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AVAILABILITY ‘
The latest revisions of the BUILD library APTBLIBE and the user docuxhent

APTDOC are in the LIB library - APTSLIBE and may be obtained by executing the
following on a Cray computer:

xport read .245100: aptsllbe'end / t v
‘1ib aptsllbe'x aptdoc aptbllbe'end / t v

where the exclamation character " ! " represents the linefeed key
Older versions of the LIB library APTSLIBE may. be obtained by executin g

xport list .245100:altslibh / t v
read .245100:altslibh: yymmdd
~end

where yymmdd is a copy of APTSLIBE savcd in year "yy", month "mm", and day "dd".

| berary APTBLIBE is a BUILD library of Cray- complled binary' modules.
Individual or sets of modules may be extracted and added to other BUILD libraries by
using the BUILD utnhty routine, or all of the modules may be made available by speufymg
- the APTBLIBE library in the CIVIC CFT, and/or LOD directives. ‘
You may view the user document APTDOC on a TMDS screen by executing:

‘trix acl!o!aptdoc!tvnnnn!pl / t v

~where nnnn is your TMDS number. The document may be searched as you would any
other ASCII test file. To send a printed copy of the document to your box, execute:

allout hsp‘ aptdoc box ann aptdoc / t v
where ann is your box number.

~ The FORTRAN source files for any of the bmary modules in APTBLIBE may be
exn‘acted from LIB file APTSLIBE by executing:

lib aptslibe / t v
list alwith. apt s.
x filelist

end

where filelist is a list of the desired files. These may also be viewed with TRIX,
and/or printed copies obtained with ALLOUT.



TABLE OF CONTENTS

ABSTRACT ......oeiveiieieeiee oot s 1
INTRODUCTION ..ottt eeteete e eee e ettt ettt et 1
WHAT IS IN APTBLIBE .................... e s L2
"HOW TO USE APTBLIBE .......c.covviiiiitiiseeisieiesetesenessas e 4
SUBROUTINE DESIGN .................... et ——— RO e 6
FUZZY GEOMETRY TECHNIQUES .........0cvtiuriieeessoneieeasienesiisisenseee e, 8
CRAY MEMORY REQUIREMENTS .........coeeiveietierneineaieasirseiisiteeisiene e, 9
SUBROUTINE DESCRIPTIONS IN ALPHABETIC ORDER.............cvieiorsiin 10
APTBANC .....ooviileiieieeeeeee e eneeeae e, vt 10
APTBANG ......coooviieioineseeseeie i et eeee ettt 11
APTCINC ..ottt ettt et 12
APTCONL.....oiviiiiveiiitiereesiesesseeete sttt ete s assebeseseeansb s s esenee e 13
APTCONM ......oviiiiiteioeiote e eteeeeeee e e eeeaae et e eaeeeteetena s et es e sare e 16
APTCSYS ..ottt ettt e, 19
APTCSYV .ottt ettt ettt 20
APTDIST ...c.ooviieiee e ettt ettt 21
APTEDAD ........uiiiieeet e iee oo ee ettt e 22
APTEDAV ..ottt ettt ettt et en e 23
APTFDQC......cociiviiieeiiieieeeeeeeeeeine s e tre et be st et tn e raareeerees 24
APTINVC ..o, JR OO ORI 25
APTINVP ..ottt ettt ettt 26
APTLNIC ..ottt eieee ettt ettt n e 27
APTLNLC . ....0.ovtiiteeees ettt ee ettt eie st ettt e s ene e eese s 28
APTLNLN ...ttt oottt eeeetae et ete e ete et aeieneen e eane s 29
APTLNPL .....ouvviiiiiieeeeee ettt e ee et et s ene e 31
APTMAXW ...ttt ettt 33
APTMEAN L......oiitiiieiiete oo e oo ee e et e ettt 34
APTMOPY .....oiiiee ettt 35
APTMOVE ...ttt ettt 36
APTMOVS ..ottt s 37
APTMPRD .......oiuiiiieiiiee st eee ettt 39
APTMUVCY ..ot er et eee e ee st e e e 40
APTPLPL ....ouuiiiiiiioeietiee et ettt en e ane e 42
APTPLSP ..o ittt ettt e 44
APTPTLC ...ttt ettt eeeete e eas et eae e en e eae e 46
APTPTLN ..ottt oottt ettt 48
APTPTPL.....coieiii sttt teeee e ettt en et eaeen et e 50
APTQDIC .....oiiovieeeiieete et eeee e s ettt e 51
APTOQEDC ... ettt ettt e ettt ase e 52
APTQINC ..ottt e, 53
APTQLOC ... ettt ettt ettt 55
APTQRTS ...t et 56
APTOQRTV ..ottt eeeeoie ettt 58
APTQUAD ...ttt ettt 60
APTQVAC ... it iitiie oottt ettt 62
APTREFC ....... ot iititoeeteeeeteet et et ete e er et 64
APTREFL ......uoviiiiiiiioieeeeete et 65
APTREFS ...ttt eteeeeee et en et 66
APTRECL ...t ittt ete oottt n e, 67
APTRECY ..ot oeeeeee ettt ee e, .68
APTREIS ...t iiie ittt ettt 70



APTRKLC.......ccooviireriiioiseee,
APTRKPL..........coovvieririenesinensennnn,
APTRKRL.........cooovirirrerireriseneeenena,

APTRNDS ...l

APTROTS ........

APTSCAP........
APTSCAT........
APTSCLC........
APTSCLL ........
APTSCLU........

Cessrt st

D A A A N RS S AR R A S AT Y

D R N R R I S AP I I ST I

) AFFSLID.. L
AP'TSLIV S ettt ettt ettt a st ersdenbanesse

.

APTSPSP....ccciviiiiiiii e,

APTTLOC ...c.eceeeeeeereeeieereeenereensrnn,
APTTRAC. ......cveoueeeeeeeeersieneaiarn,
APTTRAN . .....coooiviieiiieeereneenena,
APTTRIP........coooveeeeieereieernerarein,
APTVADC . ....ooiiieeieeeeoes et
APTVADD.....ocoooviveeeieeeeeeereerernenns
APTVANC ..o,
APTVANG ......ooiiueeeseeeeeenees e,

" APTVAXB ooeieoeeeooeeeeo
APTVAXC ...,
APTVDIC......oiiivioeieeeeneeeneeenennnn,
APTVDIL......oooiiieereeenereeserenienion,
APTVDIS......ccoveeeeeieeeneeeeeeeeesin e,
APTVDOC.......coviiiiiiiseseeirereranens
APTVDOT ......cueiueeioreeieeeeeeereoreen s,
APTVLIC........covooiooneeesineeeeeneren,
APTVLIM ......ooovieiennaniennn

© APTVPLC...oviiiieiieeeeeeeeeeess
APTVPLN .....oooviiiieeeeeeeeeeeesen,
APTVSUC...c.ciiieioeeeoreeeseneeneiiin,
APTVSUM ....oooovivieeeeeseeeeeeeeen,
APTVTOC.......c..eieeeeoeeeeeeeeeee e,
APTVTOL ......oooiiieeaseeseeeseiesn,
APTVUAC ..o,
APTVUBC ...
APTVUNA ...,
APTVUNB .....coiuiiiieenaeeeeeieeaensnn,
APTVXUC .....oeiir o ee e v,
APTVXUN ..o,
APTXNUP ......oooivimoiamiiiaii,
APPENDIX ........oooioiiieeeisieeeeeseeeeonen,

SUBROUTINES BY FUNCTION...................

.

PR R I R I A AP

DR R N R S AP S S A AP AP

DR N I A S I P I

R I I A S NIy

LY

.

Gesureee s

DRI I A

PR R A A

srseaer e

R S

e

e

.

.

teoasecnr e
DRI
Seses st

DRI NI

Sesert e

Ceses et eetann s

Serer At et e

D R A N N

sesessrasedsaans

D R R I

ceess st ensaae

.

.

DR WA I Y

sseerecsanen

Pesssat e

tesessescanns

DR A

Cesaseserasenrey

DR I R AP I AP

Meess et aane

DR R )

DRI AR

Cvesasr e

needesenassae

et e

D A I

cee

e

T

.

.

.

Csersess s b

D )

teeciqrsanee

Ceseseseanan

Cressesteanan

tressert e

R

Cseesetenenn

D R ]

Crerasseane

Ceeasatsane

Creesstasnae

teesserebage

teecatt s

tesessresase

Geersertarse

tesiaste e

Tressersrens

Gvsessestaaee

cee

e

cesn

v
DRI
v
R
“eae
ve e
ceen
(R
see
seen
sase
cees
seen
IRRK]
e
e
i
e
teee
sees
ceee
sens
DR}
“aen
seee
seee
sees
ceae
evae
e
Y

veas
veas
e
e e
DRy
DR}
e
asen
ceen
sees
Y
s
ceee
s
X
ceas
R}
Y
DY

cevan

.

.

.

.

.

.

.

.

.

.

.

.

.

.

X

.

.

.

103
104

.

.

108
110

112
113
114
115
116
117
118
119
120
121
122
123
124
125

125



ABSTRACT

APTBLIBE is a new BUILD library of about 151 Cray-compiled binary
subroutines for numerical geometry and Monte Carlo sampling, of which 93 are described
here (the rest will be described in a revision). It is designed especially to support 2-D and
3-D codes that generate and track beams or particles of energy or matter (APT = All-
- Particle-Tracking). The LIB library APTSLIBE contains the FORTRAN source files, and
the user document APTDOC, much of which can be updated directly from the source files.
‘This document describes APTBLIBE and its subroutines, how to use them, and the
features designed to simplify the dcveiopment of new codes, and improve the speed,
efficiency, reliability and ease of maintenance of any codes Wthh make use of it. ‘

INTRODUCTION

Many large-scale computer programs at LLNL and elsewhere requ'ire code modules
for generating and tracking beams or particles of energy or matter in various types of spatial
meshes and coordinate systems, in 1-D, 2-D and 3-D geometries. Some of these modules
- require Monte Carlo sampling of random variables from a variety of probability

distributions. These and other codes may also have to solve difficult geometric problems in
generating and rezoning the mesh. As a result, a large number of subroutines, functions,
and algorithms have been developed over the years for geometric and Monte Carlo
sampling applications, greatly varying in style, structure, readability, accessibility,
modularity, and efficiency. A single large code may have the same function duplicated
~many times, in -many forms, in different code modules.

Thus, there is a clear need for one or more standard libraries of numerical geometry
and Monte Carlo sampling subroutines, both for use in developing new codes, especially
those for 3-D geometries, and for gradual replacement of coding in e¢xisting codes as they
are upgraded. The goals in designing such libraries include improving speed, efflclency,
accuracy, reliability, accessibility, readability, generality, flexibility, ease of maintenance,
and ease of use.

The APTBLIBE library is designed to meet this immediate need, and to provide a
basis for expansion to meet future needs. APTBLIBE already contains geometric and
Monte Carlo sampling subroutines used by many Monte Carlo particle-tracking codes, in
addition to a comprehensive set of basic subroutines for geometrical applications in 1-D, 2-
D and 3-D geometries, in Cartesian, cylindrical and spherical coordinate systems. The
development and inclusion in the library of additional higher-level subroutines is simplified
by the hierarchical nature of the set of subroutines, and is being done as needed.

The subroutines in APTBLIBE, how to use them, and the methods used to
accomplish the design goals will be described below.




WHAT IS IN APTBLIBE

APTBLIBE currently contains about 93 subroutines, ranging from basic low-level.
procedures to the higher-level geometric and Monte Carlo sampling methods needed for
Monte Carlo tracking of beams and particles of energy and matter in 3-D geometries.
~ These subroutines can be subdivided into five groups, as follows: ‘

The fundamental physical and chemical constants (2 subroutines).
Mathematics and statisdcs (3 subroutines).

Monte Carlo sampling (8+ subroutines).

Precision and round-off error control (7 subroutines).

Geometry (71+ subroutines). S

' A summary of the subroutines in each group follows. For a more detailed listing of
subroutines by function, including the type of geometry and coordinate system, where
applicable, see the appendix "SUBROUTINES BY FUNCTION" at the end of this

document., ‘

- The latest self-consistent set of values of the fundamental constants of physics and
chemistry are provided in two subroutines, aptconl (180 values in cm-g-sh-jerk-kev units),
and aptconm (230 values in SI units). It is necessary to look at the source listing of each
subroutine to find the index needed as an input argument to get the value of each constant.

- The mathematics and statistics group consists of two subroutines for finding real
roots of quadratic equations, aptqrts (scalar) and aptqrtv (vector), and one subroutine for
finding the mean and standard deviation of an array of values, aptmean. Each has unique
features for control of round-off errors. ‘

The Monte Carlo sampling group consists of 8+ subroutines for random sampling
from probability distributions, including aptslid and aptsliv for 1-D uniform and linear
distributions (with no sampling in negative regions), apttloc and aptqloc for 2-D uniform
spatial distributions over triangles and quadrangles, respectively, aptscat for 3-D uniform
directional distributions, aptscap for 3-D cosine**power directional distributions, aptscad
for uniform directional distributions in a plane in 3-D space, aptxnup for frequencies from
Plank or Wien distributions, and others.

The precision and round-off error control group consists of 7 subroutines,
including aptfdad (scalar) and aptfdav (vector) for adjusting values of a variable near 0.0
and 1.0, aptvlic (2-D) and aptvlim (3-D) for imposing lower limits on the magnitudes of
vector compongits, aptvtoc (2-D) and aptvtol (3-D) for applying any of several limit or
truncation options to the magnitudes of spatial point coordinates or vector components, and
aptrnds for rounding off floating point numbers to any specified relative or absolute
precision. See the section titled "FUZZY GEOMETRY" below.

The geometry group consists of 74+ subroutines for a broad range of applications.
These include conversion between various coordinate systems;. doing basic vector and
matrix operations; finding angle relationships between lines and between vectors; testing
for special geometric relationships; doing the basic symmetry group operations of
translation, rotation, reflection, and inversion, and combinations of these: linear and global
scaling; finding distances; finding the initial vector direction and distance between two
points in any coordinate system; moving a point a specified distance in a specified initial
direction in any coordinate system,; finding the alternate geometric descriptions of lines and
planes; finding vectors perpendicular to lines in a major plane, or planes in 3-D space;



finding the vertex areas of a triangle; finding the vertex areas and shape (convex,
boomerang or bowtie) of a quadrangle; finding the local coordinates (fractional distances
“between opposite sides) of points in quadrangles; finding the intersections between straight
lines or linear tracks and various boundaries ir: 2-D and 3-D.



HOW TO USE APTBLIBE

~ APTBLIBE is a BUILD library currently containing about 93 Cray-comp1led binary
subroutines. The "availability" section at the beginning of this document tells how to get
APTBLIBE, the source file LIB library APTSLIBE, and the user document APTDOC.

The appendix "SUBROUTINES BY FUNCTION" in this document contains a
detailed summary of the subroutines in APTBLIBE by function, including the number of
spatial dimensions and type of coordinate system, when applicable. This should allow a
user to find the name of the subroutine with the required function, if it is in APTBLIBE

- The section of thxs document titled "SUBROUTINE DESCRIPTIONS IN
ALPHABETIC ORDER" contains the initial comment block from each of the subroutines
in APTBLIBE, extracted directly from the source files. Each comment block contains the
calling statement and argument list, the dates of origination and last update, the location of
the needed libraries and source ﬁlc the purpose and general description of the subroutine,
lists of input and output arguments, a list of calls to other APTBLIBE subroutines, a
history of significant changes that might affect the usér, and a list of detailed definitions of -
all arguments. In most cases, this information should be sufficient to allow proper use of
the subroutine. If not, the source file may be obtained from LIB library file APTSLIBE
and read to obtain additional information, including definitions of all internal variables, -
comments describing each step of the procedure, and the coding itself. Each source file is
intended to be completely self-documented. '

For efficiency, 1-D and 2-D analogues of 3-D geometric algorithms have been
placed in separate subroutines, to eliminate unnecessary subroutine arguments and
complexity. All strictly 2-D subroutines, in which all points and vectors are confined to a
major plane, have names ending in the letter "c". Subroutines are provided for rotating any
non-major plane into a major plane. The rotation operator may be saved to do the inverse
rotauon latcr after major-plane calculatlons are done.

Most of the subroutines in APTBLIBE are vectorized, and some algorithms are
offered 1n two or more subroutines, dependmg on whether certain arguments are scalar
values or array values, or on how certain geometric objects are defined. For example, a
line may be rcprcsented by two points, or a point and a directional vector, or a plane may
be represented by three points or a point and a normal vector. Subroutines are provxded to
- interconvert between these representations.

All communication between APTBLIBE subroutines and each other, and with the
calling program, is through argument lists. There are no shared cliches or common blocks.
Input and output arrays in each argument list are usually members of a single table, with the
same index and same array size. It is up to the user to allocate memory for these arrays,
and put the input data into the required form. All local variables in APTBLIBE subroutines
are declared in local labelled common blocks, named by prefixing the subroutine name with
the letter "1I". When local temporary arrays are needed, array processing is done in blocks
of 64 or less, so no local array is sized any greater than 64.

* Most subroutines indicate an input data error, failure to find a a requested result, or
the occurence of a special or limiting case, by returning a scalar and/or array integer flag, or
a physically impossible value of an output argument. Integer flags may have several
possible values. The most often used flag, "nerr", is usually returned with a value of 1
when a specified array size is non-positive. The calling program should test for any of
these cases that can possible occur, and take appropriate action before errors propagate or a



crash occurs. Great care is taken to identify all special and extreme cases, and to indicate
their occurence to the calling program by use of the special result flags.



SUBROUTINE DESIGN

~ 'The subroutines in the APTBLIBE library were designed with the following goals:
speed, efficiency, accuracy, reliability, accessiblity, readability, generality, flexibility, ease
of maintenance, and ease of use. '

Calculational speed is obtained primarily by making maximum use of vectorization

of do-loops, by eliminating unnecessary caloulations by using separate subroutines for 2-D
analogues of 3-D procedures, and by using input options to eliminate do-loops not needed
for a particular application.

Efficiency is obtained by using a hierarchy of subroutines, beginning with a set of
basic operations, followed by increasingly higher-level subroutines, making maximum use -
of calls to lower-level subroutines to avoid repetition of coding. This also helps to insure
uniformity of method, increases reliability, simplifies maintenance, and simplifies the
addition of higher-level user applications to the library.

Accuracy is obtained by thorough testing to eliminate coding errors, and by the
careful use of the techniques of "fuzzy geometry", to eliminate or control the effects of
numerical round-off errors. See the section of this document titled "FUZZY GEOMETRY
TECHNIQUES". ‘

' Reliability is obtained by thorough testing, including all possible extreme, special,
and degenerate cases, and all possible types of input errors, to ensure that the expected
results are obtained.in all cases, and that sufficient information is returned to the calling
program to allow appropriate action to be taken in all cases, whenever possible. The test
program for a particular subroutine is run whenever that subroutine, or any subroutine it is

dependent on, is changed.

Accessability is obtained by making all source files available in LIB library file
APTSLIBE.

Readability is obtained by making each subroutine adhere to the same strict coding
standard. The requirements include the inclusion of an initial block of comments
containing certain required information (see the section of this document titled
"SUBROUTINE DESCRIPTIONS IN ALPHABETIC ORDER") and liberal use of blank
lines and comments. The coding standard also specifies the format of all FORTRAN
statements, to ensure readability and uniformity in all subroutines. In general, the names of
dummy arguments and local variables are chosen by a consistent set of rules in all
subroutines, making is easier to remember their meanings.

Generality and flexibility are obtained by including all of the basic geometric and
vector operations in separate subroutines, allowing a hierarchy of subroutines to be
developed, ranging from low-level to high-level applications; by including separate
subroutines for 1-D, 2-D and 3-D analogues of the same process, and for the same process
carried out in different coordinate systems; and by including subroutines for conversion
between different coordinate systems, and between different descriptions of the same .
geometric objects.

Ease of maintenance is obtained by a variety of methods, including use of a coding
standard, use of a nomenclature standard, use of a hierarchical subroutine structure, and
use of a number of computer tools for updating, compiling, loading, saving, and
documenting, all of which are in place, and procedures for their use documented.

6



Ease of use i§ obtained by providing complete documentation, both here and in each
source file, by allowing communication with the calling calling program only through the
argument list, which eliminates any dependency on macros, cliches, or shared common
blocks; by the use of a very basic set of FORTRAN statement types, minimizing or
eliminating the need for changes to run on different computers; and by the general, flexible,
and modular structure of the subroutmes

The average subroutine has 222 lines, of which 45 are blank, 75 are the initial
comment block, 16 are other comments, 8 are dimension declarations for arguments, 13 are
common block deciarations for local variables, and the remaining 63 are other coding.
Many of the latter hive appended comments. (Note: ‘appended comments are easily moved
to a separate line by using trix ac with a simple alter file.)



FUZZY GEOMETRY TECHNIQUES

A unique feature of this library of subroutines is the inclusion and careful use of a
number of techniques to control or eliminate the effects of round-off error due to the finite
- number of bits of precision available on the Crays and other computers.

These "fuzzy geometry" techniges make it possible to get correct and unambiguous
answers to important geometric questions such as whether geometric objects are coincident,
congruent, colinear, coplanar, parallel, perpendicular or tangent, within the uncertainty due
to round-off error, and to avoid producing meanin gless results that may later require special
-handlmg and testing to prevent major errors or program crashes.

" Most subroutines have an input argumcnt specifying a relative precision "tol", and
allow certain intermediate and final results to be truncated to zero, if their absolute valucs
- are less than the estimated error in their calculation, based on "tol" and the actual numencal
procedures used. :

Other subroutines (aptfdad, aptfdav, aptvtoc and aptvtol) provide a number of
options to truncate or place limits on scalar values, spatial point coordinates, or vector
components. ‘Subroutine aptrnds may be used to round off any floating point number to a
specified absolute or relative precision. These options may be tailored to the precision of
the computer in use, and to the requirements of the particular application.

On the Crays, the value of "tol" should be approximately equal to 1.E- 12**(1/n),
- when the tested value x is to be used in the form x**n. A larger value should be used (e.g.,

1.E-11), when the mput arguments are likely to have been affected prev1ously by round-off
error. . ‘

Whenever an expression contains a denominator which can legitimately have a
value of zero, a fuzz factor "fuz", equal to 1.E-99, is added to the denominator, to avoid
division by zero. The value 1. E-99 m.zht have to be changed on some computers.
Whenever this technique results in an incorrect value of an output argument, either a -
separate warning flag is returned, or the description or the output argument in the
subroutine comment block contains a warning, allowmg the calling program to test for such -
results.



CRAY MEMORY REQUIREMENTS

- The APTBLIBE library currently requires 72,000 words of Cray memory. The
binary modules in APTBLIBE require an average of about 1000 words of Cray memory
each, including about 250 words for the local common block. Since a call to one
APTBLIBE subroutine may initiate a chain of calls to other lower-level APTBILIBE
‘subroutines, as well as subroutines in other system libraries, the total memory requirement
may be largcr Currently, the longest call chain is four.



SUBROUTINE DESCRIPTIONS IN ALPHABETIC ORDER

SUBROUTINE APTBANC

. &

Version:

Author:

Source:

Purpose:

Input:
‘Qutput:

Calls:

Glossary:
au, av

bdu, bdv

|

oy, bv
cu, cv
du, dv
nerr
np

r.ol

call aptbanc (au, av, bu, bv, cu, cv, np, tol,

bdu, bdv, du, dv, nerr)

aptbanc Updated 1990 March 8 17:00,

~aptbanc Originated 1990 March 8 17:00,

Arthur ‘L. Edwards, LINL, L-298, Telephone (415) 422-4123.

xport read ,245100:aptslibe / 11

1ib aptslibe!x aptblibe aptbanc!end / 1 1,

aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-complled binarles.

To find, for each of np sets of lnput data, the bisector
bd = (bdu, bdv) of the angle "abc" formed bv the points

a = {au, av), b = (by, bv), and ¢ = {cu, cv)} in the uv plane,

and point d'= (du, dv), the Intercept of the bisector on
the line "ca". 1If points "a%, "b" and "c" are colinear,
vector "bd" will be zero, .and point "d" will be point "b".
au, av, bu, bv, cu, cv, np, tol,

i

bdu, bdv, du, dv, nerr.

aptvdic, aptvuac (sourcasrin aptslibe,
binaries in aptblibe).

Input The u and v coordinates of point "a“, Size np.

Out put The u and v components of the vector “bd" which
bisects angle “abc*, and connects polints “b" and

Input The u and v coordinates of polnt "b*, Size np.

Input The u and v coordinates of point "“c", Size np.

Output The v and v coordinates of paint "d" on line “ca".
The intercept of bisector “bd" on line "“ca“.

Size np.

Output Indicates an {nput error, if not 0.
' 1 if np is not positive,

Input Size of arrays au, aV, bu, bv, cu, cv,
bdu, bdv, du, dv.

Input Numerical tolerance limit. :
On Cray computers, recommend 1l.e-5 to 1l.e-11.
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SUBROUTINE APTBANG

call aptbang (ax, ay, az, bx, by, bz, cx; cy, cz,

&

. Version:

Author:

Source:

Purpose:

Input:
Output:

Calls:

Glossary:
ax,ay,az

bdx,y, 2
bx, by, bz
cx, cy, cz
dx, dy, dz
nerr

np

tol

np, tol, bdx, bdy, bdz, dx, dy, dz, nerr)

aptbang. Updated 1990 March 8 17:40.
aptbang Originaced 1990 March 8 17:40.

Arthur L. Edwards, LINL, L-298, Teléphdne (415) 422-4123.

xport read .245100:aptslibe /1 1

1ib aptslibelx aptblibe aptbangl!end / 1 1.

aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-complled birarles.

To find, for eacH of np sets of input data, the bisector

bd = (bdx, bdy, bdz) of the angle “abc" formed by the points
a = (ax, ay, az), b = (bx, by, bz), and ¢ = (cx, cy, cz),
and point d = (dx, dy, dz), the intercept of the bisector on
the line “ca"., If points “a", "b" and "“c" are colinear,
vector “bd" will be zero, and point “d" will be point “b*“,

ax, ay, az, bx, by, bz, cx, cy, cz, np, tol.
bdx, bdy, bdz, dx, dy, dz, nerr.

aptvdls, aptvuna (sources in aptslibe,
binaries in aptblibe).

Input The X, y, 2z coordinates of point “a"., Size np.

Output The x, y,.7 components of the vector *"bd" which
bisects angle “abc", and connects points "b" and “d",

Input The x, y, 2 coordinates of point "b". Size np.

Input The x, Y, z coordinates of point “c", Size np.

Output The x,'y, 2z coordinates of point "d* on line “ca".
The intercept of bisector "bd" on line "ca*®.

Size np.

Output Indicates an input error, if not 0,
1 {f np is not positive,.

Input Size of arrays ax, ay, az, bx, by, bz, cx, cy, cz,
bdx, bdy, bdz, dx, dy, dz. :

Input Numerical tolerance limit,
On Cray computers, recommend 1.e-5 to l.e-11.
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SUBROUTINE APTCINC

&

Version:

Author:

Source:

Purpose:

Input:
output :

Calls:

Glossary:

au, av
bu, bv

cu, cv

du, dv

nerr

nint

np

ra
rb

tol

call aptcine (ra, au, av, rb, bu, bv, np, tol,

cu, cv, du, dv, nint, nerr)

aptcinc Updated 1990 March 20 14:40.
apteinc Originated 1990 March 20 14:40.

A:Lhur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read ,245100:aptslibe / 1 1

1ib aptslibelx aptblibe aptcinclend / ' 1.

aptslibe is'a LIB library of FORTRAN s¢urce files.
aptblibe is a BUILD library of Cray-compiled binarles.

To find, for each of np sets of input data, the points of
intersection ¢ = fcu, cv) and d = (du, dv) of the circle

of radlus ra at point a = {au, av} and the circle of radius
rb at point b = (bu, bv), if an intersection oqcurs.

Flag nint indicates the number of intersectlion points,

Flag nerr indicates any {nput error.

ra, au, av, rb, bu, bv, np, tol.
cu, cv; du, dv, nint, nerr,

aptvdic, aptvadc, aptvplc, aptvuac
(sources in aptslibe, binaries in aptblibe).

Input © The u and v coordinates of polnt "a" at the center -
of the clrcle with radlus ra, i{n the uv plane (2-D).
Slze np.

Input The u and v coordinates of polnt “b".at the center
of the clrcle with radius rb, in the uv plane (2-D).
Size np.

Output - The u and v coordinates of polnt %c" at an Intersection
of the two circles centered at points "a" and “b"“, If
an Intersection occurs (nint = 1 or 2). Size np.
Same as “d" if nint = 1.

Meaningless, but set to “a“ 1f nint = 0 or 3.

Output  The u and v coordinates of point *d" at an intersection
of the two circles centered at polnts “a" and “b", (f
an Intersection occurs (nint = 1 or 2). Size np.
Same as "c¢c" {f nint « 1,

Meaningless, but set to “a" {f n}nt = 0 or 3.

Output Indicates an input error, if not 0.
1 {f np is not positive.

Output. Indicates the number of intersecti{on points:

0 if no Intersection occurs. Ignore points "c*, "d*,
1 {f the clrcles are tangent at the single point
LI L

2 {f the circles overlap, intersecting at the two
points *"¢* and “d“,
3 if the clrcles are congruent. The intersection

includes each c¢lrcle. 1lgnore polnts “c", “d“,
Input Size of arrays,
Input " The radius of the circle centered at point “a%,

Size np, The absolute value ls used.

Input The radius of the circle centered at point "b",
Size np. The absolute value is used.

Input Numerical tolerance limit,
On Cray computers, recommend l.e-5 to l.e-11,
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SUBROUTINE APTCONL

call aptoonl (ind, np, pqcén. nerr) -

Version:

Author:

Refs:

aptoonl Updated 1990 March 2 15:30.
aptconl Originated 1989 March 2 15:30.

Arthur L. BEdwards, LINL, L-298, Telephone (415) 422-4123,

1., *“The 1986 Adjustment of the Fundamental Physical
Constants*, Codata Bulletin Number. 63, November 1986,
Pergamon Press.

2. *Meﬁric Practice Gulde E 380~72e%, 1973, American
Soclety for Testing and Materials, 1916 Race Street,
Philadelphia, Pa 19103,

' 3. Flle physcons in L1B library physlibe. Execute:

Source:

Purpose:

xport read .245100:physlibelend / t v
1ib physlibe!x physconslend / t v
allout hsp physcons / t v

trix aclo!physcons!tvNNNNIpl / t v

xport read ,245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptconllend / 1 1,

aptslibe is a LIB library of FURTRAN source files.
aptblibe is a BUILD library of Cray-compiled binaries.

To provide the best available values of the fundamental
physical constants and conversion factors of physics and
chemistry, in cm~g-shake-keV units. See aptconm for SI units.
For each of np values of ind, the constant with local index ind

- 1s returned in array pgcon, The local indices are tabulated

-
OOV @~JIAWUawN -
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below, For definitions of the constants, see the full listing
of this subroutine, or reference 3 listed above. If any value
of ind is not in the range from 1 to 180, the returned value of
pgcon will be -1,e99,

pga 37 pgfrtoam 73 pgk . © 109 pgmsubmu 145 pgratde
pgabigs 38 pgfrtog 74 pgketoam 110 pgmsubn 146 pgratdp
pgalpha 39 pgfrtojk 75 pgketofr 111 pgmsubp 147 pgratea
pgalphal 40 pgfrtoke 76 pgketojk 112 pgmub 148 pgrated
pgamtohz 41 pyfrtorc 77 pgketorc 113 pgmube 149 pgratemu
pgamtojk 42 pgg 78 pgkevtog 114 pgmubf 150 pgratep
pgamtoke 43 pggamma 79 pglamce 115 pgmubw 151 pgratmue
pgamtorc 44 pggamp 80 pglamceb 116 pgmud 152 pgratne
pgamu 45 pggampb 81 pglamen 117 pgmudb 153 pgratnp
poamud 46 pggampp 82 pylamenb 118 pgmudn 154 pgratpe
pgamue 47 pggamppb 83 pglamcp 119 pgmue 155 pgratpmu
pgamumu 48 pgyolden 84 pglamecpb 120 pgmueb 156 pgrctoam
pgamun 49 pggsube 85 pglosch 121 pgmuen 157 pgrctofr
pgamup 50 pggsubmu 86 pgmagfq 122 pgmumu 158 pgrctog
pgamutog 51 pggsubn 87 pgmdev 123 pgmumub . 159 pgrctoik
pgastar 52 pggtoamu 88 pgmdj 124 pgmumun 160 pgrctoke
pgasube 53 pggtofr 89 pgmeev 125 pgmun 161 pgrmole
pgasubmu 54 pggtoik 90 pome) 126 pgmune 162 pgrydb
pgatm 55 pggtokev 91 pgmmrde 127 pgmunf 163 pgrydbe
pgatomx 58 pggtore 92 pgmmrdp 128 pgmunt 164 pgrydbe
pgbohr 57 pgh 93 pgmmremu 129 pgmuntbk 165 pgrydbev
pgc " 58 pghart 94 pgmmrep 130 pgmuntn 166 pgsate
pgcsubl 59 pghértev 95 pommrmup 131 pgmunw 167 pgsatez
pQcsub2 60 pghbar 96 pgmmrne 132 pgmup 168 pgsb
pgcunit 61 pghbarc 97 pgmmrnp 133 pgmupb 169 pgsia
pgcuxun 62 pghbarok 98 pgmmuev 134" pgmupn "0 pgsid220
pgdrohm 63 pghlen 99 pgmmu 135 pgmupp 171 pgsigw
poe 64 pghmass 100 pgmnev 136 pgmuppb 172 pgsivolm
pgebase 65 pghok 101 pgmnj 137 pgmuppn 173 pgtemp
pgec 66 pghtime 102 pgmolh 138 pgmuvac 174 pgt homx
pgeoh 67 poifvr 103 pgmolhc 139 pgnsuba 175 pgubb
pgeome 58 pgiktoam 104 pgmoxun 140 pgombifS 176 pgv76bi
pgeomp 69 pgjktofr 105 pgmpev 141 pgqcirce 177 pgviols
pgepsvac 70 pgjktog 106 pogmp3 142 pgqeirch 178 pgvmolz
pgeraa 71 pgiktoke 107 pgmsubd 143 pgqhc 179 powien

pofar 72 pgjktorc 108 pgmsube 144 pgghr 180 pi
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Input.: ind, np.
Output ¢ pgcon, nerr,

Callss none
(sourcas in aptslibe, binaries {n aptblibe).

Glossary!

ind Input Indicaes of constants to be stored in array pgcon.
size np.

np " Input Size of arrays lnd, pgcon.

pgecon ‘Qutput Constants, Value pgcon(n) is constant with
index ind(n).

nerr Output. Error flag., 1 i{f np is not positive,

Definitions:

S1 UNIT AND CM-C-SHAKE UNIT CONVERSION FACTORS
Definitions and conversion of base hnits
Length or distance. 1 cm (centimeter) = 0.0l m (materi.
Mass. 1 g (gram) « 0,001 kg (kilogram).
Time. 1 sh (shake) = 1.0e-08 s (second).

Electric current. 1 labA « 1 (jerk / cm)**0.,5 = 1,0e4+09 A (ampere).
1 A=1C/ 8= (1.0e~07 J / m)*+0,5,

Temperature. 1 keV = 1,160445e+07 K (Kelvin).
1 K= 1/ 273,16 of the thermodynamic temperature of
the triple point of water.
Note: 1988 NBS triple polnt of Gallium = 302,9169 K (1.7 ppm).
Definitions and conversion of derived units
Acceleration. 1 cm / sh**2 = 1.0e+l4 m / g2,
Area. 1 cm**2 = 1,0e-04 m*+2,

Density, 1 g / cm**3 » 1,0e+03 kg / m**3,

Electric capacitance, 1 labF = 1 sh**2 / cm = 1,0e-07 F (farad).
1 F=1Ag8/V=l1,0e-07 8**2 / m,

Electric inductance. 1 labH = 1 cm = 1,0e-09 H (henry).
l1H=1Vs/Aw»1,0e+07 m.

