS SECTIONAL FLANE FOR THF PLOT AND ITS DIMENSIONAL LIMITS
ARE C6NTROLLED BY MEANS OF ON'E PLANE DEFINITION (NAMED $HOPEP*)
AND TWO POINT DEFINITIONS (NAMED XOHOXYMINOX AND 9HMXYMAXA*)
ADDED To THE PART PREGRAM,

THE PLOT IS SUPPLEMENTED BY PRINTER PUTPuT THAT IDENTIFIES
A LINE OF INTERSECTISN BY nIVING
ITS SLOPE AND INTERSECTION
WITH RESPECT TM THE rOPE PLANE AXES,

rROSEC (MOD 2.0) PROVIDES CROSS SECTIONS THROUGH CYLINDERS,
WHIC' INCLUDES CIRCLES, ANn SPHERES,

THE PROGRAM IS WRITTEN IN THE FRAMEWORK 9F THE CDC 3800 APT 2.1
CONFIGURATION AND THREF SEGMFNTS HAVE BEEN ADDED IN SECTION 1,

CRS 870
CRS 880
CRS 890
CRS 900
CRS 910
CRS 920
CPS 930
CPS 940
CR5 950
CR5 960
CRS 970
CRS 980
CRS 990
CR510o0
CRS1010
CRS1020
CRS1030
CRS1040
CRs51o0
CRw5160
CRS1070

1
2
3
4
5
6
7
a
9
s
s

s

C
C
C
C
C
c
C
c
C
c
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

M.

r_ I



88

11/09/70

THE FIRST ONE, SEGMENT 101p PROCFSSES PLANE INTERSECTIONS,
FSSEKTIALLY IT PERFORMS THF WORK OF THE OLD CR0SEC (mnD 1.0)o
THE SECOND ONE, SEGMENT 102, PROCESSES CYLINDERS/CIRCLES
AND SPHERE INTERSECTIONS#
AND THE THIRD MNE, SEGMENT 103# PReCESSES THE DISCRETE PRINTS
FOR T*E INTERSECTIONS FROM SFGMEKIT 102.

rROSS SECTIONAL PROCESSING CMMMENCES FROM SUBROUTINE FIN! WHEN
eXIS HOPEOO IS CALLEt,

a * * * * * *

C THE PR0GRAM$0 CROSEC CONTRMLS SEGMENT 101
C
C rOMMENTS ON THOSE POFTIONS OF CRMSSEC COMMON
C PERTINENT TO SEGMENT 101,
C
C 9HOPFX IS THE NAME GIVEN TM THE PLANE OF THE CROSS SECTION
c
C NOTE-THE HOPE SYSTEM IS CALLED TLE PRIME SYSTEM. TWE TERMS ARE
C USED INTERCHANGARLY AND IS DENRTED BY THF SYMBMLO.
C THIS SYMBOL IS USUALLY USEn AS A SLFFIX, SUCH AS Xx
C
C
C A#B,C.D. ARE THE HOPF PLANF CONSTANTS
C PBTAINED FROM THE CANONICAL FORM
C
C ISENC IS THE LENGTH EF THE DEFINFD SYMBOL TABLE
C
C
C THE XMAT9 ARRAY WILL HOLD THE MATRIX OF COEFFICIENTS FOR
C COORrINATE CONVERSICN (TRANSLATION ANT/RR ROTATION)
C FROM THE MAJOR SYSTEP TO THE HMPF SYSTEM
C
C FROM THE EOUATIONS
C
C X0 a T11(X.X) * T21(Y-YO) * T31(ZOZo)
C
C YO P Tl2fX-X0) T22(Y-YO) * T32(Z.70)

C Z$ a T13(X.XO I T32(Y-YO) * T33(Z-ZO)

C WHERE-
C
C THE X$ AXIS HAS CIRECTION COSINESw Till T21# T31
C
C THE YO AXIS HAS tIRECTION COSINES. T12, T22, T32

C TOE ZO AXIS HAS rIRECTION COSINES. T13, T23, T33
C
C THE PRIME SYSTEM ORIGIN IS AT tXn,YOZO)
C
C IT IS FORMED AS FOLLEWS-
C

C
C
C
C
C
C
C
C
C
C
C
c
C

CRS1080
CR S 1.9 0
CR91100
CR51110
CR51120
CR91300
CR91140
CR91150
CR51160
CR5 1170
cRs1iso
CR91190
CR91200
CR91210
CR91220
CR51230
CRS1240
CR91250
CRS1260
CR51270
CRS1280
CRSI290
CR51300
CR51310
CR91320
CR51330
CR91340
CRS1350
CR91360
CRSI370
CR91380
CRS1390
CR5 1400
CR91410
CR91420
CR51430
CRS1440
-CRS1450
CR51460
CR51470
CR51480
CR51490
CRS1500
CR51510
CR51520
CR51530
CR51540
CRS51 0
CR91560
cR91570
CR91560
CRS1590
CR91600
CR5161 0
CR91620
CR5163
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I

I

I
I
I

I

Tl1

T12

Tl3

a -(TileX0 

T21

T22

T23

T31

T32

T33

Cl.

C2

C3

I
I

I

I
I

T21*YO T31.Z01

C2 a-(Ti2*X0 ' T22*Ynl

C3 * -(T13sXO * T23*YMl

. 7 32*70)

T33*70)

THE KR ARRAY HOLDS TI-E (XOY01 INFORMATION OF ALL POINTS 0BTAINED
QN ONE COMPLEJE PASS THROUGH THE INNER LOOP COMMENCING AT
CARD, *XCRS6160#X.

OXIP$$ COUNTS THE NUPBER OF PAIRS

REAL KR

WINCE09 IS A FLAG THAT CONTROLS THE CALLING OF SUBROUTINE DLINF

0#SCALEXe HOLDS THE PLOT SCALE COSPlJTFD
FROM THE HOXYMIN AND HMXYMAX CARrS,

tIGOKTEST09, IS A FLAG USED TO TFST THE POINTS OF INTERSECTION,
FPECIFICALLYs IT RECEIVES THE OUTPLT OF FUNCTION ISITOK.

* * * * S * *

THE PROGRAMMING ACTIEN STARTS HERE

$$YES$$ AND $$NO*$ ARE THE TWO POSSIALE ANSWERS FOR
FUNCTION ISITOK,

INTEGER PLOTPLNO
YESzl
lo a 0O

*

*

DEFINING THE CANONICAL
X * COS ALPHA * y

WHERE THE COSINE TERPS

C * 
*

*

*

FORM OF THE PLANE AS
* CMS BETA * Z * COS GAMMA
ARE DIRECTIPN COSINES OF X.

*

S

*

*

- P
Y. AND Z

89

CR51640 2
CRSI660
CRSi1670
CR51680
CR51690
CR51700
CR51710
CRS1720
CR51730
CRS I74 0
cRs5175
CRSI760
CRQt77
CR51780
CR51790
CRsisoo
cR51810
CR51820
CR51830
CRSIA4O
CR51850
CR51860
CQSj 870
CR51880
CA 14j 9O0
CRSI900
cR51910
CR51920
CR51930
CR5 940
CR51950
CR51960
CR51970
crisis
CRSj99
CRS2o00
CRS2 010
CR52 020
(R52030
CRS2040
CRS2050
CR52060
CR52070
CR52 080
CR92090
CR52100
CRS2110
CR52120
CR5230
CRS2t40
CR52150
C'R92t6O
CR92100
CR 52i1.SO
CR 52 190

WHERE-
C1

C
C

c
c
C
C
C
C
c
c
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C

C
C
C
C
C
C
C
C

C
C
C
C
C
C
C

cc

*

*

C
C
C
C
C
C
C
C
C

c
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PESPECTFULLY.
THE CANONICAL
THE REFERENCE

ORCOSAX
ORCOSB9
ORCSSGX
OR HOPE

*

a

FORM OF THE 9HiMPF PLANiE IS CALLED AND STORED IN
ARRAY, WHERE
CONTAINS COSINF ALPHA
CONTAINS COSINE BETA
CONTAINS COSINF GAMMA .AND
PO CONTAINS THF XPO GR Cr)NSTANT VALUE

*

*

*

*

a
a

*

*

99KANSURFOX IS DESIGNEn TO HMLn POINTERS TM CANONICAL FORMS,
PN CARD 9$CRS2340$9 IT IS HOLDING THE POINTER
TO TRE $$HMPEss PLANE CANONICAL FORM.

IANS0RFuJTABL(ITAB1l*PLeTPLN0)
IHONAMEUJTABL(ITAB±1*PLOTPLNR.1)

THE $CANGETX$ SUBROlTINE FETCHES THE CANONICAL FORM POINTED TO
PY 9XKANSURFX9 AND STORES ITS FLFMENTS IN THE OODETSTO90 ARRAY.

GALL CANGET
RCOSAsDEFS'O(4)
RCOSE3DEFSTO(5)
RCOSG:DEFSTO(6)
RHOPEPgDEFSTO (7)

USING THE SHORTHAND SYMBOLS FOR THE PLANE CONSTANTS-A,PoC,D

APRCESA
P.RCESG
ruRCRSG
r;RHCPEP
PRINT 370p IHONAMEA#B#CsD

SUBROLTINE TESTHOPE FILLS IN THE $OXMAT9*0 ARRAY

CALL TESTHOPE

ANOTRER TOP-OF-FORM

PRINT 360
* * C MM F N T 

SINCE THE COSINE OF THF ANGLE BETWEEN TWA] PLANES IS FQUAL TO THE
SUM EF THE PRODUCTS EF CORRESPMNnIKG DIRECTION COSINES# THIS FACT
IS TAKEN ADVANTAGE OF 9Y CmMPUTING THE ANGLE BETWEEN EACH DEFINED
PLANE AND THE REFERENCE PLANE, SPECIAL ATTENTION IS CALLED TO
THOSE PLANES TWAT ARE EITHFR PARALLEL SR PERPENDICULAR
TO T6E REFERENCE PLANE,

PRINT 380,lHoNAME
rlO 120 ~JulaIDSEND,2
ImITABI1'4u1

*

*

a
*

*

a
*

CR52200
CR52210
rCRS2220
CR52230
CR52240
CR52250
CR52P60
CR52270
CRS2280
CR52290
CR52300
CRS2310
CR52320
CR52330
CR52340
CR52350
CRS2360
CR52370
CR52380
CR52390
CRS2400
CRS2410
CR52420
CR52430
CR52440
CR52450
CR52460
CR52470
CR52480
CR52490
CRS2500
CR52510
CR52520
CRS2530
CR52540
CRS2S5o
CR52560
CR52570
CR52580
CR52590
CR52600
CR S26 10
C!RS2620
CR52630
CR52640
CR52650
CR52A60
CR52670
CR52680
CR52690
CR52700
CR52710
CR52720
CR52730
CR52740
CR52750

C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C

C

C

C
C
r

C
C
c

C
C
C
C
C
C
C
C
C
C

C
C
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C A MORE DETAILED EXAMINATION 9F THE SECOND WORD IN THE DST PAIRS CR52760
C IS NEEDED TO AVOID PICKING UP ITEMS TWAT ARE N0T PLANES, CRS2770
C WIOKNE$ PICKS UP THE FIRST WORD OF THE PAIR CRS2780
C #$lTW~GX PICKS UP THE SECOND WORD QF THE PAIR CR52790
C CR52800

CRS2AiO
IONEPTABLCI) CRS2820
ITWOFwTABL(1411 CR52830
!ONEPARTuIONE.AND,77777777l0000000R CR52840
fXa( INE,AND.77000a00000Q000B) CRS2850

C CRS2860
C RYPASS OCCURS IF THE NAME CONTAINS AN$XO OR THE WeRDO*HOPE00. CR52870
C CRS2880

IF ((IONEPARTEQ,8HHEPFOOOMeRUIXEQ.8HX00OODCC)1 120.S0 CGR2890
10 rONTINUE CRS2900

C CRS2910
C IF A NAME IS UNDEFINED THE SFCONQ WORD CONTAINS THE RCD WORD CR52920
C *#NeCEFX Sgs, CRS2930
C CRC2940
C IF A NAME IS INCORRECTLY OFFINED CRS2950
C THE SECOND WORD CONTAINS TWE BCD WeRD OgNeDEFI SO$, CR52960
C THIS TEST PREVFNTS OPERATING ON THESF SITUATIONS. CRS2970
C CRs2980

IF (ITWe,EQNNODEFXCR, ITWn,FQ.NNerEFI) 120.20 CRS2990
C CRS3000
C OXISTOWDXOIS SET EQUAL TO THE SECOND WORD BECAUSE CR53010
C IT IS NOW ASSUMMED Tt BE A STANDARD WORD BY APT DEFINITIONS, CRS3020
c CR53030

20 ISTDWD;ITWO CRS3040
C CR53050
C SUBRO1TINI STDUNPK IS CAL4FD UPON TO UNPACK THE STANDARD WORD CRS3060
C CRS3070

lSTDWPDE;O CRS3080
TSTDTEL*O CR53090
ISTDINDXXO CRS3100
!STDTYPERO CRS3110
rALL. STDUNPK CRS3120

C CRS3130
C *$ISTVTBL#* RECEIVES BYTA AND A 9$4$0 REPRESENTS A CANONICAL FORM CRS3140
C CR33150

IF CISTOTOL.EQ,4) 30,120 CRS3160
C CR53170
C IT IS NOW SAFE TO PRECEED ANn EXAMINE THE CANONICAL FORM ITSELF CR53180
C CR53190

30 KANSLRF*ITWO CR53200
CALL CANGET CRS3210

C CR53220
C fxISAM$# PICKS UP THE 4 RIGHTMOST BITS CRS3230
C PF TRE FIRST CANONICAL WORD CR53231
C CRS3240

ISAM*(DEFSTO(l),AND.7777B) CRS3250
C CRS3260
C IF $XISAM$X IS EQUAL TO A *s3$* THEN IT IS A PLANE CANONICAL FORM CR53270
C CRS3280

IF ((ISAM.EQ.2).OR.(ISAME0,3 ) 40,120 CR53290
C CRS3300
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THE SLM OF PR0DUCTS EF CORRESPONTING GIRECTION C8SINES
mF Twe PLANES,

4Q COSSA~'RCSSA*DEFSTR(4 +RCS6*DEFSTC(5)+RCSSG*DEFSTSO(A

IF XCGSSAM$ IS NEGATIVE, CHECK IT FURTHER AT STATEMENT 938

IF $$COSSAMX9IS ZERS THEN THF PLANES ARE PERPENDICULAR

IF (C0SSAM) 100,50.60
50 PRINT 3 90m I0NE

CO TE 120

IF XXCOSSAMOXIS **l$ THEN THE PLANES ARE PARALLEL

60 FXCESS*COSSAM-1.0
IF (EXCESS) 110,90,70

70 IF (EXCESSLT.aoonf) 90,8n
80 PRINT 403. IONECOSSAM

G0 TE 120
90 PRINT 410, IONE

GO Te 120

IF crossbeam $ BETWEEN .1 AND 0
PROCEED TO TAKF THE ARC COSINE
tTHER6ISE GO TS END FF LOOP

100 IF (CCSSAMGT.d-1.0l1 110s120

IF XCGSSAMXg IS NON-ZERS, AND NPT c 1,
AND CeNVERT TO DEGREFS

1lO ANGSAMgACOS(COSSAM)*57.32
PRINT 420, IONEANGSAM

120 rONTINUE

NSTHING IS DONE WITH THIS INFORMATION
FN ANGLES WETWEEN THE PLANFS
PTHER THAN PRINTING IT OUT FRR ITS USEFULNESS

*

*

*

*

*
C O M M N i 

* a

TAKE THE ARC COSINE

TS THE PROGRAMMER

a
*

*

S

*

a * a * a *

THE PINIMUM AND MAXIPUM VALUES OF THE MAJOR CG0RDINATE SYSTEM
VARIABLES (I.E, X,Y,Z) ARE INTRSPUCED THROUGH A SEOUENTIAL PAIR
MF SPECIALLY NAMED PCJNTS w #0wOYYMIN*9 AND *WHSXYMAXY$,

THESE VALUES ARE PICKED UP VIA THE DFFINED SYMBOL TABLE

THE CEORESPONDING VALUFS IN THE PRIME SYSTEM ARE COMPUTED,
(E,GXXMINw F(XMINPYPINZMIN)

CRS3 310
CRS3320
CR53330
CRS3340
CR53350
CRS3360
CR 53370o
CRS3380
CR53390
CRq3400
CR53 410
CR53420
CR53430
CR53440
CRIS3450
C.RS3460
CRS3 470
CR53480
CR53490
CR53500
CR53510
CR 5352 0
CR93530
CR53540
CR53550
CR53560
CR53570
CRS3580
CR53590
CR R36 00
Cr 536
CR53620
CRS3630
CR53640
CR53650
rR53660
CR!S3670
CRA3671
CR53680
CR53369 0
CrPS3700

*CR53720

*CRS3736
*CR53740

* R53750
*CRS3760

r RS3770
CR53780
CR53790
C.RS3800
CRS3 810
C!RS3820
cpI;3 83 0
rCRR3840
CRS3850

92

C
C
C

C
C
C
c
C

C
C
C

C
C
C
C
C

C
C
C
C

C
C
C
C
C
C

PRINT 360
C
C
C
C
C
C
C
C
C
c
c
C
C
C
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c e~~~~~~~~~~~~~~~~~~Cs3860 ,:
C Ai MINIMUM AND A MAXIPUM VECTMR MAGNITUDE IN THE PRIME SYSTEM ARE CR53870
C rOMPITED CR53880
C CRS3890
C tE,G, VMIN :SQRT(X$MINO*2 4 Y$MIN**2 * ZgMIN'*2) CRS3900
c CrS3910
el THE LARGEST OF THESE VECTORS IS SCALED TO COVER 5 INCHES OF PLOT CRS3920
C lENGTH, CRS3930
C CRS3940
C THE POINTS OF INTERSECTION ARE CMMPUTED eR53950
C FIRST IN XYZ COMRDINATES CRS3960
C SECOND IN X*,Y0,7*CO0RnIKATES CRS3970
C CRS3980
C THE ZX VALUES ARE IGNORED AND SHOULD BE 7ERO CRS3990
c CRS4000
C THE PLOTTING COORDINATES (XPYP) ARE COMPUTED USING THE SCALE CRS40OI
C FACTER AND AN ADDITIVE BIAS OF 5,0 IN BOTH DIRECTIONS, CRS4020
C GRS4030
C CRS4040
C IF ThE RESULTING VALLES OF XP AND VP ARE NEGATIVE OR EXCEED 10.0 CRS4050
C THEY ARE REJECTED AS EXCEEDING THE BOUNDS OF THE LIMITING VECTMR CRS4060

CRS4670
C CRS40Q0

e ~* * * * * * * CR54090
C * a * * CRS4100
Ce * C R a a * CRs410
C C P 9 * * CR54t20
C CRS4130
C THE CST TABLE IS SEARCHED FOR THF NAMES CRS4t40
C e$HOXYMINXO AND 0#HOXYMAX$;, CRS4150
c CRS4t6o

PO 140 KvioIDSEND,2 CRS4170
KSAVF*K CR54180
wuK-1 CRS4t90

C H M X Y M I N CR54200
IF (iTA8L(ITAB11'K),EQ.30466770443145608.AND.JTABL(ITARli*K+2).EQCRS4210

13046677044216760R) I3Q,140 CRS4220
C e xY M A X CR54230
C CR54240
C INCREMENTAL INDECIES TM SECOND WMRr LOCATIONS IN DST CRS4250
C CRS4260

130 IMINNK2K*1 CRS4270
TMAXN6vK*3 CRS4280
ro TE t50 CRS4290

140 KaKSAVE CRS4300
PRINT 430 CRS4310
STOP CRS4320

C CRS4330
G THE MINIMUM VALUES APE EXTRACTED FROM THE WOXYMIN CANONICAL FORM CRS4340
C CRS4350

150 KANSLRFFJTABL(ITA81*IMINNM) CRS4360
rALL CANGET CR54370
PAWXMIN;DEFSTO(4) CRS4380
PAWYMINPDEFSTO(5) CRS4390
PAWZfrIN;DEFSTO (6 CRS4400

C GRS4410
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C THE MAXIMUM VALUES ARE EXTRACTED FROM THE HOXYMAX CANONICAL FORM CRS4420
G CRS4430

KANSLRF;JTABL(ITA811*IMAXNM) CR84440
rALL CANGET CRS4450
PAWXPAXoDEFSTO(4) CRS446n
PAWYMAX;DEFSTO(5) CRS4470
PAWZPAX;DEFSTO(6) CRS4480
PRINT 443 CRS4490
PRINT 45o, RAWXMIN .RAWYMINRAWZMTNsRAWXMAXRAWYMAXRAWZMAX CRS4500

C CRS451o
C THE CGORESPONDING MIKIMUM VALUES IK THE HOPE PLANE. CR54520
C YPMI|,YPMINJ,ZPMIN CR54530
C ARE C6MPUTED IN SURRCUTINE MM USING THE XMAT9 MATRIX CRS4540

C CRS4550
CALL MM (XPMINYPMINZPMINRAWXMINRAWYMINeRAWZMIN XMAT9) CRS4560

C CRS4570
C THE SAME WITH THE MAXIMUM VALUFS, XPMAX, YPMAXq ZPMAX CRS4580

C CRS4S90
CALL MM (XPMAXYPMAXZPMAX.RAWXMAX.RAWYMAX RAWZMAXXMAT9) CR54600

C CR54610
C THE WINIM0M AND MAXIMUM VECTMR MAGKITUDES ARE COMPUTED CRS4620
C CRS4630

PINVCTORUSORT(XPMIN*02*YPMIN*.2+7PMIN**2) CRS4640
.AXVCT8R:SQRT(YPMAX.*2*YPMAX**2*7PPAX**2) CRs4650

C CR54660
C THE GREATEST OF THESE IN MAGNITUnE IS SET EQUAL TO $$REACH$$ CR54670
C CRS4680

IF ePINYCTORGTMAXVCTMR) 16M#176 CRS4690

160 PEACbxMINVCTOR CRS4700
nO TE 180 CRC4710

170 PEAC0WMAXVCTOR CRS4720
CO TE 180 CRS4730

C CRS4740
C THE SCALE FACTOR- REACH MUST FIT IKTO 5,0 INCHES OF PLOT LENGTH CR94750
C CR54760

180 SCALEU5,QAREACH CRS4770
C CR54780
C PRINT OUT THE CAL-COPP PLOT SCALF CRS4790
C CRS4800

PRINT 460 CR54810
PRINT 470, SCALE CRS4820

C ORS4830
C CR94840
C CALCLLATE AND PRINT EUT THF GERBER SCALE FACTOR NEEDED TM CRS4850
C PROOLCE A 1:1 PLMT, THAT IS, A PLOT ON WHICH ONE UNIT OF LENGTH CRS4860
C IS ECLAL TO ONE UNIT OF LENGTH ON THF ORIGINAL PART DRAWING, CRS480
C CR54880

SCLFACm1/SCALE CR94890
PRINT 480, SCLFAC CR54900

PRINT 360 CRS4910
C CRS4920
C PLACE A RIGHT ANGLE INTERSFCTION AT THE ORIGIN (5.0#5.0) CR54930
C CRS4940

CALL SYM8L (5,0s5o,00.20,3,0#"1) CRS4950

C CR54960
C CRS4970
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PLACE A SCALE MARK IN THE LOWER LEFT HAND CORNER
SHOWING T*E CAL-COMP DISTANCF CORRESPONDING TO ONE INCH OF
PART LENGTH,

rALL
CALL
rALL
CALL
rALL
rALL

PLOT
PLOT
PLOT
PLOT
PLOT
PLOT

a

( i0,0,3 )
0,s0,i2 )
(0, -0,*25,2)
(SCALEs-0,25,21
(SCALE, 0,2)
(SCALE~o,3)

*

*

a
*

C * 
a
a
*

*

*

* * a * * a
THE SUBROUTINE sSIMEQ9 THAT S¢LVES THREE PLANE EQUATIONS

SIMULTANEOUSLY IS UTILOZED TM OBTAIN POINTS RF INTERSECTIAN
MN TIRE ""OPE" PLANE, A LINE OF INTERSECTION IS IDENTIFIED
WHEN A PLANE IS INVOLVED IN MORE THAN ONE POINT, FOR THIS
PEASEN AN OUTER LOOP IS CYCLFD islandD$* TIMES, AND AN INNER
LOOP CYCLED WIDSEND * IDSFNn$9 TINES SO THAT EACH PLANE IS
HELD CONSTANT (ALONG WITH *$HOPEOX OF COURSE) AS ALL OTHFR
PLANES ARE BROUGHT IN FOR TESTING,

a
a

a
a
a

a
a
*

*

a
a
a

a

a

TITLE FOR THE NEXT PAGE OF PRINT OLT

PRINT 49O, IHONAME

THE 99DEFTAB ARRAY HOLDS THE INPLT INFORMATION F3R
SURRELTINE SIMEO, HERE THE HMPE PLANE CONSTANTS ARE
INSERTED, THEY WILL K0T BE CHANGED SINCE THE HopE PLANE
IS INVOLVED IN ALL TWE PAINTS RF INTERSECTION

nEFTAB(106):RCOSA
DEFTAB(109 )RCOS9
DEFTA6 l(o) RCMSG
nEFTAB lil)RHOPFP

INITIALIZATION OF THREE FIAGS

ggIONCEXX CONTROLS T#E CALL TO SlUBROUTINF DLINE
A 9#1ZG VALUE MEANS OFF
A 9$09$ VALUE MEANS ON
ThE INITIAL VALUE IS OFF
IT IS TURNED ON EY THE ACCEPTASCE OF A VALID PMINT IN

FUNCTION ISITOK,

IT IS TURNED OFF AFTER EACH CALL

09lP99 IS THE COUNTER IN THE $$KR$$ ARRAY

95

CRS4980 -

CR54990 
CRS5 O0t
CR55010
CR55020
CR55030
CRS5040
CRS5505
CRS5060
CR55070
CIR95080
e RS5090
e R55100
r R55110

* CR551 2 0
r R55130
CR55140
CR 55150a
CR955L60
CRSSI7O
Crp5518
CRs5590
CR55200
CRS5210

*CR55220
• CR55230
* CR55240
* CRS5250

CR55260
CR55270
CR55280
CR55290
CR55300
CR55310
CR55320
CR55330
CR55340
CR55350
CR55360
CR55370
CR55380
CR55390
CR55400
CR55410
CR55420
CR55430
CR55440
CR55450
CR55466
CR55470
CR55480
CR55490
CR55500
CR55510
CR55520
CR55530

C
C

C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C

C
C
C
C
C7
C

C
C
C
C
C
C
C
C
C
C
C
C
Cl
c
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C CRS5540
C wslPTN9*4 IS THE INTERSECTION POINT NUMBFR COUNTER CRS5550
C CRS5560

IONCEN1 CRS5570
P21 s oCRS558
IPTN6:1 CRS5590

c CRS5600
C THE START OF THE OUTER LOOP CRS5610
C, CRS5620

PO 330 KK;1,IDSEND,2 CR55630
I<;KKl CRS5640

C CRS5650
C SHOULD $xDLINE90 BE CALLED? CRS5660
c CRS567 0

IF (leNCEEQ,4) 200,190 CRS5680
C CRS569 0
C THE IDEA IS TO CALL CLINE FOR THE PURPRSES OF DRAWING A CRS5700
C LINE BETWEEN THE MINIMUM AND MAXIMUM CRS5710
C PRINTS IN THE SET OF ALL TWE INTERSECTISN POINTS OBTAINED CRS5720
C tURING THE JUST COMPLETED PASS THRj THE INNER LOOP, IF NO POINTS CRS5721
C wERE CREATED , No CALL IS MAnE TM 0lLINEX. CRS5722
C CRs5730

190 GrNTINUE CRS5740
rALL CLINE (NAMEIIPKRtSCALF) CRS5750

c CRS5760
C rLOSE THE GATE CRS5770
C CR$5780

IONCEal CRS5790
200 rONTINUE CRS5800

T7ITABil+K GRS5810
C CRS5820
C SEE REMARIKS IN VICINITY OF STATEmENT 921 CRS5830
C CRS5840

TONE.JTAHL(l) CRS5850
ITW8UWTA8L I*1) CRS5R60
TONEPART:I NE AND 77777777n0ooo0ooB CRS5870
jX(jI6NE.AND.770000000oooOnlonB) CRS5880

C CRS5890
C PYPASS eCCURS IF THE NAME CONTAINS AN*X1e* OR THE WORD0HOPE90, CRS5900
C CRS5910

IF ((IONEPART.EQ,8HHEPEOOOO).Rl(IXEO.8HXOOOOOOf) 330,210 CRS5920
210 rONTINUE CR55930

IF (ITWeEO.NNRDEFXCR.ITWMFQNN8DEFI) 330,220 CQS5940
220 ISTDkCzITWm CRS5950

CALL STDUNPK CRS5960
IF (ISTDTOLEQ.4) 230,330 CRS5970

230 CONTINUE CRS5980
KANSLRFPITWO CRq5990
CALL CANGET CRS6000

C CrSfl1c c~~~~~~~~~~~~~~~~~s~~~6njo
C THE CANONICAL FORM GF A PLANE HAS BEEN ISOLATED AND ITS NAME AND CRS6020

c CRNSTANTS ARE NOW PICKED UP FOR USE, THESE VALUES WILL BE USED CRS6030
C nVRIKG THE COMPLETE FRRCESSING OF THE INNER LOOP, CRS6040

C CRS6050
tSAMa(DEFSTO(l).AND,77778) CRS6060
IF ItlSAM.EQ,2 ,OR,(ISAM,E0,3)) 240,330 CRS6M7n
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240 NAME1I*ONE CR86080
nEFTAB(1041v0EFSTOt4) CRS6090
nEFTA8(1051)DEFSTO(5) CRS6100
rEFTAB(106)zDEFSTO(6) CR86110
DEFTAB (07 )DEFSTe(7) CR86120

C CRS6t30
C START OF THE INNER LeOP CRS6140
C CRs6150

DO 320 La1.IDSEND,2 CRS6160
MXITA8114L.1 CRS6170

C CR86i80
C SEE REMARKS IN VICINITY OF STATEMENT 921 CRS6190
C CRS6200

IONE24TABL(M) CRS6210
ITWOzJTABL(M*.1 )C6220
IeNEPART* ONE.AND.777777770000001OO CRS6230
jX;cI6NEAND,7700000000000f6n0) CRS6240

C CR86250
C PYPASS OCCURS IF THE NAME CONTAINS AN0#Xq OR THE WORDOH8GPE$, CR86260
e CRS6770

IF ((IONEPARTEQ,8OHEPEOOOO),eR,(lXEO.8WXOOOOOOO)) 320,250 CRS6280
250 CONTINUE CR86290

tF (ITWeEQNNSDEFXIR.ITWOEo.NNIOrEFI) 320#260 CRS6300
260 !STDWDwCITW CRS6310

CALL STDUNPK CRS6320
IF (ISTDTOL,EQ,4) 270,320 CRS6330

270 CONTINUE CR56340
KANSLRF!ITWe CAR6350
CALL CANGET CR56360

C CRS6370
C THE CANONICAL FORM OF THE THIRD PLANE HAS BEEN ISOLATED, CRS6380
C ITS NAME AND CMNSTANTS ARE NMW PICKED UP FOR USE, CR86390
Cl CRS6400

ISAM:(DEFSTe(1),AND,77778) CR86410
tF ((ISAM.EQ.2,0R. sameME) 280,320 CAS6420

280 blAME2xIjNE CRS6430
nEFTAS(100):DEFST0C4) CRS6440
nEFTA (j101)DEFSTO(5) CAS6450
nEFTABC102)=DEFSTO(6) CRS6460
DEFTA6B103)mnEFSTGC7) CRS6470

C CRs6480
c THE ERROR MESSAGE INCICATGR IS ZFRtED CR86490
C CRS6soo

JSUBEReO CRS6510
C CRS6520
C PEADY TO SOLVE THREE PLANE EQUATIONS SIMULTANEOUSLY CRS6530
C CRs6540

CALL SIMEO CR86550
IF (CSUBEREoa4005) 290,30n CRS6560

290 CONTINUE CRS6570
c eRs6580
C UNSUCCESSFUL SOLUTION CR86590
cl sR86600

rO TE 320 CR866h0
c CRs6620
C SATISFACTORY SALUTIeK PRMCFE CR86630
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C CRS6640
300 CONTINUE CRS665O

C CRS6660
C YRoYRZR ARE THE COGPDINATFS OF THE POINT IN THE MAJOR SYSTEM, CR56670
C CPS668o

YR*DEFTAB (12) CRS6690
YRoDEFTA8113) CARS6706
7RzDEFTABI±14) CR56710

C GRS6720
C XPO YPs ZP ARE THE COORDINATES CRS6730
c MF T#.E POINT IN THE FOPE PLANE SYSTEM CRS673i
c CRS6740

Ypso CRS6750
YPZO CRS6760
7P.o CRS6770
CALL MM (XPYPZP,XRYRZRXMAT91 CRS6780

C CR56790
C Y, Y ARE THE CO99DINATFS OF THE POINT FOR THE PLMTTER, CRS6ROO
C CRS681 0

YXXP*SCALE*5, 0 CRs682n
YoYP*SCALE,5 . CRS6830
7.ZP CRS6840

C CRS6850
Cv TEST TO DETERMINE IF THE PRINT IS ACCEPTABLE* CRS6860
G ARE CXRYRZR) WlTwIN THF XmYoZ LIMITS? CRS6870
e ARE XY) WITHIN THF PLMT LIMITS? CRS6880
C CRS6900

ISTESTOK21SITOKCXRYRZRXYZRAwXMINDRAWYMINRAWZMINIRAWXMAXRAWCRS691O
JYMAXRAWZMAXYFSN921NCF#KR IPoSCALFI CRS6920
IF (ISTESTOKED.NO) 220,31n CRS6930

c CRS6940
C POINT ACCEPTED CONTIKUE CR56950
C1 CRS6960

310 rONTINUE CRS6970
C rCRS690
C CR56990
C CRS7000
C CRS7020

IPTNOxIPTNO+1 CR57n30
320 CONTINUE CRS7040
330 rONTINUE CRS7050

C DRAW A LINE THROUGH THE LAST SET OF POINTS IF THEY EXIST CRS7060
IF (16NCEEQ.0) 340,150 CRS7070

340 CONTINUE cRs708o
CALL DLINE (NAMEloIPsKRoSCALF) CRS7090

350 rONTINUE CRS7100
C GR57110
c THE LINE AND PLANE CANNONICAL FORMS HAVE CRS7120
C ALL PEEN SPERATED ON, CR57130
C N5W GS TO SEGMENT 2 AND LOMK FOR CYLINDERS AND SPHERES CRS7J40

IDSEKCmIDSEND*i CRs7150
?FILL7mlO2 CR97160
CALL PRCNTL CR57170

C CR57180
360 FORMAT (INI) CRS7190
370 FORMAT (XA8, XX,*A ,8,C,D.,4F10,7) CRS7200
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380 FORVAT (30X,*ANGLES BETWEFN *#Ag,* AND THE DEFINED PLANFS*#/////)CRS7210
390 FORMAT (iX,A8,lX,32HFERPENnlICULAR TO RFFFRENCE PLANE,///) CRS7220
400 FORMAT (IX,.FOR *pA8A*COSINE ARGUMENT GT 1, IS *,E20.7) CRS7230
410 rORMAT (IX#A89jXt27HFARALLFL TO REFERENCE PLANE,///) CRS7240
420 rORMAT (1XA8,iX,2WATaF1o.iIX26HCEGREES TO REFERENCE PLANE,///) CR57250
430 FORMAT (IX,*HOXYMIN ANT HOSYMAX NOT FOUNn* 1sjX,*TWEY MUST BE SEOUCRS726o

lFNTIALs MIN THEN MAX*) CRS7270
440 FORMAT (.X,*IN ORIGIKAL COORDINATE SYSTEM*./,/,/) CRS7280
4 50 FORMAT (5X,*MINIMUM VALUFS*i,/,p/3(1OXFin, 5s),/5X,*MAX!MUM VALUECRS729o

J9*s/p/,3(0XFQov5,/) ) CRS7300
460 rORMAT (/P/,IX.I!N HEPE PLANE*#/u/) CRS73j1
470 rORMAT (1X,*SCALE.,o*,Fo,5#* INCHES OF PLOT LENGTH a i INCH OF PACRS7320

IRT LENGTHi) CRS7330
480 FORMAT (/p/.IXp*TO SETAIN A i TS 1 PLOT ON THE GERBER USE A SCALE*CRS7340

1* FACTOR IN BOTH X AND Y OF *sFIo,5) CRS7350
490 FORMAT (30X#A8,* INTERSECTIONS WITw ALLOWED DEFINED SURFACES*s////CRS7360

1) CRS7370
FND CRS7380-

CROSFC 11/09/70 ED 0

IDENT CRSSEC
PROGRAM LENGTH 01467
ENTRY POINTS CROSEC 00276
BLOCK NAMES

TIMETEST 00004
SYSTEMZ 00175
SECTILOG 02642
VOCABTSL 02114
2 27531
CROSSEC 03037

EXTERNAL SYMBOLS
08QENTRY
THEND.
080 STOPS
010olo0o
080DICT,
CANGET
TESTWOPE
STDUNPK
MM
SYMBOL
PLOT
DLINE
SIMEQ
ISITOK
PRCNTL
SORTF
ACOSF

5TH.
ONSINGL.

