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ABSTRACT 

The APT (Automatically Programmed Tooling) system provides for the 
software description of geometric forms, the delineation of a tool path, and, 
for output, discrete positioning information on punched paper tape for use by 
a numerically controlled machine. The CROSEC (Mod 1) program, described 
in this report, provides a means of extending the use of the canonical forms 
of the plane surfaces defined by the programmer in the part program by pro- 
viding a plotting capability in which the lines in intersection, within specified 
limits, between a cross-sectional plane and all other defined planes are shown. 
A visualization of the initial plane framework on which the cutting is to be 
performed is therebyprovided. The cross sectional plane and its dimensional 
limits are controlled by one plane definition and two point definitions. The 
plot is supplemented by printer output that aids in the interpretation of the 
plot. Theprogram is written in the framework of the CDC 3800 APT 2.1 con- 
figuration. No additional program overlays or segments are necessary. This 
report contains a discussion of the method used, subroutine descriptions, 
listings and flowcharts, implementation aids, and a sample run. 

PROBLEM STATUS 

This is an interim report on a continuing problem. 

AUTHORIZATION 

NRL Problem 2320001 

Manuscript submitted November 17, 1969. 
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CROSS-SECTIONAL PLOTS OF PLANE INTERSECTIONS 
An Adaptation of the APT System 

INTRODUCTION 

This report contains a complete description of a plotting adaptation of the APT system 
in use at the Naval Research Laboratory (APT 2.1 on the CDC 3800). In the APT language, 
a plane can be defined in seven different ways; but after being processed they are all stored 
in a standard “canonical form.” This program, called CROSEC (Mod l), utilizes such plane 
canonical forms (of an APT Part Program) to obtain a plot of the intersection of one of the 
planes, designated as the cross-sectional plane, and all of the other planes that have been 
defined, processed, and stored at the end of APT Section 1. (See Ref. 1 for a detailed de- 
scription of the APT system.) 

The purpose of the program, primarily, is as an aid, an extra tool for the programmer 
in debugging his program. The defined surfaces as stored in their canonical forms provide 
a convenient starting point for geometric considerations. It is assumed that syntactic er- 
rors have already been discovered and corrected and that in using CROSEC the programmer 
wishes to verify that the surfaces he has defined do indeed describe the piece he wishes to 
have worked on by the tool. The hope is that verification can be accomplished easily if he 
can get a look at any cross section of his choosing through the conglomerate of the starting 
surfaces. He realizes that the plot might require some interpretation because defined sur- 
faces intersecting together do not fully describe the finished piece. However, he accepts 
this limitation and looks upon the output as a working drawing, a picture of the output of 
Section 1. By means of this drawing and the accompanying identifying information from 
the printer, he should be able to make some significant debugging progress. Perhaps he 
will discover a section of surface that is defined improperly or over defined, or a combin- 
ation of surfaces that could be redefined in a simpler manner. Also, he may discover a 
portion of surface that he has not yet defined and other events of this nature. 

The report discusses plane equations, outlines the method of obtaining a coordinate 
system in the cross-sectional plane, describes the plot, and points out the limitations of 
the program. Also included are flowcharts, program descriptions, a complete listing, 
and details of implementation with APT 2 .l . An example is introduced early and followed 
through the complete process in full detail. 

DISCUSSION 

The Plane 

The canonical form for the plane, as defined in the APT system, is given by 

AX + BY -t CZ = D, 

where* 

(1) 

*<As quoted from pp. 80 and A-l of Ref. 1. 
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A = X-Component of unit normal vector to plane 
B = Y-Component of unit normal vector to plane 
C = Z-Component of unit normal vector to plane 
D = Normal distance from plane to origin. 

Consider the normal form of the plane equation, namely 

xcoscvx + YCOScYy + Z~COEkYZ = L, (2) 

where the coefficients for the X, Y, and Z coordinates in Eq. (2) are the direction cosines 
of the positive normal vector N from the origin to the plane. The direction cosines of the 
unit normal vector are identical with the direction cosines of N. The length, or absolute 
value, of this normal is L. Therefore, equating similar terms from Eqs. (1) and (2) yields 

A = COScrx 
B = CO&Y 
c = cosa: 
D = L =jNI. 

Thus, for example, A = 0, B = 1, C = 0, D = 1 is the plane passing through the point 
(0, 1, 0), parallel to the XZ coordinate plane, with direction angles of 90, 0, and 90 degrees, 
respectively, to the three axes. 

Let us now take, for a more detailed example, the plane that passes through the points 
(l,O,O), (O,l,O), and (O,O,l) a unit distance out along each axis. To fit this approach to the 
definition of a plane, consider the intercept form for a plane equation,* 

x Y z 
q+q+q=l, (3) 

where XI, Y,, and Z, are the intercepts, i.e. the point (X,, 0, 0) is the intersection of the 
X axis with the plane. Similarly with (0, Y,, 0) and (0, 0, Z,). 

Using now the three unit axis points, already defined, in this intercept form, Eq. (3) 
leads to the simple and interesting equation 

X+Y+Z=l. (4) 

The correctness of Eq. (4) as truly representing the plane that passes through the three 
points is easily determined by setting any two of the variables equal to zero, and the 
remaining variable will be equal to 1. Equation (4) is illustrative of another form of an 
equation used to describe a plane, the general form, where the coefficients of the X, Y, 
and Z terms are considered to be direction numbers of the positive normal to the plane. 

To go from the general form to the normal form, it is necessary to compute the 
direction cosines by dividing each of the coordinate coefficients in turn by the square 
root of the sum of the squares of all three coefficients. The length of the normal is ob- 
tained in a similar fashion by dividing the constant term by the same square-root quantity. 
Symbolically, if the general form is 

PX + QY + RZ = S, (5) 

$<A11 forms of equations for a plane can be found in Section 3, p. 2-l of Ref. 2. 
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then 

A = CO&Y, = ; 

B  = COScr, = &  

c =’ co&Y, = ; 

D=L=$, 

where 

U = I/P*P + Q*Q + R*R. 

The normal form for the illustrative plane is therefore 

x x w+w+%=& (6) 

It is easily verified that the sum of the squares of the direction cosines is 1. 

It is important in our development to know the coordinates of the point represented 
by the intersection of the normal N and the plane to which it is perpendicular. These co- 
ordinates are obtained by multiplying each of the direction cosines by the length of the 
normal. Symbolically, (D*A, D*B, D*C). For the illustrative plane the result is (l/3, 
l/3, I/3). 

One final consideration regarding these plane equations-our illustrative case has a 
convenient set of intercept points; however, it is possible to determine the intercepts 
from the normal form. They are 

(XI, y,, z I> = (29 0, 0) 

a,, y,, z,) = (0’ ;, 0) 

(x,9 y,, q = (0, 0, g. 

Figure 1 summarizes this initial development using the symbols for the APT canon- 
ical form of Eq. (1) in part a of the figure and the actual values of our illustrative plane 
in part b. 

The Cross-Sectional Plane and Its Coordinate System 

The plot of Section 1 output uses a coordinate system in the cross-sectional plane, 
particularized as the HOPE plane. Let us call the coordinate system in the HOPE plane 
the prime system (i.e., X  ‘, Y’, Z ‘), in contrast to the original system established by the 
part programmer known as the X, Y, Z system. The origin of the prime system is the 
intersection of the normal with the plane, and the Z ’ axis is the extension of the normal. 
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PLANE Ax +By+Cz=D 

(D/A,D,D) X 

(a) Normal form of plane equation 

(b) Equiangular plane in normal form 

Fig. 1 - A general and a particular plane 

The X’ axis is selected in one of three ways. 

1. The “general solution” is the case where the HOPE plane intersects the X axis, 
and the positive X’ axis is the line passing from the prime origin through the intercept 
point and lies in the HOPE plane. In terms of the normal form the prime origin is (D*A, 
D*B, D*C) and the intercept point is (D/A, 0, 0) with direction cosines 

[(; - D*A) , F, F], 
U 

where 

U =1/(; - D*A)2 + (D*B>~ + (D*q2. 
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For our illustrative plane X + Y  + Z = 1, the X’ axis for the general solution would F 
be positively directed from the origin with coordinates (l/3, l/3, l/3) to the X  intercept 
with coordinates (1, 0, 0). The computation gives the X’ axis, in this case, direction 

g 
6-m 

cosines of T h” 

2. If the HOPE plane does not intersect the X  axis and is parallel to it,, then the X’ 
axis is that line lying in the HOPE plane, parallel to the X  axis, with direction cosines 
(1, 0, 0) commencing at the prime origin. 

3. If the HOPE plane is perpendicular to the X  axis and parallel to the YZ plane 
such that the normal is the X  axis, then the positive X’ axis is that line lying in the HOPE 
plane which starts at the prime origin and is parallel to the Z axis with direction cosines 
(0, 0, 1). 

The Y’ axis is defined as the cross product of the Z’ and X’ axes, duly preserving 
right-handed concepts. 

If the direction cosines of the X’ axis are T 11, TP1, TS1, and those of the Y’ axis 
T 12 7 T,, , T,, and those of the Z’ axis T1, , T 23, T,, , then 

T 12 = T23*T31 - T21 *T33 (7) 

T 22 = 7’11*T33 - T13*T31 (8) 

T32 = T13*T2, - T,, *Tz3. (9) 

Thus, for our illustrative plane, the direction cosines of Z’ are (l/ fi, l/ fi, l/ fi) and of 
X’ are ( m , - m , - m ). Using these equations, we find that the directions cosines 
for Y’ are (0, m , - m ). 

The equations required to convert any point in space from the original coordinates 
to the prime coordinates are 

X’ = TII (X - Xo) -I- ‘I’21 (Y - Yo) -t T31 (Z - Z,), 

Y’ = T,2 (X - X0) + T22 (Y - Yo) + T32 (Z - Zo), 

and 

Z’ = T,, (X - X0) -I- T,, (Y - Y,) -I- T,, (Z - Z,), 

where (X0, Y  o, Z,) is the prime origin defined in terms of X, Y, Z. Expanding yields 

X’ = T,,*X + T2,*Y -I- T,,*Z -t C,, (10) 

Y’ = T,,*X -t T2,*Y + T,, *Z -t Ci, (11) 

and 

Z’ = T,,*X -I T,, *Y + T,,*Z -I C,, (12) 
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Cl = -@,I *X, 

C, = -(T,,*X, 

c, = -(T,,*X, 

For the illustrative case where (X0, 

+ T,,*Y, + T,, *Z,), 

+ T22*Yo + T32*Zo), 

+ T,,*Y, + T33*Z0). 

Y,, Z,) = (D*A, D*B, D*C) = (l/3, l/3, l/3), 
the matrix corresponding to the coefficients of Eqs. (lo), (11)) and (12)) is 

Figure 2 illustrates the definition of the prime axes in the HOPE plane. In this instance 
the HOPE plane is our illustrative plane X + Y + Z = 1. 

Fig. 2 - Prime axes in the 
equiangdar HOPE plane 

Points and Lines in the Cross-Sectional Plane 

So far we have established an understanding of the various forms of the equations that 
describe a plane and have described an algorithm for defining a translation-rotation matrix 
for converting points from the part programmer’s coordinate system to a coordinate system 
in the HOPE or cross-sectional plane. We can now ask, How is it determined whether any 
APT-defined point in general lies in the HOPE plane? Simply by substituting the X, Y, and 
Z values of the point into the equation for the plane to determine if an equality exists; e.g., 
Does the,point (l/3, l/3, l/3) lie in the plane X + Y -t Z = l? Obviously yes, since l/3 + 
l/3 + l/3 = 1,. 

If the equations for the three planes are solved simultaneously, a point that lies in all 
three planes is the result. If one of these planes is the HOPE plane, then there is no doubt 
that the point is in the cross section. 
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Consider now a situation in which the HOPE plane and a plane A are consecutively ;6: 
solved with two other planes B and.C (defined such that no two planes of HOPE, A, B  and 
HOPE, A, C are parallel), resulting in two points P, and P 2. Both of these points are 

2 
,- 

simultaneously in both the HOPE plane and in plane A; in fact, the line segment joining 2: 
P, and P, is a portion of the line of intersection between HOPE and A. Such a procedure 2 
if carried out with all the defined planes, will result in an entire network of lines of inter 
section. Each point as obtained is put through the matrix to obtain its definition in terms 
of the HOPE coordinate system to enable it to be plotted. If a minimum and a maximum 
value for each coordinate is specified, then many superfluous points of intersection can 
be eliminated. 

Let us now consider what happens when the equiangular plane X + Y  + Z = 1 inter- 
sects some planes defined in a part program, an actual situation. (Refer to sample run 
with “PARTNO TESTING” on p. 63.) Figure 3 depicts a simple part in three views. It 
is to be noted that there are eight defined planes. Figure 4 shows the cross-section net- 
work of intersecting lines obtained with the plane X + Y  + Z = 1 as the HOPE plane 
intersecting”PARTN0 TESTING.” Using only the information provided in Figs, 3 and 4, 
can you distinguish between the proper intersection outline and those lines that are 
extraneous? It is an intersecting exercise, well worth spending a few minutes on. 

Y 

t 
,P4 ,PL7 ,P3 

IJ J J 

r J 
PL4 

2’n PL2/ 

PL3 PL5 

L 

Pi// PL,/ Ilp2 I I 
WX 

I I 
I- 2’Ai- I”!+ I 

I 

+SETPT2 (6,~I,31 

p5\ 
I 2” / 

PL2 I 
PIi PLI / 

I 

Fig. 3 - “PARTNO TESTING” with eight defined planes 
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Fig. 4 - Cross section obtained from 
PARTNO TESTING and equiangular 
plane 

Fig. 5 - Lines of intersection iden- 
tified by plane number 

The solution to this question will now be presented. 

The accompanying printout identifies points of intersection from which the lines of 
intersection were drawn. The coefficients of these points are given in the X, Y, Z sys- 
tem, in the X’, Y’, Z’ system, and in plotter coordinates along with the plane numbers 
associated with each point. There are 19 such points in Fig. 4. These point data con- 
stitute background information, available when needed. However, rather than clutter up 
the plot with point symbols and identifying numbers, only the lines of intersection have 
been drawn using a minimum point and a ,maximum point. From these two points the 
slope and the prime-system intercept have been computed. This information is also 
printed along with the plane name associated with the line. The lines have been named 
in Fig. 5. There are eight planes identified in the sketch of the part in Fig. 3 and there 
are eight lines in the intersection plot. 

Verification of the correctness of the numbering of these lines of intersection can 
be achieved by noting that parallel lines in the plot correspond to parallel planes on the 
part. Sure enough, plane 1 representing the bottom of the piece is parallel to plane 3, 
the top, and is also parallel to plane 5 which represents the step surface. In Fig. 5 the 
lines labeled 1, 5, and 3 are parallel lines. 
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Fig. 6 - Perspective view of PARTNO TESTING 
(without the cylinder) with eight planes and the 
intersecting equiangular HOPE plane 

In a similar fashion the lines of intersection for planes 2, 4, and 8 confirm a paral- 
lelism between these planes, all three of them being vertical sides in the part shown in 
Fig. 3. Finally, plane 6 (the front) is parallel to plane 7 (back), and the lines with these 
numbers are parallel in Fig. 5. 

Figure 6, which shows a perspective view of the planes of the part and the equiangular 
HOPE plane, demonstrates the fact that the lines of intersection on the surface of the piece 
lie in planes 6 (front), 1 (bottom), and 2 (left side). The triangle formed by the lines of 
intersection of these three planes is accented in Fig. 5 and is the correct answer. 

It is an interesting consequence of the situation that since plane X -t Y  + Z = 1 is 
equiangular to each of the three coordinate planes, and that since all eight of the defined 
planes in the simple part are either identical with or parallel to a coordinate plane, that 
HOPE is also equiangular to these eight planes, namely 57.4 degrees. 

There is one other interesting observation to make about Fig. 5. Because of the 
equiangular characteristic of the cross-sectional plane, a reverse type of statement can 
be made. Any equilateral triangle in this figure corresponds to three mutually perpen- 
dicular planes. Besides the set already discussed (6, 1, 2}, eleven others can be iden- 
tified. These are (1, 2, 7)) (1, 4, 6)) (1, 6, 8)) (2, 3, 6)) (3, 7, 8)) (1, 7, 8)) (5, 7, 8}, 
(2, 3, 7)) (3, 4, 7}, (3, 6, 8) and (3, 7, 8). The last one, which is the outermost triangle, 
corresponds to the planes which are perpendicular to the maximum dimensions X = 4, 
Y  = 2, and Z = 2, respectively. 

There is a lot of information to be gleaned from the cross-sectional plot once it is 
understood and assimilated. 

