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ABSTRACT

CG is the desigpation'for a code module, which utilizes
Combinatorial Geometry techniques to provide efficient modeling
of complex three-dimensional targets. 1Its modular structure
alleviates implementation in a parent program, such as the MICOM
LTHS program. Interfacing with the parent code is limited to -
~ one "input" and one "output" labeled common block. Given a
source ray and detector position, the CG module represents a
versatile means of accounting for the purely geometric effects

of a target, such as the T-54 tank.
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1. INTRODUCTION

1.1 Program Objective

CG is a FORTRAN code module comprising an executive routine
(SUBROUTINE CGPACK), and eight subordinate routines, which com-
prise the standard MAGI Combinatorial Geometry (CG) packagel'z.
This module was designed for implementation in the MICOM LTHS pro-

gram, with minimal code interfacing, to provide efficient ray tracing

for complex target geometries.

1.2 Scope of Report

This report is designed to be used as an operational manual,
and to serve as a descriptive summary of the Combinatorial Geometry
technique in general, and the CG code module in particular. Conse-
quently, the main body includes séctions describing: (a) the CG
technique; (b) preparation of CG input; and (c) the routines com~
prising the CG module. In addition, listings of the CG module and

the CG description of a T-54 tank model are included in the appendices.




2. THE CG TECHNIQUE FOR THE DESCRIPTION AND COMPUTER
PROCESSING OF COMPLEX THREE-DIMENSIONAL OBJECTS

2.1 Introduction

Combinatorial.Geometry (CG) is essentially a technique for
representing, in a computer, a mathematical model of a three-
dimensional geometric configuration. Once in ‘the computer, the con-
figuration can be analyzed in many different ways by ray tracing
techniques. For example, quantities such as volumes, surface éreas,
object boundaries, line of sight distances, etc. are readily deter-
mined. Regardless of the application, however, the basic concepts
employed are the same. A discussion of these concepts can logically
be broken down into two topics. That is, geometry description and
ray tracing, which are discussed separately below.

2.2 Description of the Combinatorial Geometry Technique

In order to perform computer studies concerning a complex
three-dimensional object one must first be able to prepare a mathe-
matical model of the object, and its environment. The CG technique
has been developed to permit a model to be produced, which is both
accurate and suitable for a ray-tracing analysis program.

In effect the geometric description subdivides the problem
space into unique regions. This is achieved through the use of
ten specific geometric bodies (closed surfaces) and the orderly
identification of the combination of those bodies, which define a
region (space volume). The bodies, which will be discussed further

in PREPARATION OF CG INPUT (Sec. 3), are as follows:




1. Rectangular Parallelepiped (RPP)
2. Box
3. Sphere
4. Right Circular Cylinder
5. Right Elliptical Cylinder
6. Truncated Right Angle Cone
7. Ellipsoid of Revolution
8. Right Angle Wedge
9. Arbitrary Convex Polyhedron of four, five or
six sides (each side having three or four
vertices).
10. Truncated Elliptic Cone
Except for the'RPP's, all bodies may be arbitrarily oriented
with respect ﬁo the x, y, z coordinate axes used to determine the
space. It should be noted that the sides of an RPP must be parellel
to the coordinate axes.

2.2.1 Region Description Technique

The basic technique for the description of the geometry
consists of defining the location and shape of the various physical
régions (wall, equipment, etc.) in terms of the intersections and
unions of the volumes contained in a set of simple bodies. A
special operator notation involving the symbols (+), (-), and (OR)
is used to describe the intersections and unions. These symbols
are used by the program to construct tables used in the ray-tracing
portion of the problem.

If a body appears in a region description with a (+) opera-
tor, it means that the region being described is wholly contained

in the body.




If a body appears in a region description with a (-)
operator, it means that the region being described is wholly out-
side the body.

The (OR) operator is used to form regions as unions of sub-
regions, where each subregion is defined in terms of one or more
bodies, using (+) or (-) as described above. Then a point is in the .
region if it is in any subregion. |

The technique of describing a physical region 1is best
jllustrated by an example. Consider an object composed.of a sphere
into which is inserted a cylinder. This is shown in cross section
in Fig. 1(a).

To describe the object, we take a spherical body penetrated
by a cylindrical body {Fig.1l(b)}. Each body is numbered. Con-
sider the sphere as body No. 1 and cylinder as body No. 2. If the
materials in the sphere and cylinder are the same, then they can be
considered as one physical region, say region 100 {Fig. 1(c)}.

The description of region 100 would be:

100 = (OR 1) (OR 2).
This means that a point is in region 100 if it is either inside
body 1 or inside body 2.

1f different materials are used in the sphere and cylinder,

then the sphere with a cylindrical hole in it would be given a

different region number (say 200) from that of the cylinder (300).




(a) (b)

: 1
~ fe—— 2

(c) (a)

100 1
oy
y e 2
! 1
L--Jd

(e)

300
W)

Figure 1 - Regions Produced by Intersections and Unions of

Sphere and Cylinder




The description of region 200 would be {Fig. 1(d) }:
200 = (+1) (-2)
This means that points in region 200 are all those points inside
body 1 which are not inside body 2;
The description of region 300 is simple {Fig. l(e)}:
300 = (+2)
That is, all points in region 300 lie inside body 2.

This technique, of course, can be applied to combinations
of more than two bodies and such region descriptions could con-
ceivably contain a long string of (+), (=) and (OR) operators.
The important thing to remember is that every spatial point in the
geometry must be located in one and only one region. Further

examples are given in Section 3.3.




3. PREPARATION OF CG INPUT

2,1 Introduction

The user of the program Yill specify the geometry by estab-
lishing two tables. The first table will describe the type and
location of the set of bodies used in the geometrical description.
The second table will identify the physical region in terms of
these bodies. The computer program processes these tables to put
the data in the form required for ray tracing. All of the space
must be divided into regions, and once again no point may be in more
than one region. |

3.2 Description of Body Parameters

The information required to specify each type of body is
as follows.

1. Rectangular Parallelepiped (RPP)

These bodies are used for gross subdivisions
of the geometry and must have bounding surfaces
parallel to the coordinate axes. Specify the
maximum and minimum values of the x, y, and 2z

coordinates which bound the parallelepiped.

max
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2. Box (BOX)

Specify the vertex V at one of the corners by
giving its (x,y,2) coordinates. Specify a set
of three mutually perpendicular vectors, Hi'
representing the height, width, and length of
the box, respectively. That is, the x,y, and
z components of the height, width, and length
vectors are given.
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3. Sphere (SPH)

Specify the vertex V at the center and the

scalar, R, denoting the radius.

S



Specify the vertex V at the center of one base,

X, Y, and z components, and a scalar, R, denoting

i ,
i/’— H’H7/h§’

4. Right Circular Cylinder (RCC)
a height vector, H, expressed in terms of its
the base radius.
Y (5,3, ,)
5. Right Elliptical Cylinder (REC)

Specify coordinates of the center of the base
ellipse, a height vector, and two vectors in
the plane of the base defining the semi-major

and semi-minor axes, respectively.




Truncated Right Angle Cone (TRC)

Specify a vertex V at the center of the lower
base, the height vector, H, expressed in terms
of its x,'y, z components, and two scalars,

R, and Rye denoting the radii of the lower and

1
upper bases.

Ellipsoid (ELL)

Specify two vertices, Vi' denoting the coordinates

|

of the foci and a scalar, R, denoting the length

of the major axis.

-1i0-



Right Angle Wedge (RAW)

Same input as for the boxes. However, Hl and

H, describe the two legs of the right triangle

of the wedge.

Arbitrary Polyhedron (ARB)

Assign an ordinal number (1 to 8) to each vertex.
For each vertex, give the x, y, 2 coordinates.

For each side of the figure list the ordinal vertex
numbers. The vertices and side descriptions may be

given in any order. An example is given later.

V.
Yz
| Ve
|
Vv
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10.

Truncated Elliptic Cone (TEC)

Specify the coordinates of the vertex V

at the center of the larger ellipse; the

x, y, and z components of height vector H;
the components of nofmal vector, N, directed
inward at V; the components of direction
vector, A, along major axis; the semi-major
and semi-minor axes of larger ellipse, R,y
and R2,
larger to the smaller ellipse axis. Note

respectively; the ratio, P, of the

that direction vectors N and A are normal-

ized internally (after input printout).

-12-~




3.3 Examples of Region Descriptions

Some representative geometries and their input descriptions

are shown below.

Example 1 - Two Spheres Within an RPP (See Fig. 2)

The body input table is shown below.

TABLE I - BODY INPUT DESCRIPTION

Body Type of Data Required
1 List the six bounding coordinate values
(Xmin’ xmax’ Ymin' Ymax’ Zmin' Zmax)
2 List the vertex and radius of sphere 2
3 List the vertex and radius of sphere 3

One possible region input table is shown below.

TABLE II - REGION DESCRIPTION

Region Input
100 (+1) (-2) (-3) (Region 100 is composed of all

points interior to RPP No. 1 and exterior to
spheres 2 and 3)
200 (+3) (-2) (Region 200 is composed of all points
interior to sphere 3 and exterior to sphere 2)
300 (+2) (+3) (Region 300 is composed of all points
which are in sphere 2 and are also in sphere 3)
400 (+2) (-3) (Region 400 is composed of all points
interior to sphere 2 and exterior to sphere 3)
500 (OR 2) (OR 3) (If desired, one region, the total
of regions 200, 300, and 400, can be defined as

region 500).

-13-
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<——— RPP 1
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Sphere 3

Sphere 2

Figure 2 - Regions Produced by Intersections and Unions of
Two Spheres
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Example 2 - Cylinder Divided into Two Regions by a Box and
with a Sphere at One End (See Fig. 3)

TABLE I - BODY INPUT DESCRIPTION

Body TYpe of Data Required
1 List the six bounding coordinates of the RPP
2 List the vertex, radius, and height vector

of cylinder
3 List center and radius of sphere
4 List coordinates of one corner and components
of three vectors representing sides of box.
The region input is as follows.

TABLE II - REGION DESCRIPTION

Region Input
100 (+1) (-2) (-3) (All points interior to the RPP

and exterior to the cylinder and sphere. Note
that region 100 includes all of the space con-
tained inside body 4, except that portion inside
cylinder 2. This space can be assigned a special
region number, if desired. If, as in this ex-
ample, it is not desired, it is not hecessary).

200 (+2) (-4) (All points interior to the cylinder,
and outside the box).

300 (#3) (-2) (All points interior to the sphere and
external to the cylinder).

400 (+2) (+4) (All points interior to the cylinder and

also inside the box).

-15-
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Figure 3 - Regions Produced by Intersections and Unions of
Sphere, Circular Cylinder, and Box
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Example 3 - Multiple Region Capability - Cylinder Containing
Two Spheres, All Inside an RPP (See Fig. 4)

TABLE - I - BODY INPUT DESCRIPTION

Body Type of Data Required
1 List RPP data
2 List cylinder input
3 List sphere input
4 List sphere input

TABLE II - REGION DESCRIPTION

Region Input
100 (+1) (-2)
200 (OR 3) (OR 4) (All points interior to 3 or 4)
300 (+2) (-3) (-4) (All points in the cylinder but

not in the spheres).

-17-




100 [<—— RPP 1
Sphere 3
300 €——— Cylinder 2
Sphere 4

Figure 4 - Example of Physical Region Produced from
Unconnected Regions Using "OR" Statement
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3.4 Card Input Formats

The first card of a CG input deck is a header card:
FORMAT (I10,E15.4,A3,13A4)

Columns Item ' Description

1-10 IPRINT = 6, print out body and region data
which follow;
= 1, print out body and region data,
as well as the internal arrays
in which they are stored;
= 2, suppress geometry printout;
11-25 STRETCH Scale factor for linear CG dimensions;
a blank effects default (unity).
26-80 TITLE ' 55 arbitrary Hollerith characters.
The remainder of the CG input deck comprises body cards
and region cards, which must appear in the order described below.