Electric resistance. 1 labohm = 1 cm / sh = 0,1 ohnm.
1 ohm=1V/A=1,0et07m / s,

Electric voltage. 1 labV = 1 (Jerk cm / sh**2)*+0,5 = 1,0e+08 V (volt),
1 V=1W/ A= (1,006¢007 Jm / 8**2)**0.5,

Electrical charge, 1 labC = 1 {(jerk sh**2 / em)**0.5 = 10 C (coulomb),
1C=1As = (1,00-07 J 8**2 / m}**0,5.

Electrical conductance, 1 labS = 1 sh / cm = 10 S (siemen).
1S=1A/V =1,0e-078/m,

Electron volts, 1 kev (klloelectron volts) = 1000 eV (electran volts).
1 eV = 1,60217733e-19 J.

Energy or work, 1 jerk = 1,0e+09 J (joule}.
1 J a1 kgme*2 / g**2 = ) Nm (newton meter).
Force. 1 gam / sh**2 = 1 jark / cm = 1,0e+407 N (newton).
I1N=1Kgm/ s8*2=1J/m, '
Magnetic flux. 1 labWb = 1 (jerk cm)**0,5 = ' Wb (weber),
1 Wb « 1V s« (1,0e407 J m)**0.5,

Magnetic flux density. 1 labT = 1 (jerk / cm**3}*+0,5 = 10,000 T (tesla).
1 Teael Wb/ m*2 = (1,0e+07 J / m**3)*+0,5,
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Power., 1 jerk / ah = 1.0a+17 W (watt),
1Ww1J/ 8 m=1,0e~17 jark / sh,

Preasure or energy density, 1 jerk / cm*+3 = 1.0e15 Pa (pascal) .,
1Pa= 1N/ m#t2 =170/ me*d,

Specific heat, 1 jerk / (g keV) = 8,617385e+04 J / (kg K).
Thermal conductivity, 1 jerk'/ {(sh cm keV) = 8,61738%e+11 W / (m K).
Velocity; 1 com/ sh = 1,0e+06m / s,

Volume, 1 cm**d = 1,0e-06 m**3,
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SUBROUTINE APTCONM

call aptconm (ind, np, pgcon, nerr)

Version!

Author:

Refs:

Source:

aptconm Updated 1990 March 2 15:30,
aptconm Originated 1989 March 2 15:30,

Arthur L, Edﬁardn, LINL, L-298, Telephone (415) 422-4123,

1. "The 1986 Adjustment of the Fundamental Physical
Constants*, Codata Bulletin Number 63, November 1986,
Pergamon Press,

2. “Metric Fractice Guide E 380-72e*, 1973, American
Soclety for Tasting and Materials, 1916 Race Street,
Philadelphia, Pa 19103,

3, File physcons in LIB library physliba, Execute:
wport read .245100:physlibelend / t v
1ib phyalibe!x physcons!end / t v
allout hsp physcons / t v
trix aclolphyscons!tvNNNNIpl / t v

xport réad .245100:aptslibe / 11
11b aptslibe!x aptblibe aptconmlend / 1 1.
aptslibe is a LIB library of FORTRAN source files.

‘aptblibe is a BUILD library of Cray-compiled binaries.

purpose:

DU Ds W

To provide the best available values of the fundamental
physical constants and conversion factors of physics and
chemistry, in SI units. See aptconl for cm-g-shake~keV units,
For each of np values of ind, the constant with local index ind
is returned in array pgcon., The local indices are tabulated
below. For definitions of the constants, see the full listing
of this subroutine, or reference 3 listed above. If any value
of ind is not in the range from 1 to 217, the returned value of
pgcon will be ~1,e99,

poa 45 pgevtokg 89 pgitokg 133 pgmpav 177 pgratea
pgabi8s 46 pgevtorm 90 pgjtorm. 134 pgmpj 178 pgrated
pgad 47 pgfar 91 pgk 135 pgmsubd 179 pgratemu
pgalpha 48 pgg 92 pgkd 136 pgmsube 180 pgratep
pgalphal 49 pggamma 93 pgkgtoam 137 pgmsubmu 181 pgratmue
poamtoev 50 pggamp . 94 pgkgtoev 138 pgmsubn 182 pgratne
pgamtoht 51 pggampb 95 pgkgtoht 139 pgmsubp 183 pgratnp
pgamtohz 52 pggampp 96 pgkgtohz 140 pgmub 184 pgratpe

pgamtoj 53 pggamppb 97 pgkgto}] 141 pgmube 185 pgratpmu

pgamtok 54 pggolden 98 pgkgtok 142 pgmubf 186 pgrmold
pgamtokg 55 pggsube 99 pgkgtorm 143 pgmubk 187 pgrmole

pgamtorm 56 pggsubmu 100 pgktoam 144 pgmubw 188 pgrmtoam
poamu 57 pggsubn 101 pgktcev 145 pgmud 189 pgrmtoev
pgamud 58 pgh 102 pgktoht 146 pgmudb 190 pgrmtoht
pgamue 59 pghart 103 pgktohz 147 pgmudn 191 pgrmtohz
pgamumu 60 pghartev 104 pgkto3d 148 pgmue 192 pgrmtod .
pgamun 61 pghbar 105 pgktokg 149 pgmueb 193 pgrmtok

pgamup 62 pghbarc 106 pgktorm 150 pgmuen 194 pgrmtokg

pgastar 63 pghbarok 107 pg@lamce 151 pgmumu 195 pgrydb
pgasube 64 pghlen 108 pglamceb 152 pgmumub 196 pqrydbc
pgasubmu 65 pghmass 109 pglamcn 153 pgmumun 197 pgrydbe
pgatm 66 pghok 110 pglamcnb 154 pgmun 198 pgrydbev
pgatomx 67 pghtime 111 pglamcp 155 pgmune 199 pgsate
pgbohr 68 pghttoam 112 pglamcpb 156 pgmunf 200 pgsatez
pgc 69 pghttoev 113 pglosch 157 pgmunk 201 pgsb

pgcsubl 70 pghttohz 114 pgmagfq 158 pgmunt 202 pgsbd
pgcsub?2 71 pghtto]) 115 pgmdev 159 pgmuntb 203 pgsia
pgcsub2d 72 pghttok 116 pgmd] 160 pgmuntn 204 pgsid220
pgeunit 73 pghttokg 117 pgmaev 161 pgmunw 205 pgsigw
pgcuxun 74 pghttorm 118 pgmed 162 pgmup 206 pgsivolm
pgdrohm 75 pghyfsph 119 pgmmrde 163 pgmupb 207 pgtemp
pge 76 pghztoam 120 pgmmrdp 164 pgmupn 208 pgtempt
pgebase 77 pghztoev 121 pgmmremu’ 165 pguupp 209 pgthomx
pgec 78 pghztoht 122 pgmmrep 166 pgmuppb 210 pgubb
pgeoch 79 pqhzto) 123 pgmmmmup 167 pgmuppn 211 pgubbd
pgeome 80 pghztok 124 pgmmrne 168 pgmuvac 212 pgv76bi
pgeomp 81 pghztokg 125 pgmmrnp 169 pgnsuba 213 pgvmolt
pgepsvac 82 pghztorm 126 pgmmuev 170 pgombiB5 214 pgvmoltz
pgerad 83 pgifvr 127 pgmmuj 171 poqelre 215 pgwlien
pgevtoam 84 pgjtoamu 128 pgmnev 172 pgqcirch 216 pgwiend
pgevtoht 85 pgitoev 129 pgmni 173 pgghc 217 pi

pgevtohz 86 pgjtoht 130 pgmolh 174 pgghr
pgevto) 87 pgjtohz 131 pgmolhe 175 pgratde
pgevtok 88 pgjtok 132 pgmoxun 176 pgratdp
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Input: ind, np.
Output: pgecon, nerr.

Calls:, none
(sources in aptslibe, binarles in aptblibe).

Glossafy:

ind Input Indices of constants to be stored in array pgoon.
Size np. '

np Input 8ize of arrays ind, pgcon,

pgcon Output Constants. Value chon(n) is constant with
index ind(n).

nerr 0utpﬁt Error flag. 1 {f np ls not positive,

Definitions;:

SI UNIT AND CM-G~-SHAKE UNIT CONVERSION FACTORS )
Definltions and conversion of base units
Length or distance. 1 cm (centimeter) = 5.01 m (meter).
Mass. .1 g (gram} = 0.001 kg (kilogram),
Time. 1 sh (shake) = 1,0e-08 s (second) ,

Electric current, 1 labA = 1 (Jerk / cm)**0.5 = 1,00+09 A (ampere).
1A=1C/ 5= (1.0e=07 J / m)**0.5,

Temperature. 1 kav = 1.1604456+07 K (Kelvin),
' 1 K=1/ 273,16 of the thermodynamic temperature of
the triple point of water, Note: 1988 NBS triple polnt of Gallium = 302,9169 K (1.7 ppm).

Definitions and conversion of derived units
Acceleration, 1 cm / sh**2 « 1,0e+ld m / s**2,
Area. 1 om**2 = 1,0e-04 mee2,

Density. 1 g / cm**3 = 1,0e+03 kg / m**3,

Electric capacitance. 1 labF = 1 sh**2 / cm = 1,0e~07 F (farad).
1FwlAs/Vme=1,0e-~078**2/m,

Electric inductance. 1 labH = 1 cm = 1,0e-09.H (henry).
1 H=1Vs/A=~1,0e+07 m.

Electric resistance. 1 labohm = 1 cm / sh = 0.1 ohm.
lohme=1V/A=1,0e+07m/ s,

Electric voltage. 1 labV = 1 (jerk cm / sh**2)**0,5 = 1,0e+08 V (volt).
1VelW/ A= (1,0e407 Im / 84*2)*+0,5,

Electrical charge., 1 labC = 1 (jerk sh"2 / cm)**0.,5 = 10 C (coulomb).
1 C=1A38= (1,06-07 J 8**2 / m)**0,5.

Electrical conductance, 1 labS = 1 snh / cm = 10 S (siemen) ,
1S5=1A/V=1,0e-07 8/ m,

Electron voits. 1 keV (kiloelectron volts) =« 1000 eV (electron volts).
1 eV = 1,60217733e~-19 J.

Energy or work. 1 jerk =~ 1.0e+09 J (joule).
1 J =1 kgmt*2 / g**2 = 1 N m (newton meter).
Force. 1 gcm / sh**2 = 1 derk / cm = 1,0e+07 N (newton).
1 N=1HKgm/ s**2=1J/m,
Magnetic flux. 1 labWb = 1 (jerk cm)**0.5 = 1 Wb (weber),.
1 Wb =1V s = (1,00407 J m)*+*0,5.

Magnetic flux density. 1 labT = 1 (jerk / cm**3)*+*0,5 = 10,000 T (tesla).
' 1T=1Wb / mt*2 = (1,0@+07 J / m**3)**0.,5,
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Power, 1 jerk / sh = 1,0e+17 W (watt)
1WelJ/ 8 = ),0e~17 jerk / sh,

Pressure or energy density, 1 jerk / ecm**3 « 1,0el5 Pa (pascal).
! ' 1 Pa =1 N/ m*2 =1 J/ m**3,

speoific heat, ‘1 jJerk / (g kev) = 8,61738%e+04 J / (kg K).
Thermal conductivity, 1 jerk / (sh om keV) = 8,617385e+11 W / (m K).
Veloclity, 1 cm'/ sh = 1,0e+06 m / s,

Volume. 1 cm**3 = 1,0e-06 m**3,"
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SUBROUTINE APTCSYS

'

call aptesys (nl, n2, funit, u, v, W, np, tol, nerr)

Vaersioni aptesys Updated 1990 March 14 10140,
aptesys Originated 1989 Novemper 2 14110,

Authori Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

Source; sport read ,2451003aptslibe / 11
1lb aptsilbelx aptblibe aptcsystend / 1 1,
aptalibe ls a LIB library of FORTRAN source files,
aptbllbe ls a BUILD library of Cray-cotplled binaries.

furpose; To transform the np polnts (u, v, w) from
coordinate system nl to coordinate system n2, Allowed
coordinate systems are cartesian, cylindrical, spherical,
Angles may be in degrees (lunit = 0) or radlans (lunit = 1).
Results will be truncated to zero if less than the estlimated
error In thelr calculation, based on tol, Dbldgallowed lInput
values of nl, n2, funit, or np are indicated by a nonzero
value of nerr,

Input: nl, n2, {unit, u, v, w, np, tol,

Output: u, v, W, nerr.

Glossary:

funit Input Indicates unit to be used for anglesi

0 if angles &zre {n degrees,
1 {f angles are In radiang,

nl Input Indlcates inltial coordinate system type:

0 for cartesian coordinates., u = X, v =Y, w = Z.

1 for cyllndrical coordinates, u = radius from 2
axls, v = angle in xy plane, counterclockwise from
X anls, w = 2,

2 for spherical coordinates. u = radius from origin,
v = angle in xy plane, counterclockwise from
x axls, w = angle from 2z axis,

n2 Input Indicates final coordinate system, See nl,

nerr Output Indicates an input error, {f not 0,
: 1 if np Is not positive.
2 {f efther nl or n2 {s not 0, 1, or 2,
3 if nl = n2, ‘
4 {f funit {a not 0 or 1,

np Input Number of polnts (u, v, w),

tol Input Numerical tolerance limit. Any angle with a sine
or cosine (absolute value) less than tol will be
adjusted to make its sine or cosine = 0,

UV, W In/0ut The coordinates of a point, Size np.
See nl, n2, Will be trunpcated to zero, if luss than
the estimated error {n thelr calculation,
base on tol,
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SUBROUTINE APTCSYV '

&

call aptesyv (nl, n2, lunit, u, v, w, au, av, aw, np,

Varsion:

Aut hort

Source!

Purpose:?

Input:
output :
Glossary:

au, av,aw

funit

nl

n2

nerr

np

tol

u,v,w

tol, nerr)

aptesyv  Updated 1989 Detember 1 13:10,
aptcsyv  Orlglnated 1989 Navember 2 14:10.

Arthur L, Edwards, LINL, 1-298, Telephone (415) 422-4123,

xport read ,245100!aptslibe /7 1 1

1ib aptsllbelx aptblibe aptcsyviend / 1 1,

aptsiibe i{s a LIB library of FORTRAN sgource flles,
aptblibe {s a BUILD library of Cray-complled binaries.

To transform the np points (u, v, w) and

the associated bound vectors a = (au, av, aw) from

coordlnate system nl to coordinate system n2. Allowed

coordinate systems are carteslan, cylindrical; spherical.

Note: Lf (u, v, w) Is at the orlgln, then au and av are

{ndependent of the coordinate system, and aw changes sign !
bat.ween the spherical coordinate system and the other two.

Angles may be in degrees (lunit = 0) or rrdians (lunit = 1},

Results will be truncated to zero i{f less than the estimated

error in thelr calculation, based on tol. Dlsallowed input

" values of ni, n2, lunit, or np are lIndicated by a nonzero

value of narr,
nl, n2, lunit, u, v, w, au, av, aw, np, tol.

9, VvV, w, au, av, aw, nerr.

In/0ut The u, 'v, w components of a bound vector at (u, v, w).
size np.

Input Indicates unit to be used for angles:
0 {f angles are in degrees.
1 4f angles are in radlans,

Input Indicates Initlal coordinate system type:

0 for cartesiap coordinates., u = x, v =y, w = 2,

1 for cylindrical coordinates. u'= radius from 2z
axls, v = angle in xy plane, counterclockwise from
X axis, w = z,

2 for spherical coordinates. u = radius from origin,
v = angle In %y piane, counterclockwise from
x axls, w = angle from z axis,

Input Indicates final coordinate system. See nl,

Output Indicates an input error, if not O,
1 1f np is rot poasitive.
2 1f elther nl or n2 is not 0, 1, or 2.
3 4f nl = n2,
4 {f funit Is pot 0 or 1.

Input Number of points (u, v, w), and
numker of bound vectors (au, av, aw).

Input Numerical tolerance llmit. Any angle with a sine
or cosine (absolute value) less than tol will be
adjusted to make its sine or cosine = 0.
Any spatlal coordlnate or vector component with )
a final value less than the estimated error in its
calculation, based on tol, will be truncated to
zero,

In/Out  The coordlnates of a point. Size np.
See nl, n2, W1l be truncated to zero, lf less than
the estimated error in their calculation,
base on tol.



- SUBROUTINE APTDIST

call aptdist (nsys, lunit, au, av, aw, bu, bv, bw,
& np, tol, cu, cv, cw, dab, nerr)

versfon: aptdist Updated 1990 March 14 16:00.
aptdist Originated 1989 November 27 16:50.

Authd;: Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

Sourcip: xport read .245100:aptslibe / 11
lib aptslibe!x aptblibe aptdistiend / 1 1.
aptslibe is a LIB library of FORTRAN source files,
aptblibe is a BUILD library of Cray-compiled binaries.

Purpose: To find, for each of the np sets of input data, the distance
dab, and initial unit direction vector ¢ = (cu, cv, cw),
from the point a = (au, av, aw) to the point b = (bu, bv, bw).
Option nsys specifies the coordinate system:

0 for Cartesian, 1 for cylindrlcal, 2 for spherical.

! Option {unit indicates the units for angles: 0 for degrees,

' 1 for radians. .
Any component of vector *c® less than the estimated error in
its calculation, based on tol, will be truncated to zero.
Vector *"c* will be zero, if point “a» is colncidant with point
*b%, based on tol.

Flag nerr indicates any input error.

_History: 1990 March 14 Changed tol to 0.0 in call to unit vector
. subroutine. Allows small maqnitudes.

Input: ° nsys, lunit, au, av, aw, bu, bv, bw, np, tol.
Qutput: cu, cv, cw, dab, nerr,

Calls: aptcsys, aptcsyv, aptvdis, aptvuna
{sources in aptslibe, binaries in aptblibe).

Glossary:
au,av,aw Input The u, v, w coordihates of point “a%. Size np.
bu,bJ,bu Input The u, v, W coordinates of bolnt *h*, Size np.

_cu,ev, oW ‘Outpuc The u, v, w components of vector “c*., Size np.
May be truncated to zero, if less than the estimated
numerical error in thelr calculation based on tol.

dab " Output The distance from point “a“ to point ®“b*, Slze np.

fvnit Input Indicates unit to be used for angles:
0 if angles are in degrees.
1 if angles are in radians.

nsys. ' Input Indicates coordinate system vype:
4 0 for carteslan coordinates, u =X, V =y, w= z,

1 for cylindrical coordinates, u = radius from z
axis, v = angle in xy plane, counterclockwise from
X axis, w = 2z,

2 gor spherical coordinates, u = radius from origin,
v = angle in xy plane, counterclockwise from
x axis, w = angle from 2z axis.

nerr output  Indicates an input error, if not 0.
1 1f np is not positive.
2 1f nsys is not 1, 2, or 3.
3 4f funit {s not 0 or 1.

np Input Size of arrays.

tol Input Numerical tolerance limit.
On Cray computers, recommend l.e-5 to l.e-11.
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SUBROUTINE APTFDAD

call aptfdad (fd, noptfd, tol, nlim, nerr)

Version:

Author:

Source:

Purpose:

Input:

" Output:
Clossary:
fd

fd
nerr .

nlim

nopt fd

aptfdad Updated 1990 January 18 16:40.
aptfdad Originated 1989 November 2 14:10.

Arthur L. Edwards, LLNL, L-298, Telephone (415) 422-4123.

xport read .245100:aptslibe / 1 1

1ib aptslibe!x dptblibe aptfdadlend / 1 1.

aptsiibe is a LIB library of FORTRAN source flles,
aptblibe is a BUILD library of Cray-compiled binaries.

To adjust the value of fd, relative to the limits 0 and 1,
based on the opvion noptfd and the numerical tolerance limit
tol., Values of fd lnitially in the range from -tol to 1 + tol
may be adjusted to the ranqe from tol to 1 - tol. Values of fd
outside the range from 0 to 1 may be adjusted to that range.
The flag nlim indicates if and how fd was adjusted.

'Flag nerr indicates any error 'in noptfd.

fd, noptfd, tol.

fd, nlim, nerr,

Input Fractional distance,
Lo 1 )
Output  Fractional distance, with range limited if noptfd
is 1 or 2,

Output Indicates an input error, {f not 0.
1 {f noptfd is not between 0 and 2,

oatput 0 if no limit imposed on fd, 1 {f the limit of

noptfd = 1 ls imposed, 2 if the limit of noptfd =~ 2
is imposed.

input Option to limit range of fd: 0 for no limit;
1 to increase fd:.to tol, if in the range from
~tol to tol, and decrease fd to 1.0 - tol, {f in
the range from 1.0 -~ tol to 1.0 + tol; and
2 to impose the limits for noptfd = 1, and then
limit fd to the range from 0.0 to 1,0.

Input Numerical tolerance limit, Needed 1f noptfd = | or 2.
' On Cray computers, recommend l.e-5 to l.e-11.
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SUBROUTINE APTFDAV

call aptfdav (fd, np, noptfd, tol, nlim, nerr)

Version:

aptfdav Updated = 1990 January 18 14:20.

+ aptfdav Originated 1989 November 2 14:10.

Author:

Source:

Purposa:

Input:
output :
Glossary:
fd(n)

£d(n)

nerr
‘nlim(n)

nopt fd

np

tol

Arthur L. Edwards, LINL, L-298, Telephone {415y 422-4123,

‘xporﬁ read ,245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptfdaviend / 1 1.
aptslibe is a LIB library of FORTRAN source files.
aptblibe i{s a BUILD library of Cray-compiled binarius.

To adjust the np values of fd, relative to the limits 0.and 1,
based on the option noptfd and the numerical tolerance limit
tol. Vvalues of fd {nitially {n the range from -tol to 1 + tol
may be adjusted to the range from tol to 1 - tol. Values of fd
outside the range from 0 to 1 may be adjusted to that range.
The flag nlim indicates 1f and how fd was adjusted.

Flag nerr indicates any error in noptfd.

fd, np, noptfd; tol.

fd, nlim, nerr.

Input Fractional distance. Size np.‘

output Fractional distance, with range limited {f noptf
is 1 or 2. size np.

Output Indicates an input error, if not 0,
1 if np is not positive,

2 if noptfd {5 not between O and 2,

Output 0 {f no limit imposed on fd, 1 if the limit of
rnoptfd = 1 is imposed, 2 if the limit of noptfd = 2
{s imposed, Size np.

Input Option to limit range of fd: O for no limit;
1 to increase fd to tol, if in the range from
~tol to tol, and decrease fd to 1,0 - tol, if in
the range from 1,0 - tol to 1.0 + tol; and
2 to impose the limits for noptfd = 1, and then
limit fd to the range from 0.0 to 1.0.

Input Size of arrays f£d, nlim.

Input  Numerical tolerance limit. Needed 1f noptfd = 1 or 2.
On Cray computers, recommend l.e-5 to l.e-11,
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SUBROUTINE APTFDQC

'

call aptfdqc (au, av, bu, bv, cu, cv, du, dv, pu, pv, np, tol,
fdk, fdi, nqood, nerr)

&

Version:

Author:

Source:

Purpose:

Input:
Output:
Calls:
Giossary:

au, av

bu, bv

du, dv

- fdk

fdl

ngood

nerr
np
pu, pv

tol

apt. £dqc

Updated 1990 January 26 16:20,

aptfdqe Originated 1990 January 26 16:20.

_Arthur L. Edwards, LINL, L-298, Telephone (415) 4224123,

xport read .245100:aptslibe / 1 1’

1ib aptslibelx aptblibe aptfdqclend / 1 1,

aptslibe is a LIB likLvary of FORTRAN source files.
aptblibe is a BUILD li“rary of Cray-compiled binaries. .

To find, for each of thy np sets of input data, the fractional
distances fdk and fdl o! the point p = (pu, pv), between the
opposite edges “da® anc "bc*, and "ub* and “cd*, respectively,
of the 2-D quadrilateral in the uv plane with vertices

a = (au, av), b = (by, bv), ¢ = (cu, cv), and d = (du, dv).
Flag nerr indicatgs any input error. '

au, av, Bu, bv, cu, cv, du, dv, pu, pv, np, tol,

fdk, tdl, ngood, nerr,

aptqrtv (source in aptslibe, binary in aptblibe).

Input

f

. Input

Input

Input

Output

Qutput

Output

Output

Input

Input

Input

The u and v coordinates of point “a® in the uv plane.
Size np. )

The u and v coordinates of point “b* in the uv plane.
Size np. '

The u and v coordinates of point "c* in the uv plane.
Size np. '

The u and v coordinates of point "d* in the uv piane.
Size np.

Fractional distance of point "p* from the line segment
“da" to the line segment “bc*. Size np.
Values between -tol and tol will be adjusted to tol.
Values between 1.0 -~ tol and 1.0 + tol will be
adjusted to 1.0 - tol, See ngood.

Fractional distance of point "p* from the line segment
"ab* to the line segment “cd“, Size np.
Values between -tol and tol will be adjusted to tol.
 Values between 1.0 = tol and 1.0 + tol will be
adjusted to 1.0 - tol, See ngood,

Indicates range of fractional distances fdk and fdl:

0 if elther fdk or fdl is outside the range from

-tol to 1.0 + tol. Also if both are.

1 {f fdk and fdl are both between -tol and 1.0 + tol.
This can be true evan when point "p* i{s outside
a boomeranged or bowtied quadrangle.
if fdk and fdl are both between -tol and 1.0 + tol,
and two possible solutions exist. This can happen
when the quadrangle is a boomerang or bowtie.
Only one of the solutions is returned,

n

Indicates an input errcr, 1f not 0.
1'1f np 1s not positive.

Size of‘arrays pu, pv, Su, av, bu, bv, ¢u, cv, du, dv,
fdk, fdl.

The u and v coordinates of point *p* in the uv plane.
Size np.

Numerlcal tolerance limit,
On Cray computers, recommend l.e-5 to 1l.,e-11.
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SUBROUTINE APTINVC

call aptinve (au, av, pu, pv, np, tol, nerr)

Version:

Author!

Source:

Purpose:

Input:
Output s
Glossary:
au, av

herr

np

pu, pv

tol

‘aptinve Updated 1990 March 13 11:30,

aptinve Originated 1990 January 4 13:20,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

. Xport read .245100:aptslibe / 1 1

1ib aptslibelx aptblibe aptinvclend / 1 1.
aptslibe is a LIB library of FORTRAN source flles,
aptblibe 1s a BUILD library of Cray~complled binarles.

To Anvert the np points or vectors p = (pu, pv) through the
point a = (au, av), all i{n the uv plane., If "p" are

unbound vectors, point a = (au, av) should be at the origin,
The new components of "p* will be truncated to zero if less
than the estimated error in their calculation, based on tol,
Flag terr indicates any input érror. '

itype, au, av, pu, pv, np, tol.

pu, pv, nerr.

Input The u and v components of the inversion boint ha%,

Output Indicates an input error, if not 0.
1 if np {8 not positivae,.

Input Number of 2-D points or vectors (pu, pv).

In/Out The u and v coordinates of a 2-D point, or
the u and v components of a 2-D vector, Size np.
Truncated to zero if less than the estimated error
in their calculation. See tol.

Input Numerical tolerance limit.
On Cray computers, recommend l.e-5 to 1.e-11,
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SUBROUTINE APTINVP 4 g M‘.‘Lﬁ’
call aptinvp (ax, ay, az, px, pY, PZ, np, tol, rinv) ﬁ !

Version: aptinvp Updated 1990 March 13 11:30.
aptinvp Originated 1989 November 2 14:10,

Author: Arthur L. Euwards, LINL, L-298, Telephoné (415) 422-4123,

Source: xport read ,245100taptslibe / 1 1
1ib aptslibelx aptblibe aptinvpiend / 1 1.
aptslibe is a LIB library of FORTRAN source files,
aptblibe is a BUILD library of Cray-complled binaries,

Purpuse: To find the matrix operator rinv for inversion through' the
origin, and to do an equivalent {nversion through the polint
a = (ax, ay, az), of the np polnts or vectors }
p = (px, pY, pz). If “p* are unbound vectors, polnt “a" must
be at the origin, The new components of *p“ will be truncated
to zero If léss than the estimated error in thelr calculation,
based on tol.

Input: itype, ax, ay, az, px, py, pz, np, tol,
output g pX, pY:, pz, rinv,
Glossary:
ax,ay,az Input The %, 'y, z coordinates of the inversion polint *a".
np. Input Number of points or vectors (px, py, pz). May be O,
pX,pY,pz Ifi/Out The * y, z coordinates of a point, or
the x, y, z components of a vector. &ize np.
Truncated to zero if less thah the estimated error

in their calculation. See tol.

rinv Output  Array rinv(3,3). Inversion operator, Diagonal
elemants are -1, Off-diagonal elements are O.

tol Input Numerical tolerance limit, Used to test and adjust

point components.
On Cray computers, recommend l,e~5 to 1l,e-11,
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SUBROUTINE APTLNIC

call aptlnio (au, av, bu, bv, rc, cu, ov, np, tol,
& du, dv, eu, aev, nint, nerr)

Verslon: aptlnlc Updated 1990 March 21 13140,
aptinic Originated 1990 March 21 13140,

Author: Arthur L, Edwards, LLNL, L-298, Telephone (415) 422-4123,

Sources xport read .245100taptslibe / 1 1
1ib aptslibelx aptblibe aptinialend / 1 1i.
aptsllbe {s a LIB library of FORTRAN source flles.
aptblibe is a BUILD library of Cray-compiled binarles,

Purpose: To find, for each of np sets of input data, any lntersection
points d = (du, dv) and & « (au, ev) of the line through
points a = (au, av) and b = (b, bv), and the circle centered
.at point ¢ = (cu, cv) with radius re, all in the uv plane.
Flag nint indicates the number or type of intersection points.

* Flag nerr indlcates any input error,

(
Input: au, av, bu, bv, re, ou, ov, np, tol.
Output ¢ du, dv, eu, ev, nint, nerr.

Callsy aptqrtv, aptvadc, aptvdic, aptvdoc
’ . (sources {n aptslibe, binaries in aptblibe).

Glossary:
~au, av 1hput The u and v coordinates of point “a® on the line *ab®
in the uv plane., Size np.
bu, bv Input The u and v coordinates of point "b* on the line “ab*
in the uv pilane. S8ize np,
cu, cv Input The u and v coordinates of point "c" at the center of

the circle in the uv plane with radius re, Size np.

du, dv Output The u and v coordinates of point “d" at an intersection
of the line "ab™ and the circle of radius rc centered
at point “c*, if an intersaction occurs (nint = 1 or
nint = 2). Meaningless if nint = -1 or 0. Size np.

eu, av Out put The u and v coordinates of point “e" at an intersection
: of the line "ab* and the cirole or radius rc centered
at puint “c*, {f an intersaction occurs (nint = 2},
Meaningless if nint = -1, 0 or 1, Size np.

nerr output Indicates an input error, if not O,
1 1f np is not positive.

nint Output Indicates the type and number of intersection points:
-1 if points "a" and "b" colnclde, basad on tol.
Points "d" and “e™ are meaningless.
0 {f no intersection occurs.
Points "d* and "e" are meaningless,
1 if the line and circle are tangent at the single
point “d*, Point “e" {s meaningless.
2 if the line and circle intersect at the two
. distinct points *d” and “e".

np Input Size of arrays.

re Input The radius of the circle in the uv plane, centered at
point "c*., The absolute value is used.

tol Input Numerical tolerance limit,.
On Cray computers, recommend l.e-5 to 1l.,e-11,
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SUBROUTINE APTINLC

call aptinle (au, av, bu, bv, ou, ev, du, dv, np, tol,
¢ dpmin, fracab, fraced, eu, ev, {par, nerr)

Varsiont aptlnlc Updated 1990 Janumry 18 16140,
aptinlc Or{ginated 1990 January 11 11110,

Authory  Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123.

Sourcet xport read ,243100taptslibe / 1 1
. 1ib aptslibelx aptblibe aptlnlclend / 1 1,
aptslibe {s a LIB library of FORTRAN source flles.
aptbiibe is a BUILD library of Cray~compiled binaries,

Purpose! To find, for each of np sets of {nput data, the intersection
e = (eU, ev), {f any, between the straight line betwean polnts
a = (au, av) and b = (bu, bv), and the straight line between
points © » (cu, ov), and ¢ = (du, dv), all in the uv plane,
where u, v and w are orthogonal directlions, The fractional
distance fracab of polnt “e* along line "ab*, and the fractlonal
distance fraced of point "e* along line *od* are also returned.
I1f the lines are parallel, lpar = 1 will ba returned, and the
distance dpmin between the lines will be returned. If dpmin ls
smaller than the estimated error in its calculation, it will be
truncated to zero, If a line segment is too short, ipar = 2, 3
or 4 will be returned., Flag nerr will be 1 {f np is not
positive.

Inputy au, av, bu, bv, cu, cv, du, dv, np, tol,

Qutput: dpmin, fracab, fraccd, eu, ev, lpar, nerr,

Calis: aptvdlc, aptaxc (scurces In aptsllibe,
binarles in aptblibe).
Glossary:
au, av Input The u and v coordinates of the flrst polnt on line
: segment "ab" {n the uv plane. Size np.

bu, bv Input The u and v coordinates of the second point on line
segment “ab” in the uv plane. Size np.

oy, cv lInput The u and v coordinates of the first point on line
sagment. “cd* in the uv plane, Size np.

dpmin Output Distance from line "ab* to {ine “od", when they are
parallel (ipar = 1),
Truncated to zero Lf less than the estimated error
in {ts calculatlon. See tol. Size np,

du, dv Input The u and v coordinates of the gacond point on line
segment "cd* in the uv plane, Size np.

eu, ev Output The u and v coordlinates of the intersection of lines
*ab® and "cd®, Size np.

fracab Output Fractional distance of “e* along iine “ab“, Size np.
Meaningless {f ipar = 2 or 4, :

fraced out put Fractional distapce of "e" along line “cd“, Size np.
' Meaningless {f ipar = 3 or 4,

ipar Output, 0 {f lines are not parallel, 1 If they are., Size np.
2 1f line segment “ab® is too short,
3 1f line segment “cd” ls too short,
4 {f "ab" and "cd® are both too short,

nerr Jutput  Indicates an input error, {f not O,
1 if np 18 not positive,

tol Input Numerical tolerance limit.
On Cray ~omputers, recommend 1.e-5 to 1.e-11,

28



SUBROUTINE APTLNLN

&
&

call aptinln (ax, ay, az, bx, by, bz, o«, cy, oz

Varsion!

Author

Sourcet

Purpose!

History!

Input

Output s
Callsy

Gloasaryt
ax,ay,az
DX, by, bz
CX, ty, 2

dpmin

dx,dy,dz

ex, ey, ez
fx, fy, f2
fracab
fracced

ipar

ftrun

dx, dy, dz, np, tol, dpmin, frycab, traccd,
ax, ey, ez, tx, fy, fz, {trun, lpar, nerr)

aptinin Updated 1990 March 14 16100,
aptinln originated 1989 November 2 14110,

Arthur L, Edwards, LLNL, L-298, Telephone (41%) 422-4123,

xport read ,245100iaptslibe / 1 1

1ib aptslibal!x aptblibe aptlininiend / 1 1,

aptglibe {8 a LIB library of FORTRAN source files,
aptblibe {s a BUILD library of Cray-compiled binarled.