When the restrictions of XMIN, YMIN, ZMIN = (0, 0, 0) and XMAX, YMAX, ZMAX = 
(4, 2, 2) are placed on the cross-section points, then the network is reduced to that shown 
in Fig. 7, the true triangle of intersection with the part. 

CROSEC Limitations 

CROSEC in its present form (Mod 1) has some definite limitations. Some of the 
initially obvious ones are as follows: 

1. There is no identification of defined points that might lie in the HOPE plane. 

2. The plot does not contain any intersections of the HOPE plane with quadrix surfaces. 

3. No tool motion information is present. 
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4. The plot resulting from the lines of intersection of defined planes with HOPE can 
be initially confusing, since some of the lines might have no immediate relation to the 
finished part, and the prime coordinate system might not be simply oriented with respect 
to the X, Y, Z system. However, a consideration of the original part program along with 
the printout can soon make the plot understandable. 

Fig. 7 - CROSEC (Mod 1) output 
plot for sample run with PARTNO 
TESTING 

J 

CONCLUSION 

CROSEC (Mod 1) is a first step. In its present form, it can be helpful in a limited 
fashion. The intersection with curved surfaces is missing, as well as the path of the 
cutting tool in the cross-sectional plane. It is planned to incorporate these features in 
further work on this project. 
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Appendix A 

SUBROUTINE DESCRIPTIONS WITH FLOWCHARTS AND LISTINGS 

SUBROUTINE CROSEC 

The CROSEC subroutine (Fig. Al) controls the Section 1 plotting of the intersections 
of defined planes with the HOPE cross-sectional plane. For convenience it incorporates 
all of the common area of Section 0 and Section 1 into itself without attempting to discard 
portions it does not need. The APT system subroutines called on are CANGET, SIMEQ 
and STDUNPK. The in-house library routines called include PLOTS, SYMBOL, PLOT, 
STOPPLOT, SQRTF, ACOSF, QNSINGL, THEND, STH, ENC, QlQlOlOO, Q8QSTOPS, and 
Q8QDICT. Additional subroutines called by CROSEC and considered a part of the Mod 1 
package are TESTHOPE, DELINE, and MM. There is also a function, ISITOK. The flow- 
chart of Fig. A2 shows the relationship between these subroutines. 

The CROSEC subroutine assumes that the defined symbol table (D.S.T.) is stored in 
the JTABL array of numbered common 2 between ITABll and ITAB12. It further assumes 
that the D.S.T. entries consist of pairs of words, the first of which is an eight-symbol 
Hollerith name, left justified, and, second, an APT &standard word” which includes an 
integer pointer giving the relative address in JTABL (extended beyond D.S.T.) where the 
canonical form is stored. These assumptions are standard procedure for the CDC APT. 
(See the Section 1 description starting on p. 01-l of Ref. Al.) Accordingly, after executing 
a top of form, the D.S.T. is searched for the name HOPE, and if this name is not found the 
subroutine is exited and there is no plot obtained. If HOPE is found, its pointer is stored 
in KANSURF prior to calling CANGET which fetches and stores the canonical form in the 
DEFSTO array of the SECTlLOG. After identifying A, B, C, and D from the HOPE canon- 
ical form, the TESTHOPE subroutine is called. 

TESTHOPE will either stop the run or return with a conversion matrix stored in 
XMAT9. This matrix will permit the conversion from the X, Y, Z coordinate system to 
the prime system whose origin is in the HOPE plane, thereby facilitating a two-dimensional 
plot. 

Another top of form is executed. 

Since the cosine of the angle between two planes is equal to the sum of the product of 
their corresponding direction cosines, it is a logical next step to take advantage of this 
fact and compute the angle between each defined plane and the HOPE plane. 

Special care is needed in picking up canonical pointers from the D.S.T. prior to making 
the cosine computation. Undefined words or incorrectly defined words must be avoided as 
well as the synonym register which appears at the head of the D.S.T. The standard word 
must be unpacked by calling Subroutine STDUNPK in order to determine if BYTA contains 
a 4, representing a canonical form. After the canonical form has been recovered by a 
call to CANGET, it is necessary to examine the four most right-hand bits of the first 
word in the set. A 3 in this position identifies the canonical of a plane as opposed to other 
possible canonical forms such as points, cylinders, etc. In this manner the direction 
cosines are obtained, and the computation for the angle between the planes can then be 
performed. 

11 
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START 0 
DEFINED SYMBOL TABLE 

CONTAIN HOPE ? 

NO 

1 YES 

-1 / ~jf j iM~ERS 

I NEW COORDINATE 

SYSTEM TO BE FORMED 

COMPUTE AND LIST THE 
ANGLE BETWEEN THE 

HOPE PLANE AND ALL 
OTHER DEFINED PLANES 

FETCH LIMITING VALUES 

CONVERT STORE 8 
COMPUTi EL PLO+ SCALE /PRINT/ 

COMPUTE POINTS OF 
INTERSECTION BETWEEN 
HOPE AND ALL COMBINATIONS 
OF DEFINED PLANES TAKEN 

2 AT A TIME 

23 RETURN 

Fig. Al - Flowchart for CROSEC subroutine 
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SUBPROGRAM DEPENDENCE FOR CROSEC (MOD I) USING 
CDC 3800 CONFIGURATION WITH CALCOMP PLOT PACKAGE 

S. = SUBROUTINE,  E. = ENTRY,  * = FLOW CHART IN THIS REPORT,  X  = PART OF CALCOMP PLOT PACKAGE 

Fig. A2 - Relationship between subroutines called by CROSEC 

After making special tests for perpendicular planes and parallel planes, the arc 
cosine function ACOSF is called and the resulting angle printed out in degrees. This angle 
has a range of 0 to 180 degrees. All information regarding this analysis of the angles be- 
tween the planes is outputed through the line printer and is not retained, as it has no con- 
sequence to the plot. 

Next, the D.S.T. is searched for the names HOXYMIN and HOXYMAX, which must be 
stored as adjacent pairs in order to be discovered. In the absence of these names, an 
error message is printed and the run is terminated. The message is “HOXYMIN AND 
HOXYMAX NOT FOUND.” If these names are present, the corresponding values are 
fetched via CANGET and stored in correspondingly descriptive name locations, such as 
RAW X M IN. 

These raw lim iting values are passed through the matrix by calling subroutine M M , 
thus obtaining their corresponding values in the prime system, (XPMIN, YPMIN, ZPMIN) 
and (XPMAX, YPMAX, ZPMAX). A printout is now initiated that lists the raw lim iting 
values. 

The magnitudes of the m inimum and maximum vectors are computed thusly, 

M INVECTOR = I/(XPMIN)2 + (YPMIN)2 + (ZPMIN)2 

hww~cToR = ~(xPMAx)~ + (~Pwx)~ + (zPMAx)~. 
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The CALCOMP plot is restricted to a 10 x 10 in. space. When we allow for both 
negative and positive values of X’ and Y’ it follows that 2 times the largest vector must 
fit into 10 linear inches. The center of the plot is the origin of the prime coordinate 
system. To accomplish this, the largest of these two magnitudes is set equal to REACH 
and then divided into 5.0 to obtain the CALCOMP plot factor which is called SCALE. 
SCALE is therefore the number of inches of plot length that is equivalent to one inch of 
part length. SCLFAC is the reciprocal of SCALE and is the scale factor needed to obtain 
a 1:l Gerber plot. (The details of obtaining a paper tape output for use on the Gerber 
plotter (Model 875) are discussed in Ref. A2.) Output messages regarding SCALE and 
SCLFAC are printed, followed by another top of form. 

The plot string is initiated. 

A + symbol is plotted at (5.0, 5.0), the plot coordinates for the HOPE prime system 
origin, and a scale mark is placed at the lower left-hand corner of the plot. A somewhat 
involved double loop is now entered at the heart of which is a call to SIMEQ which solves 
three plane equations simultaneously, resulting in the output of a common point of inter- 
section (two planes intersect in a line, three planes intersect in a point). 

Since the A, B, C, D of the HOPE plane are constant throughout the process, they are 
stored once and for all in positions 108 through 111 of the DEFTAB array (used by 
SIMEQ), before the entrance into the looping procedure. 

Also initialized at this time are 

1. IONCE, a flag which controls the call to subroutine DLINE, 

2. IPTNO, the point number counter, 

3. IP, the counter for coordinate pairs stored in the KR array. The KR array stores 
only the points related to the current line about to be drawn, and 

4. IS, the counter for coordinate pairs stored in the KS array. (The KS array stores 
ulf points created by CROSEC.) 

The outermost of the two loops commences at statement 1001. 

DLINE is called only if IONCE is zero. 

The canonical form for a plane is fetched under the same restraints as already 
described above. If a plane is indicated, its name is saved as NAME1 and its A, B, C, D 
are stored in DEFTAB 104 through 107. The inner loop commences at statement 1004. 
By a similar process, the values for the third plane are stored in DEFTAB 100 through 
103, and the creation of NAME2 takes place. Then comes the call for SIMEQ followed 
by the test on JSUBER for proper execution, thereby allowing for the situation of two of 
the planes being identical. 

If a bad situation resulting in no point has occurreu, a transfer is made to the end 
of the inner loop. If a proper point had been obtained, its X, Y, Z coordinates are picked 
up from DEFTAB 112 through 114. 

These numbers in turn are used to obtain the corresponding prime values and plotting 
values. The prime values are obtained by use of the conversion matrix via a call on sub- 
routine MM. The plotting values are obtained by means of the formulas 
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c zc 

and 

X = XP * SCALE + 5.0 c 
6 zr; cc! C 

Y = YP * SCALE -I- 5.0, (10) it 
cs 

where XP and YP are the prime coordinates. 

The ISITOK function now works with an elaborate set of parameters to avoid dupli- 
cation and to assure operation within the allowable limits. If the answer from the func- 
tion is YES, then the point is valid and can be used. The rest of the YES followup stores 
the plotting values in the KS array and prints out the names of the planes, the point num- 
ber, and the point coordinates in terms of the X, Y, Z system, the prime system, and the 
plotter system. After exiting from these two loops, DLINK is called once more if IONCE 
is zero; otherwise, the plot is terminated and CROSEC makes its return. 
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SUBROUTINE CHGSEc CRS 10 
COMMON /TIMtTEST/ KSETIMEl, KSFTIMFP, KSFTIME, KSETADQ CHS 20 

. 
2 
e 
41, * COMMITS AREA FOR cot APT 3 SECTI@N (I 

:I,*+*** +****+ ****+* **+*+* 
CUMMON /SYS!EMZ/ SYSTEM(4),;;yTCN; KAPTTR, 

A KAPTIL), KFLAGS(lO),KO,, K2, 
tc K4, K5, K6, K7': K8, 
I; I~-ILLl, IFILL2, IFILL3, IFILL4; 
IJ KFLAFG, KFLaGl, KFLAG2, KFtiAG3; KFLAG4, 
t IFILLb, IKAVEN, IPTNLY, N@PQST, IFILL6, 
t ICLPRT, INDEXX, IPLBTR, IFILL7; NOPLoT, 
li LUCJPT, /-tICBEG, KSECIN, NCI:REC; LBCMAC, 
Ii IFILLB, IFILLP, IFILLl", IPqSTP(l),NUMPST, 
I TApkTti(l),CANTAp, CLTAPE, PeeTAP, PLnTAP, 
J LIRTAf'c CRDTAP, IFILLll, CQRTAP, TAPESi, 

t: 
TAPESJ, TAPES4, FBRTIN, INTAPE, IOUTAP, 
LSTFLG, LTVFLG, KONVTCL, KINTRUPT, 

M PI@ PI@24 l?GTR'Ie RDTDG, WNFt 

i\l FXTRAO(d0) 
EWUIVALE~CE (PROTAP, TAPETB) 

c***+** ****+* ****** ****lb* 
c 
C t I * I;OF;MQhi AnEA FOR CDC APT 3 SECTION 1 
C 
C***+*+ ***a** +***** ST****+ 

CUMMAN /StCriL@ti/ ITABl, IThb2, IT4d3, 
A ITAb4, 11~~5, ISNAn, ITAilll, IT4U12, 

CRS 30 
CRS 40 
CRS 50 

*+*+L* CRS 40 
KAPTI@, CRS 70 
K3, CRs PO 
KY, CRS 

CRS 1:: 
CRS 110 

KAUTOP, CRS 120 
KL;YNFG, cRS 130 
KPOCKET, cRS 140 
IPOSTFL(I6),CRS 150 
SRFTAf', CRS 160 
TAPES2, CRS 170 
PUNTAP, 

:;z li:: 
CRS 200 

Erg I:00 
+*a*** CRi 230 

CHS 240 
CRS 250 
CRS 260 

*+s**i CRS 
CRS ;;i 

ITABi3, 
b JC-.NDPTPr, JENuCAN, 
C JCANTtMr, JRPTAB, 

&;y;;RH, JSTHTCaN, JEYLISYM, 
MAXNST, 

D JIkiWD, JCHAR, IWOERR: JBIJFL, NUPERP, NUPUN, 
t JSTYptr JVARS2, SCHERR, NMACV, MACASh(25), 
t INDXPT, IPTP, IXPT, MORE, EBCFLG, LPNDFL, 
ti TkMFLG, I INTRUP'T , JUMPFL, ICnERR, DERUG, 
H- MPCMODE, NESTFL, NRESULT, IPTLIM; JEXEC, 

: 
KTYPE, MACTYP, 
IPARTtRn, FINIS, IBFLG, MACDEL, JSUBER, NlJMaERR, 

c 
DtFSTQ(a5), DEFTAR(lOOO), ZSI.1ii(3rl), 
XhAT4(ib),XMAT3(16),XMAT2(~,6),XMATl(~6~,T~ATX(l6), 

PI ISTDM(;IDt, ISTDLIT, ISTDTtiL, ISTDINnX; ISTDPYPE, ISTDWD, 
IU JPTIh:U, KlJTcm[)E, KPTNAME, KPTTYPE, KPTNUFI, KPTINDX, 
M KPTSUB, KDMFLG, K@MPQP, NOSUPS; KANFLG, KHFSYS, 
P KANREC, KANCNT, INAME, KANSURF, KANINDX, 
0 JPRELtN, NEWCARD, JGSRIT, NUMSTID, NUMCSEO, 
K IHECIX, IHEcN@, JTLPQS, ITITLEf9),LSQECb, 
s NtG@DEFX, 'JNODEFI, NIDUM, ISI_'ASH, IEQUAL, 
r IDUMMY, N10000, N7777, MASKU, MASKL, I VK' ' 
U MACHEL, MACLBC, MACBEGN, MACLAST, MACLEVEL, 
V MACNAME(3), MACINDX(3), NMV, JRFSTBR, MACPSH(3,25), 
ul JTEMpl, JTEMp2, JTEMp3, JTFMP4, JTEMp5, JTEMP~, 
X JTEMp7, JTEMPB, JTEMP9, EXIRAl(2n) 

EQUIVALENCE (DEFANS(l),IDEFST8(4),nEFST@(4));(LSTYPE, KTYPE), 
1 (PTNUM, KPTNUM) 

DIMtNSI@N IuEFSTB(fl5), DEFANS(26); IntFTA~tlnbO) 
1 ILPTAB(zOO), IRPTAR(?OO), ITNTAB(200,, JPROTP(lO&, 

CRS 290 
cRS 300 
CRS 310 
CRS 370 
CRS 330 
CRS 340 
CRS 350 
cRS 360 
CRS 370 
CRS 380 
CRS 390 
CRS 400 
CRS 410 
CRS 420 
CRS 430' 
CRS 440 
CR.5 450 
CRS 460 
CRS 470 
CRS 4hO 
CHS 490 
CRS 500 
CHS 510 
CRS 52c 
CRS 530 
CRS 540 
CRS 550 
CR!? 560 
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c=: z r-2 
L 

10/22/69 CII 
w 

2 IHECSV(LOC), HACVAR(25), MAChOR(25), INkfiRD(101, 1BU'.'P(2), CRS 570 = 
:, PIST0(6)1 1PIST0(6), IDRECO) CKS 580 wn 

kOUIVALENCE (INWRRD(14), IQUUPf16), ll,PT4H1990), IRPTAB(790)r 
1 

CRS 59G g 
CKS 600 

2 
ITNTAH(p90), PISTU~390), IPIST@(xQfl), IOREC(3fl4), 
JPROT?(JfiO), IRECSV(2$0), CKS 61G 

J 
MACVAR(75), MACNOR(50), 

IilEFTA@clOO0), [)EkTAFi(lOoO)) ~13s 620 
C CHS 630 

C@MMOh/VRCAoTt+L/ K@M(llOO) CRs 640 
C CRS 650 

CWMMAN /2/ JTAf3NUM,JTARL(13120) CHS 660 
c**+**+ ****** ***+** *+*+*** **** CHS 670 
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 

t” 
C 
C 
C 
C 

CHS 680 
CHS 690 

* * + 
l * C R M N E N+T 

* * + 
* I + KS 7oo 710 

* * * * * * + CRS 720 
* * * * + s * CRS 730 

CRs 740 
CHOSEC (F!@D 1) PROVIDES A MEANS flF EXTENnING THE USE @F THE PLAkE CRS 750 
SURtALFS(DErINElJ r3Y THE PART PROGRAMMER IN THE PAKT PROGRAM) BY CRS 760 
PHBVIL‘IING A-PLOTTING CAPABILlTY IN WHICH TwE LINES OF CRS 770 
INTtRSECTIO~v, MITHIN SPECIFIFD LIMITS, BETWEEN A CROSS-SECTIBNAL cRS 780 
"LANE AND ALL OTHER DEFINED PLANES ARE SHOWN, CRS 790 

