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ABSTRiACT

A suitable three-dj.rnensional geonetrical. description

technique and two. computer programs, MAGIC and SAM-C, were

developed and demonstrated for application to the comp'uter

analysis of both the nuclear and conventional vulner-

ability of armored military vehicles. The geometric

technJ.que was applied, for demonstration purposes, to the

M60Al tank. A single bocly of geometric target data for

the l'16OAl was used by ttre MAGIC program (litath,ematical

Applica tions Group, Inc., Code) to address the vulner-

ability of the tank to attack fron any attack angle by

conventional armor-def,eating projectrle systems, and by

thr SAIrt-C program (Stochasbic Approximation lilethod -

Combinatoriai) .for. the Cetermination of internal nuclear

radiation dose. The radiation dose (in selected target

regions) is obtained for primary neutrons, prirnary

gammas, and for secondary gaflmas produced by neutron

interactions occurring either outside or within the

vehicLe. The critieal f,eature of the effort is the
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successful development of a technique which inputs the
engineering dlesign detail and allows for the subsequent
vulnerabl-lity determination for either nuclear or con_
ventional combat \reapons.

fhe tno prograns, UAGIC and SNrt-C, are currently
operational on both the cDc-6600 and BRL-BRT,ESC computers.
Both prograns are rritten in FORTRAN.
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The Aberdeen Ballistic Research L,aboratory has, as

one of 1ts missions, the evaluation of che vulnerabiLity

of armored vehicles to attack by both nuclear and conven-

tional armor-defeating r,reapons. prior to the present

effort, independent computer programs had been developed

to assist in such evahrations.

On the one hand, there was available the t NC-SAf,l

Program (United Nuclear Corporation - Stochastic Approx-

imation Method) for the determi-nation of nuclear flux (and

subsequently dose) through the use of the ltonte Carlo

technique. Thie program, given a geometrlcal ancl nuclear

description of the target vehicle and Furrounding atrnos-

phere and ground environment, could caLcul.ate radiation

fluxes and doses at specif ied loc..t ions inBlde and outside

the vehicle. The geornetric description, hourever, was

restrictecl to an assembly of noninters:rcti ng bciiies and

lras only an approximate representatic;r of the true geometry.
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Cn the other hand, there lrere available the ASEB pro-

grams (Arnored Systems Evaluation Branch) for the deter-

rnlnation of target hit and target kill for armor-defeating

dlirect fire weapon systems. These ASEB codes reguire that,

for arty given direction of attack, the vehicle be describecl

Ln terme of the ordered Eequence and thickness of ntaterial

leg.'. :s wh.tch a projectlle would encounter in penetrating

the vehicle. This descrlption erae established for each of

a nunber of rectangular grisms alefined by projecting a

rectanguL'lr grld through the vehicle along the €lirection

of attack. I{ith euch iletailed knowledge of both the

aequenttral, conslositJ-on of the talget.armo!: and vulnerable
componenta, a6 well .aa the posLtions of this array within '

the target'plane, the ASEB cod-es '#ouicl compiu'.e the effec-
tLveness.of, a ireapon systetn. This efEectivcness, a funetion
of aim point and impact dltspersioil at the target pLane,

was gliren in terms,"of tar.get hLt, nobility kill , firepowef
kil l ,  btc.

Ehe restrictive portion of. the analysis of conventional
projectilea nas preparation of the target dlescriptive data.
These.data stere prepared manually !1r working directly uith
the engineerinE drawings for each attack azimuth of inter-
est. th.is manual approach was readily apglied to attack
azimuths of 0o and 90o, or to clirect overhead attack, sl_nce
appropriate engineering drawing views were usually avail-
abl-e. Seeuring target data for other attack azimuths such

viit



as 30o and 600 was cons iderab ly  more  d i f f i cu l t .  I f  a t tack

analysis was desired where both azimuth and elevation

angitts were other than along an axis common to the engi-

neering drawings, the preparation of the required target

data was possible but real ist ical ly impractical.

IU was obvious., therr i fore, that i f  the ASEB codes

were to be used to any greater extent, a computerized

method would have to be developed to provicle the neceasary

target input ctqta for any desired angle of attack. Fur-

ther, since the nuclear analysis code also required

detailed target geometry input for accurate resutts, it

felt that the 'georn'etry description '.echnique should

compatible for both nuclear and conventional weapon

analysj.s. In this way a single target description woul.d

serve both requirements. However, it was not at all

obvious how one would either adequately describe a com-

pl:lcated target or ge:^erate the required sequeutial dlata

from such geometric target data. One fact tjrat had been

established by experience was that the use of independent

(nonoverlapping) geometric flgures would necessarily

result in an approximation of aciual target geometry that

would be of marginal usefulness.

Recognizing the needl, therefdre, for a

was

be

method to achieve target data for the ASEB

projectile lethality codes, and the need tc

computeriaed

conventional

input an
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accur:ate Carget descript ion for nuclear analysis, i . t  was
decided to support an effort in this direction. The rtAcr
ricombinatorial geometry" technique was serected for dever-
opment because it pernitted the combinati.on of geometric
figures 'co form lnarrt practical geomet:iic figures of inter-
est, and the geonetry developed coul_d be used for bcf-h
.nuclear and conventional weapon analysis.

'  The.end objective was to achieve development of a
practical technJ-que and realize actua.l resuLts for an ac_
tual target. The M60A1 tank rdas chosen as the target to
be described and the speaific results to be obtained were
(1) the sequential arra.y data reguireil by tlre ASEB con_

ventional projectile Lethatl.ty codes based on any angle
of attack specif, iedl and (2) the acti :al nuclear dose
values within the tank. These objectives rrere met.

The 'rcombinatorial geometry,' technique was developed
and the computer programs prepared. and tested. These are:
MAGfC, which provides the sequenti.,l target iata for the
ASEB codest and SA.I{-C which computes the nuclelr dose.
The M60A1 tank hrae described and read into the computer.
SeveraL target sequential data arrays rrele prepared, and
n'Jclear dose was computed with the vehicle at various
ranges from a specified positioned source.