To find, for each of np sets of input data, the minimum
distanve dpmin between the llne through the points

a = {aX, ay, az) and b = (bx, by, bz}, and the llne through
the points ¢ = (cX, ¢y, cz) and d = (d¥, dy, dz), and the
polnt @ = (ex, ey, oz} on line "ab", and the polnt

f = (tx, fy, f2) on line “ad*, at which the minimum dlistance
dpmin occurs, If dpmin ls smaller than the estimated error in
its calculation, it will be truncated to zero, and ltrun =1
will be returned, '

The fractional distance [racab of point "e" along line “ab",
and the fractlonal distance fraccd of polnt "f* along llne
“ed", are also returned.

1f the lines are paralldl, ipar = 1 will be returned.

It a !lne segment is too shoft, lpar = 2, 5 or 4 will be
raturned,

1990 March 14, Changed tol te 0,0 In call to unit vector
subroutine, Allows small magnl;udns“

ax, ay, az, bx, by, bz, cx, dy, ¢z, dx, dy, dz, np, tol,

dpmin, fracab, fraced, ex, ey, ez, fx, fy, fz,
itrun, lpar, nerr. .

aptvdls, aptvdol, aptvuna {sources in aptslibe,
binaries in aptblibe)

Input The tirst polnt on line segment “ab"., -Slue np,
Input The second point on llne segment "“ab". Size np,
Input The first point on line segment *"cd", Slze np,

Output  Minimum distance from line "ab® to line “cd%.
Distance from e = (ex, ey, ez) to f = (fx, fy, fz).
Truncated to zero \f less than the estimated error
in {ts calculation, See tol, Size np,

Input The second point on line segment “cd". Ssize np,

Out puts The x, Yy, z coordinates of the point on line "“ab"
nearest line “cd"., Size np.

Output  The ¥, ¥y, 2z coordlnates of the point on line “cd"
nearest )ine “ab%, Slze np.

Out put Fractional distance of “e" along line *ab". Size np,
Meaningless Lf {par = 2 or 4,

Output  Fractlonal distance of “f* along line “wcd", Slze np.
Meaningleus if ipar = 3 or 4,

Out put 0 {f lines are not parallel. 1 If they are, and
points “e" and “f". can be moved arbitrarily by
equal distances along the lines, Slze np.

2 if llne seygment “ab" {s too short.
3 If line segmant “cd" {s too short,
4 {f “ab" and "cd" are both too short,

CGut put o uf dpmin not truncated to zero, based on tol,

1 {f dpmin is truncated Lo zero, based on tol.
Size np.
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naryr

np
tol

Qutput

Input

Input

Indlcates an {nput eryor, if not O,
11f np 18 not positive,

Size of arrays,

Numerical tolerance limit,
on Cray computers, recommend l.e-$ to 1,e~11,
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SUBROUTINE APTLNPL

call aptlppl (px, PY, PZ, sxl 8y, sz, ax, ay, 4z,

&
&

Versiony

Author!

Source?:

purpose

Higtory:

Inputs
Output y

Callst

Glossary:
ax,ay,az

dint

dpmin

fracps

ipar

vnX, vny, vne, np, tol, dpmlin, dint, fracpa,
qx, ay, qz, lpar, nerr)

aptlnpl Updated 1990 March 15 13140,
aptlnpl Orlginatéd 1989 November 2 14:10,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read ,2451003aptsiibe / 1 1

1ib aptslibe!x aptblibe aptlnpllend / 1 1,

aptslibe ls a LIB library of FORTRAN source files,
aptblibe ls a BUILD library of Cray-complled blnaries,

To find, for each of np sets of {nput data, the point of
intersectioh of the line through points p = (px, py, pz}

and 8 = (sx, sy, sz}, with the plane through tha point

a = (aX, ay, az) with normal Vector vn = (vnx, vny, vnz),.

The polnt of Intersection will be defined hy its distance dint
from point “p*, {ts fractiona)l distance fracps along the line
from “p" to “s", and lts coordlnates q - (qx%, qy, qz).

The perpaendicular distance dpmin from: the plane to point "p"
i8 also returned,

If point “p* tolncides with point "s*, based on tel, the result
will be the same as 1f line "ps* ls parallel to the plane,

If vector “vn" |s too short, based on tol, the result

will be the same as 1f 1ipe “ps* lles in the plane.

If line "ps" s parallel to the plane, ipar will be 1, 1If, In
addition, dpmin s not zaro, dint, fracps, and the coordlnates
of #g" wlll be very large, If the line ls parallel to the plane
and dpmin 1s zaro, then the line is in the plane, and dint and
fracps wil) be zero, and the coord&nates of "q" will be

(PX, py. p2z).

Flag nerr indlcates any input error,

1990 March 14, Changed tol to 0.0 in call to unit vector
subroutine, Allows small magnitudes,

1990 March 15, Changed results when vector "vn" {s too short,
Now gives pame results as If line "ps" ls in rhe plane.

pX, py, bz, BX, 8y, sz, ax, ay, ai, vnx, vny, vnz, np, tol,

dint, dpmin, fraops, Gx, ay, qz, ipar, nerr.

aptvadd, aptvdis, aptvdot, aptvuna, aptvunb
(sources (n aptslibe, binarles in aptblibe),

Input The X, ¥y, ¢ coordinates of point “a* {n the plane.
Size np,

Output  The distance of the polnt of Intersecclon "q" from
point *p*. Ppositive If In the same direction as
that from "“p* to “s*, Size np.

Meaningless. {f lpar {s not zero,

Out put The perpendlcular distance to point "p* from the

plane, Positive If point *p" is in the same
direction from the plane as the normal vector *vn",
If less than the estimated error {n {ts calculation
dpmin will be truncated to zero, Slze np,
Meaningless {f lpar = 2, 3, or 4,

Output Fractional diastance of point "gq" along the line
segment from point *p" to point “a*., Size np.
May be negative or greater than 1,
Meaningless {f {par ls not zero.

Output

o

{t the llne Js not parallel to the plane, Size np,
1 1f {v {4, See dpmin, dint, fracps, gx, qy, 9qz.

2 {f line "ps* {s too short, based on tol,

3 If vector “vn* is too short, based on tol,

4 1t "ps" and "vn" are both too short, based on tol,
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narr

np

PX, pY, P2

ax, qy, qz

8K, 8y, 82
tol

vnR,y, 2

output

Input

Input

out put

Input
Input

Input

i
Indicates an tnput error, Lf not 0O,
1 Af np s not positive,
Size of arrays,
|
The %, ¥y, @ coordinates of point “p* on the lina,
Must diffar frpm *s", based on tol, Size np.

The X, ¥, 2 uoarﬁlnatan of the polnt of Intersaction
of the line thirough “p* and *a* with the plane
through polint Pa“ with normal veutor "vn%,
Meaningless if lpar {s not zero.

The %X, y, 2 coorilinates of point “s“ on the linhe.
Must differ frjm “p", based on tol, Size np.

Numerical tolarajice 1imit,
On Cray computiirs, recommend 1.e-5 to 1.e-11,

The X, ¥, 2z compiihents of vector “vn® normal to the
plane, Magnitiide must exceed tol, Size np.




SUBROUTINE APTMAXW '

call aptmaxw (tgas, np, erest, beta, gamma, nerr

Varalond
Authors

Bource!

Purpose!

Input:
Output ¢
Glossary!

beta

erest
gamma
nerr

np

tgas

aptmaxw Updated 1990 January 31 16130,
aptmaxw Origlnated 1990 January 31 16:30,

Eugene H. Canfield, LLNL, L-~298, Talephone (41%; 422-4125,
Arthur L, Edwards, LINL, 1.-298, Talephone (418) 422-4123,

xport read .2451001aptslibe / 1 1

1ib aptslibelx aptblibe aptmaxwlend / 1 1,

aptslibe ls a LIB library of FORTRAN source flles,
aptblibe {s a BUILD library of Cray-compiled binaries.

To find, for eanh of np speolfied temperatures tgas, the
relativistic velocity functions beta and gamma, by sampling
from a relativistic Maxwelllan distribution of particles with
a rest mass energy of erast (same units as tgas).

Flag nerr {ndicates any input error.

tgas, np, erest,

beta, gamma, nerr,

Output Ratio of particle velocity to the speed of light:
beta = v / ¢ (o« 2,99792458e+08 m / 8).
Range is from 0,0 to 1, Size = np.

“Input The rast masa of the particles (same units as tgas).

Output  Ratio of relativistic mass to particle rest mass:
gamma = aqrt (1.0 - beta*+*2),
Range is from 0.0 to infinity. .Slze np.

Output Indicates an input error, if not zaro,
1 1f np s not poaitive,

Input Slze of arrays tgas, beta, gamma,
Input Average particle tamperature (same units as arest).
Size np.
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SUBROUTINE APTMEAN

‘call aptmean (x, np, tol, smean, xdev, nerr)

Varsgioni

Authory

Source;

PUrpose!

Input:
.outputy
Glossaryi

nerr

np

tol

gdev

xmean

aptmean Updated 1990 ganuary 31 14110,
aptmean Originated 1990 January 31 143110,

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,
upbrt read ,245100japtalibe / 1 1

1lb aptslibelx aptbllbe aptmeaniend / 1 1.

aptslibe ls a LIB llbrary of FORTRAN asource files,
aptblibe {sg a BUILD llbrary of Cray-complled binarles,

To find, for the np values of X, the mean value xmean and
the standard deviation sdev of x from xmean.

Flag nerr {ndicates any input error.

X, np, tol,

xmean, xdev, nerr,

Cutput  If not O, {ndicates an input error,
1 4f np |- not positive.

Input Size of array. x,

Input Truncation error iimit,
On Cray computers, recommend 1.,e-11,

Input © A scalar value, Size np,

Output. Standard deviatlion of X from xmean.
sqrt (mean (Xx**2) - (mean (x))**2),

Output  Mean value of x. Sum (x) / np.
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SUBROUTINE APTMOPV
call aptmopy‘(smat, inv, ax, ay, az, px, py, pz, np, tol, nert)

Versioh: aptmopv Updated - 1990 March 14 19:30.
aptmopv Originated 1989 Novembur 2 14:10,

Author: Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123.

Source: -prrt read ,245100:aptslibe / 1 1
1ib aptslibelx aptblibe aptmopviend / 1 1.
aptslibe is a LIB library of FORTRAN source flles.
aptblibe i{s a BUILD library of Cray-conpiled binaries.

Purpose: To transform the np points or vectors p = (px, pY, pZ)
by subtracting a = (ax, ay, az), then operating on the result
with the 3 x 3 matrix operator smat (inv = 0) or its transpose
(inv = 1), then adding a = (ax, ay, az).
Components of “p* smaller than the estimated error in their
calculation, based on tol, will be truncated to zero.
If np is not positive, nerr = 1 will be returned,
If inv is nnt 0 or 1, nerr = 2 will be returned.

(1) if smat is a rotation operator (unitary, orthogonal,
the transpose = the inverse, 'and the the cosine of the
v~tation angle is (trace - 1) / 2), the rotation is around
an axis through the point a = (ax, ay, az).

fption inv = 0 rotates the 3 row vectors of smat to be
parallel to the major axes, or rotates the majur axes

to be parallel to the 3 column vectors of smat.

Option inv = 1 rotates the 3 column vectors of smat to

be parallel to the major axes, or rotates the major axes
to be parallel to the 3 row vectors of smat,

(2) 4if smat is a reflection operator (unitary, symmetric,
its own inverse, and the trace = 1) the reflection is in a
plane through the point a = (ax, ay, az): inv has no effect,
If the values p = (px, py, pz) are unbound vectors, then

a = (ax, ay, az) must be (0., 0., 0.).

The sequential application of two reflections is a rotation
and a possible translation.

(3) if sﬁét is an inversion operator (diagcnals = -1, other
elements = 0), the inversion is through the point
a = (ax, ay, az),.

History: 1990 March 13, Deleted truncation of components based on
total magnitude of wector. ’ '

Input: smat, inv, ax, ay, az, px, py, pz, np, tol.

Output: px, py, pz, nerr.

Glossary:-
ax,ay,az .Input The %, y, z coordinates of an invariant point.
inv Input 0 to operate with the matrix smat,
1 to operate with i{ts transpose.
nerr Qutput Indicates an input error, i{f not 0,
1 {f np is not positive,
2 {f inv is not 0 or 1,
np Input Size of arrays px, py., pz. Must be positive.

P4, PY,pz INn/Out The x, y, z coordinates of a puint, or the
X, Y, z components of a vector. Size np. )
Components smaller than the estimated error in their
calculation, based on tol, will be truncated to zero.

smat Input Array smat (3,3). A matrix operator,

tol Input. Numerical tolerance limit,
On Cray computers, recommend 1.e-5 to l,e-11.
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SUBROUTINE APTMOVE

call aptmove (nsys, iunit, au, av, aw, bu, bv, bw, dpmove,

&

Verslion:

Author:

Source:

np, tol, ocu, ¢v, cw, du, dv, dw, nerr)

aptmove Updated 1990 January 18 14:20,
aptmove Originated 1989 Novembar 22 17:10.

Arthur L. Edwards, LLNL, L~298, Telephone (415) 422-4123,

‘xport read .245100:aptslibe / 1 1

1ib aptslibe!x aptblihbe aptmovelend / 1 1.,

aptslibe is a LIB library of FORTRAN source flles.

Purpose:

Input:
outpu::
Calls:
Glossary:

au,av, aw

bu, bv, bw .

cu, cv, cw

dpmove

du, dv, dw

{unit

nsys

nerr

np

tol

aptblibe 1s a BUILD library of Cray-complled binaries..

To flnd, for each of the np sets of input data, the new
point ¢ = (cu, cv, cw) and unit direction vector

d = (du, dv, dw), resulting from moving from the point

a = (au, av, aw) in the direction of the unit vector

b = (bu, bv, bw) for a distance dpmove.

Option nsys specifies the coordinate system:

0 for Cartesian, 1 for cylindrical, 2 for spherical.
Option iunit indicates the units for angles: 0 for degrees,
1 for radians. ) o

Any camponent. of point "c" or vector *d* less than the
egstimated error in its calculation, baued on tol, /ll be
truncated to zero.

Flag nerr indicates any input error,

nsys, funit, au, av, aw, bu, bv, bw, dpmove, np, tol.
cu, cv, cw, du, dv, dw, nerr.

aptesyv, aptvadd (sources in aptslibe, binaries in aptblibe).

Input The u, v, W coordinates of point "a". Size np.
Input The u, v, w components of unit vector “b®, Size np.

Output The u, v, w coordinates of point "c" size np.
May be truncated to zero, if less than the estimated
numerical error in thelr calculaticn based on tol.

Input The distance from point "a® to point “c*. Size np.
(Assuming vector "b* is a unit vector.)

Output The u, v, w components of unit vector “d®, Size np.
May be truncated to zero, if less than the estimated
numerical error in their calculstion based on tnl.

Input Indicates unit to be used for angles:
0 if angles are in degrees,
1 if angles are in radlans.

Input Indicates coordinate system type:

0 for cartesian coordinates. u = x, v =y, w=z,

1 for cylindrical coordinates. u = radius from z
axis, v = angle in xy plane, counterclockwise from
X axis, w = z,

2 for spherical coordinates. u = radius from origin,
v = angle in xy plane, counterclockwise from
X axis, w = angle from z axis.

Cutput Indicates an input error, if not O.
1 1f np is not positive,
2 1f nsys is not 1, 2, or 3.
3 1f {unit is not 0 or 1.

Input Size of arrays.

Input Numerical tolerance limit.
On Cray computers, recommend l.,e-5 tc l.e-11.
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SUBROUTINE Fu X078

call apﬁmnvs (rhos, cths, sths, cphs, sphs,
& usrh, usth, usph, dpmove, np, tol,
& rho, cth, sth, cph, sph, urh, uth, uph, nerr)

Version: aptmovs Updated 1990 March 14 16:00,
. aptmévs Originated 1989 December 4 17:00,

AutHor: Arthur L. Edwards, LILNL, L-298, Telephone (415) 422-4123,

Source: xport read .245100:aptslibe / 1 1
1ib aptslibe!x aptblibe aptmovsliend /7 1 1,
aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-compiled binaries.

Purpose: To find, for each of the np sets of input data, the new
. point p = (rho, cth, sth, cph, sph) and unit direction vector

u = (urh, uth, uph}, resulting from moving from the point
ps = (rhos, cths, sths, cphs, sphs) in the diraction of the
unit vector us = (usrh, usth, usph) for a distance dpmove,
in spherical coordinates.
Any component of point "p* or vector "u" less than the
estimated error in i{ts calculation, based on tol, will be
truncated to zero, If tol = O, no truncation tests are done.
Flag nerr indicates any input error,

History: 1990 March 14. Changed tol to 0.0 in call to ‘unit vector
subroutine, Allows small maqnitudes.

Input: rhos, cths, sths, cphs, sphs, usrh, usth, usph, dpmove, np, tol.
Output: rho, cth, sth, cph, sph, urh, uth, uph, nerr.
Calls: aptvuna (source in aptslibe, binary in aptblibe).

Glossary:

cph Output The cosine of the final value of phi (angle from the
: z axis). .

May be truncated to ‘zero, if less than the estimated
numerical error in their calculation based on tol.
Size np.

cphs Input "The cosine of the initial value of phi. See uph,
Size np.

cth Cutput The cosine of the final value of theta (angle in the
xy plane counterclockwise from x axis). °
May be truncated to zero, if less than the estimated
numerical error in their calculation based on tol.
Size np.

cths Input The cosine of the initial value of theta. See cth.

' Size np. :

dpmove Input The distance from boint “ps® to point "p*. .Size np.
({Assuming vector "us*® i{s a unit vector.)

nerr Output Indicates an 1nbut error, {f not O,
1 {f np is not positive.

np Input = Slze of arrays.
rho butput The spherical radial component of final point "p%.

May be truncated to zero, if less than the estimated
numerical error in their calculation based on tol.

Size np.

rhos Input - .he spherical radial component of initial polnt *ps*,
Size np.

“sphs Input The sine of the ini{tial value of phi, See cph.
size np. )

sph output The sine of the final value of phi. See cph.

May be truncated to zero, if less than the estimated
numerical error in thelr calculation based on tol.
Size np.



sths

sth

tol

uph

urh

usph
usch
usth

uth

Input

Qut.put

Input

Output

Output

Input
Input

Input

‘Output

The sine of the initial value of thata. See cth.
Size np.

The sine of the final value of theta. See cth,
May be truncated to zero, if less than the estimated
numerical error in their calculation based on tol,
Size np. '

Numerical tolerance limit, If zero, no tests done.
On Cray computers, recommend l.e~5 to l,e-11,

The phi componént of final unit direction vector *uw,
May be truncated to zero, if less than the estimated
numerical error in their calculation based on tol,
See cph. Size np.. '

The rho component of final unit direction vector *uv,
May be truncated to zero, 1f less than the estimated
numerical error in their c¢alculation based onh tol.

. Size np. .

The phi component of initial unit djrection vector
“us®, See cph. Size np.

The rho component of initial unit direction vector
*us*, - Size np.

The theta component of initial '.nit direction vector
*us*, See cth, Size np.

The theta component of final unit direction vector *u®,
‘May be truncated to zero, '{f less t.han the estimated
numerical error in their calculation based on tol.
See cth. ‘slze'np.



SUBROUTINE APTMPRD

call aptmpzd {nrows, smatl, smat2, tol, smat, nerr)

Verslon:

Author:

Source:

Purpose:

Input:
Qutput:
Glossary:

nerr
nrows
smat

smatl
smati

tol

"aptmprd Updated 1989 December 29 11:40,

aptmprd Oriqinatad 1989 November 2 14:10,
Arthur L Edwards, LLNL, L-298, Telephone (415) 422.-4123,

xport read .245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptmprdiend / 1 1.

aptslibe 1s a LIB library of FORTRAN source files.
aptblibe 1s a BUILD library of Cray-compiled binaries.

To find the matrix product smat of the two square matices
smatl and smat2. Each must be sized nrows by nrows.
Considered as operators, smat is equivalent to the sequential
application of 'smat2, then smatl, Components of smat within
tol of 0, 1, or -1 will be adjusted to those values.

If nrows is not positive, nerr = 1 will be returhed.

kmatl, smat2.

smat, nerr.

output Indicates an input .error, {f not 0,
1 {f nrows is non-positive,

~Input Number of rows = numher of columns in smatl, smat2,

and smat.

Output A sqﬁare matrix, with size smat (nrows,nrows).
matrix product of smatl, smat2,

Input A square matrix, with siia amatl(nfows,nrows).

Input A sqﬁa:e matrix, with size smatZ(nrows,nrowsf.

Input Numerical tolerance limit., Used td test and adjust
matrix elements. 1If the row and column vectors of

smatl and smat2 are unit vectors, then
On Cray computers, recommend 1l.e-5 to 1,e-11.
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SUBROUTINE APTMVCY

call aptmvey (kth, psz, psr, c¢ths, sths, usz, usr, ust,

&
&
Version:

Author!

Source:

Purpose:

History:

Input:
Output:
Calls:

Glossary:

cth

cths
dpmove

kth

nerr

np

pr, pz
psr, psz
sths

sth

dpmove, np, tol, .
pz, pr, cth, sth, uz, ur, ut, nerr)

aptmvcy .Updated 1990 March 14 16:00,
aptmvcy Originated 1989 December 4 11:00,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,
xport read .245100iaptalibe / 1 1 ‘

1ib aptslibelx aptblibe aptmvoylend / 1 1.
aptalibe ls a LIB library of FORTRAN source files,

‘aptblibe la a BUILD library of Cray-compiled binaries,

To find, for each of the np sets of input data, the new
point p = (pz, pr, cth, sth) and unit direction vector

u = (uz, ur, ut), resulting from moving from the point

ps = (psz, psr, oths, sths) in the direction of the unit
vaector us = (usz, usr, ust) for a distance dpmove, in
cylindrical coordinates. . }

If kth = 0, all cths = 1,0, all sths = 0,0, and cth and sth
will not be ocalculated, and none need ba dimensioned.

Any component of polnf *p" 'or vector "u” less than the
estimated error in {ts calculation, based on tol, will be
truncated to zero. If tol = 0, no truncation tests are done,
Flag nerr indicates any input error.

1990 March 14. Changed tol to 0.0 in call to unit vector
subrout{ne., Allows small magnitudes,

kth, psz, psr, cths, sths, usz, usr, ust, dpmove, np, tol.
pz, pr, cth, sth, uz, ur, ut, nerr,

aptvuna (source in aptslibe, binary in aptblibe).

Slze np.

Output The cosine of the final value of theta (angle in the
‘ xy plane counterclockwise from x axis).
May be truncated to zero, Lf less than the estimated
numerical error in thelr calculation based on tol.
Size np, if kth = 1, Otherw!sa, not calculated.

Input The cosine of the initia} vilue of theta. See cth.
Size np, if kth = 1, Ot'lerwise, scalar 1.0,

Input The distance from point *“ps” to point "p*, Size np.
(Assuming vector "us®" is a unit vector.)

Input Indicates size of arrays cth, cths, sth, sths:
' 0 if array size is 1, with cths = 1,0, sths = 0.0,
and cth and sth are not to be calculated.
1 Lf array size {8 np, input values of cths and sths
will be used, and cth and sth will be calculated,

Output Indicates an input error, if not O,
1 1f np is not positive.
2 {f kth is not 0 or 1.

Input Size of arrays.
Output The r and z components of final peint “p*, Size np.
May be truncated to zero, if less than the estimated

numerical error in their calculation based on tol.

Input The r and z coordinates of initial point “ps",
Size np.

Input The sine of the initlal value of theta. See cth.
cize np, If kth = 1, Otherwise, scalar 0.0,

 Output The sine of the fina! value of theta. See cth,

May be truncated to zero, if less than the estimated
numerical error i{n their calculation based on tol.
Size np, 4f kth = 1., Otherwise, not calculated.
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tol

ur

ust
usz

ut

uz

Input

output

Input
Input

Input

Output

‘output’

Numerical tolerance iitit. If zero, no tests dona,
On Cray computers, recommend 1.e-% to 1,e-11,

The r component of final unit directlion vector "u".
May be truncated to zero, Lf less than the estlimated
numerical error in thelr calculation based on tol.
Size np,

The r component of initial unit direction vector “us",
Size np. '

The theta component of initial unit direction vector
“ug", See oth, Slze np.

The z component of initial unit direction vector “us*,

The theta component of final unit direction vector “u",
May be truncated t¢ zero, if less than the estimated
numerical error in thelr calculation based on tol.
See cth, Slze np. .

The. z component of final unit directlon vector "u"
Size np., '
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SUBHOUTINE APTPLPL

call aptplpl (ax, ay, az, bx, by, bz, ex, vy, oz,

&

versions

Author:

Sourca;

Purpose:

Method:

Note:

History:

Input:
Output:

Calls:

Glossary:
ax,ay,az

hx, by, bz

cxX,cy, cz

dx, dy, dz

ax ey, 82

dx, dy, dz, np, tol, ex, ey, ez, fx, fy, fz,
ux, uy, uz, ipar, dpmin, itrun, nerr)

aptplpl Updated 1990 Maroch 15 15410,
aptplpl Originated 1989 Novemuer 9 10:00.

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123.

xport read ,245100s3aptslibe / 1°1 .

1ib aptslibelx aptblibe aptpipllend / 1 1, '
aptslibe (s a LIB library of FORTRAN source flles. . '

aptblibe is a BUILD library of Cray-compiled binarlies,

To find, for each of a set of input data, the line of

intersection of the plane through point-a = (ax, ay, az) .
with normal vector b = (bx, by, bz), and the plane through

polnt ¢ = (cx, cy, cz) with normal vector d = (dx, dy, dz),

1f any. Otherwise, if the planes are parallel, to find

the distance between them. For nonparallel planes,

the points e ~ (ex, ey, ez) and f = (fx, fy, fz) will be tha

points on the line of intersection nearest points “a® and "c%,

respectivaly, unit vector u = (ux, uy, uz) will be tha

diraction of the line of intersection, and ipar wili be zero,

If the planes are parallel, based on tol, ipar will be 1,

and dpmin will be the the distance betwsen the planes. If the
planes are colncident, dpmin will be zero, itrun will be 1,
and unit vactor “u* will be in the direction of the line “ac%,

Flag nerr indicates any input error, such as np not positive,
Flag ipar will be 2, 3, or 4 if vector “b* or "d*, or both,
are too short, based on tol, If so, "e", “f" and “u™ will be
meaningless,

The line of intersection “ef® lies in both planes, therefore

is perpendicular to both normal vectors, thus parallel to b x d.
The line “ae" is perpandicular to line *ef® and "b*, thus
parallel to b x (b x d), Tha line "cf* {s perpendicular to line
“ef" and *d*%, thus parallel tod x (b x d). The vector path
“ac* equals the vector path "aefc*, Taking components parallel
to “ae®, “ef", and “cf" provides equations for the unknown '
distances “ae%, "ef", and “cf*, If the planes are parallel,

b Xk d is Zero, and dpmin {8 the componant of “ac" in the
direction of the normal vactor “b®, ’

Subroutine aptvpln may be used to find thea vector normal to
a plane for which at least 3 points are known.

1990 March 14, Changed tol to 0.0 in call to unit vector
subroutine. Allows small magnitudes.

1990 March 15. Changed points “"e* and “f% to “a* and “b*, resp.
when elther vector *"b* or “d" is too small. No effect when
input data is good.

ax, ay, az, bx, by, bz, cx, cy, cz, dx, dy, dz, np, tol.

ex, ey, ez, fx, fy, fz, ux, uy, uz, ipar, dpmin, itrun, nerr,

aptvadd, aptvdis, aptvdot, aptvuna, aptvunb, aptvxun
{sources in aptslibe, binaries in aptbliba).

Input A point in plane *a%, Slize np.

Input A vector normal to plane *a*. Size np,
If too short, based on tol, ipar = 2 or 4,

Input A puint in plane “c", Size np.

Input A vector normal to plane “c®. Size np.
If too short, based on tol, ipar = 3 or 14,

Out put The x, y, z coordinates of the point on the line of

intersection of planes *a® and "c* nearest point "a®,
Meaningless, but point “a*, {f ipar is not 0.
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tx, ty, {2

dpmin

ipar

{trun
nerr
tol

us, uy, uz

- Output

Out put

output

output

. output

Input

Qutput

The ¥, y, z voordinates.of the point on the line of
intarsectlon of planes "a* and “o% nearest polnt "a¥,
Maaningless, but point "o, Lf lpar ls not O,

The distance between planes “a* and “o®, If lpar = 1,
Otherwise, zero, 8lze np,

Indicates relative orlentation of planes “a® and "o%!
0 if the planes intersect,
1 {f the planes are parallel, based on tol,
2 {f vaotor *b" is too short, based on tol.
3 if vector *d* is too short, bawed on tol.
4 if vectors “b* and “d* are both tvo short.
Orientation Is indeterminate Lf ipar = 2, 3 or 4.
Size np.

I1f 1, Indicates planes are parallel and udlnuidnnt‘

Size np.

Indicates &n input error, if not 0,
1 1f np 18 not positive,

Numerical tolerance limit,
On Cray computers, recommend 1.e-=% to 1,e-11,

The X, y, z components of the unit vector parallel to
the line of intersection of pianes "a* and “o",
if {par = 0, Meaningless, but parallel to the
line mac" {f ipar is not zero, Size np.
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SUBROUTINE APTPLSP

call aptplsp (rsph, PR, PY, DY, ax, ay, az, bx, by, bz, np,

&

Versioni

Authort

Sourc61

Purpose

Input}
Output ¢
Calls:
Glossary!

ax,ay,az
bx, by, bz

cX, cy, 02

dpmin

itrun

nerr

np

PX, pY. pz

relr

tol, dpmin, roir, ox, oy, oz, ltrun, narr)

aptplep Updated 1990 March 16 14130,
aptplep Originated 1990 March 16 14410,

Arthur L. Edwards, LINL, L-298, Telephone (418) 422-4123,

sport read ,2451001aptslibe / 11

1ib aptslibelsn aptblibe aptplaplend / 1 1,

aptallbe (g a LIB llbrary of FORTRAN mource filas,
aptblibe ls a BUILD llbrary of Cray-compllaed binariea.

To find, for each of np saeta of input data, the minimum dlstance
dpmin to the point p = (px, py, pz), from the plane through

the point a = (ax, ay, az) with normal vector b = (bx, by, bz},
and the coordinates o = (ox, ¢y, cz) of the point In the plane
noarest polnt “p¥, In addition, to find the radius roly of any
clrole of {ntersection of the plane with the sphere centered

at polnt *“p® with radius raph.

Flag ftrun indlcates truncation of dpmin to zero (1) or

too small a magnitude of vactor “b* (2),

Flag nerr {ndicataes any input error,

raph, px, py, pz, ax, ay, az, bx, by, bz, np, tol.
dpmin, roir, ex, oy, ¢z, ltrun, nerr.

aptptpl (source in aptslibe, binary ln aptblibe),

Input The x, y, z coordinates of point *a* in the plane,
Size np.

Input The s, y, z components of vector "b" normal to the
plane, Magnltude must exceed tol, Slze np.

Output  The X, y, z coordinates of the polint {n the plane
nearest polnt *“p*. Size np.
The center of any clrcle of lntersactlion,
Returned as point “p* {f normal vector *b* is too
short, based on tol (itrun = 2).

output The perpendicular distance to polnt "p* from the
plane through polnt "“a* with normal vector "b%,
positive If polnt *p* is in the same directlon
from the plane as the normal vector *b%,
Truncated to zero lf less than the estimated error
{n its calculation, based on tol {(ltrun « 1),
Returned as zero Lf normal veator *b* ls tou short,
based on tol (ltrun = 2),

Output Indicates a speclal result for one data sat:

0 if dpmin is not zero, and no input errors occur,

1 if the value of dpmin {8 truncated to zaro, when
less than the estimated error in its calculation,
based on tol,

2 If normal vector "b* is too short, based on tol,
The orientation of the plane ls unknown, and
dpmin and point "¢* cannot be calculated,

output Indicates an input error, i{f not 0.
1 4f np ia not positive,

Input Slze of arrays.

Input The %, y, z ooordinates of point "p". Size np.
The center of the sphare with radiua rsph.

Output The radlus of any clrcle of intersection centerad at
point "¢, Slze np. Positive Lf intersection
occurs, zero {f tapgency occurs, negative L{f no
{ntersectlon or tangency ocaurs, or |f ltrun =~ 2
or 3,



raph Input The radius of the sphera centerad at polnt *p%,
8lze np, The absolute value (s used,

tol Input Numerloal tolerance limit,
On Cray computers, recommend 1,e«% to 1,e-11,
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SUBROUTINE APTPTIC

call aptptle (pu, pv, au, av, bu, bv, np, tol, noptfd,

Varaloni

Authort

Source!

Purposaey

History:

Input
output ¢

Callag

Glossary!

au, av

bu, bv

dpmin

fdmin

ftrun

dpmin, fdmin, nlim, ltrun, nerr)

aptptlo Updated 1990 Fabruary 14 13100,
aptptlo Orlginated 1989 December 29 16140,

Arthut L, Bdwards, LLNL, L-298, Telephone (418) 422-4123.

xport read ,245100taphallbe / 1 1

1ib aptalibela aptbl/pe aptpticlend / 1 1,

aptsalibe {8 a LIB libjary of FORTHAN source files,
aptblibe ls a BUILD l|ibrary of Cray~conplled binarles,

To find, for each of ip sets of Input data, the minimum distance
dpmin from the point p « (pu, pv) to the stralght line through
the polnts a = (au, a¥) and b = (bu, bv), All points are in

the uv plane, Dlrectlons u, v and w are orthogonal,

Option noptfd allows he fractional distance fdmin of the
proximal point along |lne *ab* to be caloulated, and allowa
the range of fdmin to be limited, Flag nl 4 indicates

when suoh limitation las beem {mposed. I{ (im = 2, dpmin l&
the distance from poliit "p* to the naarest and af line
segment “ab*,

The value of dpmin will be truncated to zero 1f lems than the
astimated error in its calculatjon, based on tol, and \f so,
ftrun = 1 will be returned,

If the points “a® and *b* coi{nelde, based on tol, dpmin will be
the distance from point a* to point “p*, and i{f dpmin is not
zaro, ltrun will:'be -1,

Flag nerr indicates any input error.

1990 February 12 19120, Added input argument noptfd,
optional output arguments fdmin, nlim,

pu, pv, au, av, bu, v, np, tol, noptfd.
dpmin, fdmin, nlim, itrun, nerr.

aptfdav, aptvaxo, aptvdie, aptvdoo (sources in aptsllibe,
binaries in aptblibe).

Input The u and v coordinates.of point "a® on line "ab",
Size np. All points are in the uv plane,

Input The u and v coordinates of point “b" on line “ab".
Size np.

Output  Distance from point *“p* to the line “ab*, Size np.
Truncated to zero if leass than the estimated error
in its caloulation, based on tol, and {f so,
itrun =« 1 will be returned,

If points "a" and "b* are colneident, dpmin ls the
dlgtance from point Yp* to point “a%, and itrun = =1
is returned, unless dpmin =« 0.0.

If noptfd la 2, and fdmin {8 initially not in the
range from 0,0 to 1,0, dpmin {s the distance from
point *p* to the nearest of points “a" and “"b*, and
nlim = 2 {4 returned.