00663 SYMBOLS
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SU8RRuTINF TESTHMPE YEW 10
r, YEW 20

CSMMON /CROSSEC/ ABCDIDSENDY'AT9(16),ARRAV(2541,XCYC*ZCeUX.UTEH 30
1YUZRSCALEDCOSCYLf9),HO(9),XS(4l0),YS(4fMOWYiQ 3Z;,Y1n3).MAJGRTEH 40
2MINGRPHI.CXCYRA1IUlSISETYCXYZtt6) EYYZ(¶6) ,FHIAi')IMKTESTTLILTEH 50
SOOPIPKRi200),tINCE YEW 60

TEU 70
TEW 80

C THE PURPOSE BF SUBROUTINE TESTHOP; IS TO EYAMINE THE DIRECTION TEW 90
r COSINES Mr THE HOPE PLANE !N ORDER TS VECInE ON THF MRIENTATION YEW 100
C OF THE HWpE PLANE COsRDI NATE SYSTEM YEW 110

YEW 120
r TEU 100
r A,BaC,D ARE THE HOPE P4ANE CONSTANTS YEW 134
C TEW 150
r THE XMAT9 ARRAY HOLDS THE C3NVERSION CONSTANTS RETWFEN YEW 160
r THE COMRnINATE SYSTEMS AND IS FXP"AINED IN TWE COSqEC CSMMENTS. TEW 170
C YEW 180
C TEW 190
C IF ALL 4 0F THE HOPE PLANE CONSTANTS ARE ZFRM, YEW 200
C NS CRQSS SECTIONAL SSULTISN IS POSsIBLF, YEW 210
C YTEW 220
r TEW P30

IF (A.E0.O.AND,B,Er,0.ANDCEQOANDD.EOlI) 1f,70 TEW 240
10 PRINT 206 TEW 250

STOP YEW 260
C TEW 270

T YEW 280
C IF ALL 4 OF iHE HOPE PLANE CONSTA'TS ARE NMNZFRM, TEW 290
C SR IF PARALLEL TY EITHER THE Y AXiS OR TWF Z AXIS TEW 300
C THEN A GENERAL SMLUTIeN IS CALLED F8R SINCP NO HMPF PLANE TEW 310
B SRIENTATIMN WITH A MAJSR COORDINATF PLANE FXISTs: YEW 320
e YEW 330

20 IF ( A.NE70,AND,!,NEO*AND.CNEO.ANDDNE.O.,R.(ANE.0,ANDiBE0,TEH 340
10.AND:CNF.0ANDPpNE.n),SR. A,NE.n.ANnlBNEOAND.c.EQO..ANDDNETEW 350
210)) 30,40 TEW 360

30 CALL GENSML (D/A,0,0#.Ao8,CDXMAT91 TEW 370
RETURN TEW 380

C YEW 390
C YEW 400
C HOPE IS PARALLEL TO THE XY PLANE IF YEW 410
C TEW 420

40 IF (A,EQn.ANDB,E,0,0AND,C.EQ.1) 50,60 TEW 430
C TEW 440
C HOPE PARALLEL TS XY PLANE TEW 450
C TEW 460

50 CALL FILXMAT9 (YEW0a O,.,1, 5 0a 8 0e 8 10-D*CaXMAY9) YEW 470
RETURN TEW 480

C TEW 490
C TEW 500
C HOPE IS PARALLEL TM THE XZ PLANE IFv YEW 510
C YEW 520

60 IF (A.EQ~o.ANDBEQ,1.AND,C.EQ,0) 70,80 TEW 530
C YEW 340
C HWPE PARALLEL TO X2 PLANE TEW 550

70 CALL FILYmAT9 (1,0eo0..0a0S.,1.0,0.0,1,0,f.*D*e2XMAT9) TEW 560
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RETURN TEN 570
C TEW 580
C TEW 590
C HOPE IS PARALLEL TM THE YZ PLANE IF~ TEN 600
C TEH 610

80 IF (AEQ.i.ANDB.E0.0.ANDCEQ,0s 90,100 TEW 620
C TEN 630
C NOPE PARALLEL To YZ PLANE TEW 640
C TEW 650

90 CALL FILXMAT9 (O1,0,O0.0,0 0 1,o 0,0 1.00,OD*A.XMAT9) TEW 660
RETURN TEN 670

C TEN 680
C TEN 690
C HOPE PARALLEL TO X AXIS AND INTER:EPTS Y ANID Z AVER TE 700
C TEN 710

100 IF (AEo.n.AND,B,NE,0,AND,CNE.0) 110tl 20 TEN 720
C TEN 730

110 CALL FILYMAT9 (1.OsO0.0,0iC.gO,A.OaCw (n*R*P*n*r*C',sXMAT9) TEH 740
C YEW 750

RETURN YEW 760
C TEN 770

YTEN 780
C IF D IS ZERO THEN NOPE PLANE INTERSECTS THF WRIGON TEN 790
C TEN 000

120 IF ((D.E0Q0),AND.(9,NE,O)' 130,140 TEN 010
C TEN 820
e IN SUCH A SITUATION TEW q30
C FIRST TRY TO LET THE X PRIME AXIS RE TEN 840
C THE INTERSECTION BETWEEN THE H0PE PLANE TEN 850
e ANn TWE XY PLANE TEN 860
C TEN 070

130 PHI;ATAN(ttA)/(BI) TEN 880
T11,CMSCPNI) TEN 090
T2ixSINjPWI ) TEN 900
T3imo TEN 910
GO TO i$5 TEN 920

C TEN 930
C SECOND TRY THE INTERSECTION BETWEEN TEN 940
C THE NOPE PLANE AND THE XZ PLANE TEN 950
c TEN 960

140 IF ((D EQ'O1kAND.(CNE.0)) 150.160 TEN 970
150 PHI;ATAN( giA)/(C) TEN 980

T1iUCMS(PWI) TEN 990
T21 80 TE 1020
T31!SIN(PN!) TEH1OIO
GO TO 185 TEW102O

C TEW1030
C THIRD TRY THE INTERSECTION BETWEEN TEW1040
C THE NOPE PLANE AND THE YZ PLANE TEW1OSO
C TEW1060

16o IF ((D.E0.O.obANDt(ANE,0)) 170,.90 TEW1O70
170 P*I0ATAN(gwB)/CC) TEH1090

Tlimo TEN1090
T2imSINtPN! ) TE~liOa
T3i1CMS(tP3 M TE 1110
GO TO t80 TEHli2o
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C TEH1030
C THE DIRECTION COSINES FOR THE Z AXIS ARE A.,FC TEW1i40
C TEW1150

180 T13qA TEH1160
T2303 TEH1170
T33;C TEH1180

C TEN1190
C THE DIRECTION COSINES FOR THE Y PRiME AXIS TEH1200
C ARE THE CROSS PRODUCTS OF ZPRIME CROSS x PRIME TEH1210

TEW1220
T12PT23*T7l3T21*T33 TEH1230
T22PTii*T33uTl3*T31 TEW1240
T32PT13!T2 .Tl.*T23 TEH125O
CALL FILXMAT9 (TilT21,T310,T12. T22,T32.0,Tl3 T?3twT33',OaXMAT9) TEH1260
RETURN TEW1270

c TEH1280
C IF THIS PmINT IS REACHED, THEN %4 WGPE CGORDINATF SYSTEM IS TE1290
C POSSIBLE, AN ERROR MESSAGE IS PRIhTED TEW1300
C AND THE PRSGRAM STOPPED, TEW1310
r TEW1120

190 PRINT 210, A8.#C.D TEH1330
STOP TEH11 4 0

C TEW1350
C TEW1360

200 FORMAT cix,*ALL COEFFICIENTS FOR AMPE PLANF TEST ZFRM*s/.*NG CRSSSTEH137O
1 SECTION POSSIBLEm STOP CALLED FOR) TEU1380

210 FORMAT CtiX*FAILFD lt TESTS IN T;STHOPE# nECLARFD INVAL!D*,/siX.*TEH139O
1A *a.Ft75o*, BP *,Flo,5,0, C * .; 1Fas*'. n * Fo0.5./) TEH1400
ENn TEW1410-

TESTH@PE ¶1/02/70 ED 0

IDENT TESTHmpE
PROGRAM LENGTH 00527
ENTRY POINTS TESTHePE 00056
BLOCK NAMES

CRMSSEC 03037
EXTERNAL SYMBOLS

THEND,
080STePS
Q~nBDICT.
GENS.L
FILXMAT9
SINF
COSF
ATANF
STW,
nNSINGL,

00162 SYMBSLS
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SUSRRUT!NF FILXMAT9 tUiU2,U3.U4,J5,U6.U7.1J8,U9Q,11lIi11sUl12,XMAT9)FXM 10
C FXM 20
C THE PURPOSE OF THIS SUBROUTINE IS TO FILL UP THE XMAT9 ARRAY FXM 30
C WITH THE i2 INPUt PARAMETERS, FXM 40
C FXM 50
G FXM 60
c THE PURPOSE OF XMAT9 IS EXPLAINED IN CR9SEC COMMFNTS FXM 70
C FXM 80
C FXM 90
C THIS SUBRRUTtNE IS CALLED FROM SU3POUTINE TESTHWPE FXM 100
c FXM 110
C FXM 120

DIMENSION XMAT9(1) FXM 130
XMAT9(1);Ui FXM 140
XMAT9(2jsU2 X M 15
XMAT9(3)xU3 rxM 160
XMAT9(4)!tJ4 FXM 170
XMAT9(5 )U5 FXM 160
XMAT9(6tau6 FXM 190
XMAT9(7)nUi7 rXM 200
XMAT9 (8;U FXM 210
XMAT9(9) U9 FXM 220
XMAT9(10)tUi0 FXM 230
XMAT9(11. u U1i FXM 240
XMAT9(12ix'U12 FXM 250
RETURN FXM 260
END FXM 270.

FILXMAT9 11/02/70 ED 0

IDENT FrLXMAT9
PROGRAM LENGTH 00200
ENTRY POINTS FILXMAT9 00003
FXTERNAL SYMBOLS

Q80DICT,
00U73 SYMMSLS
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SUPROUTiNE GENSOL (L1,L2,L3,ARC.InXMAT9) GEN 10
C GEN 20
C THE PURPOSE eF THIS SUBROUTINE IS TS COMPUTE GEN 30
C THF DIRECTION COSINES FOR THE GEN=RAL CASE WHERE THE H8PE PLANE GEN 40
C IS NOT PARALLEL TO PLANES XY, XZ, MR Y2, GEN 50
C GEN 60
C iL1.L2.L30 IS THE INTERSECTION Or THE XAXIS AND THE HOPE PLANE GEN 7O
C GEN 80

REAL LiL2#L3 GEN 9O
C GEN 100
e ABBC,D ARE THE HOPE PLANE CONSTANTS GEN 110
C GEN 120
C THE XMAT9 ARRAY IS FOR OUTPUT AND IS DESCRIBED IN rRMSEC COMMENTS GEN 130
C GEN 140

DIMENSION XMAT9(i) GEN 150
C GEN 160
C THIS SUBRRUTINE IS CALLED FROM SU3RBUTINE TESTWUPE GEN 170
C GEN 180
C THE CSSRDINATES OF THE PMINT FMRM=- BY THE INTFRSECTISN OF THE GEN 190
C NORMAL TM THE PLANE AND THE PLANE ARE jDAnBlDr) GEN 200
C GEN ?lo

DAUD*A GEN 220
DBUD*aB GEN 230
DCaD*C GEN 240

C GEN 250
C THE DELTA X, DELTA Y, AND DELTA 2 61STANCER BETWEEN THE TWM POINTSGEN 260
C GEN 270

XXxLi.DA GEN 280
XYxL2oDB GEN 290
XZaL3*MC GEN 300

C GEN 310
C THE xs AXIS IS DIRECTED FRSM CDA,D09DC2 *0 T LO L,.I31 SEN 320
C GEN 330

DENgSSRT(xX**2*XY**2*XZ.*2) GEN 340
XAYPXX/DEN GEN 350
XAYPXY/DEN GEN 360
XAZgXZ/DFN GEN 370

GEN 380
C GEN 390
C THE 70 AXIS HAS DIRECTION COSINES A,#BC GEN 400

GEN 410
G THE Yt AXIS HAS ITS DIRECTION COSINES COMPUTED GEN 420
C FROM TWE CROSS PRODUCT TERMS OF Zs CRESS Xo , GEN 430
C GEN 44O

YAXxB*XAZ.C*XAY GEN 450
YAY;C*XAXoA*XAZ GEN 460
YAZEAaXOA.B*XAX GEN 470

C GEN 480
C THE XMAT9 ARRAY IS FILLED WITH PMSITIONS 4. 8, AND 12 BEING GEN 490
C FILLED BY THE COMPUTFD CONSTANTS it, C2, Cl AS DFFINFD IN THE GEN 500
C CROSPC COMMENTS, GEN 510

GEN 520
XMAT9t1.)XAX GEN 530
XMAT9(2)aXAY GEN 540
XMAT9 3) xAZ GEN 550
XMAT9(4)zXAX* (DA)*XAY*(.DB)*XAZ* (DC) GEN 560
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XMAT9(5)nyAX GEN 570
XMAT9f6lsyAY GEN 580
XMAT9t7ixyAZ GEN 590
XMAT9(8)syAX*(wDA)*YAY*( DB)*YAZ*,.DC) GEN 600
XMAt9(9) A GEN 610
XMAT9C1018 GEN 620
XMAT9(ii)xC GEN 630
XMAT9ti2lA*(tDAt*9*(-DB)*C*t.DC1 GEN 640
RETURN GEN 650
END GEN 660.

GENSOL 11/02/70 ED t

IDENT GENSOL
PROGRAM LENGTH 00323
ENTRY POINTS GENSnL Ono03
FXTERNAL SYM8OLS

080DICT,
SORTF

00111 SYM9eLs
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FUNCTION ISITOK (XRYRZRDXI,YIZ#RAWXM4NPAWYMIN,RAWZMINIPAWXMAX,tOK
IRAWYMA ;RAWZMAX,YESNG,IONCEKR,13.SCALE) I6K
DIMENSION KRi1) TOK

?OK
10K

THE PURPOSE OF THIS FUNCTION IS TO PERFORM IOK
TWO ACCEPTANCE TESTS ISK
MN THE NEWLY COMPUTED POINT OF INTERSECTION, ANn TO PROVIDE A YES ICK
OR NO ANSWER TO ITS ACCEPTA3LENESS 13K

ISK
(XRYR,ZR) IS THE POINT IN THE X,YZ SYSTEM 18K

16K
(XYIZ) IS THE POINT IN PLOT CaORDINATE! QZ INACTIVE) 13K

ICK
RAWXMIN'.,,. ARE THE XY,Z SYSTEM LIMITS I0K

I0K
YES, NO ARE THE TWO POSSIBLE ANSWERS TOK

ISK
THIS FUNCTION IS CALLED FROM THE INNER LOOP IN CRCSEC IK

I6K
REAL KR ISK

DOES THE POINT FALL WITHIN THE X; r; ZLIMITS? foK
ISK

IF (XR,LT!RAWXMIN,RXRXR,GTRAWYMAX1KRYR.LRAWYMIN 1RKYR.OT,RAWYMI1K
1AX,OR.ZR.LT,RAWZMINORZR.GTRAWZ4AX) 30,1M ISK

16K
ARE TUE PLOT COORDINATES BETWEE4 6 AND 10,M? TOK

ISK
IF (XILT0,0,SRXI,GT,10,0.R,YILCT,00,OR,YI.GT,i0.01 30.20 16K

IF THE POINT HAS PASSED THE FIRST TWO TESTS IT! iX Y) IS IK
ENTERED IN THE KR ARRAY USED BY SJOROUTINE DLINE. ICK
KR(IP)wwXI.5,0)/SCALE 10K
KR(1P*1)m(Ylu5.0j/SCALE 16K
IPNIP*2 I1K

ICK
OPEN THE GATE THAT CONTROLS THE DLiNE CALL I1K

ISK
IeNCEvO ISK

16K
ISK

THE YES RETURN IK
13K

ISITOKEYES ICK
RETURN ICK

16K
THE NO RETURN TOK

IK
ISITMKzNO 10K

loK
ZERO THE POINT VARIABLES SINCE TWS ANSWER iS NM, IK

I1K
XR-O IK
YR.O 1K
ZRm0 ISK

106

C
C
C
C
C
C

C
C
C
C
C
C
C
c
C
C

C
C
c

C
C
C

c

10
C
c
C

2 0

C
C

C
C
C
C

C
C
C

30
C
C
C

10
20

40
go
60

80
90

100
110
120
130
140
150
160
170
110
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
510
520
530
540
550
560
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X~so IeK 570
Ylso °OK 580
Zino 18K 590
RETURN IOK 600
ENo 18K 610"

ISITOK 11/02/70 ED 0

I DENT ISITOX
PROGRAM LENGTH 0031o
ENTRY POINTS ISITOK 00003
EXTERNAL SYMMSLs

o0110100
080D ICT .

00134 SYMO8Ls
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SURROUTINF DLINE (NAMEi,IPKR,SCAE) DLN 10
DIMENSION KRCt11 DLN 20

C DLN 30
C THE PURPOSE OF THIS SUBROUTINE IS TO PLOT A CeNITINIHIOJS LINF nLN 40
C BETWEEN THE POINTS IN THE KR ARRAY DLN 50
C WITHOUT ALLOWING ANY OVERDRAWING DLN 60
G AND To cOMPUTE AND PRINT TWE SLOPE AND INTFRCEPT OF THIS LINE, DLN 70
C DLN 71
C AN ORDERING IN X IS PERFORMED nLN 72
C TO FINn A MINIMUM AND MAXIMUM, nLN 73
C IF A VERTICAC LINE IS PRESENT, i4oEVER, DLN 74
C AN ORDFRING IN Y IS NECESSARY, nLN 75

OLN 76
C NAME i IS THE NAME OF THE PLANE ISOLATED IN THR MUTER LOOP DLN 80
r AND IS THE PLANE WHOSE LINE OF INTERSECTION DLN 90
C IS AROUT TO BE PLOTTED, DLN 91

DLN 100
C THE KR ARRAY CONTAINS CONSECUTIVE XpY PLOT COORDINATES nLN 110
G i(IP-i)/2 IS THE NUMBER OF POINTS) DLN 120
C nLN 130

REAL KR nLN 140
REAL M!NX MAXXSLOPE nLN 150
REAL MINY.MAXY DLN 160
S(W, W*SCiLE*5 0 DLN 170

C DLN 180
C ESTABLISH THE END COUNT FOR LOOP ONTRML OLN 190

IPENDnIP-e DLN 200
C DLN 210
C THE FIRST POINTw DLN 220
C DLN 230

XxKR(1) DLN 240
YFKR(2) DLN 250

C DLN 260
C IF THERE IS ONLY ONE POINT IN THE ARRAY A LINE CiNNOT BE DRAWN DLN 270

DLN 280
G IF THERE ARE MORE THAN TWO POINTS A MINIMUM ANO A MAXIMUM MUST DLN 290
C BE DETERMINED TO AVOID THE PEN DRAWING OVER A LINE DLN 300
C MORE THAN MNCE, OLN 310
C DLN 320

IF CIPEQ:3) 28011i0 nLN 330
C DLN 340
C THERE ARE TWO OR MORE POINTS DLN 350
C DLN 360
C INITIALLY THE FIRST POINT IN X IS BOTH THE MINIMUM AND MAXIMUM DLN 370

1l1 MINXuX DLN 380
Yo!MINYPY nLN 390
MAXX-X DLN 400
YOFMAXxmY OLN 410

C DUN 420
DO 150 1u3.IPENDs2 DLN 430

C A NEW SET OF VARIABLES nLN 440
D DLN 450

XgKR I) DLN 460
Y:KRt I*it nLN 470

C DLN 480
C THE TEST FOR MINIMUM DLN 490
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C DLN 500
IF (XLTMINX) 130D120 DLN 510

C DLN 520
G THE TEST FOR MAXIMUM nLN 530
G DLN 540

120 IF (X.GTMAXX) 140,150 DLN 550
C DLN 560
C A NEW MINIMUM DLN 570

130 MINXmX DLN 580
YGrMINX*Y DLN 590
GS TO 150 nLN 600

C DLN 610
C A NEW MAXIMUM DLN 620
C DLN 630

140 MAXXxX DLN 640
YOFMAXYfY DLN 650
GO To 150 DLN 660

15Q CONTINUE DLN 670
C DLN 680
C DLN 690
C THE SLOPE AND INTERCEPT OF THE .INE ARE TO BE CALCULATED DLN 700
G ANn PRINTED OUT ALONG WITH THE NAMF SF THE PLANE FMR %LN 710
C PURPBSES mF INF0RMATION AND AS AN AID TO PLOT tNTERPRETATIMN DLN 720
C THE EXAMtNATiGN MF DELX AND DELY 7MR ZERO IS TM AVBID AN ATTEMPT nLN 730
C TO DIVIDE BY ZERM WHEN COMPJTING THE SLCPE DLN 740
r DLN 750
C IF DELX iS ZER2 THAN AN SRDERING 3 Y 'IS DMNF DLN 760
C ON THE ASSUMPTION 0F A VERTICAL LINE BEING PRESENT DLN 770
r DLN 780
C IT IS ASSuMED THAT TWO EOUATI0NS 9F THE FSBM Y.MY*R EXIST DLN 790
G WITH THE TWO PMINTS THAT HAVE BEEN ISOCATEn. DLN 791
G cMINX, Y OF MIN X)l (MAX X# y OF MAX X, DOLN 800
C AND THE PmLLMWING COMPUTATIBNS REPRESENT A SMLUT!8N F0R M AND B DLN 810
C UNDER VARIOUS CONDITIONS, DLN 820
C III DLN 830
G YOFMAXXwSLOPE*MAXX*B DLN 840
c YMFMINXuSLOPE*MINX*B DLN 850
C PLEASE NMTE,,t DLN 860
C WE LET M BE REPRESENTED BY THE W2R0 SLMPE DLN 870
C TO AVMID CBNFUSION WITH AN INDEX REGISTER DLN 880
C THENs DLN 890
C SLSPFU(Y8FMAXXaYOFMINX)/(MAXX.MINx) DLN 900
C OR SLCPEmDELY/DELX DLN 910
C AND OF cEuRSE, BzYMFMAXXwSLBPE04AXX DLN 920
C DLN 930
C DLN 940

DELX;MAXXoMINX DLN 950
DELYNYTFMAXX.YGFMINX DLN 960

C DLN 970
C A BRANCH TO STATMENT 180 IS A VERTICAL SOL.UTION DLN 980
C DLN 990
C A BRANCH TM STATEMENT 240 IS A H4lIZONTAL SOLUTION DLN1000
C DLN1010
C A BRANCH TO STATEMENT 170 IS A 4ORMAL (Y2SL8PE*X*8) SOLUTIMN DLN1020
C DJLN1030

IF (A9SFlnELX) LT,0,00001) 180.160 DLN1o4o



110

¶1/02/70

160 IF (ABSFiDELY).0L,000001) 240D1o0 DLN1050
C DLNln6 0

C NORMAL SOLUTION DLN1070
C DLN1080

170 TA.DELYDFLX nLN1090
SLOPE.(ATANFtTA)t*57,32 DLNlIQ0
BUY9FMAxXwTA*MAXX %LNlilO
PRINT 295, NAMEI'.SLOPE,8 DLN1±2O
GO TM 260 0LN.130

C 0~~~~~~~~~~~~~~~~~~LNli40
C SINCE DELX 1S ZERO IT IS NECESSARY TO TRY MRDERING IN Y DLN1150
C DLN1I60
C INITIALLY THE FIRST POINT IS BOTH fHE MINIMUM AND MAXIMUM DLN1I70
C DLN1180
C DLN0190
C VERTICAL SOLUTION DLN1200
C OLN1210

180 XxKR(It DLN1220
YPKR(21 DLN1230
XeFMINYOW DLN1740
MINYPY 0LN1250
XOrMAXYpw 0LN1260
MAXYRY DLN1270
D0 22C IT3sIPEND;2 DLN1280

C A NEW SET GF VARIABLES DLN1290
XnKRnIR LN1300
Y*KR(Ivil nLN1310

C THE TESt FOR MINIMUM Y DLN1320
IF tY;LTMINY) 200,190 OLN1330

C THE TEST rOR MAXIMUM Y DLN13 4 0
190 IF IY.GT mAXY) 210,220 DLN1350

C A NEW MINIMUM Y DLN1360
200 XOFMINYPX DLN1370

MINYry DLN1380
00 TO 220 DLN1390

C A NEW MAXIMUM DLN1400
210 XOFMAXY.X DLN1410

MAXYqY DLN142o
GO TO 220 DLN1430

220 CONTINUE DLN1440
C CHECK roR NO SOLUTION 0LN1450

IF (MINY.NEMAXY) 230,250 DLN1460
230 CONTINUE DLN1470

BwXOFMAXY DLN148O
PRINT 305g. NAMEIB DLN1490

C n EN1500
C SETTING Up THE PLOT ON ORDERED Y VALUES DLN1510
C DLN1520

FIRSTXuSIXSFMINY) DLN1530
FIRSTYuS(mINY) nLN1540
SECONDXS X OMAAXYt %N1550
SECGNDYPS§MAXY) DLN1560
GO TO 270 DLN1570

C DLN1580
C WORIZONTAL LiNE SOLUTION OLN1590
C DLN1600
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240 SLOPEu0 DLN1610
S.PYGMAXY DLN1620
PRINT 3io, NAME1@B DLN1630
GO TM 60 6 LN1640

250 CSNTINUE DLN1650
C DLN1660
C NO SOLUTION DLN1670
C DLN1680

PRINT 320 NAME1 0LN1690
Ge To 780 DLN.700

260 CONTINUE DLN1710
C SETTING UP THE PLGT ON ORDERED X VALUES DLN1720

FIPSTXmSiMINX) DtLN17 30
FIRSTYsSfYSFMINX) DLN1740
SECONDX'SjMAXX) DLN1750
SECONDYPSIYOFMAXX) DLN1760
GO TM 270 DLN1770

270 CONTINUE DLN1780
C DLN1790
C OLN18oo

C DRAW A LINE FROM THE MINIMUM TO T'4F MAXIMUM nLNlR10
C nLN1820
C nLN1830
C MOVE WITH THE PEN UP TO THE MINIMJM DLN1840
C DLN1850

CALL PLST tFIRSTX,!IRSTY83) ILNIA60
C flLN1870

C LOWER THE PEN OLN1880
C OLN1890

CALL PLMT (FIRSTXPFIRSTy 2) DLN1900
C DLNl910

C MOVE TO THE MAXIMUM POINT WITH THE PEN DSWN nLN1920
C DLN1930

CALL PLOT (SECONDX#SECONDY#2) DLN1940
C DLN19 5 0
C RAISE THE PEN AT THE MAXIMUM POINT DLN1960
C DLN1970

CALL PL1OT ISECONDXSECONDYo3) fLN1980
C DLN1990

280 CONTINUE DLN2000
C DLN2nO1
C INITIALIZE THE KR ARRAY COUNTER DLN2n20
C flLN2030

Ipai DLN20 4 0

C DLN2050
C AN EXTRA LINE SPACE DLN2060
C 0DLN2070

PRINT 330 DLN2080
C DLN209 0

290 FORMAT (/./,tXe*LINE OF INTERSECTION FOR PLANE *.A8,/#lX *HAS A SLDLN2100
ISPE * *8 F7g1.* DEGREES*,2X,*AND A Y INTERCEPT : *'Fb62) DLN2110

300 FORMAT I1s.sLINE OF INTERSECTIMN F5R PLANE * A ,uX ,15 VERTICAL.IDLN2 i2 o
1,E.SLOPE a 90 DEGRFES*,/1Xs*ANr INTERSECTS THE X PRIME AXIS AT *.FDLN21

30
26.2) DLN2i4o

310 FORMAT tiXs*LINE OF INTERSECTION FOR PLANE *tAp 1 i 1X *IS PARALLEL DLN2ISO
lTO THE X PRIME AXIS AND ot/tiX,*lTERSECTS THE Y PRIME AXIS AT *'FDLN21

6o
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26.2) DLN2170
320 FORMAT clx.*FOR *,A8A* PLANE BOTS DELX AND DELY ARF 7ERO*,jlX,*THnLN2I80

1EREFORE NM LINEAR FORM OF LINE IS POSSIBLE*) DLN2190
330 FORMAT tiy,/) DLN2200

END DLN2210.