1. Body Cards

The computer assigns to each body an ordinal number which de-
pends on the order in which the body cards are read in. Therefore,
it is most important that the card sequence match the numbering
sequence used in the region descriptions. Note that no gaps may be
left in the body numbering sequence.

Ten different body types may be employed. The standard

format for each body is as follows.

Columns Input
1-2 Blank
3-5 Three-letter body identifier.
6 Blank

-19-




Columns - Input
7-10 Four characters or arbitrary integer data
11-70 Divided into six floating point fields of 10

columns each. Body dimensions are given here.

Table 1 describes the input required for each body. The
guantities VvV, H, etc., were defined in Section 3.2.

Note that the last card of the body data must be END
punched in columns 3, 4, 5. This is the signal that all body data

have been treated.

-20-
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Note: Each of the six faces of an ARB are described by a four-
digit number giving the number of the four vertex points at the
corners. The point numbers for each face must be entered in either
clockwise or counterclockwise order. The format is 6(F10.0)

starting in Column 11. An example is shown below.

FACE 1 2 3 4 5 6
PTS 1653. 3584. 4278. 1672. 1342. 5678.

Figure 5 - Example of Arbitrary Polyhedron

2. Region Cards

Each region must be numbered and described by a logical

combination of the bodies which make up that region. Use as many
cards as necessary to describe each region and begin each region

on a new card. The input format, described below, is (2x, A3, 5x,

9 (A2, I5)).

-22~




Columns Input

1-2 Blank
3-5 Arbitrary Hollerith data
6-10 Blank
11-73 Divided into nine fields, of 7 columns each. The

first two columns of each field are reserved for the
OR operator. ' The third column is for the (+) or

(-) operator. The last four columns are for the body
number.

Use as many cards of the above type as needed to complete a
region description, but leave Columns 1-10 blank on all continuation
cards.

The last region description card must be followed by a card
containing END in Columns 3, 4, and 5. This informs the code that

1ll regions have been described.

—23-
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4. THE CG CODE MODULE

4.1 Introduction

The CG code module comprises an executive routine, sub-
ordinate to a calling.program such as LTHS, and the MAGI package
of CG routines, including one which computes surface normals. Des-
criptions of every routine in this module, together with calling
information, are given in this section.

4.2 Subroutine CGPACK

CGPACK is the executive routine of the CG module. It is the
only link between the parent (calling) program and the CG routineé.
All communication with the calling program is made via two labeled
common blocks: one for the information specified in the calling
program, /GIVE/; the other for the information returned to the
calling program, /TAKE/.

The function of CGPACK is to employ the CG routines such
that the following information is returned to the calling program:
Given a source ray (described by position coordinates and direction
cosines) and a detector point, will the ray (a) miss, or (b).hit the
target, as described by CG input; if (b),then (c) determine coordin-
ates of-, CG region of-, direction to detector fiom—, and unit
surface normal at-, the target position hit; and, if (b), will the
reflected ray (d) "see" the detector point (i.e. the reflected ray

will not be intercepted by another part of the target).

Thus, CGPACK acts as the proverbial "black box", which, given

¥

a source ray and detector point, governs the CG computations necessaryf

to account for the purely geometric effects of a complex three-di-

mensional target.

—24-



The logical flow of CGPACK is given in Fig. 6, below.

CALLING INSTRUCTIONS

(a) Called from: parent program

CALL CGPACK

(b) Subroutines called: GENI

GETIR
GNORM
Gl

(c) Variables required:

COMMON/GIVE/INT,IPT,IREX,IRTF,IRTL,XD(B),XS(3),WS(3)A
INT - logical unit number for CG input

(usually 5);
IPT - logical unit number for printing

(usually 6);

IREX - escape region number, the outermost

e
AN
~
~

region in CG input (usually defined \\ X

by an RPP surrounding a smaller RPP,
which in turn encloses all other CG bodies);

IRTF - first target region number (all target Q

regions must be input contiguously);

IRTL - last target region number:

XD (3) - coordinates of detector position;

XS (3) - coordinates of source position (fixed);
WS (3) - direction cosines of source ray;

Notes: (1) For a given execution, INT and IPT are
specified once.
(2) For a given CG input, IREX, IRTF, and
IRTL are fixed.
(3) For fixed source and detector, only source

direction cosines vary between calls to CGPACK.

-25-
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(d) Vvariables returned:

COMMON/TAKE/MKH,IRT,XT(3),WT(3),WN(3)

MKH - (miss, kill, hit) target flag
(see Notes below);
IRT - region number of target position

hit (MKH>0);

XT(3) - coordinates of target position

hit

(MKH>0) ;

WT(3) - direction cosines of unit vector

at XT(3) toward detector (MKH>0);

WN(3) - direction cosines of outward

Notes:

(1)
(2)

(3)

normal at XT(3) (MKH>O0) ;

MKH =

MKH =

reflected ray subsequently killed along

¢

-1, source ray missed the target.

0, source ray hit target, but

track to detector, by intersecting

another target position.

MKH = 1, source ray hit -target, and

reflected ray reached detector.

-26-
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Figure 6 - CGPACK Logical Flow

| IRSAVE=IR

IR = IRSAVE
(Start Track)

\l/

\l/

Call GENI

(Read CG Input)

v

Call GETIR

16——- (Find IR =

SOURCE REGION)

Call Gl
(Track to Next
Region = IRPRIM)

IR = IRPRIM
(Continue Track)

MKH=-1 i

o [ ———

/ )
(Ray Miss) P © B Return
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Figure 6 - Continued

Call GNORM
(Compute Surface Normal)

’

SET: IRT = IRPRIM
Compute: XT(3);WT(3)

(Reflected Ray Defined)

IR=IRPRIM

T vy T Wy wam

MKH=1 (Ray Hit)

| Save Normal:WN(3)

e
Call Gl
Escaped Yes
or
Reached Detector
. /,////
Hit Target
MKH=0 (Ray Kill)
]

-28-




- TTw v U Y

¥ ¥ W s W - W Yv

4.3 Subroutine GENI

GENI is thé principal CG input processing routine. It
reads in the CG data, checks for errors, and étores the data into
a fixed point and floéting point array, MA and FPD, respectively,
in the form required by the tracking routines. For an ARB body
type (see Section 3.2), GENI calls GARB for additional processing.
An option has been implemented which allows the unit of the linear
body dimensions to be altered by a user supplied scaling factor
(see description of header card in Section 3.4). The default unit
is the one utilized in preparing the input deck.(i.e. scaling
factor equals unity).

CALLING INSTRUCTIONS

(a) Called from: CGPACK

CALL GENI

(b) Subroutine called: GARB

(c) Principal variables required:

IN - logical unit number for CG input;
IOUT- logical unit number for printing;

(4) Principal variables returned:

EPS - internally computed smalleét number
such that (1.+EPS)>1l.
(i.e. "machine epsilon");

MA(I) - CG integer array

FPD(I) -CG floating point array

4.4 Subroutine GARB

GARB is an auxiliary input processing routine, called by

GENI whenever an ARB body type is encountered on input. GARB accepts

-29-
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the originally specified ARB input data read by GENI (see Table 1), !

and computes a unit normal vector and a minimum distance to the

origin for each plane containing a side of the ARB. These data are

then stored in the locations of the FPD array used to store the

original data. The number of ARB sides (up to six), and a scaler
characteristic of the ARB's minimum dimension (used for round-off

tests) are also stored in the FPD array.

CALLING INSTRUCTIONS

(a) Called from: GENI

CALL GARB (FPD(LF) ,IERR)

(b) Subroutines called: none

(c) Principal vafiables required:

F - FPD array read in GENI

(d) Principal variables :eturned:
F - FPD array, modified as described above.

4.5 Subroutine Gl

Gl is the principal CG tracking routine. Given a position
and direction of a ray, and the cﬁrrent region number, Gl will com-

pute the distance tracked in the current region, the cumulative

e s i T W i e N S e e i T e T i e
S e A B B R R R B e B R R o AT L BB e

distance tracked from start of trajectory, and the next region
number encountered. Gl also determines the body number, whose
surface defines the region (exit)Aboundary, and that surface number

(negative if leaving and positive if entering body).

CALLING INSTRUCTIONS

(a) Called from: CGPACK
CALL G1(S)
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(b) Subroutines called: GG

GGTEC

GP (for debugging only)

(c) Principal Qariables required:

XB(3)
WB(3)
IR

DIST

NASC

KLOOP

(d) Principal

position coordinates at start of track;
direction cosines of ray;

current regién number;

cumulative distance traveled from
XB(3);

flags the start of a new track if
negative;

counter of new tracks;

variables returned:

KLOOP

NASC

LSURF

DIST

IRPRIM

4.6 Subroutine GG

incremented for a new track;

body number whose sufface defines
region (exit) boundary;

surface of body NASC crossed at region
boundary;

distance tracked in region IR;
incremented by S;

region number entered upon crossing

LSURF of body NASC.

GG is the distance calculating‘routine for all body types

except the TEC, which is handled by GGTEC. Given a position and

direction of a ray, and a body number, GG computes the distance

to entry, RIN, and the distance to exit, ROUT, measured from the

given position coordinates of the ray.
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RIN and ROUT are then stored in the FPD array, at the locations set

aside for this body.

GG also stores the indices for the entry and

exit surfaces of the body, LRI and LRO, respectively, in the MA

array. As a. time saving device, the track counter KLOOP is also

saved, so that any subsequent call to GG, for the same body and

KLOOP value, will bypass the computations of RIN and ROUT, and

retrieve the previously computed values from the FPD array.

(a)

(b)
(c)

(4)

CALLING INSTRUCTIONS

Called from: Gl

GETIR

CALL GG (LOCAT)

Subroutines called: none

Principal variables required:

LOCAT

KLOOP

pointer for integer data in MA
array for the body;

track counter;

Principal variables returned:

RIN - ‘distance to body entry;
ROUT - distance to body exit;
LRI - entry surface;
LRO - exit surface;

4.7 Subroutine GGTEC

GGTEC performs the identical functions for the TEC body

as GG does for all other body types.

4.8 Subroutine GETIR

GETIR determines the region number IR corresponding to a

given set of position coordinates and (arbitrary) direction cosines.
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This function is performed for a source ray, similar to the manner

in which Gl determines the region number encountered at a boundary

crossing.

-CALLING INSTRUCTIONS

(a) Called from: CGPACK -

CALL GETIR

(b) Subroutines called: GG

GGTEC

(c) Principal variables required:

XB(3) - position coordinates for which
region number is required;
WB(3) - arbitrary direction cosines;

(d) Principal variables returned:

IR - region number for point XB(3):;

4.9 Subroutine GNORM

GNORM computes the unit normal vector to the target surface
struck by the source ray*. The surface point struck is computed
by.tracing the cumulative distance tracked by Gl, DIST, along the
source direction from the source point. The sign of the normal is
chosen so that it is oriented opposite to the source ray direction.