The report describes the derrelopment work aceomplished
by !{AGI during the contractual period. In addj-tion to
theoretical discussions regarding the various programs de_
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veloped, i t  can also. serve as a progru"*ut 's guide for

those who may want to inrplemen'.: the Programs on their own

computer for analysis of other talget cclrf j.gulations -

Although the report describes the lt')rk accomplished, ii

intentionall.y does not deal at any rTreat length with the

many possible applicaticns to studies of the effectiveness

of other eteapon systetns. Suffice it to say, the objectives

of the work were meL and a number of tools now exist that

should materially aisist those groups who are performing

design, vulnerability, and effectiveness analyses of weapon

systems.
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1. TNTRODUCTTON

I.1 INTRODUCTION

l . L . I  S c o p e...-..._-=_

This report descrlbes the developrnent of a significant
new.geometric technique - the,,eombinatorial geometry' ,

technique - f,or addressing the nuclear and conventional
vulnerability of armored vehicles. It makes possible the
computer representation of complicated three-dimensional
objects in any reguj.red Elegree.of ddtai l .  In addj.t ion, the
report provides a detailed discussion of the two computer
programs for which this technique was developed. The
firstl SA!{-C, ie a nuclear dose analysis code which com_
bines the latest advances in Monte carl,o importance sampring
techniques and detail.edl basic ahysical data capabirities
with this new combinatoriar. geometry technique. The second,
MAGfC, is a code which utilizes this neh, technigue to con-
vett geometric and functLonal (e.g., armor, road wheel,
etc. ) target descriptj.on data into the penetratl_on data
(l ine-.of-sight thickr-esses, surface obl iguit ies, etc.)

AND DESCRTPTION OF TECHNTCAI/ EFFORT
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required as. input to other progr€rms which evaluate the

vutnerabil.ity of the target nhen subjected to Projectile

attack.

1.1.2 !es{e-:€tt}g
lfhis report is directed to three distinct categori.es

of readers:

1. The weapons systemsloperations research

analysts who are constantly searching for

improved mrrthods and teehniques applicable

to rteapon sys'ietn vulnerability analysis.

2. The mathematieian,/physicist methodologist

who must find ways and rneans of implementing .
' and understanding the new technLgues and

aPproaches.

3. The cotnputer programners and system analysts

who must translate the concepts of the

analysts and, the theorerirs of the methoCologists

into workable productlon cori.o,*cer codes.

In order to accomplish the objectives set forth in

Section 1.1.1, the body of this rePort is dlivided into

three prlnary sections. Sectlon 2 presents an introduction

to the basLc geometric technigue cormon to both the SA!4-C

and MAGIC programs. Section 3 preeents fur tber information

on this conbinatorial georuetry technigue ancl indlicates ho'rr

through the addition of certain input data, a conputcr
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Program apPiicable to Project i le vulnerabi ' l i ty analysis

r e s u l t s . s e c t i o n 4 d i s c u s s e s t h e i m p l e m e n t a t i o l i o f t h i s

technique in a Monte Carlo radiat ion transport code to

evaluate nuclear dose levels '

B r i e f i n d i v i d u a l d i s c u s s i o n s o f c o m i : i n a t o r i a l g e o m -

etry and its application to I'{AGIC and SAI'I-C foltow'

. !..2 DESCRIPTION OF TECiTNICAL EFFORT

1.2.1 Cornbinatorial Geo.metry

Combinatorial geometry is a new and significant ad-

vance in the state-of-the-art of represenling - in a com-

puber - a complex three-dimensional structure' In effect'

one represents a stru'cture such as a tank in terms of

. sl lnrsr '  di f f ,ereoces, and inte.sections of relat ively simple

bodies such as spheres '  cyl inders '  etc'  (described in

S e c t i o n 2 ) . T h e i n p u t f o r s u c h a d e s c r i p t i o n c o n s i s t s o f

t h e g e o r n e t r i c l o c a t i o n o f t h e s i r n p l e b o d i e s a n d t h e i r

dimensions I followed by a region rief inition table ccnsl-st-

ing of a series of equations defining each pagticular

' r e g i o n o f t h e s l r u c t u r e i n t e r m s o f t h e b a s i c . b o d i e s - r o r

e x a m p l e , i f t h e t o t a l s t r u c t u r e i s a t a n k ' t h e n o n e r e g i o n

w o u l d b e t h e g u n b a r r e l , w h i c h m i g h t b e r e p r e s e n t e d a s t h e

material located between teto concentric cylinders'

When the geomelr5'cal description is completed t a

m a t e r i a l c o m p o s i t i o p m u s t b e a s s i g n e d g o . e a c h r e g i o n ( e . 9 . ,

steel,  coPPer), and each region must E'e i ' lent i f ied (e'9"

gun,  d r iver  r  e ic . )  '

:
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Thus. one can achieve a total geornetric, material, and
functional descrj.ption of the vehicle as a three_dimen_
sional oDject. It should be noted that this d.escription
can be as detailed as desired by including, for example,
inclividual shel].s, motor components, etc., or it may be
guite rudinentary depending upon the appLication. At any
rate this description, once prepared for the computer, can
be used for a variety of studies.

Under the current contractual effort, the combina_
toriaL geometry technlque has been appliad to the evalua_
tion of vehi-cle vulnerabr.rity to conventional weapons and
to the evaluatLon of nuclear radiation. The programs ha"e
been thoroughly tested aird applied to armored vehicles of
current interest to the U. S. Anny. The proglams are

'operational on the Aberde€,n BRLESC and the NyU CDC_6600
computers.

L . 2 . 2 of Conbina to Con-

An evaluation of tfre vulnerability of a vehicle under
attack by a particular weapon is an extremely complex task.
One must first establiah the various possibl'e types of
"kil lu as, for example, , ' f  ireporer ki l l ," "mobil l ty ki lL,"
or "totaL kiiir* ei:c. Each LnctivLdual co rponent of the
target must be agsesged to determine its importance to each
type of kill . For exanple, destruction of a tank trans-
mission will result in mobJ.Lity kil-l but nay have no effect
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on firepower kill .
\. The probatrility of destruction of a ''vuhrerab1e',

I

component (a component iqrportant to one of the kills) must

be determined as a function of the propertie.s.of the in-

cident penetration. properties such as residuaL enelgy

ancf 4iass are important pararieters in such an assessment.

The MAGIC progr'am, discussed in detail in Section 3, has

been designed to work in association v.rith existing ASEB

vulnerability prograins at Ballistic Research Laboratories

to perform the assessment of vehicle vulnerability.

The first task is to set up the geornetrical des-

cripticrn of the vehicle in conbinatorial geometry input

form. Thelse data are entered into the MAGIC ptog"" , =.y,

via punched. cards. Subseguently, +-he rrulnerability analyst

selects the attack direct ion. Since the descript ion is

truly three dlmensional. the attack direction need only

be' specif ied in terms of an azimuth and elevation angle.