The value of dpmin {s positive, {f point “p* s

to the left of the vector “ab* {n the uv plane,

Output,  Fractional distance between point *"a" and polnt b
of the polnt nearest polnt "p*, See noptfd.
Size np, {f noptfd ls not -1.

output 0 1f dpmin ls not truncaced to zero., Size np.
1 If dpmin {8 truncated to zero, when less than its
est{mated error, based on tol,
-1 if dpmin la not zero, and polnts “a* and “b"
colincide, based on tol,
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nerr

niim

nopt fd

np

pu, pv

tol

Qutput

Output

Input

Input

Input

Input

Indlcates an lnput error, if not 0,
1 {f np Lo not positiva,

2 If noptfd ia not -1, 0, 1, or 2,

o it

ne Limit i{mposed on fdmin, 1 Lf the limit of

noptfd = 1 1s imposed, 2 1f the Limit of nopttd = 2

is
If

{mposed, Slze np, 1f noptfd is not w1,
2, dpmin ls the distance from point *p* to the

nearest end of line segment “ab*,

optlon to limit range of fdmint 0 for no limity

-1
0
1

Size
If

to not caloulate fdmin or nlim,

to find fdmin, but {mpose no limits,

to increase fdmin to tol, {f ln the range from
-tol to tol, and decrease fdmin to 1,0 - tal,
it In the range from 1,0 -« tol to 1.0 + tol,

to impose the 1imits for noptfd % 1, and theh
lim{t fdmin'to the range from 0.0 to 1,0, and
adjust the magnitude, but not the sign of dpmin
lf the later limit ls imposed,

of arrays pu, pv, au, av, bu, bv, ltrun,
nopttd {s not -1, the slze of arrays fdmin, nilim,

The u and v coordinates of point “p"., Size np.

Numerical tolerance limit,

on

Cray computers, recommend 1,e-5 to 1,e-11,

47



SUEROUTINE APTPTLN

ocall aptptin (px, py, pz, ax, ay, az,’ bx, by, bz, np, tol,

&

Verslont

Author:

Source!

Purpose!

History!

Input:
Output :

Calls:

Glossary:

ax,ay,az
bx, by, bz
cx,cy,c2

dpmin

fdmin

itrun

nerr

nlim

, noptfd, dpmin, fdmin, ox, ey, oz, nlim, itrun, nerr)

aptptin Updated 1990 February 14 10300,
aptptln Orlginated 1969 November 2 14110,

Arthut L, Edwards, LINL, 1-298, Telephone (415) 422-4123,

Kport read ,2451003aptslibe / 1 1

1ib aptsiibelx aptblibe aptptlinlend / 1 1,

aptsllbe 18 a LIB library of FORTRAN source flles,
aptblibe is a BUILD library oY Cray-complled binaries.

To find, for ‘each of np sets of input data, the minimum distance
dpmin from the point P = (p, pY, pz} to the straight lline
through the polnts a'= (ax, ay, az) and b = (bx, by, bz),

to find the coordinates c ~ (cx, oy, cz) of the proximate polnt
on line *ab®, and to find the fractional distance fdmin of that
point along the llne segment "ab®, The value of

dpmin will be truncated to zero lf less than the estimated error
In its caloulation, based on tol, and if &0 itrun = 1 will ba
retirned. Flag nerr indicates any lnput error,

Option noptfd allows the lind "ab* to be treated as a finite
segment, by limiting the range of fdmin, Flag nlim indicates
when such limltation has beem lmposed.

If the polnts "a® and “b* coincide, based on tol, dpmin will be
the distanue from point “a* to point “p*, and if dpmin 1s not
zaro, Jltrun will ba -1,

1990 February 12 16100, Flxed bug affecting fdmin when
np is greater than 64,

pX, PY, Pz, ax, ay, az, bx, by, bz, np, tol, noptfd..
dpmin, fdmin, ox, cy, cz, nlim, itrun, nerr,

aptfdav, aptvadd, aptvdis, aptvdot (sources in aptslibe,
binaries in aptblibe),

Input The X, y} z coordinates of point "a* on line “ab®,
Size np,

Input The x, Y, z coordinates of point "b* on line *ab®,
Size np.

Output The x, 'y, z coordinates of the point on the llne “ab®
nearest point “p%, Point *p* if dpmin = 0. Size np.

Out put. Distance from point "p* to the line “ab®, Size np,
Truncated to zaro i{f less than the estimated arror
in its calculation, based on tol, and if so,
itrun = 1 will be returned, Perpendicular dlstance,
unless ltrun = -1, or nlim = 2,

Output fractional distance between point "a% and polint “b®
of the point *"c*, Size np.

Output 0 {f dpmin i{s not truncated to zero.
1 {f dpmin {s truncated:to zeru, when less than its
est{mated error, based on tol. Size np.
-1 1f dpmin {s not zero, and points “a" and “b*
colncide, based on tol.

Output  Indlicates an Input error, {f not O,
1 {f np is not positive,
2 {f noptfd is not 0, 1, or 2,

Output 0 if no limit imposed on fdmin, 1 if the limit of
noptfd = 1 is Imposed, 2 if the limit of noptfd = 2
is imposed. Size np.

If the latter limit is {mposed, dpmin will be the
distance from polnt "p* to the nearest end of the
line segment.

48



nopt fd

np -

PX, Py, Pz

tol

Input

Input

Input

Input

Option to limit range of fdmini O for no limit;

1 to increase fdmin to tol, if in the .range from
~tol to tol, and decrease fdmin to 1.0 - tol, if
in the range from 1.0 - tol to 1.0 + tol; and

2 to impose the limits for noptfd = i, and then
limit fdmin to the range from 0.0 to 1.0,

Size of arrays px, py, pZ, ax, ay, az, bx, by. bz,
cx, cy, cz, fdmin, itrun.

The X, y, z coordinates of point *p%, ‘Size np.

Numerical tolerance limit. )
On Cray computers, recommend l.e-5 to l.efll.
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SUBROUTINE APTPTPL

call aptptpl (px, pY, Pz, ax, ay, az, bx, by, bz; np, tol,

&

Version:

Author:

Source:

Purpose:

History:

Input:
Output:

Calls:

Glossary:

an,ay,az
bx, by, bz

cx,cy,cz

dpmin

itrun

nerr

np
PX/PY, P2

tol

dpmin, cx, cy, cz, ltrun, nerr)

aptptpl Updated 1990 March 15 11:50.
aptptpl Originated 1989 November 2 14:10,

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read .245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptptpliend / 1 1.

aptslibe {s a LIB library of FORTRAN scurce files, -
aptblibe {s a BUILD library of Cray-compiled binaries.

To find, for each of np sets of input data, the minimum distance
dpmin to the point p = (px, py, pz), from the plane through

the point a = (ax, ay, az) with normal vector b = (bx, by, bz),
and the coordinates ¢ = (cx, cy, cz) of the point in the plane
nearest point "p*, ' Y

Flag itrun indicates truncation of dpmin to'zero (1) or

too small a magnitude of vector "b" (2).

Flag nert indicates any input error.

1990 March 14. Changed tol to 0.0 in call to unilt vector
subroutine.’ Allows small magnitudes.

pX, pY, Pz, ax, ay, az, bx, by, bz, np, tol.
dpmin, cx, cy, cz, itrun, nerr.

aptvadd, aptvdis, aptvdot, aptvunb (sources in aptslibe,
binaries in aptblibe),

Input The X, y, z coordinates of point *a* in the plane.
Size np. :

Input The %, y, z components of vector *“b"“ normal to the
plane. Magnitude must exceed tol, Size np.

output The X, y, z coordinates of the point in the plane

nearest point "p*. Size np.
Returned as point “p" if normal vector *b* is tuvo
short, based on tol (itrun = 2),

Output  The perpendicular distance to point "p* from the
plane through point *a* with normal. vector “b".
Positive if point “p* is in the same direction
from the plane as the normal vector “b*.
Truncated to zero if less than the estimated error
in its calculation, based on tol (itrun = 1).:
Returned as zero Lf normal vector “b* is too short,
based on tol (itrun = 2),

Output  Indicates a special result for one data set:

1 {f the value of dpmin is truncated to zero, when
less than the estimated error in its calculation,
based on tol.

2 If normal vector “b® is too short, based on tol.
The orientation of the plane is unknown, and
dpmin and point *"c™ cannot be calculated.

Output Indicates an {rnput etror; 1f not O.
1 {f np {s not positive,

Input Size of arrays.
Input The X, y, z coordinates of point "p*. Size np.

Input Numerical talerance limit.
On Cray computers, recommend l.e-5 to l.e-11.
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_SUBROUTINE APTQDIC

call aptqdic (au, av, bu, bv, cu, cv, du, dv,

&
&

Version:

Author:

Source:

Purpose:

Input:
Output:
éallsf
Glossafy:

au, av
bu, bv
cu, ov
dpmin
du, dv
nerr
np

pab
pbc

ped

pu, pv

tol

pu, pv, np, tol,
pab, pbe, ped, pda, dpmin, nerr)

aptgdic Updated 1990 February 21 11:00.
aptqdic Originated 1990 February 21 11:00.

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123;

xport read .245100:aptslibe / 1 1

“1ib aptslibelx aptblibe aptqdiciend / 1 1.

aptslibe is a LIB library of FORTRAN source files.
aptblibe 1s a BUILD library of Cray-compiled binarles.

To find, for each of the np sets of {nput data, the distances
pab, pbc, pcd and pda from the point p = (pu, pv) to the sides
of the quadrangle with vertices a = (au, av), b = (bu, bv),

c = (cu, ev), and d = (du, dv), in counterclockwise order in
the uv plane, and the minimum dpmin of pab, pbc, ped and pda.
The values of pab, pbc, ped and pda will be truncated to zero,
if less than the estimated error in their calculation, based on
tol. Flag nerr indicates any input error.

au, av, bu, bv, cu, cv, du, dv, pu, pv, np, tol.
pab, pbc, ped, pda, dpmin, nerr.

aptptlc (source in aptslibe, binary in aptblibe).

Input The u, v coordinates of vertex “a" of the quadrangle.

Size np.

Input The u, v coordinates of Qertex “b* of the quadranglae.
Size np.

Input The u, v coordinates of vertex “c" of the quadrangle.
size np. '

Output  Minimum of absolute values of distances
pab, pbc, pcd. and pda. Size np.

Input The u, v coordinates of vertex “d* of the quadrangle.
Size np. .

Output Indicates an input error, if not 0.
1 if np is not positive.

Input Size of arrays pu, pv, au, av, bu, bv, cu, cv, du, dv,
pab, pbc, ped, pda.

Output Distance from point "p® to quadrangle side “ab".
Truncated to zero, {f less than the estimated error
in its calculation, based on tol. Ahsolute value.

Output  Distance from point *p* to quadrangle side “bc*“,
Truncated to zero, if less than the estimated error
in its calculation, based on tol. Absolute value,

Output  Distance from point *p* to quadrangle side “cd“,
Truncated to zero, if less than the estimated error
in {ts calculation, based on tul. Absolute value,

Qutput Distance from point "p" to quadrangle side “da*,
Truncated to zero, if less than the estimated error
in its calculation, based on tol. Absolute value.

Input The u and v coordinates of point “p* in the uv plane,
Size np.

Input Numerical tolerance limit. '
On Cray computers, recommend 1l,e-5 to l,e-11,
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SUBROUTINE APTQFDC

call aptqfdc (au, av, bu, bv, cu, aov, du, dv, pu, ‘pv, np, tol,

& .

Version:

fdk, fdl, ngood, nerr)

aptyfde Updated 1990 February 14 16:00,

- aptqfde Originated 1990 February 14 16:00.

Author:

Source:

Purpose:

.

Input:
Output:
Calls:
Glosséry:
au, av
bu, bv
‘cu, cv
du, dv

fdk

fdl

ngood

nerr

np

pu, pv

tol

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4153.

xport read ,245100:aptslibe / 1 1

1ib aptslibeix aptblibé aptqfdolend / 1 1.

aptslibe is-a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-compiled binaries.

To find, for each of the np points p = (pu, pv), the fractional
distances fdk and fdl of point "p* between the opposite edges
“da* and "bc", atid “ab* and "cd", respectively, of the 2-D
quadrilateral in the uv plane with vertices a = (au, av),

b = (bu, bv), ¢ = {(cu, cv), and d = (du, dv). .

Flag nerr {ndicates any input error.

au, av, bu, bv, cu, cv, du, dv, pu, PV, np, tol.

fdk, fdl, ngood, nerr. .

aptqrtv lsource in aptslibe, binary in aptblibe).

Input ‘The u and v coordinates of point "a" {n the uv plane.

~Input The u and v coordinates of point *b* in the uv plane.

Input The u and v coordinates of point "¢* in the uv plane.

Input The u and v coordinates of point *d* in the uv plane.

Output Fractional distance of point “p* from the line segment

*da* to the line segment “bc”, Size np.

Values between -tol and tol will be adjusted to tol.
Values between 1,0 - tol and 1.0 + tol will be
adjusted to 1.0 - tol. See ngood.

Out put Fractlional distance of point “p* from the line seqment
*ab® to the line segment *cd"®. Size np.
Values between -tol and tol will be adjusted to tol,
Values between 1.0 ~ tol and 1.0 + tol will be
adjusted to 1.0 - tol., See ngood.

Output Indicates range of fractional distances fdk and fdl:
o 0 {f either fdk or fdl is outside the range from
-tol to 1.0 + tol. Also if both are.

1 {f fdk and fdl are both between -tol and 1.0 + tol.
This can be true even when point “p* is outside
a boomeranged or bowtled quadrangle.
1f fdk and fdl are both between -tol and 1.0 + tol,
and two possible solutlions exist., This can happen
when the quadrangle is a boomerang or bowtie.
Only one of the solutions is returned.

N

Output Indicates an input error, if not 0.
"1'1f np 18 not positive.

Input Slze of arrays pu, pv, fdk, fdl.

Input The u and v coordinates of point “p* in the uv plane.
Size np. .
Input Numerical tolerance limit.

On Cray computers, recommend l.,e-5 to l.e-11.
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SUBROUTINE APTQINC

call aptqinc (ktype, ntype, au, av, bu, bv, cu, cv, du, dv,
& pu, pv, np, tol,
& pab, pbc, ped, pda, dpmin, nloc, narr)

Version: aptqing Updated 1990 February 21 16:40,
aptqinc oOriginated 1990 February 21 16:40.

Author: = Arthur L., Edwards, LLNL, 1-298, Telephone (415) 422-4123,

' . Source: xport read ,245100:aptslibe / 11
1ib aptslibe!x aptblibe aptginclend / 1 1.
aptslibe is a LIB.library of FORTRAN source files.
aptblibe is a BUILD library of Cray-complled binaries,

Purpose: To find, for each of the np sets of input data, the distances
' pab, pbe, pcd and pda from the point p = (pu, pv) to the sides
of the quadrangle with vertices a =' (au, av), b = (bu, bv),
c = (cu, cv), and d = {du, dv), in counterclockwise order in
the uv plane, the minimum dpmin of pab, pbec, pecd and pda, and
whether point "p®” is inside the quadrangle or not (flag nloc).
" Optlon kflag allows the quadrangle shape type to be ignored,
output, or input, and boomerangs and bowties to be tested.
The values of pab, pbc, pod and pda will be truncated to zero,
if less than the estimated error in.thelr calculation, based on
tol. Flag nerr indicates any input error.

Input.: ktype, ntype, au, av, pu, bv, cu, cv, Adu, dv, pu, pv, np, tol,
Output: pab, pbe, ped, pda, dpmin, nloc, nerr.

" calls: aptptlec, aptqvac (sources in aptslibe, binaries in aptblibe).
Glossary:

au, av Input The u, v coordinates of vertex *a% of the quadrangle.
Size np.

bu, bv ‘Input The u, v coordinates or‘vattex"b" of the quadrangle.
Size np.

cu, cv Input The u, v coordinates of vertex "c" of the quadrangle.
Size np.

dpmin Output  Minimum of distances pab, pbc, pcd, pda, Size np.
Minimum of absolute values of pab, pbc, pcd, pda,
if point "p" is in a boomerang or bowtie, and
ktype = 0, 1 or 2, Negative if nloc = 0.

du, dv Input The. u, v coordinates of vertex "d" of the quadrangle.
Size np.

ktype Input Indicates whether ntype is input or output, and
. whether or not cases for which nloc is initially

zero will be tested to see If the point is actually

inside a boomerang or bowtle.

~1 {f ntype is not input, and ls not to be returned,
No tests will be made for boomerangs or bowties.

0 If ntype is not input, and is not to be returned.
Tests will be made for boomerangs and bowties.

1 if ntype is not input, but will be returned.
Tests will be made for bpomerangs and bowties.

2 {f ntype is input.
Tests will be made for boomerangs and bowties.

nerr Output Indicates an input error, if not 0:
1 1f np is not positive,.
2 if ktype 'is not -1, 0, 1 or 2.

un
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‘nloc

np

ntype

pab’

pbe

ped

pu, pv

tol

Output

Input

1/0?

Output

Output

" Output

output

Input

Input

Indicates the location of point "p* relative to the
quadrangle "abcd*: : '
-1 1f all quadrangle vertices ccincide.

0 if point “p* is outslde the quadrangle “abcd*,
or is inside, but the quadrangle vertices were
specified in clockwise order,
or {f ktype = -1, is inside a bowtie or in
certain areas inside a boomerang.

1 {f point *p" is inside the quadrangle 'abcd"
and either all four distances pab, pbc, pcd and
pda are non-negative, or {f ktype = 0, 1 or 2,
the quadrangle {s a boomerang or bowtle and the
distances pass specific tests.

Size of arrays pu, pv, au, av, by, bv, cu, cv, du, dv,
pab, pbe, ped, pda.

Shape type of quadrangle. 1Input {f Ktype = 2.

Output if ktypa = 1, Size np if ktype = 1 or 2.

0 if quadrangle is convex.

11~14 1f quadrangle has just one concave vertex at
point "a®, “b®, “c*, or "d*, resp. (a boomerang).

21-24 If quadrangle has just two adjacent concave
vertices at ends of sides “cd%, "da“, “ab", or
"bc*, respectively (a bowtle). '

Distance from point *p* to quadrangle side "ab". } .
~ Truncated to zero, if less than the estimated error
in {ts calculation, based on tol,

Distance frum‘point “p* to quadrangle side “bc*,
Truncated to zero, {f less than the estimated error
~in its calculation, based on tol.

Distance from point "p* to .quadrangle gide *cd".
Truncated to zerc, i{f less than the estimated error
in its calculation, based on tol. .

Dlstance from polint "p* to quadrangle side "da".
Truncated to zero, if less than the estimated error
in its calculation, based on tol.

The u and v coordinates of point "p* in the uv plane.
size np.

Numerical tolerance limit,
On Cray computers, recommend l.e-5 to 1.,e-11.
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SUBROUTINE APTQLOC

call aptqloc (au, a
& fdk,

Version: aptgloc
aptgloc

Author: Arthur L,

Source: xport rea
1ib aptsl
aptslibe
aptblibe

Purpose: To find n|

. uniform d

: ) with vert
d = {du,

For a tri

1f the qu
sampled,

_Variabley
quadrangl

pu = au
fd
pv = av
fd

Given p =
subroutin

Flag nerr

History: 1990 Febr

v, bu, bv, cu, cv, du, dv, np, tol,
tdl, pu, pv, nerr) .

Updat.ed 1990 February 14 17:30.
Originated 1990 February 8 y4:30.

Edwards, LINL, L-298, Telephore (415) 422-4123.

d .245100:aptslibe / 1 1 .

ipe!x aptblibe aptqlociend / 1 1.

{s a LIB library of FORTRAN source f&les.

{s a BUILD library of Cray-complled binaries,

p points p = (pu, pv}, by sampling from a

i{stribution over the planar quadrangle In the uv plan€,
{ces a = {au, av), b = (bu, by}, ¢ = {(cu, cv}

dv), In counterclockwise order around the quadranyle.
angle, make du = au, dv = av, or call apttloc, ,
adrangle has a non-positive area, no points will be

fdk and tdl are the local coordinates In the

e. For any point p = (pu, pv) in the quadrangle:
+ fdk * (bu -~ au) + fdl * (du - au) +

k * fdl * (au - bu + cu - du)
+ fdk * (bv - av) + fdl * (dv - av) +

k * fdl * (av - bv + cv - dv) '

(pu, pv), fdk and fdl may be [ound‘by calling
e aptgfdc.

indicates any input error,

uary 14 17:30, Added capabllity to sample from

boomerangs and bowties.
Input: au, av, bu, bv, cu, 6v; du, dv, np, tol, ‘
Out put.: fdk, fdl, pu, pv, nerr,
Calls: aptqfdc, aptgqvac, aptslid, aptsliv, apttloc
' (sources in aptslibe, binaries in aptblibe).
Glossary: .
au, av Input The u and v coordinates of vertex “a" of quadrangle.

bu, bv Input
cu, cv Input

du, dv Input

nerr Output
np Input
fdk Cutput
fdl Qutput
tol Input

pu, pv Output

The u and v coordinates of vertex "b" of quadrangle,
The u and v c¢oordinates of vertex “c" of quadrangle,
The u and v coordinates of vertex "d" of quadrangle,

Indicates an input error, {f not 0,
1 if np s not positive,
2 {f quadrangle area ls not pusitive (no sampling).

Size of arrays fdk, fdl, pu, pv.
Number of points *p* to sample.

Fractional distance of point "“p* between the quadrangle
sides “da" and "bc*. Range 0.0 to 1.0. Size np.
Range may be less in a boomerang or bowtie, .

Fractional distance of point "p" between the quadrangle
sides “ab® and "cd". Range 0.0 to 1,0. Size np,
Range may be less in a boomerang or bowtle,

Numerical tolerance limit,
On Cray computers, recommend l.e-5 to 1.9711.

‘Sampled polnts, Size np.
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" SUBROUTINE APTQRTS
call aptqrts‘(noptq, aa, bb, cc, qq, tol,
& nroots, rootl, root2, itrun)

Verslon: aptqrts Updated 1990 March 21 14:00,
aptqrts Originated 1989 November 2 14:10,

Author! Arthur L. Edwards, LILNL, L~298, Telephone (413) 422-4123,
Source: xport read .245100:aptsliibe / 1 1
1ib aptslibelx aptblibe aptgrtslend / 1 1.
aptslibe is a LIB library of FORTRAN source flles,
aptblibe ls a BUILD library of Cray-complled binarien,
Purpose: To find any real roots of the quadratic equatlon:
aa * x**2 + bb * X + cc = 0,
The method minimizes truncation érror, and indicates when
truncation errcor may still be significant, based on tol,
Option noptq allows the user to specify the value of
qq = bb**2 ~ 4.0 * aa *cc, instead of using the value
calculated here. .

Note: aptqrtv is a vectorized version of aptqrts.

History: 1990 March 21 14:00, Changed to truncate small positlive values
. of qq to zero,

Input: noptq, aa, bb, cc, qq, tol.

Output: qq, nroots, rootl, root2, itrun.

Glossary: .

aa Input Coefflcient of x**2 in a quadratic equation.

bb Input Coefficient of x in a qua#ratic equation,

cc Input Coefficient of 1 in a quadratic equatlon.
{trun Output Truncation error indicator. O If insignificant.

1 If the magnitude of qq is less than the estimated
truncation error, based on tol. This indlcates
that the roots are near a minimum or maximum, or
that the quadratic s almost the square of a llnear
function. The value of qq is truncated to zero.

2 {f the input value of qg (nhoptq = 1) differs from
the calculated value by more than the estimated
truncation error, based on tol,

noptq Input Option for getting value of qq = bb**2 - 4.0 * aa * cc:
0 to not use input qgq, but calculate from aa, bb, cc.
1 to use the lnput value of qq (more accurate),
A nonzero value of tol must be used with this
option, for comparision of the input with the
calculated value,

nroots Output Number of real roots:
-1 i{f ((aa .eq, 0.0) ,and. ‘'(bb .eq. 0.0)).

Equation is null (ce .eq. 0,) or bad (cc .ne. 0.).

0 {f (bb**2 .lt. 4.0 * aa * cc).
Roots are complex.

1 {f equation ls linear:
(aa .eq. 0.0} .and. (bb .ne. 0.0)
or {f qq = 0.0,

2 {f (bb**2 .gt. 4.0 * aa * cc}.

qq Input If noptq = 1. Equal to qq = bb**2 - 4,0 * aa * cc, but
calculated more accurately, due to cancellation of
terms resultling from the composite nature of aa, bb,
and/or cc,

qq Output  If noptq = 0., Equal to qq = bb**2 - 4,0 '* aa * cc
calqulated locally.
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rootl Output  The first or only real root, If (nroots ,ge. 1),
root2  output The second real root, L{f (nroots .eq. 2).
tol Input Numerical tolerance limit,

Must not be zero if noptq = 1.
On Cray computers, recommend 1,e-<% to 1,e~11,
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SUBROUTINE APTQRTV

call aptqrtv (noptq, aa, bb, va, qq, np, tol,
& nroots, rootl, root2, ftrun)

Versioni aptqrtv Updated 1990 March 21 14400,
. aptqrtv  Origlnated 1989 November 2 14110,

Authory Arthur L, Edwards, LINL, 1,-298, Telephono (413) 422-4123,

Sourcei Kport read ,245100taptslibe /7 1 1
1ib aptalibe!x aptblibe aptqrtviend / 1 1.
aptslibe {s a LIB llbrary of FORTRAN source fllosg,
aptblibe {s a BUILD library of Cray-complled binarlas,

Purposer To flnd any real roots of the quadratic equatlont
aa * X**2 + bb * X + co = 0,

for np sot's of coefficlents aa, bb, oc,

The solution is vectorlzed over the sots of coefficlenty,
which are calculated in sectlons of 64 (or less, for the
flnal sectlion).

The method minimizes truncatlon error, and indlcates when
truncation error may still be signiflcant, based on tol.
Opt.ion noptq allows the user to spacify the value of

qq = bb*+2 - 4,0 * aa *oc, Inastead of using the value
calculated hare.

Notey aptqrts {g a scalar verslon 6( aptqrtv,

History: 1990 January 19 15:00. Fixed bug for a = 0,0 or b = 0,0,
1990 March 21 14:00. Changed to allow truncatlon of small
positive qq to zero.

lnput: noptq, aa, bb, cc, qq, np, tol,

Output ¢ qq, nroots, rootl, root2, itrun,

Glossary:

aa Input Coefficients of x**2 In a quadratic equatlion, Slze np.
bb Input. Coefficlents of x In a quadratlc oquation, Stize np.
ce Input | coefficlents of 1 In a quadratic equation. Size np.

itrun Output  Truncation error Indicator. 0 {f insignlfleant,

1 1f the magnltude of qq ls less than the estimated
truncation error, based on tol, This Indicates
that the roots are near a minimum or maximum, or
that the quadratic ls almost the squate of a llnear
function. The value of qq is truncated to zero,

2 {f the Input value of qq (noptq = 1) dlffers from
the calculated value by more than the estimated
truncation error, based on tol,

Size np.

nerr Output  Indicates an Input error, {f not O,
i Lf np 1s not positive,

noptq Input optlon for getting valua of gq = bb**2 - 4,0 * aa * cc:
0 to not use Input qq, but calculate from aa, bb, ce,
1 to use the Input value of gq (more accurate).
A nonzero value of tol must be used with thls
option, for comparislon of the {nput with the
calculated value,

nroots Qutput Number of real roats:
-1 1f ((aa .eq, 0.0) .and. (bb .eq, 0.0)),
Equation {s null (cc .eq., 0.) or bad (cc¢ ,ne, 0,).
0 1f (bb**2 ,1t, 4,0 * aa * ce).
Roots ure complex.
1 {f equatlon is linear:
(aa .eq. 0,0) .and. (bb .ne. 0.,0),
or {f aq = 0.0,
2 Lf (bb**2 gt, 4,0 * aa * cc).
Size np.

np Input Number of setg of input data aa, bb, ¢c, noptq, qq.
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aq

aq

rootl

tol

Input

out put

Qutput

Input

1f noptq = 1, Eyual to qq ~ bb**2 - 4,0 * aa * c¢, but
calovlated more acaurately, due to cancellation of
tearms resulting from the composite nature of aa, bb,
and/or co, Slze np,

1f noptq ~ 0, Equal to ¢q = bb**2 « 4,0 * 44 * op,
caloulated locally, 68ize np,

The firat or only real root, Lf (nroots .ge, 1),
9ize np, root? Output  The sevond real root, !f (nroots .eq. 2),

Numerival tolerance limit,

Must not ba zero If noptq = 1,
On Cray domputers, recommend 1,e-9 to 1,e~11,
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SUBROUTINE APTCUAD

ocall aptquad (px, ¢y, pZ, ax, ay, axz, bx, by, ba,

&
&
&

Versiont

Aut.hary

Souroey -

Purposet

Mat hod

Input
output s
callsy

Glosnary!
ax,ay,az
bx, by, bz
cx, Ly, cz
dx,dy,d;

dpmin

fdkq

oK, oy, oz, dx, dy, dz, noptfd, tol,
dpming, tdkq, tdla, ax, qy, qz,
nlimk, niiml, {trun, nside, noon, nerr)

aptquad Updated 1989 Novembar 29 16110,
aptquad Criginated 1909 Novamber 2 14110,

Arthur L. Edwards, LINL, L-298, Telephone (41%) 422-4123,

kport radd ,24%1001aptalibe / 1 1

1ib aptulibelx aptblibe aptquadlend / 1 1,

aptalibe is a LIB library of FORTRAN source flles.
aptblibe is a BUILD llbrary of Cray-complled binarles.

T find the minlmun dlstance dpmin from the external palnt

p = {(pX; PY, pz), to the surface bounded by a 3-D quadrangle
with vertlces (ax,ay,az), (bx,by,bz),’ (ox,cy,0z}, (dx,dy,dz)}
to find the point q = (ax, aqy, qz) on the surface nearast tha
axtarnal points and to find the fractlional dlstances fdkq and
fdlq of that point between opposlte sides of the quadrangle,
Option noptfd allows the rangus of fdkq and fdiq to be limlited,
Aesult and error flags are returned,

The equatlon of the surface (r, a, b, o, d aréd vectors) is¢

rea+t (b=a)* fdk + (d - a) ¢ fdl +
(a ~b+a-d * fdk * fdl

rea* (1 - fdk)*(1 ~ fdl) + b ¢ fdk* (1 ~ fdl) +
e * fdk*fdl +d * (1 - tdk)*tdl

where r ls a veotor (X, y, z), and fdk, fdl are fractional
distances between opposite edges,

Uses functional {taratlon, tangent plane approximation, and
accelaeratlon, The rate of convergence depefds on the problem,
For 2 {nitlal values of fdk, lteratively find fdl nearest

the external polnt, the best fdk for that fdl, etec,

If two minima are feund, use the least value of dpmin,

px, py, pz, ax, ay, az, bx, by, b#, cx, oy, vz, dx, dy, dz,
tol,

dpmin, fdkq, fdiq, qQ¥, Qv, qz,
nlimk, nlimi, itrun, rnslide, ncon, nerr,

apt.fdad, aptptln, aptptpl, aptvdis, aptvpin
(sources in aptslibe, blnaries in aptblibe),

Input The X, y, z coordinates of quadrangle vertex “a“,
Input Tha %, y, z coordinatas of quadrénqle vertax "b%,
Input The %, y, ¢ coordinatas of quadrangle vertex “o%,
Input The X, y, z coordinates of quadrangle vertax “d*,

Qutput  Minimum distance from point p = (pX, py, pzi to the
surface bounded by the edges of the 31-D quadrangle
with vertices (ax, ay, az), (bx, by, bz),

(cx, cy, cz) and (dx, dy, dz),

Output  Fractlonal distance of the polant q = (qXx, qy, qz)
batween opposlte edges ¢of the quadrangle,
from the edge bounded hy (ax, ay, az) and
(dx, dy, dz). A value of exactly 0,0 or 1,0 may
Indicate actual minimum point outside quadrangle,
Values within tol of 0.0 or 1,0 may be shifted
slightly inside quadrangle. See nllmk.
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fdiq

ttrun

neen

narr

nlimk

nliml

nopt fd

naide

PX, Py, pz

qx,qy.qz

tol

Output

Out put
Output

Output

output -

output

Input

output

Input

Output

Input

t

Fraoctional distance of the point q « (qX, ay, qz)
batween opposite edges of the quadrangle,
from the edge bounded by (ax, ay, az) and
(bx, by, bz}, A value of exaotly 0,0 or 1,0 may
"indivate actual minimum polnt outside quadrangle,
Valuas within tol of 0,0 or 1,0 may be shifted
slightly {nslde quadrangle: See nliml.

0 If no change is made in the caloulated value of
dpmin, 1 if dpnin {8 changed to zero, when less than
the estimated error in its caloulatlon,

Error flag.
1 or 2 {f flrat two yuasses fall to converge.
3 for total fallure to find solution.

Indicates an Ilnput error, L{f not 0,
1 {8 added {f noptfd is not between 0 and 2,

0 if fdkq not adjusted.
1 {t near 0,0 or 1,0, shifted {nalde quadrangle.
2 {f outslde range 0.0 to 1,0, shifted to 0,0 or 1.0,

0 if fdlq not adjusted,
1 {f near 0,0 or 1,0, shifted Inside quadrangle. '
2 {f outalde range 0.0 to 1.0, shifted to 0,0 or 1.0,

Option to limit the ranges of fdkq, fdlq!

0 for no limit,

1 to increase to tol, if in the range from ~tol to
tol, and decreage to 1.0 - tol, if In the range
from 1,0 ~ tol to 1.0 + tol (move 4 polint near at
adge slightly inside the quadrangle), and

2 to limit to the range from 0,0 to 1.0 (move a
point outslde the triangle to an edge).

1 it the point nearest p = (px, py, pz) In the extended
surface through the quadrangle ig actually
qQ = {q%, qy, qz), within tolerance tol,
0 At q= (g%, qY, qz) is only the point on the
edges of the quadrangle nearest (px, py, pz), but
the vector connecting "p* to *q* ls nol normal
to the surface.

The %, y, z coordinates of the external polint. "p*,

The %, y, z cvoordinates of the point Mq" nearast to
p* (pX, pY, pz) on the blquadratlc surfaca,

Numerical tolerance limit,

Convergence criterifon for dpmin,
On Cray computers, recommend 1.e-5 to 1.e-11,
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SUBROUTINE APTQVAC

call aptqvao (au, av, bu, bv, ou, av, du, dv, np, tol, nopt,

&

Varsliony

Aut hori

Source!

Purpose:

Inputd
output ¢

Calls!

Qlossary!

arpa
arpb
arpc
arpd
au, av
bu, bv
cu, cv
du, dv

nerr

nopt

np

arpa, arpb, arpo, arpd, ntype, qu, qv, nerr)

aptqvac Updated 1990 February 13 13100,
aptquao Originated 1990 February 8 14:00,

Arthur L., Edwards, LINL, L-298, Telephone (41%) 422~4123,

xport read ,24%100taptsiibe / 1 1

1i{b aptslibelx aptbliba aptgvaclend /7 1 1,

aptslibe ls a LIB library of FORTRAN source f'les.
aptblibe ls a BUILD llbrary of Cray-complled binarles.

To find the shape and slze of np quadrangles ln the uv plane,
with vertlces a = (au, av), b = (bu, bv), o = {(au, av) and
d = (du, dv} counterclorkwise around the quadrangle,
Optlonally (nopt = 0 or 2), the vertex parallelogram areas arpa,
arpb, arpo and arpd will bu returned, and (nopt = 1 or 2) the
number and loocatlon of any concave (negative area) vertlices
will be returned, encoded in ntype, and {f the quadrangle {a a
bowtie, the Interseotion of the sides q = (qu, qv), will be
returned, The nat area of the quadrangle ls

0,25 * (arpa + arpb + arpo + arpd).
Flag nerr Indlcates any input error.

au, av, bu, bv, ou, ov, du, dv, np, tol, nopt,
ntype, arpa, arpb, arpo, arpd, nerr.

aptvdlc, aptvaxe
{sources ln aptslibe, blnarles in aptblibe).