CRS 800 
THE CROSS StCTIBNAL. PLANE FOR THE PLnT AND ITS DIMENSIONAL LIMITS CRS 810 
AKE CkINTKOLLEU bY MEANS DF @NE PLANE DE~lNlTl@hl (NAMED ##HOPE##) CRs 820 
AND TWI- P@Il\jT DEFINITIBNS (N4MED f#H4XYMIN#$ ANU $fHflXyMAXf#) CRS 830 
AuDt[) TO THt PAKT PRO(;RAM, 

_ 
CR!? 640 
CRs 850 

THAT !DENTIFIES POINTS CHS 860 
THE PLBT, CRS 670 

CRS 880 
THE CDC 3800 APT 2,3, CRS 890 
SEGMENT MANIPULATION CRS 900 

CRS 910 
CRS 920 

THIS CALL IS THE ONLY CRS ;r&; 
THE ADDITION QF CROSEC CRS 

CRS 950 
CRS 960 
CRS 970 

* * * CRS 980 
CRS 990 
CRS 1000 
CRS 1010 

ThE PLOT IS SUPPLEMENTED BY PRINTER RUTPUT 
@F INTERStCTIdN THAT HAVE !?EEN NUMRERET! @N 

THE PKOGHAM IS WRITTEN IN THE FRAMEHr;lRK '?F 
C@NtItiUKATIuN AND N@ ADD]TI@NAL OVERI:AY r;)R 
IS NECESSARY, 

CKOSEC IS CALLED FROM SUBROUTIYE FIN!, AND 
MbDlFICATIh TR APT 2,1 PROGRAYMING HEYOND 
AND ITS FAMILY @F SURRBUTINES, 

* * 1 * 

CHOSEC DIMENSIBN~NG BtGINS HERE 

#H@PE# IS TIIE ?JAME GIVEN TO THE PLANE "F THE CROSS SEcTl@ri cRS 1020 
CRS 1030 

NOTE--THE ti@PE SYSTEM Is CALLED THE PRIME SYSTEM, THE TERMS ARE CRS 1040 
LJSEU INT~HCHANGABLY AND IS DENOTED BY THE SYMBOL*, CRS 1050 
THIS SYMHoL IS USUALLY USED AS A SUFFIX, SllCH AS XZ , CRS 1060 

CRS 1070 
CRS 1080 

A,R,C,P, ARt THE HOPE PLANE CONSTANTS CRs -1090 
ObTAINED kRu8 THE CANOQICAL FORM CRS 1100 

ISEND IS THt LE'kiGTH OF THE DEFINED SYMROL TARLE 
CRS 1110 

.CRS 1120 
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C 

: 

E 

c” 
C 
c 

i 

: 
c 
C 

10122169 

CRS 1130 
CRS 1140 

THE XMATP AKRAY WILL HOLD THE MATRIX @ F  C@EFFlCIENTS F@R CAS 1150 
CUOKDINATE CklNVERSJoN (TRANSLATIUN AND/OR RfiTATI@N) CRS 1160 
FKOM THE MAJ~H SYSTtM To THE HRPE SYSTEM CRS 1170 

CRS 1180 
FKBM THE tQuATIBNS CRS 1190 

CRS 1200 
X# = Tll(X-X0) + T21(YnYO) + T3l(Z*LOI CRS 1210 

CRS 1220 
CRS 1230 
CRS 1240 

YZ = TlP(X*XO) + T22(y-~o) t 732(%-70) 

Zf = T13(XnXO) * T32(Y=yO) * T33(1-70) 

CRS 1270 
WHEKE- CRS 1280 

CRS 1290 
THE X# AxIS HAS DIRECTION CBSINES* Tll, 721, T31 CRS 1300 

CRS 1310 
THE YZ AXIS HAS DIRECTION COSINES* Tl2, T22, 732 CRS 1320 

CRS 1330 

THE PKIiil SYSTEM 0RIGIhl IS AT (X~,YO;Zo) 

THE Zc AXIS HAS DIRECTION C@SINESr T13, T23, t33 

IT IS F6HMEu AS FOLLOWS* 

Tll 

T12 

T13 

T21 

T22 

T23 

T31 

T32 

T33 

Cl 

c2 

c3 

WHEKE- 
Cl = -(Tli*XO + TZltYO + 73irZO) 

cz = -(112*X0 + T22*YO * 183SZO I 

CJ = *(113*X0 + TZJ*YO * T33*70) 

CRS 1.360 
CRS 1370 

:Fi: :::i 
CRS I.400 
CRS 1410 
CRS 1.420 
CRS 1430 
CRS 

CRS 1340 

6440 

CRS 1350 

CRS 1450 
CRS 1460 
CRS 1470 
CRS 1480 
CRS 1490 
CRS 1500 
CRS 1510 
CRS 1520 
CRS 1530 
CRS i54D 
CRS 1550 
CRS 1560 
CRS 1570 
CRS .I580 
CRS 1590 ' 
CRS 1600 
CRS 1610 
CRS 1620 
CRS 1630 
CHS 164C CHS 164C 

THE KH ARRAY tiBLOS THE (XfY$) INF@RMATI@N OF ALL POINTS DBTAINED CRS 1650 THE KH ARRAY tiBLOS THE (XfY$) INF@RMATI@N OF ALL POINTS DBTAINED CRS 1650 
ON '3NE ck1FiP~fTE PASS THKOtJGH THE INNFR LSSP CbVMFFUCING AT ON '3NE ck1FiP~fTE PASS THKOtJGH THE INNFR LSSP CbVMFFUCING AT CRS l.660 CRS l.660 
STAltMtNT ltiO4, STAlFMFNT lUO4. CRS 1670 CRS 1670 

CRS 1680 CRS 1680 
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E 

: 
C 
C 
C 
c 
C 

C 
C 
C 

E 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
c 

C 
C 
C 
C 
C 
C 
c 

C 
C 
C 

10/22/69 

19 
C:: z n 
6 
u1 
L.2 
,-.- 

##IP%# GnUNrS THE NUMHFR SF PAIRS CRS 1690 2 
CRS 1700 ;; 

COMMON/4/IM,KR(lOO) CRS 171C 
kEAL KR CHS 1720 

CRs 1730 
CRS 1740 

THE KS AHPAY HOLDS THE (x#Yf) INFBRMATIBN (rlF ALL PRINTS OBTAINED CRS 1750 
HY PASSES TtiRtiUGU BOTH LODPS, I,E, TuE SUTFR Lfi@P CaMMENCING AT CRS 1760 
STAlEMENT 1U?1 AND THt INNER LBOP ThAT STARTS AT 1004, CRS 1770 
##ISt# CNUNI'S THE NUMMFR @F PAIRS CR’3 1780 

CRS 1790 
bOMMON/5/Ts,KS(500) CRS 1800 
HEAL KS CRS 1810 

CKS 1820 
%#I@NcE~# IS A FLAG THAT CONTRflLS THE CALLING RF SUBROUTINE DLINE Cks 1830 

CHS 1840 
CGMMBN/6/IuqCE CRS 1850 

CRS 1860 
##AHRAYC# Is F@K THE FORMATION @F THE PLnT STRlNG, CRS 1870 

CRS 1800 
DIMENSIGN ARKAY (254) 

cc:: :;2 
THE ##IFBISkT## ARRAY Is USED AS A PARAMETER Ihl THE ENCODE CdMMANDCRS 1910 
TG cUMPOSE tiCLl FOR THE PLOT, 

DIMENSION if'R)ISET(Y) 

THE*PR46AAMflI~G ACTION &ARTS YEci; 
+ + 

%#YtSf# AP!D %#NOf# ARE THE TWG PQSSIALE ANSWERS FUR 
FUNr;TIGN ISiTGK, 

YES=1 
N9=0 

A T@F GF- FOMM ACTION TI'J SEPARATE CROSkC GUTPUT FR@M FARLIER 
AI'T RUTPUT, 

PRINT 40 
40 FdRMAT (ltil.) 

LBCATINti THii NAME HGPE IN THE DEFIYED SYHBdL TABLE 
C DtFlNtD SYMijOL rABLE BEGINS AT ITAR AN0 ENDS AT ITASl2 
C ITS TBTAL LiNGTH IS THEREFORE ~ITAE312-ITAB!1)+1 
C 
c $HtiPt% IS THE i\AME GlVkN TO THE REFFRENCE PLANE 
C 
C 

CRs 1920 
CRS 1930 
CRS 1940 
CRS 1950 
CRS 11960 

* CRS 1970 
CRS 1980 
CRS 1990 
CRS 2000 
CRS 2010 
CRS 2020 
CRS 2030 

:;; ftoo;oo 
CRS 2060 
CRS 2070 
CRS 2080 
CRS 2090 
CRS 2100 
CRS 2110 
CRS 2120 
CRS 2130 
CRS 2140 
CRS 2150 
CRS 2160 
CRS 2170 
CRS 2180 

CRS 2210 
CRs 2220 
CRS 2230 
CRS 2240 
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~i’lSFNDrILlStND+l 
~~A~~nII=1,Ii1Sf~lu,2 

i-,-1= 
c INFtiHMATIbY IN THE UST APPEARS IN PAIHS ANI? 
C ThE FIRST WaSLl sF THE FIRST PAIR IS AT LOCATI@N f#IfABllfZ Iv 
C ARRAY ##JTAdL## 
C Ttit FIRST wdR~)s 8~ THESE PAIRS ARE LEFT~JIJsTIF~ED ,9co NAMES 

: 
To A MAXIMUM uF SIX LETTERS ANQ RLAN% FILLFD 

C H 0 P t 
IF fJTAhL(~TAfl~l+I),t9,30464725606060~0~) ~u0,9un 

c 
C ZZPLBTPLNWZ: Is TtiF INCREMENTAL INDEX To THE SECRND.wORD IN THE 
C *#iiuPE%# PAIR, 
C 

800 PLOlPLiNr?=I+1 
G kl I f.1 6 0 ci 

"fJ0 I=ISAVk 
C 
C IF ~6 ctc)Ft 6AH9 HAS BtEN IDENTIFIED RETURN TO SOIJHCE f3F CALL r 
C 

700 PRINT 781 
701 F(qHMAT (lX,*NQ HOPE CAHDs) 

bkl TkI 14G3. 
C * r * * 
C + * C 0 !4 H F N*T 

+ * * 
+ * * 

C c * 1 * + c + 
C + * 
C DtF;NIN(; THt EAilSN!CAL FORM DF TIji PLANE AS* 
C X * COS ALPHA + y * COfj BETA + 2 * 170s GAMMA = P 
c WHERE ThE CaSI"Jf TERMS ARE DIRFCTION CDStNFS OF X, Yc AbD z 
C RtSt'CCTFllLLr, 
c TbF CANONICAL FkrRM eF THE %HI?PE# PLANE IS CALLFD AND ST@REn IN 
C Tl+t HtFtRtNc;E AHRA", WHERE 
C #H(;GS6f CULJT41NS CBSINE ALPHA 
C fh'L@StiZ CNNTAINS COSINE StTA 
C #HC@stiZ CONTAINS CflSINE GAMMA *AND 
c 2~ H3rE f'% C'JNTAINS THE ZPZ QR CONSTANT VALUE 
C * * . * * + * 
C * + * * * I + 
c 
C #ZKA~SUKF#% IS LIESIGNED TB HOLD PoINTtHS Tn CANBNICAL FURMS 
C Itv STATtEltNT 000 IT IS KRLDIYG THE PqINTER Tm THE ##H@pE##pLANE 
c CANUNICAL FdHM 
C 

600 KANSURF = JTAHL (ITAt + PLBTPLNO) 
C 
C THE ##~AFJtiE~## SIJtJRSuTINE FETCHES THE CAhlBNICAL FFRM POINTED To 
C HY #tKANSl!?i#?! ANI] STORES ITS ELEMENTS IN THE Z#llEFST@fZ ARRAY, 
C 

CALL CANtiET 
HCUSA = I)EiST0(4) 
HcUstd=r~bFSiR(S) 
RCUSG = UEcSTn(6) __ 

CRS 2250 

::$ 
CRS 

2222:: 
2280 

CRS 7290 
CHS 2300 
CRS 2310 
CRS 2320 
CRS 3330 
CHS 2340 
CRS 2350 
CRS 2360 
CRS 2370 
CHS 2380 
CKS 2390 
CRS 2400 
CRS 2410 
CRS 2420 
CRS 2430 
CRS 2440 
CHS 2450 
CRS 2460 
CKS 2470 
CRS 2480 

"CRS 2490 
CRS 3500 
CRS 2510 
CRS 2520 
CHS 2530 
CRS 2540 
CHS 2550 
CHS 2560 
CRS 2570 
CRS 25AO 
CRS 2590 
CHS 2600 
CRS 3610 
cHs 2620 
CHs 2630 
CRS 2640 
CRS 2650 
CRS 2660 
CKS 2670 
CHS 2680 
CRS 2690 
CRS 271-10 
CRS 2710 
CRS 2720 
CHS 2730 
CHS 2740 
CHS 2750 
CRS 276C 
CRS 2770 
CRS 2780 
CRS 2790 
cf?s 2800 
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K ri (~1 P E P = UEFSTB (7) 

USIING THk SH~KTIIANII SYYHOLS FGR THE PLANE C@NSTANTS.A,B,C,D 

A-KCkJSA 
d=KCClSCI 
C=KCGSG 
lj=KtiBPtP 

SUHKDUTINt ~ESTHQPE FILLS IN TKE ZfXMAT9iZ ARRAY 

CALL TEST HOPE (A,B,C,D;XMAT9) 

ANOTHER TBP-OF-FOKM 
C 

PKlNT 4u 
C * I 
C 
C SINCE THE CuS;M& 
CSUM ktF THE P.RODWc;T OF 
CTAfiEN ADVANTAGE dF RY 

C @ M M E N T + I * 

Of THE*ANGLE RET&I Ywd p;ANES IS E;"AL YG Tu: 
CGHRESPBNDING DIRECPlRN COSINES, THIS FACT IS 
COMPUTING THE ANGLE BETWtFN EACH DEFINED “LANE 

CANlJ THt HkF’EHENCk PLANES SpECIAL ATTENTIMN IS CALLFD TO THOSE PLANES 
C~HAT AKE LITHFH PAHALLEL @H PERPENDlCULAR TO THE REFERENCE PLANE, 
C * * * * s * + 
C * * * * * * * 
c * * * * * I + 

PRINT 41 
41 FOKMAT(JOX,+ANGLES BETWEEN MOPE AND THE DEFINED PLANES*,/////) 

Uti 920 J=i,!DSEND,2 
I=ITAHll*J-1 

C 
C 
c A MuRt DtTAiLtU EXAMINATION OF THE SECONR WORD IN THE DST PAIRS 
C IS NEEDED Td AVl3ID PICKING UP ITEMS THAT ARE NnT PLANES, 
C ;c#IBNc-;I# PII;KS UP THE FIRST ‘d@RD OF THE PAlR 
C’ Z#IlWO## PII;KS UP THE SECGND WpRD OF THE PAIR 
C 
C 

IONE=JTAUL(I) 
ITtiB=JTAULtI+l) 

C 
C IC A iNAME IS UNUEFINED THE SfCnND WGRD Cf?NTA!NS THE RCD KGRD 
C Z#NGDEFX Sft, 
C 
C 1F A NAME Is INCORRECTLY DEFINFD 
C THE StC@ND WOdU C@NTAINS THE BCD WORn f#NBDEFl SfZ, 
C THIS TEST PdEVpNPS OPERATING GN THESE SITUATIGNS, 

C 
C z#ISTDWD%dIs SET EQUAL TC THE SECOND WpRC RECAUSE 
C IT IS rJQk A~SUMI\~ED TO RE A STANDARD WklRD BY APT DkFINITIQNS, 
C 