DLINE I 1/ 02/7 0

PROGRAM LENGTH
ENTRY POINTS DLINE
FxTERNAL SYMRMLS

THEND,
080DICT,
PLOT
ATANF
STH,
ONSINGL,

00146 SYMROLS

0 062 0
0 015 1

IDENT

ED C

DLINE
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PROGRAM CYLINDER CYL 10
COMMEN /TIMETEST/ KSETIME~,,KSETIME2,KSET1ME,KSETADR CYL 20

C !CYL 30
C - CIMMON AREA FRe CDC APT 3 SECTION 0 !CYL 40
C CYL 50a
C **** YL 60

rOMMFK /SYSTFMZ/ SYSTEM(4),KAPTCNi,IAPTTR,KAPTIeKAPTIDgKFLAGS(±o,,CYL 70
1K0,K1,K2,iK3,K4,K5,K(6,K7,I(8,K9, IFILLI,I!FILL2, fullL, IFILL4',KFLAG0,KCYL Rg
2rLAG1PKFLAG2,KFLAG3,l4FLAG4,IFIl.L5,tWAVENIPTNLYN8PCM5TIIF!LL6,I(AUTcYL go
3eAPICLPRT, INDEXX, IPLc!TR, IFILL7sNRPL.GTaKDYNFGLI'CJPTL8CRFGPKSECIN,CYL 100
4KICLRFCLCCMAC,IKPRCkEYa !FitL8, full, IFILL,1O,!ptmsTP(1hNUMPST,!PRSTCYL 110
5rLCle) ,TAPET81,~CANTAPCLTAPEPMCTAPPLOTAP.SRFTAPLIRTAPCRDTAPICYL t20
6TFIL~llj.C6RTAPTAPES±.TAPES2sTAPFS3,TAPES4,F8RTIN, INTAPE' !8UTAP.PUCYL 130
7PK'TAPaLSTFLGLTVFLGKeNVTCL,KINTRUPTaPI ,P!02DDGTRTD,RDT0GRNE,EXTRAOCYL 140
Be2o) CYL 150
FOUIVIALENCE (PROTAP,TAPETB) CYL 160

C **** **.*.. ***CYL 100
C CYL 180
C COMMON AREA FOR CDC APT 3 SECTION I CYL 190
C CYL 200

c ****** ****** ****** ~~~~~~~~CYL 210
reMm(EN /SECTILMfl/ ITAB1,!TAR2,!TAB3,ITAB4,ITAB5sSNAM,!TAB1iITAR1CYL 220

1I* !TAB13,J NDPTPP,JENDCANJENDSTRR,~JSTRTCAN,JENDSYH,4CANTEMP1 JRPTACYL 230
2PJLPTAB.MAXNST,JINWr .JCWAR, 1W0)ERRIJRUFL,NUPERPNUPUNJSTYPEJVAPSCYL 240
3,,SC~I.ERRNMACVMACASN(C25),!NfXPT,IPTP,IXPT,MRDE,FOCFLGLPNDFLTRmFCYIL 250
4LGPKTRVPTJUMPFL.TIrEERoflFBUGMACMOfDE,NFSTFLDNRFSULYTsPTLIM,JExEccyL 260
5,KTYPEMACTYP, !PARTEPRFINTS, IRFLGMACDEL,JSUBER,NUM8ERR,DEFSTO(~5CYL 270
6) ,DEFTAB(looo) ,ZSURCIO),XMAT4(16) ,XMAT3(16) aXMAT2(16) DXMAT1ii6) ,TMCYL ?so
7ATX(16) g STDMODE, ISTELTT, %TST!BTLeISTT)INDX, !STDTYPE, ISTDWn,JPTIND,KCYL 290
8PTCOCE ,tPTNAME.KPTTYFEKPTNU)MKPTINDXKPTSU8,KRMFLG, kMMP~PNMSUBSuCYL 300
9WANFLGIKRFSYSKANRECIKANCNT, !NAMEMANSURFI(ANINDX,JPRELENNEWCAR!,,CYL 310
SJGORITNUMSTIDNVMCSEQIRECIYIRFCNG.JTLPGSITITLE(9)PLSPECNNN8OECYL 320
SFX,NN8DEFI,N!DUM,ISLASH,!E0UAL.IRLANK, rYL 330
T IDUMMY, N10000, N7777# fAASKU# MASKL, IDly. CYL 331,
U M'ACREL, MACLMCP MACRFGNI MACLAST, MACLEVEL, CYL 332
V MACNAME(3), MACIKDX(3)t NMVt JRESTOP, MACPSH(3,25)o CYL 333
W ~TFMPJ# JTFMP2, JTFMP3# ~JTFMP4, JTEMP5, JTFMP6, CYI,. 334
x ~JTEMP7, JTEMP8t JTFMP9, EXTRAI(20) CYL 335
EQUIVALENCE (DEFANS(1),IDErSTG(4),rEFSTec4,). (LSTYPEDKTYPE), (PTNcYL 340

JIUM#KlPTNUM) CYL 350
PIMENSION IDEFSTOG85), DEF'ANS(26)t ITDEFTAB(IDOO), ILPTAB(200), IRPCYL 360
ITAB(2Q00) ITNTAB(200), .JPRMTP(100), IRECSV(200), MACVAR(25). MACNOCYL 370
2P(25)t INWMRD(1obv JEUUPC2)t PISTO(6)a IPISTO(6)o IDPEC(4) CYL 380
FQUIVALENCE (INW8RD(14) ,?!BIUP(16'.!LPTAB(990), IRPTAB(790), !TNTAB(5cYL 39a
190 ),PISTef390 ), !PISIC(39o), IDREC(384) ,JPROTP(380 ),I RECSV(280) ,MACVCYL 4oo
2AR(75),MACNORCSO), !DEFTABUlooO),TEFTAB~io~o) ) CYL 410

C CYL 420
rOMMeN /VSCARTBL/ KOP(1100) CYL 430

C cyL 440
(CGMMEN /2/ JTA9NUMtJTARLC12120) CYL 450

C ******* .4* * r~YL 460
C rYL 47n
C reNSTANTS CARRIED OVER FROM CROSFC, rYL 480
C SEE PROGRAM CRMSEC FC DETAILS AND CARD ;e~CYL 82000 RELOW. CYL 490
C CYL 500

rOmMMC /CRMSSEC/ A,9,C,D,IflSFNDP(MAT9(16),ARRAY(254),XCYC.ZC,UXUrYL 510
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IYUZRSCALEDC0SCYL(9,H)C9) ,XS(400),YS(400),X(103) Y(103),MAJORCYL 520
2MIN8R PHI CX#CYRADILSISETpCXYZ(16)PEXYZ(16) EH(i6) IBKTESTaTLILCYL 530
3SPo, IFKR(200),IONCE CYL 540
FOUIVALENCE (INCHOPEIFILL8) CYL 550
PQUIVALENCE (PLOTPLNeeIFILL9) CYL 560

CYL 570
C CYL 580

C THE P0RPOSE OF PROGRAM CYLINDER IS TM PROVIDE CYL 590

c THE ENTRANCE POINT FER SEGMENT 102 AND TO CGNTROL ITS ACTIeNS, CYL 600

C CYL 610
C CYL 620
C THE PAIN ACTIONS TAKEN ARE TM- CYL 630

c CYL 640
C (1) FETCH AND IDENTIFY CYLINDFR/CIRCLE AND SPHERE FORMS CYL 650

C IN TWE DEFINED SYMBOL TARLF, CYL 660

C CYL 670
C t2) OBTAIN THE CANONICAL CMNSTANTS CYL 680
C FOR THE PROPERLY IDENTIFIEn FORMS, CYL 681

C CYL 69n
C (3) CONTROL INTERSECTIMN PROCESSING THRU THE 4 SUBROUTINES, CYL 700

C ALGOR A, ALGOR Bo ALGRRC AND ALGAR D, CYL 710
CYL 720

e f4) PRINT OUT THE DESCRIPTION OF THE CIRCLE OR ELLIPSE. CYL 721

C AS TWE CASE MAY BE, AND CYL 730
C CYL 740
C (5) CALL IN SEGMENT 103 IF MORE PR9CFSSING IS NEEDED, OR GYL 750

C RECYCLE ITSELFOR CYL 760
C mR GO TO ISHOPF FOR ANMTHER HOPE PLANE.OR CYL 77n
C PREPARE FOR CRMSEC TERMINATION IF ALL POSSIBLE CYL 78n

C tYLINCERS/CIRCLES ANC SHPEPES HAVE BFEN PROCESSED AND CYL 790

C NO MORE HOPE PLANES ARE PRESFNT, CYL A00

e CYL 810
C CYL 820
C CoMMENTS IN THOSE PORTIONS OF CRMSSEC COMMON CYL 830
C PERTINENT TO SEGMENT 102 CYL 840

C CYL 850

C CYL 860
C THE CANONICAL FORM FOR THE CYLINDER CONSISTS OF A CYL 870

C 1) A POINT IN SPACE, CYL 880
C 2) A VECTOR, AND CYL 890
e 31 A RADIUS, CYL 900

C CYL 910
C CYL 920
C LET THE POINT RE DESIGNATEn RY XC, YG, ZC, CYL 930
C THE DIRECTION COSINES OF THF VECTeR BY UX, UY. UZ. AND CYL 940

C TWF RADIUS BY R, CYL 950
C CYL 960
C THE CCOSCYL ARRAY HOLDS THF DIRECTION COSINES CYL 970

e F TWE LOCAL CYLINDER COWRnINATE SYSTEM CYL 980

c CYL1000
C THE CXYZ ARRAY HOLDS THE COFFFICIENTS OF THE CYLINDER EQUATIMN CYLiIM1
C IN THE X,YZ SYSTEP CYLtn20

C CYL103o
C THE EXYZ ARRAY HOLDS THE CMEFFICTEKTS CYLIM40
C MF TWE CURVE OF INTERSECTIMN CLY10n4i
C FXPRESSED IN THE XYZ COORDINATF SYSTEM rCYL1I0S
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C CYLiO6O
C THE Eh ARRAY HOLDS THE COEFFICIENTS OF THE CURVE OF INTERSECTIØN CYL1070

C FXPRESSED IN THE HSPE PLANP COORDINATE SYSTEM CYLlosa

r CYL1oQo

C THE HC ARRAY HMLDS THE CREFFICIENTS FSR THE CURVE INTERSFCTIMN GYLIIQO

C IN TI.E HOPE PLANE WHEN IT IS REDUCED T8 TWO C5GRDINATES, CYL1lln
C YPRIPE AND YPRIME, CYL1i2o

C CYLli30
C THE X,Y ARRAYS ARE U5ED TO BUILD UP CYLli4O

C ONE GLADRANT SET SF FPINTS FRR EITWER CYL1i5O

C THE ELLIPSE OR THE CIRCLE IN BUIlDING CYL1I60
C THE VISCRETE SET OF PSINTS. CYLIM7O

c CYL1ii80
C 9#MAJ6R*X AND 9#MINOA9* ARE THE SEMI-AXES OF THE ELLIPSE, CYLiM9O

C CYL12oo

C GX AND CY ARE THE HOFE PLANE COORDINATES OF THE CYL1210
G rENTER OF THE ELLIPSE MR CIRCLE MF INTERSECTISN, rYL1220

C CYLI230
C *#RACIUS$$ IS THE RANIUS OF A CIRCLE OF INTERSECTION. CYLI240

C CYLI250
C 0$ISETt*, IS THE NUMEER OF CMMPUTEr DISCRETE POINTS FOR THE CYLI760

C ELLIPSE SR CIRCLE (200 FMR A CIRCLE AND 400 FOR AN ELLIPSEI, CYL127O

C CYLI280
C 9$TLX, IS THE LENGTH OF THE FINITE CYLINDER, CYLI29O

C iuNTIL REFINED BY FUTLRF CHANGES ALL CYLINDERS ARE CSNSIDERED TO CYL1S00
C PE 5 INCHES L6NG, CYLi310

C cYL1320
C 0#IL66P##v USED IN CENNECTION WITH THE CYLINDER/SPWERE SEARCH CYL1330

C LOMP BETWEEN SEGMENTS 102 ANn 103i CYL134O

C CYL1350
C P4IONCE$. FLAG USED TO INDICATE A SINGLF HOPE PLANE OR THE CYL1360

C LAST HSPE PLANF OF A SFQUENCF, CYL1370

C CYL138O
C THE XSYS ARRAYS HOLCS THE PSINTS 9F THE PERIMETER OF THE C'RVE CYL1390
C PF INTERSECTION IN TbE HOPF PLANF COORDINATE SYSTEM CYL1400

C CYLI410

C CYL1420
C THE SEMjwAXES OF THE ELLIPSE CYLI430

C CYLI440
REAL MAJORMINOR CYL1450

C CYL1460
C CYL1470

C SEARCHING THE DEFINEr SYMBML TABLE FSR A CYLINDER CYL1480

C SEE CROSEC COMMENTS FPR DETAILS CYL1490

C CYLisoo

TL 5 cyLi510
10 !;ILeGP CYLI520

TSTDTBL;O CYLIS30
ISAMOO CYL1540

.J.ITAB11*I-1 CYLIS50
IMNEWJTABL(J) CYLjS60
IX;(IeNEAND,77000no000000000B) CYLI570

C CYL±080

C PEJECTICN IF CONTAINS #X~$ PREFIX, CYL1590

C CYL6006
IF (IXEQ*8HXOOOOOnO) 230,20 CYLMiAI
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20 CONTINUE CYI-620
ITWO44TASL(J'1) CYLi630
TF (ITWe,EQ.NNSDEFX,0R. ITWMIEQ,NNG0EFI) 230,30 CYL1640

30 !STD6DwuTWA GYL1650
CALL STDIJNPK CYL1660
IF (ISTOTOLEQ,4) 40,230 CYLWA7O

40 KANSLRF*ITWS CYL1600
CALL CANGET CyLiA90

ISAME(DEFSTS(1),AND,7777B) CYLV700
IF (CISAM.EQ.4).9R,(ISAM,El5) ) 60,50 GYL1710

50 IF (ISAMEQ.131 1o0,230 CYLI720
60 NiAMECYLsISNE CYLI?30

WHICI-;8HYLINDER CYL1740

C CYLi750
C CYLINpER VALUES PASSED THRII S32Tn48 TO AVOID -1 TROUBLES. CYL1760

C CYLI770
YC.S32TG46(DEFSTO(4) CYL17QO
YCwS32Te46(DEFSTO(5)) CYL0790
7CmS32T04S(DEFSTo(6)) CYL100n
IXqS32TO4lCDEFSTM(7)) CYLi810
uYxS32Te48(DEFSTO(R)) CYL1820
llZuS32TC4SCDEFSTO(9)) CYL1830
R.S32TO48(DEFSTOQ10)) CYLIR40

C rYL185n
C CYL1860
C IF TkE SUM OF SOLJARES OF THE VECTORAS COMPSNENTS IS NOT WITHIN CYL1870
c noool OF UNITY THEN FURTHFR CYLINrER PROCESSING FOR CROSEC IS CYL1880

C NBT FGSSIBLE, CLYi81 
C CYL1900
C CYL1910

IF (ABS(1l(UX**2.UY**24UZ**2f))LF,0,00Oi) 80,70 CYL1920
70 PRINT 27oNAMECYLUXOUYOUZ CYLiQ3n

GO TO 230 CYL1931
80 CONTINUE CYL194n

C CYL1950
C CYL1960
C THE PARAMETERS IN THE CALL TO TESTCYL ARE THE SEVEN ELEMENTS OF CYL1970
C CYLIKEER4S CANONICAL FVRM ANn THE NAME OF THF ARRAY CYL19PO
C THAT IS TO BE FILLED CYLjQ90
C WITH THE DIRECTION CESINES OF THF CYLINDEROS COORDINATE SYSTEM. CYL2000
C rYL2oio
C CYL2O2O

IANSWER,999 CYL2030
CALL TESTCYL (XCYC,2CUXtlYUZ7RtCOSCYLIANSWER) CYL2O40

C CYL2n5o
C CYL2060
C THE CUESTION IS ASKEE CYL2n7O

C $$WAS A CYLINnEP SET RF CPGRDINATES ESTABLISHED?$$ CrL2080
r CYL2n9o
C IANSWER;O MEANS YES#IANSWEPSl MEANS NO GYL21 00
C CY L2110
C CYL2120

IF (IANSWERE0.1) 230,90 CYL2i3O
C CYL214a

90 SG TC 160 CYL2i5O
100 NAMESPH!19NE CYL2i6O
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WHICi.BHSPFERE CYL2i70
VCwS32TO4etDEFSTt4) ) CYL2180
YCxS32TO4.tDEFSTM(5)) CYL2i9O
7CmS32T64e(DEFSTM(6)) CYL2200
PpS32TO48UDEFSTO(7)) CYL2210

C THE CISTANCE FROM THE CENTER OF THE SPHERE TO THE HOPE PLANE CYL2220
C !S TRIS DISTANCE IS GRFATEQ THAN R. THE HOPE PLANE DOES CYL2230
C NGT INTERSECT THE SPHERE CYL2740
C. IF THIS DISTANCE IS EQUAL TO Rs THE INTERSECTION IS A POINT CYL2250
C IF DS IS LESS THAN R. nO AWEAD A CIRCLE IS PRESENT CYL226o

DSxABSF(((XC*A)4(YC*E)*(ZC*C).D)/SCRTF(A**2*9*? 2*C**2)) CYL227n
SPHXS:DS-R CYL2280
tF (A8SF(SPHXS).LT,0,0001) 130.1l0 CYL2290

110 !F (SPWXS.LT.0) 150, 1 2n CYL23oo
120 !F (SPHXS.GT.o) 140,23n rYL2310
13Q PRINT 280, NAMESPH CYL2320

C nS HAS DIRECTIMN COSINES ALC CYL2330
C PECALSF IT IS NGRMAL TM THE HOPE PLANE CYL2340
C THE COMP(NENTS OF DS IN TERMS OF TWE XYZ SYSTEM CYL2350
£ ARE TIEREFMRE DS*A#D5*9,ANn DS*C CYL2360
C THE TANGENT POINT tXIYT.ZT) IN THE XYZ SYSTEM CYL2370

YT;XC+DS*A CYL2380
YTaYC*DS*e CYL2 3 90
7T*ZC*OS*C CYL2400

C THE TANGENT POINT CONVERTEn TO THE HOPE SYSTEM CYL2410
CALL MM (XPYP#ZPPXToYTp7TXMAT9) CYL2420
Y;XP*SCALE*5.o CYL2430
Y*YP*SCALE*5,0 CYL2440
7zUP CYL2450

C THE TANGENT POINT PLOTTED AS TRIANGLE SYMBOL CYL2460
CALL SYMBOL CXY,0,20,2,00.1) CYL2470
tiO TS 230 cYL2480

140 PRINT 290, NAMESPH CYL2490
ts TS 230 CYL2500

150 CONTINUE CYL2510
CALL FDCOSCYL (1,0,0,00,0 ,0,0,0,0,1. 0,DCOSCYL) CYL2520

160 CALL ALGORA (WHICH) CYL2530
C CYL2540
C CREATE A SET OF COEFFICIENTS OF THE CURVE CYL2550
C PF INTERSECTION Ry TRANSFORMING CYL2551
r THE CYLINDER EQUATION iNTO THE XYZ SYSTEM AND AND SOLVING IT WITH CYL2560
C HOPE PLANE COEFFICIENTS CYL2570
C CYL2580

CALL ALGORB CYL2590
C CYL2600
C THE CURVE OF INTERSECTION IS TRANSFORMED CYL2610
C INTO THE HOPE PLANE SYSTEM, CYL261i
C CYL2620

CALL ALGORC CYL2630
C cYL2631
C THE CtRVE OF INTERSECTION IS IDENTIFIED AS TO TYPE, CYL2640
C CYL2650

cx o CYL2660
rYmo cYL2670
MA40R90 CYL2680
MINOReO CYL2690
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PADILS.O CYL2700
PH?:0 CYL2710
!OKTEST;O CYL272n
.JSUBFRm0 CYL2730
rALL ALGORD (JSUBER,KAMECYL) CYL2740
TF (ICKTESTE0.0) 170,230 CYL2750

170 CONTINUE CYL2760
C 

CYL2770C rSMPITE THE ECCENTRICITY CYL278n
C tYL2790

FCPSCRTF(1UUMINOR**2)/(MAJ5R**2*)) CYL2AD6
rPHImPHI*RDTDG fYL281O
IF (RADIUSEQ.99999, 180.190 CYL2820

C CYL2830
C PRINT OUT INFO ON EITHER ELLIPSE OF CIRCLE CYL284o
C CYL2850

180 PRINT 300o NAMECYLCX,CY,MA4MRMINeR,ECpDPHI CYL2860
GO TS 220 CYL2870

190 rONTINUE CYL2880
IFt ((HHICHEO.BHCYLINDER) ,ANg, eMAJCR.EQ,99999)) 200.210 CYL289o

200 PRINT 31,o NAMECYL,CXCY,RADIUS CYL2900oe Te 220 CYL2910
210 PRINT 310. NAMFSPHsC~oCYRADIUS CYL292060o TO 220 CYL2930
220 rONTINUE CrYL2940

C 
CYL2941C THE CLRRENT CYLINDER HAS BEFEN PRMCFSSED THRU THE CYL295O

C nETERVINATIeN OF ITS CURVE OF INTERSECTION CYL2960
c (EITHER CIRCLE SR ELLIPSE) CYL2970
C NOW CALL SEGMENT 3 AND PROCESS FtURTHFR FOR CYL2980
C PISCRETE POINT DETERMINATIMNS CYL299o

TFILL7Za03 CYL3000
CALL PRCNTL CYL3010C CYL3020

C FND EF CYLINDER SEARCH LOOP CYL33O0
C CYL3043
C TURN eFF THE PLOTTER CYL3050C CyL3060

CO TO 233 CyL3O7o
230 rONTINUE CYL3080

1LOeOFISS0P41 CYL3090
IF (IL4OP.EQIrfSEND) 240sin CYL31o0

240 rONTINUE CYL3ilo
C rYLIKCER/SPHERE PROCESSING TM BE DISCONTINUED CYL3120
C IS TI.ERE ONLY ONE WPFE PLANE CYL3130

IF (INCHOPE.E0.4MONCE) 25Os260 CYL3i4M
250 CONTINUE CYL31o5

C THE CYLINDER AND SPHERE SEARCH IS COMPLETE rYL3160
C TERMINATE CROSS SECTIONAL PLMTTIN'G CYL3170
C AND GE ON TO OVERLAY 2 CYL3i8o

IFILL739999 GYL3190
CALL PLOT (o,0,3) CYL3200
rALL PLOTS (0.0) CYL3210TDSENCaIDSEND-1 CYL3220
CALL PRCNTL CYL3230

C IF NET, SEARCH FOR ANOTHER- CYL3240
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260 CONTINUE CYL3250
rALL PLOT (010,3) CYL3260
rALL PLOTS at'n) GYL327n
1 LOOPso CYL3S80
rALL ISHOPE CYL3290
CALL PRCNTL rYL3300

CYL3310
270 FORMAT (iXoA8p* DOES NOT HAVF A VALID VECTOR*,lX,3fE27,20#iX}) CYL3320
280 FORMAT (1XA8,* TANGENT To PRESENT HOPE PLANE*,/) CYL3330
290 rORMAT (IXAP* NOT INTERSFCTED RY PRESENT HOPE PLANE*s/) CYL3340
300 FORMAT (1X#A8,*,ELLIFSE*,*, CENTFR AT *oF7.2j*o *,F7,2o*, SEMI-MAJCYL3350

IPR AXIS * *,F7,2,9* SEMIMtNOR AXIS *#F7.2,*, ECC c *,F7,5eo PHCYL3360
21 * *,F7,2,/1 CYL3370

310 FORMAT (lX#A8p*CIRCULAR INTERSECTI¢N WITH*o*o CENTER AT *.Fi0,2m*vCYL3380
1 *oFlO.2,9e RADIUS *a sFt0.2,/) CYL3390
FND OYL3400"

CYLINDFR l1/09/70 ED 0

IDENT CYLINDER
PRMGRAM LENGTH 00750
ENTRY POINTS CYLINDER On136
OLOCK NAMES

TIMETEST 00004
SYSTEMZ O0175
SECTILOG 0?642
VSCABT9L 0P114
2 27531
CROSSEC 03037

EXTERNAL SYM8OLS
08OENTRY
THEND,
P10O3100
n8QDICT,
STDUNPK
CANGFT
S32TR48
TESTCYL
MM
SYMBOL
FDCOSCYL
ALGSRA
ALGBRB
ALGORC
ALGSORD
PRCNTL
PLOT
PLOTS
ISHOPE
SQRTF
STH,
ONSINGL,

00553 SYMBOLS
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SUBROuTINF TESTCYL (XCYCZCsUX,UY.UZR,DCMsCYLIANSWER) TCY 10
DIMENSION DCOSCYL(l) TCY 20

C - TCY 30
C TCY 40
C THE PURPOSE MF SUBROUTINE TESTCYL IS TO ESTABLISH A LOCAL ToY 50
C COORDINATE SYSTEM FOR A CYLINDER 3R A CIRCLE, TCY 60
C TCY 70
C IF IT IS rETERMINED IN STATMENTS No, 110 THRU 16M THAT A TCY 80
C VECTOR IS PARAL.EL TO EITHER THE , OR , DIRECTIONS OF ONE OF THE TCY 90
C AXES THEN A STRAIGHTFORWARD ASSIGNMENT OF fIREeTIBN COSINES CAN TCY 100
C BE MADE IN THE APPROPRtATE STATEMENT OF THE SERIES TCY 110
C i7O0,18,190,200,21Il220, TCY 120
C TCY 13 0
C TCY 140
C AFTER THIS, THERE ARE SIX POSSIBTLITIES FOR A SKFWFD VECTOR TCY 150
C TCY 15i
C THREE OF THESE ARE 4ALLED INTERSE:TION SOLUTIONS TOY 160
C A SERIES OF TESTS FOR THEM BEGINS AT STATEMENT 230. TCY 170
C toY 180
C THE LAST THREE POSSIBILITIES ARE CALLEV INTERCFPT SOLUTIONS TCY 190
C A SERIES OF TESTS FOR THEM BEGINS AT STATEMENT 290. TCY 200
C TCY 210
C THE BASE PLANE TCY 220
C TCY 230
C TOY 240
C THE CYLINOERsS BASE PLANE IS DEFINED AS THAT PLANE WHICH CMNTAINS TOY 250
C THE POINT (XCYC.ZCI AND HAS THE :YLINDER0g VECTOR AS ITS NORMAL, TCY 260
C TOY 270
C THE EQUATION FOR THE BASE PLANE IS ToY 280
C TCY 290
C (UXl*X * (UY)*Y ( tUZ)*Z a UX.XC * UY*YC * U?*7C TcY 300
C TCY 310
C THE X AND Y AXIS FOR THE LBCAL CYLINDER CMORDINATF TCY 320
C SYSTEM ARE ASSIGNED IN THE BASE PIANE, TCY 330
C THE 2 AYIS tS THe VECTOR, TCY 340
C TCY 350
C THE Y AXIS IS DEFINED AS Z CROSS X. TCY 360
C ToY 370
C TCY 380
C SOME GENERAL COMMENTS ON INTERSECTION SOLUTIONS TCY 390
C TCY 400
C TCY 410
C THE POINT FROM THE CYLINDER DEFINITION MUS BPE ON AN AXIS, TCY 420
C THE LOCAL X AXIS TO $E CREATED IS THE INtERSECTIAN OF THE BASE TCY 430
C PLANE WITH ONE OP THE PRINCIPLF PjANES (X , YOKO, 7:0), TCY 440
C THIS INTERSECTION MUST BE PERPENDICULAR TO THE CYLfNlER#S AXIS, TCY 450
C AND THE COMPUTATION OL ITS DIREtTIMN CBSINFS MAKES USE OF THIS TCY 460
C FACT, SINCE A NEGATIVE OF T*E OJOTIENT OF TWM AXiS VECTOR TCY 470
C COMPONENTS IS INVOLVED. TCY 480
C TCY 490

TCY 500
C SOME GENERAL COMMENTS ON INTERCEPT SOLUTIONS TOY 510
C TCY 520
C THE X AXIS or THE CYLINDER SYSTEM IS DEFINFD BY TWF DIRECTED LINF TCY 530
C SEGMENT FROM (XC'YCZC) TO THE BASE PLANE jNTERCFPT TOY 540
C WITH EITHER THE TCY 550



MAJOR X AXIS, OR THE MAJOR r AXIS, OR THE MAJOR 7
THE PROGRAMMER,

THE START MF THE STANDARD TESTS

110 IF Ux .E1, 0 ,ANDUYEO,0.ANDUZ,- ,O) 170.120

I 1/02/70

AXIS WFINED BY

DOES u POINT IN DIRECTION OFX

120 IF (UX ,E0:"1, 0,AND,UY.EQ,0 ANDiJZ.FQ, 0) 186,i3fl

DOES U POINT IN DIRECTION OF *Y

130 IF (UiX.EO':0,ANP,UY ,EQ.I, .ANDUZ, =oO 190.1J40

DOES u POINT IN DIRECTION OF -Y

140 IF EUX.E00 ,AND,UY,EC.~.I,,AND1UZEQ,0) 20&',150

DOES U POINT IN O1RECTION OF *2

150 IF (UX.E0:0,AND,UYE0.0,AND.UZ.E0.i,OI 210'.160

DOES U POINt IN DIRECTION OF rZ

160 IF CUXEO:0.AND,UY,EQ. 0,ANDUZ.Eg,,..0) 220,230

THE DIRECTION

170 CALL FOCOSCYL
GO TO 376

THE DIRECTION

180 CALL FOCOSCYL
GO TO 376

THE DIRECTION

190 CALL FDCOSCYL
GO TO 376

THE DIRECTION

200 CALL FDCOSCYL
GO TO 376

COSINE SET FOR *X VS-CTOR ORIFNTATIMN-,

(0'.1 ,0,00, 0,1,1,0$,0 * 0,0,DCOSCVLI~

COSINE SET FOR *X ViCTOR ORIENTATION:

a;0 .1s , 0,0s.1,0,0 v 0,0 ,0,DCMSCYL )

COSINE SET FOR *Y VZCTOR ORIENTATIAN"

(0,m0, 1,0 1, 0v~0, o0,l0 .0.0'CO ScYVL)

COSINE SET FOR vY VECTOR ORIENTATIMN-
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C
C
C
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C
C
C
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C
C
C
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C
C
C
C

C
C
C
C

C
C
C

C
C
C
C

C
C
C
C

C
C
C
C

C
C

ICY 5 60
TCY 570
TCY 580
TCY 590
TOY 600
TCY 610
TCY 620
TCY 630
TCY 640
Tic 650
TCY 660
TCY 670
TOY 680
TOY 690
TQY 700
TCY 71 0
TCY 720
TCY 730
TCY 740
TOY 750
TCY 760
TCY 770
TCY 780
TCY 790
icy 8 00
TCY 8sb
TCY 820
TCY 830
TCY 840
TCY 850
TCY 800
TCY 870
TCY 880
TOY 890
TOY 900
TCY 91o
TCY 920
TOY 93Q
ICY 940
TCY 950
TCY 960
TCY 970
TCY 980
TCY 990
TCYVOOO
TCylolo
TCY1020
TCY1030
TCY1040
TCY1050
TCY1060
TCY1070
TCY1080
TCY1090
TCYlIQ0
TCYilO0
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C THE DIRECTiON COSINE SET FOR 'Z VECTOR ORIFNTATItN TCY1120
C TCY1130
C TCY1140

21C CALL FOCOSCYL (1,0,o,0o0o,1,oOOt,.QDCOtSCYL TCY1150
GO TM 370 TCY1160

C TCYl170
C TCYl180
C THE DIRECTION COSINE SET FOR *Z VECTOR ORIFNTATIMN TCYl190
C TCY1200

220 CALL FDCCSCYL (O;1,0*°,a 0lOOOOO,0- IODCSCYL) TCY1210
GO TO 376 TCY122o

C TCYl230
C TCY1240
C START OF THE SIX SKEWED S06UTIONS TCYl250
C TCY1260
C TCY1270
C THE PROJFCTION SOLUTIONS TCY1280
C TCY1290
C TCYX300
C IS THE POINT AT THE ORIGIN OR ALO4G THE X AXIS TCY1310
C TCY1320
C IF SO, AN X PROJECTION SOLUTION IS APPROPRIATE. TCY1330
C TCY1340

230 IF ClXC.EQOANfYCEOOAND.ZCEQO),OR.tXCNE:O.AND.YC.EQO.ANDTCY1350
1,ZC,EQ.Ob ,ANDI CUYNE.0,)) 240,250 TCY1360

C TCY1370
C X INTERSECTION SOLUTION TCY1380
C TCY.390

240 PHIuATANtuUX)/fUY)2 TCYX400
T11uCeScPwI) TCY1410
T21!SlN(PHI) TCY1420
T3isO TCY1430
GO TO 366 TCY1440

C TCY!450
C IS THE POINT ALONG THE Y AXIS TCY1460
C TCY1470
C IF So, THEN A Y PROJECTION SOLUTiON IS APPROPRIATE. TCY1480
C TCY1490

250 IF ((YCZNF.O.AND.XCEQ.0,AND,ZC,E.0),AND,tUZNE:O.)I 260,270 TCY1500
C TCY1510
C Y INTERSECTIMN SOLUTION TCY1520
C TCY1530

260 PHICATANU.tUY)/(UZ)) TCY1540
T1150 TCY1550
T21=COS(Pwl) TCY1560
T3t91SN(PHI) TCY1570
GO TO 360 TCY1580

C TCY159o
C TCY1600
C IS THE POINT ALONG THE Z AXIS TCY1610
C TCY1620
C IF SO. THFN A Z PROJECTION SOLUT13N IS APPPOPRIATE TCY1630
C TCY164o

270 IF (CZC.NE..CANDXCEO.O.AND.YCE~.o),ANDfUXINE-OE;> 280,290 TCY1650
C TCY1660
C Z INTERSECTION SOLUTION TCY1670
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TCY1580
280 PHIcATAN(f-UZ)/(UX)) TCY1690

Tll:SINIPWT I TCY1700
T21s0 TCY1710
T3i;COS(PWi1 TCY1720
GO l8 360 TCY1730

C TCY1740
C TCYl750
C THF INTERCEPT SBLUTIONS TCY1760
C TCY1770
C TCY1780

290 IF CXC.NE'0.AND,(YCNEQORZC.NE2*),ANDUY.NE,01 30nl.310 TCY1790
C TCY18OO
C X INTERCEPT SOLUTION TCY1810
C TCY1820
C IF UX IS NOT EQUAL TO ZERO THEN AN INTERCEPT TCY1830
C BETWEEN THE BASE PLANE AND THE X MAJOR AXIS IS PMSSIRLE TCY1840
C TCY1850
C TCY1860
C THE X INTERCEPT (XI) IS OBTAINED TCY1870
C BY SETTING Y AND Z TM ZERO IN THE TCY1871
C EQUATIBN FMR THE BASE PLANE, I). AND SOLVING FOR Y. TCYl880
C TCY1890

300 XIUtUXoXc*UY*YC*UZ*ZC)/UX TCY1900
C LET TCYl910
C TCY1920

DELXXI *YC TCY1930
C TCY1940
C XLlTHE LENGTH OF A LINE FROM (XCYCZC) TO CYI .O'0) TCY1950
C TCY1960

XLcSORTtDFLXs*2*YC**2+ZC**2) TCY1970
C TCYI98 0
C TCY1990
C THE DIRECTION COSINES FOR THE CYLINDER*S X AXIS ElF XI IS USED) TCY20O0
C TCY2010

TliUDELX/XL TCY2020
T21c-YC/XL TCY2030
T31*:ZC/XL TCY2040
GO TO 360 TCY2050

C TCY2060
C TCY2070

310 IF (YCNE:OAND IXCNE.OR.ZCNE9.0),AND.UYNE.O0 320,330 TCY2080
C TCY2o9o
C Y INTERCEPT SOLUTIBN TCY2100
C TCY21i0
C IF UY 0 5 THEN AN INTERCEPT BETWEEN THE BASE PLANF MF THE TCY2120
C CYLINDER AND THE YPMAJMR AXIS IS PMSSIBLE, TCY2130
C TCY21.40
C TCY2150
C THE Y INTERCEPT (YI) IS OBTAINED TCY2160
C BY SETTING X AND Z TO ZERS IN THE TCY216j
C EQUATION FOR THE BASE PLANE. CU)#,AND SOLVING FOR Y TCY2170
C TCY2I7O

320 YleUYX*XC*UY*YC*IJZ*ZC)/UY TCY2190
C TCY2200
C LET TCY2210
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C TCY2220
DELY*YIPYc TCY223C

C TCY2240
C TCY2250
C YL.THE LFNGTH OF A LINF FROM (XCYC,ZC) TS (c0,YIO TCY2260
C TCY2270

YLvS0RTfXC**2*DELY**2+ZC**2) TCY2280
e TOY2290
C TCY2300
C THE DIRECTION COSINES FOR THE CYLINDEROS X AXIS fIT VI 1 USED) TCY2310
C TCY2320

T 113Xc/VYL TCY2330
T212DELY/YL TCY234o
T31!iZC/YL TCY2350
ce TO 360 TCY2360

C TCY2370
330 IF (ZCNE,0,AND, OXCNE.0,ORYCNEO) .ANDU7.NE.01 346.350 TCY2380

C TCY2390
C Z INTERCEPT SOLUTIRN TCY2400
C TCY24I0
C IF UZ 9 6 THEN AN INTERCEPT BETWE-N THE BASE PLANE TCY2420
C OF THE CYLINDER AND THE Z MAJOR AXiS IS POSSIBLE. TCY2430