CALLING INSTRUCTIONS

(a) Called from: CGPACK

(b) Subroutines called: none

(c) Principal variables required:

XB(3) - position at start of track

(equal to source position coordinates);

3

*Several algorithms were borrowed from the MORSE Code
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WB (3) - sgource direction cosines;

DIST - distance to target point struck;
NASC - body number struck;
LSURF - surface of NASC struck;

(d) Principal variables returned:

UN(3) - direction cosines of unit normal;

4,10 Subroutine. GP

GP is a debug printout routine. It can only be utilized by

Gl if the variable IDBG is not set to zero. Since this option is

not utilized during normal execution, IDBG has been set to zero in

CGPACK.
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5. SUMMARY

The CG code module, described herein, comprises an efficient
software package for the geometric modeling of'complex three~-dimen-
sional targets, such as a Russian T-54 tank (see CG input listing
in Appendix E). The minimal requifed interfacing with the parent

code, via two labeled common blocks, makes this module a highly

adaptable "black box."
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MEMBER NAME  CGPACK
SYUBFOUTINE CGPAZK .
CO4MONIGIVE/INT'IPT.IREX.IRTF,IPTL.XD(B)'XS(3).H§(3)
C—e——- INT=LOGICAL UNIT FOR GECMETPRY TNPUT ( USUALLY 5).
{———-- [PT=LNGICAL UNIT FDR PRINTER ( USUALLY 6).
L ———— I2EX=ESCAPE REGION.
C———- IR TF=FIRST TARGET REGICN.
(=== IRTL=LAST TARGFTY REGION, WHERE ALL TARGEY REGIONS INPJT COANT IG5t .
C==—--- X{2)=CNCRNDINATES OF DETECTNR POSITI NN,
(w—mm—— XS{3)=COUORDINATES OF SCURCE PNSITION.
C-—-=- WS(2)=NIRECTIGN COSINES OF SOURCE RAY.
COMMON/TAKE/MKH'IRT'XT(B)yWT(B),WN(3)
[t MK H=M15S, KItLL, HIT TARGET FLAG.
(=== IRT=TARGET REGION OF INITIAL 417
(=== XT{2)=CUORDINATES OF TARGET HIT.
(=== WT(3)=NIKFECTINN COSINES TAWARD NDETECTOR AT XT(3).
Cmom—m WN(3)=DIPECTION COSINES NF OUTWARD NORMAL AT XT{(3).
CA¥MON/ZNORMAL 7UN(3)
COMMON/GEOM3/EP S, IRHA[200)
FOAMOCM/PAREM /X8 (3) +WBI(3) oF IR Pl y IDET L F N
1 NHI ST o WC 2 J12365,WPI3) HXP(3) s SPRIM 4 ATHWT ’
? NCOB  JCSTHT LU SLCHIT JTATWT L 18R, IDBG
2, IQPRIM'NASC ,LS‘,PF 'NBU gLRI 'LPD 'F‘If“ v
4 RAUT  JKLUGUP 4LOOP  LITYPE LPIMF  ,NO2 ,DIST
COMMON/TAPE /TN s I10UT WI1EDT s INTL 2 INT2 s TAGG, ITR AN, IMNTEFR
NDATA [FIRST/O/
IE(IFIPSTLHELD)IGD TO 10690
IM=INT , “3
I0UT=1°T
IDRG=C
CAaLL GENT
EP=1,0-1J.0%E0S
190 "D 1106 I=1,3
WR{T)=dS(T)
110 X8(1)=xXS(1)
IF(IFIRST.NF.O)G0 1O 113
CALL GETIK
1P SAVE=IR
1FIRST=1
GO T 115
113 IP=1P SAVE
112 MASC=-1
120 CatLL G1(S)
IF{IEPRIM.ERLIPEX)IGO T2 709
IF(IHTF.LE.IRPRI..&ND.IRDRIM.LE.IRTL)Gﬂ TG 270
(=== HAVE NOT HIT TARGET YE&ET.
TR=1EBPRIM :
0 TG 120
C——-——- INTTIAL KIT OF TAPGET,.
200 CALl GMNORM
J&T=12APR M
NDIS=EPEDIST
NN 210 1=1,3
XO(1)=xX3(1)eDIS&WR{T)
XT(I)=XB(1)}
210 WL(I)=xD(I)=XB(T)

DISH=SIRTINBILI#&26W3 (2) %5 26WR (3 ) **2)
N 220 1=1,3
WR(1)=wB(1)/DISD
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MEMBFF NAME CGPACK

220 WTLT)=wBI(T)
NASC=-1
230 CALL GL(S) T
IF(IRPRIMJEQeIREX.OR.DIST.GE.DISC)IGO T3 930
IF(IRTF.LE.IRPRIM.AND.IRPRIM.LEL.IRTLIGO TO 800
IR=IRPRIM
G0 10 230
—————— RAY M[SSED TARGET.
700 ¥MKH=~1
GO TO 1C00
—————— RAY HIY TARGET AFTER REFLECTIUN.
800 MKH=0
G0 T0 1000

C----—-—RAY REZACHFD DETECTOR.

300 4KH=1

nn 91C I1=1,3
910 WN{I)=UNC(T)
1000 RETURN

END
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MEMRER NAME GARB
SUBROUTINE GARB ( F,IERR)-
cc NEW NAME FOR SUBROUTINE ALBERT

COMMON7JANZES7ORTEX ———
DIMENSION F(9) X381 +1 X140} 4VI3:4) N e
_ COMMON/ GEDR&/ IPRINT -

COMMON/TAPE  /INT- — 410UT L TEDT JINTL JINTZ = +TAGG, ITRAN, INTER TAPE
DO 10 1=1,8 S

N0 1€ J4=1,3 |
K=3¢{1-1163 ST e
X Jy 1D=F(K) |

10 F{K)=Ce

(e Nel

1PMAX=0
DO 40 1=146
K=0 '
NSIDE=I-1
w=F(1624)
DO 2C J=ls4
IX(J,1)=M—(M/10)*10
IF¢ I1X{Jdy1) .NELO) K=K&Y o
1F¢ IX(J91)eGTLIPMAX) 1PMAX=TI X{Js1)
20 M=M/10
1F{ K.FQ.0 ) GO VO 50
IF( K.GE.3 ) GO TO 40
WR ITEL I0UT,22) I 9JsF(1E24)
22 FORMAT(26H ERRIR IN’Srﬂf’ﬂESCRIPTlON!ZIlDQFIO&Q’
G0 1O 200 ' . : , o
40 CONMTINUE
NSIDE=6

C FIND MINIMUM DISTANCE BETWEEM POINTS

50 DMIN=1.0E£20
IPMAX=TPMAX-1
DO 60 I=1,1PMAX
Do 6C J=I,1PMAX | o
D=(X(11!)-X(I.JGI))**ZG(X(ZoI)éX(Z.J£1))**2&(X(34I)-X(3.J81))**2
IF( (D <GTe0) <AND (D3LTS R

60 CONTINUE '
DMIN=0.5%SQRT(DMIN)

IPMAX=IPMAX51
Do 100 1=1,NSIDE
Jil= IX( 3,1) '
Do €2 J=29442
J2= IXU Je1)
nn €2 K=143
52 VIK,J) = X{KyJ1)— X{K¢d2)

Az V(2,2)%V(3,44) -
B= V(3'2)*Vt11¢, -
= V(1e2)%V(294) -

V(3,2)%V(244)
V{1 ,2)¥V(3,44)
V(2 :2)%VI1 &)

D=—({A®X(1,J1)& BEX(2,J1)8 CxX(3,J1)

FPS= SQRT(A*A & B*B
NPL=C
NMT=0
ne 80 J=1,I1PMAX

DS=(A%X(1,J) & B¥X(24+J

& C*C)

)& CxX(3,J) & DI/EPS
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MFMBER NAME GARB
ADS=ABS(DS)
1F(ADS.GT.DMINISO0 YO 70
IF(ADSLT.0.01sIMINIGC TO 80 T
WRITE(IOUT,65)F (1 6&24)
55 FORMAT(32HOVERTICES NOT CO-PLANER FOR FACE,E15.7//)
70 IF(DSLGT.0.0)GO TO 74
NMTI=NMI&1
GO 70 8Q
T4 NPL=NPLEL
30 CONTINUE
IF{ (NMI.EQ.O).AND.(NPL.GT.0)) GO TO 90
EPS==EPS
TE{ (NPL.EQ.O)AND.(NMI.GT.0))IGO TO 90
1ER’RFP =1ERRGEL :
: WP ITE(IOUT,85) T ¢NMI JNPLF(18&24) sA4B4C+D
85 FORMAT(26H ERRIR IN FACE DESCRIPTION,3I10/5F15.7 )
nQ TO 2C0 : :
90 F{ 4%1-3)=A/EPS
F( 4%1-2)=B/EPS
F{ 4%1-1)=C/EPS
F( 4*I )=D/EPS
100 CONTINUE
F{2S)=NSIDE
FL2C)=DMIN
TE(TPR INT.NE.2) WRITE(IQUT,195) (F(1),1=1,26)
195 FORMAT( 30Xs4E15.7 )
200 RETURN
END
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MEMBER NAME GENI
SUBROUTINE GENI -
NDIMENSION IBIAS(10),ITY(1L),1J(21),IK(21)
COMMON /7 GEOM2 I«LB:REG(ZGO).NUMBOO&ZOO).IRBR(ZOO);M*%#OOO); 3
1 FPD(4000) o LDATA ¢ NUMB s NUMR : D
COMMON/GEOM3/EPS, IRHA (200} .

COMMON/ GEOM4/ IPRINT

COMMON/PAREM /XB(3) WWB (3) +E 2IR T +IDET F ' P AR EM

1 NAI ST o WC 0 J12345 WP (3) 1 XP(3) LEPRIM s ATHYT PAREM

2 ‘N2IB  #CSTHT LU sLCHI  JTATWT «1ERR L1086 PAREM

3 : IPRIM,NASC  sLSURF +NBO s LRI sLRO ~ +RIN v PARE™

4 33UT  ,KLOOP ,LOOP JITYPE PINF o NOA o DIST ‘
COMMON/TAPE /1IN o 10UT  HIEDT JINTL LINT2 s TAGGy ITRAN, INTER TAPE IN

EQUIVALENCE(IBIASoIK)'(ITY'IK(ll))
c 1 2 3 4 s & 71 8 9 10 11
¢ AB SPH RCC REC TRC ELL BOX WED RPP TEC END
C 24 -2 _ 1 6 2 1 6 6 0 9

DATA '1J / 241‘2}106v211v6v610991

1 3HAR3,3HSPH,3HRCC,3HRECq3HTRC'3NELLy3HBﬂX.3HdEDy3HRPP1

2 3RTEC, 3HEND/
Cr=—=—- RAW AND WED A3E SAME BODY.

CATA IRAWs IWED/3HRAW,3HWED/

DATA 10R, IBL.IEND/240R¢3H  ¢3HFND/ A
S COMPUTE MACHINE EPS. :

EPS=1.0

PO 10 T=1,100 \_

EPS=EPS/2.0

1EPS=1

IF({1.06EPS)<EQ.10)1G0 T0 11
10 CONTINUE
11 EPS=2.0%EPS
1EPS=1EPS-1
WRITE(IOUT,12)EPSTEPS
12 FORMAT(13HOMACHINE EPS=E13.6+57= 2(-12,1H)/ /)
C-—-—-- SET w8 FOR GETIR.
WBl1)=1.0/SQRT(3.0)
WB(2)=W8(1)
WB(3)=WB{1)
PINF=1.,0E&20

KLOOP=0
READCINLTO) IPRINT,STRECH, (MA(T), I=1,1%) 6&/13
cc IPRINT=0 B3DY AND REGIONS ONLY, =1 ALL DATA, =2 NO DATA.