No nodif icat ion of the vehicle descript ion i6 necessal-y

for different angles of attack. Th€ progrrfi 6ets up an

attack plane perpendicular to the attack direction and
proceeds to shoot rays through the at c.tck plane, with each

ray directed parai-Lel to. the attack direction. lhe rays

are started within .rectangular areas on the attack plane.

The size of the attack plane is specified as input.

hitting the target vehicle, the angle of incidence,

on
nature

:|-'---z
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of region hit, and normal and line-of-sight thickness of

the region hit are determined. Ttre ray continues through

the vehicle, determLning the same information for each

regj.on it traverses. aad is iinally terminaced, on leaving

the far side of the vehLcle. The data, thus generateA,

are put out in printcA and punched card form for use .in a

subsequent ASEts prograt.r. This latter program caLculates.

not only the residual penetration energy after encounterin-g

a region with the deflning f,eatures established by the

ttAcIC progr.rm, but, atlditionally, the signific.er.ce of thc

encounter yith thLs definedl region in lems of the prob-

abi l i ty of ' the,varLous ki l ls Ln quest. ion. I f  there Ls

residual ener€ty, this process is continued wir:h the next

region and so on. Thus, the cornbination of the MAGIC anal
'ASEB programs fonrg a complete mathematj.cal . frarnework in

which one can accormodate all tne geometrical and mater:lal.

information concerning the vehicle as we1] :.:t, ,-he pene-

tration and Lethality properties of the projectlle. Since

each program runs several- rninutes on a large computer, a

, number of deeign parameters can be investigated,

I.2.3 $Bpl*g?!.ion of Cornbinalo;ial Geometry to Nuclear

In addition to attack by conventionai weapons, modern

vehiclea may be exposed to attack by nuclear rreapons.

Gengrally speaking. the crew o.f a vehicle is nore sensitive

to rad,iation than are any of the instruments or equipment.

, i
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Thus, the primary problem is to establish the radiation
levels to which the crer.r is exposed.

A number of calcrrlationai technigues exist for deter_
mining the rbdiation close in free air or at the air-earth
interface. Honever, until the development of the combina-
torial geometry technique and its incorporation into the
SAItt-C pqogram, as discussed in Seition 4, no techn.{_que
existed for peiforrning detailed calculations of the trans-
port of radiation through an accurate moddl of both the
vehicle and its environment.

Exactly the same geometrLcal input data used in the
MAGIC program is used in the SAM-C Frogram. This progran,

using ltont-e Carlo techniques, simulates the actual flight
of radiati.on, from its source (burst point, for instance)
through the environrnent to the dose region. fhe follovJj ng
interactions of radiation with matter are treated:

1. Garryna Rays

a. Compton scattering
b. Absorption by the pho{:oeLectric

and pair production processes
2. Neutrons

a. Inelastic scattering

Discrete level
' Continuun



b. Elastic scattering

Isotropic

Anisotropic

c. Absorption.

Ihe proEram also can treat tirne-dependent problems

and ca.n be used to evaluate transient rirdiation effects.

The SAtit-C progran hae been applied very successf,ully to

stud.ies of. the tranaport of weapon radiation through the

air to and through a detailed combinatorial geometry

representation of an !160 tank. In these calculations,

the neutroas rrere foll.owed. down to +-hermal energies and

secondary gamna-ray production Ln the tank structure and
'pernonnel 

were taken into aocount.

I.3 EXTENSXON OF TECIINICqL EFEORT
' 

1!he objectl,ves of, this contraqt effort required that

speclfic output be achierled by practical means. It should
-/

be noted that many portione of the'MAGIC and SNrl-C pro-

grams have not yet been opf,imized to reduce 3g.''': r-9 tiln€ r

, computer menory requirenents. or the labo! rcquired to

prepare input. Th5.s aspect of the effort lra. been con-

tinuall"y reco$nizea by both I{AGI and the coserrunent, but

optJ.mizatJ.on has been deferred i-n favor of producing a

working practical system. Such optimization ghould be

pursued.

It r.s now obvioug that once the geometric description



has been prepared it can be used in a variety of other

studies with appropriate progranning - For example. these

a re :

Evaluat ion of gamma dose in vehicles

traversing fa1l out f ields;

Center of gravity and noments of

inertia determinat.ions ;

Graphic display of the geornetric

configuration;

Evaluation of, lethality of sPall

fragirnents resul.ting from target

1 .

2 .

3 .

4 .

penetration;

Evaluation of lethality of

bursts t

arbitrary5 .

6 . EvaluatLon of shock ltave effects

on radiation close.
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2. DESCRIPUON OF THE CO!{BINAIORIAL GEOMETRY TECHNIQUE

Iri order to perform computer studies concerning a
vehicle one must first be able to prepare a mathematical
model of the vehicle, and its environment. ?he combina_
torial geometry technique has been developed to pernrj.t a
model to be prod.uced which is both accurate and suitabl.e
for a ray-tracing analysis program. The latter feature
is important since hoth the conventional and nuclear
vulnerability analysis programs involve the tracing of rays
through geometrical models.

In effect the geometric desiription subdivid,es the
problen space ir.to unique regions. This is achieved through
the use of nine specific aeometri.c bodies (elosed surfaces)

' and the orderly identification of the combination of those
bodies which define a region (space vohmre). The bodies.
which will be discussed further in Input preparation (Sec_
tion 2.2) are as fol lows:

1. RectangluLar parallelepi-ped (Rpp)

11

)
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Box

Sphere

Right CircuLar .Cy!.inder

Rtghi Elld.pticaL Cytinder
Tluncated ,Right Ang!"e Cone
ElLipsoid

Right Ang'}e Weclge
Arbitrary,Convex poilyhed.non .of, .

four, fiv.e ,or .six sides r(.each side
having three or ,f,our vertigest.

Except for ,the Rpp'ra, ;allL rbodies may,be ar)rd.trariily
oriented .lrith seEpe"t to the x,r !r z coordd.nate ,axes used
to dletermine tlre spacc. lrhe Rpp{E .ane spectaL .bodies used
to dividle ttre orreralL ,gcg!0etqy into Ena!.l.er regi.ona- fhis
reduces the ti.me requ,ired i.n ray .tracilng .,whcn .nany physical
regllons are prcsent. rt shoutd rbe noted :ttat the Eidea of
an RPP nust be parallel to the .cgordlnate axes.
2.I REGION DESCRIPTTON IECn}IIQUE

f,he basic technique f,or the deseriiptrlon .of rbbe geom_
etrl' consists of, ctefining the location and lhape of the
varioug physical regions (rvalLn ,eguipment, .€tc,, in terms
of the iatereectlona and unirons 0f the v.olEnea contalncd
in a set of si.nple bodiec " A specilal. operator .notation

involving the slznbols (+) r (-), and (OR) ie used to des_
cribe the intersectiorts and unions. These symboJ.s are

2 .