9 2 !. ISlDkD=ITWtiI 
C 
C SUHKQUTINE sTUNpK IS CALLED UPON TO UNPACK THE STANDARD WGRD 

21 

c 
2 
C? 
r- 
:r;,. 
w’? 
<A 

CKS 2810:;: 
CRS 2820*-- 
"rf$ mlf!" Ic 

CKS 2650 
CRS 7860 
CRS 2870 
CRS 2880 
CRS 2690 
CRS 2900 
CRS 2910 
CRS 2920 
CRS 2930 
CRS 2940 
CRS 2950 
CRS 2960 
CRS 2970 
CRS 2980 
CRS 2990 
CRS 3000 

.CRS 3010 
CRS 3020 
CRS 3030 
CRS 3040 
CHS 3050 
CRS 3060 
CRS 3070 
CRS 3080 
CRS 3090 
CHS 3100 
CRS 3110, 
CR5 3120 
CRS 3130 
CRS 3140 
CRS 3150 
CRS 3160 
CRs 3170 
CHS 3180 

;;; x0" 
CRS 3210 
CRS 3220 
CRS 3230 
CRS 3240 
CRS 3250 
CRS 3260 
CRS 3270 
CRS 3280 
CRS 3290 
CRS 3300 
CRS 3310 
CRS 3320 
CRS 3330 
CRS 3340 
CRs 3350 
CRS 3360 
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10/22/6y 

c CRS 3370 
CALL STI)UNt'K CRs 3380 

C CRS 3390 
C Z#!STDTBL#Z QECEIVES t lYTA AND A 22421 Qff 'RFSEdJTS A  CANONICAL FRRH CHS 3400 
C CRS 3410 

IF(ISTUTHL,EQ,4)50,920 
C 

;;ij yg; 

C IT IS New SAFE T @  PRBCEEn AN!J FXAMINF THE CANONICAL FORM ITSELF CRs 3440 
C CRs 3450 

i0 KANSUHF=IT~JW CRs 3460 
CALL CALliE r CR!? 3470 

C CRS 3400 
C ##ISAr-l## PILKS UP THE 4 QIGHTMdST HITS OF THE FIRST CANONICAL WQRDCRS 3490 
C CRS 3500 

ISAM=(D~FSTB(1),4ND,l7B) CRS 3510 
C CRs 3520 
t IF ##iSAp#f IS tQUAL TO A  Z#Rfg THEN IT IS A  PLANE CANBNICAL FDRY CRS 3530 
C 

C 
IF (ISAM,EU,J) 93n,92rJ 

C 
C 
C 

95(! 
C 
C 
C 
C 
C 

931 
,933 

THE SUM OF rQWDUCTS OF CORRESPONDING BIRECTIniti COSINES 
BF 1Wu PLANtS, 

CBSSAH =RC~SA*UEFST0(4)*RCOSE*UEFST~(5)+RCQSG*UEFST~(6) 

IF ##C(-,SSAflt# IS NEGATIVE, 
!i CHECK IT FUQTHEQ AT STATEMENT 938 

IF ##CnSSAYrCIS ZEQe THEN THF PLANES ARE PERPtNDICULAR 

IF (CFlsSA:lj 930,931,932 
PHINT 933, 1Or4E 

C 
C 
c 

952 
955 
954 

FOHMAT(~X,AS,~X,~~~~P~QPFNDICULAQ TO RSFERFNCE: PLANE,///) 
G8 Tfl 92~ 

It ##CnSSAblr$IS ;i#lC# THEN THE PLANES 4RE PARALLEL 

IF (CRSSAM,EO.l)  935,937 
PKINT 934,IUNE 
FURMAT (lX,A8,1Xr27Hk'AQALLEL TO QEFEYENCE PLANE,///) 

tit3 Tkl Y20 
C 
C 
C 
C 
C 

Y5P 
C 
C 
C 
C 

Ys7 

IF Z i fCmSSAM&Z HETWEft i  -1 AND 0 
PKb)(;FEf) TB 14i(E THE ARC CDSINE 
BTHtRklSl- Gw T9 FNf) Ok LP@P 

lF(CBSSAM ,uT.(-l.n))Y37,Y20 

It ZZCOSSAMF? Js I’J?N-ZFRfl, A”JD hflT 5 1, TAKE THE ARC C@SI:JE 
Ahif) CBNVFKT Tb) UEGYEES 

ANt iSAM zACuS(CBSSAM)*57,32 
rf-?lNT y36,lndE,ANGSAM 

CHS 3540 
CRS 3550 
CRS 3560 
CRS 3570 
CRS 3560 
CRS 3590 

;;g El"! 
dRi 362‘0 
CRS 3630 
CRS 3640 
CRs 3650 
CRS 3660 
CHs 3670 
CRS 3680 
CRS 3690 
CRS 3700 
CRS 3710 
CHS 3720 
CRS 3730 
CRS 3740 
CRS 3750 
CRS 3760 
CRS 3770 
CHS 3780 
CRS 3790 
CHS 3800 
CRS 3810 
CR!? 3820 
CRS 3830 
CHS 3840 
CRS 3850 
CRS 3860 
CHS 3870 
CRS 388G 

956 FtitiMaT ~lX,A~~lX,~~ATtF10,1,lX, 26HniBQEES TB REFERFNCC: PLANE,///CRS 3890 
1) CRS 3900 

320 CONT I irJ(JE CRS 3910 
C CRS 3920 



C 
C 
C 
C 
C 
c 

E 
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 
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c1 
2 
r7 
P" 
:XZ- 
<"c 

14/22/69 w 

NkJTHING IS uDNE WITH THIS INFORMAlIoN RN ANGLES HETYEEN THE PLANESCRS 3930 :! 
BTHtR THAN PRINTING IT OUT FnR ITS USEFULNESS TO THE PRQGRAMMER CRS 9940 r-al 

CRS 395u” 
CRs 3960 

PRINT 4C CRs 3970 
s * + * 1 I + 
* * * * * * * 

g;“s g;w& 

* * 
C*R M M E N*T 

* * * CRS 4QQQ 
* + * * * CRS 4010 
+ * lb * * I * CRS 4020 

THE*MINIMLJM Ai:D MnXIMlJM*VALUES @F*THf MAJ~~?*CGI?RDINAT~ SYSTEM 
* CRS 4030 

X,y,.?) ARE INTRGDUCEC THRQllGH A SEQUENTIAL PAIR 
CRS 4040 

VARIABLES (~,f, CR.? 4050 
SC SPtCIALLY NAMED P@INTS * t#HOXYMIN## ANlJ #ZHBXYMAX#f, CRS 4060 

CRS 4070 
THESt V~L.litb ARE PICKED UP VIA THE: DEFINED SYMRSL TARLE CRS 4080 

CRS 4090 
THE CGBHtSPdNDING VALUES IN THE PRIME SYSTEM ARE COMPUTED, CRS 4100 
(c,G,XZMIN: F(XMINIYMIN,ZMIN) CRS aiio 

CRS 4120 
A MINIMUM A:uD A !%AXIMUM VECTOR MAGNITUDE IN THE PRIME SYSTEM ARE CRS 4130 
CdMPUTED CRS 4140 

CRS 4150 
(t,ti. VMIN =SORT(XZMIN**2 + y#MIY**2 * Z1MIN*+2) CRs 4160 

CRS 4170 
ThE L~RtitS7 n)F THESE VECTGRS IS SCALEU TO COVER 5 INCHES SF PLBT CRS 4180 
LtNGTH, CRS 4190 

CR’S 4200 
THE PUINTS dF INTERSECTIBN ARE COKPUTEC CRS 4210 

Fl!?ST IN X,Y,Z COnRDINATES 
StCuND IN XZ,Y+,i!#CQ8RDINATES $“s 422$00 

CRS 424’0 
THE Z# VALUtS AHE IGNBRED AND SHOULD $E ZERO CRS 4250 

CRS 4260 
THE PL@TTIF\;u CSGRDINATES (XP,yP) ARE CnMPUTfD USING THE SCALE CRS 4270 
FACIGR AND A:d ADGIT~Vt BIAS OF 5,fl IN ROTH IJIRECTIONS, CRS 4280 

CRS 4290 

If THE RtSuLTING VALUES OF XP AND YP ARE NFGATlVf BR EXCEED 10,O 
THEY ARE REJEGTED AS EXCEEDING THE aourdDs pF THE LIMITING VECTOR 

* l * * * * * 

* * + * * * * 

+ * * * * * * 

* * * l * * * 

THE DST TABLE IS SEARCHED F@R THE NAMES 
#tHkJXYMIN+# ANI1 f#‘~@XyMAX##, 

U@ Y50 K=l, ILJStND,2 
kSAVE=K 
K=K-1 

H@XyMIN 
IF(JTA~L(I!AU11tK),EQ,~fl466770443149608.AN~, 

CRS 4300 
CRS 4310 
CRS 4320 
CRs 4330 
CRS 4340 
CRS 4350 
CRS 4360 
CRS 4370 
CRS 4380 
CRS 4390 
CRS 4400 
CRS 4410 
CRS 4420 
CRS 4430 
CRS 4440 
CRS 4450 
CRS 4460 
CRS 4470 
CRS 4480 
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10122169 

c HGXYMAX CRs 4490 
2 JTAl~L(~TAr~11+K+%),E0.3046~770442167009) 951,950 CRS 4500 

C CRS 4510 
C IhCdkMENTAL INI)ECIES TH SECHND WORD LFCAYI~~NS IN DST CRS 4520 
C CRS 4530 

951. IMINNS =K+l CRS 4540 
IMAXNR:K+3 cR$ 4550 
tiGI TH 952 CRS 4560 

750 K=KS4Vt 
PRINT 954 %P t;woo 

954 FHHMAT (lX,*HGXYMIN AND HGXYM4X NOT Ff?UYD*) CR; 4590 
STbltJ CRS 4600 

C CRS 4610 
C THE MINIMUM VALUES ARK EXTRACTED FROM THF HBXYYIN cANQNICAL FBRM CR.5 4620 
C CRS 4630 

Y52 kANSUHF=JTA9L(ITAell+I~~INN~) CRs 4640 
CALL CANGEl' CRS 4650 
HAWXMIN=DEfST0(4) CHS 4660 
HAWYMIN=DEiSTG(5) CRS 4670 
RAW7MIl~=DEiST9(6) CRS 4680 

c CHS 4690 
C THE MAXIMUM VALUES ARt EXTQACTFD FROM THE rGXYMAX CANONICAL FORM CRS 4700 
C 

KANSURF=JTAQL(ITAHI~+IMAXNG) 
CALL CANGfl 
HAWXI~AX=IJS~STG(~) 
HAWYMAX=UEiSTR(5) 
HAWLMAX=UEi-ST!.)(e) 
PQINT 957 

957 FBHMAT (lX,*IN dQIGINAL COBRDIVATE SYSTEM+,/,/,/) 
PRINT 95~,~AWXMIN,HAWYMIN,R4WZMIN,R4WXMAX,HAWYMAX,R4WZ~AX 

955 FGHMAT(5X,*MIYIMUM VALlJES*,/,/,3(lO~,Fln,5,/),/),/, 
1 5X,+MAXIMuY VALUES*,/,/,3(lOX,FlO,5,/)) 

C 
C THE CBBHtSHaV3ING MINIMUM VALUES IN THE HBPE PLANE, 
c. XPMIN,Yf'MIN,%PYIN 
C ARE CGMPlJTEu IN'SUHRHUTINE MM USING yHE XMAT9 MATHIX 
C 

CALL MM (X~'lIN,YPMIN,ZPMIN,9AWX~IN,HAwYMIN,RAwZMIN,XMAT9) 
c 
C THE SAME WIlH TYE MAXIMUM VALUES, XPYAXl YPMAX, ZPMAX 
C 

C4LL MM(XP~A~IYPMAX,ZPM~X,R~WXMAXIR~WYM~X;RAWZMAX,X~AT~) 
C 
C THE MINIMUM A:\lD MAXIMUM VECTSR MAGNITUDES ARE CHMPUTED 
C 

MINVCTBQ=SwQI(XPMIN+*2~YP~I~~*~2+ZPM!N**~) 
~IAXVCT~JR=S~QT(XQMAX+*~+YPMAX**~+ZPMAX**~) 

C 
THE GHEATtST @F THESE IN MAGVITUDE IS SET FQUAL To #ZREACHZ# 

IF (MINVCTuR,GT,MAXVCTOR)960,970 
960 HEACH =MINvCTGR 

Gr-l To 980 
970 KEACH = MAxVCTHt? 

tiB TG 960 

CRS 4710 
CRS 4720 
CRS 4730 
;F$ , mo" 

CRS 4760 
CRS 4770 
CRS 4790 
CRS 4790 
CRS 4800 
CRS 4810 
CRS 4820 
CHS 4830 
CRS 4840 
CRS 4850 
CHS 4860 

Fg 1:;: 
CRS 4890 
CRS 4900 
CRS 4910 
CRS 4920 
CRs 4930 
CRS 4940 
CHS 4950 
CRs 4960 
CHS 4970 
CRS 4980 
CRS 4990 
CRs SO00 
CRS 5010 
CRS 5020 
CR!? 5030 
CRS 5040 
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c: 
:z 
c: 
r-e- :r;* 
w 

c CRS 5050;: 
C THE SCALE FACTOH- REACH MUST FIT INTm 5,O INCHFS dF PLRT LENGTH CRS 5060-r 
C CRS 5070 "-'" 

9&O bCALE=5,0/KEACH CRS 508Og 
C CRS 5090 
c PHINT @UT TnE CAL-CGMP PLOT. SCALE CRS 5100 
C CRS 5110 

PHINT 956 CRS 5120 
956 FGHMAT (/,/,lY,*IN HGPE PLANE*,/,/ CRS 5130 

rl?lhlT Y5b,sCALE CRS 5140 
938 FklRMAT(lX,*sCALt,.,+,F5,2,+ I NICHES nF PLOT LENGTH = 1 INCH WF PARCRS 5150 

1T LtNGTH*) CRS 5160 
c CRS 5170 
P CRS 5180 
; CALCLJLATt A,vn PRINT GIJT THE GERBER SCALE FACTOR NEEDED To CRS 5190 
C PROUUCE A 111 PL9T, THAT IS, A PLOT nN WHICH 2NE UNIT GF LENGTH CRS 5200 
C 1s tQUAL TO @NE UNIT SF LENGTH GN THF ORlGINAL PART fIRAWING, CRS 5210 
C CRS 5220 

SCLFAC=I/SCALE CRS 5230 
PRINT 959,bCLFAC CRS 5240 

9>9 F@RpjAT (/,/,lX,*T@ @STAIN A 1 TO 1 PLOT ON THE GERRER USE A SCALE*CRs 5250 
l,+ kACT@IH IIU ti3TH X AND Y GF *@F&2) CRS 5260 

PRINT 4@ 
CALL PLGTS (ARRAY,254,10) 

, 
RLACt A RIGHT ANGLE INT.ER!jECTIbN AT 'PHF RRIGIN (5,O15,O) 

CALL SYMtiG+ (5.0,5,0,0,20,3,0,-I). 

CRS 5270 
CRS 52A0 
CRS 5290 
CRS 5300 
CRS 5310 
CRS 5320 
CRS 5330 

C 
c 
c 

C 
C 
C 
C 
C 
c 

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

E 
C 
C 

PLar;E A SCALE MARK $N THE LOWER LEFT HAND CORNER 
SHGHTNG THE'CAL.eBMP'DISTANCE C@BRESPBNDINC Ts @NE INCH SF 
PART LENGTH, 

CALL PLBT tO,O,3) 
CALL PLRT (0,0,2) 
CALL PLGT (0,-0,25,2) 
CALL PLOT (SCALE,-O,25,2) 
CALL PLGT (SCALE,0 2) 
CALL PLOT (SCALE,O,b 

+ I I# * + + * 
* l I * * 

* * t*@ M H E N*T * * * 
* * * * + * + 
* 

THE SUBROUTINE ZSI~EQZ THAT ;BLVES' THR;F PLANE EGUATISNS 
* 

SiMULTANE@U>LY IS UTILIZED TB RBTAIN POINTS SF INTERSECTTBN 
ON THt ##Hst'E## PLANE, A LINE @F INTERSECTION IS ;;;N;;;;ED 
WHEN A PLANt IS INVSLVED IN MQRE THAN ONE P@INT, ' 
RtASAN AN OUTER LGOP IS CYCLED ##IDSEND## TIME% AND AN INNER 
~80~ CYCLED-##IDSEND + IDSENDfZ TIMES S8 THAT EACH PLANE IS 
HtLU CDNSTAivT (ALONG WITH ##HGPEfZ @F COURSE) AS ALL GTHER 
PLANES ARE BROUGHT IN FGR TESTING, 

l * * 8 + * + 

+ * l * I I + 

CRS 5340 
CRS 5350 
cRS 5360 
CRS 5370 
CRS 5380 
CRS 5390 
CRS 5400 
CRS 5410 
CRS 5420 
CRS 5430 
CRS 5440 
CRS 5450 
CRS 5460 
CRS 5470 
CRS 5480 
CRS 5490 
CRS 5500 
CRS 5510 
cRS 5520 

::ii , 55;:; 
CRS 5550 
cRS 5560 
CRS 5570 
CRS 5500 
CRS 5590 
CRS 5600 
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ABSTRACT 

The APT (Automatically Programmed Tooling) system provides for the 
software description of geometric forms, the delineation of a tool path, and, 
for output, discrete positioning information on punched paper tape for use by 
a numerically controlled machine. The CROSEC (Mod 1) program, described 
in this report, provides a means of extending the use of the canonical forms 
of the plane surfaces defined by the programmer in the part program by pro- 
viding a plotting capability in which the lines in intersection, within specified 
limits, between a cross-sectional plane and all other defined planes are shown. 
A visualization of the initial plane framework on which the cutting is to be 
performed is therebyprovided. The cross sectional plane and its dimensional 
limits are controlled by one plane definition and two point definitions. The 
plot is supplemented by printer output that aids in the interpretation of the 
plot. Theprogram is written in the framework of the CDC 3800 APT 2.1 con- 
figuration. No additional program overlays or segments are necessary. This 
report contains a discussion of the method used, subroutine descriptions, 
listings and flowcharts, implementation aids, and a sample run. 