10 FOQMAT(IlOyE15.4yA3,13A4) 6/73
IF(STRECH.EQ.0O.) STRECH=1.0 €/732
WRITE(LIOUT,75) STRECH, (MA(T)y I=1,14) &/13

75 FORMAT(16H STRZTLH FACTOR=1515.4v/oZX'A3913A4) 6/73

c
C CLEAR GECMETRY ARRAYS
pa 76 I=1,21
76 IK(T1)=14(1)
LFPD=4000
LMA=4000
DO 80 I=1,LFPD
80 FPD(1)1=0.
PO 85 I=L.,LMA
35 WA(11=0
TE(TPRINT.EQ.2) GO T 87 6/13

WRITE{IOUT,86) 6773
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MEM3ER NAME GENI

86
87

90

100

101

102

105

107

110

120

130

132
135

140
150

C-——-

FORMAT(//50X,9H3IDY DATA)

N=1

L2=2

M=(Q

L1=L2&1

LF=L1

L2=L1E&5

M=Mg1

READ( IN,100) ITYPE,IALP, (FPD(I ) I=L1,L2)
FIIMAT( 2X9A391XsA4%,6510.3)
IF{STRECH.EQ.1.0) G3 TO 102

no 101 I=L1,L2
FPD(I1)=FPD(T1)&STIECH
IF(IPRINT.EQ.2) 530 TO 107
WRITE(IOUT,105) ITYPE TALPo(FPDUI) oT=L1 L2} oL1 oM
FORMAT(2XsA391XeA445E15.7415424 Beld)
IF(YTYPE.EQ.IRAH){TY°E=INED

NO 110 I=1,11

IF( ITY(1).EQ.1TYPE ) GO TO 120
CONTINUE

STNP

IF( T1.6Q.11) 33 TO 160
MORE=TBIASLI)

MA(N)=1ALP

MA(NE2) =1

YA(NEE)=L1-2

N=NET

1F{ MORE.LE.O) 30 7O 150
L1=L2¢&l

L 2=L 16MORE-1

2 EAD( IN, 130) (F2D(1),I=L1,L2)
FORMAT( 10X,6E10.3)
IF{STRECH.EQ.1.0) 62 T3 135
L2X=L2

IF(ITYPELFQ.ITY(1)) L2X=L2X-6

FOR ARBRS, THE LAST S ENTRIES ARE FACE NESCRIPTIONS, NOT DIMENS TONS

IF(ITYPE.EQ.ITY(lO))L2X=L2X-1

~LAST TEC ENTRY IS RATIOC. N AND A NORMALIZED BELOW.
nn 132 I=L1,L2X

FPD(1)=FPD( T )*STRECH

IF(IPRINTL.EQ.2) 532 TJ 150

ARITELIOUT, 1400 ( FPDULL) oI=L1,4L2)
FORMAT( 10X, 65154 T)

L2=L2&2

[F(ITYPE.EQ.TTY(1)) CALL GARB(FPD{LF) 2 TERR)
IFCITYPELNELITY(10))G0 TO 90

-NARMALIZE N AND A VECTORS.

L2=L2&S

LF=LF-2
Z=1./SQRT(FPD(LFEB)**ZCFPD(LF&Q)**Z&FPS(LFCIO)**Z)
FPO(LF&B)=Z*FPD(LF&B8)

FPN(LF&9)=Z«FPD(LFET)

EPD(LF&10)=2Z%FPI(LF&LO)

Z=1./SQRT(pPD(Lzﬁlll#*Z8FPD(LF&12)**2&FPD(LF£13)**2)

EPO(LEALLI=Z*FPI(LF&LL)
EPN(LFEL2)=1%FPDILFE&L2)
FPN(I £613)=1%FPI(LFEL3)
~PRECOMPUTE TEZ CONSTANTS AND STGRE IN FPD ARPAY.

-43-

6/73
6/13

6/13
6/13
6/73
6/173

6/73

6773
6/73
&/73




‘WEMBER NAME GENI

'eEalnl

1
1

1

1

160

170

1
2

END

172

174
175
176

180
182

190

200
205
2006

210

FPD(LF&I?)=FPD(LF&12)‘F?D(LF&IO)-FPDILF&13I‘FPD(LF&9)

FPD(LF&18)=FP)(LF&13)*FPD(LFKB!*FPD(LFCII)*FPD(LF&IO)

FPD(LF819)'FPD(LFﬁlll*FPD(LFS9D—FPD(LF&12)*FPD(LF&G)

FPD(LF&20)=FPD(LF€5)*FPD(LF£11)GFPD(LFEG)‘FPD(LFSIZ)
EFPDILFET)I*FPDILFEL3)

FPD(LF821)=FPD(LF&5)*FPD(LFGB)&FPD(LF&S)‘FPD(LF&9)
&FPD{(LFET)*FPD(LFELO) -

FPD(LF£22)=FPD(LF£5l*FPD(LFGL?)SFPD(LFGB)*FPD(LF513)E
FPDI(LF&T)I*FPDILF&LIN!

FPD(LF&23)=(FPD(LF814)/FPD(LF&IS))**Z

D=1.0/FPD(LFEL6} — 1.0 .

FPD(LF&24)=FPD(LF823)*(FPD(LF&ISD*D)**Z

FPD(LFGZS)=FPD(LF£Z)¢FPO(LFG8]&FPD(LFGB)*FPD(LF&Q)
EFPD(LFE4)*FPDILFELO)

60 TO 90

NUMB=N/T . :

WRITE(IOUT,170) NUMBN,L2 ' :

FORMAT(20H NUMBER OF BODIES 215,

/ 20H LENGTH OF MA-ARRAY 415,
/ 20H LENGTH OF FPD—ARRAY ,I5 }

OF BGNY DATA

1F{ IPRINT.NE.1) GO TO 176
WRITE(IDUT,172)

FORMAT{ 50X,9HFPD ARRAY)

DO 174 1I=1,L245

K=184 :

WRITE( I10OUT, 1751 1 +{FPD(J} pJ=1 ¢K) 4K
FORMAT{ 15,5E20.7+15 )
IF(IPRINT.EQ.2) GO TO 182
WRITE(IOUT,180)

FORMAT(//50Xy 11HREGION NATA)

IRTRU=0

IR=0

1R1=0

K=1 .

READ( INo200) IALP s IBIASII) JITY(1),I=149 )
IF(IALP.NE.IBL)IR1=IR1&1 ‘
IF(IPRINTL.EQ.2) G3 TO 206 )
WRITE(IOUT,205) TALP,! IBIASCI) »ITY(I),1=1,9),I1IKl
FORMAT(ZX.A3.5X.9(A2,ISD)

FORMAT( 2XsA395Xs9(A2,15)42%Xs14R,13)
IF( IALP.EQ.IBL ) GO TO 220
IF(IRTRUSNE «0) IRHA(IRTRU) =1R

1IF({ TALP.EQ.IEND) GO TO 300
IRTRU=IRTRUELL

Ie=1rR&1

LICREGUIR ) =N

NUMBOD(IR) =1

IROR( IR)=IRTRU

MA(N)=TALP

MA(NEL)=TITY(K)
MA(NE2)=T*IARS(ITY(K))—-6

N=NES

K=K&1

IF(K.GT.9)50 TJ 190

KL=K
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MEMAES NAME  SENT

No - 230 1=KL,9
=1 ,
1F( IBIAS(I).EQ.IOR) GO T3 210
TF( 1TY(I).EQ.O §J 30 TO 190
VA(N)=TTY(K)
MA(NEL) = 7=TABS({ITY(K))—-6
N=NE&4 ’
NUMBGD( IR ) =NUMRID(IR) &L

2350 CONTINUE
GO T 1990

300 CONTINUE
LDATA=N
NUMR=IR
WEITECICHT,31D) IRTPY,1P,N

213 FOFATHL 24H NUMBFER JF INPUT RIGTOUNS 415

1 / 24H NUM3ER DF  COL%: REGTUNS L15
2 / 24H L3INGTH IF INTFGER LEBTAY L15)
IFCIPRINTNESL) G0 T 327 : ' /71

WRITF(INUT,315)
315 FORMAT(/5410CIN: RESION Lo(. 07 REG. DATA NO. 0F BODIES [ROJT =0 5)
LEITEL INUTE317) (T 4LDCRIG(T) ZNUMRED(T) TRIR(I),I=1,iiJMit)
317 FORAT( 112,118,114,110)
WRITF( 17UT,320 )
320 FOLANMAT( S0X,10H MA -3kPAY)
N 325 I=1,LDAT72,10
K=166¢
326 wEITFL [DUT4326) T4 (MA0d) 9d=1 4K} 4K
326 FOAMAT( 15,110,915,110)

C
C FEND OF REGION NATA
-
2217 RETUEN /71

END
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MEMBER NAME. GETIR

c
C

620
530
650

700

300
101

100
5000

1

3
4

N

SUBROUTINE GETIR

FINDS REGION NUMBER FOR POINT X8

NEEDS GG AND GENI

LOGICAL LOGG

DIMENSION IRS(10)

COMMON / GEOM2Z / LOCREG(200) (NUMBGD(200) ,IRIR(20D),MA(4300D),
FPD (4000) o LDATA s NUMB , NUMR 1

COMMON/PAREM /XB(3) sWB(3) F IR o7 JIDET o F »  PAKE

N4I ST o#NWC 4 J12345 WP (3) +XP(3) ,EPRIM ,ATHT P AR Ey
NZDB HCSTHT LU JLCHI  oIATWT LIERR ,1C86 PAREY
. _ IRPRIM,NASC ,LSURF ,NBO o LRI 2+ LRO o FIN ' P AF EM
RIUT LKLOOP ,L0OOP LITYPE ,PINF ,NDA ,DIST 3

COMMON/TAPE  ZINT  ,10UT LIEDT 4INTL ,INT2 L TAGG, ITRAM, [NTF2 TAPE
K LOOP =KLOOPEL i . .
L=0

3N 70C IRP=1,NUMR

N=LOCREG(IRP) &L

NUM=NUMBOD { TRP ) € 4EN-4

DO €SC T=N,NUM,4

NBN=MA( 1)

LOCAT=MA(IE&1)

ITYPF=MA(LOICATE2)

1F(ITYPE.NE.10)CALL GGULOCAT)

IF(ITYPE.EQ.10)CALL GGTEC(LOCAT)
L056=(ROUT.LE.Oe) s ORe (RINSGTL0.)

1F{NBN)£20,650,630

LOGG= JNOTLLOGG

1F(LOGG)GOTOT00

CONTINUE

IR=IKOR{IRP)

IF(L NE.0.AND.IR.EQ.IRS(L)IIGNTATLE

L=L&1

IRS(L)=IR

IF({L.GE.10)GDTO300

CONTINUE :

1=(L-11200,5000,300 :
WRITE(IOUT,101)XB oLy (IRSIK) yK=1,L)

FORMAT(LOHOREGIIN OVERLAP FOR 3E20.7/13,3H REGICONS 101190)
G0 TO 5000

IR=0

wR ITE( IOUT,100) XB

FORMAT(2LHOREGION NOT FOUND FOR 3E20.7)
o £ TURN

END
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MEMBER NAME GG

cC

OO

1000

1100

SUBTNUTINE GG(LICAT)
COMMON/IANZ233 / DATEX
WEDGE BUG CORRECTED B8Y MOC
DTMENSION ASQU3),PVI(3),G(3)
DIMEMSIUN VHAB(12),V(3)4H(3),A(3),8(3)
DIMENSTION  I80X(3)
COMMNN / GEOM2 / LOCREG(200) 4NUMROD(200) 4 TROR{203)414(40200),

1 : FPDU4000) ,LDATA,NUMB , NUMR

COMMON/GEIM3/ EPS,IRHA(200)

CMMON/PAREM /X3 (3) ,WB(3) ,F r IR 2 T ¢+ IDET o F ' PAXEM
1 NHAT ST 4 WC yJL2345 ,WP(3) o XP(3) LEPRIM 4 ATAT Przgv
2 NCDB  4CSTHT LU yLCHI P JATWT L IFR? , 103K pPAF CM
3 IRJPRIMGNASC HLSUPF 4NBO y LRI ' LRO y 2171 ’ PiLREY
4 .