3 .

4 .

5 .

6 .

7 .

8..
'  9 .

L2



that

body"

terms

used by the program to construct iables used in

tracing port ion of ' the problem,

If a body appears in a region descript ion rdith

operator, i t  neans that the region being described

wholly contained in the body.

If  a bod.y appears in a region descript ion with a (-)

operator, i t  means that the region being described is

who1Ly outside the body.

ff the body appears with an (OR) operator. it means

the region being d.eecribed includes all points in the
fn some instances, a reg,ion may be described :n

of subregions lumped together by (On) statemenLs.

The technique of describing a physical region is best
illustrated by an example. Consider an object composed

of a sphere into which is inserted a cyl inder. rhis is
shown in  c ross  sec t ion  in  F ig .  2 .1 (a) .

To describe the object,.  vre take a spherical body
'penet ra ted  by  a  cy l indr ica l  boc iy  t? ig .  Z .  1 (b) ] .  Each body

is numbered. Consider the sphere as body l:o. I and the

cylinder as body No. 2. If the materials in the sphere

and cylinder are the same, then titey can be considered as
one phys ica l  reg ion ,  say  reg ion  IOO {F ig .  2 .1 (c )  } .

fhe description of region 100 wouLd. be:

100 =  (oR 1)  (OR z)

Ihis meanE that a point i.s in region L00 if it is either

the ray-

a  ( + )

l 3



( a )( c )

(e)

h'
(a) (b )

6\*,
\n/

l i * ,L-r

I'ig- 2.1 - BeElerrs ProduCe{ by IntetseCilons anil'Unions
df Spheie add Cylindel

t
!

,

i
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E I
i l[' I
E . - l
8; I
Fi IK Iv l

F l

FIHl_F

inside body I ol:  inside body 2.

If  dif ferent materials are used in the sphere and
cyl inder, then the sphere with a cyl indrical hole in i t
would be given a dif,feront region number (say 200) from
that of the cyl inder (300)

The descr ip t ion  o f  reg ion  200 wou ld  be  {F ig .  ? . f (d ) } :
2 g g  =  ( + 1 )  ( _ 2 ) .

This means that points in region 200 are arl those points
inside body I which are not inside body 2.

fhe  descr ip t ion  o f  reg ion  300 is  s imp le  tF ig .  2 .1 (e)  ) :
3 0 0  =  ( + 2 ) .

That is, al l  points j .n region 300 l ie inside body 2.
This teehnigue, of course, can be applied to combi-

nations of more thaD rrve bodies and such region descrip-
t ions could conceivably contain a long str ing of (+), (-)
and (OR) operators. ?he inportant thing to remember is
that every spatial point in the geometry must be located.
in. one and only one region. Further examples are given
i n  S e c t i o n  2 . 2 . 2 .

A rule of constructi.on imposes the additional restric-
tion that region descriptions incluile negation (_) of
buttreSsing surfaces which are not otherwise necessary to
the logical descript ion of the region. That is, i f  boxes.
2 and 3 are in contact, as on tlrb following page, the
descript ion of region 200 must be 200 = (+2) (_3). Reglon

1 5

t
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300 should be defined a€ ]t00 = (+3). t-Z)..

lhe user of the prograu will rpecify the geometry by
establl.shLng two tablee. ?he fLret table will describe
the tlrt)e and Locatl,on of the eet ef boclLes used in the
geonetrical deecrl.ption. The .second table will identify
the physical region in teras of thess bodltee. The compu-
ter progrram procesnes theee tables to put the data in tlre
form reguired for nay tracing. All of the apace muat be
divided into regiongr rnd once agriri no polnr- may be Ln
nore than one region.

I
. I

t
. i

. J
I

f

j

{.
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The information required to specify bach type of body
is as fol lows.

i
:

1. Rectangrr:1a:. Parallefe_-=d_ , 
"ppt

Thesd bo,fiss are used for gross subdivisions

of the geometry and must have bounding sur-
f,aces paratllel to the coordiDate axes. The
entire geometry must be enclosed in an Rpp.
Specify the rnaximum and mirrimurn values of
the x, y, and z coordinates which bound the
parallelepiped.

,ymin
-./ - ymax

. /  - /_ _^(_ _ Uniata

_ Znin

' Y

Xrnin -

x

2.2 TNPU? PREPARAUON

2.2.1 Desc.ipt ion of Input paramerers

L7



2. Box (BOX)

Specify the vertex y at one of the corners

by giving i ts (xryrz) coordinates. Specify

a set of three mutuaL,Iy perpendicular vectoqg,
ai.r repreBenting the height, width, and
length of the box, respectively. That is,
the x,y, and z components of the height,

width, ancl Length vectors are given.

a3

a2

V:irVyrVz

3. Sphere (SpH)

Specify tlre vertex V at the center
scalar, R, denotlng the radiug.

and the

I 8



4. Ri..ht Circular Cvl inder (RCC)

Specify the vertex V at the center of
one basen a height vector, H, dxpressed

. in terms of i ts x, y, and z components,
and a.scalai,  R, denoting the base
rad ius .

v (vx,vyrvz)

:

{
t

19



5. Right EDiptical CyLinder (REC)
Specify coordinates of the .center of
the base ellipse, a height vector,
and two vectors in the plane of the
ba3e deflning the major and minor
axes.

I
'i

' r l

'l

t '

, .

2 0



I

rr.r.,r!rtsn{|:r.'i.!!Pit ,i-r4rriiFfr:iirs.!?iar -rlr.tr,ti,ftE:iitF r.lr.rtitit $.lr!<rYt tv..4.-r-s_ !q'r""'3G> 6|xb"' j r'i"+ ! !_ ' -

6.  _U'{nc@e (TRc)

Sgecify a vertex V at the center cf

the lower base, the height vector,

!r  expressed in terms of i ts x, y,

z components, anA two scalars, Rl

and R' denoting the radii of the

Lower and upper bases.

2 L



7. F.*j.ps,oid. (nLL)

Specify tno vertices, Vlr denoting
the coordinates of the foci and a
scalar, R, denoting the length of
the major  a{ iq .  .