C ~~~~~~~~~~~~~~~~~~TCY2440
C THE Z INTERCEPT tZI) IS OBTAINED TCY2450
C BY SETTING X AND Y TO ZERO IN THE TCY24S1
C EQUATION FOR THE BASE PLANE, (I.h AND SOLVING FOR 7. TCY2460
C TcY2470

340 Zla(UX*XC*UY*YC*UZ*ZC)/UZ TCYr480
C TCY24 9 0
C TCY2500
C LET TCY2510
C TCY2520

DELZHZtmZc TCY253o
C ZLTHE LENGTH OF A LINF PROM (XC.YC.ZC) TO (0.D,71) TCY2540
C TCY2550

ZLuSQRT(Xc**2*YC**2*DELZ**2) TCY2560
C TCY2570
C TCY2S80
C THE DlRECtION COSINES FOR THE CYLINDERtS X AXIS iIF ZI IS uSED) TCY2590
C TCY2600

T1igwXC/ZL TCY2610
T21i;YC/ZL TCY2620
T3tpDELZ/7L TCY2630
GO To 360 TCY2640

350 PRINT 39Q TCY2650
GO TO 380 TCY2660

C TCY2670
C TCY2680
C THE COMMON FOLLW UP FOR ALL SIX :MMPUTED SOLUTIMNS TCY2690
C TCY2700
C THE DIRECTION COSINES FPO THE CYLINDEROS Z AXIS TCY2710
C ARE THOSE SF Us THE AXIS VECTOR, TCY27I11
C TCY2720

360 T132UX TCY2730
T23UVY TCY2740
T33aUZ TCY2750
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C TCY2760
C TCY2770
C THE CROSS PROpUCT TERMS FOR CYLINDPR Z CROSS CYLINnER X TCY2780
C TO GET TWF DiRECTION C1SINES FM4 YI.YNDER y, TCY2790
C TCY2800

T12uT23sT31.T21*t 3 3 TCY28%0
T222Ti1T33 T13#T31 TCY2820
T32zT13*T21lsfIi123 TCY2830

C TCY2840
C TCY2850

CALL FDCOSCYL (T1t1T21,T31,T12,T22.T32,T13.T23.T33.DCGSCYL) TCY2860
370 C0Nt2NUE TCY2870

C TCY2880
C IANSWER.0 MEANS YES, AN AFFIRMATtVE ANSWER TCY2890
C YES, A SFT OF DtRECTION COStNES 7@R THE CYL!NnER WAS FlUND TCY2900
C TCY2910

IANSWER;O TCY2920
RETURN TCY2930

C TCY2940
C TCY2950
C IANSwER:1 MEANS NOI A NEGATIVE ANSWER TCY2960
C Nn, A SET OF DIRECTION COSINES F3R THE CYLINDFR WAS NOT FOUND TCY297o
C TCY2980

380 IANSWERst TCY2990
RETURN TCY3000

C TCY3010
390 FORMAT l1x*NO LOCAL C0ORDINATE SYSTEM F0UNlD*) TCY3020

END TCY3030-

TESTCYL i./02/70 ED 0

IDENT TESTCYL
PROGRAM LENGTH 01211
ENTRY POINTS TESTCYL 00Q13
EXTERNAL SYM98LS

THEND,
O8Q4?CT,
FDC8SCYL
SQRTF
SINF
C0SF
ATANF
STW,

00340 SYMOMLS
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FUNCTIIN 532T848 (AR) STR 10
C STR 20
C THF PURPSSE MF THIS FUNCTION IS TO CORRECT A DFFICIENCY STR 30
C IN THE APT SYSTEM WITH RESPECT TO GIVING CYLINnER PARAMETERS STR 40
C FULL 48 BIT WORD REPRESENTATION STR 50
C THE FUNCTION GIVES THE FLOATING P3INT MINUS MNF REPRFSENTATION STR 60
C STR 70
C AS 5776377777777777 STR 80
C STR 90
C INSTEAD OF STR 100
C STR 101
C 5776377777777774 STR 120
C STR 130
C WHICH THE CDC 3800 SYSTEM SEEMS T3 CREATE UNDER STR 131
C DRUM SCOPE 2,0 RESIDENT 2R,0 STR 132
C STR 133

tC-AR STR 140
IF( AREM.57763777777749),3R,(ARSF(AR~1,O).LT,( n.nOl0) ) io20 STR 150

10 S32TO48aIr STR 160
RETURN STR 170

20 S32TO48mAR STR 180
END STR 190'

S32T@48 l1/02/70 ED 0

IDENT 532TS46
PROGRAM LENGTH 00106
ENTRY POINTS S32TS48 Uo003
EXTERNAL SYM95LS

Gin10im0
08QDICT,

00026 SYMRSLS
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SURR!uTINF FDCOSCYL (U1tU2,J3,U4,J5tU6,U7,lj8'U9,1)CMSCYL) FCY 10
DIMENSION DC(SCYL(1) FCY 20

C FCy 30
C FCY 40
C THE PUqPOsE OF THIS SUBROUTINE FCY 50
C IS TO FiLL THE DCOSCYL ARRAY FCY 60
C WITH A SET OF DIRECTION COSINES, FCy 70
C THE SUBR8uTINE IS CALLED FROM SJBRMUTINE TFsTCY4L FCY 80
C FCY 90

DCmSCYL t 1 I)Ui FCY 100
DCMSCYL(2U? 2 Fcr Ito
DCOSCYL 3 U3 FCY 120
DCOSCYL 4 :U4 FCY 130
DCOSCYLi5)? U5 FCY 140
DCOSCY L 6O z U6 FCY 150
DCOSCYL 7)2 U7 FCY 160
DCOSCyL t $ )U8 FCY 170
DCmSCYLt9)gU9 FCY 180

C FCY 190
RETURN FCY 200
END FCY 210-

rUCO5CYL 11i/02/70 ED 0

IDENT vcOCSVYL
PROGRAM LENGTH 00150
ENTRY POINTS FDCOSCYL 00003
EXTERNAL SYM8sLS

080D ICT,
00057 SYM8OLS
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SUBRSUTiNF ALGORA (WHICH) ALA
COMMON /CRMSSEC/ A#8CPD. IDSENDX4AT9(16) ARRAY(P54#XC.YCoZC,UXUALA
lYOUZRSCALE.DCSSCYL(9bHS1(9boXS(400bYS(4no0Y.io ,itOY(103).MAJGR.ALA
2MINORPH!,CX.CY,RADIUS. ISETCXYZ(±6).EXYZ(i6),FHE±A;.ICKTESTTL.ILALA
130op ALA
REAL Ki,IK2.K3 ALA

ALA
ALA
ALA

ALGORITHM A CSMPUTES THE COEFFICIENTS ALA
NEEDED TO EXPRESS THE CYLINDER AND/SR SPHERE ALA
IN TERMS OF XYZ (THE MAJOR CSORDINATE SYSTFM) . THAT IS I ALA
FSR A CYLINDERw ALA
X(CYLSYSTEM)1*2+Y(CYLSYSTEM)**2gR**2 ALA

AND FOR A SPHERE9 ALA
X(SPHSYSTEM)..2.Y(SPHSYSTEM).*24Z(SPHSYSTEMH)** R**2 ALA

GET CSNvERTED IN THIS SUBRMUTINE, ALA
ALA

THE CXYZ ARRAY CONTAINS THE $$A$ COEFFICIFNT SET ALA
RESULTING FROM SUCH CONVERSIONSm ALA

ALA
(All X * A12 Y * A13 Z * A14) X ALA

*(A21 X * A22 Y # A23 7 * A24) Y ALA
*(A31 X * A32 Y * A33 Z * A34) Z ALA
*CA4i ' A42 * A43 * A44) 0 ALA

ALA
R IS THE RADIUS MF THE CYLINDER.tXC#YCZC) IS THF AXIS PSINT ALA

ALA
THE DCIxCYL ARRAY CONTAINS THE DIRECTION CMSINFS THAT ALA
DEFINE THE CYLINDER CSORDINATE SYSTEM ALA

ALA
ALA

RETURN TM THE $#TX$ SUBSCRIPTS ALA
ALA

TiI.S32TM48 DC8SCYL(1)) ALA
T21mS32TM48(DC0SCYL(2)) ALA
T31uS32T,48(DCOSCYL(3)) ALA
T12-S32T848(DC8SCYL(4)) ALA
t22f532TM48(DCOSCYL(5) ALA
T32uS32TO48CDCOSCYL(6)t ALA
Ti3cS3?tO481DCOSCYL(7)) ALA
T23*S32yS48(DCMSCYLC8)) ALA
T33!S32TM48(DC0SCYL(9)) ALA

ALA
ALA

DEFINE tHREE CONSTANTS K1eK2,K3 ALA
ALA

KluTil*XC&T2i*YC*T31*ZC ALA
K2UTi2*XC*T22*YC*T32*ZC ALA
K3zT13*X6*T23*YC*T33*ZC ALA

ALA
THEN . ALA
IF (WHICH7EQ,8HCYLINDER) 10.20 ALA

IC CONTINUE ALA
ALA

A CYLINDER ALA

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C

C
C

C
C

20

4 o

6 0
6i
6 2
63
7 0
71I
8 0

82
83
84
85
8 6

140
1 5 
151
152
l 53
1 54
155
±56
16 0
i~i
17 0
i80
19 0
20 0
2± 0
22 0
23 0
24 0
25 a
260
270
280
29 0
30 0
3,,
32 0
33 0
34 0
35 o
36 0
37 0
38 0
3 9 
4 00
4~O
4 2 
421
4 22
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C ALA 423
Al;(Tli**2*+12**2) ALA 430
A1i2;CTt*y21*Tl2T22) ALA 440
A13 (T1i*T31*T12*T32) ALA 450
Ai4:w(Ki*Til*K2*Tl2) ALA 460
A21'A12 ALA 470
A22:mT21**2*t22#*2) ALA 480
A23ziT2i*t3l*T22*T32) ALA 490
A24;(Ki*T21*K2*T22) ALA 500
A315A43 ALA 510
A325A23 ALA 520
A33s(T3i**2*f32**2) ALA 530
A34u tKj*T31*K2*T32) ALA 540
A41;A44 ALA 550
A42qA24 ALA 560
A430A34 ALA 570
A44Ki(o**2*K2**2eR**2) ALA 580
G0 To 30 ALA 590

C ALA 600
c A SPHERE ALA 601
C ALA 602

20 CONTINUE ALA 610
Allxlji**2*Tl2**2&Ti3**2) ALA 620
A12mfTii*T21*Tl2*T22*Tl3*T231 ALA 630
A13(71ti*y31*T12*T32*T13*T33) ALA 640
A145-(jKr*Til*K2*Tl2*K3*Tj31 ALA 650
A21.At2 ALA 660
A22=(T2i**2*T22**2*T23**2) ALA 670
A23; T2.*t31*T22*T32*T23*T33) ALA 680
A24;!t *T'21*K2*f22*K3*T23) ALA 690
A315At3 ALA 700
A32uA23 ALA 710
A33vtT3i**2*T32**2*T33**2) ALA 720
A34ue1Ki*y31*K2*T32+K3*T33) ALA 730
A41;A±4 ALA 740
A42qA24 ALA 750
A43!A34 ALA 760
A44; K(o*P*K2**2*K3**2*R**2) ALA 770

C ALA 780
C LOADING UP THE CXYZ ARRAY ALA 790

30 CONTINUE ALA 800
G ALA 810

CXYZI)VA1I ALA 820
CXYZ (21Ai2 ALA 830
CXYZC3)qA43 ALA 840
CXYZ(4)*Ai4 ALA 850
CXYZ(5)sA71. ALA 860
CXYZi6).A22 ALA 870
CXYZ(7pA>i3 ALA 880
CXYZ(8)iAj4 ALA 890
CXYZ(9)sAS1 ALA 900
CXYZC±OoA32 ALA 910
CXYZ li .A33 ALA 920
CxYzt(2)aA34 ALA 930
CXYZi3lxA4 1 ALA 940
CXYZ (4OA442 ALA 950
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CXYZ t(i5)8 A43
CXYZ(16>)A44
RETURN
END

ALGORA

PROGRAM LENGTH
ENTRY POINTS A
BLOCK NAMES

EXTERNAL SYMBOLS

00122 SYMBOLS

AL§0ORA
a 0 423
U0004

CRESSEC 02525

01003100
080DICT,
S32T04A

ALA 960
ALA 970
ALA 980
ALA 9900

IDENT ALGMRA

ED 0
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SUBROuTINE ALGORB ALB
C8MMON /CRRSSEC/ ABCD, IDSENDX4AT9(16),ARRAV(754)'XCYCsZeUXUALB

lYUZRSCALEDC8SCYL(9)uW8(9).XS(400),YS(4nMOIY(103.Y(1O3),MAJORALB
ZMIN8RPH!'ICXQCYRADIUSISETCXYZ(iA),EXYZ(16),FHIIA).IOKTESTaTLDILALB
3S0P ALB

ALB
THE SIMULTANEOUS SOLUTION OF THE -qOPE PLANF EOIJATIlN AND TWE ALB
CYLINDER EQUATION IS ACCOMPLISHED RY ADDING THF FIRST DEGREE ALB
COEFFICIENTS AND THE CONSTANT TER4S, THAT IS* ALB
the NEW A14 * (20THE OLD A14 * A) FOR THt X CMEFFICIENT ALB
2. THE NEW A24 e (2*THE OLD A24 * B) FOR THE Y OMFFFICIENT ALB
20TWE NEW A34 a (20THE OLD A34 * C) FOR THE Z CMEFFICIENT ALS

THE NEW A44 s C THE SLD A44 w D) FOR THE CONSTANT ALB
ALB

WHERE ABC, D ARE FR@M THE PLANE EQUATION (AX*BY4*ZaD) ALB
ALB

THE CXYZ ARRAY CONTAINS THE COEFFICIENTS ALB
FOR THE CYLINDER EoUATION OR THE SPHERE EQUJATION ALB
IN THE XY7 MAJOR C0SRDINANT SYSTE4 ALB

ALB
THE EXYZ ARRAY CONTAINS THE COEFFICIENTS FMR THE EILLPSE(CIRCLE) ALB
SF INTERSECTION IN THE XYZ MAJSR CMORDINANT SYSTFM ALB

ALB
ALB

FOR Atl THE X**2 CDErFICIENT ALB
EXYZ(I)uCyYZCl) ALB

ALB
FSR Ai2 1X2 THE XY COEFFICIENT ALB
EXYZ(2)*CxYZ(2) ALB

ALB
FOR Aj3 1/2 THE XZ COEFFICIENT ALB
EXYZ(3)aCYYZ(3) ALB

ALB
FOP Aj4 1/2 THE X C8E'FICIENT ALB
EXYZ(4).CXYZ(4)*A/2 ALB

AL9
FOR A21 1/2 THE XY COEFFICIENT ALS
EXYZ(5);CYYZ(5) AL8

ALB
FOR A22 THE Y**2 COEFFICIENT ALS
EXYZ(6)mCxYZ(6) ALB

ALB
FOR A23 1/2 THE YZ COEFFICIENT AL9
EXYZ(7)uCYYZC7) ALB

ALB
FOR A24 1/2 THE Y COEFFICIENT AL.
EXYZ(8)nCYYZc8)*R/2 ALB

ALS
FOR A31 1/2 THE XZ COEFFICIENT ALB
EXYZ(9)uCYYZ(9) ALS

ALB
FOR A32 1/2 THE YZ COE3FICIENT ALB
EXYZtlO sCXYZ 10) ALB

ALB
FOR A33 THE Z**2 COEFFICIENT ALB
EXYZ(ii)seXYZ(li) ALB

131

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

I10
20

6 0

7 0
8 0
9 Q
1 00
1.10
12 Q
13 0
131
1 40
14 1
150
151.
to60
16i
17 0
180
19 0
20 0
21 0
22 0
23 0
24 0
25 0
26 0
27 0
28 0
29 0
30 0
31 0
32 0
33 0
34 0
350
36 0
37 0
38 0
39 0
4 00
41 0
420
4 30
44 0
45 0
46 0
47 0
48 0
49 0
5 00
5 10
52 0
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C ALB 530
C FeR A34 112 THE Z C3 EFFICIENT ALB 540

EXYZ( 2)z CXYZ(12)*C/2 ALS 550
C ALB 560
c FOR A41 1/2 THE X C4ErVICIENT ALB 570

EXYZ (13 5FXYZ (4) ALB 580
C ALB 590
C FOR A42 1/2 THE Y C3SFFICIENT ALB 600

EXYZ ( i4 l vFXYZ(8) ALB 610
C ALB 620
C FOR A43 1/2 THE Z D3EFFICIENT AL9 630

EXYZ(t55FXYZ (12) ALB 640
C ALB 650
C FOR A44 THE CONSTANT TERM ALB 660

EXYZ C j6) :CXYZ~ 16 ) ,D ALB 670
ALB 680

RETURN ALB 690
END AL0 700w

ALGORB 1 t/02/70 ED 0

IDENT ALGORR
PROGRAM LENGTH 00042
ENTRY POINTS ALOGRB 00003
BLQCK NAMES

CR9SSEG 02525
EXTERNAL SYM9ØLs

080DICT,
00051 SYMROLS
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SUBROUTTNE AL0GRC ALC 10
COMMON iCRtSSECl ABC.DlDSENDX. AT9Q 6)ARRAY(2541SXCYC.ZcUXUALC 20
1YOUZRSCALE.DCGSCY.(9)tH@(9OXSC400)o YS(46OFW~(i0o3.Y(103) ,MAJORlALC 30
2MINSR.PH.iCXCY1 RADIUSISETCXYZ(16b#EXYZ(16rEHI1lAIMKTESTTL.ILALC 40
300P ALC So

C A4C 60
C ALc 70
C ALGORITHM C OBTAINS THE EL41PSE/CIOCLE EOUATIeN ALC 80
C IN HOPE PLANE C8ORDINATES, AME 81
C 1,E, SN TERMS OF THE $PRIME$ COSRojNATE SYSTEM WHOSE SRICIN tS AT ALC 90
C THE INTERSECTION OF THE HOPE PLAvE AND ITS NORMAL. ALC lo0
C ALC 110
C THE VXYZ ARRAY CONTAINS THE COEFFICIENT ARRAY IN TFRMS OF THE ALC 120
C XYZwMAJOR COORDINATE SYSTEM ALC 130
C ALC 140
C THE XMAT9 ARRAY CONTAINS THE CONVERSION CSNSTANTS RETWEEN THE ALC 15Q
C XYZ.MAJOR AND THE OPRIMEO COOROINATE SYSTEMS, A,C,.D ARE THE ALC 160
C HOPE PLANE CONSTANTS, ALC 170
C A4C 180
C THE EW ARRAY WILL RECEIVE THE CSMPUTED esEFFI(IENTS FOR THE ALC 190
C XPRIMEf CSSRDINATE SYSTEM IN THE 4SPE PLANF, A4C 200
C ALC 210

ALC 220
C USING O$Hs INSTEAD OF THE USUAL WOO, THE PIREtTION COSINES A4C 230
C THAT DEFINE THE PRIME AXES ARE IDWITIFtED FROM TOE XMAT9 ARRAY ALC 240
C ALC 250

HIliXMAT9i1) ALC 260
H21aXMAT9jq ) ALC 270
H31:XMAT9(3) ALC 280
H12;XMAt9(5) ALC 290
H22rXMAT9 6) ALC 300
H32UXMAT9jt) ALC 310
H13;XMAt9q9) ALC 320
H23;XMAT9CIo) ALC 330
H334XmAT9till A11 340

C ALC 350
c ALC 360
C THE COORDINATES OF THE $$PRIME$$ 3R!GIN cXemY0,ZoC A4C 370
C ALC 380

XOuD*A ALC 390
YOcDOR ALC 400
ZO=D*C ALC 410

C ALC 420
C ALC 430
C THE CSEFFICIENTSWRT, XYZ MAJOR ARE iDENTi!iFD WiTH $$A$$ ALC 440
C AND ITS SUBSCRIPTS, ALC 441
C ALC 450

All:FxYZw ALP 460
A12xExYZ(2) ALC 470
A13;EXYZ(3) ALC 480
A14:ExYZ(4) ALC 490
A2i=EXYZ (5) ALC 500
A22=EXYZ(6) ALC 510
A23;EXYZ(7) ALF 520
A24.EXYZi() A4C 530
A3lzEXYZI9} ALC 540
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A32*ExYZftI) AL.C 550
A33zEXYZ(¶i) ALC 560
A34EEXYZjfj2) ALC 570
A4i;UEKYZ j 3) ALC 580
A424EXYZ (4) ALC 590
A43mExyz( i0) ALC 600
A44;EXYZti6) ALCe 610

C ALC 620
C ALC 630
C THE COMPUTED CWEFICIENTS FOR THE 90PRMEX0 SYSTFM ARE A4C 640
C IDENTIF1EO BY THE LETTER $$A AND THE CORRESPONDING SUBSCRIPTS ALC 650
C ALC 666
C Pit FOR THE COEFFICIENT OF X PRIMS SQUARED A4C 670
C A4t 680
C ALt 690

Pi~~tfl*2*A2(2 2*3*(3*2**I*I*H21*2*A13*HIALC 700
1i.w3t*2*Ap3.421aH3l) ALC 710

C ALC 720
C ALC 730
C P12 FOR i/2 THE COEFFICIENT OF Xgyo (WHERE s IS THF PRIME SYMBOL) ALC 740
C ALC 750

P12;(A1jow11.H12*A22*H2lH22*bA33*431*H324A12O(W1i*W22*H21*H12)*A13ALC 760
1*(Wii*4324H31aH12)4A23*(W21*H32*W22*H31)) ALC 770

C ALC 780
C ALC 790
C P13 FOR 1,2 THE cSEF'FICIENT OF ! Z ALt 800
C ALC 810

P13,(Aii~w12.*Hi3*A22*H21*H234A33*431*H334A¶2*(wl1*H23*H21*W13)AiA3ALC 820
1*(H11.W33*H31*Hi3)4A23*(H21iH33*H23*H31) ) ALC 830

C ALC 840
C ALr 850
C P14 FOR 1,2 THE CEEFFICIENT OF Xs ALC 860
C ALC 870

P14.(A11.H11*XOaA22SH21*Y0*A33I4iH3*ZO*A12tfH21*X0*H11*Y0 )6Aj3* tH1ALC 880
loOWiX)A3i2*OHiY)A4HiA4H1A4Wi ALt 890

C A4C 900
C ALC 910
C P21 FOdR iy2 THE COEFFICIENT OF x~Yo ALC 920
C ALC 930

P2IsP±2 ALC 940
C ALC 950
C AL.C 960
Cl P22 FOR THE COEFFICIENT OF YA**2 ALC 970
C ALC 980

P223(A11*(H12**2)+A22* (H220*2).A33*(H32**21*2tA1 2.H12*H22)ik2.(A13ALC 990
1*Hl2*H32)*2.(A23*H22*H32) ) AL.C1O00

C ALCi01O
C ALC1O2O
C P23 FOR 1/2 THE COEPFFICIENT OF Y9Z* ALCiOJO
C A4C1O40

P23: (At1*H12*H13*A22*H22*H23*A33*432*H33*A¶2* (W1?*w2 *H22*W13 ,*A13ALC10S0
1.(H12*W33*H13*H32)4A23*(H22*H334W32*H23) ) ALC106 0

C ALC1O70
C ALC108 0
C P24 FOR 1/2 THE CeEFFICIENT OF Y* ALC109O
C ALC1100
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P24:tAlil.2*XO*A22*W22*YO*A33*q.32*ZO*Al2*tH22*XM*.W2*.YO*Aj3*tHl2ALCIIIO
l*Zn*H32*Xb).A23*tH22*ZO*H32*YO*Al4*HW12*A24*422*A34,w32) ALC1120

C ALC1130
C ALC1140
C P31 FSR i/2 THE COEFFICIENT OF X*Zi ALCI150
C ALC1160

P3i;Pi3 ALC1170
C ALCS180
C ALC1190
C P32 FRs i/2 THE COEFFICIENT OF YOZO ALC1200
C ALC1210

P32:P23 ALC1220
C ALC1230
C ALC124 0
C P33 FOR THE COEFFICIENT OF Z**2 ALCe250
C ALC1260

P33z(Aij*eH±3**2)4A22*(H23**2)iA33*(H33**21*2*AI7*(H13*H23142*Aj3*ALC127o
l(H13*w33)*2*A23*iH23*H33)) ALCZ280

C ALC129 0
C ALC1300
C P34 FOR 1/2 tHE eOEFFICIENT OF Z* ALC1310
C ALC1320

P34. A1t1u13*XO*A22*H23*YOA33* 33*ZO*A12*tH23*xM*W13.YoQ*Aj3* Hl3ALC1330
l*ZODH33*Yn)*A23*(H23*ZO*H33*YO)*Aj4*H13+A24*H23*A34*433) ALC134O

C ALC1350
C ALC1360
C P41 FOR 0i2 THE CeEFFICIENT OF Xg ALC137o
C ALC1380

P41mP±4 ALCI3 9 0
C ALC1400
C ALC1410
C P42 FOR 1,2 THE COEFFICIENT OF Y4 ALC1420
C ALC1430

P42*P24 ALC1440
C ALC1450
C ALC1460
C P43 FOR i,2 THE COEFFICIENT OF Z9 ALC1470
C ALC1480

P43:P34 ALC1490
C ALC1500
C ALC1510
C P44 FOR TuE CONSTANT TERM ALC1520
C ALC1530

P44:(Aii*iXD**2)*A22*(YO**2)*A33*(ZO+*2)4*2Al20XM*YO*2*Al3*XD*70*2ALCl540
1*A23*YO*20*2*A14*XO*2*A24*Y0*2*A34*ZO*A44) ALC1550

C ALCI560
C ALC15 7 0
C FILLING THE EH ARRAY ALC1580
C ALC1590

EH(la);Pl ALC1600
EH(2)=Pi2 AL4C1610
EHCJ)*Pj3 ALC1620
EHI(4)mP4 ALC1630
EHO5W:P2i ALCI640
EH(6)aP22 ALC1650
EH(7)=P23 ALC6560
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EH(B)P24 ALC1670
E( C 9 .P31 ALC1680
EH(X 10 )sP32 AL4"69O
EH t1)3P33 ALC1700
EH( (12 1 p34 ALC1710
EH 13 )RP41 ALC1720
EH C 14 jP47 AL0173 0
EH(15 zP43 ALC1740
EH( 16 )op44 ALGJ750

AL01760
RETURN ALC1770
END ALC1780O

ALGORC i1/02/70 ED 0

IDENT ALGORC
PROGRAM LENGTH 00557
ENTRY POJ!NTS ALOORC 00003
RLCCK NAMES

CRSSSEC 02525
EXTERNAL SYMOOLS

080DI CT.
00126 SYMPOLS
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SUBRGUTINE ALGSR D(JSUBERPNAMECYL) ALD 00
COMMON /CRMSSEC/ A,8CD' DDSENDXIAT9(16),ARRAY(254) XCYCZCUXaUALD 10
1Y.UZR ,SCALEDCGSCYL(9) HG(9),XS(400)YS(40)1 'y(io3),YtiP3) .MAJOR,ALD 20
2MINC IPHi CX CYRADIUS';SET CXYZ(16) EXYZ(16) FH'161l@KTESTTLILALD 30
60@P IP-KRI200)l, NCE ALD 40
REAL MAJORaMINNR ALP 50
REAL Li.L7 ALD 60

C ALD 61
C ALP 62
C ALD 63
C THE PURPOSE MF ALGORITHM D IS T3 ALD 70
C 1) LOCATE THE CENTER SF THE ELLIPSE/CIRCLE IN THE HOPE PLANE ALD 80
C (Tm BE EXPRESSED AS CX AND CY), ALD 90
C ALD 100
C 2) C8MPUTE IT9S SEMIMAJOR AND SEMImMINOR AXPS ALD 110
C IEYPRESSED AS MAJ8R OR MINBR) ALD 111
C OR ITS RADIUS IF A CIRCLE (RADIUS) ALP 120
C ALD 130
C 3) ITS ROTATION ANGLE (PHI), AND TO ALD J40
C ALD 150
C 4) PRMVIDE A YES MR NO FLA3 BN THE VA1 IDITY ALD 160
C OF THE ELLIPSE/CIRCLE ALP 161
C tIBKTEST SERVES AS THIS FLAG) ALP 170
C ALD 180
C THE Eh ARRAY CONTAINS THE ELLIPSE/CIRCLE CMEFFOCIENTS ALD 190
C IN THE HWPE PLANE SYSTEM, ALP 191
C ALD 200
C ONLY COEFFICIENTS IN XPRIME AND YPRIME ARE USEn SINCE Z# a 0D ALD 210
C ALD 220
C ALP 230
C IDENtIF4!NG AND FETCHING THE COEF1iCIENTS tTWO DIMFNSIONAL SET) ALP 240
C ALD 250

P.13.4159265 ALD 260
PIOV21i.570796325 ALD 270
RDTDG.57 79578 ALP 280
MAJSR.O ALD 290
MINSRSO ALD 300
RADIUSXO ALD 310

C Ell THE COEFFICIENT FOR xX**2 ALD 320
C ALP 330

ElIFEWci) ALD 340
C ALD 350
C ALD 360
C E12 1/2 THE COEFFICIENT FSR XWVO ALP 370
C ALP 380

E12*EHC2) ALD 390
C ALD 400
C ALD 4.0
C E13 1/2 THE COEFFICIENT FSR xp ALD 420
C ALD 430

E13;EHt4) ALP 440
C ALD 450
C ALD 460
C E22 THE COEFFICIENT FOR YO**2 ALP 470
C ALP 480

E22VEH(6) ALD 490
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C ALD 500
C ALD 510
C E23 1/2 THE COEFFICIENT FOR YX ALD 520
C ALD 530

E23gEI(81 ALD 540
C ALD 550
C ALD 560
C E33 THE C8NSTANT TERM ALD 570
C ALD 580

E33;Ew(16) ALD 590
C ALD 600
C ALD 610
C THESE EQUALITIES EXIST ALP 620
G ALP 630

E2j.Ei2 ALD 640
E31gEi3 ALP 650
E323E23 ALD 660
He(l)xE~l ALD 670
HO(2)xFi2 ALD 680
HO(3)xEO3 AL0 690
HOM4)PE2i ALD 700
HO5')wE22 ALD 710
HO(6)NE23 ALD 720
HOt7)PE31 ALD 730
wH(8);E32 ALD 740
HO(99 sE33 ALD 750

C ALD 760
ALD 770

C COMPUTE TwE INVARIANTS SF A PLA4E SECOND ORDER CiJRVEI I, D, A ALD 78B
C REPRESENTED BY 00T1#0, OXDI0*, AND 00At**s RESPECTIVELY, ALD 781
C ALP 790

TluEi.*E22 ALD 800
C ALD 810

DPmEil*E22wE21*El2 ALD 82O
C ALD 830

AIuEi14tE22*E33uE32*E231 Ei2*(E2i*E33-E31*F23)*Ei3*CE21OE32,E31*E2ALD 840
12) ALD 850

C ALD 860
C ALD 870
C TEST FOR PARALLEL POSSIBILITIES ALP 880
C ALD 890

IF ((A8SFSAl)bLT,0,001),AND,(ARST(DI).LTP,00fl}) 10.20 ALD 900
C ALD 910

10 CONTINUE ALP 920
APx(E22*E33.E23*E32)*(Eli*E33.E13*F31) ALD 930
LINEESH ALD 940
CALL HOPARCYL (L!NE.H40TL APSCALE.A.B.C.D .XMAT9 .XC.YC8ZC.UX.UY.UZALD 950
1,R,NAMECYL) ALD 960
IF (LINEXE0,7HYESLINE) GO TO 350 ALD 970
PRINT 360. NAMECYL ALD 980
GO TO 350 ALP 990

C ALD1000
C TEST FOR PRESENCE OF ELLIPSE SR CIRCLE AL01OIO
C ALD1020
C ALD1030

20 CONTINUE ALD1040
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IF ((ATN F ,01AND, (DI.GTO) ,AND ttAl/TI) LT I 40.30 AL01056
30 IF ((AI NE 01!AND.(DI.GTO),AND,(A8SFCE11WF22),LT,0.001).ANDI,(E2ALD106 0

l,EQ,0) 5n,350 A.01070
ALD1080

40 CONTINUE ALD1090
GO TO 60 ALDwo0O

C ALD1lilo
C ~~~~~~~~~~~~~~~~~~ALD1I2O

50 CGNTINUE ALD103O
Go to 60 ALD114O

C ALD1150
60 CONTINUE ALD1160

C ALD1170
C ALD1180
C THE CENTER IS ATw ALD1I9M
C ALDI200

CXmwtEi3*F22aEi2*E23)/DI ALD12I0
Cyw.(EtI*F23-E13*E211/DI ALD.220

C AL0.2 3 0
C ALD12 4 0
C SOLV!NG THE CHARACTERISTIC EQUATiIN AL01250
C AL01260
C L**2.!L*Dm0 ALD1270
C AL01280
C WHERE 09L09 STANDS FOR LAMBDA AL01290
C AND InT! ALD1300
C AND DmDl ALD1310
C ALD1320
C COEFFICIENT FCR L**2 ALD1330
C ALD1340

AAw1 ALDi350
C ~~~~~~~~~~~~~~~~~~ALD1360

C COEFFIC!ENT FOR L ALD1370
C AL013 8 0

B.C-T /2) ALDi39 0
C ALD1400
C CONSTANT ALD1410
C ALD1420

CCuDI ALD1430
C ALD144 0
C A QUADRATtC SOLUTIIN ALD1450
C ALD1460

CALL QUAD (AAB8CC#RlR2) ALD1470
C ALD148Q

IF (JSUBERE0,l050) 70,80 ALD1490
70 PRINT 376 ALDI500

Ge TM 350 ALD1510
80 IF (JSUREREQ,1051) 90400 ALD1520
90 PRINT 380 ALD153O

GO T! 350 ALD1540
C ALDISSO

100 IF (Ri.EQ R2) 110,120 ALD1560
C iLD2,570

110 CONTINUE ALD1580
LiuRl ALD1590
42%R2 ALDI600
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G0 TO 346 ALD01W
C ALD1620