RIAVT  HKLOOP LLOOP  LITYPE L PINF  HZNOA , DI
COAMUNITAPE  /INT 2 IOUT LT1LEDT fINTLE 2 INT2 e TAGG ITE AL INTURF 4
FEGUIVALEMCE (VHAB (1) 4V(L1)) o (VHAR(4) yH{1)) 3 (VHARB{T ) ALL) ) (VHLR(LO)
i1,8(1))

DATA IBOX/24143/

L=LDCAT

LOP=4A(LE&EL)

“=MMA(LEE)

TP LOGPNFELKLDIP ) 60 TO 1000

LRI=MA(LEZ)

1LON=MA(LESG)

R INMN=EPR(K)

2PRUT=FPN(KEL)

G3 YO 2005

£ IN=P INF
PAUT==P INF :
TFC (ITYPE.LT.1)«OR.(ITYPE.GT.9) ) G3J TO 2011 L6/ T

“A(LE1)=KLODP
GO TG (1100,120041400,1300,1400,1600,1700,1800,1700 ),1TYPE
ARR  SP4 RCC REC TRC ELL BOX WED RPP

AFRTTRARY POLYHEDRON

IMIN=FPN(KE&E2T)*]1.0E~-6

NSIDE= FPDIKEZ26)

T1=K&2

[2=118& 4%*NSIDE -1

1L.=0

1190 I=11,12,4 '

XY= FPD(I)*X3(1) & FPDIT&L)*Xt(2)RFPDIIE2) ®*XB(3) & FPO(143)
L=t&l /

DY= —FPD(I)*WB(L) -FPOLIGL)*UB(2)-FPD(I&2)*:B(3)
IFC A3S(DY )elZela0E-6 ) GO TN 1190

NDZ=DX/NY )

PVI1)= XB(Ll) & JDZ*=uB(l)

PV(z)= x3(2) & DZ%*Wd(2)

PV(2)= XBU3) & DZ*WB(3)

no 1120 J=I1.,12,4

IFL Jo2Qe1) GI T3 1120
DIX=FEPR(JIRPVILIEFPO(JELI*RPV(2)Y AF PO JL2) *PVI3) & FPDOILZ)
THE( CXeG%a.0-) 50 7O 1120

[Pl —OX.LTLDMIN ) GO T2 1140

G TU 1190

cruTIvyge

IF(C7 .5T.Rr0UT) 533 TGO 1140

-47-




MEMBER NAME GG
R IN=DZ
LRI=L
GO TO 2000

1140 RIN=ROUT
© LRI=LR0
LRO=L
ROYUT=CL
IE(RINLGT.-PINF) GO TO 2000
1190 CONTINUE
G0 TO 2000

1200 CONTINUE
DX= XB(1l) -FPDI(KE2)
OY= X8(2) —-FPD{(K&3)
D7= XB(3) -FPD(KE&4)
y= DX*WB(1) & DY#WB(2) & DZ*WB(3)
C= DX*DX & DYDY & DI%DZ —-FPD{KES5)**2
DX=Y¥Y- C
IF( DX.LT.0e) GO TO 2000
NY=SQRT(DX)
R IN= -Y-DY
pAUT=-YE&DY

LRY=1
LRD=1
GG TC 2200
C
1300 DO 13C1 I=1,12
J=K& 181
1301 VHAR(I)=FPD(J)
& [N=—PINF
ROUT=P INF
LR0=0
LP1=0
C . .
Cé COMPUTE DOT PROJUCTS OF A& AND B.B
C
AA=A(L1)*A(1)EAL2)%A(2) EA(3)%*A(3)
BB=R(1)*B(1)EB(2)*B(2)&B(3)*R(3)
C
Cc5 COMPUTE (V-XB) FIR XyYoZ COORDINATES
c ) ;
VIXR1=V(1)-XB(1l)
V2XB2=V(2)~-XB(2)
V3Xe2=v(3)-XB(3)
C
co TRANSFIRM XVIX,Y,Z) TO THE CNORDINATES OF THE REC
C
VPA=VIXBL1*A(1)&V2XB2%A(2) EV3XB3*xA(3)
YPR=VIX8 1%8(1)&V2X82%B (2) EV3XB3#3(3)
C .
c7 TRAMSENRM WB(X,Y,2Z) TO THF COORDINATES 0OF THE REC
C N

WBA=KB(1)*A{1)&W3 (2) %A (2) EWB (3) =A(3)
WBB=wB(1)%3(1)&WR (2)*B(2) &WB (3) %R (3)
WBAWRA=WBA%*WBA

HABWRR=WBB*WARB

AL ANA=ALXAA
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BE3B=3R%BR
AMBD=WhA%VPA%XBBBREWBB*VPE*AAAA
UM=RBBB*VPA*VPARAAAAEVPBXVPR—AAAATBREB
DEN=WRAWBA*BBBBELWBBWBR%®AAAA
IF(A3S(DEN)4LE.1.0E-6)G0TD 10
AMU DA =AMBD /DEN
UMy=ym/NEN
DI5C=4MBDL%% 2-UMU
IF(DISCLLE.0.1GDTO 300

.
3 COMPUTE THE INTERSECT POINTS ON THE QUADRATIC SURFACE
-
SR=SCKTIDISC)
T 1=AMARCA-SD
R 2=AMBDALSH
6ot 29
12 = 1==P INF
2 2=P INF
20 HH=HOLIFH(L)EH(2)£H(2) SH(3)%H (3)
WH=VE ( L)EHU L) BW3 (2)5H (2) &WB (3 ) %H (3)
VPHSVIXR I%H( 1) EV2XB2%H (2) EV3XB3%H (3)
(
9 NETEFMINE IF RAY PARALLFEL TU PLANAR SURFACFS
(

TE(LWE )4C, 702,50
40 TRIVPF.GELDJ.)GATT 300

610 COMPUTE THE INTERSECT PCINTS ON THF PLANAR SJRFACES
5

CP=VvPH/WH
CM=(VAHLHH) /WH
LCP=1
LCM=2
0T 100

50 VPHHH=VPHEHH
TRFIVPHHH.LE.0.)50T0 300
CP=VPEAH/WH
CM=VPH/wWH
LCv=1
1LCP=2
5370 100

T7C¢ CP=PINMF
CM==CHh

100 IF(C™GTL1)GATD 110

11 2T FAR THE QUADRATIC SURFACE

12 1IN FOR A PLANAR SURFACE

11 2 IN=CH
LRI=LCH
122 TFICP.LE22)G0T3 130

12 OAUT ENR THE QUADRATI( SURELCT
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C

ROUT=R2 |
LRO=3 - | e
GOTO 200 -

ROUT FOR A PLANAR SURFACE

ROUT=CP .

LRO=LCP : -
1F(ROUT.LE.RINIGOTO300
6OTA(21042104220) 4LRO

DETERMINE IF ROUT OF PLANAR SURFACE OCCURS WITHIN ELLIPTIC
CROSS—SECTION

F1=DEN*ROUT**2*2.*AMBD*ROUT&UM
IF(F1)2504250,300

DFTFRMINE 1F ROUT OF QUADRATIC OCCURS BETWEEN PLANAR SURFACES

F1=ROUT*WH-VPH
IF(F1)300,250,230
IF{F1.GT.HHIGOT] 300
GOTN(260,2604270) 4LR1

DETERMINE IF RIN OF‘PLANE WITHIN FLLIPTIC CROSS SECTINN

F1=DEN*RIN**2-2.*AMBD*RIN&UM
TF(F1.6T.0.0)G0 TO 300
GO TC 2C00

NDETEPMINE IF RIN OF QUADRATIC SURFACE BETWEEN PLANAR SURF ACES

F1=R IN¥WH-VPH
1F(F1)300,2000,280
1F(F1.LE.HH)IGOTI 2000

RAY MISSES BODY

n IN=P INF
RNUT=—PINF
LPT=C
LeU=C

GO TO 2200

RA=FPD(KE&S)
RT=FPD(KES)
TF{ITYPE.EQ.3)RT=RB
DX=FPD(KE&E2)-XB(1)
DY=FPN(K&3)-XB(2)
NZ=FPN{KE4)~-XB{3)
H1=FPD(KE&S)
H2=FPD(KE&E)
H3=FPD(KET)
INTSEC=0

INTR1=0

INTR2=0
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PYPV=DX*¥%2 & DY&€2 & DZ%%2
VPU=DX$WB(1) & DY$WB(2) & DZ*WB(3)
WH= HI%WB(1) & 42%wWB(2) & H3*WB(3)
VPH=H1£DX & H2%)Y & H3%DZ
HH =HI¥$2 & H24&2 £ H3%%2
RTRB=RT-RPR
©93= HR-RTAB/HHEVPH
VPHHK=VPH & HH
UM= HH&[PVYPY-RRA%%2) —VPHE%2
AMBD=FH&VPW ~WHE (VPH-F TRB%PRT)
DEM= HH —WHEE2% (1, 06R TRBEE2 /HH)
IF(ABS(DEN).GT.1.0F-6 ) GO TN 1420
TF(RTRELEQ.0)50 TN 1470
£ 2=LM/( 2. 0%AMBD)
F 1=F z&iWH=VPH
TF(F1.LT.0.0)30 TO 1470
TR((F1=HH) 6T, 0. 0)GN TN 1470
INTSEC=INTSECAL
TF(WH.LE.0.0)A0 TD 1405
TF(RTPR)1410,1410,1415

1475 [F(>TF3.LE.C.D)IGD TN 1415

1410 LRN=3
QYT =R 2
GN TO 1480

1415 LKT=3
2 IN=F 2
INTSEC=INTSECEL
AQOTN 1472

1429 AMEDA=AM8D/DEN
NI1SC=AYRDA®%2 —UM/DEN
TE(DISC)1498,1470,1422

L .2 SP=SORTINISC)
S 1=AMBLCA~-SC
2 2=AMBCAESD
F 1=R 2% 4ti- VPH
IF(FLLT.0.0)50 TO 1424
TFU(FL-HH).GT.0.0160 TO L1424
IMTR2=INTR2&1

1424 [ 1=F 1%WH-VPH
TF(F1.LT.0.0150 TO 1426
TF{ (F1-HH)<.GT.0.) GO TD 1426
THTRI=INTR1EL
fOOTO 1430

1426 TFUINTZ2.EQ.0)6] T 1470
ENT=R2
B UELE:
LRA=3
LFI=2
INTSFC=TNTSECEL
nCTO 1470

1430 TFUINTR2.6T.0)G) 1D 1432
REUT=F1
FTM=R 1
.R0=23
LFI=3
IMTSTC=INTSECEL
CiooTR 1470

1432 TF(:1-72)143441496,1436

-51-

e



MEMBER NAME GG

1434 RIN=R1
FOUT=R2
LRO=3 R
LRI=3

: GO TO 1496
— 1436 RIN=R2 T
ROUT=R1 ‘ :
LRD=3
LRI1=2
GO TO 1496

1470 TF{WH)1472,1498,1480

1472 1F(VPH.GE.0.0)15D TO 1498

' CP=VPH/WH
F1=CP*%2 —2.,0%CP*VPW & pVPV —RB%%*2
IF(F1.5T.0.0)G0 TO 1474 '
INTSEC=INTSECEL
ROUT=CP
LRN=1 .
IF(INTSEC .GE.2)50 TO 1496

1474 CM=VPHHH/WH
F1=CM**2—2.0*((VPN&HH)*CM‘VPHtaﬁH&PVPV—RT**Z
IF(F1.6T.0.0)G0 TO 1498
P IN=CM :

Lei=2
GN TO 149¢ ‘

1480 IF(VPHHH L T. 00160 TO 1498
CP=VPHHH/WH E ,
F1=CP**2—2.0*((VPH&HH)#CP-VPH)&HH&PVPV—RT#*Z
IF({Fl.6T.0.0)G0 TO 1486 - '
INTSEC=INTSECEL
RCIT=CP
LRO=2

1486 TF(INTSEC.GT.1)50 T0 1496
CM=VPH/WH
F1=CM¢*2-2.0tCMtVPHaPVPV-RB*tz
IF(F1.G6T.0.01G0 TO 1498 o
2 IN=CM
LP1I=1l

1496 GO TO 2000

1498 RIN=0.0
ROUT=—PINF
G0 TO 2000

1600 CONTINUE
A 1=00
A2=0.
831=0.
£ 2=0.
JA=KE ]
no 1610 J=1,3
JA=JAE1
DX=XB (J)-FPD{JA)
A1=A16 DX*WB(J) : &
n1=RB1& DX*DX %
DX=XR (J)-FPD(JAL3) i
A2=82& DX*¥WB(J)
1610 32=B2& DX*DX
Al=Zz.0%A1
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17920

1719
1711
1712

1720

1740

1769

1 760

LA2=2.0%A2

C=FPD(KES8)

C2=2.0%C

X=(A2-A1)/C2

vy={ C%%28B2-B1)/C2

A AMD=X%X-1.