Yr

- \ l- \.1
. / \' t

22



8; Riqht Anqle Wedqe (RAW)

Same input as for the boxes.
However, al and a2 describe

the thro J-egs of the right

triangle of. the wedge..

el

2 3



9. Arbitrarv Polyhedron (ARB)

Assign an ordinai nurnber (I to 8)

to each vertex. For each veitex,

give che *t Yt / coorclinates. For

each side of the figure list the

ordlnal verteti nunbers. The ver-

. tices and side descriPtions may

be given in anY L-tder. An exArnPie

Ls given later.

2 4
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2 . 2  . 2

Some representative geometries and their input des_
criptions are shoern below.

Body

1

Reqion

1 0 0

200

300

z

3

List the six bounding coordinate values
(x1n1n, xmax r Ynin, ymax, z6jnr z,n611)

tist the vertex and radius of sphere 2
List the vertex and radius of sphere 3

one possible rigion input Lable is shown belorr.
TABLE II - REGION DESCRIPTION

Input
(+1)  ( -2 ' )  ( -3 )  (Reg ion  LOo is
of all points interior to Rpp
exterior to spheres 3 gnd 3)
1+3) (-21 (Region 200 i :  composed of
all points interior Lo sphere 3 and
exterior to sphere 2)
(+2'l (+3) (Region 300 is
all points which are in
are also in sphere 3)

composed

No.  I  and

composed of

sphere 2 and

The body input table is

TABLE I - BODY

shown below.

INPUT DESCRIPTION



Region

4 0 0

5 0 0

. Input
(+2)  ( -3)  (Region 400 is
poj.nts interior to sphere
to sphere 3)

composed of al l

2 and exterior

region,

and  400 ,

(oR 2)  (oR 3)  ( r f  des i . red,  one
the total of, regions 200, 300,
can be definedl as region 500)

2 6



I . 1 9 . 2 . 2 - Regions produced by Intersections and Ur.ionB
of Tno Spheres

2 7



Example 2 - Cvlinder Divided into Two Regions by a Box
ffi@5t--

TASLE 1 - BODY INPUf DESCRIPTION

Body Type of Dq!4 Required

I List the six bounding coorlinates

of the RPP

2 I'ist the vertex, rad.ius, and height

vector of cylinder

3 List center and raalius of sphere

rl List coordinates of one corner and

components of three vectors repre-

senting sldes of box
' The regLon input is as follows.

TABLE II - REGION DESCRIPTION

Region fnput

100 (+1) (-2t (-3) (Al1 points interior

to the RPP antl exterior to the cyliniler
. and sphere. Note that region 100 in-

cludes all of the space contained inside

body 4, except that porfion inside cyl-

indler 2. This space cr.n be assigned a

special region nunber, if desired. If.

as in thLs example, lt is not desLred.

it is not necessary)

i ZOO (+2, (-4) (A11 points interior to the
i
(

t

t

,!

cylinder, and outside the box)

28
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I
II
I
I
I
I
I

Ii
i

Region

3 0 0

4 0 0

Input
(+3) (-2) (A11 points interior to the
sphere and external. to the cylinder)
(+2) (+4) (A11 points interior to the
cylinder and also inside the box)

29



. 2 0 0  /\  - "

100

RPP ].

tLg. 2.3 - Regions Produced blr Intersectiona and UnLons
of Sphere, CLrcular Cyllnder, and Box

t

{t

3 0



Body

I

2

3

4

Region

100

200

300

Example 3 - Mult iple Region Capabil i ty - Cvl. tnder Con-

TABLE I - BODY INPU? DESCRIPTION

Type of Data Required

List RPP data

List cylinder input

List sphere input

List sphere input

TABTE II - REGION DSSCRIPTION

Input

(+1) t-21
(OR 3) {OR 4) (Al1 points interior
t o 3 o r 4 )

(+2)  ( -3)  ( -d)  (A11 points  in  the
cylinder but not in. the spheres)

I

i
I
I

i

t

I

31.



s 'E-EB
It
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E
K
Ba,r
E

F
I

$
D '

RPP }

tr.ig. 2.4 - Example of._phy6ical Reglon produced fromUnconnected Region.s Ueing rOa, Ctitemenl

100
Sphere 3

Cy'linder 2

32



2.2 .3  Card  fnput .Formats

The folrowing punched cards 'are needed to describe the
geometry and must appear in the order in which.they are
described below.

t. Comnent Card

This card contains a 60-colurnn alphanurneric title of
the problem and wilL appear in the printed output. The
in1,ug 6qs.at  is  (10A6).

2. Quantity and Scaling Caral
This card con:ains seven guantities,

of rrhich are integers. The input format
Oua1:ll!1, D'efinition

The number of Rpp|s in the geonetry
The number of triplets. (A triplet
is a set of vector coordinates used
in the description of nore than one

.boily. )

The number of scalars. (A scalar ' is 
21-30

a number used in the description
more than one bocly. )
The number of bodies in the geometry 3L-40
(not counting Rpp's)

The nurnber of regions in the geometry 41-50
Printing optioh. If other than zero. 51_60
the geornetry data stored in the

NRPP

NTRIP

NSCAJ,

NBODY

NRMAX

IPRIN

the f,irst six
i s  ( 6 1 1 0 , 8 1 0 . 2 ) .

CoLumns

l - t0

1I-20

of

I
I
I
I



Ouantj.i1' Definition columns
IPnrN (MASTER-ASTER) array will appear in( c o n  r d .  )

the printed output. I f  zero, this

print ing wil l  be suppressed.

DIST Scale factor (f lciat ing point folmat) O1-20

f f  0 . 0 ,  b l a n k ,  o r  1 . 0 ,  t h e  s c a l e

factor *i11 be assured equal to 1.0

by the program. Othenrise, all

dimensions wiJ-L be scaled by this

quanti ty.

3. RPP Cards

GJ.ve one card for each Rpp (a totaL of NRFp cards) .
The card fcrn Ls as follonE. Where each coordinate d.efines
one of the boundingi pJ.anes of the Rpp, the input format
i s  ( 6 E L 2 . 5 ) .

Coorditrate i{min Xmax ymin ymax Znin Zmax
Colurnns L-L2 L3-24 25-36 37-49 4g-{,1 6t-72
4. Triplet Carcls

Give one card jor each triplet (a total .of NTRIP
card,s). Each card containe three floatJ.ng point numbers
describing the (xry,z) conponents of the tr iplet.  fhe
input format ls (3812.6) startlng in Column 1. Omit if
NTRIP = 0.