PROBLEM STATUS 

This is an interim report on a continuing problem. 

AUTHORIZATION 

NRL Problem 2320001 

Manuscript submitted November 17, 1969. 
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CROSS-SECTIONAL PLOTS OF PLANE INTERSECTIONS 
An Adaptation of the APT System 

INTRODUCTION 

This report contains a complete description of a plotting adaptation of the APT system 
in use at the Naval Research Laboratory (APT 2.1 on the CDC 3800). In the APT language, 
a plane can be defined in seven different ways; but after being processed they are all stored 
in a standard “canonical form.” This program, called CROSEC (Mod l), utilizes such plane 
canonical forms (of an APT Part Program) to obtain a plot of the intersection of one of the 
planes, designated as the cross-sectional plane, and all of the other planes that have been 
defined, processed, and stored at the end of APT Section 1. (See Ref. 1 for a detailed de- 
scription of the APT system.) 

The purpose of the program, primarily, is as an aid, an extra tool for the programmer 
in debugging his program. The defined surfaces as stored in their canonical forms provide 
a convenient starting point for geometric considerations. It is assumed that syntactic er- 
rors have already been discovered and corrected and that in using CROSEC the programmer 
wishes to verify that the surfaces he has defined do indeed describe the piece he wishes to 
have worked on by the tool. The hope is that verification can be accomplished easily if he 
can get a look at any cross section of his choosing through the conglomerate of the starting 
surfaces. He realizes that the plot might require some interpretation because defined sur- 
faces intersecting together do not fully describe the finished piece. However, he accepts 
this limitation and looks upon the output as a working drawing, a picture of the output of 
Section 1. By means of this drawing and the accompanying identifying information from 
the printer, he should be able to make some significant debugging progress. Perhaps he 
will discover a section of surface that is defined improperly or over defined, or a combin- 
ation of surfaces that could be redefined in a simpler manner. Also, he may discover a 
portion of surface that he has not yet defined and other events of this nature. 

The report discusses plane equations, outlines the method of obtaining a coordinate 
system in the cross-sectional plane, describes the plot, and points out the limitations of 
the program. Also included are flowcharts, program descriptions, a complete listing, 
and details of implementation with APT 2 .l . An example is introduced early and followed 
through the complete process in full detail. 

DISCUSSION 

The Plane 

The canonical form for the plane, as defined in the APT system, is given by 

AX + BY -t CZ = D, 

where* 

(1) 

*<As quoted from pp. 80 and A-l of Ref. 1. 
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A = X-Component of unit normal vector to plane 
B = Y-Component of unit normal vector to plane 
C = Z-Component of unit normal vector to plane 
D = Normal distance from plane to origin. 

Consider the normal form of the plane equation, namely 

xcoscvx + YCOScYy + Z~COEkYZ = L, (2) 

where the coefficients for the X, Y, and Z coordinates in Eq. (2) are the direction cosines 
of the positive normal vector N from the origin to the plane. The direction cosines of the 
unit normal vector are identical with the direction cosines of N. The length, or absolute 
value, of this normal is L. Therefore, equating similar terms from Eqs. (1) and (2) yields 

A = COScrx 
B = CO&Y 
c = cosa: 
D = L =jNI. 

Thus, for example, A = 0, B = 1, C = 0, D = 1 is the plane passing through the point 
(0, 1, 0), parallel to the XZ coordinate plane, with direction angles of 90, 0, and 90 degrees, 
respectively, to the three axes. 

Let us now take, for a more detailed example, the plane that passes through the points 
(l,O,O), (O,l,O), and (O,O,l) a unit distance out along each axis. To fit this approach to the 
definition of a plane, consider the intercept form for a plane equation,* 

x Y z 
q+q+q=l, (3) 

where XI, Y,, and Z, are the intercepts, i.e. the point (X,, 0, 0) is the intersection of the 
X axis with the plane. Similarly with (0, Y,, 0) and (0, 0, Z,). 

Using now the three unit axis points, already defined, in this intercept form, Eq. (3) 
leads to the simple and interesting equation 

X+Y+Z=l. (4) 

The correctness of Eq. (4) as truly representing the plane that passes through the three 
points is easily determined by setting any two of the variables equal to zero, and the 
remaining variable will be equal to 1. Equation (4) is illustrative of another form of an 
equation used to describe a plane, the general form, where the coefficients of the X, Y, 
and Z terms are considered to be direction numbers of the positive normal to the plane. 

To go from the general form to the normal form, it is necessary to compute the 
direction cosines by dividing each of the coordinate coefficients in turn by the square 
root of the sum of the squares of all three coefficients. The length of the normal is ob- 
tained in a similar fashion by dividing the constant term by the same square-root quantity. 
Symbolically, if the general form is 

PX + QY + RZ = S, (5) 

$<A11 forms of equations for a plane can be found in Section 3, p. 2-l of Ref. 2. 
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then 

A = COScr, = ; 

B = COScr, = & 

c =’ co&Y, = ; 

D=L=$, 

where 

U = I/P*P + Q*Q + R*R. 

The normal form for the illustrative plane is therefore 

x x w+w+%=& (6) 

It is easily verified that the sum of the squares of the direction cosines is 1. 

It is important in our development to know the coordinates of the point represented 
by the intersection of the normal N and the plane to which it is perpendicular. These co- 
ordinates are obtained by multiplying each of the direction cosines by the length of the 
normal. Symbolically, (D*A, D*B, D*C). For the illustrative plane the result is (l/3, 
l/3, I/3). 

One final consideration regarding these plane equations-our illustrative case has a 
convenient set of intercept points; however, it is possible to determine the intercepts 
from the normal form. They are 

(Xl, y,, z 1) = (29 0, 0) 

a,, y,, z,) = (0’ ;, 0) 

(x,9 y,, q = (0, 0, g. 

Figure 1 summarizes this initial development using the symbols for the APT canon- 
ical form of Eq. (1) in part a of the figure and the actual values of our illustrative plane 
in part b. 

The Cross-Sectional Plane and Its Coordinate System 

The plot of Section 1 output uses a coordinate system in the cross-sectional plane, 
particularized as the HOPE plane. Let us call the coordinate system in the HOPE plane 
the prime system (i.e., X ‘, Y’, Z ‘), in contrast to the original system established by the 
part programmer known as the X, Y, Z system. The origin of the prime system is the 
intersection of the normal with the plane, and the Z ’ axis is the extension of the normal. 
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PLANE Ax +By+Cz=D 

(D/A,D,D) X 

(a) Normal form of plane equation 

(b) Equiangular plane in normal form 

Fig. 1 - A general and a particular plane 

The X’ axis is selected in one of three ways. 

1. The “general solution” is the case where the HOPE plane intersects the X axis, 
and the positive X’ axis is the line passing from the prime origin through the intercept 
point and lies in the HOPE plane. In terms of the normal form the prime origin is (D*A, 
D*B, D*C) and the intercept point is (D/A, 0, 0) with direction cosines 

[(; - D*A) , F, F], 
U 

where 

U =1/(; - D*A)2 + (D*B>~ + (D*q2. 
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For our illustrative plane X + Y  + Z = 1, the X’ axis for the general solution would F 
be positively directed from the origin with coordinates (l/3, l/3, l/3) to the X  intercept 
with coordinates (1, 0, 0). The computation gives the X’ axis, in this case, direction 

g 
6-m 

cosines of T h” 

2. If the HOPE plane does not intersect the X  axis and is parallel to it,, then the X’ 
axis is that line lying in the HOPE plane, parallel to the X  axis, with direction cosines 
(1, 0, 0) commencing at the prime origin. 

3. If the HOPE plane is perpendicular to the X  axis and parallel to the YZ plane 
such that the normal is the X  axis, then the positive X’ axis is that line lying in the HOPE 
plane which starts at the prime origin and is parallel to the Z axis with direction cosines 
(0, 0, 1). 

The Y’ axis is defined as the cross product of the Z’ and X’ axes, duly preserving 
right-handed concepts. 

If the direction cosines of the X’ axis are T rr, TP1, TS1, and those of the Y’ axis 
T 12 7 T,, , T,, and those of the Z’ axis Tr, , T 23, T,, , then 

T 12 = T23*T31 - T21 *T33 (7) 

T 22 = 7’11*T33 - T13*T31 (8) 

T32 = Tr3*T,r - Trr *T23. (9) 

Thus, for our illustrative plane, the direction cosines of Z’ are (l/ fi, l/ fi, l/ fi) and of 
X’ are ( m , - m , - m ). Using these equations, we find that the directions cosines 
for Y’ are (0, m , - m ). 

The equations required to convert any point in space from the original coordinates 
to the prime coordinates are 

X’ = TII (X - Xo) -I- ‘I’21 (Y - Yo) -t T31 (Z - Z,), 

Y’ = T,2 (X - X0) + T22 (Y - Yo) + T32 (Z - Zo), 

and 

Z’ = T,, (X - X0) -I- T,, (Y - Y,) -I- T,, (Z - Z,), 

where (X0, Y  o, Z,) is the prime origin defined in terms of X, Y, Z. Expanding yields 

X’ = T,,*X + T2,*Y -I- T,,*Z -t C,, (10) 

Y’ = T,,*X -t T2,*Y + T,, *Z -t Ci, (11) 

and 

Z’ = T,,*X -I T,, *Y + T,,*Z -I C,, (12) 
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Cl = -@,I *X, 

C, = -(T,,*X, 

c, = -(T,,*X, 

For the illustrative case where (X0, 

+ T,,*Y, + T,, *Z,), 

+ T22*Yo + T32*Zo), 

+ T,,*Y, + T33*Z0). 

Y,, Z,) = (D*A, D*B, D*C) = (l/3, l/3, l/3), 
the matrix corresponding to the coefficients of Eqs. (lo), (11)) and (12)) is 

Figure 2 illustrates the definition of the prime axes in the HOPE plane. In this instance 
the HOPE plane is our illustrative plane X + Y + Z = 1. 

Fig. 2 - Prime axes in the 
equiangdar HOPE plane 

Points and Lines in the Cross-Sectional Plane 

So far we have established an understanding of the various forms of the equations that 
describe a plane and have described an algorithm for defining a translation-rotation matrix 
for converting points from the part programmer’s coordinate system to a coordinate system 
in the HOPE or cross-sectional plane. We can now ask, How is it determined whether any 
APT-defined point in general lies in the HOPE plane? Simply by substituting the X, Y, and 
Z values of the point into the equation for the plane to determine if an equality exists; e.g., 
Does the,point (l/3, l/3, l/3) lie in the plane X + Y -t Z = l? Obviously yes, since l/3 + 
l/3 + l/3 = 1,. 

If the equations for the three planes are solved simultaneously, a point that lies in all 
three planes is the result. If one of these planes is the HOPE plane, then there is no doubt 
that the point is in the cross section. 
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Consider now a situation in which the HOPE plane and a plane A are consecutively ;6: 
solved with two other planes B and.C (defined such that no two planes of HOPE, A, B  and 
HOPE, A, C are parallel), resulting in two points Pi and P 2. Both of these points are 

2 
,- 

simultaneously in both the HOPE plane and in plane A; in fact, the line segment joining 2: 
Pi and P, is a portion of the line of intersection between HOPE and A. Such a procedure 2 
if carried out with all the defined planes, will result in an entire network of lines of inter 
section. Each point as obtained is put through the matrix to obtain its definition in terms 
of the HOPE coordinate system to enable it to be plotted. If a minimum and a maximum 
value for each coordinate is specified, then many superfluous points of intersection can 
be eliminated. 

Let us now consider what happens when the equiangular plane X + Y  + Z = 1 inter- 
sects some planes defined in a part program, an actual situation. (Refer to sample run 
with “PARTNO TESTING” on p. 63.) Figure 3 depicts a simple part in three views. It 
is to be noted that there are eight defined planes. Figure 4 shows the cross-section net- 
work of intersecting lines obtained with the plane X + Y  + Z = 1 as the HOPE plane 
intersecting”PARTN0 TESTING.” Using only the information provided in Figs, 3 and 4, 
can you distinguish between the proper intersection outline and those lines that are 
extraneous? It is an intersecting exercise, well worth spending a few minutes on. 

Y 

t 
,P4 ,PL7 ,P3 

IJ J J 

r J 
PL4 

2’n PL2/ 

PL3 PL5 

L 

Pi// PL,/ Ilp2 I I 
WX 

I I 
I- 2’Ai- I”!+ I 

I 

+SETPT2 (6,~I,31 

p5\ 
I 2” / 

PL2 I 
PIi PLI / 

I 

Fig. 3 - “PARTNO TESTING” with eight defined planes 
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Fig. 4 - Cross section obtained from 
PARTNO TESTING and equiangular 
plane 

Fig. 5 - Lines of intersection iden- 
tified by plane number 

The solution to this question will now be presented. 

The accompanying printout identifies points of intersection from which the lines of 
intersection were drawn. The coefficients of these points are given in the X, Y, Z sys- 
tem, in the X’, Y’, Z’ system, and in plotter coordinates along with the plane numbers 
associated with each point. There are 19 such points in Fig. 4. These point data con- 
stitute background information, available when needed. However, rather than clutter up 
the plot with point symbols and identifying numbers, only the lines of intersection have 
been drawn using a minimum point and a ,maximum point. From these two points the 
slope and the prime-system intercept have been computed. This information is also 
printed along with the plane name associated with the line. The lines have been named 
in Fig. 5. There are eight planes identified in the sketch of the part in Fig. 3 and there 
are eight lines in the intersection plot. 

Verification of the correctness of the numbering of these lines of intersection can 
be achieved by noting that parallel lines in the plot correspond to parallel planes on the 
part. Sure enough, plane 1 representing the bottom of the piece is parallel to plane 3, 
the top, and is also parallel to plane 5 which represents the step surface. In Fig. 5 the 
lines labeled 1, 5, and 3 are parallel lines. 
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Fig. 6 - Perspective view of PARTNO TESTING 
(without the cylinder) with eight planes and the 
intersecting equiangular HOPE plane 

In a similar fashion the lines of intersection for planes 2, 4, and 8 confirm a paral- 
lelism between these planes, all three of them being vertical sides in the part shown in 
Fig. 3. Finally, plane 6 (the front) is parallel to plane 7 (back), and the lines with these 
numbers are parallel in Fig. 5. 

Figure 6, which shows a perspective view of the planes of the part and the equiangular 
HOPE plane, demonstrates the fact that the lines of intersection on the surface of the piece 
lie in planes 6 (front), 1 (bottom), and 2 (left side). The triangle formed by the lines of 
intersection of these three planes is accented in Fig. 5 and is the correct answer. 

It is an interesting consequence of the situation that since plane X -t Y  + Z = 1 is 
equiangular to each of the three coordinate planes, and that since all eight of the defined 
planes in the simple part are either identical with or parallel to a coordinate plane, that 
HOPE is also equiangular to these eight planes, namely 57.4 degrees. 

There is one other interesting observation to make about Fig. 5. Because of the 
equiangular characteristic of the cross-sectional plane, a reverse type of statement can 
be made. Any equilateral triangle in this figure corresponds to three mutually perpen- 
dicular planes. Besides the set already discussed (6, 1, 2}, eleven others can be iden- 
tified. These are (1, 2, 7)) (1, 4, 6)) (1, 6, 8)) (2, 3, 6)) (3, 7, 8)) (1, 7, 8)) (5, 7, 8}, 
(2, 3, 7)) (3, 4, 7}, (3, 6, 8) and (3, 7, 8). The last one, which is the outermost triangle, 
corresponds to the planes which are perpendicular to the maximum dimensions X = 4, 
Y  = 2, and Z = 2, respectively. 