Output Parallelogram area at vertex *a% (nopt = 0 or 2).

Size np.

output Parallelogram area at vartex "b* (nopt = 0 or. 2).
Size np.

Out.put Parallelogram area at vertex *c® {nopt = 0 or 2).
Size np.

Out put Parallealogram area at vertex “d" (nopt = 0 or 2).
Size np.

Input The u and v coordinates of vertex "a* of quadrangle,
Size np.

Input Tha u and v coordinatas of vertex “b* of quadrangle,
Siza np,

Input The u and v coordlinates of vertex "c* of quadrangle,
Size np.

Input The u and v coordinates of vertex "d" of quadrangle,
Size np,

Output Indicates an input arror, lf not O,
1 {f np 1s not positive.
2 Lf nopt la not 0, 1 or 2.

Input Output options
0 or 2 to return vertax parallelogram areas,
1 or 2 to return shape type code ntype.
2 to return areas, ntype, and bowtle intersectlions,

Input Size of arrays au, av, bu, bv, cu, ov, du, dv,

and i{f nopt = 0 or 2, arpa, arpb, arpc and arpd,
and {f nopt = 1 or 2, ntype,
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ntype

qu,

tol

qv Output

Input

0 it

11
12
13
14
21
22
23
24
31
32
33
k1]
40

i
if
if
if
if
if
if
if
if
if
if
if
if

only
only
only
only
only
only
only
only
only
only
only
only

‘vertex "b"

vertex “c*
vertex “u*

OQutput Shape type of quadrangle (nopt = 1 or 2).
all vertices are convex.
vertex “a* is concave.
is concave,
is concave.
1s concave.

Regular.

Boomerang.
Boomerang.
Boomerang.
Boomerang.

vertices *¢* and “d" are concave. BHowtle.
vertices “d" and “a“ are concave, Bowtie.
vertices “a" and "b* are concave, Bowtle,
vertices *b* and “c" are concave, Bowtie,

vertex “a%
vertex “b"
vertex .“c*
vertax “d*

18 convex.
is convex.
is convex,
1s convex.
all vertices are concave.

Inverted boomerang.
Inverted boomerang.
Inverted boomerang.
Inverted boomerang.

Inverted regular.

The u and v coordinates of the intersection "q* of
two opposite sides of a bowtied qugdranqle.
Returned only if nopt = 1 or 2, and ntype = 21

to 24.

Numerical tolerance limit.
On Cray computers, recommend l.e-5 to 1,e-11,
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SUBROUTINE APTREFC
call aptrefc (pu, pv, au; av, bu, bv, np, tol, qu, qv, nerr)

version: aptrefc Updated 1990 March 13 11:30.
. aptrefc Originated 1990 January 10 13:50.

Author: Arthur L. Edwards, LINL, L-298, Telephone (415} 422~4123,

Source;  xport read ,245100:aptslibe / 1 1
1ib aptslibelx aptblibe aptrefclend / 1 1.
aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-compiled binaries,

Purpose: To find, for each of np sets of input data, the 2-D vector
q = (qu, qVv} resulting from the reflection of the 2-D vector
p = (pu, pv) from the line through the points a = (au, av)
and b = (bu, bv), all in the uv plane.
when point “a® coincides with point *"b*, pased on tol,
no reflection takes place, and vector “q" equals vector *p*".
Coordinates u and v may be any orthoqonal coordinates,
Flag nerr indicates any input error,

Method: The vector “sn* normal to the reflecting surface is the cross
product of the vector normal to the uv plane, (0, 0, 1), and
the vector parallel to the line "ab*. From simple
geometry, g = "p® - 2.0 * (“p* dot "u"), where *u® is the
unit vector parallel to 'sn“

Input: pu, pv, au, av, bu, bv, np, tol.
Output: qQu, qQv, nerr.
Glossary:

au, av Input The u and v coordinates of point "a" in the uv plane.
- Must differ from "b", based on tol. Size np.

bu, bv Input The u and v coordinates of point “b* in the uv plane,
Must differ from "a", based on tol. Size np.

nerr Output  Indicat¥s an input error, if not 0.
1 {f np {8 not positive,

np Input Size of arrays.

pu, pv Input The u and v components of thea incident veccor‘ﬁp?.
Size np.

qu, Qv Output The u and v components of thée reflected vector “g".
Components of "q" less than the estimated error in
their calculation, based on tol, will be truncated
to zero,

Size np.

tol Input Numerical tolerance limit,
On Cray computers, recommend 1.,e-5 to 1, e—ll



SUBROUTINE APTREFL

call aptrefl (pu, pv, pw, au, av, bu, bv, np, tol,

&

Version:
Author:

Source:

' Purpose:

Method:

Input:

Output:

Glossaryﬁ

au, av

bu, bv

nerr

np

Pu, PV, PW

qu,qv,qw

tol

qu, qv, Qqw, nerr)

aptrefl Updated 1990 March 13 11:30,
aptrefl Originated 1990 January 10 13:50,

Arthur L. Edwards, LILNL, L~298, Telephone (415) 422-4123,

xport read .245100:aptslibe / 1 1
1{b aptslibe!x aptblibe aptrefllend / 1 1,

‘aptslibe is a LIB library of FORTRAN source files.

aptblibe is a BUILD library of Cray-compiled binaries.

To find, for each of np sets .of {nput data, the vector

q = (qu, qv, gw) resulting from the reflection of vector

p = (pu, pv, pw) from the surface perpendicular to the uv plane
and through the points a = (au, av, 0), and b = (bu, bv, 0),"
when i{ncident on the surface on the line "“ab*, .

When point “a" coincides with point *“b*, based on tol,

no reflection takes place, and vector “q" equals vector "p".
Coordinates u, v and w may be any orthogonal coordinates.

Flag nerr indicates any input error.

The vector "sn® normal to the reflecting surface is the cross
product of the vector normal to the uv plane, (0, 0, 1), and
the vector parallel to the line "ab*, From simple

geometry, “Qq" = “p* - 2.0 * ("p* dot *u*), where "u* is the
unit vector parallel to “sn",

pu, pv, pw,. au, av, bu, bv, np, tol.

qu, qv, qw, nerr.

Input The u and v coordinates of point "a" in the uv plane.
Must differ from “b“, based on tol. Size np.

Input The u and v coordinates of point "b* {n the uv plane.
Must d;ffer from "a", based on tol, Size np.

output  Indicates an input error, if not 0.
1 1f np is not positive.

Input Size of arrays.

Input The u, v, w components of incident vector “p".
Size np. '

Output The u, v, w components of reflected vector “q".
Components of “q* less than the estimated error in
their calculation, based on tol, will be truncated
to zero,

Note that gqw = pw. Size np.’

Input Numerical tolerance limit. .
On Cray computers, recommend l.e-5 to l.e-11,
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SUBROUTINE APTREFS

call aptrefs (itype, ax, ay, az, bx, by, bz, cx, cy, oz,

&

Version:

Author:

Source:

Purpose:

History:

Input:
Output:

Calls:

Glossary:

ax,ay,az
bx, by, bz

cx,cy,cz

itype

nerr

np

PX,pY,p2

refm

tol

pX, pY, Pz, np, tol, rgtm, nerr)

aptrefs Updated 1990 March 14 16:00.
aptrefs Originated 1990 January 10 13:50,

"Arthur L. Edwards, LINI, L-298, Telephone (415) 422-4123,

tport read .245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptrefsiend / 1 1.
aptslibe is a LIB library of FORTRAN source tiles.
aptblibe is a BUILD library of Cray-compiled binaries.

To find the matrix operator refm for reflection from a plane:
itype « 0: the plane contalns point a = (ax, ay, az), and
has normal vector b =~ (bx, by, bz).
ltype = 1: the reflection exchanges the points a = (ax, ay, az)
and (bx, by, bz).
itype = 2: the plane contains the 3 points a = (ax, ay, az),
b = (bx, by, bz), and ¢ = (cx, cy, cz).

To do. the reflection operation on the np points
or vectors p = (pX, py, pz}. If p = (px, py, pz) are unbound
vectors, either use module aptmopv, or make sure the raeflection

‘plane contalns the origin., Size np may be 0.

The new values of (px, py, pz) will be truncated to zero
if less than the estimated error in their calculation,
based on tol,

1990 March 14, Changed tol to 0.0 {n call to unit vector
subroutine, Allows small magnitudes,

itype, ax, ay, az, bx, by, bz, cx, cy, cz, px, py, pz, np, tol.
px, pYy, pz, refm, nerr.

aptﬁxun, aptvunb (sources in aptslibe,
binaries in aptblibe),

Input The X, y, z coordinates or components of a polint or
vactor.

Input The X, ¥y, © coordinates or components of a point or
vector,

Input The %, y, 2 coordinates of a point,

Input Defines option for describing reflection plane:
0 if plane contalns point a =~ (ax, ay, az), and
and has normal vector b = (bx, by, bz).
1 if reflection exchanges (ax, ay, az), (bx, by, bz).
2 {f plane contains points (ax, ay, az), (bx, by, bz)
- and (cx, cy, cz).

Qutput Indicates an input error, if not 0.
1 1f the magnitude of any input vector ls too small,
2 1f any 2 of the peints (a, b, c) are congruent,
or 1f the points (a, b, c) are colinear, and
itype = 3.
3 {f {type is not 0, 1 or 2,

Input Number of points or vectors {(px, py, pz). May be 0.

In/Out  The %, y, z coordinates of a point, or
the %, y, z components of a vector. Size np.
Will be truncated to zero, if less than the estimated
error in their calculation, based on tol.

Output Reflection operator (a unitary 3 x 3 matrix).
Must be slized refm(3,3).

Input Numerical tolerance limit.  Used to test and adjust
unit vector and point components,
On Cray computers, recommend l.e-5 to l.e-11.



SUBROUTINE APTRKCL

call aptrkel fpr, ur, ut, uz, sr, dr, dintmn, dintmx, np, tol,

&

Version:

Author:

Source:

Purpose:

Input:
Output

Calls:

Glossary:

dint
dintmn
dintmx

dr

nerr

nint

np
pr

Sr

ur

ut

uz

tol

nint, dint, nerr)

aptrkcl Updated 1990 January 24 13:40.
aptrkcl oOriginated 1990 January 19 16:20,

Arthur L., Edwards, LI&L, L-298, Telaphone (415) 422-4123,

rport read ,24%100:aptslibe / 1 1

1ib aptslibelx aptblibe aptrkcllend / 1 1.

aptslibe is a LIB library of FORTRAN source flles,
aptblibe is a BUILD library of Cray-complled binaries.

. To find, for each of the np‘seCS of input data, any exit

intersection of the linear track through point p = (pr) with
unit direction vector u = (ur, ut, uz)}, with the oylindrical
surface with fixed radius sr, for which (1) the distance dint
from point “p* to the intersection ls between the limits dintmn
and dintmx, and (2) the radial component ur of the direction

'vector "u* at the intersection has the same sign as dr.
. Flag nerr indlcates any lnput error,

pr, ur, ut, uz, sr, dr, dintmn, dintmx, np, tol.
nint, dint, nerr.

aptqrtv, aptvlim (aptfdav optional)
(sources in aptslibe, binarles in aptblibe).

Output Distance from point “p* to intarséction at radius sr
along track (not radial distance).

Input " Minimum allowed value of distance to intersection.

Size np.

Input Maximum allowed value of distance to intersection.
Size np. '

Input Sign of exit directidn through surface at sr, Size np,

OQutput If not 0, indicates an input error.
1 {f np is not positive,

Output 0 if no exit intersection was found.
1 if an exit intersection was found at the surface
at radius sr, with a distance to intersection dint
between dintmn and dintmx. Size np.

Input Size of arrays pr, ur, ut, uz, sr, dr,
dintmn, dintmx, nint.

Input Cylindrical radial coordinate of initial point on
. track. Size np.

Input © Cylindrical radial coordinate of surface., Size np.

Input Initial cylindrical radial component of unit direcﬁion
vector along track. Size np.

Input Initial theta component of unit direction vector
along track. Theta is angle {n x-y plane
counterclockwise from x axis. Size np.

Input Initlal axlial z component of unit direction vector
along track. Size np.

Input Truncation error limit.
Used to test for intersection being nearly
tangent, and for accuracy of intersectlion.
Must not be zero.
On Cray computers, recommend l,e-11.
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SUBROUTINE APTRKCY

call aptrkey (pz, pr, uz, ur, ut, az, ar, bz, br,

Version!

Author:

source:

Purpose:

History:

Input:

Output

Calls:

Glossary:

ar

az

br

bz

dint

dintmn

dintmx

nerr

nint

nopt.d

dintmn, dintmx, np, noptd, tolf, tola,
nint, pinz, pinr, dint, nert)

aptrkcy Updated 1990 January 23 16:30.
aptrkcy Originated 1989 December 7 1640,

Arthur L, Edwards, LINL, L-298, Telaphone (415) 422-4123,

xport read .245100:aptslibe / 11

1ib aptslibelx aptblibe aptrkcylend / 1 1.

aptslibe {s a LIB library of FORTRAN source files.
aptblibe {s a BUILD library of Cray~-complled binaries,

To fiAd, for each of the np sets of input data, ahy acceptable
exit intersection (pinz, pinr) of the linear ttrack through point
p = (pz, pr}) with unit direction vector u = (uz, ur, ut), with
the cylindrical axisymmetric surface through points a = (az, ar)
and b = (bz, br), for which (1) the distance from point "p®

to pin = (pinz, pinr) is between the limits dintmn and dintmx,
(2} the intersection {s between a = (az, ar) and b = (bz, br),
and (3) the crossing at the intersection is from left to right
in the zr plane (right to left in the rz planej.

This {s a zone exit if the points (az, ar) and (bz, br) are the
vertices of a zbne edge, counterclockwise around the zone in the
the zr plane (clockwise in the rz plane).

1990 January 23 10:10, Implemented use of aptfdav to adjust
values of fintl and fint2 near 0.0 or 1,0. Vectorized
intersection test loop.

pz, pr, uz, ur, ut, az, ar, bz, br, dintmn, dintmx, np,
noptd, tolf, tols,

nint, pinz, pinr, dint, nerr,

aptqrtv, aptvlim, aptfdav.
(cources in aptslibe, binaries in aptblibe).

Input Cylindrical! radial coordinate of beginning of’
cylindrical axisymmetric surface, Size np.
Theta ranges from 0 to 360 degrees.

Input Cylindrical axial z coordinate of beginning of
cylindrical axlsymmetric surface. Size np,

Input Cylindrical radial coordinate of end of
cylindrical axisymmetric surface, Size np.

Input Cylindrical axial z coordinate of end of
cylindrical axisymmetric surface, Size np.

Output Distance from (pz, pr) to {ntersectlon at (pinz, pinr),
along track {not distance in zr plane).

Input Minimum allowed value of distance Lo intersection.
size np.

Input Maximum allowed value of distance to lntersection.
Size np.

Output If not 0, indicates an input error,
1 {f np s not positive.

Output O if no acceptable exit intersection was found,
1 I{f an acceptable ex!t intersection was found on the
surface segment between (az, ar) and (bz, br), with a
distance to the intersection dint between dintmn and
dintmx, size np.

Input Option to limit the minimum magnitude of the components
of the direction vectot u = {uz, ur, ut). The method
used here will fall {f uz or ut i{s zero. .
0 for nno magnitude test. Must be done elsewhere.
1 to limit the minimum magnitudes of ut and uz to no
less than tols.

o\
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np

pinr

pinz
pr
pz
ur

ut

uz

tolf

tols

Input
Output
Output
Input
Input
Input

Input

Input

Input

Input

Size of arrays pz, pr, uz, ur, ut, az, ir, bz, br,
dintmn, dintmx, nint, pinz, pinr,

Cylindrical radial r coordinate of intersection point.
Siza np.

Cylindrical axial 2 coordinate of intersection point,
Size np.

Cylindrical radial r coordinate of the initial point on
the track, Size np.

Axlal z coordinate of the initial point on the track,
Size np. '

Initial cylindrical radial component of the unit
direction vector along the track., Size np.

Initial theta component of the unit direction vector
along the track., Theta is the angle in the xy plane
countarclockwiae from & axis. Size np.

Initial axial z component of unit direction vector
along track. Size np.

Truncation error limit to be imposed on the fractional
distance of the intersection (pinz, pinr) along
the line segment from (az, ar) to (bz, br). Values
‘legg than -tolf or greater than 1.0 + tolf will not
be accepted, Values from ~tolf to tolf will be
changed to tolf. Values from 1,0 - tolf to '
1.0 + tolf will be changed to 1,0 - tolf,
Also used to test for the intersection being nearly
tangent, and for the accuracy of the intersection,
Must not be zero.
On Cray computers, recommend l.e-11,

Truncation error limit to be imposed on uz, ut and
pinr., Magnitudes of ut and uz less than tols
will be increased to tols, Values of pinr less
than tols * pr will be increased to tols * pr.

On Cray computers, racommend l.e=5,
A value of zero may produce unpredictable rasults.
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SUBROUTINE APTRKIS

call aptrkis (px, py, bz, VK, vy, vz, ac, ax, ay, az,

&
&

Version:

Author:

Source:

Purpose:

History:
Input:

Qutput :

Calls:

Glossary:

-

dint

dintmn
dintmx

nerr

np
PX, pY,p2

ax,qy, qz’

axy, ayz, azx, akx, ayy, azz, dintmn, dintmx,
np, tol, nint, g, qy, gz, dint, nerr)

aptrkis Updated 1990 March 14 16400,
aptrkis oOriginated 1990 Februaiy 23 1000,

Arthur L, Edwards, LINL, L-298, Telephone '(415) 422-4123,

Kport read .245100iaptslibe / 11

1ib aptslibelx aptblibe aptrkislend / ‘1 1.

aptslibe {8 a LIB library of FORTRAN source files.
aptblibe s a BUILD llbrary ¢f Cray-complled blinaries,

To find, for each of np sets of {nput data, the dlstance dint

to the intersection q = (qx, qy, qz) of the linear track through
point p = (px, py, pz) with direction vector v = (vx, vy, vz)
and the general second order surface for which the equatlon is

= ac + ax * x 4+
axy * x "y +
axx ¢ x**2 o+

f(x,y,2) ay *y tar 'z +
ayz * y * z + azx * z * x +
ayy * y**2 + azz * z**2 = 0,
and for which dint' is between dintrn and dintmx. If two such
intersections occur, the one with the smaller magnitude of dint
will be returned. 1f no such intersection {s found, nint will
be 0, and dint and the coordinatee of point "g" will be very
large. ' Flag nerr indlicates any input error.

The vector normal tp the surface is s = (df/dx, df/dy, df/dz).
The sign of the direction of the {ntersection is determined by
the dot product v * s,

1990 March 14.
subroutine.

Chaﬁqed tol to 0,0 in call to unit vector
Allows small magnitudes.

px, PY. pPZ, V%, vy, vz, ac, ax, ay, az,

axy, ayz, azx, axx, ayy, azz, dintmn, dintmx, np, tol,
nint, qx, qy, gz, dint, nerr.
aptqrtv, aptvadd, aptvunb

(sources in aptsllibe, binarles in aptblibc);

Input Coefflclents of the implicit equation of a second-order

surface in xyz space (ac, ax, ay, az, axy, ayz, aiX,
axx, ayy, azz).

Output The distance of the point of fntersection "q" from
point “p", if nint = 1, Size np.
Positive If in the same direction as vector "v“,
Acceptable only {f between dintmn and dintmx,

Input The minimum allowable value of dint,

Input The maximum allowable value of dint.

Output Indicates an input error, if not O,
1 Lf np s not positive.

1 if the track through point “p" in direction “y®
intersects the surface at a distance dint between
dintmr and dintmx, '

0 1f no such intersection was found.

-1 {f vector “v* is too short, based on tol.
Input Size of arrays.
Input The x, Yy, z coordinates of polnt “p",
Output The X, y, z coordinates of the polnt of intersectlion

of the line through point “p* with unit direction
vector “v*, and the surface, {f nint = 1,
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v, vy,vz Input The X, y, 2 components of direction vector “v*,
If the magnitude is too small, nint will be -1,

tol Input Numarical tolersnce limit,
On Cray computers, recommend 1.e~% to 1,e~11,
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. SUBROUTINE APTRKLC

call aptrklc (au, av, abu, abv, cu, cv, du, udv,

&
4
Versiont

Author

Source!

Purposat

Hlstory:

Inputy
output ¢

Calls;

Glossary!

au, av

abu, abv
"ecu, av

du, dv

dint

dintmn
dintmx

eu, ey

nerr

nint

np

“tol

dintmn, dintmx, np, tol,
nint, eu, ev, dint, nerr)

aptrkle Updated 1990 March 14 16100,
aptrklo oOriginated 1990 January 11 15:10,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read .2451007aptsliibe ¢/ 1 1

1ib aptslibelx aptblibe aptrklolend / 1 1,

aptslibe (4 a LIB library of FORTRAN source flles,
aptblibe is a BUILD llbrary of Cray-complled binaries,

To find, for each of the np sets of Input data, any
Intersection point e = (eu, ev) of the linear track through
point a = (au, av) with the direction vector ab = (abu, abv),
and the line segment from point o = (ou, ov) to point

d = (du, dv), all {n the uv plane of uvw space, for which

(1) the distance from point “a* to point “e* |s betwaen the
Iimits dintmn and dintmx, (2) point “e* is between polnt ®g»
and *d*, and (3) the track crosses line “cd* from left to right
in the uv plane, This ls a zone exit Lf the points “c* and "d*
are the vertices of a zone edge, counterclookwise around the
zone In the uv plane, Flag nint indicates the type of
intersection found. The distance dint of the intersectlon

from point *a® {s also returned.

Flag nerr indicates any input error,

1990 March 14, Changed tol to 0.0 {n call to unit vector
subroutine, Allows small magnitudes,

au, av, abu, abv, ocu, ov, du, dv, dintmn, dintmx, np, tol.
nint, eu, ev, dint, nerr,

aptfdav, aptvadc, aptvaxc, aptydio, aptvubd
(sources i{n aptslibe, binaries {n aptbliba),

Input The U and v coordinates of point “a*, Size np.
In the uv plane.

Input The u and v components of 2-D direction vector “ab*,
Must not both be zero, Size np.

Input The u and v coordinates of point *c* in tha uv plane.
Must differ from “d*, based on tol, Slze np.

Input The U and v coordinates of point “d“ {n the uv plane.
Must differ from "c*, based on tol, Size np.

Output  The dlgtance of the point of intersectlion “e" from
point *a*, Positive if in the same dlraction as
vector %ab", Size np.

Input Minimum allowed value ¢f dlstance to intersection.
Size np.

Input Maximum allowed value of distance to intersection,
Slza np. '

Output  The 4 and v coordinates of the point of intersectlion
of the line through point “a* with diraction
vactor *ab", and line “cd*, all in the uv plane.

Output Indicates an input error, If not O,
1 if np ls not positive.

Output Number of acceptable intersections found,

0 if none.

1 1f an acceptable i{ntersection was found.

2 1f the track colncides with part of line “cd%,
Input Size of arrays.,

Input Numerical tolerance limit.
Oon Cray computers, recommend l.e-5 to 1,e-11,
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SUBROUTINE APTRKPL

vall aptrkpl (pK, pY: DZ, VX, vy, VZ, ax, ay, az,

&4
[
Verslont

Author

Source!

Purpose:

Historyt

Inputy

Output ¢

Calls:

Glossary:

ax,ay,az
bx, by, bz
cx,cy,c2

dint

dpmin

ipar

nerr

np

b’(; by; bz, ox, oy, Oz, npy tol'
dpmin, dint, ax, qy, qQz, ipar, narr)

aptrkpl Updated 1990 Maroh 15 16140,
aptrkpl Originated 1989 November 30 19130,

Arthur L.\Edwlrdl. LINL, L-298, Telephone (413) 422-4123,

xport read ,245100taptalibe / 11

1ib aptslibelx aptblihe aptrkpllend / 1 1, .

aptalibe 1a a LIR llbrary of FORTRAN source flles,
aptblibe is a BUILD library of Cray-pomplled binaries,

To find, for each of np sets of input data, the point of
Intersection q = (qx, q¥, Az) of the llnuar track through point
p = (px, pY, pz) with direction vector v = (vx, vy, vz),

and the plane through points a = (ax, ay, az), b « (bx, by, bz),
and ¢ = (ox, oy, oz), and the distance dint betwean paints

*p“ and “q", The perpendioular diastance dpmin from the plane to
point *p* is also.returned,

If the vectdr “v* ig parallel to the plane, flag lpar will

be 1. If so, and dpmin {s not zero, dint and the coordinates
of point “q* will be very large, Otherwise, 1f dpmin is zero,
dint will be zero, and the 'coordinates of point "q* will be
those of polnt “p¥, :

Flag nerr i{ndicates any input error,

1990 March 14, Changed tol to 0.0 in call to unit vector

gu~ ~outine, Allows small magnitudes,

1990 Maroh 15, Changed the values of dpmin, dint, and polnt *g*
when the plane “abo* i{s undefined (lpar = 3 or 4), No effect

on problems with good input data.

PX, DY, PZ, VX, VY, vz, ax, ay, az, bx, by, bz, ox, oy, oz,
.. tol, .

dpindn, dint, qx, qy, qz, ipar, nerr,

aptvadd, aptvdia, aptvdot, aptvpln, aptvuna, aptvunb
(sources in aptslibe, binaries in aptblibae),

Input The X, ¥, z coordinates of point *a* in the plane,
Must differ from “b* and *c%, bdsed on tol. 8ize np,

Input The %, y, z coordinates of point “b* in the plane.
Must differ from “a* and “c*, based on tol. Size np.

Input The %, ¥y, z coordinates of point “c* {n the plane,
Must differ from “a* and "b*, based on tol. Size np.

Output  The distance of the point of intarsection “q“ from
point ®p*, {f lpar = 0, Positive i{f in the same
direction as vector "v*, Size np.

Meanlngless, but large if ipar = 1.
Meaningless, but zero i{f lpar « 2, 3, or 4,

Output  The perpendicular distance to point *p* from the
plane, Positive {f point *p" {5 on the side of the
plane for which points “a", "b“, and “c% are
counterclockwise, Meaningless {f i{par = 2, 3, or 4,
If less than the estimated error in its calculation,
dpmin will be truncated to zerq, Size np.

Output 0 {f vector “v* s not parallel to the plane. S&ize np.
1 4f it ls. See dpmin, dint, qx, qy, qz.
2 {f vector "v" {s too short, based on tol.
3 if any of the points "a%, “b*, and “c* colinclde,
4 {f #v* {g too short, and “a", “b" or “c* colnclide.

Out.put Indicates an lnput error, i{f not 0.
1 4{f np ls not positive,

Input Size of arrays.

~1
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pX, DY, pr  Input The X, y, 2 coordinates of polnt *p*,

qx,qy,qz Output The %, y, z coordinates of the point of Intersection
of the line through paint "p* with unit directlon
vactor “v¥, and the plane through polnts “a%, #ibu,
and “o%, 1f ipar « 0. Slize np,
Meaningless, but large {f lpar » 1,
Meaninglass, but zero |f lpar « 2, 3 or 4,

vk, vy, vz Input . The X, Yy, ¢ componaents of direction vewtor v+,

tol Input Numerical tolarance limit,
On Cray computera, recommend 1,e«5 to 1l,e-11,
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SUBROUTINE APTRKRL

call aptrkrl (pr, ur, &r, dr, dintmn, dintmx, np, tol,

&

Vaersiong

Authort

Source!

Purposat

Input
Outputt

Call st

Glossary!

dint
dintmn
dintmx

dr

nerr

nint

np

pr

8r

ur

tol

nint, dint, nerr)

aptrkrl Updated 1990 January 24 15150,
aptrkrl Orlginated 1990 January 19 16120,

Arthur L. Edwards, LLNL, L-298, Talephone (415) 422-4123,

xport read ,2451001aptulibe / 11

llb aptalibelx aptblibe aptrkrilend / 1 1,

aptalibe iy a LIB library of FORTRAN source files.
aptblibe (s a BUILD llbrary of Cray-compiled binarlaes.

To find, for each of the np sets of lnput data, any exit
intersection of the linear traok through polint p = (pr) with
unit direction vector uy = (ur, ut, up), with the spherical
surfaca with flxed radlus sr, for which (1) the dlatance dint
from point *p" to the {ntaersection {4 between the limits dintmn
and dintmx, and {2) the radial component ur of the direction
vactor "u" at the i{ntergection has the same sign as dr.

Flag nerr {ndicates any {nput error.

pr, ur, sr, dr, dintmn, dintmx, np, tol,
nint, dint, nerr,

aptqrev, aptviim (aptfdav aptional)
(sourcgs in aptslibe, binaries in aptbiibe).

Output Distance from point “p* to intersection at radius sr
' along track (not radial distance),

Input Minimum allowad value of distance to intersection,
Size np,
Input Maximum allowed value of distance to intersaection,
Size np,
Input Sign of exit direction through surface at lr; Slze np.

Output If not 0, indicates an {nput error,
1 4{f np i not positiva,

Output O if no exit {ntersection was found.
1 {f an exit intersection was found at the surface
at radius sr, with a distance to Intersection dint
between dintmn and dintmx, Size np,

Input Size of arrays pr, ur, sr, dr, dintmn, dintms, nint.

Input Spherical radial coordinate of inltial point on
track, Size np.

Input Spherical radial coordinate of surface., Size np.

Input Initial spherical radial component of unit direction
‘ vector along track, Size np.

Input Truncation error limit,
Used to test for intersaection being neariy
tangent, and for accuracy of lntersectlion,
Must not be zaro, )
Oon Cray computers, recommend l.e-11,
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SUBROUTINE APTRKIL

vall aptrksl (au, abu, ou, du, dintmn, dintmx, np, tol,
[ . nint, ou, dint, nerr)

Verslon: aptrksi Updated 1990 January 24 16100,
aptrksl Origlnated 1990 January 11 15110,

Authory  Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

Sourcey 'xport read ,245100iaptaliba / 11
1ib aptslibalx apthilbe aptrksilend / 1 1,
aptaliba L8 a LIB library of FORTRAN source files,
aptbllbe ls 4 BUILD. llbrary of Cray-complled binaries,

purposes To find, for each of the np sats of input data, any intersectlion
of the llnear track through polnt a = {au) in the dlrection of
the unlt veotor ab = (abu, abv, abw), with the vw plane through
the point o = (cu), with the normal vector d = (du), for whlch
(1) the distance dint from point %a* to the intersection ls
between the Limits dintmn and dintmx, and (2) the direction
vector abu has the sama slgn as du., This Ly eduivalent to a
zone axit ln 1-D slab gaometry, 1f du has the sign of the
diraction out of the zone at pelint ou,
Flag ninc indicates the typa of intersection found.
Flag nerr indicates any input error.

To find a zone exit in 1-D slab geometry,
Input? au, abu, ou, du, dintmn, dintmx, np, tol.
output: nint, dint, nerr.

Calls! aptvdil (source in aptslibe, binary in aptblibe).

Glossary:
au Input The u coordinate of polnt *a*, The v and w coordinates
+  are zero, Directions u, v and w are orthogonal,
 Size np,
abu Input The u component of the unit directlon vector “ab* along
the traock in uvw gpace, Size np.
An acceptable i{ntersection can only oocur {f abu has
the same s{gn as du.
cu Input The u coordinate of polnt %o*, Size np.
dint . Output  The distanve of the polnt of Intersectlion of the track
' from point "a" to the uyv plane through polnt “o%,
bositive {f In the same direction as vector "ab*,
Slze np,
du Input The u component of the outward normal vector of the vw
plane at point "¢, Size np.
An acoeptable intersection can only occur if abu has
the sama sign as du.
dintmn Input Minlmum allowed value of dlstance to intersection dint,
Slze np.
dintmx Input Maximum allowed value of distance to intarseation dint,
Size np.
nerr output Indi{cates an input error, {f not 0,

1 {f np Is not positive,
nint Output  Number of acceptable lntersectlons found.
0 Lf nona, .
1 If an acceptable intersection was found.

np Input Size of arrays.

tol Input Numerical tolerance limit,
On Cray computers, ‘recommend 1.e-5 to l.e-11,
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SUBROUTINE APTRNDS

call aptrnds (nopt, x, dx, nsig, np, tol, nerr)

Version:

Author;

Source:

Purpose:

Input:
Output.:
Glossary:

dx

nerr

nopt

np

nsig

tol

aptrnds Updated 1990 February 2 10:40,
aptrnds Originated 1990 February % 10:40.

Arthur L. Edwards, LLNL, L-ZBG,\Telephone (415) 422-4123.

xKport raad .245100:aptslibe ./ 11

1ib aptslibe!x aptblibe aptrndstend / 1 1. .
aptslibe is a LIB library of FORTRAN source files,
aptblibe is a BUITD library of Cray-compiled binaries.

To find, for each of np valuos of x, the new value of x after
rounding off to the nearest multiple of dx {n the first nsig
significant figures (nopt = 0), cr in the absolute value
(nopt = 1}, ) .

Flag nerr indicates any input error.

nopt, x, dx, néib, np.

X, nerr.

Input Precision of rounded result in significant figure
nsig (nopt = 0), or in absolute value (nopt = 1).
Must not be zoro., Normally from 1.0 to 5.0.
Size np.

Output Indicater an input error, if not 0,
1 {f np is not positive. '
2 {f nopt is not 0 or 1.

Input Indicates type of rounding off to be done.
0 to round off to the nearest multiple of dx in the
first nsig significant figures of x.
1 to'round off to the nearest multiple of dx in the
absolute value of x.

Input Slze of arrays x, dx, and if nopt =~ 0, nsig.

Input Number of significant figures to'be rounded off to the
nearest multiple of dx (nopt = 0).
Values less than 1 will be equivalent to 1,
Values greater than the machine limit will have
no effect,
Size np, {f nopt = 0. Otherwise, undimensioned.

Input Precision of mixed integer and floating polint

operations on machine,
Recommend 1.e-11 on Cray.

In/Out Value to be rounded off, and rounded result. Size np.
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SUBROUTINE APTROTA
call aptrota (theta, ku, vx, vy, vz, tol, rotm, nerr)

. Verslon: aptrota Updated 1989 March 14 16:00,
aptrota ‘ Originated 1989 November 2 14:10,

Author: Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

Source: xpert read .245100:aptsliibe / 11
1ib aptsiibe!x aptblibe aptrotalend / 1 1.
aptslibe is a LIB library of FORTRAN source files.
aptblibe 1s a BUILD library of Cray-compiled binaries,

Purpose: To find the rotation matrix operator rotm, to do a
counterclockwise rotation by the'angle theta, around the
axis parallel to the vector v = (vx, vy, vz). '
(Counterclockwise: with the axis pointed at the observer,)
The angle may be in degrees (ku = 0) or radians (ku = 1). )
Flag nerr indicates any error in v {too small) or ku (not 0, 1),

History: '1990 March 14, Changed tol to 0,0 in call to unit vector
subroutine, Allows small magnitudes.

Input: theta, ku, vx, vy, vz,
Output : rotm, nerr.

Calis: aptvunb (source in aptslibe, ‘binary in aptblibe).

Glossary:
ku Input Indicates theta units are degrees (0) or radians (1),
nerr Output Indicates an input error, if not 0.
"1 {f magnitude of (vx, vy, vz) too small.
2 if kd is not O or 1.
rotm Output  Rotation operator (a unitary 3 x 3 matrix).
Must be sized rotm(3,3).
theta Input Angle of rotation around axis, counterclockwise when
' rotation axis is pointed at observer. Units are
deqgrees (ku =~ 0) or radians (ku =« 1),
tol Input Numerical tolerance limit, Used to test and adjust
unit vector components and point coordinates.
On Cray computers, recommend l.e~5 to l.e-11.
vX Input The x component of vector pérallel to rotation axis.
‘vy Input The y component of vector parallel to rotation axis.

vz ) Input The z component of vector parallel to rotation axis.
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.SUBROUTINE APTROTC

cull‘apcrotc (au, av, by, bv, cu, cv, np, tol, nerr)

Version:

Author: .