ALrM]l=( XxY-A2%0,5)/ALAMD
U={Y%Y-82)/ALAMD
C=ALAM1*%ALAM]1-U
IF(C.LT.0 ) GO YO 2000
£=SQ7 T(C)

QIv= —=ALAM]I-C
ROUT=—ALAM]1EC

LRT1=1

LRO=

GO TO 2000

COMTINUE

LIN =—-PINF

POYT=LPINF

DN 1788 T=1,3
TE{ITYPELT.9)G] TN 1705
JV=KE&2*161

X =FPD(JVI-FPDIJIV-1)

yP= FODLJV-1)-X31(1)

i o=wR (1)

o0 T2 1711

JV=K&1

X=0.

VP=0.

W=,

JA=JVE3X]

Ny 1710 J=1,3

Jyv=JVvEl

JA=JAK]

NX=FFPD(JA)

vP=VPL (FPD{JV) -—-XB{J)})*DX
V=Wh W {(J)¥DX

X=X6L12X*DX

TF{ W ) 1720,41712,41740
[F(-VP.LT.0) GO TO 1799
IF({-VP—X )1798,4179841799
NY=VP /W

LN=2xIROX(I})-1
ITF(PY.LELQ ) GO TC 1799
NZ={VPE&X)/W

LI=L0&1

GO TG 1760

NY=({VDPEX) /W

LO=2%130X(])

IF{ OY.LE.O) GD TD 1799
DI=VP /W

LI=LU-1

15{PNUTLLF.DY) GD TJ 17890
aryT=0nYyY

LFO=LO

1F( FIVeGCDZ) GO TO 1768
2 WN=07

LeT=t1
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1798 CONTINUE
GC TG 2000 - .
1799 R IN=P INF -
ROUT==P INF
GO TO 2000

ol

1800 R IN=-P.INF
ROUT=PINF
CM=-P INF
CP=PINF
L=0
L1=0
KK=0 .
LRI=0
LrO=C
DX= XB(1l)- FPD(K&2)
nY= XB(2)- FPD(KE&3)
NZ= XB(3)- FPD(KE4)
nn 1820 1=1,3
JV=KEZE3%]
ASQ(1)=FPD(JVI*%2 & FPD(JVEL)*%*2 & FPD(JVE2) *%2
PV{1)=DX*FPN{JV) & DY*FPD(JVEL) & DZ*FPD(JVE2)
GUI)=wR(L)*FPD(JV)EWB(2)%FPN(JVEL) & WRI3)*FPDIJIVEZ)
TF{ 1.EQe3 ) GU TO 1801

IF( C(I) ) 1810,1811,1860 .§
1”10 IF(-PV(1).GE.O) GO TO 1840 %
TEMP=—PV(I)/G(1) v

TF( TEMP.GE.CP) 530 TO 1830
CP=TEMP
L=1
TF( 1.6T.1 ) GO TO 1850
LRO=3
&0 7O 1830
1850 LRN=1
GD TO 1830
1860 IF(-PV(I).LE.O ) GO TO 1830 i@
TEMP=-PV(I)}/G(]1). .
IF{TEMP,LE.CM) G0 TO 1830
CM=TEMP
KK=1
LRI=3
IF( 1.¥Q.1) GO 10 1830
LPI=1
50 .TO 1830
1811 IF( PV(I).LE.O.) GO TO 1881
1F( PV(I).GE.ASQ(I)) GO TO 1881
1830 L 1=L1&1
1801 IF( G(2) ) 1815,1821,1823
1215 TEMP=—PV(3)&ASQ(3) (
IF(TEMP.GE.O.) GO TO 1818 <
TEMP=TEMP /G{ 3) : [
TF( TFMP.LE.CM) 50 1O 1819
CM=TEMP
KK=3
LRTI=¢ :
1318 IF(-PV(2).GE.0.) GO TO 1840
1819 TEMP==PV(3)/G{3)

S
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1329

2C090

[RVIN AR )
D MO

-
-

TF(TEMP.GE.CP) GO TO 1829

CP=TEMP

=3

LRO=5

~O TO 1829

IF(PV({2).lF.0.) GO TO 1840

TF(PV{2)-ASQ(3)) 1829,182G,1840 C1/73
IF{-PV(3).LE.D.) GN TO 1826 , VAL
TEMP==PV(3)/G(3) C1/73
TF(TEMP.LEL.CM) 50 TO 1826

CM=TEMP

KK=2

LET=5

TEMP=—PV(3)&ASQ(3)

IF(TEMP.LF.0) GI TO 1840

TEMP=TEMP /G 3)

IF( TEMP.GE.CP ) 6O TO 1823

rp=TEMP : 01773
L=3 :

LRO=¢€

AG=ASQU2)%GL1) & ASQ(L)%G(2)

PV4=PV{1)%ASQ(2) & PV(2)%4a<Q(1)

TOP=ASQU1)%ASQ(2)~-PV4

1F(AC) 1831,1835,1833

TFMP=TIP /AG .

TF(TEYO ,LE.CM) 530 TN 1838

(M=TEMP

KK=4

LRT=2

GCTD 1838

TF(TOP.LLT.0.) GIJ TO 1840

TEMP=TAP/AG

TF({ TEMP-CP) 1837,1838,1838

IF(PV4.LE.0.) GD TO 1840

IF(-TOP) 1838,1840,1840

CP=TEMP ~

L=4

Lep=2

TFILEKK.LE.O) 30 TO 1840

ROUT=CP ‘

RIN=CM

CNTINUE :

IFL (ROUTLTPINF)AND (ROUT.GTa0.) « ANDL (ROJT .GTLRIN) ) GU TO 2009
ROUIT=—P INF

o 1t:=P INF

LRI1=0

L £O=0 \©. )
AN T2 2000 WX ‘
MA(LUCATE3) =LRI .,"3" «\"\
MA(LCGCATE4) =LRO g A ¢
TFIRCUT.LTLRIN) ROUT==PINF " F
TF(ROUT.EQLRIN) ROUT=ROUTH (1. E°PS%10,0) L
FPO(K ) =R IN

FPO(K&1)=RNUT

EFTURN

FrRMATOL3H IN G5 TTYPE=415¢5X43HIR=415,5X,4HNB0O=,15) /71
wRITC (4, 20L0) T TYPE,TR,NBD /71
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STOP . i
END - : ' |
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MFMBER NAME GGTEC

SURRUUTINE GGTEZ (LOCAT)

(m—m——— TREAT TEC BODY.

1305
1306

CUMMON / GEOM2 / LOTREG(2007 4NUMBOD(200) ,1ROR(209),MA(4D001,

: FPD(4000) LDATA,NUMB , NUMR
COMMON/GEGOM3/EPS, IRHA(200)
COMMQN/PAREM /XB(3) ,WB(3) ,E ' IR ' T 2P IDET o F ’
NHIST 4WC 1J123454WP(3) ,XP(3) ,EPRIM ,ATWT ,
.N22B 4CSTHT ,U +LCHT L TATWT ,15KR L, IDBS
’ IRPRIMINASC LLSURF ,NBD v LRI + LRO v FIN ’

RIUT +KLOOP LL0O0OP LITYPE LPINF ,NOA ,DIST
FQUIVALENCE(WB(L) yWBL111),(WB(2) 4WB222) 4{WB(3) ,WB333),(K,LF)
FPT=1C.0%EPS
L=L2CAT
LOn2=MA(LE])

K=MA{LEE)
TH( LCAOPJNF.KLOIP ) GN TO 1000
LET=MA(LE3)
LEC=MA(LE4)
RIN=FPD(K)
ROUT=FPDI(KEL)
S0 TO 2005
R IN=P INF
ROUT=-PINF
MACLEL)=KLDNOP
N1=FPO(LFE2)-XR{ 1)
L2=FPN(LFE3)-XB(2)
D3=FPDILF&4)-XB(3)
20C4 =D1*FPN(LFEB) &D2*FPDILFES) ED3%FPD{LFE&10)
DDA =J1*FPD(LF&L1L1) &02*FPO(LF&L2) LD3%FPDI(LFE13)
HDA=FPND{K&20)
RNCB=D14FPD{K&LT) EN2%FPD(KELS) &D3#FPD(KELS)
TAY=FPD(KE23)
WDA=WO111%FPD(KELL) & WB222%FPD(KKL12) & WB333%FPD(KLL13)
WON=WBL111%FPDIKE&8 )} & WB222%FPD(KE9 ) & WB333*FPD(K&LD)
WNK=WBL11*FPD(KE&LT) & WB222*%FPD(XE&L18) & WB333%FPD(KLlG)
TRORDNSGTLEPT.ORLWONLLT.—FPT) 50 TO 1310
GAAMA =—80C 4/FPD(KE21)
TFIGAMMALT.0.0.0RGAMMA 6T, 1.)30 TG 2909
R1=FPD(KE&E14)
RZ=FPN(KEIS)
" 3=R1/FPN(KEL6)
R4=R2/FPD(KE&16)
TMZ2=(GAFMA%X (R 3-R1)&RL )} *%2
TMM2=( GAMMA% (R4-R2)ER2) %%
=GAMMAXHDALGDNA
TT=GAMMAXFPD(KE22) 6B0DC 8
A=THM2¥WDAX X 2ETM 2% WDKE%D
R=—{ TMM2%WDAXVETM2%XWDK*TT)
OTSC=REK2-AR( TMM2& V&2 ETMR2XT T 42 - TM2 RT M)
TR(DISC) 270G,1306,1305
TISC= SQRT(DISC)
KIN=(-8-DISC}) /A
2CUT=(-8&NTISC) /A
LRI=2
LF=2
GOOTO Z2C00

7OFLIPD=1.0

IT0RTNLTL0.0) 33 1O 1315
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MEM3FP NAME 5GTEC
FLIPR=-1.0

wDa=—WCA
WDN==WDN
WDK =-WDK

1315 ALPHA=FPD(K&21)/WON
RETA=BOC4/WON
A=(ALDHA*NDA-HDA)**ZGTAU*(ALPHA*NDK—FPD(K&ZZ))**2 - FPDIXKE24)
Nn=1.0/FPD(LF&16) = 1.0 )

ROC12 =-80C8 $EPD(KE22) ED*FPDILFELS) *x%2
d=—ALPHA*BETA*HDA**Z&NDA*(ALPHA*DDA&BETA*HOA)—DDA*HDA

1 ETAU*(—ALPHA*SETA*HDK**Z&ALPHA*WDK*BOCB
5  £ACTA*WDK®FPD(K&22)EBOC12)

CC=(0DA-BETAXWDA) **2&TAUX ((30C8 —BETA®WDK) *%2—FPN(KE15)*%*2)
PISC=RE*2-A%CC .
1F(DISC) 2000,1330,1320

1320 D1SC= SQRT(DISC)

1330 IF(A.LT.EPT.AND.A.GT.-EPT) GO TO 1339
IF(A) 1235,1339,1340

1335 SIGMAL=(B-DISC)/A
SIGMAZ=(BEDISC) /A
GO TO 1345

1239 S15MA1=CC/(BEB)

S 1GMA 2=-P INF
IF(SIGMALl) 2000,1345,1345

1340 SIAMA1=(BEDISC)/A
SIaMh z=(R-NISC) /A

1345 SIGMAP=1,0E20
IF(EPDL K&E16).LT.1.00001) 5O TO 1346
S IGMAP=FPD{ K&16) /(FPD( K&16)-1.0)

1346 TF(SIGMAP.LT.SIGMA2) GO TC 2000
IF(SIAMAP.GT.SIGMAL) GG TG 1347
[F{SIGMA2.LE.0.0) GO TO 2000
IF(SIGMA2-1.0) 1380,138C,1370