'!

!.^ t
;

3 4



I

c Scalar Cards

Give one card for each scalar (a total of NSCAL cards).

Each card contains one floatir..g point number giving the

value of the scalar. The input format is (elZ.6) start ing

in Colurnn I. .Onit if NSCAL = 0.

6 .  Body .Cards

The computer assigns to each body an ordinal number

which depends on the order in which the body cards are read

in. Thetefore, it is most important that the.card sequence

natch the nurnbering sequence used in the region descrip-

tions. llote that no gaps may be left.in the body nunbering

sequence and that the Rpp numbers must piecede numbers

assigned to all other boclies.

Tire d.ata describing each body may be given in one of

two formats. The. first of these is in more general use

and employs floating point input data to specify the actual

locatLon ahd dimensions of a body. This format wiLt be

described f irst.

Format I

Eight d5.ffereot

standard forrnat for

body types trtay be employed.

each body is as foll.ows.

The



1

,t
I

Columns

2-3

4-6

7 -10

r1-70

Tab le  2 .1

quantitieb

Input
Any nonblank Hollerith character (directs

the code that tloating point input will
be used)

f\to characters of arbitrary Hollerith d.ata
Three-letter body identafier. Note that
the numbers assigned to Rpprs must be
lower than the nurhbers assigned to other
bodies.

Four characters of arbitrar)' Hollerith data
Dlvidedl into six floating point fields of
l0 colrimns each. tsotly dim-enbiohs are given
her-e.

describes the input required foi each body. The
Vi Hi etc., were defin-edl in S€etion 2.2.
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i

:
:

. !

t

t
!
!

l.
t
:-,

' 1

f".
1'.
g;

Note: Each of the six facrss of an ARB are described by.a

four-digit. integer giving the number of r-he four vertex

points at the cotrners. The point rrutnbels for each face

must be entered in ei c,her clockw.ise or counterclockwise

order. The format, j-s 6(tx' 1.4) starting in Column Il .

An example is s,hown below.

Format 2

The second fornat for body input riakes reference to

previously read in triplet and scalar data. This format

ggpnot be ueed to describe the ARB bocly. The followi.ng

input format is rised for al.l other boclies.

ColumnE Input

1-3 Blank (the blank in Colunn I informs the

code that triplets and scal€Jrs tt:ill be
'referenced)

3 8



Columns

4-6

7 - I 0

11-70

Input
'rhree-Ietter body identi f  j .e.c. Note that
RPP numbers must be lower than those for
any other body.

Blank

Dividetl  into six integer f ields of I0
eol-ulns each. Ihese fi-elds contain the
identifying number of the triplet or
scalai which is used to specify a par-

ticular inpur quantity. For example,
instead of specifying Vx, Vy, Vz for the
veatex of a box, as in Forma t 1. the
nurrnber of the triplet vector having those
component; is given. The, nurnber of the
triplet or scalar is determined. by its
pcsition in the seguence of triplet or
scalar identi f icat ion cards. The f irst
tr iplet defined is tr iplet No; l .  The
first scalar defined is scalar No. 1.

I

{
] ' '

It should be noted that ea--b body must be described

Format 2. However, d.if-conpletely by either Format L

ferent formats may be employed

ARB is restricted to Format l)

s
tit

#
PTH
i!9:fr
ffi
t4

$ff

for d.ifferent bodlies (the
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7. Region Cards

Each region mu6t be numbered and described by a
logical conrbination of the bodies which nake up that re_
gion. A total of NRMAX regions must be described. Use
as many cards as necessary to describe each region and
begin each region on a new card.. The input format, des_
cr ibed beJ .ow,  i s  ( IS ,  1X,  9 (A2,  15)  ) .
Columns

t -5
6

7-8

9

I0- I3
.14-69

Region

8Lank.

Insert

blank.

Input

Nunber.

(OR) if needed. Otherwise, lea.re

Insert either (+) or (-)
Number of bodly.
Divicted into eight fields, each bei.,g
similar to Columns Z-13. The fi lst tno
columns of each fieldt are reserved for

. the OR operator. The third column is
for the (+) or (-) operttor. The lasc
four columns are for the body nurnb6r.

Uae an many cards of the above tlpe as needed to com_
plete a region description, tut reave columns r-G brank on
all continuation card,s.



The last region clescription card must be
a card containing a {-1) iD CoLumns 4 and 5.
the code that all regions have been described.

followed by

Thi.s informs

!.l
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3 . DESCRIPTION

This section of the report contains a complete des-

cription of the MAGIC program. A general discussion of the

program (Section 3.1) is folloqred by a description of the

nongeometry input requirements (Section 3.2). The geonerry-

dependent data have been discussed in Section 2.

The organization of the MAGIC prograrrr and detaileit

descri.ptions of the subroutines are described in Section

3.3. The output of the plogram is also diecussei l  .  Sec-

tion 3.4 will discu'ss the actual running of the problem on

the computer, including deck configuration, operating
instructions, and tape assignments. A sanrple probJ.enr

displayed in Section 3.5.

OF THE MAGIC PROGN.AII{
PROJECTILE ANAI,ISIS

FOR CONVENTIONAI,

I
ti&E:
BlERFF
FJ
k!a
a;.
F

1s
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3.I GENERAI, DISCUSSION

The MAGIC program accepts as input a vehictle descrip-
tion (as described in Section 2) ancl an attack plane des_
criprion (to be d,escribed in sectLon 3.2.2). The attactc
plane defines an area over which rays are to be ,.fired.l
goward the vehicle and the direction Lr. which such rays.
are to be fired.

. The output f,or r.rach ray is a seguential U.sting of
region infornration for each region penetratecl. Each reglon
will be identified by a region identLfietr as describecr rn
Section 3.2.1. A brief l ist of the itens that are output
for each region penetrated by the ray is given below:

1. Region identifier

2. Region thicknees (line-of-gight distance
' throuEh the region)

3. Normal thickness
4. AngJ-e of obliquLty
5. Space identification (the type of space

foLlowing the region)
5. Thickness of the Epace.,
Ehe actual l.tACIC prograrn operates in two phases. FLrst

there is an input processing plraee wh -r.ch read6 and processeg
both the geometry (target dleecription) and nongeometry
(attack plane, region identification codes, etc.) data. fhe
processing consiste of validity checking of input anct the

. i t
't:.-.^
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generation of data arraya to be uaed by the second phase.
Ehe second phase perfbrms the ray tracing and gener-

ates the sequential region data. fhe ray tracing is per-
formed by subroutines TnACK and CALC under the control of
subroutine GRID. The routlnes are discussed in Section

3.2 NONGEOUETRY INPUT REQUIREMENTS

For conventional vehicle vulnerabilLty, each materlal
reglon (not an air iegion) is assigned an identification
number 'ilDrr. Each air region where no material exists is
assigned a "space,' nurnber. Thus each geometric regrion has
either an !'ID" nurnber or a "space,t number, but not both.