There is a lot of information to be gleaned from the cross-sectional plot once it is 
understood and assimilated. 

When the restrictions of XMIN, YMIN, ZMIN = (0, 0, 0) and XMAX, YMAX, ZMAX = 
(4, 2, 2) are placed on the cross-section points, then the network is reduced to that shown 
in Fig. 7, the true triangle of intersection with the part. 

CROSEC Limitations 

CROSEC in its present form (Mod 1) has some definite limitations. Some of the 
initially obvious ones are as follows: 

1. There is no identification of defined points that might lie in the HOPE plane. 

2. The plot does not contain any intersections of the HOPE plane with quadrix surfaces. 

3. No tool motion information is present. 
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4. The plot resulting from the lines of intersection of defined planes with HOPE can 
be initially confusing, since some of the lines might have no immediate relation to the 
finished part, and the prime coordinate system might not be simply oriented with respect 
to the X, Y, Z system. However, a consideration of the original part program along with 
the printout can soon make the plot understandable. 

Fig. 7 - CROSEC (Mod 1) output 
plot for sample run with PARTNO 
TESTING 

J 

CONCLUSION 

CROSEC (Mod 1) is a first step. In its present form, it can be helpful in a limited 
fashion. The intersection with curved surfaces is missing, as well as the path of the 
cutting tool in the cross-sectional plane. It is planned to incorporate these features in 
further work on this project. 
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Appendix A 

SUBROUTINE DESCRIPTIONS WITH FLOWCHARTS AND LISTINGS 

SUBROUTINE CROSEC 

The CROSEC subroutine (Fig. Al) controls the Section 1 plotting of the intersections 
of defined planes with the HOPE cross-sectional plane. For convenience it incorporates 
all of the common area of Section 0 and Section 1 into itself without attempting to discard 
portions it does not need. The APT system subroutines called on are CANGET, SIMEQ 
and STDUNPK. The in-house library routines called include PLOTS, SYMBOL, PLOT, 
STOPPLOT, SQRTF, ACOSF, QNSINGL, THEND, STH, ENC, QlQlOlOO, Q8QSTOPS, and 
Q8QDICT. Additional subroutines called by CROSEC and considered a part of the Mod 1 
package are TESTHOPE, DELINE, and MM. There is also a function, ISITOK. The flow- 
chart of Fig. A2 shows the relationship between these subroutines. 

The CROSEC subroutine assumes that the defined symbol table (D.S.T.) is stored in 
the JTABL array of numbered common 2 between ITABll and ITAB12. It further assumes 
that the D.S.T. entries consist of pairs of words, the first of which is an eight-symbol 
Hollerith name, left justified, and, second, an APT &standard word” which includes an 
integer pointer giving the relative address in JTABL (extended beyond D.S.T.) where the 
canonical form is stored. These assumptions are standard procedure for the CDC APT. 
(See the Section 1 description starting on p. 01-l of Ref. Al.) Accordingly, after executing 
a top of form, the D.S.T. is searched for the name HOPE, and if this name is not found the 
subroutine is exited and there is no plot obtained. If HOPE is found, its pointer is stored 
in KANSURF prior to calling CANGET which fetches and stores the canonical form in the 
DEFSTO array of the SECTlLOG. After identifying A, B, C, and D from the HOPE canon- 
ical form, the TESTHOPE subroutine is called. 

TESTHOPE will either stop the run or return with a conversion matrix stored in 
XMAT9. This matrix will permit the conversion from the X, Y, Z coordinate system to 
the prime system whose origin is in the HOPE plane, thereby facilitating a two-dimensional 
plot. 

Another top of form is executed. 

Since the cosine of the angle between two planes is equal to the sum of the product of 
their corresponding direction cosines, it is a logical next step to take advantage of this 
fact and compute the angle between each defined plane and the HOPE plane. 

Special care is needed in picking up canonical pointers from the D.S.T. prior to making 
the cosine computation. Undefined words or incorrectly defined words must be avoided as 
well as the synonym register which appears at the head of the D.S.T. The standard word 
must be unpacked by calling Subroutine STDUNPK in order to determine if BYTA contains 
a 4, representing a canonical form. After the canonical form has been recovered by a 
call to CANGET, it is necessary to examine the four most right-hand bits of the first 
word in the set. A 3 in this position identifies the canonical of a plane as opposed to other 
possible canonical forms such as points, cylinders, etc. In this manner the direction 
cosines are obtained, and the computation for the angle between the planes can then be 
performed. 

11 
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START 0 
DEFINED SYMBOL TABLE 

CONTAIN HOPE ? 

NO 

1 YES 

-1 / ~jf j iM~ERS 

I NEW COORDINATE 

SYSTEM TO BE FORMED 

COMPUTE AND LIST THE 
ANGLE BETWEEN THE 

HOPE PLANE AND ALL 
OTHER DEFINED PLANES 

FETCH LIMITING VALUES 

CONVERT STORE 8 
COMPUTi EL PLO+ SCALE /PRINT/ 

COMPUTE POINTS OF 
INTERSECTION BETWEEN 
HOPE AND ALL COMBINATIONS 
OF DEFINED PLANES TAKEN 

2 AT A TIME 

23 RETURN 

Fig. Al - Flowchart for CROSEC subroutine 
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S. = SUBROUTINE,  E. = ENTRY,  * = FLOW CHART IN THIS REPORT,  X  = PART OF CALCOMP PLOT PACKAGE 

Fig. A2 - Relationship between subroutines called by CROSEC 

After making special tests for perpendicular planes and parallel planes, the arc 
cosine function ACOSF is called and the resulting angle printed out in degrees. This angle 
has a range of 0 to 180 degrees. All information regarding this analysis of the angles be- 
tween the planes is outputed through the line printer and is not retained, as it has no con- 
sequence to the plot. 

Next, the D.S.T. is searched for the names HOXYMIN and HOXYMAX, which must be 
stored as adjacent pairs in order to be discovered. In the absence of these names, an 
error message is printed and the run is terminated. The message is “HOXYMIN AND 
HOXYMAX NOT FOUND.” If these names are present, the corresponding values are 
fetched via CANGET and stored in correspondingly descriptive name locations, such as 
RAW X M IN. 

These raw lim iting values are passed through the matrix by calling subroutine M M , 
thus obtaining their corresponding values in the prime system, (XPMIN, YPMIN, ZPMIN) 
and (XPMAX, YPMAX, ZPMAX). A printout is now initiated that lists the raw lim iting 
values. 

The magnitudes of the m inimum and maximum vectors are computed thusly, 

M INVECTOR = I/(XPMIN)2 + (YPMIN)2 + (ZPMIN)2 

hww~cToR = ~(xPMAx)~ + (YPML~~)~ + (zPMAx)~. 
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The CALCOMP plot is restricted to a 10 x 10 in. space. When we allow for both 
negative and positive values of X’ and Y’ it follows that 2 times the largest vector must 
fit into 10 linear inches. The center of the plot is the origin of the prime coordinate 
system. To accomplish this, the largest of these two magnitudes is set equal to REACH 
and then divided into 5.0 to obtain the CALCOMP plot factor which is called SCALE. 
SCALE is therefore the number of inches of plot length that is equivalent to one inch of 
part length. SCLFAC is the reciprocal of SCALE and is the scale factor needed to obtain 
a 1:l Gerber plot. (The details of obtaining a paper tape output for use on the Gerber 
plotter (Model 875) are discussed in Ref. A2.) Output messages regarding SCALE and 
SCLFAC are printed, followed by another top of form. 

The plot string is initiated. 

A + symbol is plotted at (5.0, 5.0), the plot coordinates for the HOPE prime system 
origin, and a scale mark is placed at the lower left-hand corner of the plot. A somewhat 
involved double loop is now entered at the heart of which is a call to SIMEQ which solves 
three plane equations simultaneously, resulting in the output of a common point of inter- 
section (two planes intersect in a line, three planes intersect in a point). 

Since the A, B, C, D of the HOPE plane are constant throughout the process, they are 
stored once and for all in positions 108 through 111 of the DEFTAB array (used by 
SIMEQ), before the entrance into the looping procedure. 

Also initialized at this time are 

1. IONCE, a flag which controls the call to subroutine DLINE, 

2. IPTNO, the point number counter, 

3. IP, the counter for coordinate pairs stored in the KR array. The KR array stores 
only the points related to the current line about to be drawn, and 

4. IS, the counter for coordinate pairs stored in the KS array. (The KS array stores 
ulf points created by CROSEC.) 

The outermost of the two loops commences at statement 1001. 

DLINE is called only if IONCE is zero. 

The canonical form for a plane is fetched under the same restraints as already 
described above. If a plane is indicated, its name is saved as NAME1 and its A, B, C, D 
are stored in DEFTAB 104 through 107. The inner loop commences at statement 1004. 
By a similar process, the values for the third plane are stored in DEFTAB 100 through 
103, and the creation of NAME2 takes place. Then comes the call for SIMEQ followed 
by the test on JSUBER for proper execution, thereby allowing for the situation of two of 
the planes being identical. 

If a bad situation resulting in no point has occurreu, a transfer is made to the end 
of the inner loop. If a proper point had been obtained, its X, Y, Z coordinates are picked 
up from DEFTAB 112 through 114. 

These numbers in turn are used to obtain the corresponding prime values and plotting 
values. The prime values are obtained by use of the conversion matrix via a call on sub- 
routine MM. The plotting values are obtained by means of the formulas 
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and 

X = XP * SCALE + 5.0 c 
6 zr; cc! C 

Y = YP * SCALE -I- 5.0, (10) it 
cs 

where XP and YP are the prime coordinates. 

The ISITOK function now works with an elaborate set of parameters to avoid dupli- 
cation and to assure operation within the allowable limits. If the answer from the func- 
tion is YES, then the point is valid and can be used. The rest of the YES followup stores 
the plotting values in the KS array and prints out the names of the planes, the point num- 
ber, and the point coordinates in terms of the X, Y, Z system, the prime system, and the 
plotter system. After exiting from these two loops, DLINE is called once more if IONCE 
is zero; otherwise, the plot is terminated and CROSEC makes its return. 
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AND TWI- P@Il\jT DEFINITIBNS (N4MED f#H4XYMIN#$ ANU $fHflXyMAXf#) CRS 830 
AuDt[) TO THt PAKT PRO(;RAM, 

_ 
CR!? 640 
CRs 850 

THAT !DENTIFIES POINTS CHS 860 
THE PLBT, CRS 670 

CRS 880 
THE CDC 3800 APT 2,3, CRS 890 
SEGMENT MANIPULATION CRS 900 

CRS 910 
CRS 920 

THIS CALL IS THE ONLY CRS ;r&; 
THE ADDITION QF CROSEC CRS 

CRS 950 
CRS 960 
CRS 970 

* * * CRS 980 
CRS 990 
CRS 1000 
CRS 1010 

ThE PLOT IS SUPPLEMENTED BY PRINTER RUTPUT 
@F INTERStCTIdN THAT HAVE !?EEN NUMRERET! @N 

THE PKOGHAM IS WRITTEN IN THE FRAMEHr;lRK '?F 
C@NtItiUKATIuN AND N@ ADD]TI@NAL OVERI:AY r;)R 
IS NECESSARY, 

CKOSEC IS CALLED FROM SUBROUTIYE FIN!, AND 
MbDlFICATIh TR APT 2,1 PROGRAYMING HEYOND 
AND ITS FAMILY @F SURRBUTINES, 

* * 1 * 

CHOSEC DIMENSIBN~NG BtGINS HERE 

#H@PE# IS TIIE ?JAME GIVEN TO THE PLANE "F THE CROSS SEcTl@ri cRS 1020 
CRS 1030 

NOTE--THE ti@PE SYSTEM Is CALLED THE PRIME SYSTEM, THE TERMS ARE CRS 1040 
LJSEU INT~HCHANGABLY AND IS DENOTED BY THE SYMBOL*, CRS 1050 
THIS SYMHoL IS USUALLY USED AS A SUFFIX, SllCH AS XZ , CRS 1060 

CRS 1070 
CRS 1080 

A,R,C,P, ARt THE HOPE PLANE CONSTANTS CRs -1090 
ObTAINED kRu8 THE CANOQICAL FORM CRS 1100 

ISEND IS THt LE'kiGTH OF THE DEFINED SYMROL TARLE 
CRS 1110 

.CRS 1120 
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C 

: 

E 

c” 
C 
c 

i 

: 
c 
C 

10122169 

CRS 1130 
CRS 1140 

THE XMATP AKRAY WILL HOLD THE MATRIX @ F  C@EFFlCIENTS F@R CAS 1150 
CUOKDINATE CklNVERSJoN (TRANSLATIUN AND/OR RfiTATI@N) CRS 1160 
FKOM THE MAJ~H SYSTtM To THE HRPE SYSTEM CRS 1170 

CRS 1180 
FKBM THE tQuATIBNS CRS 1190 

CRS 1200 
X# = Tll(X-X0) + T21(YnYO) + T3l(Z*LOI CRS 1210 

CRS 1220 
CRS 1230 
CRS 1240 

YZ = TlP(X*XO) + T22(y-~o) t 732(%-70) 

Zf = T13(XnXO) * T32(Y=yO) * T33(1-70) 

CRS 1270 
WHEKE- CRS 1280 

CRS 1290 
THE X# AxIS HAS DIRECTION CBSINES* Tll, 721, T31 CRS 1300 

CRS 1310 
THE YZ AXIS HAS DIRECTION COSINES* Tl2, T22, 732 CRS 1320 

CRS 1330 

THE PKIiil SYSTEM 0RIGIhl IS AT (X~,YO;Zo) 

THE Zc AXIS HAS DIRECTION C@SINESr T13, T23, t33 

IT IS F6HMEu AS FOLLOWS* 

Tll 

T12 

T13 

T21 

T22 

T23 

T31 

T32 

T33 

Cl 

c2 

c3 

WHEKE- 
Cl = -(Tli*XO + TZltYO + 73irZO) 

cz = -(112*X0 + T22*YO * 183SZO I 

CJ = *(113*X0 + TZJ*YO * T33*70) 

CRS 1.360 
CRS 1370 

:Fi: :::i 
CRS I.400 
CRS 1410 
CRS 1.420 
CRS 1430 
CRS 

CRS 1340 

6440 

CRS 1350 

CRS 1450 
CRS 1460 
CRS 1470 
CRS 1480 
CRS 1490 
CRS 1500 
CRS 1510 
CRS 1520 
CRS 1530 
CRS i54D 
CRS 1550 
CRS 1560 
CRS 1570 
CRS .I580 
CRS 1590 ' 
CRS 1600 
CRS 1610 
CRS 1620 
CRS 1630 
CHS 164C CHS 164C 

THE KH ARRAY tiBLOS THE (XfY$) INF@RMATI@N OF ALL POINTS DBTAINED CRS 1650 THE KH ARRAY tiBLOS THE (XfY$) INF@RMATI@N OF ALL POINTS DBTAINED CRS 1650 
ON '3NE ck1FiP~fTE PASS THKOtJGH THE INNFR LSSP CbVMFFUCING AT ON '3NE ck1FiP~fTE PASS THKOtJGH THE INNFR LSSP CbVMFFUCING AT CRS l.660 CRS l.660 
STAltMtNT ltiO4, STAlFMFNT lUO4. CRS 1670 CRS 1670 

CRS 1680 CRS 1680 
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E 

: 
C 
C 
C 
c 
C 

C 
C 
C 

E  
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
c 

C 
C 
C 
C 
C 
C 
c 

C 
C 
C 

10/22/69 

19 
C:: z n 
6 
u1 
L.2 
,-.- 

##IP%# GnUNrS THE NUMHFR SF PAIRS CRS 1690 2 
CRS 1700 ;; 

COMMON/4/IM,KR(lOO) CRS 171C 
kEAL KR CHS 1720 

CRs 1730 
CRS 1740 

THE KS AHPAY HOLDS THE (x#Yf) INFBRMATIBN (rlF ALL PRINTS OBTAINED CRS 1750 
HY PASSES TtiRtiUGU BOTH LODPS, I,E, TuE SUTFR Lfi@P CaMMENCING AT CRS 1760 
STAlEMENT 1U?1 AND THt INNER LBOP ThAT STARTS AT 1004, CRS 1770 
##ISt# CNUNI'S THE NUMMFR @ F  PAIRS CR’3 1780 

CRS 1790 
bOMMON/5/Ts,KS(500) CRS 1800 
HEAL KS CRS 1810 

CKS 1820 
%#I@NcE~# IS A  FLAG THAT CONTRflLS THE CALLING RF SUBROUTINE DLINE Cks 1830 

CHS 1840 
CGMMBN/6/IuqCE CRS 1850 

CRS 1860 
##AHRAYC# Is F@K THE FORMATION @ F  THE PLnT STRlNG, CRS 1870 

CRS 1800 
DIMENSIGN ARKAY (254) 

cc:: :;2 
THE ##IFBISkT## ARRAY Is USED AS A PARAMETER Ihl THE ENCODE CdMMANDCRS 1910 
TG cUMPOSE tiCLl FOR THE PLOT, 

DIMENSION if 'R)ISET(Y) 

THE*PR46AAMflI~G ACTION &ARTS YEci; 
+ + 

%#YtSf# AP!D %#NOf# ARE THE TWG PQSSIALE ANSWERS FUR 
FUNr;TIGN ISiTGK, 

YES=1 
N9=0 

A T@F GF- F O M M  ACTION TI'J SEPARATE CROSkC GUTPUT F R @ M  FARLIER 
AI'T RUTPUT, 

PRINT 40 
40 FdRMAT (ltil.) 