120 IF CRi.G*.R2) 130,140 ALD1630
C ALD1640

130 L13Ri ALD1650
L2xR2 ALD166O
GO TM 150 ALD1670

C ALD1680
140 L1sR2 ALD1690

L2vRI ALD1700
C ALD1710

150 MAJORxSORT?((A! /tLl*(L2**2))) ALD1720
MINORwSoRY(v'(AI)/((L1**2)*L2)) ALD1730

C A~LD17 4 0
IFV((E12,FO.UeR, (ABSFtE12).LT,0*001,)160,210 ALD1750

160 CONTINUE ALD1760
JSUBERuO ALD1770
AASE22 ALD1780
BB*E23 AL017 9 0
CCuE33*2*E13*CX*EII*CX*CX ALD1800
CALL QUAD (AA,6BBCCR1,R2) 4LD1810
IF ttJSUBFR,NEiO50),AND.(JSUBER,%E,105l),AND,(ARSF(ABSF(R1wCY).ABALDl82o
1SF(R2.:CflLT,0,00011) 180.170 AL4D030

170 PRINT 39Q. E22,E23,E33,CXCYMAJMR.MINMR ALD184o
09 TO 350 ALD8S50

180 iF (ABSFfARSF(RlxR2),2*M!NGR),LTI.0.00~t 1@0.200 ALD1860
c AL0l870
C NM ROTATIMN NFEMEn ALD1880

190 PHIwO At.DI 90
GO TO 330 ALDt900

z ALD1910
C 90 DEG RMTATION NEEDED ALD192O

200 PH14PIOV2 ALD1930
Ge TO 336 ALD1940

C ALD1950
C ALD1960
C THERE IS AN XY TFRM ALD1970
C ALD1980
C iS THERE A 45 nEf SOLUTION ALD199 0

210 CONTINUE ALD2000
IF ((ABSFeE1i-E22),LT0,0001),ANDaiE12.NEen)) 220b730 ALD2010

C ALD2020
C 45 DEG SOLUYTIN ALD2030
C ALD203i

220 PHl1sPlOV2/2 AL02040
03 TO 240 ALD2050

C ALD2051
C DETERMINING THE PROPER VALUE TO ASSIGN TO PHI ALD2052
C ALD2O53

230 PH~lso5.*ATAN((2*E12)/(E11uE22)) ALD2060
240 PHl2xPHii*PIMV2 AL02070

IF t(E12.LT.0),AND,(PHII.GT,0)) 256,260 ALD20a0
250 PHIuPHII ALD209 0

00 TO 330 ALD2100
260 IF ((Ei2.ITO)AND,(PHT2,LTPlV2)) 270,28n ALD2110
270 PH18PHT2 ALD212o



141

i i/02/70

GO TO 330 ALD2130

280 IF ((Ei2.GTo1)ANDVtPHIlLT.0)) 290,300 ALD2I4o

290 PHIuPHIi AL02150

GO TO 330 
ALD2 16 0

300 IF t(El2.GTsdANDt 31P232fV ALD2170

310 PHI*PH12 
ALD2190

G0 TO 330 ALD2190

320 CONTINUE 
ALD2200

DPHI2.PHI2*RnTDG 
ALD2210

DPHIiuPHII*RnTDG 
ALD2220

PRINT 400. Ei2,EjlE22,DPH!,D I2 ALD2240

GO TO 350 ALD2250

330 CONTINUE ALD2260

PHIPOPHi ALD 228 0
JSUBER:0 AL02280

C ~~~~~~~~~~~~~~~~~~ALD2290
C MESSAGE TWAT CIRCLE NOT FOU4D 

ALD2300

C 
ALD2310

RADIUSv99999 AL02320

C ~~~~~~~~~~~~~~~~~~ALD2330
IOKTESTaO 

ALD23 3 0

RETURN 
ALD2340

C 
IAL 2 35 0

C 
AL D236 0

C SOLUTION FOR A CIRCLE 
ALD2 310
ALD2380

340 RADIUSUSORT c Al)/L2*tL2**2) ) ALD2390
ALD2 40 0

C MESSAGE TwAT ELLIPSE NOT FOUND ALD2410

C ALD2420

MAJOR.99999 
ALD2430
ALD24 4 0
ALD24 50

IOKTESTx6 
ALD2460

C 
ALD2470

RETURN ALD24 8 0
C RETURN ALD2490

C 
ALP2500

C IOKTESTm5 MEANS YES, IOKTESTu1 PEANS NO ALD2510

C 
ALD2 52 0

350 IOKTESTsi 
ALD2530

RETURN ALD2240
C RETURN ALD2 5 5 0

360 FORMAT i3hXs* PARALLEL To PRESENT wHPE PLANE At niRTANCE GT RADIUSALD25
6 O

1 OF CYLINDER, THUSe NO INTERSECTIMN*,/ ALD2570

370 FORMAT j1x,#N$ SOLUTION FOR LAMSDA. B0TH A AND B ARE ZERO*) 
ALD258O

380 FORMAT tiX'*NO REAL ROOTS FOR LAMP)A*) 
ALD259 0

390 FORMAT (iX,*PHI COMPUTATION TROUBLE WITH XY TERM a 0;N8 SOLUTION WALD2600

IAS FOUND FOR Yo,,,FI0,5p*YSQUARE **#FID,5#*Y **slrn!.5* U 0*,/,1X.ALD2610

2*CX, CY*.IXF10,5,iXF10,5,* A,3 *.,Fl0.5,j1YFj ) ALD2620

400 FORMAT IiX*UNAELE TO DETERMINF Pd1*,/.1XEi2 * .Fi0.7./,1X,*ElALD
26 30

1 *,Fio 7 /1Xe*E22 = *,Fio,7#',Ip*PWI I : *.Ft0 .2os1y*PRI 2 :ALD
26 40

2 *.Flo,2; ALD2650

END 
ALD2 66 0-
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PROGRAM LENGTH
ENTRY POINTS ALGORD
BLOCK NAMES

CR SSEC
ExTERNAL SYM90L0

THEND,
08EDICT,
WOPARCYL
QUAD
SOQRTF
ATANF
STH,
QNSINGL,

00240 SYM8OLR

IDENT
01041

00154

03037

ALGORM

I 1 /02/70 E D 0
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SUBRELTINE HOPARCYL (LINEiHOTL APSCALEABCDXMAT9,XCeYCZCtUXHOP 10
1,UY,LZRNAMFCYL) HOP 20
DIMENSION HOC() H(P 30
DIMENSION XMAT9(1) HOP 4n
QEAL K HOP 50
PEAL M12,M34 HOP 60

C HOP 70
C, HOP 80
G HOP 90
C THIS SUBROUTINE IS CALLED FRMM ALGERD IF IT HAS PEEN HOP 9t
C DETERPINED THAT THE H@PE PLANE IS PARALLEL TO THF AXIS OF THE HOP 100
C rYLIKCER, ITS PURPOSE IS TO PLOT THE DEGENERATE LINE SOLUTION AS HOP 11n
C A SINGLE LINE. OR A FAIR OF PARALLEL LINFS EITHER HORIZONTALLY. HOP t20
G VERTICALLY OR SKEWED, HSP 130
C IF TUE SOLUTION IS T60 PARALLEL LINES, THEY HOP 131
C ARE ioINED ON THEIR ENDS TM FORM A RECTANGLE TO COMPLETE THE HSP 140
C INTERSECTION OF A FINITE CYLINDER WITH END PLAINS FORMING A HOP 150
C FIGHT CIRCULAR CYLINEER, W4OP 160
C HOP 170
C HOP 180
C THE PARAMETERS ARE HOP 190
C HOP 200
C gLINEss, A HOLLARITH MESSAGE NHYESLINE OR 8HNOLINE HOP 210
C IS RETURNED TO INDICATE SUCCFSS OR FAILURE OF THE CALL, HOP 220
C HOP 23n
C g#es THE ARRAY CONTAINING THE HWPE PLANE INTERSECTION HOP 240
C COEFFICIENTS, HOP 250
C HOP 260
C vTLsx, THE LENGTH OF THE CYLINDFR, HOP 270
C HOP 280
C 0$APxX, THE INVARIANT WHICH WHEN 2Q INDICATES A SINGLE DFGENERATE HOP 290
C LINE, AND WHEN LESS THAN ZERO, A PAIR OF PARALLEL LINES, HOP 300
C HOP 310
C $$SCALE$$, THE PLOTTING SCALE WHICH WAS COMPUTED IN CRMSFC, HOP 320
C HOP 330
C 09A#64000, THE HOPE PLANE CONSTANTS, HOP 340
e HOP 356
C 0XXMAT9$X, THE HOPE FLANE CeNVERSIeN MATRIX, WHP 360
C HOP 370
C *xXCYCZCUXUYVUZgs, THE CYLINCER CONSTANTS, HOP 380
C HOP 390
C XNAMECYLs, THE NAME OF THE CYLINrER IN HOLLARITH, HOP 400
C HOP 410
C HOP 420
C LOCAL SCALING FUNCTIeN HOP 430

S( W*(W*SCALF+5, 0) HOP 44n
C WOP 460
C START OF OUTPUT MESSAGE HOP 470
G HOP 480

PRINT 410, NAMECYL HOP 490
C HOP son
C INTERSECTION COEFFICIENTS PICKED UP FROM HO ARRAY. HOP 510
e HOP 520
G X SQUARED HOP 521

AiIEH C e ) HOP 530
C XY HOP 540
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A12U0 C2) HOP 550
C X HWP 560

A131E0(3) WOP 570
C Xr weP 580

A21PSW(4) wOP S90
C YSQUARED WeP 600

A22u06(5) WOP 610
C Y WOP 620

A23pIe(6) moP 630
C x WOP 640

A31;16(7) WRP 650
CeV wrP 660

A32=FC(8) HWP 670

C CONSTANT MOP 680
A330I6C9) UGP 690

C eHP 700
C nD 1S DISTANCE FROM CENTER POINT T¢ HOPE PLANE, HOP 71n
G IF #CDD0 IS GREATER TWAN P NS LINE SOLUTIONS ARE POSSIBLE, HOP 720
r w6P 73n

fDu(A*XC*i*YC+C*ZC-D)/SQRT(A**2*R**2.C**2) WOP 740
IF (ARSFCtD).GTR) GM TO 400 WEP 750

C woP 76n
C THE $$LO$$ AND 99HIss POINTS ARE CCMPUTEno -RP 770
C THEY ARE THE PROJECTION OF THE END POINTS OF THE CYLINDEP weP 780
C vECTER ONTO THE HOPE PLANE. HOP 790
C WOP A00
e HGP sin

XLgXC-DD*A WOP 820
YL;YC-DD*B MOP 830
7LuZC-DD*C HOP 840
YH:XL*TL*% X urP 85n
YH=YL*TL*Uy UGP 860
7HaZL*TL*U7 W4P 870

C W0P 880
C THE R0PE PLANE CRRRDINATES APE ORTAINED, HOP 890
C W8P 900

CALL MM (XLOYLOZLOXLYLZLXMAT9) WRP 910
rALL MM (X9J YWJIZHI XWYHZwxMAT9) WSP 920

C WEP 930
C TESTING FOR PARALLEL LINE SOLUTIMN, HEP 940
C HEP 950

IF (AP.LT.0) 110,190 WEP 960
C W5P 96t
C FeR VERTICAL PAIR HEP 970
C X**2 AND CONSTANT TERM MUST EE NON ZERE HEP 990
C AND XYv, Y**2 ANn Y TERMS ZERM Hep1000

110 IF ( (AilNEO),AND.(A33,NE.0),ANtl.(A21.EO,0).AND.(A22.EO.0) AND. (AHEPIOn
1?3,EC,0)) 120,150 UEPln20

C 'ueRP2i
C IS THE PAIR SYMMFTRICAL A8BUT ORIGIN WEP1030
C IE,IS THFRE AN X TERM WEOPI40

C PHR4i
120 IF (A13,EQ,0) 130,14C WUP1050

C eRplost
C Xw+ mR w SCRT(A33) ARBUT (0,0) WePln60
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130 pwSQRT(ABSF(A33))
CALL ENDnRAW (S(0)lS(YL.),S(Q),$(YHI)
w1:.c
wI2aQ
PRINT 420. W1.W2
rnO Tr 300

X a * OR - SORT (A33) ABOUT (Ho)

140 W=.A13
P=ABSF(SQRT(H**2wA33))
CALL ENDDRAW (5(vQ4H1,5S(YLm)jS(*H)#S(YHI))
Win-C*H
w2;0*H
PRINT 420, W1,W2
rm TF 300

FOR HORIZMNTAL PAIR
Y**2 AND COKSTANT TERMS MUST BE NMN*ZFRM
AND X**2pXYAND X TERMS MUST BE ZERI

150 IF t(A22,NE.O),AND,(A33,NEO ANDg(A11.EoO).AND. (A2,EOO),AND,
113,EC,0)) 160,310 N

IS PAIR SYMMETRICAL ABOUT ORInON
-DEPFNnS ON! PESENCE 8F Y TERM

160 IF (A23,EQo) 170,180

Y * * GR - SQRT(A33) ABSUT (0,o)

170 n=SQRT(ABSF(A33))
CALL ENDDRAW (S(XL0) S(CQ)s(XHI)#s(0))
Win-c
w2zO
PRINT 430, W1,W2
rOS TS 300

Y P * GR - SORT(A33) A8GUT (OK)

180 K'vA23
M=ABSF (SQRT(tK**2..A33))
CALL ENDDRAW CSCXLM),St(-0.K)sS(XWjlS(Q*K))
WI'-G*K
W280*K
PRINT 430, WI,W2
r.G TS 300

IS THERE A SINGLE LINE
WITH WOPE TANGENT TO CYLINDER

190 IF (APEQ,0) 200,310

A VERTICAL SITUATION IF
X**2 TERM NON ZERO

C

C
C
C

C
r
C
C
C

C
C
C
C

C
C
C

C
C
C

C
C
r
C

C
C
C

wePlo6i.
WOP1070
pinned
weplflgO
WePlion

WGi1.2o
WOP1121
bsiiP130
wspi3i.
WSPli40
I.pisP1.5
WGPJI60
weP117o
MG p11 0

-MpliI9o

MGPI200
opposite
wepo121
W8P1220
wepi230

, AWOP1246
WGP1250
wspi2si.
MG P126 0
W8P1270
WGP 171i
N8P1280
WOPI28i
WGP1290

WGPI300
W6P1310
WGPI320
wepi330
W6P1340
WGPI350
WOP135i
wop1366
WOP136i
I.1P1376
wop13so
WGP1390
WGP1400
WGPJ1410
W8P1420
WGP1430
WeP143i
WGP I 44 

WGP1451i
WGP1460
MG P14 61
WGP1470
WeP14an
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C ~~~~~~~~AND XYoy*02,AND Y TERMS ZER8 M8P1490C 
WOP149i200 IF C (AII,NE,0 ,AND. (A21,EQ.0)~,ANV, (A22.EO.o) .AND. CA23.FQO.) ) 2i0,2WOP1500150 
wailingC 
westC IS IT THRU THE ORIGIN WSPiS20C 
WSP11321210 IF ((Al3,FQ.0).AND.(A33,E0.0)) 220,230 wepis3dC 
WOP153ir X :0 OR THE Y AXIS IS THE LINE W8P±540c 
WSP1541220 CALL CRAW (S(0),S(YLE),SC0),S(YHI)) 
HCPIS50I wlgI~X 
WCOP1560wJ1co 
wspi570PRINT 440, IWIoWl 
missionrMG Tre 300 
WePi590C 
M6Pl591C IS IT THRU ANOTHER PO~INT H8piAooC 
WOPIAQI230 IF ((Al3*v2k.EO.(ARSF(A33))) 240,310 G1 0C 
WOPI1lI.C Xu"A13 WeP1620r 
WOP1621240 CALL CRAW (S(-Aj3),S(YLe)pS(.A313fS(YHI)) 
W8P1630liW*1X 
WCPI640Winu-A1 
WSP1650PRINT 440, IW1,Wi 
W8P1660rn8 TF 3o 
weP1A70C 
WeP167iC A H(ORIZ8NTAL SITUATION IF wsplAebC Y**2 TFRm NON ZERO wOP1690r X**PPXYoAND X TERMS EQUAL TO ZERO N5P1700C 
WSP17Q1250 IF C CA22,N'~E,0).AND. (A11,EQ.0),ANIn,(Ai2.E0,0).AND, CA13,EQ,O)) 260,3HCP17i01l 0 
W8P1720C 
WOP172tC ALONG X AXIS , SYMMETRIC ABOUT ORIGIN, IF" W8P1730r Y TFRM AN!n CeNSTANT BOTH 0 W8P1 740C, 
WOP174i260 IF ((A23sf0,0),AND.(A33,EQ,0)) 270.280 HOP1750C 
WE P1751.C ~~~~~~~~~~~YgQ W8P1760

C ~~~~~~~~~~~~~~~~~~~~we P1761.270 rALL DRAW CS(XLOfl,S(C),S(XHfls(o)) 
W(OP1770l7WiajIky 
HoPi7aOwiso 
WOP1790PRINT 440. IWIPWI 
weapons!rE TE 30o 
HSP18lOC 
HOPIAltC NOT SYMMETRIC AR~IUT 8RIGIN HEP1R20C 
WEP1821280 IF ((A23-t2)vE0.(A4SF(A33))) 290.310 HEPIR30C 
WCP1R3¶C YxwA23 W6PIB40C 
WEPIR184 290 CALL CRAW (SCXLO),SC.A23,lSXHI),S(-A23)) 
wEpi856
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IWlmlhY HeP1860 -

WjxuA23 WEP1R70
PRINT 440, IWlwl HtP1R80
re Tf 300 WEPi899l

300 I INE:8HYESLINE wRPl9on
RETURN WeP19I0

310 rONTINUE HSPI920
C WrP1930
C WRP1940
e IS A SINGLE, SKEWEn LINE PRESENT. WHP1950
C WOP196n
C, HRP1970

IF ((C DD-R).LT,00o1),AND. ((A3**2)-(A22*A33),LT.0,0001)) 320,330WOP1980
320 CALL CRAW (S(XLS)oS(YL)lS(XHI)jS(YHI)) wePla9g

PRINT 450# XL8,YLXsI.IYI IYJP2oQn
5E TR 300 WOP20ni

330 rONTINUE WRP2n20
C W8P2030
C A SKEhED PAIR OF PARALLEL LINES IS NFEDEn, WGP2n4o
C WHP205ns
C THE SLOPE OF THE LINES, HOP26nf
C H0P2070

PHI*ATANFE(YHIwYLO)/(XWI"XLO)) WuP2080
JSUBER 0 WGP2n90

C WOP2i00
C A GENERAL SOLUTION FER THE INTERSECTIONS ON THE Y PRIME AXIS, woP2iIn
C W6P2i20

CALL GUAD CA22,A23,A33,B1 R2> W0P2130
IF (t;SU8FR,EQ,1050) S4n,35n WUP2140

340 PRINT 460p A22,A23,A303 WOP25
PRINT 470 w0P2160
!eO To 400 W0P2170

350 IF (4SUBER,E0.1051) 360,370 WOP218O
360 PRINT 46op A22,A23mA33 HOP209o

PRINT 4 80 WeP2200
GO TR 400 WOP22l1

370 rONTINUE WSP2220
IF (R1,GT,B2) 380,390 WuP2230

380 PsIsel WOP2740
pwlvB2 W0P2250
R20BPI WeP2260

390 rONTINUE HOP2270
C wep2po8
C SLOPE$ INTERCEPT SOLLTIONS FOR TIE RECTANGLE SIDES, WOP2290

CWP2300
N'12=TANF(PHI ) W0P2310
v34zPhI+'.570796325 WOP2320
v34wTANF(M34) W0P2330
P3xYWI-M340XHI WOP234n
P4qYL6-M34*XLO WrP2350
nENUI"2wM34 WUP2360
YIx83-91)/DEN WRP2370
Y1.M12*X1*.R WOP238n
Y22(83wB2)/DEN W6P2390
Y2;M12*XP*82 WOP2400
Y3u( 4-82)/DEN H0P2410
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Y3wM12*X3*82
w4m(P4'B1)/DEN
Y4uM12*X4*91

THE SKEWED RECTANGLE IS PLRTTED,

CALL PLOT (S(Xl)sS(Yltb3)
CALL FLOT (S(X1tS(y1>21
CALL PLOT (SiX2)sS(Y2)s2)
CALL PLOT (S(X3)oS(VY312)
CALL PLOT (S(X4)lS(y4)#2)
CALL PLOT (S(Xi)sS(YI),2)
CALL PLOT CS(X1)sSCY1),3)
pPHINmPH*57,29478
PRINT 490, PPHIXipYlX2tYpY3sY,3X4VY4
rce TF 300

400 l.!NEU8HNi)LINE
PETUF N

410 FORMAT (1IHA8,*, INTERSECTION ISt*)
420 FORMAT (30Ms*VERTICAL PARALLFL LINFS. X c *'F1Q,2o.. X

430 FBRMAI (30X,*HMRIZGNTAL PARALLEL LINES, Y * *,Fa 02,s

W5P2420
W4eP2430
WOP2440
W P2 45 0
W P2 46 0
W~P2470
WOP2 480
WeP24 90
We P250 0
WOP25iD
WB P252 0
W BP 2 53 
WBP254o
MBP2550
WBP256o
WB P257 0
WIOP2580
WB P259 0
WPP2O00
MB P261n

**sF10,2s/MBP2620
WB P2 630

Y a *sFi0,2H6P2640

440 FORMAT C30X#*SINGLE LINE, *#A1* 8 *vF10.2t/)
450 FORMAT (309,*SINGLE LINE, FRmM( *,FP0,2#*, *oF10,2s*1 Te (*,F10

I*# *J10,2s*)*)
460 FORMAT (1XeIN HOPARCYL, RRTATED OLADRATIC SOLUTION FOR Y./piXt

1. *rF10,5*p B * sFF10,5,* , a *IF1.5)
470 FORMAT (1XP*BTH A AKD B TERMS ZFRMO)
480 FORMAT (jX,*N8 REAL FOOTS*)
490 FORMAT (30XORECTANGLE AT *sF9i2s* DFGREFS*p/p30Xv*F0UR CORNERS

I XY PAIRS, *,4(*( *,F9.2,*t *,F9.2s*) *)
FND

MB PAPC YL 11I/ 09 /7 0

PROGRAP LENGTW
ENTRY POINTS HOPARCYL
EXTERNAL SYM8BL$

THEND.
080D CT
MM
ENDDRAW
DRAW
QUAD
PLOT
TANF
SQRTF
ATANF
STH.
QNSINGL.

00424 SYMBOLS

02036
OM206

IInENT

MBP2650
W¢P2660

,2,sWP2670
W6P2680

*A HWP2690
WNP2700
MBP2710
NBP2720

ASMRP273o
WOP2740
HOP2750*

E D 0

WOPARCYL

C
C
C

C
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SUBRtUTINF DRAW tX1,Y1,X2,Y2) DRW
DRW
DRw

THIS SU8ROUTINE ts CALLED FROM XOAMPARCYL.t, DRW

IT IT USE TO DRAW EITHER A 5IN3L: LINE OR A RER7ANnLE, DRW
THE 0RIENTATION OF THESE FIGURCS IS EITHER HORiZMNTAL OR VERTICALDRW

DRW
DRW

CALL PLOT (XieY1;3) DRW
CALL PLOT (X1jY'.2) DRW
CALL PLOS IX2,Y2.2) DRW
CALL PLMT (X2,Y2 .-3) DRW
RETURN ORW
ENTRY ENDnRAW DRW
CALL PLOT (XiY1 * 3) DRW
CALL PLOT (XiYl'2) DRW
CALL PLOT tXi.Y2;2) DRW
CALL PLOT (X2VY2,2) DRW
CALL PLOT (tX2,Yia) DRW
CALL PLOT cXlY1I2) DRW
CALL PLOT (Xi YI,3) DRW
RETURN DRW
END DRW

DRAW ii/02/70

PROGRAM LENGTH
ENTRY POINTS DRAW

ENDDRAW
EXTERNAL SYMBOL%

080DICT,
PLOT

00036 SYMH9L%

00157
00003
00030

IDENT

E D 0

DRAW

C
C
C
C
C
C
C

149

I10
2 0
30a
4 Q

6 0
7 0
8 0
9 0
100

12 0

14 0
15 0

180
i9o

210
22 0
230 -
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C
r
C
C

C 

PROGRAM DISCRETE
COMMON /TIMETEST/ KSETIMFi, KSETIME2. KSFTiMF. K SE 7A DR

COMMON AREA FOe CDC APT 3 SECTION n

COMMON /SYSTEM?/
1 KAP'j'!n. KFi.AIGSC10),
2 K(4, K(5,
35 IFILLis IFIL2p
4 KFLA~r. KFCAGI', 
5 IFTLL5i. IWAVEN# 
6 ICLPRT, INnEXX,.
I LMCJPTP LOC8EGo
6 IFILLP. IFILL9, I
y TAPEtB(l),CANTAP,
$ L~gtAP, CRDTAP, I
s? aloes3. TAPtES4j 
s LSTFL~s LTVFLG, 
$ Pis PIM2s 
$ EXTRAo(20)
EQUIVALENCE (PROTAP, I

SYSTEM(4) .KAPTCN#

K(6, K 7 i

KFPLA02,. 1FLAG3.
IPT.'~IYo NOPOSTs

KSEC!N. NCLREC,
IFILL10, IPOSTP('
CL.TAPE, OOCTAP,
!FILLli., CORfAP,
FORTIN, INTAPEs
KONVTCL, KINTRUPI
DGTRIJ, RDTDn,

Ta.

KAPTTR'.
X 2.KS,

1(FLAf44.
I F ILL 6;
NOPLmTI

L S C M AC',
,NUMPST I

PLMTiP'.
TAPESI I

I'

KAP!!8,
K(3.
K9,

K AU! OP a
KDYNFG,
KPOCKET,
IPOSTFL(,
SRFTiP,
TAPES2,
P UNT7A P

18),

t!IN F 

TAPaTB)

COMMON ARE:A FOR CDC APT 3 SECTION 

COMMON~ /SECT1LeG/ ITA31, ITAEB2p ITAB~s
1 !A84. ITA135, ISNAM, 1TABil, !TABi.2'. ITA813o

w JENDPTPP, .JENDCAKN, JENDSTOR7 jSTRTCAN'. JENDR2YM,
'5 IJCANTEMP, JRPTAB* JLPTAB, MAXNST,
4 JINWD . ,jCHAR, !WDERR, jBuFL, NUPERPP, NUPUN,
5 JSTYPps ,JVARS2p SCHERR# N~MACV, MA(~AgNi25).
6 INnXPT, IPTPo IXPT, MODE, EOCFCG, LPNDFL,
7 TRMFLG- INTRUPT, JUMPFL's ICDEPR, DERUM,
13 MACMGPE. NESTF40 NRESUL.T, IPTLIM, JEXYEC,
9 KTIYPE, MACTYP,
$ IPART;RR,. FINIS, IOFL.G# MACDFL, JSIIBF:R; NUMBERR,
$ DEFSTm(85)i DEFTABCIOOO), 7SLJRC3O)'.
$ XMAy4ii6),XMAT3(16'J,XMAT2(16) ,XMAT1(16) ,TMATY(16)t
$ !STDMmiDE, ISYDLIT, IST0tBL, jSTDINDX'. ISTD*YPE, !STD14D,
$i JPTIj'r. K(PTCMDE, KPTNAME, I(PTTYPE, KPTNUJM; KPTINDW,
$ KPTSUR.;' KOMFLG# KOMPOP, NOSUBS, KANFI-G'. KRFSYS#
$ KANREC. KANCNT, INAM~E, KANSURF# KAKIINDY,
$ JPRELPN, NEWCARD, JGORIT, NUMStID, NUMC~krns
s IREClyx, IRECNS, ,JTLPOS, iTITLE(9),LSRECN~.
$ NNTDEF'F, NNMDEF ', N!DJM, tSLASH# tEf)UAL IBLANKs
T IDUMMYS N100001 N7777, MASKU, MASKI. IDIy,
U MACRECj. MACL4)C, MAC3EGN, MACLAST, MACLFVPL.
V MACNAmEC3)o MAICINDX(3)# NMV, jRESTOR, MA(OPRHO3.25),
w ,JTFMPI' JTMP2# ,JTEMP3, JTEMP4, J!FMP5', JTEMP6s
X J!EMP7,. ,JTFMP8'l JTEMP9. EXTRAI(2m)
EQUIVALENCE (DEFANS(1),JDEFST (4),DEFSTO(4aJ)(L-STYPE. KTYPF)s
1 (PTNUM# KPTNUM)
DIMENSION tDEFSTMCB5), DEFANS(26,, IDEFTAB(jflOf)_

1 !LP!AR(200)i IRPTAP(200)o ITNTAB(200), JPR'MTP(10fl)m

D's

I S

'S

DIS

DS

OS
DS
D'

D'S
I's

D'S
DIS

DS
DS
'S

P's

D'S
n IS
D IS

015
015

DIS
DIS
P15

PIS

C
C
C
C

10
20
30
40
50
60
7 0
8 0
9 0

100
110
120
'Jo
140

16o
'Jo
180
19o
200
2l0
220
230
240
750
260
27D
280
290
300
310
320
330
340

35o

37 o

380
39Q
400

4 1 0

420
430
440
450
460
470
471
472
473
474
475
480
49Q
500
510

0 * * * * *
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C
C
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z IRECSVt200), MACVAR(25), MAC4MR(25), INWMRnl10Oh 1!UUP(2),
S PISTec6), IpISTO(65# IDREC(4)
EQUIVALENCE tINWORD(14)j IBUUP(16). ILPTABf990)1 IRPTAP(79nft

1 ITNTAR(590), PISTO(390), IPISTM(3 901) IDREr(384)I
2 JPQ0TP(38Q), IRECSV(280)t MA:VARC757. MACNOOC90',
i IDEFT69(1000)t UEFTA9(t0O0)

CeMMON/VOCAbTBL/ KOMt1100)

COMMON /2/ JTABNUJMJTA9L(12120)
* ****** **,**** *.*4*.* **

CSNSTANTS CARRIED OVER FRSM CRSSE0.
SEE CROSEC AND CYLINDER COMMENTS 7IR DETAILS

CSMMIN/CROSSEC/
1 A,B.C,DIDSENpXMAT9(36).
2 ARRAY(2541-
5 XCYC,7C#6XsUYUZ.R#
4 SCALE.
5 DCOSCYLI95.
6 H@097,
7 XS(4001,YS(400),
e t163).Y1Q03),
9 MAJSR&M jNSRPHI ,CXCYIRADIUS, ISET,
S CXYZ(j6# ,EXYZ(i6)1 EH(16).
S IOKTEST'
S TL.
$ ILOSPtIP.KR(200),I0NCE

EOUIVALENCE (INOHOPEIFILL8)
EQUIVALENCE CP4MTPLN, IFILL9)
REAL MAJOR,MIN0R
REAL LIM

THIS *PROGRAM9* PROVIDES THE ENTRANCE POINT FOR SEGMENT 103,

ITS PURPOSE IS TO"

(1) CALL FOR THE COMPUTATION OF THE DISCRFTE SET MF POINTS
THAT DEFONES THE PERIMETER SF T*E ELLIPSE MR TWE CiRCLE.

(27 IN THP CASE OF THE CIRCLE tAE POINTS ARE IMMPPIATELY PLOTTED,
BUT FOR THE ELLIPSE IT MUST BE DETERMINED IF TRUNCATION IS
NECESSARY. TO MAKE THIS DETERMINATION TEST ARF MAnE ON 001Z#i
AND g092ZgX, D1Z AND 022 ARE THE DISTANCES FRMM THE MAJORwAXIS
END POINTS TO THE BASE PLANE SF t-E CYLINDFR MFASURED IN
THE Z DIRECTION OF THE CYINDERXS COORDINATE SYSTEM,
THE CALLS TO ELBMUNDS WANDLE THE ACTUAL TRUNCATION.