Source:

Purpose:

History:

Input:
Qutput:

Calls:

Glossary:

au, av

bu, bv

cu, cv

nerr

np

tol

aptrotc -Updated 1990 March 14 16:00,
aptrotc Originated 1989 December 29 10:00.

Arthur L. BQwards, LLNL, L-298, Telephohe (415) 422-4123.

xport read .245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptrotctend / 1 1.

aptslibe is a LIB library of FORTRAN source flles.
aptblibe is a BUILD library of Cray-compiled binaries.

To rotate the np 2-D vectors ¢ = (cu, cv) around the w axils by
the angle needed to make 2-D vector a = (au, av) parallel to
2-D vector b = (bu, bv). All are in the uv plane. Directions
u, v and w are orthlogonal. Any new components of ¢ = (cu, cv)
that are smaller than thelr estimated arror, based on tol, will

be truncated to zero. Flag nerr indicatea any input error.

1990 March 14, Chanqﬁd tol to 0.0 in call to unit vector
subroutine. Allows small magnitudes.

au, av, bu, bv, cu, cv, tol,

‘cu, cv, nerr.

aptvaxc, 'aptvdoc, aptvubc (sources in aptsliba,
binaries in aptblibe).

Input The u and v component s of the first vector.
The w components are zero.

Input The u and v components of the second vector.
The w components are zero. '

Input The u and v components of vector “c". Size np.

The w components are zero,

Output The u and v components of vector “c*, after
‘rotation, The w components are zero. Will be
truncated to zero, if smaller than the estimated
error in their calculation, based on tol. Size np,

Output  Indicates an input error, if not O,
1 1f np is not positive.
2 if vector "a" is too short.
3. if vector "b" is too short.
Input " The size of arrays .cu, cv,

Input Numerical tolerance limit.
On Cray computers, recommend l.e-5 to 1l.e-~11.
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SUBRQUTINE APTROTP \ <

call aptrotp (ax, ay, az, bx, by, bz, cx; ey, cz,

&

Version:

Author:

Source:

Purpose:

. dx, dy, dz, tol, rotm, nerr)

aptrotp Updated 1989 March 14 16:00.
aptrotp Originated 1989 November 2 14:10.

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4;23.

xport read ,245100:aptslibe / 1 1

1ib aptslibe!lx aptblibe aptrotpiend / 1 1. .

aptslibe is a LIB library of FORTRAN ‘source flles.
aptblibe is a BUILD library of Cray-compiled binaries.

To find the rotation matrix operator rotm, for rotating the
plane containing the vectors a = (ax, ay, az) and )

b = (bx, by, bz) to be parallel to the plane containing the
vectors ¢ = (cx, cy, cz) and d = (dx, dy, dz), around an axis
parallel to both planes, Any components of rotm within tol
of -1.0, 0.0, 'or 1,0, will be truncated to those values.

. Flag nerr indlicates any input error,

History:

Input:
Output ¢

Calls:

dlossary:
ax,ay,az
bx, by, bz
¢x,cy, c2
dx, dy, dz

nerr

rotm

tol

1990 March 14, Changed tol to 0,0 in call to unit vector
subroutine. Allows small magnitudes.

ax, ay, az, bx, by, bz, cx, cy, cz, dx, dy, dz.
rotm, nerr.

aptvaxb, aptvuna, aptvxun (sources in aptslibe,
binaries in aptblibe),

Input The x, y, 2 components of a vector.
Input The x, y, z components of a vector.
Input The X, y, z componants of a vector,
Input The x, y, z components of a vactor.

output Indicates an input error, if not 0.
' 1 1f the magnitude of any input vector s too small,
or the two vectors in a plane are almost parallel.

output  Rotation operator (a unitary 3 x 3 matrix).
Must be sized rotm(3,3}.
Input Numerical tolerance limit. Used to test and adjust

unit vector components and point coordinates.
On Cray computers, recommend l.e-5 to l.e-11l.
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SUBROUTINE APTROT

call nptrota (nl, thl, n2, th2, n3, th3, ku, tol,
& rotm, nerr)

Version: ‘apCrotB Updated 1989 November 13 15:20.
. aptrots Originated 1989 November 2 14:10.

Author:  Arthur L. Edwards, LINL, 1-298, Telephone (415) 422-4123.

Source: xport read .¢45100:aptslibe /11
1ib aptslibe!x aptblibe aptrotsiend / 1 1.
aptslibe 18 a LIB library of FORTRAN source files,
aptblibe is a BUILD library of Cray-complled binaries.

Purpose: To find the rotation matrix operator rotm, to do a sequential
rotation of angle thl around axis nl, angle th2 around axis n2,
and angle th3 around axis nd. All angles are measured
counterclockwise, with the axis pointed at the observer.

The axes may be x (1), y (2), or z (3).
Angles may be in degrees (ku = 0) or radians (ku = 1),
Flag nerr indicates any input error.

Input: nl, thl, n2, th2, n3, th3, ku, tol.

Output: rotm, nerr,

Glossary:
ku Input Indicates theta units are deqrees (0) or radians (1).
nl: Input Indicates first axia 13 X (1), y (2), or z (3).
May not be 0, but thl may be 0.
n2 Input Indicates second axis 1s x (1), y (2), or z (3).
May not be 0, but th2 may be 0. -
n3 Input Indicates third axis {s x (1), y (2), or z (3).
' May not be 0, but th3 may be 0,
nerr Output‘ Indicates an input error, if not 0,
' 1 1f nl, n2, or nd not in range 1-3, or not unique.
2 {f ku is not 0 or 1.
rotm OQutput Rotation operator (a unitary 3 x 3 matrix).
Must be sized rotm(3,3).
thl Input ., Angle of rotation around axis nl, counterclockwise
when rotation axis ls pointed at observer. Units
are degrees (ku = ) or radians (ku = 1).
ch2‘ Input Angle of rotation around axis n2. See thl.
thl Input Angle of rotation around axis n3., See thl.
tol Input Numerical tolerance limit. Used to test and adjust

unit vector components and point coordinates,
On Cray computers, recommend l.e-5 to 1l.e-11.
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SUBROUTINE APTROTT

call aptrott (ax, ay, az, bx, by, bz, cx, cy, cz, '

&

Version:

Author:

Source:

Purpose:

History:

Input:
- Qutput:

Calls:

Glossary:

ax,ay,az
bx, by, bz
¢x,cy, c2
dax,dy,dz

nerr

rotm

to)

dx, dy, dz, tol, rotm, nerr)

aptrott Updated 1990 March 14 16:00.
aptrott. Originated 1989 November 2 14:10,

l .

Arthur ', aduutdﬁf LINL, 1«298,\Telephone (415) 422-4123,

PRy T
xport read ;m45Xpo:apqs11be /11
b aptil1s!x hptblibe aptrottiend / 1 1.
aptslibe'is @‘&és lifrary of FORTRAN source files,
aptblibe ‘s a BUILD Vip¥ary of Cray-compiled blnaries.

To find the rotation matrix operator 'rotm, for rotating the
vactor a = (ax, ay, az) and the plane containing vectors “a* and
b = (bx, by, bz), to be parallel to vector ¢ ~ (cx, cy, cz) and
the plane containing vectors “c* and d = (dx, dy, dz).

Any component.s of rotm within tal of -1.0, 0.0, or 1,0,

will be trincated to those values. '

Flag nerr indicates any input error,

If vactors "a" and "b" are the firat two vectors of.the positive

- vector triple (a, b, a x b), and ¢ and d are the first two

vectors of the positive vector triple {c, d, ¢ x d), then rotm
rotates (a; b, a x b) onto (¢, d, ¢ x d), or squivalently,
redefines the coordinate axes to be (a, b, ¢ x d} instedd of

(¢, a, c x d), (a x b indicates the vector product of a and b,)

1990 March )4. Changed tol to 0.0 {n call to unit vector
subroutine. Allows small magnitudes. . '

ax, ay, az, bx, by, bz, ex, cy, cz, dx, dy, dz, tol.
rotm, nerr.

aptvxun, aptvunb (sources in aptsiibe,
binaries {n aptblive).

Input The x, y, z components of a vector,
Input The x, 'y, 2 conqﬁancnts of a vector.
Input The %, y, 2z componqnts of a vector,
Input‘ The x, ¥, 2 compohents o; a vector,

Output  Indicates an {nput error, {f not O,
1 1{f the magnitude of any input vector lsg too small,
or the two vectors in a plane are almost parallel,

dutpuc Rotation oparator (a unitary 3 'x 3 matrix),
Must be sized rotm(3,3).

Input Numerical tolerance limit. Used to Eest and adjust

unit vector componhents and point coordinates.
On Cray computers, recommend 1.e-5 to l.,e-11.
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SUBROUTINE APTROTV
call aptrotv (ax, ay, az, bx, by, bz, tol, rotm, nerr)

Version: aptrotv Updated 1990 March 14 16:00,
aptrotv. Originated 1989 November 2 14:10,

Authors Arthur L, Edwards, LINL, L-298, Telephune (415) 422~-4123,
Source: xport read ,245100:aptslibe / 1 1
. lib aptslibelx aptblibe aptrotviend / 1 1,
aptslibe is a LIB library of FORTRAN source files.
aptblibe i{s a BUILD library of Cray-compiled binaries.
Purpose: To find the rotation matrix operator “rotm®, for rotating
the vector a = (ax, ay, az) to be parallel to the vector
b = (bx, by, bz}, around an axis perpendicular to both.
Any components of “rotm* within tol of -1,0, 0.0, or 1.0,
will be truncated to those values,
Flag nerr indicates any input error,

History: 1990 March 14. Changed tol to 0.0 in call to unit vector
subroutine, Allows small magnitudes,

Ihput: ax, ay; az, bx, by, bz, tol.
Output: rotm, nerr.’

Calls: aptvxun, aptvdot, aptvunb (sources in aptslibe,
binaries {n aptblibe).

Glossary:
ax,éy,az Input The %, y, z components of vectdr "a",
bx,by,bz Input The X, y, z components of vector “b",
nerr Qutput Indicates an input error, if not 0,
1 1f the magniLude of vector “a“ or *b* is too small.
rotm dutput Rotation operator (a unitary 3 x 3 matrix),.
Must be sized rotm(3,3).
tol Input Numerical tolerance limit, Used to test and adjust

unit vectur components and point coordinates,
On Cray computers, recommend 1l,2-5 to l.e-11,
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SUBROUTINE APTSCAD

call aptscad (np, au, av, aw, bu, bv, bw, nerr)

Version:

Author:

Source!
_Purpose:

Calls:

Input:
Output:
Glossary:

au,av,aw

[

(T

bw

nerr

np

aptscad Updated 1990 February 27 10:20,
aptscad Originated 1990 February 27 10320,

Arthur L. Edwards, LLNL, L~298, Telephone (415) 422-4123,

xport read .245100:aptslibe / 11

1ib aptslibelx aptblibe aptscadlend / 1 1,

aptslibe {s a LIB library of FORTRAN source flles,
aptblibe i{s a BUILD library of Cray-compiled binaries,

To find np unit vectors b = (bu, bv, bw), representing

random directions uniformly distributed 'n a4 plane

with the normal vector a = (au, av, aw) in 3-D space. .

Flag nerr indicates any lnput error (np not positive},. ) .

aptscat, aptvxun
(sources in aptslibe, blnaries (n aptblibe),

np, au, av, aw,

bu, bv, bw, nerr.

Input The u, v and w components of the vector normal to
the plane in which the vectors “b* are to be.

Output  The. u component of a unit vector representing a ‘ N
direction chosen randomly from a uniform
distribution {n 3-D space, {n the plane with normal
vector "a®. Coordinates u, v and w may
be any 3 orthogonal coordinates. Size np.

Out. put The v component of a unit vector repfesentinq a
direction chosen randomly from a uniform /
distribution in 3-D space, {n the plane with normal ‘/°~/‘
vector “a*. Coordinates u, v and w may ~

be any 3 orthogonal coordinates. Size np.
Qutput  The w component of a unit vector representing a
direction chosen randomly from a uniform
distribution {n 3-D space, in the plane with normal
vector "a", Cpordinates u, v and w may
be any 3 orthogonal coordlnates. Size np. ' “

Output Indicates an input error, if not 9,
M if np {8 not positive.

Input Slze of arrays.
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SUBROUTINE APTSCAP

call aptscap (np, au, av, aw, pm,

Version:

Aut.hor

Source:

Purpose:

Calls:

Input:
Output
" Glossary:

au,av, aw

bw

nerr

np

pm
tolu
tolv

tolw

bu, bv, bw, narr}

aptscap Updated 1990 January 10 10:30,
aptscap Originated 1990 January 10 10:30,

Arthur L, Edwards, LINL, L-298, Telephone (4135) 422-4123,

xport read ,2451001aptslibe / 11

1ib aptslibeix aptblibe aptscaplend /'1 1.

aptslibe 1s a LIB library of FORTRAN source flles,
aptblibe 1s a BUILD library of Cray-compiled binaries,

To find np unit vectors b = (bu, bv, bw), representing

random directions {n a cosine*spm d{stribution {n 3-D space,
centered on an axls in the direction of vector a = (au, av, aw),
with the restrictions that the magnitudes of the componants bhe
no smaller than the specified 1imits tolu, tolv, tolw,
raspactively, Flag nerr {ndicates any Input error.

1f "ba" Is the expected value of the component of vector “b®
{n the direction of vector “a%, then:

ba = (pm + 1.0} / (pm + 2.0), .ba .ge. 0.5},

pm = (2.0 * ba - 1.0) / (1,0 - ba), (pm .ge. 0,0).
pm = 0,0 isotroplc In half-space,

pm « 1,0: coslne distzibution in half-space,

aptmopv, aptrotv, aptvliim
(sources In aptslibe, binarles in aptblibe)},

np, tolu, tolv, tolw, au, av, aw, pm,

bu, bv, bW, nerr.

Input The u, v and w components of a vector in tne direction
of the center of a cosine**pm distribution,

Out put The u component of a unlt vector representing a
direction chosen randomly from a cosine®*pm
distribution in 3-D space, centered {n the direction
of vector “a", Coordlnates u, v and w may
be any 3 orthogonal (oordinates. Size np.

Magnitude may be no smaller than tolu,

Out put. The v component of a unit vector representing a
directlion chosen randomly from & cosine**pm
distribution {n 3-D space, centered {n the direction
of vector “a%, Coordinates u, v and w may
be any 3 orthogonal coordinates. Size np.

Magnitude may be no smaller than tolv,

Out put The w component of a unit vector representing a
direction ¢hosen randomly from a cosine**pm
distribution {n 3-D space, centered in the direction
of vector “a*, Coordinates u, v and w may
be any 3 orthogonal coordinates., Slze np,

Magnltude may be no smaller than tolw,

Output  Indicates an input error, if not O.
1 {f np 1s not positive,

Input Size of rrays.

Input Power used for the cosine**pm spatial distribution
from which unit vector "b" is to be chosen,

Input Minimum magnitude of all bu components,
On Cray computers, recommend l.e-5.

Input Minimum magnitude of all bv components,
On Cray computers, recommend 1,e-5,

Input Minimum magnitude of all bw. components,
On Cray computers, recommend 1,e-5.
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SUBROUTINE APTSCAT
call aptscat (np, au, av, aw, nerr)

Varalon: aptscat Updated 1990 January 10 10140,
aptscat Orlglpated 1990 January 10 10:40,

Author? Arthur L, Edwards, LLNL, L-298, Telephone (415) 422-4123,

Source! Kport read .245;00:apts11be /11
1ib aptslibe!x aptblibe aptscatiend / 1 1.

‘aptsllbe is a LIB library of FORTRAN source files,
aptblibe {s a BUILD library of Cray-compiled binarles.

Phrpoaez To find np mnit vectors a = (au, av, aw), representing

random directions in 3~D space, with the restrictions that

the magnitudes of the components be no smaller than the

specified 1imits tolu, tolv, tolw, respactively.

Flag nerr indicates any input error (np not positive).

Input! np, tolu, toly, tolw,

Output:  au, av, aw, nerr,

Callsa: aptvlim (source in aptslibe, binary In.aptblibe) .
‘ Glogsary:
au Output The u component of a unit vector representing a

direction in 3-d space. Coordinates u, v and
be ary 3 orthogonal coordinates. Slze np.
Magnitude may be no smaller than tolu.

av Output The v component of a unit vector representing a

random
W may

random

directlion in 3-d space, Coordinates u, v and w' may

be any 3 orthogonal coordinates. Size np,
Magnitude may be no smaller than tolv.

aw Output The w component of a unit vector representing a
direction In 3-d space, Coordinates u,
be any 3 orthogonal coordinates. Size np.
Magnitude may be no smaller than tolw.

nerr output Indicates an {nput error, i{f not 0,
1 if np 18 not positive,

np Input Size of arrays.

tolu Input Minimum magnitude of all au components.
On Cray computers, recommend l.e-5,

tolv Input Minimum magnitude of all av components.
Or Cray computers, recommend 1,e-$,

tolw Input. Hinimum magnitude of all aw componénts.
On Cray computers, recommend 1.e-5,’
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SUBROUTINE APTSCLC :
call aptsolo (zcale, au, av, by, bv, pu, pv, np, tol, nert}

Version: aptsclo Updated 1990 March 14 16300,
aptsclo oOrlglinated 1990 January 4 15$00.

Author? Arthur L, Ecdwards, LINL, L-298, Telephona (4153) 422-4123,

Sourcei  xport read .245100taptsiibe // 1 1
1ib aptaslibelx aptblibe aptsclolend / 1 1.
aptslibe ls a LIB library of FORTRAN source files,
aptblibe {8 a BUILD library of Cray~compiled binaries,

Purpose; To linearly scale the np puints or veoctors
p = (pu, pv) by the factor “scale*, in the direction of the
vector a « (au, av), with the puint b = (bu, bv) invariant,
All are in the uv plane. If p = (pu, pv) are unbound vectors,
. Invariant point “b* must be at the origin.
This is the spatial part of a Lorentz transformation.
Flag nerr indicates any input error.

History: 1990 March 14;‘ Changed tol to 0.0 in call to unit vector
' subroutine, Allows small magnitudes,

Input? scale, au, av, bu, bv, pu, pv, np, tol,

Output ¢ pu, pv, nerr.

Calls: ' aptvubc (source in aptslibe, binary in aptblibe).

Glossary:

au, av Input The u and v components of the yv plane vactor defining
the direction 9! linear scaling.

bu, bv Input The u, v coordinates of thea uv plane invariant point.

nerr Output- Indicates an input error, if not O.

1 {f np is not positive.
2 1f the magnitude of vector "a™ {s too amall,
relative to tol.

np Input Size of arrays pu, pv.

pu, pv In/Out The u and v coordinates of a point, or components
- of a vector in the uv plane, Size np.

tol Input Numerical tolerance limit, Used to test and adjust
unit vector, matrix element, and point
component.s, '

On' Cray computers, recommend 1.e-5to 1.e-11,
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SUBROUTINE APTSCLL

oall aptaoll (scalae, ax, ay, az, bx, by, bz, px, py, pz, np,
&

Verslon

Authori

Source

Purpose;

History:

Input:
Output:
Calls:
Glogsary:

ax, ay,az
bx, by, bz
narr

np
PX,pPY: P2
refm

scale

tol

tol, refm, nerr)

aptscil Updated 1990 March 14 16:00,
aptscll Origlnated 1989 November 2 14110,

Arthur L, Edwards, LINL, L-298, Telephone (41%) 422-4123,

xport read ,245100taptslibe / 1 1

1ib aptalibelx aptblibe aptscllilend /7 1 1,
aptslibe 18 a LIB library of FORTRAN source filac.
aptblibe {8 a BUILD library of Cray-compiled binaries.

To find tha matrix operator refm for )inear scaling with the
factor scale, in the direction of the vector a = l(ax, ay, az),
with the point b = (bx, by, bz) invarfant, and to do the
scaling on the np points or vectors p = (px, Py, Pz).

np may be 0, If p =« (px, py, pz) are unbound vectors, make
sure invarliant point *b® lop at the origin.

Thig Is the spatial part of a Lorentz transformation,

“Any components of refm within tol of -1,0, 0.0, or' 1.0,

will be truncated to those values,
flag nerr indicataes any {nput error,

1990 March 14, Changed tcl to 0,0 in call to unit vector
subroutine, Allows amall magnitudes,

scale, ax, ay, ar, bx, by, br, px, py, pz, np, tol,
PX, PY: P+ telfm, nerr,

aptvunb, iptmopv (sources in aptslibe, binaries {n aptblibe),

Input The x, ¥, z components of vector *a* i{n the direction
of linear scallng.

Input The x, ¥y, z coordinates of invarlant point *b",

Output Indicates an i{nput error, if not O,
1 {f the magnitude of vector “a® {s too
small, relative to.tol,

Input, Numper of points or vectors *“p", May be 0,

In/0Out The x, ¥, ¢ coordinates or components of point or
vector “p*, before and after scaling, Size np,

Out put. Linear scaling operator (a unitary 3 x 3 matrix),.
Must be slized refm(3,3),

Input Linear scaling factor. A negative value is equivalent
to a positive linear scaling, followed by a
reflection in the plane with the normal vector “a®,

Input Numerical volerance limit, Used to test and adjust
unit vector, matrix element, and point
component 8.

On Cray computers, recommend l.e-5 to 1,e~11.
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SUBROUTINE APTSCLU

call aptsolu (scale, bx, by, bz, px, py, pz, np, tol,

1

Varslon!

Authori

Source!

Purpose!

Input}
output
Calls:
Glossary: .
bx, by, bz

nerr -

np

PX, py,pz~
refm -~

scale

tol

refm, herr)

aptsciu Updated 1990 March 13 16100,
aptsolu Originated 1990 March 13 14100,

Arthur L., Edwards, LINL, L-296, Telaphone (415) 422-4123,

Kport read ,245100taptslibe / 1 1

11b aptslibalx aptblibe aptsclulend / 1 1,

aptslibe s a LIB library of FORTRAN source files,
aptblibe is a BUILD llbrary of Cray-compiled blnaries.

To find the matrix operator refm for unliform scaling by the
factor “soale*, with the point b = (bx, by, bz} invariant,
and to do the scaling on the np polnts or veotors

p = (PR, PY, pP2). The array slze np may be 0, If “p" are
unbound vectors, lnvariant point “b* must be at the origln.
Flag nerr indicates any lnput error,

scala, bx, by, bz, px, py, pz, ng, tol,

PX, PY, Pz, refm, nerr,

aptvunb, aptmopv (sources in aptslibe, binaries ln aptblibe).

Input The X, Y, z coordinates of invariant polnt “b*,

Output  Indicates an input error, {f not 0.
1 {f scale = 0,0,

Input Number of polints or vectors “p%, May be 0,

In/Out  The X, ¥y, 2 coordinates or componenty of point or
vector “"p*, bafore and after scallng. Size np.

Output  Lindar scaling operator (a unitary 3 x 3 matrix).
Must be alzed refm(3,3).

Input Scale factor for uniform scaling. A negative value
ls equivalent to a positive acaling, followed by
an Inversion. A value of 0.0 ls treated as an error,

Input Numerical tolerance limit. Used to test and adjust
unit vector, matrix element, and polnt
components,

On Cray computers, recormend 1l,e~5 to 1,e-«11,
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SUBROUTINE APTSLID
call aptslld (xa, pa, &b, pb, np, Kran, nerr)

Version: aptsild Updated 1990 tebruary 7 14100,
aptalld Orlglnatoed 1990 February 2 1410,

Authort Arthur L, Edwards, LLNL, L-298, Telaphono (415) 422-4123,

Sourcet  Xport read ,245100japtslibe /7 11
b aptslibelx apthlibo aptsiidlend / 1 1,
aptslibe ¢ a LIB liurary of FORTRAN source f{les,
aptblibe {s a BUILD library of Cray-complled binaries,

Purpose: To find np values of X, by sampling from a llnear dlstribution
function having probabllity pa at xa, and probabllity pb at xb.
Flag narr I{ndlcates any {nput error,

If both pa and pb are ron-negative, the expected value of x is
<k> = fa * xa + fb * xb,

where fa = (2.0 ¢ pa + pb) / (3.0 * (pa + pbh)

and  fb = (pa + 2,0 * pb) / (3,0 * (pa + ph)),

1f pa ls négative, and pb ls positive, then nerr = 3,
no values of x will be sampled between Xa and

Xa' = (%4 * pb ~ xb * pa) / (pb ~ pa), and

<K> = fa' *xa + fb' * &b,

where fa' = pb / (3,0 * (pb - pa))

and ' fb' = (2,0 * pb - 3,0 * pa) / (5.0 * (pb ~ pa)),

If pa is positive, and pb is negatlve, then nerr = 3,
no values of x will be sampled between Kb and

Xb' = (Xb * pa - xa * pb) / (pp - pb), and

<k> = fa' * xa + tb' * xb,

where ta' = (2.0 * pa - 3,0 * pb) /7 (3.0 * (pa - pb))
and fb' = pa / (3.0 * (pa - pb)).

If both pa and pb are non-positive, then norr = 2, and
no values of X will be sampled,

History: 1990 February % 13:20, Modifled to ellminate sampling from
any range of x with negative probabllity,

Input! Xa, pa, Xb, pb, np,

Output Xxran, nerr,

logsary!
nerr output Indlcates an {nput error, 1f not 0,

Y If np is not positive,

2 1f bpoth pa and pb are non-positive,
No x values are sampled,

3 If efther pa or pb I8 negative, and the oLhor ls
positive. Values of X are sampled only from the
positive part of the probabllity distribution,

np Input Size of array xran.
pa, pb Input Relat lve probabjlities of random variables xa and xb,

raespectively, Probabllity p(x) is llnear in k.

The values of pa and pb need not be normallzed,

1f nelther pa nor pb is positive (nerr = 2), no

values of x will be sampled. 1f elther pa or pb {s

negat.ive, and the other la positlive, (nerr = 3),

x values will only be sampled from the positive

part of the probabliity distribution

To find pa and pb, when <x> {s glven:
xma = (2.0 * ®%a + xb) / 3.0,
xmb = {xa +.2.0 * xb) / 3,0,

For <x> between xa and xma, pb ls negative, and:
pb = - ((xma - <x>) / (<x> - xa)) * pa,

For <x> between Kma and xmb:

(<> - xma) * pa = (xmb - <x>) * pb,

For <x> between xmb and xb, pa ls negatlive, and:
pa = ~((<x> - ¥mb) / {xb - <x>}) * pb.

Xa, xb Input Values of random variable x with relative probilities
pa and pb, respectively.
sran Out. put Randomly sampled value of x in range from xa Lo xh,

Slze np.
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SUBROUTINE APTSLIV

call aptsllv (xa, pa, xb, pb, np, xran, nerr)

Version:

Author:

Source:

Purpose:

Input :

output :

Glossary:

nerr

np

pPa,

Xa,

xran

pb

xb

aptsliv Updated 1990 February 7 14:00,
aptsliv Originated 1990 February 6 11:40,

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123.

xport read .245100:aptslibe / 1 1

1ib aptsiibe!x aptblibe aptsliviend / 1 1.

aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-compiled binaries.

To find np values of X, by sampling from np linear probability
distribution functions having probablilities pa at xa, and
probabilities pb at xb.

Flag nerr indicates any input error.

If both pa and pb are non-negative, the expected value of x is
<x> = fa * xa + fb * xb, '

where fa = (2.0 * pa + pb) / (3.0 * (pa + pb})

and fb = (pa + 2.0 * pb) / (3.0 * (pa * pb)).

If pa Is negative, and pb is positive, then

no values of x will be sampled between xa and

Xa' = (Xa * pb - xb * pa) / (pb - pa}, and

<x> = fa' * xa + fb' * xb,

where fa' = pb / (3.0 * (pb - pa))

and - fb' = (2.0 * pb ~ 3,0 * pa) / (3.0 * (pb - pa)).

If pa {s positive, and pb is negative, then

no values of x will be sampled between xb and

xb' = (xb * pa - xa * pb) / (pa -~ pb), and

<x> = fa' * xa + fb' * xb,:

where fa' = (2,0 * pa - 3,0 * pb) / (3.0 * (pa - pb)}
and fb' = pa / (3.0 * (pa - pb)}. .

If both ba and pb are non-positive, then the returned value
will be -1.e99.

xa, pa, xb, pb, np.

Xran, nerr.

Output Indicates an.input error, if not 0.
1 if np is not positive,

Input Size of arrays xa, pa, xb, pb, xran.

Input Relative probabilities of random variables xa and xb,
respectively. Probability p(x) is linear in x.
The values of pa and pb need not be normalized.
A value of x will be sampled only from the positive
range of each probability distribution function.
1f neither pa nor pb is positive, the value of
xran will be -1,e99., Size np.
To find pa and pb, when <x> is given:
xma = (2.0 * xa + xb) / 3.0,
xmb = (xa + 2.0 * xb) / 3.0.
For <x> between xa and xma, pb {s negative, and:
pb = -((xma - <x>) / (<x> - xa)) * pa.
For <x> between xma and xmb:
(<X> =~ xma) * pa = (xmb - <x») * pb,
Por <x> between xmb and xb, pa is negative, and:
pa = -{(<x> -~ xmb) / (b - <x>)} * pb.

Input Values of random variable x with relative probilities
pa and pb, respectivley. Size np.

Output Randomly sampled value of x in range from xa to xb.

Value returned is -1.e99 if nelther pa nor pb
is positive. Size np.
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SUBROUTINE APTSPSP

3

Version:

Author:

Source:

Purpose:

Input:
Output:

Calls:

Glossary:

abx,y,z

-ax,ay,az
bx, by, bz

cx, cy,cz

nerr

np

ra
rb

re

tol

call aptspsp (ra, ax, ay, az, rb, bx, by, bz, np, tdl,

re, cx, ¢y, cz, abx, aby, abz, nerr)

aptspsp Updated i990 March 20 14:00.
aptspsp Origlnated 1990 March 20 14:00.

Arthur L. Edwards, LINL, L-298, Telephone (415) 422~4123.

xport read .245100:aptslibe / 11

1ib aptslibe!x aptblibe aptspsplend / 1 1.

aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-compliled blnaries,

To find, for each of np sets of {nput data, the radius rc and
ceénter ¢ = (cX, cy, cz) of the clrcle of intersection of the
sphere of radius ra at point a = (ax, ay, az) and the sphere of
radius rb at point b = (bx, by, bz), {f an intersection occurs.
Vector ab = (abx, aby, abz) is normal to the plane of the
circle. Flag nerr indicates any input error,

ra, ax, ay, az, rb, bx, by, bz, np, tol.
rc, cx, cy, cz, abx, -aby, abz, nerr.

aptvdis, aptvadd, aptvuna (sources in aptslibe,
binaries in aptblibe). ‘

Out put The X, y, 2 components of the unit vector "ab", normal
to any plane containing any clrcle of intersection of
the two spheres. In the direction from point “a“
to point "b", Zero if polints “a" and "b" coincide,
within the limit of precision tol.

Input The' X, y, 2 ;oordinates of point "a" at the center
of the sphere with radius ra. Size np.

Input The x, y, z coordinates of point “b" at the center
' of the sphere with radius rb., Size np.

Output The %, y, z coordinates of point "c" at the center
of the circle with radius rc, at the intersection
of the two spheres, 1f an {ntersection occurs.

Output  Indlicates an lnput error, if not O.
1 1if np is not positive.

Input Size of arrays.,

Input The radius of the sphere centered at point "a".
' Size np. Absolute value will be used.

Input The radius of the sphere centered at point "b".
. Size np. Absolute value will be used.

Out put The radius of the circle centered at point "c", at the
intersection of the two spheres, If an intersecticn
occurs. Size np., Positive if the spheres intersect.
2ero {f the spheres are tangent. Negative if the
spheres do not intersect.

Input Numerical tolerance limit.
On Cray computers, recommend l.e-5 to l.e-11.
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SUBROUTINE APTTINC

call apttinc (au, av, bu, bv, cu, cv, pu, pv, ﬁp, tol,
& pab, pbc, pca, dpmin, nloc, nerr)

Version: apttinc Updated 1990 February 21 15:20,
apttinc Originated 1990 February 21 15:20,

Author: Arthur L. Edwards, LLNL, L~298, Telephone (415) 422-4123,

Source: xport read ,245100:aptslibe / 1 1
1ib aptslibe!x aptblibe apttinclend / 1 1,
aptslibe {s a LIB library of FORTRAN source flles.
aptblibe is a BUILD library of Cray-compiled binaries,

Purpose: "To find, for each of the np sets of input data, the distances
pab, pbc and pca from the point p = (pu, pv) to the sides of
the triangle with vertices a = (au, av), b = (bu, bv} and
c = (cu, cv), in counterclockwise order in the uv plane, the
minimum dpmin of the distances pab, pbc and pca, and
whether point *“p*" is inside the triangle or not (flag nloc).
The values of pab, pbc and pca will be truncated to zero,

{f less than the estimated error in their calculation, based on
tol. Flag nerr indicates any input error,

Input: au, av, bu, bv, cu, cv, pu, pv, np, tol.

Output: pab, pbc, pca, dpmin, nloc, nerr,

Calls: aptptlc (source in aptslibe, blnary in aptblibe);

Glossary:

au, av Input The u, v coordinates of vertex *“a" of the triangle.
Size np.

by, bv Input The u, v coordinates of vertex "b" of the triangle.
Size np. . '

cu, cv Input The u, v coordinates of vertex "c" of the triangle,
Size np.

dpmin sutput The minimum of Lhe'dlstances pab, pbc and pca.
Size np.

nloc output Indicates the location of point "p*" relative to the

triangle “abc":

-1 if all triangle vertices colincide,

0 if point “p" {s outside the triangle “abc"
(one or two of pab, pbc, pca are negative),
or is inside, but the triangle vertices were
specified in clockwise order (pab, pbc and pca
are all non-positive).

1 if polnt *p* is inside triangle “abc" (pab, pbc
and pbc are all non-negative).

nerr Output Indicates an input error, if not 0.
1 if np Is not positive.

np Input Size of arrays pu, pv, au, av, bu,‘bv, cu, cv,
pab, pbc, pca.

pab Qutput. Distance from point *p* to triangle side "ab".
Truncated to zero, {f less than the estimated error
in its calculation, based on tol.

pbc Output  Distance irom point *p" to triangle side “bc".
Truncated to zero, 1f less than the estimated error
in {ts calculation, based on tol.

pca output Distance from polnt “p" to trlangle side “ca".
Truncated tc zero, if less than the estimated error
in its calculation, based on tol.

bu, pv Input The u and v coordinates of point *"p" in the uv plane.

Size np.
tol Input Numerical tolerance limit,

On Cray computers, recommend l.e-5 to l.e-11.
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SUBROUTINE APTTLOC

call apttloc (au, av, bu, bv, cu, cv, np, tol,

&

Version:

Author:

Source:

Purpose:

Input:
Output:
Calls:

- Glossary:
au, av
bu, bv
cu, cv

nerr

np

fdk

fdl

pu, pv

tol

fdk, fdl, pu, pv, nerr

apttloc Updated 1930 February 8 14:30,
apt;loc originated 2%90 February 8 14:30.

Arthur L. Edwards, LLNL, L-298, Telephone (415) 422-4123,
xport read .245100:aptslibe /1 1

lib aptslibe!x aptblibe apttloclend 7 1 1.

aptslibe is a LIB library of FORTRAN source files.

aptblibe is a BUILD library of Cray-compiled binarics,

To find np points p = {(pu, pv}, by sampling from a

uniform distribution over the triangle in the uv plane with
vertices a = (au, av), b = (bu, bv), ¢ = (cu, cv), in any
order around the triangle.