1347 TF(SIGMA2.6T.1.0.0R.SIGMAL.LT.0.0) 0O TN 2000
IF{SIGMAl.LT.1.0) GO TO 1343
IFISIGMAZ) 1370,1370,1375

1348 IF(SIGMA2.6T.0.1G0 TO 1360
LRI=2
LeI=1
T T=ALPHAXSIGMAL & BETA
20UT=BETA
60 TO 1390

1360 LRT=3
LRN=3
JIN= ALPHA*SIGMA1l & BETA
POUT=ALPHA®SIGMA2 & RETA
GO TO 1390

1370 LR1=2
L20=1
2 Tn=ALPHA & BETA
ROUT=RETA
A0 TC 1390

1375 LPT=2
LR(=3 ‘
2 in= ALPHA & BETS
ROUT=ALPHAXSIGMA2 & BETA
GO0 TN 1390

1380 LRT=3

~-58-




MEMBER NAME GGTEC

1390

2000

2005

LRO=1 |
RIN=ALPHA®SIGMA2 & BETA

ROUT=BETA -~ -
IF(FLIPD.GE.0.0) GO TO 2000
RTP=R IN

1YP=tRr]

R IN==ROUT

LRI=LRO

ROUT=-RTP-— - s

LRO=1TP

MA{LCCATE3)=LRI
MA(LOCATE4)=tRO
IF(ROUT.LT.RIN)RIUT==-PINF

IF(ROUTEQ.RINJRDUT=ROUT* (1. LEPT)

FPD(K )=RIN
FPD(KE&L)=ROUT
RETURN .
END S
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WEMBER NAME GNORM
SUBROUTINE GNORM

DIMENSION X{(3) ME3),180XL(3),1B0X2(3) _ NORM 100
COWWW T TRORT200T , MATHOI0 T+
1 T FPO(4®00) s LDATANUMB,NUMR.
COMMON ZNORMAL 7UNT 3} - NORML 30
COMMON/ZPAREM 7XBT3% ,WB(3) JE~— TFIR = 4T +IDET ,F y PAREM
1 NHIST oWC 1 J12345 WP (3) +XP(3) LEPRIM s ATAT PAREM
2 NZDB 4CSTHT LU JLCHI  SIATWT LIERR ,1DBG PAR EM
3, ' ERPRIM,NASC— FLSURF §NBO™ fLRI1 +LRO +RIN - PAREM
4 ROUT +KLOGP ¢LOOP LITYPE ,PINF ¢NOA ,DIST
COMMONATAPE /INT  410UT LTEOT oINTL JINT2 o T1AGGs ITRAN, INTER TAPE
DATA C180XItI Y T2 30700, 794/ 777 : NORM 11C
DATA (IBOX2(1)4i=14301/4410,7/ ' NOFM 12(
o :
L SUR=TABS(LSURF) T - . - NORM 13(
. DO 25 I=1e3 B e NORM 14
25 XP(I}aXS!IrtblST#ﬂBgll R v T UNORM  15¢
*A SC’"NAS: . L UV, Ll e st e i e .
K=MA(MASC)
ITYPE=MA(MASC-4) _
C ARB SPH RCC REC TRC ~ELL BOX WED RPP TEC -
60 TO (1100v1200'1400,1300.1400'1600.1700'1500,1900v1803)'ITYPE
99 FORMAT(31H ROUND-OFF ERROR IN NORMAL NBO=415,6HLSURF=, 159 3HXP =,y 4
1 2E12.5) ' NIRM 81
099 WRITE(IOUT,99)NBOsLSURF,(XPLI)1=1,+3) ‘
STOP 1 '
1100 1=KE&1&4*(LSUR -1} 4 NORM 29¢
DO 1110 J=1,3 : NCRM 30(
1110 UN(J)=FPDLTEY) ' ' NJeY 31
GO TO 2000 NGPM 32
C SPH . : :
1200 00 1210 I=1,3 NORM 33¢
1210 UN(T)=(XP(1)-FPDI(KELEI)}) /FPDIKES) NORM 34
GO YO 20600 , NGRM 35
C ----- REC- ’
1300 IF(LSUR.EQ.3)GO TO 1310
K=K&4& |
GO TO 1502~ ~~— T .7 S
1310 K=K&1

AN=FPD(KET)**26FPD(KEB) **2 LFPD (KED) * %2 5
XMU=SQRT(AN— (FPDTKEIO) **x26FPDIKELL) #¥2EFPDIKE12Y¥*2) )
YMU=1 ./ (FPD(KE&) ®#2EFPD (KE5) ##2 EFPD(KE6 ) #%2)
R1=0.C
1=KE3
PO 1320 J=1,3
1320 R1=(XP(J)-FPDIKEJ)) * FPDLI&JI*YMUER]
J=163
NG 1320 JJ=1,3
X(JJ)= FPDIKEJJ) ERL&FPD(IEJJ)
1330 H(JJ)= FPDIJESII*XMU
DO 1240 JJ = 1,3
UN(JJ) = X(JJ) EHLII)
1340 H{JJ) = X(JI)-H{ID)
DO 135C JJ=1,3
1350 X(J4J) = XP (JJ) - UN(JJ)
AN = 2.0 * SQRT ¢ AN / (XtL)**2& X(2)**¥2 & X(3})**2)]
DO 1360 JJ=1,3
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MEMBER MAME  GNORM
1360 UN(JJ) = H(JIJI) - UN(JIJ) - aNxX(JJ)

GO TO 1505
C TRC AND RCC :
1400 H2=0.0 NORM 360
DO 1410 1=1,3 NORM 370
H(T)=FPD(KE4ET Y NORM 380
1410 H2=H2EH(T )%%2 | NIRM 390
GO TN (1415,1415,1435), LSUR NOFM 400
1415 H2=SQRT(H2) | : NORM 410
DO 1420 I=1,3 | NIRM 420
1420 UN{I)=H{I)/H2 : NOM 430
60 TO 2000 NURYM 440
1435 DO 1440 I=1,3 NORM 450
1440 X{1)=XP(1)-FPD(K&LEI) ‘ NGRM 460
XMU=0.0 NORM 470
A2=0.C . NORM 480
PO 1445 1=1,3 , - NORM 490
J=MID(1,3)&1 NORM 500
A2=A2E(HITI*X{J)-H{J) & XIT) ) &%2 NORM 510
1445 XMU=XMUEFPD(KE4ET 1&X(T) NCRM 520
R =FPD(KEB)-FPDIKET) : NCRYM 530
IF(ITYPE.FQ.3) 3=0.0 . NOAM 540
R1=R/SQART(H2& [H2ER*£2) ) NJRM 550
B2=1.C/SORT(A2% (H2ER*%2) ) NORY 560
N0 1450 1=1,3 ND2M 570
1450 UN(T)=RB2% (X(1)®H2-H(T)*XMU) EBL*H (1) NOEM 580
GO TO 2000 NORM §90
C---- AED (= RAW).

1500 IF{LSURLEG.2)GO TO 1550
IF{LSUR.EQ.3)K=KE4
IF(LSLR.GTL.4)K=K&10

1502 DO 15C3 J=1.3

1503 UN(J)=FPDI(KEJ)

1505 AN=1./SQRTIUN(L)%#%2EUN(2) %22 5UN(3) *x2)
DN 1210 J=1,3

1510 UNLJ)=AN®UN(J)
GO0 TO 2000

1550 K=K&4
1=K 3
XMU= FPOUKEL)*%2EFPD(KE2)*%2ELFPD (KE3) x%2
AN=  FPDLIEL)*%2LFPD(T&2)*%x26FPD (163 ) %x%2
DO 1560 J=1,3 -

1560 UNCJI)=XMU*FPD(I&J) & ANRFPD(KEJ)

G2 YO 1505
C FLL w
1630 DX=0.C NJRM 630
AN=0.C NNRM 64C 1
C2=FPD(KES)I*%2/4,0 NOEM 650
nO 1€2C 1=1,3 NTRY 660
IA=16KEL NCRM 67C
X(1)=XP(I)-5%(FPD(IA)EFPD(IAL3)) NCRM 680
H{I)=.5%(FPD(IAE3)-FPN(T14)) NORM 690
1620 OX=NXEX(I)=H{]) - HPRMo 700 H
DO 1620 1=1,3 NDRM 710
UNCT)=C2%2X(T1)-DX*H(]) NJRM T72C!
1630 ANSANGUN(TI)®%x2 NJRM 730

IF{ANLLTL1.0E-12) GO TO 999 NCRM 740@
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MEMBER NAME GNORM

AN=SQRT(AN) : NORM 750
DO 1635 I=1,3 NJRM 760
1635 UNCTIT=UNTT)IZAN - - ‘ - IR - NORM 770 -
G0 YO 2000 ' NORM 780 .
C ,0X -
1700 L= 1&6(LSUR-1}/2 = - NGFRM 830 -
11=1IBOX1{L) oo NORM 840
12=1B0X2(L) NORM 850
- p0 1720 I=14y3 - — — — oot T T T : NORM 860
X(I1)=FPD(K&I1&]) ' NGRM 870
1720 H(I) FPD(K&IZ&I) , . NORM 880
AN=0.C - o T NORM 890
DD 1730 I=1,3 ‘ NORM 900
J=MOD(1,3)&l : _ ‘ NORM 910
JJ=MOD(I&1+3)81 ‘ : NORM 920
UNCT)=X(J)®H{JII)-XT{JI)*H(J) : NORM 930
1730 AN=ANGUN(I)®&2 : * “NORM 940
IF(AN.LT<1.0E-129 GO TO 999 ‘ - , ' NORM 950
AN=SQRT(AN) ‘ NJRM 960
DO 1735 I=1,3 NORM 970
1735 UN(T)=UN(T)/AN : NORM 980
"GO TO 2000 NORM 990
C——--—- TEC. :
1300 IF(LSUR.EQ.3)GO TO 1820
K=K&7 ‘

DO 1810 J=1,3
1810 UN(J)=FPD(KEJ)
60 TO 2000
1820 LF=K&?2
XDN=XP(1)*FPD(LFEO)EXP{2)*FPN{LFET) &XP(3) *FPD(LFES)
HDON=1.0/FPD{KE&21)
DON=XDN-FPD(K&25) -
==DODON#*HDN _ 72-T1

R1=XP{1)~-FPD(LF) GA1%®FPD(LFE3) TEMP1
R2=XP(2)-FPD(LFEL1)EALXFPD(LFE4) TEMP2
R3=XP{3)-FPDILFE2)EAL®FPD(LFES) TEMP3
B1={R 1*FPD(LFEI) ER2#¥FPD(LFELO) &R3*FPD(LFE&L1))/FPD(KE23) . T3
B 2= RI*FPD(K817)8R2*FPD(K&18)&RB*FPD(K&19) T4
B3=FPD{K&20)*HDN T5
B4=FPD(KE&22)*HDN T6
A2=FPD(LFEL13)*(1l.0/FPD(LFE&1l4) -1.0) . R4-R2
A3=(-A1*A2&LFPD(LFEL13) ) *A2%HDN EVERAHDN "
Al=—{B1%¥B3LB2%B4LA3)
I=K&1¢€
LF=LFES .
K=LF&3
DO 18£0 J=1,3
1850 UN{J)=AL1*FPOILFEJ)ERL1EFPD(KEJ) LB2XFPD(IE& )
GO TO 15C5
cC =8pp
1900 NO 19C5 1=1,3 . NOR
1905 UN(I)=0.0 N3JR
GO 70 (1910+1910,1920,1920+1930,1930} 4 LSUR NOF
1510 UN(2)=1.0 NOFR
GG TO 2000 NOR
1920 UNI1)=1.0 N3E
GO 1O 2C00 NGR
20 UN(2)=1.0 o NER
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(-—==-- OQUTWARD NORMAL.
2200 AN=UN(1)*WB(1)&UN(2)*NB(2)&UN(3)¢w8(3)
IF(AN.LE.0.0)GO TO 3000
DD 2010 J=1,3
L0 UN{J)==UN(J)
~=00 PETURN
END NGF
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MEMBER NAME GP
SUSROUTINE GPI(K)

F— NEW NAME FOR SUBRQUTINE PR .