(3) TESTS ON DIZ AND D2Z NOT ONLY DETERMINE THF EXTENT OF
TRUNCATION. But ALSO DETERMINE THE SETTING FOR #0IWHCPART#0,
WHICH PART GP THE ELLIPSE IS LOWER. THE POSfTIVE END OR THE
NEGATIVE END OF THE MAJOR AXIS,

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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DIS 520
CIS 53 0
015 54 0
DIS 550o
015 56 0
CIS 57c
CIS 58 0
D IS 59 0
015 6 00

015 62 Q
DIS 6 30
C1S 6406
CIS 65 0
CIS 66 0
C1S 67 0
DIS 6~0 
DIS 69 0
0IS 70 0
01S 73,0
DIS 720
CIS 7 3
CIS 740
CIS 750
CIS 76 0
DIS 770o

DIS 79 0

015 at00
DIS 8206
D0I5 83 o
01I5 84 Q
01IS 5 Oo

015 89 0

D IS 92 0
Dig 93 0
015 94 0
015 950o
D IS 9606
CIS 97 0
015 98 9

DIS1.000
flISlO3.0
DIS1020

0151030

DI S3,6Q
0ISI.070
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C (4) PROVInES FSR PROPER TERMINATiONg EITHER, DIS1080
C (A) RETURN TO SEGMENT 102 VIA PRCNTL TO LOOK TSR MORE DISI090
C CYLINDERS, OR DISliO0
C tB) RETURN TO ISHOPE FOR ANOTHER MOPE PLANE7 MR DISlIlO
C (C) GO BACK TO PRCNTL FOR APT CO2NTINUATI0N, DISli2
C Dilil3o
t, DISI140

TESt9#99999 DISliSO
IF (!eK(TESTEQ,O.ANDMAJOR,E0,TEST9) 10,30 D0l1160

C DIS117O
C D191180
C COMPUTE SFT OF ORIGIN ORIENTED POINTS FOR CIRCLE DlSl190
C DISl200

10 CALL POINTSC Dl51210
C DIS1220
C ADD CENTER OFFSETS, CX AND CY, .IS1230
C nDS1240

DO 20 toi'.206 DIS1250
XSti)gXSii) 'CX D!S1260
YS (I YS ()*CV DIS1270

20 CONTINUE DIS1280
GO TO 136 DIS1290

C DIS1300
30 IF (IOKTFSTEQ0,0ANDRADIUSEQTEST9) 40,1o0 D!S1310

C D1S1320
C COMPUTE SpT OF ORIGIN ORIENTED POINTS FOR THE FLLIPSE. DIS1330
C D151340

40 CALL POINTSE OlS1350
C DIS1360
C INCLUDE RmTATIeN AND TRANSLATION DIS1370
C DIS1380

DO 50 I1.1'400 DlS1390
XXSsXSCI)*,COS(PHI)*YS(I)*SIN(PHI) DIS1400
YYSugXS( I*SIN(PWI *YS(I)*COSCPpI ) DIS1410
XS(I)oXXS*CX DIS1420
YSCI)UYySvCY DIS1430

50 CONTINUE DIS1440
C DIS1450
C CONVERT MAJOR AXtS END POINTS T3 XYZ SYSTEM DiS1460
C DIS1470

XPARTuMAJMR*COStoPHI) DIS1480
YPARTvMAJOR*SIN(sPHI) DIS1490
P18CX*YPART D151500
QlwCY*YpART D1S1510
R1z0 01S1520
X1u0 DIS1530
YlzO 1S91540
Z1u0 DIS1550

C DIS1560
C CONVERT FROM HOPE COORDINATES T3 XYZ SYSTEM, DIS1570
C DIS1S80

CALL CONVERT (PlpQ1,Rl1XI.Y1,Zj) QIS1590
C DIS1600
C CONVERT FROM XYZ SYSTEM tO CYLINDER SYSTEM. D1S1610
C DIS1620

CALL CONVFRT2 (PCQCoRC#XlsYlZI) DIS1630
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OlZuRC !OIS1640
P2.OWXUpART 0151650
O2zCY.YPAPT 01S1660
R2zO OIS1670
X2=0 D1S1680
Y2v0 n151690
Z2z0 DIS1700
CALL CONVERT (P2',Q2,R2,X2,Y2,Z2) 0IS1710
CALL CONVFRT2 (PpOCDRC#X2#Y2#Z2) D1S1720
D2ZURC nIS1730

C D I S 174 0
C USE MAJOR AXIS END POINT DISTANCES D!S1750
C TO DETERMINE 991WCPART49 ORIENTATIONS. D!S1760
C nIs1770

IF ((CDIZC~T,0),AND, (D2ZGT.0a,AND. (DI7,LT.D2Z~)e.P,( CD1!.LT,0),ANn3IS1780

2*D2z)))) o0g7Q DIs1800
60 IWHIPARYz7.4POSDOWN 0IS1810

GO To 80 01S1820
70 IWW!PARTv7HNEGnOWN D151830
80 CONTINUE D1S1840

C 0151850
C 01S1860
C USE 0900*0 AND tOD27Z0 TO DETERMINE EYTENT OF nI19170
C NECESSARY TRUNCATION# EITHER, 0151S80
C (A NEITHER PLANE'D OR n151890
C t9 gASE PLANE ONLY.l OR 0151900
C (C) TOP PLANE f$NLY#$R 0151910
C gDi BOTH PLANES, 0IS1920
C 0151930
C D1S1940

XTLtexc~yw.TL. n151950
YTLPYC V*UYT njS1960
ZTL5ZC'u!7TL n1S1970
IF ((D7~q)AO(2,E0)O C(DIZ,GF TL.1,ANnp(D2Z.GETLfl.eDIS1900

1R.(U01iti'GT,0),AND,(P1Z,LE,TL)),AND',C(D2Z,flT.01,ANb.t02Z.Li,!L)MO)IS19 9 0
l00 To 1-30 DIS1991
IF C((C$z:LT,O) ,ANO, C(D2? GT 0) .A'D, (02Z..0.TfL)),MIR, 0152000

IF CCTc2!GAN,TL)AN, (CD.GT,GTO; AD ).,E1 3A.R 12

lE (D GT,T!.L),AND,(UD2Z,GT,0).AN0 (r62Z,LE.TL)))flG TO 100 - 152030
IF D DZG.L) IS~n4o

iGO TM iiQ DIS2050
PRINT 200.TLD17027 015205±

90 CONTINUE 0152060
JEX .0 012070
CALL ELBOUNDS CXC#YClZCoJSU3ERojE.IWHIPART) D1S2080
G 0 TO±30 0152090

100 CONTINUE 0152100
JEmi O IS2ij0
CALL ELB~TJNDS (XtL,YTL,#Z'L,JSUR3-R,jEIWHIPART) VI52i20
GO TO 130 01S2±30

±10 CONTINUE rIS2140
JEmO 0152100
CALL ELBOLINDS (XCtY~sZC#JSUBeRoJEsIWHIPARTj 01S2160
~JEa1 o1s2170
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CALL ELBOuNDS (XTLYTLZTL.JSUOER.JEIWHIPART) DIS2180
GO TO t35 n1S2190

C NO CYLINDER INTERSECTION 01S2200
C D1S221 0

120 CONTINUE 0JS2220
C 1D12230
C THE RETURN FROM ALGOR D (BACK IN SEGMENT Il2 _ DlS2240
C WAS NOT RECOGNIZABLE AS EITHER ClRCLE MR ELLIPSE. DIS2250
C DIS2260

PRINT 19i, JMKTEST DIS2270
GO TO 146 DIS2280

C DS52290
130 CONTINUE 01S2300

tF (JE.EO:2HNO) GO TO 140 DIS2310
C DIS2320
C THE SET OF XSoYS POINTS IS PLOTTED. 0152330
r iS1234Q

CALL PLMTSFT 01S2350
C D!52351
C THE CURRENT CYLIND5R HAS BEEN PRO:FSSED THRU D0S2366
C THE DISCRETE POINT DETERMINATIONS DIS2370
C NOW GO SACK TO SEGMENT 2 AND LOOK FOR DIS2380
G MORE CYLINDERS OR SPHERES THAT WAVE NOT BEFN PPOeESSED DlS2390
C Dl5239i

14Q CONTINUE 01S2400
ILOTPxILMOP*i DIS2410
IF (ILOsP:EQIDSENn) 150,180 DIS2420

150 IF (INCHOPEEQ,4HONCE) 160,170 DIS2430
160 CONTINUE D1S2440

IFILL7;9999 D052450
CALL PLStS (6,0) D0S2460
CALL PLUT (0.003) DIS2470
CALL PRCNTL niS2480

170 CONTINUE DISZ490
CALL PLOT (0,0301 DIS25O0
CALL PLOTS (0,0) DIn251O
CALL ISHOPE niS252o
!LOOPsO DIS2530
,IDSENDuIDSEND 15DIS2540
CALL PRCNTL DIS2550

100 CONTINUE DIS2560
IFILL7;10b DIS2570
CALL PRcNTL DIS2580

C DiS2590
190 FORMAT (1y,*!OKTEST FAILURE../lx.*UNA8LE To IMENTiFY EITHER CiRCLMIS2600

IE OR ELLIPSE.) DIS2610
200 FORMAT(iw.*TRUNCATION DETERMINATION TROUBLE*, nIS2611

11X,*TL a * FiO07a 0152620
21X,*DIZa *: tFX07, DIS2630
6IX,*D2Z * *,FI0,7) DIS2640

END nIS2650-
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DISCRETE 11/02/70 ED 0 '

IDENT DISCRFTFJ 
PROGRAM LENGTH 0061 3
ENTRY POINTS DISCRETE 0QO52
BLOCK NAMES

TIMETEST 00004
SYSTeMZ 00175
SECT1LMG 02642
VOCABTRL 02114
2 27531
CROSSEC 03037

EXTERNAL SYMOLS
D8§ENTRY
THEND,

80DICt!,
PO!NTSC
PS!NTS!
CONVERT
CONVERT2
ELBUUNnS
PLOTSET
PLOTS
PLOT
PRCNTL
I SHSPE
SINF
COSF
STH,
QNSINGL.

00e03 SYMBOLS
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SURROUTINF POINTSE POE
COMMON /CpRSSEC/ A,8,CDIDSENDXIAT9(16) ,RRAY(254).XCYCzC.Ux.UPOE

1yoUZR.SCALEUCOSCYL,(9PWO(9.XS(4n0)0YS(4Mol.x(103)',YV Io3),MAJORPOE
aMINORPHI',CX CYRADIUS.ISET.CXYZ(1.6,EXYZ(16)'EHtj6)'.IGKTESTTLILPOE
,SOOP POE

POE
REAL NUM POE
REAL MAJOQMIN0RMAsMI POE

POE
POE

THIS SUJBRRUTINE IS CALLED FROM goPROGRAM DISCRFTEz, POE
POE

THE PuRP)sE OF THIS SUBROUTINE IS TO COMPUTE $$MO$ SETS, POE
tXS(Jj)YS(J>) WHERE J RUNS FROM I TO 0sM99, POE

OF POINTS OF AN ELLIPSE WHOSE CENTER IS AT CY.CY POE
AND WITH tHE DESIGNATED SEMIvMAJOR AND SEMIrMAJOR AXES POE

POE
THESE OgMeO PeINfS ARE IN THE FIRST QUADRAMT'. POE
TAKEN FROM 12IO$CLOCK TO 3I89CLBC<. POE
THEy WILL SERVE AS A FEEDER SET POE
FROM WHICH A FULL SET OF 400 PAIRS WILL BE CMMPUTEn POE
IN SUBROUTINE ExPAND. POE

POE
VARIABLES USEDI POE
0XINCs9. THE NUMBER OF INCREMENTS IN PI RArIANS POE
Z9THo, THE RADIAN INCREMENT, POE
MXTH~ss THE VALUE OF THE ANSLE THETA IN RAnIANS, POE
XsEC~s, THE ECCENTRICITY OF THE E.LIPSE, POE
X0MAJORsr, THE SEMI.MAJ$R AXIS, POE
SZMINORsg. THE SEMI-MINOR AXIS, POE
WAss, A VECTOR FROM CENTER TO ITP POINT MN PFRiMFTFR. POE

POE
POE

tSET:400 POE
MAzMAJOR POE
M12MINOR POE
M;(ISETq41/4 POE
INCatM*i)*2 POE
QTHH3,14i592653589793/INC POE
TH:(3,141592653589793/2)*DTH POE
ECuS0RTF(1u(CMINOR**2)/(MAJ3R*S2))) POE
N=M*2 POE
NUMf(MIN0P**2) POE
A3=EC**2 POE
DO 10 Jii.N POE
THxTHvnTw POE
AOsTW POE
AlsCOS(AO) POE
A2xAi**2 POE
A4zA2*A3 POE
DENW1.A4 POE
A6xINUM/DFN) POE
RA:SORTF A6) POE
X(J)xRA*CmSF(TH) POE
Y(J)CRA*SINF(TH) POE

10 CONTINUE POE

C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

I10
2 0

4 0
00

1 0
ilo

i70
to Q
19 0

210a
22 0
23 0
24 0
250o
26 0
27 0
28 0
29 0

32 0
330
34 0
35 0
360a
37 0
38 0

460
4 70
48 0

5490

550
560
570
5 80
5 9 
60 0
6 1 



C
CALL EXPAND (M)

C
RETURN

C
END

POINTSE

PROGRAM LENGTI
ENTRY POINTS
BLOCK NAMES

0 0 145
POINTSE 00003

CRI)S SE C
EXTERNAL SYMRGLq

gi. 0 5 0 0
080D! CT
EXPAND
SQRTF
SINF
6OSF

00105 SYM9GLs

02525

a:

:2!

r-.
:Z�.
4.01,

157
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M.I=
POE 620
POE 630
POE 640
POE 650
POS 660
PGE 670.

IDENT POiINTSE

I I/ 02/7 0 ED 0
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SUBROUTINE POINTSC PC 1to
COMMON /tRMSSEC/ AiC,, 1DDSENDXMAT9(i6)IARRAY(754),XCYC.ZCUXUPOC 20
1YUZRSCALE ,DeSCYL(9),We( 9>.XSt460), S(4s 1 W (1 .Y (103),MAJORPOC 30
WMINORPHfP.CXCYRADIUS'ISETCXYZ~i6e)EXYZ(i6,EHlIAI' IMKTESTILOOPPOC 40

C Poe 50
C PSC *0
C THIS SUBROUTINE IS CALLED FROM #*?ROGRAM DTSCRFTFs, PeC 70
C Poe 80
C PoC 90
C THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE 0%M0 SETS, Poe 100
C (Xs(JhsySeJ), Js1.'MVx, P8C 110
C OF POINTS OF A CIRCLE IN THE HOPE PLANE CENTERFD AT (foso PeC 120
C WITH THE nESIGNATED RADIUS PSC 13o
C POO 140
C PoC 150
C THESE 000 POINTS ARE IN THE FIRST QUADRANT, PSC 160
C TAKEN FROM 12109CLOCK TO 3IOXCL9C<. PSC 170
C THEY WILL SERVE AS A FEEDER SET PSC 180
C FRnM WHIOH A FULL SET OF 200 PAIRS WILL BE CMMPUTEn PSC 190
C IN SUBROUTINE ExPAND, POC 200
C PSC 210
C POt 220
C SHMRTHAND FORM FOR RADIUS PSC 230
C POt 240

RcRADIUS POS 250
C Pet 260
C PC 27o0

ISETP200 POS 280
THv3.14j5927/2 Pot 290
MaClSETw4)/4 PSC 300
INC.(M*j)*2 PoC 310
DTw.3,1415927/lNC POC 320

C POC 330
C PO@ 340
C INITIAL VALUE FOR Y PSC 350
C POC 360
C POC 370
C FIRST VALUES OF FEEDER SET POt 380
c Pee 390

X(1)o POC 400
Y (1)R POC 410

C POt 420
N=M.1 PSC 430
DO 10 Jc2,N PoC 440
THwTH.DTw POS 450

C POO 460
XCJ )R*CsFr(TH) PO@ 470

C POC 480
Y(J);ROSINF(TH) POS 490

C PoC 500
C Poe 510

10 CONTINUE PSC 520
KmM*2 P9C 530
XCK)aR PSC 540
Y(K)=0,0 POC 550

C POe 560



C
CALL EXPAND IM)

RETURN

END)

POINTSC

PROGRAM LENGTH 00105
FNTRY POINTS POWNTSC 0o000
BLOCK NAMES

CROSSEC 02524
EXTERNAL SYMPOLS

Q cj051 00
Q8QDICT,
EXPAND
SINF
C8SF

00070 SYMROLS

159
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pOC
pec
POt
POC
POC

570
580
590
500
510
620-

IDENT POINTSC

ii/02/70 F D 0

C

C
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SUgRMUTtNi EXPAND (M) EXP 10
COMMON /CROSSEC/ ABCD,IDSENDsXAT9(161,ARRAY(?54).XrYC.Ze, X UEXP 20

1YUZIRsSCALEDCCSCYL(9),WSC9) ,XS(400),YS(460)s .103)'.Yjl03),MAJGREXP 30
2MINGRPH! ,CX.CYRADIUS. ISETCXYZC16) ,EXYY( 16I,6) 1A9i.ISKtEST'TL' ILEXP 40

E EXP 50
C EXP 60
C EXP 70
C THIS SU8RmUTfNE IS CALLED FROM EITWER SUBRMUTINE PMINTSC EXP 80
C OR FRSm StRRMVTINE PeINTSE, EXP 90
G EXP 100
C EXP 1t0
C THE PURPOSE OF THIS SURROUTINE EXP 120
C IS T0 TAKE THE BASIC 90 DEGREE, FIRST OUADRANT. SET MF PSINTS EXP 130
C CGNTAINED IN THE X AND Y ARRAYS EXP 14Q
C AND EXPAND THEM INTO A FULL SET OF ISET PØINTS EXP 150
C IT WMRKS FOR EITHER A CIRCLE rEEDER SET (PREPAREn RY POINTSC) EXP 160
C OR FOR AN ELLIPSE FEEDER SET (PRE2iRED BY POINTSF). EXP 170

EXP 180
EXP 190

C SETTING UPPER AND LSWER QUADRANT _.IMITS, EXP 200
C EX5 210
C Exp 220

IQ lv2M+ EXP 230
IQ2LqI01U*1 EXP 240
IQ2UUIQ2L#M EXP 250
IQ3Lam02U*1 EXP 200
IQ3UmIO3LMM EXP 270
!Q4XI,03U*. EXP 280
104U*104L*(Mvl) EXP 290

EXP 30q
C FIRST OUArnRANT,12100 TO 3100 EXP 310
C EXP 320

0 10 Jla iIGIU EXP 330
XsiJ)pXfJl EXP 340
YS(JsYt J) EXP 350

10 CONTINUE EXP 360
C EXP 370
C EXP 380
C SECOND QUADRANT3100 TO 6t00 EXP 390
C EXP 400

Ns2 EXP 410
C EXP 420

00 20 Ju102L#IQ2U EXP 430
C EXP 440

XS(J)cX(J.N) EXP 450
C EXP 460

YS(J)xoY(J&N) EXP 470
C EXP 480

N;N*2 EXP 490
C EXP 500

20 CONTINUE EXP 510
C EXP 520
C EXP 530
C THIRD OUAnRANT#6rOf TO 9;00 EXP 540
C EXP 550

EXP 560



161

i 1/02/70

Nr.102U- FXP 570
PS 30 J:!o3L.103U EXP 50o

C EXP 590
XS(JlawXij*N) EXP 600

C EXP 61 0
YS(J);.ytJ*Nl EXP 620

C EXP 630
30 CONTINUE EXP 640

C EXP 650
C EXP 660
C FOURTH QUADRANT,9100 TO 12i00 EXP 670

N.I03L FXP 680
c EXP 690

DO 40 Ju!o4L.,Q4U EXP 700
C EXP 710

XS(J~p*X(JwNl EXP 720
C EXP 730

YS(J)vYiJ,N) EXP 740
C EXP 750

N:N*2 EXP 760
C EXP 770

40 CGNTINUE EXP 780
C EXP 790

RETURN EXP 800
END EXP 8W0w

EXPAND ?I/02/70 ED 0

IDENT EXPANn
PROGRAM LENGTH 00201
ENTRY POINTS EXPAND 00003
BLOCK NAMES

CROSSEC 02525
EXTEPNAL SYM9SLS

Q80DICf ,
00111 SYMBeLS
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ctlRRPOlJTTNF PLOTSET PLS
rOMMON /CPOSSEC/ A*RCp'),IDSFNUXMAT9(16),ARR4AY(-54),XCYC,7CIXUPLS
1VytZepSChLFgnCOSCYL(9),HO(Q),XS(4OO)qYS"4Oo)X(103 ),Y(103 ),MAIOR.PLS
PAINOnRPHICXCYVR.ADTUS.ISETCXYZ(16) EXY?(16) FH,16) IOKTESTTIILPLS
- nop PL S

r PLS
C PLS
C THIS PRnJTTNF IS CALLED FROM **PROGRAM DrSCRFTEOA. PLS
c PLS
C THE PURPOSE OF THIS SU8ROUTINE IS TO PLOT THr SEr OF POINTS PLS
c IN THF XS AND YS ARRAYS WHICH ARE THE CUVE OF I0TERSECTION PLS
O 14FTWEEN THE HOPF PLANE AND A CYLINDER. PLS
C THIS CIIRVF IS FITHER A CIRCLF, AN ELLTPSrfo 04 A TRI.INCATEL) ELLIPSEPLS
C R PLS
C MOVE THE PEN IN THE UP POSITION TO THE 1ST POINT PLS

PX=(XS(1)OSCALF) +S PLS
PY=(YSI1)*SCALF)*S PLS
IF ((PYLT.0).OR.(PX.GT.1O.0),OR*(PY*LT.n).O9.(Pv.GT*lO0*)) 10n20 PLS

In PRTNT SO, PX.PY PLS
RFTUP N PLS

20 CONTINHE PLS
PXj1PX PLS

PYI=PY PLS
CAlL PIOT (PXvPY.3) PLS

C IOWER THF PEN PLS
CALL PLOT (PXPY,?) PLS
.1-1 PLS
0O 50 J=?,ISET PLS
0X=(XS(J)*SCAItF)#4 PLS
PY=(YS(J)*SCALE)45 PLS
IF ((PX.LT.0).OR*(PX.GT.10OO).0R.(PY*LT*,).O0.(P'.GT.10O.OI 3n,40 PLS

C PLS
C PLS
r. PLEASE NOTE... PLS
e THFF IS AN INTFNTIONAL INCONSISTENCY HE4E. PLS
C THF ELLIPSE ANn/OP CIRCLE IS NOT gEINfi SF3JErTED TO PLS
C HOXYMIN AND HOXYMAX LIMITS IN CROSEC (M0rn 2,0), PLS
C AS ARE PLANE INTERSECTIONS. PLS
C ONLY TO A 10 INCH SQUARE CHECK. PLS
C THF REASONS FOR THIS CHOICE 'FEHE: PLS
C (1) TP ALLOW THE FULL ELLIPSFS TO HE PLOTTED IF -,OSSIBLE FOR PLS
C RFASONS OF SHOWMANSHIP. PLS
C (*THEY REALLY CAN BE COMPUTED ANO PuOTTPO-- PLS
C SFF, HERE THEY APE*$*) PLS
C (2) STINCE THERE WILL PROBABLY BE FEWER CTRCUIAR ,IND ELLIPTTCAI. PLS
C INTERSECTIONS THAN PLANE INTERSECTIONS, .tLLU,,ING THIS EXCEPTION, PLS
C AT LFART TNTTIALLY, SHOULn NOT OESTROY TAE STMPLTCITY PLS
C AND TNTFRPRETARTLTTY OF THE PLOT, PLS
n (3) THF FLROUNnS FFFFCTS ARE PERHAPS RESTRICTION ENOUGH PLS
C ON THE FLLIPSES SINCE THEY ARE POTENTIALI-Y CfNTRLABLE BY PLS
C THE SPFCTFICATION OF THE CYLINDER LENGTH. PLS
C A FURTHFR ROUNnARY CHANGE IS LEFT TO LATrR PLS
C COPSFC MOnTFICATTONS, PLS
C PLS
C PLS

1Q 1ILL PlOT (PXPY93) PLS

ln
2n
3o
4n
5n
60
7n
80
90

100
110
120
130
140
1S0
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340

0SO
360
37n
38o
190
400
410
42n
430
44n
450
460
470
480
490
500
510
520
530
540
550
56(
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AO To ^0
40 CALL PLOT (PXPY,7)
50 CONTIN TIF

CALL PLOT(PX1*PYI 2)
CALL PLOTIPX1,PY1,3)

RAISE THE PEN AT THE LAST POSITION
CALL PLOT (PXPY*3)
RETURN

6n FORMAT (1XO*FIRST POINT PLOT OVERFLOW9 X ' Y *F0.5lXFlo.s)
FNn

PL-OTSFT 01/R0/71

PROGPAA LENGTH 00165
FNTRY POINTS PLOTSET 00017
RLOCK "AMES

CROSSEC 02525
FXTFPNAI. SYMROLS

THEND,
OROOT CT.
PLOT
STH.
QNSINGL.

00114 SYMIOLS

I0F NT PLOTSET

C
C

c

163

PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS
PLS

570
son
590
591
592
600
610
620
630
640
650
660.

ED 0
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SLRBF'TINE kLbOeNLS (FFZF3#,JSLU8ER.JEIWHIPART) ELB 10
CeMpON jC'S5SEC/ ADBCD, inSENDXMAT9(16),ARRAYC254) XCYCZCUXUELB 20
IYUZ#,F:.SCALtLCESCYLC9)tHW(9),XS(400),YSC400)oX(103) ,YCO3),MAJOREL8 30
2M1NeCR# Rl#Cx pC.YRADUILS.ISETtCXYZ(16, .EXYZ(16) EH(16)oIOKTESTTLILELO 40
SeeP9 I+,.,RM2C-Oj,4INCE EL8 50

C ELB 60
C EL8 70
C Tkl; iUERLUTI!E IS CALLED FROM Pi'DISCRETEXt, ELB 80
C ITS RlRFtE:Ie 11IS CbMPUTE THE COORCINATES OF THE CLIP LINE ELB 90
C AND HAVJNG LONE THAT TO CALL ON X$CLIP99 TO PERFORM TWE CLIPPING, EL8 100
C ELB 110
C Tl.kE CLIF.lbJE IS COMFUTED BY, EL8 W20
C C1} CEITING THE LINE tF INTERSECTION BETWEEN A BASE PLANE ELB 130
C .ANL iHb PE PLANE, ELB 140
C (2) IN1ERSECTING THIS LlNF WITH THE ELLIPSE ELB 150
C IS GET T>S PUINTS (Xl,Y1) AND (X2,Y?), EL8 160
C (WITi tNL PLAINS THAT ARE PERPENDICULAR TO THE CYLINDERtS EL9 170
C AXIS 1l FOLLEWS THAT THE CLIP LINE 15 PARALLEL TO THE MINOR EL8 180
C AXIS OF iHE tLLIPSE)o ELB 190
C ELB 200
C *IE FARAMETERt ARE ELB 210
C #F1,F2#FJ;, AN CND PLANt AXIS POINT, ELB 220
C JxtLEEFP*, AN eRhOR DETECTION FLAG FOR SUBROUTINE#$0UAD9. EL8 230
C ft4r E:NTeRt WITH ENp PLANE IDENTIFICATIONS ELB 240
C KEY AS TO WHICH SASE PLANE IS EL8 250
C BEING PROCESSED ELB 260
C JE.0 IS BOTTOM BASE PLANE ELB 270
C JEal IS TOP BASE PLANE EL8 280
C RkTORNS WITI HOLLARITH YFS UR NO MESSAGE ELB 290
C RtGARLING SOSSESSFUL CLIPPING, ELB 300
C 1W11 PARl$A, INFERMATION NEFDED BY *$CLIP$$, ELB 310
C ELB 320
C ELQ 330

IPLANt1"EE ELO 340
XE:L *A ELB 350
Y6=L*E ELB 360
Ze=L*C - EL8 37o
F II'l (I 1) EL8 380
E.122HOc) ELB 390
E13!NQ U) EL8 400
E2S- ( 4) ELB 410
E22!iH (e ' . ELB 420
F23!LCte) ELB 430
E31!B C?) EL8 440
t:324E C e) ELB 450
F339HE~l ) ELB 460

C ELB 470
C ELB 480
C ASS~,Y CYLINDER BQUNr PLANF HAS FoUATION IN XY,7 SYSTEM ELS 490
C ELB 500
C UX * 0 4ILY * Y * * Z * UX * F1 + UY * F2 * UZ * F3 EL9 510
C ELB 520
C WhEKE E0L 530
C ILXsUX okZ ARi ThE CYLINnER AXIS DIRFCTION COSINES ELB 540
C ELB 550
C AND I1,F ,F3 IS A PEOINT ON THE AXIS ELR 560
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C 

ELB 570C 
ELB 580c rFBTArI.?IG 1.JNk U IrNTERSEUTION 6FTWFN HOPE PL.AIN ANDl FNP PLAIN, ELB 590c 
ELB 600PmA:LO 
ELB 610O=B20L 
ELB 620