LBCATINti THii NAME HGPE IN THE DEFIYED SYHBdL TABLE 
C DtFlNtD SYMijOL rABLE BEGINS AT ITAR AN0 ENDS AT ITASl2 
C ITS TBTAL LiNGTH IS THEREFORE ~ITAE312-ITAB!1)+1 
C 
c $HtiPt% IS THE i \AME GlVkN TO THE REFFRENCE PLANE 
C 
C 

CRs 1920 
CRS 1930 
CRS 1940 
CRS 1950 
CRS 11960 

* CRS 1970 
CRS 1980 
CRS 1990 
CRS 2000 
CRS 2010 
CRS 2020 
CRS 2030 

:;; ftoo;oo 
CRS 2060 
CRS 2070 
CRS 2080 
CRS 2090 
CRS 2100 
CRS 2110 
CRS 2120 
CRS 2130 
CRS 2140 
CRS 2150 
CRS 2160 
CRS 2170 
CRS 2180 

CRS 2210 
CRs 2220 
CRS 2230 
CRS 2240 
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10/22/69 

~i’lSFNDrILlStND+l 
~~A~~nII=1,Ii1Sf~lu,2 

i-,-1= 
c INFtiHMATIbY IN THE !JST APPEARS IN PAIHS ANI? 
C ThE FIRST WaSLl sF THE FIRST PAIR IS AT LOCATI@N f#IfABllfZ Iv 
C ARRAY ##JTAdL## 
C Ttit FIRST wdR~)s 8~ THESE PAIRS ARE LEFT~JIJsTIF~ED ,9co NAMES 

: 
To A MAXIMUM uF SIX LETTERS ANQ RLAN% FILLFD 

C H 0 P t 
IF fJTAhL(~TAfl~l+I),t9,30464725606060~0~) ~u0,9un 

c 
C ZZPLBTPLNWZ: Is TtiF INCREMENTAL INDEX To THE SECRND.wORD IN THE 
C *#iiuPE%# PAIR, 
C 

800 PLOlPLiNr?=I+1 
G kl I f.1 6 0 ci 

"fJ0 I=ISAVk 
C 
C IF ~6 ctc)Ft 6AH9 HAS BtEN IDEhlTIFIEn RETURN TO SOIJHCE f3F CALL r 
C 

700 PRINT 781 
701 F(qHMAT (lX,*NQ HOPE CAHDs) 

bkl TkI 14G3. 
C * r * * 
C + * C 0 !4 H F N*T 

+ * * 
+ * * 

C c * 1 * + c + 
C + * 
C DtF;NIN(; THt EAilSN!CAL FORM DF TIji PLANE AS* 
C X * COS ALPHA + y * COfj BETA + 2 * 170s GAMMA = P 
c WHERE ThE CaSI"Jf TERMS ARE DIRFCTION CDStNFS OF X, Yc AbD z 
C RtSt'CCTFllLLr, 
c TbF CANONICAL FkrRM eF THE %HI?PE# PLANE IS CALLFD AND ST@REn IN 
C Tl+t HtFtRtNc;E AHRA", WHERE 
C #H(;GS6f CULJT41NS CBSINE ALPHA 
C fh'L@StiZ CNNTAINS COSINE StTA 
C #HC@stiZ CONTAINS CflSINE GAMMA *AND 
c 2~ H3rE f'% C'JNTAINS THE ZPZ QR CONSTANT VALUE 
C * * . * * + * 
C * + * * * I + 
c 
C #ZKA~SUKF#% IS LIESIGNED TB HOLD PoINTtHS Tn CANBNICAL FURMS 
C Itv STATtEltNT 000 IT IS KRLDIYG THE PqINTER Tm THE ##H@pE##pLANE 
c CANUNICAL FdHM 
C 

600 KANSURF = JTAHL (ITAt + PLBTPLNO) 
C 
C THE ##~AFJtiE~## SIJtJRSuTINE FETCHES THE CAhlBNICAL FFRM POINTED To 
C HY #tKANSl!?i#?! ANI] STORES ITS ELEMENTS IN THE Z#llEFST@fZ ARRAY, 
C 

CALL CANtiET 
HCUSA = I)EiST0(4) 
HcUstd=r~bFSiR(S) 
RCUSG = UEcSTn(6) __ 

CRS 2250 

::$ 
CRS 

2222:: 
2280 

CRS 7290 
CHS 2300 
CRS 2310 
CRS 2320 
CRS 3330 
CHS 2340 
CRS 2350 
CRS 2360 
CRS 2370 
CHS 2380 
CKS 2390 
CRS 2400 
CRS 2410 
CRS 2420 
CRS 2430 
CRS 2440 
CHS 2450 
CRS 2460 
CKS 2470 
CRS 2480 

"CRS 2490 
CRS 3500 
CRS 2510 
CRS 2520 
CHS 2530 
CRS 2540 
CHS 2550 
CHS 2560 
CRS 2570 
CRS 25AO 
CRS 2590 
CHS 2600 
CRS 3610 
cHs 2620 
CHs 2630 
CRS 2640 
CRS 2650 
CRS 2660 
CKS 2670 
CHS 2680 
CRS 2690 
CRS 271-10 
CRS 2710 
CRS 2720 
CHS 2730 
CHS 2740 
CHS 2750 
CRS 276C 
CRS 2770 
CRS 2780 
CRS 2790 
cf?s 2800 
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ABSTRACT 

The APT (Automatically Programmed Tooling) system provides for the 
software description of geometric forms, the delineation of a tool path, and, 
for output, discrete positioning information on punched paper tape for use by 
a numerically controlled machine. The CROSEC (Mod 1) program, described 
in this report, provides a means of extending the use of the canonical forms 
of the plane surfaces defined by the programmer in the part program by pro- 
viding a plotting capability in which the lines in intersection, within specified 
limits, between a cross-sectional plane and all other defined planes are shown. 
A visualization of the initial plane framework on which the cutting is to be 
performed is therebyprovided. The cross sectional plane and its dimensional 
limits are controlled by one plane definition and two point definitions. The 
plot is supplemented by printer output that aids in the interpretation of the 
plot. Theprogram is written in the framework of the CDC 3800 APT 2.1 con- 
figuration. No additional program overlays or segments are necessary. This 
report contains a discussion of the method used, subroutine descriptions, 
listings and flowcharts, implementation aids, and a sample run. 

PROBLEM STATUS 

This is an interim report on a continuing problem. 

AUTHORIZATION 

NRL Problem 2320001 

Manuscript submitted November 17, 1969. 
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CROSS-SECTIONAL PLOTS OF PLANE INTERSECTIONS 
An Adaptation of the APT System 

INTRODUCTION 

This report contains a complete description of a plotting adaptation of the APT system 
in use at the Naval Research Laboratory (APT 2.1 on the CDC 3800). In the APT language, 
a plane can be defined in seven different ways; but after being processed they are all stored 
in a standard “canonical form.” This program, called CROSEC (Mod l), utilizes such plane 
canonical forms (of an APT Part Program) to obtain a plot of the intersection of one of the 
planes, designated as the cross-sectional plane, and all of the other planes that have been 
defined, processed, and stored at the end of APT Section 1. (See Ref. 1 for a detailed de- 
scription of the APT system.) 

The purpose of the program, primarily, is as an aid, an extra tool for the programmer 
in debugging his program. The defined surfaces as stored in their canonical forms provide 
a convenient starting point for geometric considerations. It is assumed that syntactic er- 
rors have already been discovered and corrected and that in using CROSEC the programmer 
wishes to verify that the surfaces he has defined do indeed describe the piece he wishes to 
have worked on by the tool. The hope is that verification can be accomplished easily if he 
can get a look at any cross section of his choosing through the conglomerate of the starting 
surfaces. He realizes that the plot might require some interpretation because defined sur- 
faces intersecting together do not fully describe the finished piece. However, he accepts 
this limitation and looks upon the output as a working drawing, a picture of the output of 
Section 1. By means of this drawing and the accompanying identifying information from 
the printer, he should be able to make some significant debugging progress. Perhaps he 
will discover a section of surface that is defined improperly or over defined, or a combin- 
ation of surfaces that could be redefined in a simpler manner. Also, he may discover a 
portion of surface that he has not yet defined and other events of this nature. 

The report discusses plane equations, outlines the method of obtaining a coordinate 
system in the cross-sectional plane, describes the plot, and points out the limitations of 
the program. Also included are flowcharts, program descriptions, a complete listing, 
and details of implementation with APT 2 .l . An example is introduced early and followed 
through the complete process in full detail. 

DISCUSSION 

The Plane 

The canonical form for the plane, as defined in the APT system, is given by 

AX + BY -t CZ = D, 

where* 

(1) 

*<As quoted from pp. 80 and A-l of Ref. 1. 
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A = X-Component of unit normal vector to plane 
B = Y-Component of unit normal vector to plane 
C = Z-Component of unit normal vector to plane 
D = Normal distance from plane to origin. 

Consider the normal form of the plane equation, namely 

xcoscvx + YCOScYy + Z~COEkYZ = L, (2) 

where the coefficients for the X, Y, and Z coordinates in Eq. (2) are the direction cosines 
of the positive normal vector N from the origin to the plane. The direction cosines of the 
unit normal vector are identical with the direction cosines of N. The length, or absolute 
value, of this normal is L. Therefore, equating similar terms from Eqs. (1) and (2) yields 

A = COScrx 
B = CO&Y 
c = cosa: 
D = L =jNI. 

Thus, for example, A = 0, B = 1, C = 0, D = 1 is the plane passing through the point 
(0, 1, 0), parallel to the XZ coordinate plane, with direction angles of 90, 0, and 90 degrees, 
respectively, to the three axes. 

Let us now take, for a more detailed example, the plane that passes through the points 
(l,O,O), (O,l,O), and (O,O,l) a unit distance out along each axis. To fit this approach to the 
definition of a plane, consider the intercept form for a plane equation,* 

x Y z 
q+q+q=l, (3) 

where XI, Y,, and Z, are the intercepts, i.e. the point (X,, 0, 0) is the intersection of the 
X axis with the plane. Similarly with (0, Y,, 0) and (0, 0, Z,). 

Using now the three unit axis points, already defined, in this intercept form, Eq. (3) 
leads to the simple and interesting equation 

X+Y+Z=l. (4) 

The correctness of Eq. (4) as truly representing the plane that passes through the three 
points is easily determined by setting any two of the variables equal to zero, and the 
remaining variable will be equal to 1. Equation (4) is illustrative of another form of an 
equation used to describe a plane, the general form, where the coefficients of the X, Y, 
and Z terms are considered to be direction numbers of the positive normal to the plane. 

To go from the general form to the normal form, it is necessary to compute the 
direction cosines by dividing each of the coordinate coefficients in turn by the square 
root of the sum of the squares of all three coefficients. The length of the normal is ob- 
tained in a similar fashion by dividing the constant term by the same square-root quantity. 
Symbolically, if the general form is 

PX + QY + RZ = S, (5) 

$<A11 forms of equations for a plane can be found in Section 3, p. 2-l of Ref. 2. 
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then 

A = CO&Y, = ; 

B  = COScr, = &  

c =’ co&Y, = ; 

D=L=$, 

where 

U = I/P*P + Q*Q + R*R. 

The normal form for the illustrative plane is therefore 

x x w+w+%=& (6) 

It is easily verified that the sum of the squares of the direction cosines is 1. 

It is important in our development to know the coordinates of the point represented 
by the intersection of the normal N and the plane to which it is perpendicular. These co- 
ordinates are obtained by multiplying each of the direction cosines by the length of the 
normal. Symbolically, (D*A, D*B, D*C). For the illustrative plane the result is (l/3, 
l/3, I/3). 

One final consideration regarding these plane equations-our illustrative case has a 
convenient set of intercept points; however, it is possible to determine the intercepts 
from the normal form. They are 

(XI, y,, z I> = (29 0, 0) 

a,, y,, z,) = (0’ ;, 0) 

(x,9 y,, q = (0, 0, g. 

Figure 1 summarizes this initial development using the symbols for the APT canon- 
ical form of Eq. (1) in part a of the figure and the actual values of our illustrative plane 
in part b. 

The Cross-Sectional Plane and Its Coordinate System 

The plot of Section 1 output uses a coordinate system in the cross-sectional plane, 
particularized as the HOPE plane. Let us call the coordinate system in the HOPE plane 
the prime system (i.e., X  ‘, Y’, Z ‘), in contrast to the original system established by the 
part programmer known as the X, Y, Z system. The origin of the prime system is the 
intersection of the normal with the plane, and the Z ’ axis is the extension of the normal. 
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PLANE Ax +By+Cz=D 

(D/A,D,D) X 

(a) Normal form of plane equation 

(b) Equiangular plane in normal form 

Fig. 1 - A general and a particular plane 

The X’ axis is selected in one of three ways. 

1. The “general solution” is the case where the HOPE plane intersects the X axis, 
and the positive X’ axis is the line passing from the prime origin through the intercept 
point and lies in the HOPE plane. In terms of the normal form the prime origin is (D*A, 
D*B, D*C) and the intercept point is (D/A, 0, 0) with direction cosines 

[(; - D*A) , F, F], 
U 

where 

U =1/(; - D*A)2 + (D*B>~ + (D*q2. 
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For our illustrative plane X + Y  + Z = 1, the X’ axis for the general solution would F 
be positively directed from the origin with coordinates (l/3, l/3, l/3) to the X  intercept 
with coordinates (1, 0, 0). The computation gives the X’ axis, in this case, direction 

g 
6-m 

cosines of T h” 

2. If the HOPE plane does not intersect the X  axis and is parallel to it,, then the X’ 
axis is that line lying in the HOPE plane, parallel to the X  axis, with direction cosines 
(1, 0, 0) commencing at the prime origin. 

3. If the HOPE plane is perpendicular to the X  axis and parallel to the YZ plane 
such that the normal is the X  axis, then the positive X’ axis is that line lying in the HOPE 
plane which starts at the prime origin and is parallel to the Z axis with direction cosines 
(0, 0, 1). 

The Y’ axis is defined as the cross product of the Z’ and X’ axes, duly preserving 
right-handed concepts. 

If the direction cosines of the X’ axis are T 11, TP1, TS1, and those of the Y’ axis 
T 12 7 T,, , T,, and those of the Z’ axis T1, , T 23, T,, , then 

T 12 = T23*T31 - T21 *T33 (7) 

T 22 = 7’11*T33 - T13*T31 (8) 

T32 = T13*T2, - T,, *Tz3. (9) 

Thus, for our illustrative plane, the direction cosines of Z’ are (l/ fi, l/ fi, l/ fi) and of 
X’ are ( m , - m , - m ). Using these equations, we find that the directions cosines 
for Y’ are (0, m , - m ). 

The equations required to convert any point in space from the original coordinates 
to the prime coordinates are 

X’ = TII (X - Xo) -I- ‘I’21 (Y - Yo) -t T31 (Z - Z,), 

Y’ = T,2 (X - X0) + T22 (Y - Yo) + T32 (Z - Zo), 

and 

Z’ = T,, (X - X0) -I- T,, (Y - Y,) -I- T,, (Z - Z,), 

where (X0, Y  o, Z,) is the prime origin defined in terms of X, Y, Z. Expanding yields 

X’ = T,,*X + T2,*Y -I- T,,*Z -t C,, (10) 

Y’ = T,,*X -t T2,*Y + T,, *Z -t Ci, (11) 

and 

Z’ = T,,*X -I T,, *Y + T,,*Z -I C,, (12) 
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Cl = -@,I *X, 

C, = -(T,,*X, 

c, = -(T,,*X, 

For the illustrative case where (X0, 

+ T,,*Y, -I- T,, *Z,), 

+ T22*Yo + T32*Zo), 

+ T,,*Y, + T33*Z0). 