COMMON /FEBOT3/DATEX ’ - '
COMMON / DBG / N9NUM'L0CATyISAVEvINEXTvIRPpINEX:SHlN
COMMON / GEOM2 / LOCREG(ZOOI'NUMBOD(ZOO)'IROR(ZOO)oHA(4000)v

1 _ FPD (4000) yLDATA ,NUMB s NUMR - - -
COMMON/PAREM /X31(3) s WB (3) HE IR o7 o IDET F '
1 - NHIST o+ WC ,J12345,WP(3) +XP(3) ¢ EPRIM o ATHT s
2 NCOB  4CSTHT LU JLCHI o 1ATHT ,IERR » LICBG
3 IRPRIM,NASC s LSURF 4NBO W LRI ' LRO s RIN '
4 RIUT ,KLOOP ,LOOP J<ITYPE ,PINF yNOA s DIST

IF(IDSG.EQ.I.AND.K.NE.S) GO TO 200

WRITE(E,50) Ky XBoWB,IR
50 FORMAT( 3H GP, ' 1546F15.8,15)

WRITE(6,100) IR,IRPRIM,NASC’LSURF'NBOqLRIvLRUoKLOOPvLUOPvITYPF!

1 NyNUM.LDCAT.ISAVE.INEXT.IRP,INEX,LDATAoK'Kp

2 RIN,ROUT,SMIN,DIST
100 FORMAT(10!10,/101100/5515.8)
200 PETURN

END
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MEMBER

NAME Gl

SUBROUTINE G1(S)

COMMON/JAN243 / DATEX

LOGICAL LOGG

COMMON / DBG / N¢NUMoLOCAT,ISAVE ,INEXT IRP, INEX,SMIN

CAMMOY / GEOM2 / LOZREG(200) ,NUMBOD(200) o IROR(200),MA(42001),

1 FPD(4000) 4 LDATA, NUMB , NUMR
COMMON/GFIM3/EP S, IRHA(200)
CUAMON/PAREM /XB(3) ,WB(3) HE +IRTRU T s IDT 4 F '
(mmm e m e m e — — s S e IR ——-—-(NORMALLY).
1 NHIST o WC 1 J12345 ,WP(3) XP(3) H»EPRIM , ATWT
2 NCDB  HJCSTHY LU »LCHI s TATWT L ICRR L1085
2y IRPRIMyNASC LLSURF 4N30O o LRI y LFO o RIN ’
4 RIUT LKLOOP LLONP LITYPE L PINF ,NOA ,DIST

62
23
65

o
<

110

C THFE

COMMNN/TAPE  JINT 2I0UT  LTIEDT  LINTL LINT2 s ITAGG,y ITR AN, INTIR
ATA LMAX/4000/,KLS/70/

SP=0.

THFINASC.GT.0) GC TO 40
<LNDP=KL.OOPE&L

N1sT=C.

TFIKLIGBPLEQKLSIZO TO 110

To=TRHA{ TRTRYJ)

IFL=1
IFLIRTRULGTL 1) IRL=TRHA(IRTAU-1) &1
IR=TKL

[F{IR.FQLIPHIGO TO 110
DIS=(1.0-tPS)¥DIST

NG 7C IRP=IRL,IRH

N=LNCREGIIFP)EL
NUA=NUABODIIRP ) 4EN-4

N S T=N,NUM,4

NRO=MA(T)

LOCAT=MA(I&])

TTYPF=MA(LDCATEL2)
IF{ITYPEJNELL1OICALL GG(LOCAT)
IF(ITYPELEQ.10)CALL GGTEC(LOCAT)
LOGE=(ROUTLLELNIS ) eBRG(RINSGTLDIS )
TFINB1)€2+65,463

LNGG= +N0TLOGG

IF(LGGGIGO T 70

CONTINDE

I2=1IRP

GG TO 110

CONTINUE
WEITELIDUT, 80V IRL ¢ IPH ¢ XByHB,DIST
FOPMAT{4OHLIREGIJIN NOT FOUND FOK IRLyIRH/ XEWByDIST4215/7TE15.6)
5739

SHMIn=PINF

M=LOCREG(IRYE]

NU=MUMBOD (IR ) %4 &EN-4

IF(IBAGWLNELO) CALL GPLL)

LAO0P LOPTD 300 FINDS THE NEXT 80DY THAT THE RAY WILL INTERS (T

[SAVF=0

N 307 T=N,NUM. 4

MBOg=MA(T)

LOCAT=4A{TL])
ITYPE=vA(LACATL2)
[FLITYPELNELLIOIZALL GG(LOCAT)
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MEMBER NAME Gl
IF(ITYPE.EQ.10)ZALL GGTECILOCAT)
IF( IDRG.NE.O) CALL GP(2)
IF(ROUT.LE.O) GO TO 300
IF( NBO ) 150,300,200 _
150 IF( (DIST.GT.RIN)LOR. (RIN.GT.SMINI) GO TO 302
- SMIN=RIN N
NASC=-NBO :
L SURF=LRI
ISAVE =1
50 0O 300
200 1F( (DIST.3T.ROUTI.OR. (ROUTLGT.SMINIIGO TO 300
SMIN=R0UT
NASC=NBO
LSUPF=-LRO
1SAVE=1
300 CONTINUE
[F{ISAVE.NEL.O) 53 T0 305
W2 1TE ( 10UT,305) TR JNHISTeJl2345 ¢ NASC o Ny NUMyNBOy LOCAT 1 LSURFEy ISAVE,
L LRO,ROUT,RINGDIST,SMINGE XA 4B '
305 FNRMAT(24H NO VALID DISTAMCT 1IN GLe/ s111545F13.5,/,6E13.5) 01/173
IRPR IM=D]
60 TO 5000

TA FIND NFXT RTCSION

e
P4
2
by

309 S=5MIN —-DISTESP
NIST=SMIN
DIS=(1.06FPS)*DIST
INEXT=TSAVEE2

310 IP=MACINEXT)
[F(ID3GNELO) CALL 5PU3)
1F{ TAP.EQ.0)50 TN 60C
N=LOCRFGUIRP)EL
NUM=NUMRND(IRP)*4 & N-4

C TYF LONP TN 400 EXAMINES REGION TR? TO SEF IF IT 1S THF NEXT REGION

TE(IDBGNF.O) CALL GP{4)
DN 400 I=M4NUM,4
NBI=MA(])
LNCAT=MA(IEL)
ITYPE=MA(LOCAT82)

IF(ITYPE.NE.lO)CALL GG(LOCAT)

IF(ITYPE.EQ.IO):ALL GG TECILQCAT)

IF{ ICBGMELO) cALL GP{5)

[F(NBD) 320,400 +330

320 IF( (ROUT.LF.OIS ) JOR, (RINLGT.DIS ) ) GO TN 409
6D TO 500

320 IF( (RINGLE.DIS ) JAND. (DIS LLTLRGUT) ) Gu TN 4CO0
50 TN 500

400 CONTINUE

=0

FauUMD A REGICN
5 TN 750

500 INFX=INEXT & 1
INEXT=MA{INEX)
TE(INDXTLETL0) 30 70 31C
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( SEACCH ALL REGIONS
C
MACINEX)=LDATA
INCXT=LDATA
LOATA=LDATAL2
J CIONTINUFE
TFUINDAGNMELO) CALL GP(6)
O 7CC 1RP=1.,NUMK
IF(IRPLEQLIRIGO TO 700
N=L3CREGLIRP)EL
NUM=MUMBON{IRP ) ® 4&N-4
N €50 I=NyNUM,4
NBI=MA(T)
LOCAT=MA(TLL)
YTYPE=MA(LICATE2)
[TF{ITYPELNELLO)ZALL GGHILOCAT)
IF(TTYPELEQLLIQIZALL GGTEC(LOCAT)
IF(IDAS.NELQ) ZALL 5P(T)
IF{NRT) 620,65045630
a2n 1F{ (ROUTLLELDIS JJORJ(RINSGT.NDIS )) 50 TN 650
30 70 760
630 IF( (RINJLEWIIS J)JANDL(NIS L LT.POUT)) 50 TO 4659
57 T 7C0
550 CONTINUE
AA(INEXT)=IRP .
[E(INTXTLTLLMAX)Y GO TG 750 -
ARITEFLTOUTH655) NRIST,,KLCOP .
055 ENRALAT(21H GEOMETRY ARRAY FULL ,2110)
IRPEIM=0
a0 TN 5000
7Y CONTINUE
WRITEFOTIOUTy TO3NIRTRINGIE ) XB 4WR oNIST
703 FOMAT(22HONEXT REGION NOT FOUMND/TH4 TRTRU=IS5,4X,
C 4hH TR =15945Xe3HXB=3F15.6/4H WB=3F15,6¢5X5HDIST=F15.6)
IRPRTM=Q
5G00 KLS=KLNDQP
IETURN .
{50 IRPRIM=JRIR(IRP)
IF(TOBGWMELO) SALL GP(8)
IR=1FRDP
TF{IRPRIM NELIRTRUIGO TO 5000
SP=SP&S
30 T 110

ENT




APPENDIX B

CG T-54 TANK INPUT (LISTING)

Picture generated by
MAGI SynthaVision process
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IR | 13. 5. -3.5 19. 44,2 ~-3.5
l. 4.2 -3.5 2. Se. -3.5
18, 5. 3.5 19, 4.2 3.5
l. 4.2 3.5 2. 5. 3.5
1234, 5678. 1562. 2673, 3784, 1564%.

A8 lo. 442 © =3,5 20.8 2.5 -3.5
le . 2.5 -3.5 1. 4,2 -3.5
19. 4,2 3.5 20.8 2.5 3.5
1. 2.5 305 10 4.2 3.5
1234, 5678. 1562. 2673, 3784, 1584,

ARE 3 20.8 2.5 -3.5 18. l. -3.5

' L.2 1. -3.5 l. 2.5 -3.5
2C.8 2.5 3.5 18. 1. 3.5
1.2 le 3.5 1. 2.5 3.5
1234, 5678, 1562, 2673, 3784, 1584,

ARR 4 20.5 4, -6. 22. 3. -6,
21.8 3. -&. 20.5 3.8 -&.
20.5 4. ~3,5 22, 3. ~3.5
21.8 3. -3,5 20.5 3.8 ~3.,5
1234, 5678, 1562, 2673, 3784. 1584,

x5 1.5 3.8 -6. 19, D. Je
C. 0.2 0. 0. O 2.5

ARF 4 1.5 4, -6, 1.5 3.8 -6,
an 3. . =0 O. 3‘ ~-6.
1.5 4, -3,5 1.5 3.8 -2.,5
0.2 3. ~3.5 Oe 3. -3.5
1234, 5678, 1562, 2673, 3784, 1584,

AR 7 20.5 4, be 22. 3, 6.
Z1.8 3, 5. 2045 3.8 6.
2%.5 4. 3.5 22. 3. 3.5
21.38 3. 3.5 20.5 3.8 3.5
1234, 5673. 1562, 2613, 3784, 1584,

RIX 8 1.5 3.8 3.5 19, C. J.
O. 0.2 0. 0. 0. 2.5

LN 1.5 4, 6o 1.5 3.8 5.
o2 3. 6. O 3. 6.
1.5 4, 3.5 1.5 3.8 3.5
0.2 3. 3.5 0. 3. 3.5
1234, 5678. 1562, 2673, 3784, 1584,

"‘Cr- ln 20.2 203 -S-S 0. 0. 1-7
C.9 .

“CC 11 2042 2.3 -5.6 O. 0. 0.5
d.175

cco12 2042 2.3 -5.3 J. 0. 0.3
0.2

Ceo13 17.5 l.5 -5.5 0. 0. 1.7
1.3

re 14 17.5 1.5 -5.6 0. 0. 0.5
l.1

CC 15 17.5 l.5 ~5.3 0. 0. 0.3
2.2

ce o le l4.5 l.5 -5.5 0. 0. 1.7
1.3

ZC 17 14.5 l.5 -5.5 0. 0. 0.5
lol

r l4.5 1.5 -5.3 0. 0. 0.3

Q.2
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- RCC

RCC

RCC

RCC

RCC

RCC
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RCC

RCC

RCC
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RCC
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