Variables fdk and fdl are the local coordinates in the
triangle. For any point p = (pu, pv) in the triangle:

pu = au + fdk * (bu - au) + fdk * fdl * (cu - bu)
pv = av + fdk * (bv - av) + fdk * fdl * (cv - bv)

fdk = ((p - a) x (c = b)) / ((b~-a}) x (¢ ~-Db))
fdl = -({p - a) x (b - a)} / ((p - a) x (c - b)),

where a, b, ¢ and p are the position vectors, x lndicates
the vector product, and the scalar w components are used.

The unnormallzea probability distribution for fdk and fdl is:
prob (fdk, fdl) = fdk

which is linear for fdk, uniform for fdl.

Flag nerr indicates any input error. l

au, av, bu, bv, cu, cv, np, tol.

fdk, fdl, pu, pv, nerr.

aptslid (source in aptslibe, binary in aptblibe).

Input The u and v coordinates of vertex “a" of trlangle.
Input | The u and v coordinates of vertex “b" of triangle.
Input The u and v coordinates of vertex "c" of triangle.

Output Indicates an input error, If not O,
1 if np is not positive,

Input Size of arrays fdk, fdl, pu, pv.
Number of points “p" to sample,

Output Fractional distance of p int “p" between vertex "a"
and side "be"*, Range L.0 to 1.0. Size np.

Output Fractional distance of point “"p*" between the triangle
sldes “ab" and “ca". Range 0.0 to 1.0. Size np.

output Sampled point p. Size np.

Input Numerical tolerance limit,
On Cray computers, recommend 1.e-5 to l,e-11.
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SUBROUTINE APTTRAC
" call apttrac (au,‘av, pu, pv, np, tol, nerr)

version: apttrac Updated 1990 March 13 11:30,
apttrac Orlginated 1990 January 4 12:00.

Author: Arthur L, Edwards, LILNL, L-298, Telephone (415) 422-4123,

Source: xport read ,245100:aptslibe / 11
1ib aptslibe!x aptblibe apttraclend / 1 1.
aptslibe is a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray~-complled biniries.

Purpose: - To translate the origin to the 2-D point u = (au, av),
by subtracting the vector *a" from the np 2~D points
p = (pu, pv). New coordinates less than the estlmated error
in thelr calculation, based on tol, will be truncated to zero.
Flag nerr {ndicates any input error.

Input: au, av, pu, pv, np, tol.

output: pu, pv, nerr.

Glossary:

nerr Output  Indi.:ates an input error, if not O.

' 1 if np is not positive,
2 {f the magnitude of (au, av) is no greater than

tol.

np Input Number of 2-D points (pu, pv}.

tol . Input Numerical tolerance limit,
On Cray computers, recommend 1,e-5 to l,e-11,

pu, pv In/Out The u and v coordinates of 2-D polnt “p".

Size np.
Truncated to zero i{f smaller than the estimated
error in thelr calculation, based on tol.
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SUBROUTINE APTTRAN

call apttran (ax, ay, az, px, py., pz, np, tol, nerr)

version:

Author:

Source:

Purpose:

Input:
Output:
Glossary:

nerr

np

tol

pX, PY, P2

apttran Updated 1990 March 13 11:30,
apttran Originated 1989 November 2 14:10.

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123.

xport read ,245100:aptslibe / 1 1

1ib aptslibe!x aptblibe apttranlend / 1 1,

aptslibe 1s a LIB llbrary of FORTRAN source flles.
aptblibe is a BUILD library of Cray-compiled binaries.

To translate the origin to the point a = {(ax, ay, az),

by subtracting the vector "a" from the np points

p = |pX, pY, pz). New coordinates less than the estimated error
in thelr calculation, based on tol, will bé truncated to zero,
Flag nerr indicates ary !{nput error, .

ax, ay, az, px, py, pz, np, tol.

pX, py, pz, nerr.

'

Qutput Indicates an input errer, Lf not O,
1 1f np {s not positive. ) .
2 if the magnitude of (ax, ay, az) is no greater than
tol,

Input Number of polints (px, pY, pz)

Input‘ Numerical tolerance limit,
On Cray computers, recommend 1l,e-5 tc l,e-11,

In/Out  The X, Y, z coordinates of point "p". Size np.
‘ Truncated to zero If smaller than the estimated
error in their calculation, based on tol.
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SUBROUTINE APTTRIP

&
&
&

call apttrip (px, py, pz, ax, ay, az, bx, by, bz,

Verslon:

Author:

source:

Purpose:

Input:

Output:

Callsy

Glossary:
ax,ay,az
bx, by, bz
cx,cy,cz‘

dpmin

fda
fdb
fde

itrun

nerr

nlima

nlimb,c

cx, cy, cz, noptfd, tol,
dpmin, fda, fdb, fdc, xmin, ymin, zmin,
nlima, nlimb, nlime, itrun, nside, nerr)

apttrip Updated 1990 January 18 14:20,
apttrip Originated 1989 November 2 14:10,

Arthur L. Edwards, LINL, 1-298, Telephone (415) 422~4123,

xport read .245100:aptslibe / 11

1ib aptslibelx aptblibe apttriplend / 1 1,

aptslibe ls a LIB library of FORTRAN source flles.
aptblibe is a BUILD library of Cray-compiled binaries,

To find the distance dpmin from a point p = (px, py, pz).

to a plane defined by the three polnts a = (ax, ay, az),

b = (bx, by, bz), and ¢ = (cx, cy, cz), and the point

rmin = (xmin, ymin, zmin) nearest to point p, and in the plane,
subject to constraints that may be imposed by option noptfd
and the value of tol,

Optionally, to find the fractional dlstances (fda, fdb, fdc

of point rmin along the triangle's altitudes.

Flags niima, nlimb, nlimec indicate when fda, fdb, fdc have been
restrained. Flag ltrun indicates when dpmin has been truncated
to zero. Flag nside indicates when the minimum point is inside
the triangle,. Flag nerr indicates any input error.

ax, ay, az, bx, by, bz, cx, cy, cz, px, py, pz, tol.

dpmin, fda, fdb, fdc, xmin, ymin, zmin,
nlima, nlimb, nlimec, itrun, nside, nerr.

apt fdad, aptptln, aptvdis, aptvpln (sources in aptslibe,’
binaries in aptblibe).

Input The %, y, ¢ coordlnates of ppint “a“,

Inbut The x, y, z coordinates of point *b",
Input The x, y, z coordinates of point “c¢".

Output Distance from point “p" to the nearest {constrained)
point in the plane defined by points "a", “b", wc",
a value less than the estimated error in its
calculation is truncated to zero (itrun = 1),
dpmin is positive when the external point Is on the
slde of the plane for which the three points are in
counterclockwise order. See noptfd,

Output Fractional distance of point (xmin, ymin, zmin)
from side “bc" to vertex “a",

Output Fractional distance of point (xmin, ymin, zmin)
from side “ca" to vertex "b".

Output  Fractional distance of point (xmin,. ymin, zmin)
from side "ab" to vertex “c".

Output. 0 {f no change is made in the calculated value of
dpmlin, 1 if dpmin i{s changed to zero, when less than
the estimated error In {ts calculation.

output Indicates an lnput error, if not 0.
1 is added if noptfd is not between 0 and 2.
2 is added if 3 polnts representing triangle are
colinear or congruent.

output 0 if no limit imposed on fda, 1 if the limit of
noptfd = 1 is imposed, 2 if the limit of noptfd = 2
is lmposed.

Output Like nlima, but for fdb, fdc, respectively.



nopt fd

nside

PX,PY, P2

tol
xmin
ymin

emin

Input

Output

Input.

Input
Qutput
Output

Output

[T . e ' ' . ' | TR '

Option to llmit range of fda, fdb, fdc:

-1 for no limit, no calculation of fda, fdb, fdc,

0 for no limit,

1 to increase to tol, It in the range from -tol
to tol, and decrease to 1,0 - tol, If in the
range from 1,0 - tol to 1.0 + tol (move a point
near an edge slightly lnside the triangle), and

2 to limit to the range from 0.0 to 1.0 (move a
point outside the triangle to an edge).

0 {f minimum point outside the triangle, 1 if lnside,
0 if moved to edge, when noptfd = 2,

The X, y, z coordinates of point "p".

Numerlical tolerance limit for dpmin, fda, fdb, fdc.
On Cray computers, recommend 1.e-5 to l.e-11.

The % coordinate of pt in plane nearest point "p*,
May be constralned by option noptfd,

The y coordinate of pt in plane nearest point "p".
May be constrained by option noptfd.

The z coordinate of pt in plane nearest point “p*,
May be qonstrained by option noptfd.
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SUBROUTINE APTVADC

‘call aptvadc (au,. v, bmult, b, cu, ¢v, np, tol,
& du, dv, vlen, nerr)

Version: aptvadc Updated 1990 February 22 9:30,
aptvadc Origlinated 1989 November 20 13:20,

Author: Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123.

Source: xport read .245100:aptslibe / 1 1
1ib aptslibe!x aptblibe aptvadclend /7 1 1,
aptslibe ls a LIB library of FORTRAN source flles.
aptblibe is a BUILD library of Cray-complled binaries.

Purpose: To find, for each of the np sets of lnput data, the 2-D vector
: sum d{n) = a(n) + bmult * b(n) * -c(n), where d = (du, dv),
a = (au, av), and ¢ = (cu, cv), and to find vlen, the
magnitude of vector “d", all In the uv plane.,
Any component of vector *"d" less than the estimated error In
{ts calculation, based on tol, wlll be truncated to zero.
Fldag nerr indicates any input error.

History: 1990 Februzty 22, Delected truncation of vector components to
zero based on vector magnitude.

Input: au,‘av, bmult, b, cu, cv; np, tol,.

Output: du, dv, vlen, nerr.

Glossary:

au, av Input The u and v coordinates of point “a". Size np.

The w components are zero. The directions u, v and w
are orthogonal., )

b Input. Coefficlent of vector “c“, when multiplied by bmult.

bmult *  Input Multiplier of term b(n) * c(n). Not an array.
cu, cv Input The u and v coordinates of point wer,  Slze np.

The w components are zero.

du, dv Output The u and v components of vectpr "d“, Slze np.
The w components are zero.
Will be truncated to zero 1f less than the estimated
numerical error in their calculation based on tol.

nerr Output Indicates an input error, {f not O.
1 {f np ls not positive.

np Input Size of arrays au, av, b, cu, cv, vlen, du, dv.
tol Input Numerical tolerance limit, Used to truncate

tne components of 2-D vector d = (du, dv).

On Cray computers, recommend 1l.e-5 to l.e-11,
vlen Output Magnlitude of vector "d". May be truncated to zero

if less than the estimated error in its calculatlion.
See tol, Size np. '
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SUBROUTINE APTVADD

&

Verslon:

Author:

Source:

Purpose:

History:

Input:
Output :
Giossary:
ax,ay,az
b

bmuit

cX, cy, c2

dx,dy,dz

nerr

np

tol

vlen

call aptvadd (ax, ay, az, bmult, b, cx, ¢y, cz, np, tol,

dx, dy, dz, vien, nerr)

aptvadd . Updated 1990 February 22 Y:30,

aptvadd Originated 1989 November 20 13:20,
Arthur L. Edwards, LINL, L-298, Telephone (415) 422—4123.

xport read .245100:aptslibe / 1 1

11b aptslibe!x aptblibe aptvaddlend / 1 1,

aptslibe is a LIB library of FORTRAN source flles.
aptblibe {~ a BUILD llbrary of Cray-complled binarles.

To find, for each of the np sets of input data, the vector sum.
d{n) = a(n) + bmult * b{n) * c(n}, where d = (dx, dy, dz),

a = (ax, ay, az), and ¢ = (¢x, ¢y, c¢z), and to find vien, the
magnitude of vector “d“.

Any component of vector "d" less than the estimated error in
its calculation, based on tol, will be truncated to zero.

Flag nerr indicates any lnput error,

1990 February 22. Deleted truncation of vector components to
zero based on vector magnitude.

ax, ay, az, bmult, b, cX, ¢y, cz, np, tol,

dx, dy, dz, vlen, nerr.

Input The X, y, z components of vector "a". slze np.
Input Coefficlent of vector "“c", when multiplied by bmult,
Input Multipllier of term b(n} * c(n). Not an array.

Inéut The X, ¥y, z components of vector “c", Size np.

Out put The X, y, 2 components of vector "d". Size np.
Will be truncated to zero if less than the estimated
numerical error in thelr calculation based on tol,

Output. Indicates an input error, {f not O,
1 {f np is not positive.

Input Size of arrays.
Input Numerical tolerance limit. Used to truncate
the components of vector d = (dx, dy, dz).
On Cray computers, recommend 1l.,e-5 to l.e-11,
Out put Magnitude of vector “d". May be truncated to zero,

If less than the estimated error in tts calculation,
See tol., size np.

100



SUBROUTINE APTVANC

call aptvanc (au, av, bu, bv, np, tol, costh, sinth, nerr

Verslion:

Author!

Source!

Purpose:

History:

Input:
Output:

'Calls:

Glossary:
au, av
bu, bv

costh

nerr

np

sinth

tol

aptvanc Updated 1990 March.14 16:00,
aptvanc Origlinated 1990 January 8 16:40,

Arvthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read ,245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptvanclend / 1 1,

aptsllibe is a LIB llbrary of FORTRAN source flles,
aptblibe is a BUILD library of Cray-complled blnaries,

To find the cosine costh and sine sinth of the angle ‘between the
palr of 2-D vectors a = {au, av) and b = (bu, bv), measured
counteérclockwise in the uv plane, from vector "a" to vector "b",
for each of np sets of input data. The vaiues of costh and

. sinth will be truncated to zero, if less than the estimated

error {n thelr calculation, based on tol. Flag nerr indicates
any input error.

1990 March 14. Changed tol to 0.0 In call to unit vector
subroutine., Allows small magnitudes.

au, av, bu, bv, np, tol.
costh, sinth, nerr.

aptvaxc, aptvdoc, aptvubce
(sources In aptslibe, blnaries in aptblibe).

Input‘ The u and v components of a 2-D vector, Slze np,
Input The u and v components of a 2-D vector, Size np,

Output Cosine ot the angle between the 2-D vectors "a" and
: "b", Will be truncated to zero, 1{ less than the
estimated error In its calculation, based on tol,
Meanlngless if the magnitude of "a" or "b" is zero.
The angle ls measured counterclockwise in the uv
plane, trom vector "a" to vector “"b",

Output. Indicates an {nput error, if not 0.
1 1f np {6 not positive,

Input’ Size of arrays au, av, bu, bv, costh, sinth,

Output Sine of the angle between the 2-D vectors "“a" and
"b*, Will be truncated to zero, 1f less than the
estimated error i{n its calculation, based on tol.
Meaningless 1f the magnitude of “a" or "b“ is zero.
The angle s measured counterclockwise in the uv
plane, from vector "a" to vector "b",

Input Numerical tolerance 1limit,
On Cray computers, recommend 1,e-5 to l.e-11,
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SUBROUTINE APTVANG

call aptvang (ax, ay, az, bx, by, bz, np, tol, costh, nerr)

Version:

Author!

_ Sourcet

Purpose:

History:

Input:
Output:
Calls:
Glossary:
ax,ay,az
bx, by, bz

costh

nerr

np

tol

aptvang Updated 1990 March 14 16:00.
aptvarig. Orlginated 1990 January $ 12:10,

Arthur L., Edwards, LINL, L-298, Telephone (415) 422-4123,
xport read ,245100:aptslibe / 1 1

11b aptslibelx aptblibe aptvanglend / 1 1

aptslibe Is a LIB llbrary of FORTRAN source files.

aptblibe is' a BUILD llbrary of Cray-complled binaries,

To find t! « cosine costh of the angle betwean the pair of
vectors a = (ax, ay, az) and b = (bX, by, bz), for cach of np
sets of input .data. The value of costh will be truncated to
zero, {f less than the estimated error in lts calculation,
based on tol. Flag nerr {ndicates any input error.

1990 March 14, Changed tol éo 0.0 in call to unit vector
subroutine. Allows small magnitudes.

ax, ay, az, bx, by, bz, np, tol.
costh, nerr.

aptvdoc, aptvunb (sources In aptslibe, binaries in aptblibe).

Input - The x, Yy, z components of a vector. Slze np.

Input The x, Y, z components of a vector. Slze np.

Out put. Cogine of the angle between the vectors “a" and "L*,
Will be truncated to zero, if less than the estlmated

error in {ts calculation, based on tol.

Output, Indicates an lnput error, {f not O.
1 {f np {s not positive,

Input Slze of arrays ax, ay, az, bx, by, bz, costh,

Input Numerical tolerance limit, '
On Cray computers, rerommend 1,e~5 to l.e-11.
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SUBROUTINE * APTVAXB

call aptvaxb {ax, ay, az, bx, by, bz, np, tol,

&

Version:

Author:

Source:

Purpose:

Input:
. Output:

Glossary:

ax,ay,az
bx, by, bz
cx,cy, cz
nerr

np

tol
vlen(n)

cx, ¢y, ¢z, vlen, nerr

aptvaxb Updated 1990 March 13 11:30,
aptvaxb Originated 1989 November 2 14:10.

Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read .245100:aptslibe / 11

1ib aptslibe!x aptblibe aptvaxb!end / 1 1.

aptslibe is a LIB library of FORTRAN source files.
aptbiibe is a BUILD library of Cray-compiled binaries.

To find the vector products ¢ = .{cx, cy, cz) of the np vector
palrs a = (ax, ay, az) and b = (bx, by, bz), and the magnitudes
vlen of the vectors "c". Any components of vector “c" less than
the estimated error in thelr calculation, based on tol, will be

truncated to zero.
Flag nerr indlcates any input error.

With no truncation,
CX = ay * bz - az * by
cy = az * bx - ax * bz
cz = ax * by - ay * bx.
ax, ay, az, bx, by, bz, np, tol.

cx, cy, ¢z, vlen, nerr.

Input fhe x, y, z components of input vector "a“, Size np.
Input The x, y, z conponents of input vector “b". Size np.

Output The x, y, z components of output vector "“c", Size np.

Vector (cross) product of vectors *“a" and “b",

Truncated to zero if less than the estimated error in

.~ thelr calc¢ulation. See tol.

OQutput Indicates‘an input error, i{f not 0.
1'1f np is not positive,

v .
Input Size of arrays ax, ay, az, bx, by, bz, cx, cy, cz.

Input Numerical tolerance limit.
On Cray computers, recommend 1.e-5 to 1,e-11.

Output - Magnitude of the vector product “c".
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SUBRCUTINE APTVAXC

call aptvaxc {au, av, bu, bv, np, tol, cw, nerr)

Version:

Author:

Source:

Purpose:

Input:
Output:
Glossary:
au, av

bu, bv

Cw

nerr

np

tol

aptvaxc Updated 1990 January 18 16:40.

aptvaxc Originated 1989 November 2 14:10.

Arthur L. Edwards, LLNL, L-298, Teiephone (415) 422~-4123,

xport reéad ,245100:aptslibe / 11

"11b aptslibe!x aptblibe aptvaxclend / I 1,

aptslibe is a LIB library of FORTRAN source flles.
aptblibe is a BUILD library of Cray-compiled-binaries.

To find the vector products cw of the np 2-D vector pairs

a = (au, av) and b = (bu, bv). Vectors a and b are in the uv
plane. The directions u, v, and w are orthogonal. Any values
of cw less than the estimated error in their calculation, based
on tol, will be truncated tc zero. .Flag nerr indicates any
input error. ‘

With no truncation,
cw = au * bv - av * bu,

au, av, bu, bv, np, tol,

cw, nerr.

Input The u and v components of {nput vector “a". Slze np.
The w components are zero. Directions u, v and w
are orthogonal,

Input The u and v components of input vector "b", Slze np.

The w components are zero.

Output The w component of output vector “c". Size np.

' Vector (cross) product of vectors "a"“ and “b",
The u and v components are zero.
Equal to the area of the parallelogram with sides
»llall and tlbu .
positive if the angle from “a* to “b", in the uv
plane, is in the range from zero to 180 degrees.
Truncated to zero i{f less than the estimated error in
their calculation., See tol.

Mitput Indicates an input error, i{f not 0.
1 1if np is not positive.

Input Size of arrays au, av, bu, bv, cw.

Input Numerical tolerance limit.
On Cray computers, recommend l.e-5 to 1l.e-11.




SUBROUTINE APTVDIC

call aptvdic (au, av, bu, bv, np, tol, du, dv, dab, nerr)

Versioh:

Author:

Source:

Purpose:

Input:
' Output:
Glossary:
au, av

bu, bv

dab

du, dv

nerr

np

tol

aptvdic Updated 1990 March 7 17:00.
aptvdic Orlglinated 1989 December 29 15%50.

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read .245100:aptslibe /11

1ib aptslibe!x aptblibe aptvdiclend / 1 1,

aptslibe is a LIB library of FORTRAN source files,
aptblibe is a BUILD library of Cray-complled binaries.

To find, for each of the np sets of input data, .the 2-D vector
d = (du, dv) from polnt a = (au, av) to point b = (bu, bv)

and its magnitude dab, the distance from "a" to “b%, all .In the
uv plane. Directions u, v and w are orthogonal,

Any cémponent of vector "d" less than the estimated error {n
its calculation, based on tol, will be truncated to zero.

Flag nerr {ndicates any input error.

With no truncation, ({du, dv) = (bu, bv) - ({(au, av)
and distance dab = sqrt (du**2 + dv**2).

au, av, bu, bv, np, tol.

du, dv, dab, nerr.

Input The u and v coordinates of point “a®. Size np.
The w coordinates are zero. Directions u, v and w
are orthogonal.

Input The u and v coordinates of point “b", Size np.
The w coordinates are zero,

Output  Distance between points "a" and "b", equal to
the length of 2-D vector d = {(du, dv)., May be
truncated to zero, .i1f less than the estimated error
in its calculatlon. See tol. Size np.

OULput The u and v components of 2-D vector."d". Size np.
The w coordlnates are zero.
May be truncated to zero, if less than the estimated
numerical error in their calculation based on tol.

Output Indicatés an input error, i{f not 0,
1 if np is not positive,.

Input The size of arrays au, av, bu, bv, dab, du, dv.
Input Numerical tolerance limit, Used to truncate

the components of 2-D vector d = (du, dv).
On Cray computers, recomuend 1l.,e~-5 to l.e-l1,
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SUBROUTINE APTVDIL
call antvdil (au, bu, np, tol, du, nerr)

Version: aptvdis Updated 1990 January 18 14:20,
aptvdis Orlginated 1990 January 17 14:10.

© Author: ' Arthur L. kdwards, LINL, L-298, Telephone (415) 422-4123,-

Source: xport read ,245100:aptslibe /1 1 ,
1ib aptslibe!x aptblibe aptvdlllend /7 1 1.
aptslibe Is a L1B llbrary of FORTRAN source flles.
aptblihe is a BUILD library of Cray-compliled blnaries.

Purpose: To find, for each of the np sets of input data, the dlstance

' d = (du) from polnt a = (au) to point'b = (bu), In the u
direction. Directions u, v and w are orthogonal.

It the magnitude of du {s less than its estimated erfror, based
on tol, it will be truncated to zero,

Flag nerr Indicates any {nput error.

With no truncatlon, du = bu - au,
Input: au, bu, np, tol.
Out put : du, nerr,
Clossary:

au ‘anuL The u voordinate of point *a“, Slze np.
' The v and w coordinates are zero.
Directions u, v and w are orthogonal.

bu Input The u coordinate of point "b“, Slze np.
: The v and w coordinates are zero.

fdu Out put. bDistance between points "a" and “b", in the u
: direction. May be truncated to zero, lf less than
the estimated error in its calculation. See tol.
Size np.

nerr Output Indicates an input error, i{f not 0,
1 if np is not posltive,

np Input The slze of arrays au, bu, du.

tol . Input Numerical tolerance limit.
On Cray computers, recommend l,e-5 to 1,e-11,
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SUBROUTINE APTVDIS

call aptvdis ({ax, ay, az, bx, by, bz, np, tol,

&

Version:

Author:

Source:

‘Purpose:

History:

Input:
output :
Glossary:
ax,ay,az
bx, by, bz

dab

dx,dy,dz

nerr
np

tol

dx, dy, dz, dab, nerr)

aptvdis Updated 1990 February 22 9:30.
aptvdis Orlginated 1989 November 2 14:10,

Arthur L, Edwards, LINL, 1-298, Telephone (415) 422-4123,
Kport read .245100:aptslibe /.1 1

1ib aptslibe!x aptblibe aptvdisliend / 1 1.

aptslibe s a LIB library of FORTRAN source flles,
aptblibe is a BUILD library of Cray-complled blnaries.

To find the np distance vectors d = (dx, dy, dz) from the
pelnts a = (ax, ay, az) to the polnts b » (bx, by, bz), and
thelr magnitudes, dab, the distances from "a" to “b".

Any component of vector "d" less than the estimated error in
{ts caiculation, based on tol, will be truncated to zero,

‘Flag nerr {ndicates any input error,'

With no truncation, (dx, dy, dz) = (bx, by, bz) - (ax, ay, az),
and distance dab = sqrt '(dx**2 + dy**2 + dz**2).

‘1990 February 22, Deleted truncation of vector components to

zero based on vector magnitude,
ax, ay, az, bx, by, bz, np, tol.

dx, dy, dz, dab, nerr.

Input The x, y, z coordinates of point *a", Size np.
Input The x, y, z coordinates of point ®"b", Size np.

Out put Distance between points (ax, ay, az) and (bx, by, bz)
the length of vector d = (dx, dy, dz). May be
truncated to zero, {f less than the estlimated error
in {ts calculation, See tol. Slze np.

Out put The X, y, z components of vector "d", Size np.
May be truncated to zero, {f less than the estimated
numerical ertor in thelr calculation based on tol,

Output Indicates an input error, {f not 0.
1 {f np is not positive,

Input The slze of arrays ax, ay, az, bx, by, bz
dab, dx, dy, dz.

Input Numerical tolerance limit. Used to truncate
the components of vector d = (dx, dy, dz).
On Cray computers, recommend 1.,e-5 to l.e~11.
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SUBROUTINE APTVDOC

call aptvdoc (au, av, bu, bv, np, tol, spab,‘nern

version:

Author:

Source;

Purpose:

Input:
Output:
Glossary!
au, av
bu, bv

nerr

np

spab (n)

tol

aptvdoc,
aptvdoc

Updated 1990 January 18 14:20,
Originated 1989 November 2 14:10,

Arthur 1, Edwards, LILNL, 1-298, Telephone (415) 422-4123,

kport read .245100:aptslibe / 1 1

)Jib aptglibelx aptblibe aptvdoclend /7 1 1,

aptslibe Is a LIR library of FORTRAN source flles.
aptblibe is a BUILD llbrary of Cray-compiled binparies,

To find the scalar (dot) product spab of the np 2-b vectors

a « (au,

av) and b = (bu, bv)., The value of spab will be

truncated to zero, 1f less Lhan the estlimated error In its
calculation, based on tol,
Flag nerr indicates any input error,

With no truncation, spab = au * bu + av * bv.

au, av, bu, bv, np, tol.

spab, nerr,

Input

“Input

Output

Input

Out put

Input

The u and v components of a 2-D vector. Size np,
The u and v components of a 2-D vector. Size np,

Indicates an Input error, {f not O.
14f np s not positive.

Slze of arrays au, av, bu, bv, spab.
Scalar product of vectors "a" and "b", W1} be
truncated to zero, i{f less than the estimated error

in {ts calculation, based on tol.

Numerical tolerance limit,
On Cray computers, recommend 1.,e-5 to 1l,e-11,
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SUBROUTINE APTVDOT
call aptvdot (ax, ay, az, bx, by, bz, np, tol, spab,‘narr

Version: aptvdot Updated 1990 vanuary 18 14:20,
aptvdot Originated 1989 November 2 14110,

Author: Arthur L. Edwards, LLNL, 1-298, Telephone {415} 422-4123,

Source: xport read ,245100japtslibe / 11
1ib aptslibe!x aptblibe aptvdotlend / 1 1,
aptsiibe ls a LIB llbrary of FORTRAN source fllas,
aptblibe is a BUILD library of Cray-complled blnaries.

purpose: To find the scalar (dot) product spab of the np vectors’

a = (ax, ay, az) and b = (bx, by, bz). The valuc of ‘
spab will be truncated to zevo, lf less than the estimated
errol in lts calculation, based on tol,

Flag nerr indicates any input errur,

With no truncation, spab = ax * bx + ay * by + az * bz,

Input: ax, ay, az, bx, by, bz, np, tol.

Output spab, nerr,

Glossary:
ax,ay,az Input The %, y, z components of a vector, 5Slze np.
bx,by,bz Input The X, Y 2 components‘ot a vector, Size nrp.
nerr Output‘ indlcates an Input error, {f not O,

1 1f np Is not positive,
np ‘Input Size of arrays ax, ay, az, bx, by, bz, spab.

spab (n) Out put Scalar product of veétors “a" and “b", Wlll be
truncated to zero, if less than the estlimated error
in its calculation, based on tol.

tol Input Numerical tolerance limit,
on Cray computers, recommend 1.e-5 to l.,e-11,
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SUBROUTINE APTVLIC
callvaptvlic (au, av, 'np, tolu, tolv, vien, nerr)

Versiont aptvlic Updated 1990 vanuary 18 14:20,
aptvlic oOrlglinated 1990 January 3 13:40,

Aﬁthor: arthur L. Edwards, LINL, 1,-298, Telephone (415) 422-4123

Source:  xport read .245100:aptslibe / 11
1ib aptslibe!x aptblibe aptvliclend / 1 1,
aptslibe ls a LIB llbrary of FORTRAN source files,
aptblibe {s a BUTLD llbrary of Cray-compilod blnarfos,

purpose!  To adjust the np 2-D vectors a = {au, av), by Imposing the lower
1imits tolu and tolv on the magnitudes of the components
au and av, respectively, while retaining the Inltlal
magnitude of the vector “a", 1If all are Inltlally zoro, the
output vector *a'" will be zero, and vlen will bd zero,
Flag nerr Indicates any lnput error,

Input ¢ au, av, np,-tolu, tolv,

output au, av, vien, nerr,

Glossgary!

au, av Input The u and v components of Input vector "a", Size np.
Directions u, v and w are orthogonal,

au, av Out put The u and v components of output vector “g“. Slze np.
Magnitudes will be at least tolu, tolv,
respectively, subject to the requirement that the
final magnitude of vector "a" be the same as thoe
inftial magnitude.

nerr Output Indicates an i{nput error, {t not 0,

. 1 1f np Is not positive.

np Input Size of arrays au, av, vlen,

tolu Input Numerical tolerance limit for component au,
On Cray computers, recommend 1,e-5 to 1.e-11,

tolv Input Numerical tolerance llmlit for component av,

Oon Cray computers, racommend 1.,e-5 to 1,e-11,

vien(n) output Magnitude of vector “a“.
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SUBROUTINE APTVLIM

call aptvlim (au, av, aw, np, tolu, tolv, tolw, vlen, nerr)

Verslon:

Author:

Source!

Purposet

Input:
Out put ¢
Glossary:
au,av;aw

au,av,aw

nerr

tolu
tolv
tolw

vlen(n)

aptvlim Updated 1990 January 18 16:40,
aptvlim Orlgirated 1989 Dacember 19 13:40,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read ,245100:aptsiibe /7 11

1ib aptslibelx aptblibe aptvlimlend / 1 1,

aptslibe is a LIB llbrary of FORTRAN source flles,
aptblibe 18 a BUILD library of Cray-compiled binaries,

To adjust the np vectors a = (au, av, aw), by imposing the lowar
limits tolu, tolv, and tolw on the magnitudes of the components
au, av, and aw, respectively, while retalning the initfal
magnitude of the vector "a", If all are inltlially zoro, the
output vector “a" will be zero, and vien wlll be zoro.

Flag nerr indicates any input error.

au, av, aw, hp, tolu, tolv, tolw,

au, av, aw, vlen, nerr,

Input The u, v, w components of Input vector "a", S5lze np.

Output The-u, v, w components of output vector “a", Slze np,
Magnitudes will be at least tolu, tolv, tolw,
respectively, subject to the requlrement that the
final magnitude of vector "a" be the same as Lhe
{nitial magnitude,

Output Inditates an lnput error, it not O,
1 {f np ls not positive,

Input 5i{ze of arrays au, av, aw, vlien.

Input Numerical tolerance limit for companent au,
On Cray computers, recommend 1,e-5 to 1.e-11.

Input Numerical tolerance limit for component av,
On Cray computers, recommend l.e-5 tov l.e-11,

Input Numerical tolerance limit for component aw,
On Cray computers, recommend l.e-% to 1l.,e-11.

Output Magnitude of vector “a".
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SUBROUTINE APTVPLC

call aptvple (au, av, bu, bv, np, tol, ocu, ecv, vien, nerr)

Versioni

Author

Source?

. Purpose;

Input. s
Qutput @
Glossary:
au, av
bu, bv

cu, v

nerr

np

tol

vlen(n)

aptvplc Updated 1990 March 13 11:30,
aptvplce Orlglnated 1989 December 28 13120,

Arthur L, Edwards, LLNL, 1,-298, Telephone (415) 422-41231,

xport read ,245100taptslibe /7 1 1

1ib aptslibelx aptblibe aptvplctend / 1 1.

aptslibe ls a LIB library of FORTRAN Hource flles.
aptbli{be 1s a BUILD library of Cray-compiled blnarles,

To find the vector ¢ = {cu, ¢v) normal to the line deflined by
the two points a = (au, av), b = (bu, bv), and In the uv plane,
for each of the np sets of points "a" and "b". The directlons

-u, v, w are orthogonal. The magnitude vlen of the normal vector

“c" {s equal to the length of the line gsegment “"ab*, 1f vian is
zero, the points "a" and “b" are congruent. By convention,

the direction of the normal vector is from right to left
relative to the direction from "a* to "b" in the uv plane,

The components of "c* will be truncated to zero, If less than
the estimated numerical error in thelr calculatlion, based on
tol.

au, av, bu, pv, np, tol,

cu, cv, vlen, nerr.

Input The u and v coordlnates of polnt “"a", Slze np.
Input The u and v coordinates of point “b*, sSize np.
Out put The u and v components of normal vector "c¢".
May be truncated to zero, 1f less than the estimated

numerical error in thelr calculation, See tol,

Output Indicates an lnput error, {f not 0,
1 1f np is not positive.

Input The number of sets of points "a“ and "b" for which the
normal vector “c¢" {s to be calculated,

Must be posltive.