P=Ca~~~~~~~~~~~i ~~~~ELB 630
S :0!(iLX*~Fl I V 4 F 2 +LZ#~F,3) ELP 640

T113~~~~~~~~~NA¶9U) ~~~~~~~~~~~ELB 650
~~~21!X~~~~~~~~A~~~~9(2) ~~~~~~~ELB 660

7.31! X A19(C3) ELB 670T12;X!~Aj 9(5) ELB 680T22!X~AT9C6) 
ELB 690132zX~AJ9C 7j ELB 700T133XP~A¶ 9(C9, ELB 710

T23:z AW9(1jC ELB 72 0T33;XNAT9(1i ) ELB 730P1lfr*1I1#6*212iR*13I 
ELB 74 0
ELB 750
ELB 760

Si:~~~~~ ( X(~~~~~ *F~~~~~8iQ.Z(~~~~~'R ) ~~ELB 77 0
PCPI 

ELB 780
Giz~~~~~~~~~~~~~~~~l ~~~~~~~ELB 790

R=Rl 
ELB 800

S:S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ELB 81 0
c ELB 820C 

ELB 830C TESI 10 kTcRPTIE IF TRQNQATIUN L INE IS HO)RIZE)NTAL ELE3 84 0C 
ELB 850IF (('F ..L.TD,0,000) ,EF,(ARSF(PHI.1,570l7963i5),LT,0,00001),nR,(ABSF(PEL8 8601HI-l#,'17C756.d3) ,~T,,C0oo1i ) 11fl.140 ELB 870C 
ELB 880C TRUNCATION LINE HERI20NTAI. ELB 89 0C 
ELH 900110 yj:=(, 
EL.8 910Y2:-Yl 
ELS 920AAME11 
ELB 930

P~mtT2*~y *EI3 ELS 940CCt2 iYIY l+*E 22 *y*1 E'33 ELB 95 0
CALl, ;UAU (AAla88~ct1x~2, EL9 960IF WC-lQEEF,r0,1050) 150,i2nl E(.8 970120 IF16 .;.~UE ,Eo,X05j1 170,1,fn ELB 9801 3 0 IF IX2,EQIX~) 210,2aC ELB 990C 

EL810 00c 
ElRI01OOC TURLNCA'TIlN LINE KO? HMRIZ('NTAL ELB1020C 
ELBIOSO140 CCNILNUE 
ELB1040c OETiI!NI!NG INTkRSECT~ICN OF ;9LtINE~f WITH ELLIPSE EL81OSOC % H L-l LIP PRjINb. EL91060

C ~~~~~~~~~~~~~~~~~~EL81070
SL:C~~~~~~~(./~~~~~~ ~~~ ~E'L81080
TE--~~~~~~~~/P ~~~~EL81090

AAziE!ISL.5L42 .E12*S4E22) ELBliOO:C1*EIISL*1E).CE~2,TE),(t13*SL)*F_26. 
ELBIIO

CC:CE11j4TE*TE4J33.2#EI.3*Tt;, 
ELR1I20
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CAL61,IUA[U (AAoi4dCCorlY2) PL81140
IF (4 UEE~,~t~o050) 150Dibn EL81150

150 C~M~~EL81I60
ELS1.00
Ei..R1180

160 IF j,'UbER,tQ,lQ51) 170oldfl GL6B.19
190 EN01200

EL,81220

180 IF (YIEQ1 YiC) 210,19C ELR1230
19 0 GO I NUE EL812 40

X12~~~~~LiV1+1 ~~~~~~~ E4,B1250
E~8126O

200 CA~L,~LIP CX1,Y.2,X2.Y2IPLANFJE,IWHIPART) ELB1270
PETLRN Et,8128Q

C SIN(6LE, LUTIiCN ELB1290
210 CLOINUE EL.B130

JE =,~~~~;, I- I bb O~~~~~~LB1310
wrestler ' ELB1,320

END ~~~~~~~~~~~~~~~~~~E0.1330t

L q C L JrS 12/23/70 E c

IDENT EL31UNDS
PF;GHA~l LkKT+j 00l456
ErTHY PCNT Ei3c*UNDS 00006
SLOCK NAME,

Cko~s~C 03037

Q 0L I QT,

cL I r
UO2fk ~YRC
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SUBRGrTINE CLIP (XiYlX2,Y2,IPIANE.JEIWHCPART) CLP
CEMMON /CAOSSEC/ AmBeCDo SENDXMAT9(16)ARRAY(254)hXCYCeZC.UXUCLP
lYUZ#R#SCALtlC@SCY4(9),HUt9siYS(4O00lYSt400)lXefOS>#YeSQ3)#MAJeRoCLP
2MINEPHPICXCY.RADIUS,lStTCXYZ(16)sEXYZ(16)lEH(16b#I8KTESTTLILCLP
3O8P, PKR(200)o ONCE CLP

CLP
CLP

ThE S0BROWTINE IS CALLED FROM XfELIHUNDSX$ CLP
tTXS PURPiSE IS TO FORM A SUR,SET OF POINTS, CLP
THAT DEkINE A TRUNCATED ELLIPSE, CLP
FROM tHE $ET OF POINTS DEFINING THE ENTIRE ELLISPE CLP
CENTAINED IN THE XS# YS AHRAYS, CLP

CLP
THE TRUNCATION LINE RUNS FROM (XlY1) TO (X2,Y2), CLP
ROTH OF TiESE POINTS ARE ON THE PERIMETER OF THE ELLIPSE, CLP
PLT MAY NiT BE IN THE XS, YS SET OF POINTS, CLP
THE RELATIVE POSITION OF ;XlYlibAND (X2,Y2) BETWEEN POINTS OF CLP
THE XS,YS SET WILL BE DEThRMINEU BY TESTING, CLP

CLP
09IPLANEg$, IS THE KEY AS TO WHICH END PLANE IS BEING PROCESSED, CLP
wHEN IP6ANE:1 THE TOP PLANF IS REING PROCESSED, AND CLP
wHEN IP6ANExO THE RASE PLANE IS BEING PROCESSED, CLP

CLP
xIWHHPAR1s BRINGS IN A HOLLERITH MESSAGE CLP
WHICH DESSRIBES THE ORIENTATION RF THE ELLIPSE, CLP
IF jWHCPAkT * 7HPOSPOWN CLP
IT MEANS rWAT THE ELLIPSE IS SLANTED WITH THE POSITIVE END OF THE CLP
MAJOR AXIl DIRECTED DOWNWARu WRT, THE CYLINDEROS Z AXIS, CLP
IF jWHCPAATz7HNEGDOWN THE OPPOSITE IS TRUE, THE NEGATIVE CLP
FND OF THE MAJOR AXIS IS LOWFR THAN THE POSITIVE END WoRT, CLP
THE CYLINCEROS AXIS. CLP

CLP
*sJE#Xp RkTURNS A HOLLARITH YES MR NO MESSAGE, CLP
A g*NOSO PESSAGE MEANS CLIPPING CLP
WAS NOT BEEN PERFORMED BECAUSE EITHER CLP

1XtYl) AND (X2,Y2) DID NOT MEET THE PROPER CIRTERIA, OR CLP
WHCFART WAS NOT PROPERLY IDENTIFABLE, CLP

CLP
LOCAL ARRAYS FOR INTERMEDIATE PURPOSES CLP

CLP
DIMENSION XSSC400), YSS(490) CLP

CLP
LOCAL FUNVTIONS FOR ROTATION CLP

CLP
XNEW(P,Q,FPWI)s(P*COS(PPHI)0*aSIN(PPHI)) CLP
YNEW(P#gPPHI).l-P*SIN(PPHI)*Q*COSCPPHI)) CLP

CLP
CLP

IF THE AN5LE OF ROTATION IS NOT ZERO THEN CLP
THE XSYS SET OF POINTS MUST BE TRANSLATED AND ROTATED TO AN CLP
ORIGIN CENTERED, ZERO DEGRFE POSITION, CLP

CLP
IF PHI IS ZERO TRANSLATION IS N5T NEEDED, CLP

CLP
CLP

IF IP*INklQ) 110,130 CLP

c
c
c
C
C
C
C
c
c
C
C
C
C
c
C
C
c
C
C
C
C
c
C
C
C
C
c
C
C
c
C
C
C
C
c

C
C
C

10
20
30
40
50
60
70
80
90
100
110
120
130
140
1so
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
35o
360
370
380
381
390
400
401
402
403
410
420
430
440
450
460
470
480
490
500
510
520

C
C
C
C
c
c
C
C
c
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110 CENTINUE CLP 530
ROTATE SET G' POINTS TO ZERO DEGREES TEMPORARILY CLP 540

CLP 541
rE ;20 1uLP5ET CLP 550
I aXS (I1CX CLP 560

YI:YS ( I )eY CLP 570
XIN*XNEW(XjYI .wPNI) CLP 580
YINfYNEWCXI.Yl*PH.l CLP 590
YS(I)sXjN CIP 600
YS(i)PYIN CLP 610

120 rENTINUE CLP 620
CLP 630
CLP 640

TFE tXC1 Yl) AND (X21Y2) PWINTS MUST BE HANDLED IN THE CLP 650
SAME MANNtR, CLP 660

CLP 670
CLP 680

XXlrX1 CLP 68t
YYiny1 CLP 682
XX2ux2 CLP 683
YY2.Y2 CLP 684

xi*XluCX CLP 690
YVIYlwCY CLP 700
XjNfXNEW(XIYIsPHI) CLP 710
VINfYNEW(XliYI#.PHI) CLP 720
XlaXIN CLP 730
YlUyIN CLP 740
xl'X2gCX CLP 750
vlYm2wCy CLP 760
XJNvXNEWCXIYI.uPHw) CLP 770
VIN!YNEW(XI 0y1,PHI) CLP 780
Y2PXIN CLP 790
Y2FYIN CLP 800

130 CENtINUE CLP 810
MvC I SeT40/4 CLP 820
TSU6SET91 CLP 830

CLP 840
CLP 850

TlE TWO PSINTS MUST BE SO MRIENTFD THAT THE FIRST ONE IS CLP 860
PERE FPSIIIVE THAN THE SECWND ONF, THE TWO POINTS ARE CLP 870
SWAOPED WITN EACH OTHER IF NECESSARY TO FULLFILL THIS CONDITION, CLP 880

CLP 890
CLP 900

IF CYjItPY2) i40,150 cIP 910
140 CAl. REVERSE (X1,Y1,X2,Y2) CLP 920
150 CENT NUE CLP 930

CLP 940
CLP 950

A MAJSR BRANCHING TAKES P.ANF RASED ON THE SIGN OF Xi AND X2, CLP 960
IF THEY AHE NET OF THE SAMF SIGN SOMFTWING IS WRONG, CLP 970
AND A $$N'sM MESSAGE IS RLTURNED IN 09JE0, CLP 980

CLP 990
CLP1000

IF J(XljGE.0),AND,(X2,GE,U)) 200,160 CLP1010
160 IF U(X 1 LI,0),AND,(X2,LT,D)) 410,170 CLP1020
170 IF C(ASSF (Xl).LT,0,0001),AND,(APSF(Yl.,0) ,LTO,0001) ,AND, CABSFCLPOO30

C
C

C
C
c
C
c
C

c
C
c
C
c
c
C

C
C
C
C
c
C
c
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l(X2),LTiOlOOl>)IANDl(ABSFtY2*lo0sLT,090l)) IO,0R, CLP1O40 -
1 I(AX BF2XQ ),LTA0,000oAlANUjAdSFtX2)2*T10,00) l)8o,190 CLP4i

180 X1m0,Q CLP1O5O
x2vo,0 CLP,06O
Pe TO 200 CLP1070

190 PRINT 680# Xl,Yl#X2lY2 CLP1O8O
G6 TO 670 CLP1090

200 CONTINUE CLPIIOO
c CLPI11o
C CLP1120
C THE SWITCH sISW** IS SET TO CONTROL THE TRANSFER CLP1I3o
C FR NON'fRANSFER OF POINTS FRMM THE SET TO THE SUBSET, WlPI40
C CLP1150
C IF ISWRI IHE TRANSFER IS TO TAKE PLACE, CLP1160
C CLPIl7O
C TFREE VARIABLES ARE INVOLVFD IN ThE DETERMINATION SF THE CLP5180
C INITIAL S6TTING OF ISW, THESE ARE THE SIGN OF Xi AND X2, CLP1190
C THE VALLF OF IPLANE CLP1200
C AND THE IWHCPART ORIENTATION, CLP1210
C (SEE THE TABLE GIVEN IN THE SUBROUTINE WRITEUP) CLP1220
c eLP1230
c CLPI240

IF (IWHCPARTE0I7HNEGpOWN) 210,240 CLP1250
210 IF CIPLANi) 220,230 CLP1260
220 ISW'i CLPI27O

GE TO 290 CLP1280
230 TSWio eLP129O

06 To 300 CLP1300
240 IF (iWHqPARTE0,7HPOSDOWN) 250,280 eLP131O
250 IF (IPLANE) 260,270 CLP1320
260 ISW!0 CLP1330

GE TO 290 CLP1340
270 ISW91 CLP1350

Ge TO S300 CLP36O
c CLP13TO
C CLP138O
C A CLIP MESSAGE IS PRINTED IDENTIFYING THE PLANE CLPI390
C AND THE CLIP POINTS, CLP1400
C CLP14I0
C CLP1420

280 PRINT 690 CLP1430
Se 1T 670 CLPI440

290 PRINT 700,XXiYYlXX2#yY2 CLP1450
r-T To 31o CLP1460

300 PRINT 710XX1,YYlXX2,YY2 CLP1470
310 CENTINUE CLP1480

C CLP.490
C CLP1500
C IN THIS LOOP THE RELATIVE POSITIfN WF THE FIRST POINT IS CLP1SI0
C INITIALLY SEARCHED FOR SINCE THE Xi SIGN IS POSITIVE OR ZERO, CLP1520
C CLP1530
C WHEN X1,YI) IS FOUND RELATIVE Tm THE XS,YS SET CLP1540
C IT IS TOANSFERRED TO THE 4UBSET AND ISW IS CHANGED, CLPO55O
C AND XI FLAGGEC WITH 99,99, CLP1560
c CLPIS70
C THEN THE 5EARCH FOR THE RELATIVE POSITION SF tX2,Y2) COMMENCES, CLP1580
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C CLP1990
C wHEN THE 5ECOND POINT IS FOUND RELATIVE TO THE XS,YS SET A TEST ISCLP1600
C !EC4SSARY TO DETERMINE IF THE PRACESS IS CSMPLETE 0R IF THE CLP1610
C REMAINDER OF XS,YS MUST BE PASSEn, CLP1620
C CLP1630
C CLP1640

De 400 1:1#ISET CLP169o
IF I(XilECg99,99),AND,(X2,EQ,99,99),ANDtlSWEQ,1)) G0 TO 390 CLP1660
IF t((tASSF (XS(IJ).X),LE,0,0001),8R1 (XS(I) .GT 1 Xl)),AND,I(ABSF(Yi'YCLPI670

1Sel)),LE,0,O0001)eRCYS(IhLTlYJ))),ER,(((ABSF(XS(I)wX2),LE,0,nOnlCLP1680
2),ERtX$ll),LTX2))IAND,(tABSF((rl Y2),LE,0,00011,tRIYSll),LTYCLP1690
32))!) 320,380 CLP1700

320 CWN¶1NUL CLP1710
IF iX1,EQj99j99) 360,330 CLP1720

330 CeNTINUE CLP1730
XSStISU0SET)'X1 CLP1740
YSS(ISUBSET)*Yl CLP1750
X1399 j9 9 CLPI760
ISU0SETWI§U8SET*l CLP1770
IF (ISW) 350,340 CLP1780

340 ISWII CLP1790
G0 tO 380 CLP1800

350 ISWiO CLP1810
Gs TE 380 CLP1820

360 CENtINUJE CLP1830
XSSfISU0BSLT)x2 CLP1840
YSStI5URSET)*y2 CLP1850
ISU5SETI IUBSET*l CLP1860
X2*99199 CLP1870
IF i((CIHCPARTEQ,7HNEGD8WN),AND.(IPLANEEO.1)),5RI((IWHCPARTEQ,7CLPI88O

lPPeSDsWN)jAND,(IPLANEEQU))) 370,610 CLP1890
370 ISWi1 CLP1900

GE TO 380 CLP1910
380 CONTINUE CLOM92O

IF t3SW'EQ,1) 390.400 CLP1930
390 CENTINUL CLP1940

C CLP1941
C PASS INVL6SIEN AREA POINT TO SUBSET CLP1950
C CLP195i

Xss( ISUBSET)*XS(I) CLP1960
YsS(ISUWSET)YS(I ) CLPI970
ISU0SETEItUBSET*1 CLP1980

400 CENTIKUE CLP1990
ISUiSETNISUBSET.1 CLP2000
GE Te 610 CLP2010

410 CENSINUE CLP2020
IF (I HCPART,EQ,7HNEGV0WN) 420s450 CLP2030

420 IF (IPLANE) 430,440 CLP2040
430 ISWIO CLP2050

GE TO 490 CLP2060
440 ISWil CLP20O7

GE TE 500 CLP208O
450 IF IIWHCPARTEO,7HPOSDMWN) 460#2P0 CLP2090
460 IF IIPLANE) 470,480 CLP2100
470 ISWII CLP21IO

Ge !¢ 490 CLP2I20
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0 1/07 /7 1

) ISW'0 CLP2130
IE TO 500 CLP2i4O

) PRIOT 7O0, Xl.YjX2,Y2 CLP2i50
rYE To 510 CLP 2I6O

) PRINT 710i X1,Y1.X2,Y2 CLP2170
no To 5Y 0 CLP2180
CENTINUE CLP2190

CLP2200
CLP2210

IN TiZS LP6P Xi AND X2 ARE NEGATIVE AND THE RELATIVE POSITION OF CLP2220
(X2lY2) IN THE XSYS SET IS SEARCHED FOR FIRST, CLP2230

CLP2 2 40
w.EN (X2pY2)$S POSITION IS FOUND IT IS TRANSFERRED To THE CLP2250
Asset, ThE ISW SWITCH IS CHANGED AND X2 FLAGGED WITH -99,99, CLP2260

CLP2270
Th4E SEARC~k FOR THE REATIVF POSITION OF (Xi,Y1) THEN COMMENCES, CLP2280

CLP2290
0+EN IT IS FOUNIJ IT IS PASSED T3 THE SUBSET AND A TEST MADE To CLP2300
VETERM6INE IF THE REST OF THE XSYS ARRAY SHOULD BE PASSED, CLP2310

CLP2320
CLP2330

no 600 Iu1,ISET CLP2340
IF I(X2AEG,.99,99),AND,(X1,EQt99,99.,AND,(ISW,EQ,1)) GO TO 590 CLP23S50
IF U((ABSF(XS(Pl)X2) .LE,0,0001),OR,(XS(l),LT,X2)),AND,((ASSF(YS(1CLP2360
*)Y)2,LE ,0 0001,0eRICY$ (),GT 1Y21))) ,R,( X2,FQ, 99,99),ANID,((ABSF(CLP2370

2.XSeia-x4)16E,0.O00l},sR,(Xset},}TXl)).AND.((ABSF(YSfI)-Yi1,WEOOCLP2380
3001 ,ORj(YSjI),GTY1j 520,580 CLP2390
) IF (X2,*Dj-99,99) S30,550 CLP2400
) xSS(lSUgseT)1ZX CLP2410
YSS(ISUBSiT)zYl CLP2420
X1399199 CLP2430
ISUBS9ETISUBSET*l CLP2440
IF (((IWHCPARTE0,7HNEGOWWN),ANDCIPLANEEQO)1f.R,((IWHCPARTFQ,7CLP2450

1HPGSDsWN)iAND,(IPLANEEQ,11)) 5401610 CLP2460
) ISW91 CLP2470

GE T0 580 CP2480
1 CGOINUE CLP2490
XSS(ISU0SETuX2 CLP2500
VSSlISUBSkT)my2 CLP2510
Y2=990,99 CLP2 520
ISUBSET;IbUBSET*1 CLP2530
IF tISW) 560i570 CLP2540

) 1SWR CLP2550
Ge TO 5oo LP2560

) ISWUI CLP2570
oe tO 500 CLP25SO
I IF tISW) 590,600 CLP2590

1 CENTINUE CLP2600
XSSfISU@SET)xxS(I) CLP2610
VSStISUBSiT)mYS(I) CLP2620
ISUBSETPISUBSET*l CLP2630
C6NtINUE CLP2640
ISUgSET5I$UESET.i CLP265O
CONTINUE CLP2660
XSSiISU6SET)=xSSt1) CLP2670
YSS(ISU0SiT)xYSS(1) CLP2680

48 0

4 90

50 0

5 I0
C
c
C
C
C
C
C
C
C
C
c
C
C
c

52 0

54 a

560

580
590

600

610
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C FwAP CLP2690
C CLP2700
C CLP271O
C TIE TERMINATIeN PRRCESS COMMENCES BY ZEROING THE XSYS ARRAY, CLP2720
C CLP2730
C CLP2740

tE 020 i41,JSET COP27MO
CLP2760

VSC )LBO0 CLP2770
620 CeNTWNUE CLP2780

C CLP279O
C oLP2800
C THE SUBSET VALUES ARE TRANSFERRED TO THE XSYS ARRAY AND THE CLP2810
C ISET GOrNIER RESET TO THE NEW VALUE OF ISUBSET, CLP2820
C CLP2s3o
C CLP2S40

nc 630 K81,ISURSET CLP2850
XS(K)UXSSiK) CLP2860
YS(KwsYtSlK) CLP2870
XSSWK)uO CLP2880
YSSIK)WO CLP2 690

630 CENTINUE CLP29O0
ISE I SLBSET CLP2910
JEu3HYES CLP2920

C CLP2930
C CLP2940
C TFE RETATIIN AND TRANSLATION IS PUT BACK IN IF NECESSARY, CLP2950
C CLP2960
C CLP2970

IF IPHI NC 0,) 640,660 CLP2980
640 CENTINUI CLP2990

C CLP2991
C PUT PHI RSTATION BACK INTO NEW SET OF POINTS CLP3000
C CLP3001

De 650 lml#ISuBSET CLP3010
YINiXNEW(XS(I).YS(CIbPwI) CLP302O
VINfYNEW(XS(I)#Ys(IbPWIl CLP3030
XS Iu*XIN*CX CLP3040
yS( I)YIN*CY CLP3050

650 CENTJNUL CLP3060
660 CENTINUE CLP3070

PETURN CLP3080
670 r6NTINUE CLP3090

JEPINO CLP3100
RETURN CLP3110

C CLP3I20
680 FORMAT 1X,*CLIP REJECTION, ADJOSTEp X VALUES WRWT, ERIGIN /, 1XoCLP3130

1*MUST BSTh BE POSITIVE OR BOTH BE NEGATIVEOP/ 1Xl*XloY1,X2#Y2 *,4CLP3140
2(F10, 50X0) CLP3150

690 FERMAT 1XP*Ne CLIPPING PeRFORMEre IWHCPART TROUBLE0 CLP3i6O
700 FERMAT (10X.*TP PLANE CLIPs#X,*FROM XY *TF7s2,*o *tF7,2,* TO XeCLP317O

1Y *.F7 2,* *#F7021 CLP3180
710 FERMAT (1QXs*BASE PLANE CLIP.,lXo.FR8M X.Y *,F7,2,.o *sF7,2o* TO XCLP3I9O

1,Y *,F7 12,. *.F7,2) CLP3200
FND CLP3210
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CLIP 01/07/71 ED

IInENT CLIP
FROGRAV L4OTW 03247
ENTRY PEINTS CLIP 01572
ELeCK r'AMES

CROSSEC 03037
EXTERNAL SYae-LS

THNTD,
a8sCICT,
REVERSF
SINF

CGSF
STH,
QNSINGL,

004e2 SYPBOLb
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1 1/02/70

SURROUTINF CONVERT (P,lpRRXXYYZ7) CON 10
COMMON iC;OSSEC/ AB.CDflnSENDXIAT9(16)UARRAY(954.XCYC CZCUxlUCON 20
IYUZRsSCALEDCOSCYt(9).HO(9)bXS(400) YS(4nO),Y(103),Ytl03),MAJOR.CON 30
2M!NORsPHWi CX;¢YROAIUS.ISETCXYZCi6)1EXYZt161 ,FHfiA) I8KTEST.TLILCON 40
6OOPxlPsKRR2QO) IMNCE CON 50

CON 60
C CON 70
C THE PuRPOsE OF THIS SUgRRUTINE IS CON 80
C PERFMRM MATRIX CMNVERSION FROM CON 8i
C Ei) wMPF SySTEM TO XYZ SYSTE4, CON 90
C (2) WYZ SYSTEM TO CYLINDER SYSTEM CON 100
C tHANDLED BY ENTRY CMNVERT2) CON 110
C THIS CUNVERS!ON IS DONE FOR SIN3L- POINTS WHFRF CON 120
C THE INPUT POINT IS (P.ORR), AND CON 130
C THE OUTPUT POINT IS cXXYYZZ), CON 140
C CON 150
C CON 160
C PICKING UP DiRECTION COSINES, CON 170

CON 180
TllXMAT9 1) CON 190
T21;XMAY9(2) CON 200
T3i;XMAT9(3) CON 210
T12;KMAY9E5) CON 220
T22;XMAT9i6) CON 230
T32;XMA49(7) CON 240
T13XMT9 9) CGN 250
T23;XMAT9f(10 CON 260
733sXMAT9 ClI CON 270

C CON 280
C COMPUTING THE ORIGIN. CON 290
C CON 300

XZERxaD*A CON 310
YZER®.D*B CON 320
ZZEROzn*C CON 330

C CON 340
C THE CONVERSIMN EQUATIONS FOR ROTATION AND TRANLATTON. CON 350
C CON 360

XX=Tl£*P T12*Q*Tl3*RR*XZERO CON 370
YYxT2i*pT22*Q+T23*RR+YZERO CON 380
ZZzT3t*P*T32*Q*T33*RR+ZZERO CON 390
RETURN CON 400

C CON 410
ENTRY CONvERT2 CON 420

C CON 430
C PICKING Up DIRECTION CnSINES, CON 440
C CON 450

Tli:DCOSCYL (1 CON 460
T21RDCOSCYL(2) CON 470
T31DCMSCYL (3) CON 480
T12;DcoSCYL(4) CON 490
T22;DcOSCYL(5) CON 500
T23;DCOSCyLL(6) CON 510
T13*DCS$CYL(7) CON 520
T23;DCMSCyL(8) CON 530
T33;MCMSCYLC9) CON 540

C CON 550



I1/ 02/7 0

TRANSLA'TIJN,

Dx, X* xyc
DYRYYRYC
DZZZUZRC

THE CONIVIRSION EQUATIONS FO~R ROTAT1ION ON TW4E TRANSI ATEf POINTS,

P=T11*0X*T21*DY*!3i*DZ
0cTl2*Dx.&y22*DY&!32*DZ
RRmTI3*DX*T23*DY*T33OD7
RETURN
ENE)

CONVERT 11i/02/70

PROGRAM LENGTW
ENTRY POINTS

BLOCK NAMES

EXTERNAL SYMBOLs

00135 SYMROLS

00310
CONVERT 00003
CONVERT2 00077

CR5 SSEC

0800ICT,

03037

C
C

C
Cl
C

175

CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CON
CONCON

5 6 
57 0
58 0
599 
6a00
6W
6 20
6 30
64 Q
65 0
66 0
6 '0
680w

IDENT CONVERT

E D 0
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1.1./02/70

SUPRRUTINE REVERSE (MlaNiM2sN2) REV 10

HWLDlsM2 REV 2o

HOLD02M1 REV 30
MlmHMLDl REV 40
M20H0LD2 REV 50
HOLDiuN2 REV 60
WSLD2wNI REV 70

NlwHMLDj REV 80
N20HOLD2 REV 90

RETURN REV 100
END REV 1i0l

REVERSE 11/02/70 ED 0

IDENT REVERSE
PRMGRAM LENGTH 00131
ENTRY PeINTS REVERSE 00003
EXTERNAL SYMSOLS

01010 3
080D ICT,

0OU34 SYMRMLR



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. Bi. The pro-
gram deck contained definitions only: no tool motions. 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. Bi 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 see 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 took 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.
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HOPE I
Z = 0

Figure B2

-- 73 __ _ 1_ _ __ _ _ ._ . .

HOPE 2
Y=O

Figure B3
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HOPE 3
X = 0

Figure B4
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HOPE
(cos 450) Y + (cos 450) Z = 0

Figure B5
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SEOUENQF 03775 STARTED PRINTING 11/03/70 AT 200Z42 4 N lP00DRUM SCOPE 2,0 COMPUTER ONE. MAX, D MAND IS 540008, RFSOIDPN! T.1. 07/20/70
SEQUENCE NUMHER 403775 STARTED AT TIME 200219 DATFD ii/03/70
JR8,23Z0001,!)73KPT,i0
DEMANn, 5373ns
EQUIP#IO=PL
EQUIP.49:tCRwSEC CALCOM)*HI ,RM*DA
LOAnMA N 49 10, 3 5 oo

EXECUTInN STARTED AT 2002 .25
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PARTNO TAP~E S.170 DWG 682013 LOWER COVER ~J,Aw 00000100
NOPUJST
MULTAX 00000300

HOXYMINcPO!NT/,.05. "05.!~5
H0XYMAX=P8jNT/05,05,n5

SYN/P,P8!NT,L.LtN[EE,PLANE ICpC1RCLED0L,38LFT,GR,GOGYAKnF1,GFWDGB.!00oflo5oo
GOSACKTN,TLON.TL.TLLFTTRTLR0T#XSXSMA1ILXL ,xLARGE'.PA,PAPLELS 00000600
IT, INT0F,YL.YLARGE.YS,YSMALL ,ZS,7SMALL,.ZL.ZLARMERA,RAnflhiSaS 01000700CECENTER, TA.TANT8s AAATANGLDPEPERPTDa SflG00LTA 000fl0800

PLO 3 E/0#0s1a.l 0.000900
PLI a E/oto,1.0 00001000PL2 sE/,os,±,..687 00001100PL3 aE/ojo.1,32.1?5 00061200
PL4 x E/0a.,j.1sm3A2 o0000i~0PL E/PA.PLi,ZS,i.5 

ooloPL7A 0000140PLi.7L.:05
00I0PL6 E/Uso0,1,5 monso o n

LX *L/XAXTS 000o1700
LY L/VAX!S 0000180Li L/APALY~xS,4:i875 00001900
L2 L/PA:LY:XL,4;i$75 00002000L3 *L/RA Li XL'8,25 00002100L44 LPAL3,XL,7:875 00002200
L5 *LPA#L3,XL~ii:937 00002300L6 *L/PAPL5sxL,4: 00062400L7 x L/IPA,L5,XS .437 00002500LS a L/PADL5,XL,.437 00002600L9 * L/FAL6,XS,.437 00002700LIO a L/PA,L6#XL,.437 00002$00
Lii a L/PA,LX,YL,2:i875 00002900
L¶2 M L/PAoLX,YS,2:i875 00on3000L13 z L/PA#Li2.YL.:25 00003100
L14 L/vA*LI3,YL'3,875 00003200LJlA *L/PAPLII,YL ;:03 00003300L12A *L/PA#Li2tY.Ys o:3 ooo63400LiA *L/PApLijX.K.~2 000 o35o00L2A aL/PA#L2aXL:.Q40ooooo8 00003600L16 *L/PA,LI,XL.. 0000o3700LI?7 L/PAPLXYL,.1A7 00003800
L18 !L/IPA#LX#YS,..¶7 000039004t L/PAoLX,YL..5 00004000L20 *L/RALX,YS,.5 00004±00ml MATRIX/YZROT.90 00004200RESYS/M1. 00004300
PLIA *L/XAXIS 00004400
PL18 L/YAX!S 00004500PL2A *L/PAsPLIAYS..687 00004600PL3A *L/FA#PLIA.Y5.2.125 00004700PL5A * L/FA,PLtR.XS.2 00064900
PL6A a L/PAoPLiB1 XL.;2 oooo5oooL9A *L/PAPL6A.XS,.437 0o0o5i00Li0A * L/PA,PL6A.XL..437 ~0005200
L7A a L/I'A#PL5AXS..437 

05oLSA * L/PA#PL5A1 XL..437 OW05400L21A a L/PA#PLiAaYS..966 00005500L22A a L/I"A#L2iA.yS'..75 00005600
LI5 x L/PAtPLi8,xg 4 9 62 oo~oC9 a C/XL.LI5,YS.4I.IARA.,,5 00005800

ZSUIRF/CE/0 ., 1,lva.287) 00005900
P9 * P/cF.c9 00006000PT a P/C9#AA,225 00006100



• L/F'7,AAjw45
* L/PA#PLSA,XS'*,937

*1 P/1T#LBsLC
L/RTT ,LEFT. Taco

ZSLIR!/(E/0.0,0 i.a2 ,287)
* P/IT#PL5A.L2iA
* P/IT#PL5A#L22A
P/I!,P46A,L?2A

* P/IT,PL6A:L2jA
Z S U R / CE / a *a .1 ,2,287)
*P/IT,PL5A.L2{A
*P/[YPL5A,L22A
*P/IT,PL6A,L22A
*P/ITPL.AA,L2jA

• P/4,4i25.6,.j.0
* C/YSPPL2A.XL'L7A,RA,o66
• C/YS#PL2A.)CS.L8ARA'mn66

• C/YS,PLA,XL.L9A,RA'.066

* C/YS,PL2A.XS'.LidA,RA#,06

x L/RA,L16.WL-:03
REF SYS/NTMMRE

•C/XSL.2,YL.',LI2 RA::687
•C/XSL2 Ys',L~i RA, 687
*C/XL#L1sys'fLiioRA, ,687
*C/XL,L1,VL',Li2,PA,,687
*C/ixLiL3myC'.LA3,RA,,±25

;C/YS#L4,VL,L13,RA. .125
• C/XS,L4,YS',Li4,RAt, 25
• C/xL#L3,YS,L14,QA#,i,25

*P/boo,2

=P/*7o,352

*P/w,9A450,o,.1

*P/u,91845,6 1,¶

*E/oalo.1.

*E/oj.,7a7±1..7a711e0
PRINT/3. ALL

n ) POINT 3 -5.06000
6) POINT 3 5,06006
61 PLANE 4 0.06000
6) PLANE 4 - 0,0606i
6) PLANE 4 0,06000
6) PLANE 4 0.0006,
6) PLANE 4 0.0606

C ) PLANE 4 0,0606
6) PLANE 4 0.0006
6) PLANE 4 0.0600
6) LINE 4 0.0600

C ) LINE 4 1.06000
C 6 LINE 4 "1.0600
C ) LINE 4 1,06000
C ) LINE 4 1,0606
C ) LINE 4 1,0606
C ) LINE 4 1.06000

6) LINE 4 1,0606
C ) LINE 4 .1.0606
C ) LINE 4 1.0606
C ) LINE 4 .1.01106

6) LINE 4 1,0606
C ) LINE 4 0,0600
C ) LINF 4 0.0606

ion
0op
Ion
0on
)060
0op
)060
06n
)060
)060
)060
)060
I060
0on
)060
06p
)060
)06n
)060
)060
060
06n
)060
0on

185

06 0n620M

OlOM66'00

06M0 p67060
00066800
06066900

06067206

0060 77on

onomn7on
060 n8i0n

00W0680
Op0n8300
06068406

0006806n

06068906
06069606

06069206
opo69~06

06069606

06069806

LB
LC
PTT
L21

P1i
P 2
P 3
P 4

P 5
P 6
P 7
P P
P10
CIO
Cii
C14
C15
L15A
Li6A

C I
C 2
C 3
C 4
CS5
C 6

C 7

SPA
SPB
spo
SPO
PTI
PT2
P73
HOPE1
HOPE2
HSPF3
HOPE

HOXYMI
HOXYMA
PLO 
Pt-i
PL2
P1.3
P144
PL5
PL7A
PL6
L X
L Y
Li
L2
L3
1.4
L 5
L 6
L 7
L 8
L 9
LIO
Lil
1.12

-5,606060

6,600606
0.606060

0,000060

6, 606060

6,600060

0,6060060

0,060600
0,606000
6,606066
6,06In06i0 0
noo6666
-1,6060n6

.5. Onion
5.6060M6
1.a60n06

1.060606

1.06o060

1 .60 n 0 p0

0.060606

0.060606
O.660606

6 . 06n06M06m
o.060606
0 .0on60606 
6.660606
0,660606
0.060606

6 , ± 06m0 00

,6 .687060

,2,3620000

.0.506060

0,606060

4,187560

w3,937560

.2,006500
1,9995n0
2, 4375670
.1 36 3560 
m1,562560
2 ,43A560
2-, 1875~0
2, 18756



01 ,9375D0
1,937500
2,217500

4,437500

4,2±75!00

0,500000
0.1500000

0 , 000000 I 

0 ,687 0100
2,1.25000
2,000000
2,000000

.1.563000
2,437000
2,437000

.1,563000
0.906000
1., 656000
4,962000

a , n a0,000000
0,000000

.1,000000

94, 009664
3, 937000

&4, 008664

0,000000 "1,000000

187
(Page 188 Blank)

0.000000 -!i.0r0on0

0.000000

0.10010000

0.500000

0.060000

-623000 -0.000060

,6230u0 -0,000000

,377000 -0.000000

.000000
onooon
.500500

.500500

500500

0.n0 0 00 00
0.00m060

-1 ,'005nO

1,500500

1,500500

.500500 -1,500500

812500 -1,812500

.812500 -1,8±2500

-0.747000

-0.747006

.0.747000

0 o000006
0 000000
0.000000

0.060000

0.000000
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1.14 C Q1 LINE 4 0

L11A 0I LINE 4 ;0
Ll2A C 0) LINE 4 V1 0
L.1A I 0) LINE 4 -0
L2A t 0Q LINE 4 IT1
L16 t 0) LINE 4 I
L17 t 01 LINE 4 0
1.8 t 0Q LINE 4 0
419 C 0) LINE 4 0
1.20 t 01 LINE 4 0
Mt 0) MATRIX i2 1

0
PLIA t 01 LINE 4 0
PLIR C 0 LINE 4 1
PL2A t 0 LINE 4 0
PL3A 0 LINE 4 0
PL5A 0t LINE 4 I
PL6A 0 ) LINE 4 1
L9A t 0) LINE 4 N1
LiOA 0 ) LINE 4 1
L7A t 0) LINE 4 A

L8A t 0) LINE 4 1
L21A t 0) LINE 4 0
122A t 01 LINE 4 0
L15 t 01 LINE 4 -1
C9 tC 0) CIRCLE 7 .4

P9 C 0) POINT 3 .4
PT t 6) POINT 3 *;'

0) LINE 4 0
4C C 0 LINE 4 m1
PTT C 0) PRINT 3 a'
L21 C 0) LINE 4 0
P1 t 0) PRINT 3 W
P2 t 6) PRINT 3 "
P3 C 0) PRINT 3
P4 C 0) PRINT 3
P5 t 0) P8INT 3 m
P6 C 0) PMINT 3 *

PY C ) POINT 3 -

P8 e 0) POINT 3
P0o 0) PRINT 3
C10 C 0) CIRCLE 7 *

Cil C 0) CIRCLE 7 01

C14 t 0) CIRCLE 7 1

C15 t 0) CIRCLE 7

L15A C 0) LINE 4 *;
L16A C 0) LINE 4 1
Cl C 0) CIRCLE 7

C2 C 6) CIRCLE 7

C3 C 0) CIRCLE 7 "

C4 C 0) CIRCLE 7 ";

C5 t 0) CIRCLE 7 ;

C6 C 0) CIRCLE 7

C7 C 0) CIRCLE 7
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ofmQ00fl
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0 .7 fl 71i0 7



C8 0 ) CIRCLE

SPA C 0) POINT
SPB Mfl) PI NT
SPC fC 0 POIxNT
SPD C 0M POINT
PT± C no PtINT
PT2 C 0) PO IINT
PT3 C 0) POINT
HOPEI C 0) PLANE
HOPE2 C 0) PLANE
HOPF3 ( 0) PLANE
HOPE C 0) PLANE

PRXNT/0

END

c::

7 * 3i- 1.*

3 o0 Ij 

3 sao .92*

4 10 ,0!0
4 0.00!i

FINI
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ANGLES BETWEEN H40El ANn THF DEFINEn PLANES

PLO PARALLEL TM REFERENCE PLANE

PL1 PARALLEL TO REFERENCE PLANE

PL2 PARALLEL TO REFERENCE PLANE

PL3 PARALLEL Ti REFERENCE PLANE

PL4 PARALLEL TS REFERENCE PLANE

PL7A PARALLEL TO REFERENCE PLANE

PL6 PARALLEL TO RFFERENCE PLANE

LX PERPENDICULAR TO REFERENCE PLANE

LY PERPENG!CULAR TO REFERENCE PLANE

L1 PERPENDICULAR TO REFERENCE PLANE

L2 PERPENDICULAR TO REFERENCE PLANE

L3 PERPENDICULAR TO REFERENCE PLANE

L4 PERPENDICULAR TO REFERENCE PLANE

L5 PERPENDICULAR TO REFERENCE PLANE
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PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR

PERPENDI CULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDI CULAR

PERPENDI CULAR

PERPENDICULAR

PERPENDICULAR

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

78 REFERENCE

T7 REFERENCE

T! REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

T7 REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

<-I

rn,

1.7

L.8

L.9

LiO

1.11

1.12

1.13

1.14

1.11A

L.12A

LIA

1.2A

41.6

1.17

1.18

L19



PERPENDICuLAR TO REFERENCE PLANE

PARALLEL TO RFFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERFNCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERpENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE

AT 45.0 DEGREES TO REFERENCE PLAFE

PERPENDICULAR TO REFERENCE PLANE

AT 45.0 nEGREES TO REFERENCE PLA'c

PERPENDICULAR TO REFERENCE PLANE

PERPENDICULAR TO REFERENCE PLANE
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L20

PLIA

PLIR

PL5A

L9A

I4~0A

L7A

LBA

L19

L21

1 L1W5A

L16A
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IN ORIGINAL COeORDINATE SYSTEM

MINIMUM VALUES

-. ,00000
"5,00000

-!, 00000

MAXIMUM VALUES

!7 00000
5 .OOOOa

, 00000

IN HOPE PLANE

SCALE,,, 0,62500 INCWES GF PLOT LENGTH 5 I IMCH OF PART LFNMTH

TO OBTAIN A I TOS 1 PLOT SN THE GERBER USE A SC:LE FACTOR IN BATH X AND Y 8F 1,60000
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HOPEI INTERSECTISNS WITH ALLOWEn nEFINEn SURFACES

LINE OF INTERSECT1SN FSR PLANE LX
lS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE V PRIME AXtS AT 0,00

LINE OF INTERSECTION F5R PLANE LY
IS VERTICALIESLOPE a 96 DEGREES
AND INTERSECTS THE X PRIME AXIS AT of00

LINE OF INTERSECTION FOR PLANE Li
IS VERTICALIE-SLOPE 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,.19

LINE OF INTERSECTISN FOR PLANE L2
IS VERTICALIE.SLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,19

LINE OF INTERSECTION FTR PLANE L3
IS VERTICALIESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT *3,94

LINE OF INTERSECTION FrR PLANE L4
1S VERTICALIE.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 3,94

LINE OF INTERSECTISN FOR PLANE L5
IS VERTICALDI.ESLqPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT .2,00

LINE OF INTERSEcTION F7R PLANE L6
IS VERTICAL IESLOPE x 9d DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,00

LINE OF INTERSECTION FOR PLANE L7
IS VERTICALIESLOPE .90 DEGREES
AND INTERSECTS THE x PRIME AXIS AT .2,44

LINE OF INTERSECTION FOR PLANE LB
IS VERTICALIESLOPE a 96 DEMREES
AND INTERSECTS THE X PRiME AXIS AT -i.56

LINE SF INTERSECTISN FTR PLANE L9
IS VERTICAL, IE.SLSPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 1,56

LINE SF INTERSECTISN FOR PLANE LI0
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IS VERTICALlIESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,44