For. compatibiJ.ity rd_th the ASEB vulnerability prograo,
certaJn "ID" and ,,space" nurnber conventions are uged. AII
'ID" numberg are three digits and all ,'space,, numbers are
two digite. fn addition, the geometric region containing
both the attack plane and the vehicle must have a ,'space,l

code 'of 01 and no .'IDr. A detailed discussi6n appears in
Sect l .on 3.2.1.

' Additional input is required to establish the size and
orientation of the attack plane with respect to the vehicle.
A discusaion appears in Section 3.2.2.
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The :.dentificaticn {ID) and space code data are used
to identif,y the regions penetrated by each ray. These ID
and space nunbers will be punched as output together wJ.th
'region 

thi,cknesses and other data generatect by the ray-
tracing procedure. The ID and spaz;e nunbers eerve to
identify the regions for subseglent vulnerability programs.

An example of the relationship between the original
region numbers and the rD and space numbers will irlustrate
the usage.

Consider the following sirnple neometry composed of a
single RPP, three boxes, and a sphere.

I
. t

I' l

I

t

f
t

-  -1 . ,

Reg !

D2



fhe region data for the preceding configuration is:

Region 1 = 1-2-3-5
Region 2 = 3-2 (Note the negat,ion of body with

a common boundary )Region 3 = 2-3-5-4
Region 4 = 4
Regio.r 

"5 
= 5-2

The ID and space <tata table is:

FEEion- ID-:-------Eace

1

2

3

4

5

Blank

1C0
nlanh

200

300

0 l

Blank

02

Blank

Blank

Thus the punched output would appear as:

100
D2
DN2
A2
2
DS
200
D4
DN4
A4
2
D S '
3 0 0
D5
DNc
A5-
9

lhe ID number of Region 2
The actual distance through Region 2
llhe nornal distance throuqh neqion 2
The angJ.e of obliquity
Tbe space identifier of Region 3
llhe distance throug[ the space up to Region 4
X'he ID number of Region 4
Ihe actual distance through Region 4
The normaL distance throueh Reqion 4. The angle of obliquity 

-
the space identifier of Region 3
fhe distance through. Region 3 up to Region 5
The ID number of Reg!.on S 

-
The aciual distarrce-through Region 5
The normal distance through Region 5
The angle of obliquity
fhe "9' indicates thb.t this is the last
lrpace and that nothing else follors. ,!he
"9" is generated by the progran.

4 7



I

I

I

I

I

:

i
' " *

li

t ,F4 Y r \ r*,a€r,,.

The program hds the capabilitll of cornbining all con-

tiguous regions having the sanre ID or spac€ numher., fhus,

if a series of regions all having the sdne ID or space

number are penetrated sequentialJ.y, the sum of the indl-

vialual thl-cknesses wculd be output Lnstead of the indlvtdual
. thicknesses. fhl-e feature is useful J.n dividing a reElon

containing rnany bodies into eeveral regione edch conposed

of fewer boclies. The ieveial regi.ctns then would haVe the

sarne iD number. It is Bugge8tdt that thls device b€

enployedl lrhenever poseible becau66 it will shorten the

conputation time. The actual card irijiut formats appear in

sec t i on  i . z . s .

3 . 2 . 2 Attack Pldne Data

. lIhe attdck piane is the gilane froni rhich the pene-

trating rays iill enrnatei The iaye wLll be orthogonal to

the attaek plane. The i:lari€ is dlviddat intb a two-dilren-

sional rnesh oi i:itr: cells. ihe doliorrtng dtata are reguJ.red

to positioh the plane in ei?dce ahd tb estabush the lunber

of 4.in. celIs to be piocidEedl;

NX

NY

instnni
iENc
A
E

the nuinbef of 4-Ifi. cells ia thd
horizontal dliiectlon.
fhe irurhber itf 4-in: celle lit thE
vertical illrectlcih.
The irudbei of the fegion (ah RPP)
enclObing the vihLcle.
SAthE dS IRSTARTI'
An aziiruthal angl€.
An eleVatlon ahdle.
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ENGTH

Xc
Yc
zc

The normal distance from the eenter
of the vehicle to the attack plane.

The coordinates of the vehicle center.

Fig. 3.1 wil l  i l lustrate the usage of the abov6 i tems.

For the purpose of clarity the attack plane is shown

as a slab n the illustration. The NX and Ny d.efine the
slze of the attack plane at position I. The angle A

measured fron X to y in a counterclockwise d.irection spec-
ifies the azLrnuthal angle. The angle E, as shown, specifies
the elevation angle. The distance ENGTH specifies the
distance, frour vehicle center, of the plane. As shown in
the figure the plane is first rotated in the X-y plane,

resulting in position 2, and then rotated in Z, giving
position 3, the actual attack position.

Note that the region enclosing both the attack pJ.ane
and the vehicfe must be large enough to contain both. Note
also that the attack plane must not intersect the vehicle.
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Ptg. 3.1 - Attaek plane Orienta'ion
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3.2 .3  Card  Input  Ponnats

e---Sgg@ier and Space Code

This part of the input has exactly NRIIAX cards. Each i,
card corresponds to a region and has the region number (an 1

integer ending in cc 10), the vehicle component identi f i -

cation number (ID) ending in cc 20. and the "space" number

ending in cc 30.

In adclitlon to the region number, identification irum-

ber, and space code, cc 3I-36 may contain alphanuneric data

which wllL appear on the output listing only.

B. Aspect Card

This card contains the number of attack planes to be

processed. It should be an integer ending in cc 5.

c. Grid Data Set Cards

Each attack plane requires a set of these cards. A

set can be either two or three cards.

Card one (NI(, NY, IRSTARr. IENC)

NX is the nurnber of gz.i't sguares in the horizontal

direction, and NY is. the number of grid squares in the

vertical direction.