Input Numerital tolerance limlt for cu, cv,
On Cray computers, recommend 1.e-5 to ).e~11,

Output The magnitude of the normal vector "“c¢“, Size np.
Zero If polnts "a* and "b" are congruent,
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SUBROUTINE, APTVPLN

call aptvpln (ax, ay, az, bx, by, bz, cH, cy, cz, np, tol,
& } dx, dy, dz, vlen, nerr

Varsiony aptvpln Updated 1990 March 14 11:00,
aptvpln Origlnated 1989 November 2 14110,

Author: Arthur L, Edwards, LLNL, L-298, Telephone (415) 422-4123,

Source: Kport read ,245100taptslibe / 1 1
1ib aptslibalx aptblibe aptvpinlend /1 1.
aptsiibe is a LIB library of FORTRAN sourco tllos,
aptblibe {s a BUILD library of Cray-comp!led binarles,

Purposet To find the vector d = (dx, dy, dz) normal to the plune deflned
by the three polnts a = (ax, ay, az), b = (bx, by, bz., and
c = (¢x, cy, cz), for each of the np sets of points (., b, ©).
The magnitude vlien of the normal vactor "d" s equal to the arova
of the parallelopiped for which 3 of the vortices are (a, b, ¢).
1f vien = 0, the points (a, b, ¢} are congruent or collinear,
The cumponents of vector "d" will be truncatoed to zero, 1! less
than the estimated numerical error in their calculation, based
on tol,

History: 1990 February 22. Deleted truncation of vector components to
zero based on vactor magnitude,

Input: ax, ay, az, bx, by, bz, ¢x, cy, cz, np, tol,

Output ¢ dx, dy, dz, vien, nerr,

Glossary!

ax,ay,az Input The %, y, z coordinates of point *“a", Sl¢e np,
bx,by,bz 1nput The x, y, z coordinates of polint “b", Size np.
cx,cy,c¢ Input The x, y, ¢ coordinates of point “c*", Size np.

dx, dy,dz Output The x, ¥y, ¢ compononts of normal vector “d*,
May be truncated to zero, If less than the estimated
numerical error in thelr calculation, See toul,

nerr Output Indicates an input error, {f not 0,
1 {f np {s not positive,

np Input The number of sets of points (a, b, ¢} for which the
normal vector "d" is to be calculated.
Must be positive,

tol Input Numerical tolerance limit for dx, dy, dz.
On Cray computers, ‘ecommend 1.e-5 to l,e-11,

vien(n) Output The magnitude of the normal vector “d“, Size rp.
Zero {f polnts (a, b, ¢) are congruent. or collnear.
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SUBROUTINE APTVSUC

call aptvsue (noptf, fa, au, av, fb, bu, bv, np, tol,

&

Versiont

Authort

Source!

Purpoaat

Input:
Output ¢
Glossary!
au,av

bu, bv

clen

cu, cv

fa

fb

nerr

nopt f

np

cu, ov, vlen, nerr)

aptvauc  Updated 1990 April 3 16100,
aptvsue Origlnated 1989 April 3 16500,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read ,245100taptslibe / 11
1lb aptslibelx aptblibe aptvsuclend / 1 1.

aptslibe {s a LIB llbrary of FORTRAN source flles,
aptblibe lg a BUILL llbrary of Cray-complled blnarles,

To find, for each of the np sets of lnput data, the walghtad

sum ¢ =, (cu, «v) of the vectors a = (au, av) and b =« (bu, bv):
c{n) = fa * a{n) + fb * b(n), n =1, np (noptf = 0), or
cin) = fa(n) * a(n) + fb(n} * b(nl, n = 1, ap (noptf = 1),

and to find clen, the magnltude of vector “o",

Any component of vector “"c¢* less thdn the estimated error in
{ts calculation, based on tol, will.be truncated to zero,

Flag nerr Indlcates any lnput error.

Special cases!

sum¢ ¢ ra+tb (noptf =0, fa = 1,0, ftb = 1,0},
di{fteroncat c~a=-b {(noptf =~ 0, ta = 1,0, fb = -1,0},
bisector; c =0.5* (a+b) {(noptf =0, fa = fb = 0.5),
interpolation: c© = ta * a + (1,0 - fa) * b (noptf = 0)
c = (1,0 - fb) * a+ fb * b (noptf = 0),
noptf, fa, au, av, fb, by, bv, np, tol,
cu, cov, clen, nerr,
Input The u and v components of vector "a“, Slze np.
Input The u and v componants of véctor “b4, Slze npv

Output Magnitude of vector "c“, May be truncated to zero
{f less than the estimated error In its calcula. fon,

See tol. Slze np.

Output The u and v components of vector “c*

Size np.

Will be truncated to zero {f less than the estimated
numerical error in thelr calculation based on tol.

Input Coefficlent of vector *a". Size 1 (noptf = 0) or

np (nopt.f = 1),

Input Coafficlent of vector “b", Slze 1 (noptf = 0) or

np (noptf = 1).

Output Indicates an input error, Lf npot 0,
1 1f np ls not poslitive,
2 {f noptf is not 0 or 1.

Input Size optlon for fa, fb:
0 If fa and fb are scalars,

1 {f ta and fb are arrays wlth size np.

Input Slze of arrays,

Input Numerical tolerance limit, Used Lo truncate

the components of vector "c¢',

On Cray computers, recommend l.e-5 to 1,e-11,
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SUBROUTINE APTVSUM

call aptvsum (noptf, fa, ax, ay, az, [b, bx, by, bz, np, tol,
1 ox, ¢y, vz, clan, nort)

Varsion: . aptvsum Updated 1990 Aprll 3 134120,
aptvasum Orlginated 1989 April 3 13120,

Authort Arthur 1, Edwards, LILML, 1,-298, Telephone (415) 422-4123,

Source! Xport read .24%100taptslive / 1 1
1ib aptalibe!x aptblibe aptvsumiend / 1 1.
aptslibe {s a LIB library of FORTRAN source flles,
aptblibe is a BUILD library ot Cray-compilaed blnaries,

Purpose! To find, for each of the np sets of input data, the welghted
aum ¢ = (cX, oy, cz) of the vectors a = (ax, ay, az) and
b = (bx, by, bz): '
c{n) = fa * a(n) + fb» b{n), n =1, np (noptf = 0}, or
c{n)y = fa(n) * a(n) + fb(n) * b(n); n =1, np (noptf = 1),
and to find clen, the magnitude of vector "“ev,
Any component of vector “g" less than the estimated error in
{ts calculation, based on tol, will be truncated to zero.
Flag nerr indicates any {nput error,

$poclal casos;

sum: c=a+b (noptf =20, fa = 1,0, fb= 1,0,
difference: ¢c=a=-b (noptf =20, ta=1,0, tb = -1,0),
blsoctor: c=0,5* (at+tb) (noptf =0, fa = fb = 0,5).

Interpolation: ¢ = fa * a + (1,0 - fa) * b (noptf = 0),
¢ = (1,0 - fb) *a + fb * b (noptf = 0},

Inputy noptf, fa, ax, ay, a¢, tb, bx, by, bz, np, tol.
Output ¢ cx, cy, oz, clen, nerr,

Glossary:

ax,ay,az Input The x, Y, z components of vector “a“, Slze np,
bx,by,bz Input The X, y, z components of vector "b", Slze np.
clen Out put Magnitude of vector “c", May be truncated to zero,

{f less than the estimated error In lts calculation.
See tol, Slze np.

oX, ey, cz  Output The x, ¥, ¢ components of vector "“c"., Size np.
Will be truncated to zero 1f less than the estimated
numerical error in thelr calculation based on tol.

fa Input. Coefficlent of vector "a"., Slze 1 (nopt! = 0) or
np (noptf = 1),

fb Input Coefficlent of vector "b*, Size 1 (noptf =~ 0} or
np (noptf = 1),

nerr Output Indicates an lnpput error, !f not O,
. 1 {f np is not pesitive,
2 1f nopt{ s not ¢ or 1,

nopt f Input Slze option for fa, fb:
0 {f fa and tb are scalars.
1 {f fa and fb are arrays with slze np,
np Input Slze of arrays,
tol Input Numerical tolerance limit, Used to truncate

the components of vector “c".
On Cray computers, rocommend 1.e-% to 1,e-11,
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SUBROUTINE APTVTOC

call aptvtoc

Version:

Authort

Source:

Purpose:

Input:
Output §
Glossary:

au, av

au, av

nerr

kady

knorm

np

tolu

tolv

vlen(n)

aptvtoc
aptvtoc

u . . ' o ' s

fau, av, np, kadj, knorm, tolu, tolv, vlen, nerr)

Updated 1990 January 18 14:20,
Orlginated 1989 November 15 16140,

Arthur L., Edwards, LINL, L-298, Telephone (415) 422-4123,

xport read ,245100;aptsiibe / 1 1

1ib aptslibe!x aptblibe aptvtoclend / 1 1,

aptslibe 1s a LIB library of FORTRAN source flles,
aptblibe 1s a BUILD library of Cray-complled binaries,

To adjust the values of the components of the np 2-D vectors
a = (a4, av), according to the optlon kadj, and the
numerical tolerance limits tolu and tolv, and to

renormalize to a unit vector {f optlon knorm = 1,

Flag nerr Indicates any input error,

au, av,

np, kadj, knorm, tolu, tolv,

au, av, vlen, nerr,

Input

Output

Qut.put

Input

Input

Input

Input
Input

Output

The u and v components of input vector "“a". Size np.
Directions u, v and w are orthogonal,

The u and v components of output vector "a". sSize np.
May be adjusted, according to the option kadj, and
the numerical tolerance limits tolu and tolv,

Indicates an lnput error, it not 0,
1 Lf np Is not positive.
2 {f kady is not from 0 to 7,
3 1f knorm 1Is not 0 or 1,

Option for adjusting the components {au, av).

Values from 0 ta 7 are allowed:

0 to use a limiting value equal to the tolerance
limit times rhe vector magnitude.

Add 1 tc use a limiting value equal to the tolerance
limlit,

Add 0 to use the same tolerance limit, tolu, for
au and av.

Add 2 to use tolu for au, tolv for av.

Add 0 to truncate the component to zero If less than
the limiting value,

Add 4 Lo Increase components less than the limliting
value, to the limiting value, with the same sign.

Optlon for normalizing the adjusted vector "a" to a
unit vector. 0 = no, 1 = ves, :

Size of arrays au, av, vlen.

Numerlcal tolerance limit for component. au, -and
for au and av, for kadj =0, 1, 4, and 5.
On Cray computers, recommend 1.e-5 to 1,e-11,

Numerical tolerance 1imit for component av,
tor kadj = 2, 3, 6, and 7,
On Cray computers, recommend 1.,e-5 to l.e-11,

Magnitude of the lnput vector “a“, after anv
adjustment of components has been done, but before
any remormallization (knorm = 1).

Will be zero {f all components of "a"“ are rero, or
are truncated to zero.
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SUBROUTINE APTVTOL

call aptvtol (ax, ay, az, np, kadj, knurm, tolx, toly, tolz,

| &

Version:

Author:

Source:

Purpose:

input:
Output.:
Glossary:
ax,ay,az

ax,ay,az

ner:

kadj

knorm

np

tolx

toly

tolz

vlen (n})

vlen, nerr)

‘aptvtol Updated 1990 January 18 16:40,

aptvtol Originated 1989 November 15 16:40.
Arthur L, Edwards, LLNL, L-298, Telephtne (415) 422-41Z3.

xport read ,245100:aptslibe / 11

1ib aptslibe!x aptblibe aptvtollend / 1 1.

aptslibe i{s a LIB library of FORTRAN source files.
aptblibe is a BUILD library of Cray-compiled binaries.

To adjust the values of the components of the np vectors
a = (ax, ay, az}, according to the option kadj, and the
numerical tolerance limits tolx, toly, tolz, and to
renormalize to a unit vecter. If option knorm = 1,

Flag nerr indicates any {nput error.

ax, ay, az, np, kadj, knorm, tolx, toly, tolz.

ax, ay, az, vlen, nerr,

Input The x, y, 2 compbnehts of input vector "“a". Size np.

Output The %, y, z components of output vector “a*, Size np,
May be adjusted, according to the option kadj, and
the numerical tolerance limits tolx, toly, tolz.

Output Indicates an .nput error, it not O,
1 {f np ic not positive,
2 if kadj is not from O to 7.
3 {f knorm is not 0 or 1,

Input Opt.ion for adjusting the components (ax, ay, az).

Values from 0 to 7 are allowed:

0 to use a limiting value equal to the tolerance
1imit times the vector magnitude,.

Add 1 to use a limiting value equal to the tolerance
limit. .

Add 0 to use the same tolerance limit, tolx, for
ax, ay, and az.

Add 2 to use tolx for ax, toly for ay, and
tolz for az.

Add 0 to truncate the component to zero if less than
the limiting value.

Add 4 to increase components less than the limiting
"value, to the limiting value, with the same sign.

Input Option for normallzlng the adjusted vector "a" to a
unit vector., 0 = no, 1 = yes.

Input Size of arrays ax, ay, az, vlen.

Input Numerical tolerance limit for component ax, and
for ax, ay and az, for kadj = 0, 1, 4, and 5.
On Cray computers, recommend l.e-5 to l.e-11,

Input Numerical tolerance limit for component ay,
' for kadj = 2, 3, 6, and\?.
On Cray computers, recommend l.e-S to 1l.e-11,

Input Numerical tolerance limit for compohent az,
for kadj = 2, 3, 6, and 7,
On Cray computers, recommend l.,e-5 to l.e-11.

Qutput Magnitude of the input vector “a", 'after any
adjustment of components has been done, but before
any remormalization (knorm = 1).
Will be zero if all components of "“a" are zero, or
are truncated to zero.
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_ SUBROUTINE APTVUAC

call aptvuac (au, av, np, tol, vlen, nerr)

Version:

Author:'

Source:

Purpose:

History:
Input:
Output s
Glossary:

au, av

" au, av

nerr .

np

tol

vlen{n)

aptvuac Updated 1990 March 14 17:30.
aptvuac Originated 1989 November 2 14:10.

Arthur L. Edwards, LINL, L-298, Telephone (41%) 422-4123.
Xport read .24%5100:aptslibe / 1 1 ‘
lib aptslibe!x aptblibe aptwvuacltend / 1 1.

aptslibe is a LIB library of FORTRAN source files.
aptblibe 1s a BUILD library of Cray-compiled binaries.

To find the np unit vectors a = (au, av) parallel to the np . -
inftial vectors a = (au, av), all in the uv plane (2-D). Any
cemponents of the initlial vector “a“ no, greater than tol, or no
greater than tol times the initial length of "a“, will be
truncated to zero, If all are zero, nor are truncated to zero,
vien will ke zero, ' ’

Flag nerr indicates any input error.

With no truncation,
(au, av) = (au, av) / sqrt (au**2 + av**2)

1990 March 14. Modified to always return a unit vector.
au, av, np, tol,

au, av, vlen, nerr,

Input The u and v components of Inltial vector “a" f{n the

uv plane. Size np.

Will be truncated to zero {f initially no greater
than tol, or no greater than tol times the initial
length of *“a"“,

Output The u and v components of unit vector "a" in the
uv plane. Size np.

Output Indicates an i{nput error, it not 0.
1 1f np i{s not positive.

Input Size of arrays au, av, vlen,

- Input Numerical toclerance limit.

on Cray computers, recommend 1.e~5 ta l.e-11.
Out put Magnitude of the input vector "a", after any

truncation of components lras been done, but before
division by vien to form a unit vector.
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SUBROUTINE APTVUBC

call aptvubc (au, av, np, tol, bu, bv, wvlen, nerr)

Verslion:

Author:

Source:

Purpose:

History:
Input:
Output :
Glés;ary:

au, av

bu, bv

nerr

np

tol

vlen(n)

aptvubc Updated 19¢9 March 14 17:30.
aptvubc Orlginated 1989 November 29 10:00,

Arthur L, Edwards, LLNL, L-298, Telephone (41%5) 422-4123,

xport read ,245100:aptslibe / 1 1

1ib aptslibe!x aptblibe aptvubclend / 1 1,

aptsiibe is a LIB library of FORTRAN source files,
aptblibe {5 a BUILD library of Cray-compiled binaries,

To find the np unit vectors h = (bu, bv) parallel to the np
vectors a = (au, av), all in the uv plane (2-D). 1If any
components of the initlal vecter “a" are no greater than tol,
or no greater than tol times the i{niti{al length of "a", then
the corresponding compcuent of "b" will be truncated to zero.
If all are zero, or are truncated to zero, vlen will be zero.
Flag nerr Indicates. any input error.

With no truncation, '
(bu, bv) = (au, av) / sqrt {au**2 + av**2

1990 March 14. Modified to always return a unit vector.
au, av, np, tol.

bu, bv, vlen, nerr.

Input The u and v components of vector "a" In the uv plane.
Size np.

Output The u and v components of vector "b" in Lhe uv plane.
Size np.
A component will be zero i{f the corresponding
component of vector “a* {s no greater than tol,
or no greater than tol times the length of “a",.

Output Indicates an input error, it not 0,
1 {f np {s not positive.

Input Size of arrays au, av, bu, bv, vlen.

Input Numerical tolerance limit.
‘ On Cray computers, recommend l.e-5 to 1.e-11,

Qutput Magnitude of vector "b", after any truncation of

components has been done, but before division by
vien to form a unlt vector,
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SUBROUTINE APTVUNA
call aptvuna (ax, ay, az, np, tol, vlen, nerr

Version: aptvuna Updated 1990 March 14 17:30.
aptvuna Originated 1989 November 2 14:10,

Author: Arthur L. Edwards, LINL, L-298, Telephone (415) 422-4123,

Source! xport yead ,245100:aptslibe / 1 1
1ib aptslibelx aptblibe aptvunalend / 1 1.
aptslibe is a LIB llbrary of FORTRAN source flles.
aptblibe is a BUILD library of Cray-complled binaries.
Purpose: Tc¢ find the np unit vectors a = (ax, ay, az) parallel to the
np initial vectors a = (ax, ay, az). Any components of the
in!{ {al vector "a"“ no greater than tol, or no greater than tol
times the initial length of "a", Will be truncated to zero,
If a.l are zero, or are truncated to zero, vlien will be zero,
Flar ‘nerr indicates any input error,

With no truncatlon, )
{ax, ay, az) = (ax, ay, az) / sqrt (ax**2 + ay**2 + az**2).

History: 1990 Mavch 14, Modifled to always retufn a unit vector,

Input: ax, ay, az, np, tol,

Output: ax, ay, az, vlen, nerr.

Glossary:

ax,ay,az lInput The x, ¥y, @ components ¢f {nput vector "“a". Size np.
Will be truncated to rero If initlally no greater
than tol, or no greater than tol times the initia
length of *"a", :

.aX,ay,az Output The X, Yy, z components of unit vector “a%, Slze np.

nerr output Indicates an input error, {t not O,
1 {f np {s not positive.

np Input Size of arrays ax, ay, az, vlen,

tol fnput Numerical tolerance limit,
On Cray computers, recommend 1l.e-5 to 1,e-11,

vien(n) Out put Magnjtude of the input vector “a"“, after any

truncation of components has been done, but before
division by vlen to form a unit vector,
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SUBROUTINE APTVUNB

call aptvunb (ax, ay, az, np, tol, ux, uy, uz, vien, nerr)

Version: aptvunb Updated 1990 March 21 15:%0,
aptvunb Originated 1989 November 2 14:10,

Author: Arthur L, Edwards, LINL, L-298, Telephone (415} 422-4123,

Source: xport read ,245100:aptslibe /7 1 1
1{b aptslibe!x aptblibe aptvunblend / 1 1. .
aptslibe {s a LIB library of FORTRAN source files.
aptblibe {3 a BUILD' library of Cray-complled binaries.

Purpose: , To find the np unit vectors u = {ux, uy, uz) parallel to the
np vectors a = (aX, ay, az). If any component ol vactor “a"
18 no greater than tol, or nu greater than tol times the length
of *a%, then the corresponding component of "u" will be
truncated to zero. If all are zero, or are.truncated to zero,
vien will be zero. Flag nerr indlcates any lnput error,

With no truncation,
(ux, uy, uz) = {(ax, ay, az) / sqrt (ax**2-+ ay**2 + az**2).

History: 1990 March 14, Modified to always return a unlt vector.
1990 March 21. Deleted change of 19%0 March 14,

Input: ax, ay, az, np, tol.

Output,: ux, uy, uz, vlen, nerr,

Glossary:
ax,ay,az Input. The %, y, ¢ components of a vector, ' Slze np.
nerr Output Indicates an lnput error, it not O,
1 1f np 1s not positive.
np Input S;za of arrays ax, ay,‘az, ux, -uy, uz, vien,

ux, uy,uz Output The %, y, z components of a unlt vactor, Size np,
A component will be zero it the corresponding
component of vector “a" is no greater than lol,
or no greater than tol times the length of "“a",

tol Input Numerical tolerance limit.
On Cray computers, recommend 1,e-5 to l.e-11,

vlen (n}) Out put Magnitude of vector *“u%, after any truncatlion of

components has been done, but before divislon by
vlen to form a unit vector,
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SUBROUTINE APTVXUC

call aptvxuc (au, av, bu, bv, np, tol, cw, vien, nerr)

Varsiont

Author!

Source!

Purposa

Input
oytput,:
Glossary!

au, av

bu, by

nerr

np

tol

vien(n)

aptvxuc
aptvxuc

Updat ed 1990 January 18 14120,
Originated 1989 Decembar 29 11:00.

Arthur L, Edwards, LINL, 1-298, Telephone (41%) 422-4123,

xport read ,24%100:aptslibe / 1)
Iib aptslibelx aptblipe aptvxuciend / 1 1,

aptslibe
aptblibe

To find,

{s a LIB llbrary of FORTRAN source fllas,
{s a BUILD library of Cray-complled blnaries,

for each of the np sots of {nput data, the vector

(cross) product *a" X "b" of the palr of 2-D voctors

a = [au,

av) and h = (bu, bv), and to divide by ita

magnitude vlen, to produce the unit vector ¢ ~ (0.0, 0,0, ¢w),

paralliel

to “a" x "b*, If cw s less than tha estimated error

fn {ts calculation, based on tol, it will be truncated Lo zoro

and vlen

will be zero, Directions u, v and w are orthogonal,

flag nerr Indlicates any input errot,

au, av, bu, bv, np, tol,

oW, Vvlen,

Input

Input

Out put

Output

Input.

Input,

Output

nerr.

The u and v componants of {nput vector “a", Siue np,
The w components are zero,
The unit vectorg in the directions u, v and w form
a positive unit triple.

The .u and v components of input vector "b"“, Slzo np,
The w components are zero,

The w components of output vector “c¢", Slze np,
Will usually be +1,0 or -1.0,
The u and v components are zero,
Vector (cruss) product of vectors “a" and "b",
normalized to unlt magnitude, The value of c¢w will
be truncated to zero if less than the estimated
arror in {ts calculation, based on tol. This
indicates that "a* and "b* are essentially parallel,

Indicates an lnput error, {f not 0,
1 {f np ls not positive,

Slze of arrays au, av, bu, bv, cw, vlien,

Numerical Lplerancovlimlt. )
On Cray computers, recommend 1l.,e-5 to 1.,e-11,

Magnitude of the vector product “a* x "b", atter any
truncation of components has been done. Will be
zero 1f all compo! ants of vector “c" are zero.
Size np.
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SUBROUTINE APTVXUN

" oall aptviun (ax, ay, az, bx, by, bz, np, vol,

[]

Varsgioni

Author:

Source!

Purposet

History!

Input 4
Output ¢
Calls:
Glossary:
ax,ay,az
bx, by, bz

ux, uy, uz

nerr
np
tol

vien{n)

uK, uy, u¢, vlen, nerr

aptvikun Updated 1990 March 14 16:00,
aptvkun Originated 1989 November 10 1120,

Arthur L, Edwards, LINL, L-298, Telephone (415) 422-4123,

kport read ,245100taptslibe / 11

1ib aptslibelx aptblibe aptvxunlend / 1 1,

aptsllbe ig a LIB llbrary of FORTRAN sourve flles, }
aptblibe is a BUILD library of Cray-complled blnarles,

To find the veutor products “a* x "b" of the np vector palrs

4 = (ax, ay, az) and b = (bx, by, bz), and divide by their
magnitudes vien, to produce the unlt vectors u = (ux, uy, uz),
parallel to “a" x “b", Any components of vector “u" less than
the estimated error In thelr calculation, based on tol, will be
truncated to zero, If all are zero, or are truncated to zero,
the output vector “u* will be zero, and vlien will be zero,

Flag nerr indlcates any input error,

1990 March 14, Changed tol to 0,0 {n call to unit vector
subroutine, Allows small magnitudes,

ax, ay, az, bx, by, bz, np, tol,
u¥, uy, uz, vlen, nerr,

aptvuna (source {n aptslibe, blnary in aptblibe),

Input The X, y, 2 components of lnput vector “a", Size np,
Input The %, Y, z components of input vector "b". Size np.

Out put The %, y, ¢ components of output vector “u", Size np.
Vector (crogs) product of vectors "a" and “b",
normalized to unit magnitude. A component wlll be
truncated to zero if less than the estlimated error
in fts calculation, based on tol.

Output. Indicates an Input error, {f not O.
1 {f np ls not positive,

Input Slze of arrays au, ay, az, bx, by, bz, ux, uy, ug,
vlen.
Input Numerical tolerance limit,

On Cray computers, recommend 1,e-~5 to l.e-11,

Out put Magnitude of the wector product “a* x "b", after any
truncation of nomponents has been done. Wlll be
zero If all components of vector "“u*" are zero,
Slze np,



SUBRQUTINE APTXNUP

call aptxnup (nopt, tplanck, np, Xnu, nert

verslon:

Authorst

Sourcal

Purpose

History:

Input:
Out.put ¢
Glossary:

nerr

nopt

np

tplanck

Xnu

aptxnup Updatod 1990 Fabruary 12 10150,
aptxnup Originated 1990 January 31 17100,

Eugone N, Canflold, LLNL, 1-298, Talephonn (415) d422-d12y,
Arthur L. bBdwards, LINL, 1,-298, Tolephono (41%) 422-4123,

Kport read ,245100taptallibe / 1 1

1ib aptslibelx aptbllibe aptknuplend / 1 1,

aptalibe {8 a LIB llbrary 'of FORTRAN source (llos.
aptblibe {s a BUILD library of Cray-complled binarlos,

To fiﬁd, for each of np temperatures tplanck, a frequoncy Xnu
sampled tandomly from a Planck or a Wlen spuctrum,
Flag nerr Indicates any lnput error {np not poslitlve),

The Planck distributlon function la¢

pixX) = (15,0 / plredqy * x**3 / (axp (x) - 1.0)
whoere & = xnu / tplanck, and <> = 3,83223,,,
The Wlen distributlion function lsi

p{X) = X**3 * oxXp (-x) / 6.0,
where <x» = 4,0,

‘See Marnott and Canfleld, UCIR-473, June 1990,
1990 February 6 11:20, Truncated pltn, to llmit pumbor of torms

required to converge,
nopt, tplanck, np.

XNu, nerr,

Output Indicates an {nput error, If not 0.
1 {f np la not posaltive,

Input Indicates type of spectrum to sample from:
' 0 for a Planck spectrum,
I for a Wien Spectrum,

Input S1zo of arrays tplanck, xnu,

Input Black body temperature of frequency distribution,
Same units as xnu. Slze np.

Output  Freguency sampled randomly from spectum, Size np,
Same units as tplanck,

124



APPENDIX
SUBROUTINES BY FUNCTION

FUNDAMENTAL CONSTANTS

Find the values of the fundamental constante of Physics and
Chemistry, and energy conversion factors

in cm-g-sh-keV units

in m-kg-s (8I) units

MATHEMATICS AND STATISTICS

Find any real root of a general quadratic equation

a single equation
any number of equations (vectorized)

Find the mean and standard deviation of a set of walues

MONTE CARLO SAMPLING

Sample randomly from a probability distribution

values from a linear distribution on an interval
one value from each linear distribution on an interval
points in a major plane (2-D)
uniformly in a triangle
uniformly in a triangle or quadrangle
direction vectors in any coordinate system (3-D)
uniform distribution
cosine-power distrlbution along a specified axis
direction vectors in a specified plane (3-D)
uniform distribution
frequencies from a Planck or a Wien spectrum
velocities from a relativistic Maxwellian distribution

FUZZY GEOMETRY

Impose limits on the values of

a fractional distance (scalar)
any number of fractional distances (vectorized)
the components of a vector

in a major plane (2-D), lower

in a major plane (2-D), several options

in any coordinate system (3-D), lower

in any coordinate system (3-D), several options

Round off a floating point number

to a specified relative or absolute precision
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aptconl
aptconm

aptqgrts
aptqgrtv

aptmean

aptslid
aptsliv

apttloc
aptgloc

aptscat
aptscap

aptscad
aptxnup
aptmaxw

apt fdad
aptfdav

aptvlic
aptvtoc
aptvlim
aptvtol

apt rnds



GEOMETRY

Transform between'CartGSian, cylindrical and sphorical
coordinate systems

coordinates (3-D)
coordinates and bound vectors (3-D)

Do the basic vector operations

linear combination
in a major plane (2-D)
in a major plane (2-D)
in any coordinate system. (3-D)
in any coordinate system (3-D)
difference
"in a major plane (2-D)
in any coordinate system (3-D)
dot (scalar) product
in a major plane (2-D)
in any coordinate system (3-D)
cross (vector) product
in a major plane (2-D)
in a major plane (2-D), normalized to unit vector
in any coordinate system (3-D)
in any coordinate system (3-D), normalized
normalize to a unit vector
in a major plane (2-~D)
in a major plane (2-D), replace
in any coordinate system (3-D)
in any coordinate system (3-D), replace

Do the basic matrix operations

product of a 3-D vector and a 3 by 3 matrix
product of two n by n matrices

Find the angle relationships

area included between adjacent sides

in a major plane (2-D)

in any coordinate system (3-D)
bisectors

in a major plane (2-D)

in any coordinate system (3-D)
cosine

in any coordinate system (3-D)
cosine (between unit vectors)

in a major plane (2-D)

in any coordinate system (3-D)
cosine and sine

in a major plane (2-D)
sine (between unit vectors)

in a major plane (2-D)

in any coordinate system (3-D)
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aptcgys
aptcsyv

aptvadc
aptvsuc
aptvadd
aptvsum

aptvdic
aptvdils

aptvdoc
aptvdot

aptvaxc
aptvxuc
aptvaxb
aptvxun

aptvubc
aptvuac
aptvunb
aptvuna

aptmopv
aptmprd

aptvaxc
aptvaxb

aptbanc

aptbang

aptvang

aptvdoc
aptvdot

aptvanc

aptvaxc
aptvaxb



Test for the special geometric relationships

Do

points being coincldent
on an axis (1=-D)
in a major plane (2-D)
in xyz space (3-D)
in any coordinate system (3-D)
points being on lines
in a major plane (2-D)
in xyz space (3-D)
points being within a bounded region
in a major plane (2-D)
a triangle, and distances to sides
a quadrangle, and distances to sides
liries being parallel or congruent
in a major plane (2-D)
in xyz space (3-D)
line being in a plane
in xyz space (3-D)
vectors being parallel
in a major plane (2-D)
in any coordinate system (3-D)
vectors being perpendicular
in a major plane (2-D)
in any coordinate system (3-D)
planes being parallel or oongruent
in xyz space (3-D)
plane being tangent to a sphere
in xyz space (3-D)
spheres being congruent
in xyv space (3-D)
sphere being tangent to a sphere
in xyz space (3-D)

the basic geometric operations

inversion of a point or vector through a specified
point
in a major plane (2-D)
in xyz space (3-D), and the operator
in xyz gpace (3-D), with scaling, and the operator
linear scaling of a point or vector in the direction
of a specified axis (l.e., Lorentz transformation)
in a major plane (2-D)
in xyz space (3-D), and the operator
in xyz space (3-D), with reflection,
and the operator
uniform scaling of a point or vector
in xyz space (3-D), and the operator
in xyz space (3-D), with inversion, and the operator
reflection of a point or vector
from a plane perpendicular to a major plane (3-D)
of a polnt or vector in a major plane (2-D)
of a polnt or vector 1in xyz space (3-D)
from a plane in xyz space (3-D), and the operator
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aptvdil
aptvdic
aptvdils
aptdist
aptptle
aptptln
apttinc
aptqinc

aptlnlc
aptlnln

aptlnpl

aptvaxc
aptvaxb

aptvdoc
aptvdot

aptplpl
aptplsp
aptspsp

aptapsp

aptinve
aptinvp
aptsclu

aptszlic
aptscll
aptscll
aptsclu

aptaclu

aptretc
aptrefl
aptrefs



rotatlion of a point or vector
by a specified angle around a speclfied axis
in a major plane (2-D)
in xyz space (3-D), operator only
by specified angles around the 3 major axes (3-D),
operator only .
to rotate a speclfied vector onto another vector
{(3-D), operator only
to rotate a specified plane onto another plane
(3-D), operator only
to rotate a specified vector in a specified plane
onto another vector in anothet plane (3-D),
operator only ‘
apply the operator generated by aptrota, aptrotp,
aptrots, aptrott, aptrotv or aptmopv to points
or vectors
translation of a point
in a major plane (2-D)
in xyz gpace (3-D)
combined operations
multiply two matrix operators together
apply matrix operator to points or vectors

Find the distance

from a point to another point

on an axis (1-D)

in a major plane (2-D), and direction

in xyz space (3-D), and direction

in any ccordinate system (3-D), and direction
from a point to a line

in a major plane (2-D)

in xyz space (3-D)

from a point to the sides of a trlangle
in a major plane (2-D), and in or out?
from a point to the sides of a quadrangle
in a major plane (2-D)
in a major plane (2-D), and in or out?

from a point to a plane in xyz space (3-D)

in any orientation, and the nearest point

bounded by a triangle, and the nearest point, more
from a point to a second-order surface

bounded by a quadrangle (3-D), and the nearest point
from a line to another line

in a major plane (2-D)

in xyz space {(3-D)
from a line to a plane

in xyz space (3-D)

Find the initial vector direction between two points
in a major plane (2-D), and find distance

in xyz space (3-D), and find distance
in any coordinate system (3-D), and find distance
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aptrotc
aptrota

aptrots
aptrotv

aptrotp

aptrott

aptmopv

apttrac
apttran

aptmprd
aptmopv

aptvdil
aptvdic
aptvdis
aptdist

aptptlc
aptptln

apttinc

aptqgdic
aptginc

aptptpl
apttrip

aptquad

aptlnlc
aptlinln

aptlnpl

aptvdic
aptvdis
aptdist



Find the alternate geometric represeﬂxltion of a

line in a major plane (2-D)
given two points, find vector, distance
given point and veqtor, find another point
line in xyz space (3-D)
given two points, find vector, dilstance
given point and vector, find another point
line in any conordinate system (3-D)
given two points, find initial vector, distance
plane in xyz space (3-D)
given three points, find normal vector

Find the vector perpendicular (normal) to a

line in a major plane (2-D)
plane in xyz space (3-D)

Find the vertex areas in a major plane (2-D) of a

triangle ,
quadrangle, and shape (convex, boomerang, bowtile)

Find the local coordinates of a point

in a quadrangle in a major plane (2-D), with
any number of points, one quadrangle

in a quadrangle in a major plane (2-D), with
any number of points, quadrangles

Find the intersection(s) of a line with

a line in a major plane (2-D)
a circle in a major plane (2-D) (two points)
a plane in xyz space (3-D)

Find the intersection(s) of a linear track with

a line, both in a major plane (2-D)

a major plane (3-D)

a plane in xyz space (3-D)

an axisymmetric cylindrical surface with
constant radius (3-D)

an axisymmetric cylindrical surface (3-D)

a centrisymmetric spherical surface (3-D)

a general implicit second-order surface (3-D)

Find the intersection(s) between
two circles in a major plane (2-D) (2 points)
two planes in xyz space (3-D) (a line)

a plane and a sphere in xyz space (3-D) (a circle)
two spheres in xyz space (3-D) (a circle)
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aptvdic
aptvadc

aptvdis
aptvadd

aptdist

‘aptvpln

aptvplc
aptvpln

aptvaxc
aptgvac

‘aptgfdc

apt fdqc

aptlnlc
aptlnic
aptlnpl

aptrklc -
aptrksl
aptrkpl

aptrkcl
aptrkcy
aptrkrl
aptrkis

aptcinc
aptplpl
aptplsp
aptspsp



Move a point a spe¢ified distance in a specified
direction, and‘find the final position, direction

in any coordinate system (3-D)

aptmove
in axisymmetric cylindrical coordinates (3-D) aptmvcy
in spherical coordinates (3-D) aptmovs

This work was performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract #W-7405-Eng-48.
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