LINE OF INTERSECTISN FSR PLANE Lii
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 2.19

LINE OF INTERSECTION F3R PLANE L12
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT w21i9

LINE OF INTERSECTION FOR PLANE L13
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT wl.94

LINE SF INTEMSECTION FOR PLANE L14
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 1.94

LINE SF INTERSECTION FoR PLANE LIlA
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 2,22

LINE SF INTERSECTION FOR PLANE L12A
IS PARALLEL To THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT .2.22

LINE OF INTERSECTION FOR PLANE LIA
IS VERTICALeIE-SLOPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT -4,44

LINE SF INTPRSErTION F!R PLANF L2A
IS VERTICALIE.SLOPE .90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,22

LINE OF INTERSECTION FOR PLANE L16
IS VERTICALI,ESLOPE * 90 DECREES
AND INTERSECTS THE X PRIME AXIS AT 4,31

LINE OF INTERSECTION FOR PLANE L17
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At O.19

LINE SF INTERSECTION rOR PLANE LIS
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At *0,19

LINE SF INTERSECTION FOR PLANE L19
IS PARALLEL TO THE x PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0.50

LINE OF INTERSECTION FmR PLANE L20
IS PARALLEL TO THE X PRIME AXIS AND
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2 00

2 * 00

j.56

2,44

G2 ,5 6

.4,96

3 , 9 4

4 , 9 9

4,34

JINE, FRSm( *4*46, w.000) TO 1 .4,46, -5,00)

'-L TO PRESENT HOPE PLAN! AT DISTANCE GT RADIUS OF CYLINDER, THUS; No INTFRSEeTIONI

EL TO PRESENT HOPE PLAN! AT DISTANCE GT RADIUS OF CYLINDER, THOUS; NS INTFRSErTISN
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INTERStCTS THE Y PRIME AXIS AT VQ9C

LINE OF INTERSECTISN !eR PLANE P,1B
IS VERTICAL,I,ESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTION FsR PLANE PL5A
lS VERTICALIESL50E * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTISN FmR PLANE PL6A
IS VERTICALIE.SLMPE 5 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTEMSECTISN FmR PLANE L9A
IS VERTICAL,I,ESLOOE a 90 DEMREES
AND INTERSECTS THE Y PRIME AXIS AT

LINE OF INTERSECTION F1R PLANE L1OA
IS VERTICAL-IESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTERSECTI3N PFR PLANE L7A
IS VERTICALIE.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE OF INTEHSECTISN FRR PLANE LOA
IS VERTICALa,ESLOPE a 90 DEGRSES
AND INTERSECTS THE X PRIME AXIS AT

LINE GF INTENSECTION FMR PLANE L15
IS VEtRTICAL#IESLOPE * 9d DEGREES
AND INTERSECTS THE X PRIME AXIS AT

LINE SF INTERSECTION FOR PLANE LC
IS "'ERTICALjgE.SLOPE * 90 DEGREES
ANb INTERSECTS THE X PRIME AXIS AT

LINE SF INTERSECTISN FOR PLANE L15A
IS VERTICALIE.SLOPE a 90 DEGREES
AND INTERSECTS THE x PRIME AXtS AT

LINE SF INTERSECTION FOR PLANE L16A
IS VERTICAL,IE,SLOpE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

C9 , INTERSECTION ISI SINGLE

CIO , INTERSECTION ISI PARALL

Cii , INTERSECTION ISI PARALL



_ TS PRESENT

. TO PRESENT

ENTER AT

aNTER AT

ENTER AT

ENTER AT

ENTER AT

ENTER AT

ENTER AT

ENTER AT

HSPE PLANE

HOPE PLANF

3,5M,

3s5n,

P3,51,

-3,56,

.3,81,

3.81,

.3,81,

AT DISTANCE GT RADIUS

AT DISTANCF GT RADIUS

.1.50i RADIUS :

1.50, RADIUS x

1.50, RADIUS a

-1.50# RADIUS :

.1.81. RADIUS u

-1.81. RADIUS a

1.81. RADIUS a

1.81, RADIUS u

9F CYLINDER.

OF CYLINDER,

0,69

0,69

0,69

0,69

0o13

0,13

0,13

0,13
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(Page 202 Blank)

THUS; No INTFRSECTION

THUS. NO INTFRSECTISN



I-

C14 , INTERSECTION !SI PAR ALE

C15 . INTERSECTION ISI PARALLE

Cl CIRCULAR INTERSECTION WITH, C

02 CIRCULAR INTERSECTION WITH. C

C3 CIRCULAR INTERSECTICN WITH, C

C4 CIRCULAR INTERSECTION WITH, (

C5 CIRCULAR INTERSECTI8N WITH, C

C6 CIRCULAR INTERSECTION WITH. C

C7 CIRCULAR INTERSECTION WITH, r

G8 CIRCULAR INTERSECTION WITH,
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HOJPE2
ABC,D 06 0nu0000 i.0600OOO O.OOOOOQO 0.0000000
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ANGLES BETWEEN HMFLAND THP DEFINEn PLANES

PLO PERPENDICULAR TO REFERENCE PLANE

PLI PERPENDICULAR TO REFERENCE PLANE

PL2 PERPENDICULAR TG REFERENCE PLANE

PO3 PERPENDICULAR TO REFERENCE PLANE

PL4 PERIENDICULAR TO REFERENCE PLANE

PL5 PERPENDICULAR TO REFERENCE PLANE

PL7A PERPENDICULAR TO REFERENCE PLANE

PL6 PERPENDICULAR TO REFERENCE PLANE

LX PARALLEL TO REFERENCE PLANE

LY PERPENnICULAR TO REFERENCE PLANE

Li PERPENDICULAR TO REFERENCE PLANE

L2 PERPENDICULAR TO REFERENCE PLANE

L3 PERPENDICULAR To REFERENCE PLANE

L4 PERPENDICULAR TO REFERENCE PLANE
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L5 PERPENDICULAR TO REFERENCE PLANE

L6 PERPENDICULAR TO REFERENCE PLANE

L7 PERPENnlICULAR TS REFERENCE PLANE

L8 PERpENDICULAR TO REFERENCE PLANE

L9 PERPENDICULAR TS REFERENCE PLANE

Lio PERPENnICULAR TO REFERENCE PLANE

Lil PARALLEL TO R;FERENCE PLANE

L13 PARALLEL TO RFFERENCE PLANE

L14 PARALLEL TO REFERENCE PLANE

LllA PARALLEL TO REFERENCE PLANE

LIA PERPENDICULAR TS REFERENCE PLANE

L2A PERPENDICULAR TS REFERENCE PLANE

L16 PERPENDICULAR TO REFERENCE PLANE

L17 PARALLEL TO RFFERENCE PLANE

L19 PARALLEL TO RFFERENCE PLANE

PLIA AT 90.0 DEGREES TO REFERENCE PLANE

PLIB PERPENDICULAR TO REFERENCE PLANE
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PL2A AT 90,0 DEGREES TO REFERENCE PLANE

PL3A AT 90.0 DEGREES TO REFERENCE PLANE

PL5A PERPENDICULAR TO REFERENCE PLANE

PL6A PERPENDICULAR TO REFERENCE PLANE

L9A PERPENDICULAR TO REFERENCE PLANE

LIQA PERPENDICULAR TO REFERENCE PLANE

07A PERPENDICULAR TO REFERENCE PLANE

L8A PERPENDICULAR TO REFERENCE PLANE

L21A AT 90,0 DEGREES TO REFERENCE PLA'E

L22A AT 90.0 DEGREES TO REFERENCE PLANE

L15 PERPENDICULAR TO REFERENCE PLANE

LB AT 90.0 DEGREES TM REFERENCE PLA'E

LC PERPENDICULAR TO REFERENCE PLANE

L21 AT 9o.0 DEGREES TO REFERENCE PLANJ

L15A PERPENDICULAR TO REFERENCE PLANE

L16A PERPENDICULAR To REFERENCE PLANE
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WSPE2 INTERSECTiSNS WITH ALLeWEn DEFINEn SURFACES -

r-

LINE OF INTERSECTION FOR PLANE PLO
IS PARALLEL TS THE X PRIME AXIS AND
INTERSECTS THE V PRIME AXIS AT O01O

LINE OF INTERSECTISN FOR PLANE PLI
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0.00

LINE SF INTERSECTION FOR PLANE PL2
is PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT .0,69

LINE OF INTERSECTISN FOR PLANE PL3
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT -2,13

LINE SF INTERSECTION FmR PLANE PL4
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT r2.36

LINE OF INTFRSECTION FOR PLANE PL5
IS PARALLEL T½ THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 1 50

LINE SF INTERSECTISN FOR PLANE PL7A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0.05

LINE OF INTERSECTION F5R PLANE PL6
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT *0.50

LINE SF INTERSECTION FOR PLANE LY
IS VERTICALIESLOPE g 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 0,00

LINE SF INTERSECTION FOR PLANE LI
IS VERTICALIEISLOPE a 9d DEGREES
AND INTERSECTS THE X PRIME AXIS AT .4,19

LINE SF INTERSECTION FOR PLANE L2
iS VERTICALIE.SLOPE a 90 DEGREES
AND INTERSECTS THE X PPIME AXIS AT 4,19

LINE OF INTERSECTION FMR PLANE L3
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l VERIICALsI.E.SLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXS AT *3,94

LINE OF INTERSECTION FOR PLANE L4
IS VERTICAL.IESLOPE a 90 DEMREES
AND INTERSECTS THE X PRIME AXtS AT 3,94

LINE OF INTERSECTION FOR PLANE L5
IS VERTICALIESLePE a 96 DEGREES
AND INTERSECTS THE X PRIME AXIS AT P2,00

LINE OF INTERSECTION FOR PLANE L6
IS VERTICALIESLOPE . 96 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,00

LINE OF INTERSECTION FOR PLANE L7
iS VERTICAL.I.E.SL8PE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 52,44

LINE OF INTERSECTION FOR PLANE L8
IS VERTICALoIESLOPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT vi,56

LINE OF INTERSECTION F!R PLANE L9
IS VERTICALIE.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 1,56

LINE OF INTERSECTION FOR PLANE L10
IS VERTICAL.IESLOPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,44

LINE OF INTERSECTION FOR PLANE LIA
IS VERTICALIESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT w4,44

LINE OF INTERSECTION FOR PLANE L2A
IS VERTICALIESL.OPE s 96 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,22

LINE OF INTERSECTION FOR PLANE L16
IS VERTICALsItESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,31

LINE OF INTERSECTION FOR PLANE PLIA
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE r PRIME AXtS At 0,00

LINE OF INTERSECTION FOR PLANE PLIB
IS VERTICALjESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 0,00

LINE OF INTERSECTION FOR PLANE PL2A
Is PARALLEL TO THE X PRIME AXIS AND
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INTFRSkCTS THE Y PRIME AXIS AT .0,69

LINE OF INTERSECTION FOR PLANE PL3A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At .2,13

LINE OF INTERSECTION FOR PLANE PL5A
IS VERTICAL,I.E.SLsPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT *2,00

LINE SF INTERSECTISN FOR PLANE PL6A
IS VERTICALI,E.SLSPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,00

LINE SF INTERSECTISN FSR PLANE L9A
Is VERTICAL.IE.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 1.56

LINE OF INTERSECTION FPR PLANE L10A
IS VERTICALI,ESLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,44

LINE OF INTERSECTISN F0R PLANE L7A
IS VERTICALIE,SLOPE i 90 DEGREES
AND INTERSECTS THE x PRIME AXIS AT w2,44

LINE OF INTERSECTION FOR PLANE L8A
IS VERTICALIESLOPE * 90 DEGREES
AND INTERSECTS THE x PRIME AXIS AT -1,56

LINE OF INTERSECTISN FSR PLANE L21A
IS PARALLEL TO THE x PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT *0.91

LINE SF INTFRSECTIN FOR PLANE L22A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT wi,66

LINE SF INTERSECTISN F!R PLANE L15
IS VERTICALI.E.SLSPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT .4,96

LINE SF INTERSECTION F!R PLANE LB
HAS A SLOPE U *45,0 DEGREES AND A Y INTERCEPT u

LINE OF INTERSECTISN FSR PLANE LC
IS VERTICALI.E,SLSPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT ;3,94



.Y INTERCEPT U -5.67

7ENTER AT

"ENTER AT

'ENTER AT

OENTER AT

.ENTER AT

EL TS PRESENT

E-L TO PRESENT

-L T7 PRESENT

EL TO PRESENT

.L TO PRESENT

EL TO PRESENT

EL TO PRESENT

EL TO PRESENT

p4,4 A'.

"2, 3R *

1,62.

2. 3A,

HOPE PLANF

HOPE PLANF

HOPE PLANE

HOPE PLANE

HOPE PLANP

HOPE PLANE

NSPE PLANC

HOPE PLANP

e*050# RADIUS : 0,50

.0.75, RADIUS s 0,06

-0.75, RADIUS : 0,06

-0.75, RADIUS US 006

.0,75, RADIUS u 0,06

AT DISTANCE Gt RADIUS OF CYLINDER,

AT DISTANCE OT RADIUS OF CYLINDER.

AT DISTANCE GT RADIUS OF CYLINDER.

AT DISTANCE GT RADIUS OF CYLINDER.

AT DISTANCE Of RADIUS OF CYLINDER.

AT DISTANCE OT RADIUS SF CYLINDER.

AT DISTANCE GT RADIUS OF CYLINDERs

AT DISTANCE Of RADIUS SF CYLINDER.

THUS.

THUS'.

THUS.

THUS'.

THUS;

THUS'.

THUS,

THUS;.

NO INTFRSEC TION

No INTERSECTION

No INTERSECTION

No INTFRSECTION

No INTERSECTIONI

No INTERSECTION

NO INTERSECTION

NO INTFRSECTION
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LINt (i INTER5ECTION FOR PLANE LZI
HAS A SLSPE w '45.0 DEGREES AU

LINE OF INTERSECTION FOR PLANE L A
Is VERTICALIE.SLSOE * 90 DEGREES
AND INTERSECTS THE W PRIME AXIS AT

LINE OF INTERSECTION FOR PLANE L16A
IS VERTICALIESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT

C9 CIRCULAR INTERSECTION WITH,

CIO CIRCULAR INTERSECTION WITH,

Cll CIRCULAR INTERSECTIeN WITH,

C14 CIRCULAR INTERSECTION WITH,

C15 CIRCULAR INTERSECTION WITH,

C1I , INTERSECTION ISi PARALL

C2 , INTERSECTI0N ISi PARALL

C3 , INTERSECTION ISi PARALL

C4 , INTERSECTION ISi PARALL

C5 INTERSECTION ISi PARALL

t6 , INTERSECTION ISi PARALL

C7 . INTERSECTION ISi PARALL

Cf , INTERSECTIMN ISi PARALL



213

A#B#CD 1,o0oooono 0o080noaoa o.ooooaoo a,ooonono



BETWEEN 940E3AND THF DEVINEn PLANES

PERPEND I CULAR

PERPENDICULAR

PERPENDICULAR

PERPENDI CULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

Ly PARALLEL

L2 PARALLEL

L3 PARALLEL

14 PARALLEL

15 PARALLEL

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO RFFERENCF

PLANE

PLANE

PLANE

PLANE

PLANE
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ANGLES

PLO

P~lI

PL2

PL4

P145

PL7A

PL6

L X

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANE
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L6 PARALLEL TO REFERENCE PLANE

L8 PARALLEL TO REFERENCE PLANE

L1o PARALLEL TO REFERENCE PLANE

Lil PERPENDICULAR Tr REFERENCE PLANE

L12 PERPENDICULAR TO REFERENCE PLANE

L13 PERPENDICULAR TO REFERENCE PLANE

L14 PERPENDICULAR TO REFERENCE PLANE

LIlA PERPENDICULAR T! REFERENCE PLANE

Lt2A PERPENDICULAR TO REFERENCE PLANE

L2A PARALLEL TO REFERENCE PLANE

L16 PARALLEL TO REFERENCE PLANE

L17 PERPENDICULAR T0 REFERENCE PLANE

418 PERPENDICULAR TO REFERENCE PLANE

L19 PERPENDICULAR T7 REFERENCE PLANE

L20 PERIENDICULAR TO REFERENCE PLANE

PL1A PERPENDICULAR TO REFERENCE PLANE

PLS FPARALLEL TO REFERENCE PLANE
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PL2A PERPENDICULAR !0 REFERENCE PLANE

PLA PERPENDICULAR TO REFERENCE PLANE

PL6A PARALLEL TO REFERENCE PLANE

L10A PARALLEL TO REFERENCE PLANE

L8A PARALLEL TO REFERENCE PLANE

L21A PERPENDICULAR TO REFERENCE PLANE

L22A PERPENDICULAR TB REFERENCE PLANE

LB AT 45.0 DEGREES TO REFERENCE PLANE

L21 AT 45., DEGREES TO REFERENCE PLANE

LI6A PARALLEL TO REFERENCE PLANE
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WOPE3 INTERSECTIONS WITW ALLOWEn nEFINEr SURFACES

LINE OF INTEMSECTION FOR PLANP PL0 _.
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At 0.10

LINE OF INTERSECTION FOR PLANE P1.
1S PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0.00

LINE OF INTERSECTION FGR PLANE P12
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At .0,69

LINE OF INTERSECTION FOR PLANE P1L3
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT .2,13

LINE OF INTEHSECTION FOR PLANE PL4
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At "2.36

LINE OF INTEHSECTION FOR PLANE PL5
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT *1.50

LINE OF INTERSECTION FOR PLANE PL7A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE r PRIME AXIS AT 0.05

LINE OF INTERSECTION FOR PLANE PL6
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At 00,50

LINE OF INTERSECTION FOR PLANE LX
IS VERTICALIESLMPE v 90 DECREES
AND INTERSECTS THE X PRIME AXIS AT 0,00

LINE OF INTERSECTION FOR PLANE Lll
IS VERTICALI.E.SLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,19

LINE OF INTERSECTION FOR PLANE L12
IS VERTICAL ,IE4SLPE a 90 DEGREES
AND INTFRSECTS THE X PRIME AXIS AT .2,19

LINE OF INTERSECTION FOR PLANE LI3
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a 1B94

j,94

2,22

2, 22

0,19

-0,19

0,50

o0 .50

2A
ND
1 .66

ALLEL TO PRESENT HOPE PLANF AT DISTANCE GT RADIUS OF CYLINDER. THUS', NO INTFRSECTIAN



15 VERTICALI.E.SLePE a 90 DEtREE
AND INTERSECTS THE X PRIME AX P

LINE OF INTERSECTION FOR PL4AN:L.:
IS VERTICAL,I.ESLOPE . 90 DEOEE
AND INTERSECTS THE X PRIME AXr5

LINE SF INTERSECTION F5R PLANE L.
IS VERTICAL,IE,SLOPE a 90 DEGREE
AND INTERSECTS THE X PRIME AXIS

LINE OF INTERSECTION FOR PLANE Li
IS VERTICAL IESL0PE . 90 DEGREE
AND INTERSbCTS THE X PRIME AXIS

LINE OF INTERSECTISN FPR PLANE L.
IS VERTICAL4I.ESLOPE * 96 DEGREE
AND INTERSECTS THE X PRIME AXIS

LINE OF INTERSECTISN FeR PLANE L.
IS VERTICALtIESLOPE a 90 DEGREE
AND INTERSECTS THE X PRIME AXIS

LINE OF INTERSECTISN FOR PLANE L.
IS VERTICALIhESLOPE a 90 DEGREE
AND INTERSECTS THE X PRIME AXIS

LINE OF INTERSECTION FOR PLANE L
IS VERTICALIESLOPE a 90 DEGREE
AND INTERSECTS THE X PRIME AXIS

LINE SF INTERSECTION FSR PLANE Pi
IS PARALLEL TO THE X PRIME AXIS
INTERSECTS THE Y PRIME AXtS AT

LINE OF INTERSECTISN FSR PLANE Pi
IS PARALLEL TO THE X PRIME AXIS
INTERSECTS THE Y PRIME AXIS AT

LINE OF INTERSECTION F!R PLANE Pi
IS PARALLEL TO THE x PRIME AXIS
INTERSECTS THE Y PRIME AXIS AT

LINE OF INTERSECTISN FOR PLANE L
IS PARALLEL TO THE X PRIME AXIS
INTERSECTS THE Y PRIME AXIS AT

LINE OF INTERSECTISN FeR PLANE L'
iS PARALEL TO THE X PRIME AXIS
INTERSECTS THE Y PRIME AXIS AT

C9 , INTERSECTION IS1 P A;



TS PRESENT

TS PRESENT

TO PRESENT

TS PRESENT

TS PRESENT

TS PRESENT

TO PRES-NT

TO PRESENT

TB PRESENT

TB PRESENT

TB PRESENT

HOPE

HOPE

H3PE

H3PE

H0PE

HSPE

HTPE

H3PE

H3PE

HIPE

HBPE

pLANF

PLANF

PLANF

PLANE

PLANE

PLANF

PLANE

PLANF

PLANE

PLANF

PLANF

AT DISTANCE

AT DISTANCE

AT DISTANCE

AT DISTANCE

AT DISTANCE

AT DISTANCE

AT DISTANCF

AT DISTANCE

AT DISTANCE

AT DISTANCE

AT DISTANCE

GT RADIUS MF

GT RADIUS OF

OT RADIUS OF

GT RADIUS OF

GT RADIUS OF

ST RADIUS OF

GT RADIUS OF

GT RADIUS OF

GT RADIUS OF

GT RADIUS OF

GT RADIUS OF

CYLINDER.

CYL I NDER

CYLINDER.

CYLINDER.

CYLINDER.

CYLINDER.

CYLINDER.

CYLINDER.

CYLINDER.

CYLINDER.

CYLINDER.

THUS'.

THUS;

THUS'.

THUS;

THUS;

THUS '

THUS;

THUS;

THUS;

THUSL.

THUS'
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N5 INTFRSErTION

NO INTERSECTION

NS INTERSECTION

NO INTERSECTION

NO INTERSErTION

NE INTFRSECTION

NO INTERSECTION

NO INTFRSECTION

NO INTFRSECTION

Ne INTERSECTION

NO INTFRSECTION

EL TO PRESENT HOPE PLANF AT DISTANCE GT RADIUS SF CYLINDER T

EL

EL

EL

EL

EL

EL

EL

EL

EEL

EL

EL
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Cia INTERSECTIO~N ISi PARWALL

U;ii INTERSECTION ISi PAMALL

rr

C104 INTERSECTION ISi PARALL

C15 *INTERSECTION tSI PARALL

ol INTERSECTION ISi PARALL

C2 , INTERSECTION !SI PARALL

C3 * INTERSECTION ISi PARALL

C4 * INTERSECTION ?Si PARALL

C15 T INTERSECTION ISi PARALL

C6 * INTERSECTION IS? PARALL

C7 , INTERSECTION ISi PARALL

C8 , INTERSECTION ISi PARALL
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ANGLES BETWEEN HePE AND THE DEFINEM PLANES

AT 45.0 r

AT 45.0 r

AT 45.0 r

AT 45.O 0

AT 45.0 n

AT 135. r

AT 45.0 r.

AT 45.0 r

AT 45,0 r

PERPENDICULAR

PERPENDI CULAR

PERPENDICULAR

PERPENDICULAR

PERPENDICULAR

DEGREES

DEGREES

nEGREES

DEGREES

DEGREES

DEGREES

DEGREES

nEGREES

DEGREES

T3 REFERENCE

TO REFERENCE

TM REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

T0 REFERENCE

TO REFERENCE

TO REFERENCE

TO REFERENCE

TB REFERENCE

PLANE

PLANE

PLANE

PLANE

PLANE

PLANJE

PLANE

PL ANE

PLANE

PLANE

P .A NE

PLANE

PLANE

PLANE

PLO

PLI,

P1.2

PL3

P1.4

P1.5

PL7A

P1.6

Lx

LY

LI

1.2

1.3

1.4
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L5 PERPENDICULAR TO REFERENCE PLANE

L6 -PERPENDICULAR TO REFERENCE PLANE

L7 PERPENDICULAR T0 REFERENCE PLANE

.8 PERPENDICULAR TO REFERENCE PLANE

L9 PERPENDICULAR TO REFERENCE PLANE

1O PERPENDICULAR TO REFERENCE PLANE

Lll AT 45.0 DEGREES TO REFERENCE PLANE

L12 AT 135,l DEGREES TO REFERENCE PLANE

L13 AT 45.0 DEGREES TO REFERENCE PLANE

L14 AT 45. DEGREES TO REFERENCE PLANF

L1lA AT 45.0 DEGREES TO REFERENCE PLA;E

12A AT 135,1 DEGREES TO REFERENCE PLANE

LIA PERPENDICULAR TO REFERENCE PLANE

L2A PERPENDICULAR TO REFERENCE PLANE

L16 PERPENDICULAR TO REFERENCE PLANE

L17 AT 45.0 DEGREES TO REFERENCE PLANF

1.8 AT 135,i DEGREES TM REFERENCE PLANE
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L19 AT 45.0 nEGREES TO REFERENCE PLANE

l20 AT 135,i DEGREES TO REFERENCE PLA.E

PLIA AT 45.0 DEGREES TO REFERENCE PLANF

PL1B PERPENDICULAR TS REFERENCE PLANE

PL2A AT i35,i DEGREES TO REFERENCE PLAJE

PL3A AT 135,J DEGREES TO REFERENCE PLANE

PL5A PERPENDICULAR TO REFERENCE PLANE

PL6A PERPENDICULAR TC REFERENCE PLANE

L9A PERPENDICULAR TC REFERENCE PLANE

10A PERPENDICULAR T0 REFERENCE PLANE

L7A PERPENDICULAR TO REFERENCE PLANE

L8A PERPENDICULAR TO REFERENCE PLANE

L21A AT 135.i DEGREES TO REFERENCE PLAJE

L22A AT 135,i DEGREES TO REFERENCE PLANF

L15 PERPENDICULAR TO REFERENCE PLANE

LB AT 60.0 DEGREES TO REFERENCE PLANE
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WC PERPENDICUIAR TO REFERENCE PLANE

*21 AT 60.0 DEGREES TO REFERENCE PLANE

415A PERPENDICULAR TO REFERENCE PLANE

L16A PERPENDICULAR TO REFERENCE PLANE
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HOPE INTERSECTIONS WITH ALLOwEn nEFINED SURFACES

LINE OF INTERSECTION FOR PLANE PLO
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At .0.14

LINE OF INTERSECTION FOR PLANE PL1
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0.00

LINE OF INTERSECTION FrR PLANE PL2
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0.97

LINE OF INTERSECTISN F7R PLANE PL3
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 3.01

LINE OF INTERSECTION F!R PLANE PL4
IS PARALLEL To THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 3,34

LINE SF INTERSECTISN F9R PLANE PL5
IS PARALLEL To THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 2.12

LINE SF INTERSECTIsN FOR PLANE PL7A
IS PARALLEL TO THE X PRiME AXIS AND
INTERSECTS THE Y PRIME AXIS AT -0,07

LINE SF INTERSECTION F!R PLANE PL6
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0,71

LINE OF INTERSECTISN FRR PLANE LX
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS At 0,00

LINE OF INTERSECTISN FOR PLANE LY
IS VERTICAL,lESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 0,00

LINE SF INTERSECTION FOR PLANE LI
iS VERTICAL,I,ESLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT v4,j9

LINE SF INTERSECTISN FmR PLANE L2
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IS VERTICAL#I.E.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4419

LINE OF INTERSECTION FOR PLANE L3
IS VERTICALIESLSPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT .3,94

LINE OF INTERSECTION FeR PLANE L4
IS VERTICAL,I.ESLOPE . 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 3,94

LINE OF INTERSECTION FOR PLANE L5
IS VERTICAL,I.E.SLOPE *9d DEGREES
AND INTERSECTS THE X PRIME AXIS AT .2,00

LINE OF INTERSECTISN FOR PLANE L6
IS VERTICAL#IE.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,00

LINE OF INTERSECTION FOR PLANE L7
IS VERTICALIESLSPE x 96 DEGREES
AND INTERSECTS THE X PRIME AXIS AT .2,44

LINE OF INTERSECTISN F!R PLANE L8
IS VERTICALIESLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT m1,56

LINE OF INTERSECTISN FOR PLAN! L9
IS VERTICALIESLOPE x 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 1,56

LINE OF INTERSECTION F!R PLANE LIO
IS VERTICALPIE.SLSPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,44

LINE OF INTERSECTION FOR PLANE Lli
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 3.09

LINE OF INTERSECTION FSR PLANE L12
iS PARALLEL TS THE Y PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT *3,09

LINE OF INTERSECTISN FOR PLANE L13
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT e2.74

LINE OF INTERSECTISN F!R PLANE Li4
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 2,74

LINE SF INTURSECTISN FOR PLANE LllA
IS PARALLEL TM THE X PRIME AXIS AND
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INTERSECTS THE Y PRIME AXIS AT 3.14

LINE OF INTERSECTION FOR PLANE L12A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSEP S THE y PRIME AXIS AT .3.14

LINE OF INTERSECTION FmR PLANE LIA
IS VERTICAL,I.E-SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT ,4,44

IINE OF INTERSECTION FmR PLANE L2A
IS VERTICAL IaEjSL OPE . 96 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,22

LINE OF INTERSECTION FOR PLANE L16
IS VERTICAL,I.ESLOPE w 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 4,31

LINE OF INTERSECTION FOR PLANE L17
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXtS AT 0.26

LINE OF INTERSECTION F R PLANE LIS
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE y PRIME AXtS AT .0.26

LINE OF INTERSECTION FOR PLANE L19
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE V PRIME AXIS AT 0,71

LINE OF INTERSECTION FOR PLANE L20
IS PARALEEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXfS At .0,71

LINE SF INTEHSECTION F7R PLANE PLiA
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 0,00

LINE SF INTEHSECTION FOR PLANE PLIB
IS VERTICAL-IESLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 0,00

LINE OF INTERSECTION FOR PLANE PL2A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE y PRIME AXIS Al 0,97

LINE SF INTERSECTION FOR PLANE PL3A
IS PARALLEL TO THE x PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 3,01

LINE SF INTERSECTION FOR PLANE PL5A
IS VERTICALI E, SL0 PE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT a2.00
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LINE OF INTERSECTION FMR PLANE PL6A
IS VERTICALI.E.SLOPE a 90 DEGREES
AND INTFRSECTS THE X PRIME AXIS AT 2,00

LINE OF INTERSECTION 7oR PLANE L9A
Is VERTICAL,1,E.SLOPE a 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 1,56

LINE OF INTERSECTION FeR PLANE L1OA
IS VERTICALIE.SLOPE e 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT 2,44

LINE OF INTERSECTION FOR PLANE L7A
IS VERTICALI.ESLOPE s 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT w2,44

6INE OF INTERSECTION FOR PLANE LBA
IS VERTICALI.E.SLOPE s 95 DEGREES
AND INTERSECTS THE X PRIME AXIS AT vi,56

LINE OF INTERSECTION FoR PLANE L21A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE y PRIME AXIS AT 1.28

LINE OF INTERSECTION FOR PLANE L22A
IS PARALLEL TO THE X PRIME AXIS AND
INTERSECTS THE Y PRIME AXIS AT 2.34

LINE OF INTERSECTION FMR PLANE L15
IS VERTICALI.IESL~pE x 90 DEGREES
AND INTFRSECTS THE X PRIME AXIS AT -4,96

LINE OF INTERSECTION FSR PLANE LB
HAS A SLOPE * 54.8 DEGREES AND A Y INTERCEPT s 8.02

LINE OF INTERSECTION FmR PLANE LC
IS vERTICALI.EtSLOPE * 9d DEGREES
AND INTERSECTS THE X PRIME AXIS AT w3,94

LINE OF INTERSECTION FOR PLANE L21
HAS A SLOPE * 54.8 DEGREES AND A Y INTERC-PT * 8.02

LINE OF INTERSECTION FOR PLANE L15A
IS VERTICAL,I.E,SLOPE * 90 DEGREES
AND INTERSECTS THE X PRIME AXIS AT ;4,99

LINE OF INTERSECTION FoR PLANE L16A
IS VERTICALI.E.SLOPE a 90 DEGREES
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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
orthographic 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 coordi-
nate 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 its volume, a combination of true view and interpretable perspec-
tive view is obtained.

Preliminary considerations suggest that a hidden-line-detection addition to the
programwouldnotbedifficultbecausetheabstractpatternindicates depth in an easily
identifiable manner, and that the abstract intersection pattern forms a suitable
framework for describing tool motions in an interactive environment.
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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 imple-
mentation of the computational forms developed in NRL Reports 7025 and 7202.
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