Y,, Z,) = (D*A, D*B, D*C) = (l/3, l/3, l/3), 
the matrix corresponding to the coefficients of Eqs. (lo), (11)) and (12)) is 

Figure 2 illustrates the definition of the prime axes in the HOPE plane. In this instance 
the HOPE plane is our illustrative plane X + Y + Z = 1. 

Fig. 2 - Prime axes in the 
equiangdar HOPE plane 

Points and Lines in the Cross-Sectional Plane 

So far we have established an understanding of the various forms of the equations that 
describe a plane and have described an algorithm for defining a translation-rotation matrix 
for converting points from the part programmer’s coordinate system to a coordinate system 
in the HOPE or cross-sectional plane. We can now ask, How is it determined whether any 
APT-defined point in general lies in the HOPE plane? Simply by substituting the X, Y, and 
Z values of the point into the equation for the plane to determine if an equality exists; e.g., 
Does the,point (l/3, l/3, l/3) lie in the plane X + Y -t Z = l? Obviously yes, since l/3 + 
l/3 + l/3 = 1,. 

If the equations for the three planes are solved simultaneously, a point that lies in all 
three planes is the result. If one of these planes is the HOPE plane, then there is no doubt 
that the point is in the cross section. 
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Consider now a situation in which the HOPE plane and a plane A are consecutively ;6: 
solved with two other planes B and.C (defined such that no two planes of HOPE, A, B  and 
HOPE, A, C are parallel), resulting in two points P, and P 2. Both of these points are 

2 
,- 

simultaneously in both the HOPE plane and in plane A; in fact, the line segment joining 2: 
P, and P, is a portion of the line of intersection between HOPE and A. Such a procedure 2 
if carried out with all the defined planes, will result in an entire network of lines of inter 
section. Each point as obtained is put through the matrix to obtain its definition in terms 
of the HOPE coordinate system to enable it to be plotted. If a minimum and a maximum 
value for each coordinate is specified, then many superfluous points of intersection can 
be eliminated. 

Let us now consider what happens when the equiangular plane X + Y  + Z = 1 inter- 
sects some planes defined in a part program, an actual situation. (Refer to sample run 
with “PARTNO TESTING” on p. 63.) Figure 3 depicts a simple part in three views. It 
is to be noted that there are eight defined planes. Figure 4 shows the cross-section net- 
work of intersecting lines obtained with the plane X + Y  + Z = 1 as the HOPE plane 
intersecting”PARTN0 TESTING.” Using only the information provided in Figs, 3 and 4, 
can you distinguish between the proper intersection outline and those lines that are 
extraneous? It is an intersecting exercise, well worth spending a few minutes on. 
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Fig. 3 - “PARTNO TESTING” with eight defined planes 
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Fig. 4 - Cross section obtained from 
PARTNO TESTING and equiangular 
plane 

Fig. 5 - Lines of intersection iden- 
tified by plane number 

The solution to this question will now be presented. 

The accompanying printout identifies points of intersection from which the lines of 
intersection were drawn. The coefficients of these points are given in the X, Y, Z sys- 
tem, in the X’, Y’, Z’ system, and in plotter coordinates along with the plane numbers 
associated with each point. There are 19 such points in Fig. 4. These point data con- 
stitute background information, available when needed. However, rather than clutter up 
the plot with point symbols and identifying numbers, only the lines of intersection have 
been drawn using a minimum point and a ,maximum point. From these two points the 
slope and the prime-system intercept have been computed. This information is also 
printed along with the plane name associated with the line. The lines have been named 
in Fig. 5. There are eight planes identified in the sketch of the part in Fig. 3 and there 
are eight lines in the intersection plot. 

Verification of the correctness of the numbering of these lines of intersection can 
be achieved by noting that parallel lines in the plot correspond to parallel planes on the 
part. Sure enough, plane 1 representing the bottom of the piece is parallel to plane 3, 
the top, and is also parallel to plane 5 which represents the step surface. In Fig. 5 the 
lines labeled 1, 5, and 3 are parallel lines. 
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Fig. 6 - Perspective view of PARTNO TESTING 
(without the cylinder) with eight planes and the 
intersecting equiangular HOPE plane 

In a similar fashion the lines of intersection for planes 2, 4, and 8 confirm a paral- 
lelism between these planes, all three of them being vertical sides in the part shown in 
Fig. 3. Finally, plane 6 (the front) is parallel to plane 7 (back), and the lines with these 
numbers are parallel in Fig. 5. 

Figure 6, which shows a perspective view of the planes of the part and the equiangular 
HOPE plane, demonstrates the fact that the lines of intersection on the surface of the piece 
lie in planes 6 (front), 1 (bottom), and 2 (left side). The triangle formed by the lines of 
intersection of these three planes is accented in Fig. 5 and is the correct answer. 

It is an interesting consequence of the situation that since plane X -t Y  + Z = 1 is 
equiangular to each of the three coordinate planes, and that since all eight of the defined 
planes in the simple part are either identical with or parallel to a coordinate plane, that 
HOPE is also equiangular to these eight planes, namely 57.4 degrees. 

There is one other interesting observation to make about Fig. 5. Because of the 
equiangular characteristic of the cross-sectional plane, a reverse type of statement can 
be made. Any equilateral triangle in this figure corresponds to three mutually perpen- 
dicular planes. Besides the set already discussed (6, 1, 2}, eleven others can be iden- 
tified. These are (1, 2, 7)) (1, 4, 6)) (1, 6, 8)) (2, 3, 6)) (3, 7, 8)) (1, 7, 8)) (5, 7, 8}, 
(2, 3, 7)) (3, 4, 7}, (3, 6, 8) and (3, 7, 8). The last one, which is the outermost triangle, 
corresponds to the planes which are perpendicular to the maximum dimensions X = 4, 
Y  = 2, and Z = 2, respectively. 

There is a lot of information to be gleaned from the cross-sectional plot once it is 
understood and assimilated. 

When the restrictions of XMIN, YMIN, ZMIN = (0, 0, 0) and XMAX, YMAX, ZMAX = 
(4, 2, 2) are placed on the cross-section points, then the network is reduced to that shown 
in Fig. 7, the true triangle of intersection with the part. 

CROSEC Limitations 

CROSEC in its present form (Mod 1) has some definite limitations. Some of the 
initially obvious ones are as follows: 

1. There is no identification of defined points that might lie in the HOPE plane. 

2. The plot does not contain any intersections of the HOPE plane with quadrix surfaces. 

3. No tool motion information is present. 
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4. The plot resulting from the lines of intersection of defined planes with HOPE can 
be initially confusing, since some of the lines might have no immediate relation to the 
finished part, and the prime coordinate system might not be simply oriented with respect 
to the X, Y, Z system. However, a consideration of the original part program along with 
the printout can soon make the plot understandable. 

Fig. 7 - CROSEC (Mod 1) output 
plot for sample run with PARTNO 
TESTING 

J 

CONCLUSION 

CROSEC (Mod 1) is a first step. In its present form, it can be helpful in a limited 
fashion. The intersection with curved surfaces is missing, as well as the path of the 
cutting tool in the cross-sectional plane. It is planned to incorporate these features in 
further work on this project. 
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Appendix A 

SUBROUTINE DESCRIPTIONS WITH FLOWCHARTS AND LISTINGS 

SUBROUTINE CROSEC 

The CROSEC subroutine (Fig. Al) controls the Section 1 plotting of the intersections 
of defined planes with the HOPE cross-sectional plane. For convenience it incorporates 
all of the common area of Section 0 and Section 1 into itself without attempting to discard 
portions it does not need. The APT system subroutines called on are CANGET, SIMEQ 
and STDUNPK. The in-house library routines called include PLOTS, SYMBOL, PLOT, 
STOPPLOT, SQRTF, ACOSF, QNSINGL, THEND, STH, ENC, QlQlOlOO, Q8QSTOPS, and 
Q8QDICT. Additional subroutines called by CROSEC and considered a part of the Mod 1 
package are TESTHOPE, DELINE, and MM. There is also a function, ISITOK. The flow- 
chart of Fig. A2 shows the relationship between these subroutines. 

The CROSEC subroutine assumes that the defined symbol table (D.S.T.) is stored in 
the JTABL array of numbered common 2 between ITABll and ITAB12. It further assumes 
that the D.S.T. entries consist of pairs of words, the first of which is an eight-symbol 
Hollerith name, left justified, and, second, an APT &standard word” which includes an 
integer pointer giving the relative address in JTABL (extended beyond D.S.T.) where the 
canonical form is stored. These assumptions are standard procedure for the CDC APT. 
(See the Section 1 description starting on p. 01-l of Ref. Al.) Accordingly, after executing 
a top of form, the D.S.T. is searched for the name HOPE, and if this name is not found the 
subroutine is exited and there is no plot obtained. If HOPE is found, its pointer is stored 
in KANSURF prior to calling CANGET which fetches and stores the canonical form in the 
DEFSTO array of the SECTlLOG. After identifying A, B, C, and D from the HOPE canon- 
ical form, the TESTHOPE subroutine is called. 

TESTHOPE will either stop the run or return with a conversion matrix stored in 
XMAT9. This matrix will permit the conversion from the X, Y, Z coordinate system to 
the prime system whose origin is in the HOPE plane, thereby facilitating a two-dimensional 
plot. 

Another top of form is executed. 

Since the cosine of the angle between two planes is equal to the sum of the product of 
their corresponding direction cosines, it is a logical next step to take advantage of this 
fact and compute the angle between each defined plane and the HOPE plane. 

Special care is needed in picking up canonical pointers from the D.S.T. prior to making 
the cosine computation. Undefined words or incorrectly defined words must be avoided as 
well as the synonym register which appears at the head of the D.S.T. The standard word 
must be unpacked by calling Subroutine STDUNPK in order to determine if BYTA contains 
a 4, representing a canonical form. After the canonical form has been recovered by a 
call to CANGET, it is necessary to examine the four most right-hand bits of the first 
word in the set. A 3 in this position identifies the canonical of a plane as opposed to other 
possible canonical forms such as points, cylinders, etc. In this manner the direction 
cosines are obtained, and the computation for the angle between the planes can then be 
performed. 

11 



12 K. P. THOMPSON 

START 0 
DEFINED SYMBOL TABLE 

CONTAIN HOPE ? 

NO 

1 YES 

-1 / ~jf j iM~ERS 

I NEW COORDINATE 

SYSTEM TO BE FORMED 

COMPUTE AND LIST THE 
ANGLE BETWEEN THE 

HOPE PLANE AND ALL 
OTHER DEFINED PLANES 

FETCH LIMITING VALUES 

CONVERT STORE 8 
COMPUTi EL PLO+ SCALE /PRINT/ 

COMPUTE POINTS OF 
INTERSECTION BETWEEN 
HOPE AND ALL COMBINATIONS 
OF DEFINED PLANES TAKEN 

2 AT A TIME 

23 RETURN 

Fig. Al - Flowchart for CROSEC subroutine 
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ABSTRACT 

The APT (Automatically Programmed Tooling) system provides for the 
software description of geometric forms, the delineation of a tool path, and, 
for output, discrete positioning information on punched paper tape for use by 
a numerically controlled machine. The CROSEC (Mod 1) program, described 
in this report, provides a means of extending the use of the canonical forms 
of the plane surfaces defined by the programmer in the part program by pro- 
viding a plotting capability in which the lines in intersection, within specified 
limits, between a cross-sectional plane and all other defined planes are shown. 
A visualization of the initial plane framework on which the cutting is to be 
performed is therebyprovided. The cross sectional plane and its dimensional 
limits are controlled by one plane definition and two point definitions. The 
plot is supplemented by printer output that aids in the interpretation of the 
plot. Theprogram is written in the framework of the CDC 3800 APT 2.1 con- 
figuration. No additional program overlays or segments are necessary. This 
report contains a discussion of the method used, subroutine descriptions, 
listings and flowcharts, implementation aids, and a sample run. 

PROBLEM STATUS 

This is an interim report on a continuing problem. 

AUTHORIZATION 

NRL Problem 2320001 

Manuscript submitted November 17, 1969. 
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CROSS-SECTIONAL PLOTS OF PLANE INTERSECTIONS 
An Adaptation of the APT System 

INTRODUCTION 

This report contains a complete description of a plotting adaptation of the APT system 
in use at the Naval Research Laboratory (APT 2.1 on the CDC 3800). In the APT language, 
a plane can be defined in seven different ways; but after being processed they are all stored 
in a standard “canonical form.” This program, called CROSEC (Mod l), utilizes such plane 
canonical forms (of an APT Part Program) to obtain a plot of the intersection of one of the 
planes, designated as the cross-sectional plane, and all of the other planes that have been 
defined, processed, and stored at the end of APT Section 1. (See Ref. 1 for a detailed de- 
scription of the APT system.) 

The purpose of the program, primarily, is as an aid, an extra tool for the programmer 
in debugging his program. The defined surfaces as stored in their canonical forms provide 
a convenient starting point for geometric considerations. It is assumed that syntactic er- 
rors have already been discovered and corrected and that in using CROSEC the programmer 
wishes to verify that the surfaces he has defined do indeed describe the piece he wishes to 
have worked on by the tool. The hope is that verification can be accomplished easily if he 
can get a look at any cross section of his choosing through the conglomerate of the starting 
surfaces. He realizes that the plot might require some interpretation because defined sur- 
faces intersecting together do not fully describe the finished piece. However, he accepts 
this limitation and looks upon the output as a working drawing, a picture of the output of 
Section 1. By means of this drawing and the accompanying identifying information from 
the printer, he should be able to make some significant debugging progress. Perhaps he 
will discover a section of surface that is defined improperly or over defined, or a combin- 
ation of surfaces that could be redefined in a simpler manner. Also, he may discover a 
portion of surface that he has not yet defined and other events of this nature. 

The report discusses plane equations, outlines the method of obtaining a coordinate 
system in the cross-sectional plane, describes the plot, and points out the limitations of 
the program. Also included are flowcharts, program descriptions, a complete listing, 
and details of implementation with APT 2 .l . An example is introduced early and followed 
through the complete process in full detail. 

DISCUSSION 

The Plane 

The canonical form for the plane, as defined in the APT system, is given by 

AX + BY -t CZ = D, 

where* 

(1) 

*<As quoted from pp. 80 and A-l of Ref. 1. 
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A = X-Component of unit normal vector to plane 
B = Y-Component of unit normal vector to plane 
C = Z-Component of unit normal vector to plane 
D = Normal distance from plane to origin. 

Consider the normal form of the plane equation, namely 

xcoscvx + YCOScYy + Z~COEkYZ = L, (2) 

where the coefficients for the X, Y, and Z coordinates in Eq. (2) are the direction cosines 
of the positive normal vector N from the origin to the plane. The direction cosines of the 
unit normal vector are identical with the direction cosines of N. The length, or absolute 
value, of this normal is L. Therefore, equating similar terms from Eqs. (1) and (2) yields 

A = COScrx 
B = CO&Y 
c = cosa: 
D = L =jNI. 

Thus, for example, A = 0, B = 1, C = 0, D = 1 is the plane passing through the point 
(0, 1, 0), parallel to the XZ coordinate plane, with direction angles of 90, 0, and 90 degrees, 
respectively, to the three axes. 

Let us now take, for a more detailed example, the plane that passes through the points 
(l,O,O), (O,l,O), and (O,O,l) a unit distance out along each axis. To fit this approach to the 
definition of a plane, consider the intercept form for a plane equation,* 

x Y z 
q+q+q=l, (3) 

where XI, Y,, and Z, are the intercepts, i.e. the point (X,, 0, 0) is the intersection of the 
X axis with the plane. Similarly with (0, Y,, 0) and (0, 0, Z,). 

Using now the three unit axis points, already defined, in this intercept form, Eq. (3) 
leads to the simple and interesting equation 

X+Y+Z=l. (4) 

The correctness of Eq. (4) as truly representing the plane that passes through the three 
points is easily determined by setting any two of the variables equal to zero, and the 
remaining variable will be equal to 1. Equation (4) is illustrative of another form of an 
equation used to describe a plane, the general form, where the coefficients of the X, Y, 
and Z terms are considered to be direction numbers of the positive normal to the plane. 

To go from the general form to the normal form, it is necessary to compute the 
direction cosines by dividing each of the coordinate coefficients in turn by the square 
root of the sum of the squares of all three coefficients. The length of the normal is ob- 
tained in a similar fashion by dividing the constant term by the same square-root quantity. 
Symbolically, if the general form is 

PX + QY + RZ = S, (5) 

$<A11 forms of equations for a plane can be found in Section 3, p. 2-l of Ref. 2. 