IRSTART and IENC are both equaL to the region number

of the enclosing region. lhe format for the four iteme ie

(4 r10)  .

5 I
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Card Two

Angle of azimuth and elevation, floating point numbers
(degrees) in cc l-12, 13-24, respectively.

ENGTH the normal distance frorn vehicle centgr to the
attack plane, a f,loating point nurnber in cc ?4-g6.

If the vehicle center is Eg 0, 0. O, then cc 3?-4g
must contain a nonzero (qny) floating poin! nt{nber. If the
center is at'z610, Ieaye cc 37-{8 blank

lVhen cc 37-48 in nonzero, then card three (3) is
neceEsary. It contairrs the X, y, Z coordinates of the ve-
hicle center, punched, as.floating pg+n! nunbers {n cc 1-12,
L3-24,  25-36.

3:3 ORGaNIZATION OF lHE l.tAGIC pROcRAll

. The pu4rose of thie sectLon 19 !9 pror;1{g the reader
uith a baeic underetanding of tfre nain 19gic flow in the
conventioqal vulnegqbility code, UAGIC. The M.rr.GIg routine
directe the entlre -ctlculatlon, cqllins 9q vgrrous subpro-:
gr*rii- to perform spgcific functions. ThiS section, then,

'ie concernedl prinerily wilh the baslc 5otg of gach of these
subprograrne in the overall schene (see Fig. 3.2). Detailed
descriptions of these routines, inleniled rnfinly for pro-
granuere wisllng to inplqgrent ttlg pfogram on lhelr computer,
can be found in Sectron 3.3.1.

5 2



At the start of a problem, IIAGIC first, init ial- i-zes
certain system constants and parameters. Its next function
is to store the data describing the geometry of the prob_
lem. A card is read containing either a ,,I,' or flbLankfl in
Column 10. The presence of a I informs the program that
the geonetry data have already been processed in a.previous
problem and are available on input tape 4. Ihis tape is
then read into the computer and no further geometry input
data processing is perforned. fhe code will then bypass
all of the operations outlined in the next paragraph. A
blank, however, instructs the code that geornbtry input is
to be read from cards and in this case subroutine GENI is
called.

GENI is the rnain control routine for geornetry input
processing. In essence, its purpose is to put the geonetry
data into the form reguired by subsequent sections of the
progratn. Suitably processed data are stored in a large
array calledr the IttAsrER-AsrER array. The processing of lhe
body input descriptions are accomprished by first carting
subroutine RPPIN to read and. proeess the Rpp data. All
other bodies, with the exception of the arbitrary poly_
hedron (ARB), are processed direc,:ly by (:ENf . Subroutine
ALBERT ls carred whenever input for an ARL\ is encountcred.
After the body l.nput'has been processed, the regl.on des-
criptions are read in by GENI and stored in tbe MASTER_
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ASTER array. This conpletes the processing of geonetry
data. Before concluding. the discussion of GENI, however, .
mention should be nrade of three other important subroutines
which it employs. Subroutines fTLO|CON and DIGCON are used
to convert Hollerith input to floating point and integer
formats. respectively. The SEE3 routine is used to store
triplet and scalar data.

daving conpleted all geonetry input proceesing, con-
trol i.€ returned to !,!AGIC and a binary tape (logical 4) is
rrrittrrn containing all of the proceesedl geometry. This
tape can be enployed. in subseguent problens which require
no geonetry changas. Iaving rritten thie tape, UAGIC reads
the reglon identifLere ind space code numbere Lnto the
!,!AS!ER-ASTER array.

At thia point, the ra7-tracLng phase of the progran is
initiated. A csrd is read infornJ.ng lrAcrc of the nurnber of
anEl.eB of attack (i.e., a8pect angles) to be treated. AII
calcula+i*ne for a given aspeqt qngle.are directed by sut-
routine GRID, and MAGIC rill continue to call GRID until
all angles have been comptetedl.

GRID ia the main control program of, the ray-tracing
aegnent of the code. rt reads in the data for and generates
an attack plane at the gLven angle of attack. This plane
is diviated into a grid of 4-in. sguare celrs, with eacb cerr
actlng as.the potnt of origin of one ray. Ttre traclng of
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eaclt ray from the grid through the vehicLe geometry is
accomplished by subroutine TRACK and GRID uill, therefore,
call TnACK once for each ray.

SRACK has two prinary functions to perform. The first
j.s to cobrcrinate all the processing for a ray unti]. it
emerges fron the ,'far side" of the vehicle. The second is
to provide calculated output for each ray, for aubsequent
use in vulnerability analysis codes. This output consists
of the "1ine-of-sight, thickness of each geonetric region
t{*aversed by the ray, the obliguity (or angle of incidence)
of the ray with respect to each region (excluding rspaces.,,)

encountered, and the normal or perpendicular di.stance
through each region (excluding "spaces,,) .

Tracing of a ray is initiatecr by a earl to subroutine
eI. This routine computes the line_of_sight distance from
any point in a given region to the outer aurface of that
region. Bo accomplish this. the individual bodies which
rnake up the region in guestion are obtained from the region
descriptions in the II'ASrER-ASTER array. Nrne aeparate
body routines are a'sair.able to compute the dista ce through
each body in the path of the ray. This process continues
until the ray energes fron the regicn. ,Jhe next region in
the path of the ray j.s then determinecl by retrieving a list
of possible reiJions (created by GENI) from the MASTER_ASBER
array. subroutine wowr is then called to determine which

5 5



of the possible regions actuaLly has been entered by the

ray. The region ID number of thie new region, is now com-

pared to that of the region Just left. If they are iden-

tical, then the two regions are part of the same vehicle

component. Ihe ray is then traced through the new region,

with line-of-sight distances being accumulated. When a

neu region identifier is encountered, indicating that the

ray is leaving a vehicle conponent, control iE returned

to TRACT(. tthe total line-of-sight distance through the

conponent ie packecl and stored, and Gl is caLled to con-

tinue tracing the ray, This process is repeated until

the ray fj.nally emerges fron the vehicle. The net result

of these calcuLations is the total line-of-sight dtis-

Eances through vehicle components traveraed by the ray.
' TRACX nw calls subroutine CAIc which conputes the

normal distance through each curponent and the angle of

obl.iguity. The calculated data f,or the ray are then printed

out and controt' ig returned to GRfD, where the starti.ng

point of the next ray is establiehed. After all rays aU

a given aspect angle have been trac€d, GRID returns to

MAGIC. The entire ray-tracing seguence is then started

again for the nq.t aspect angle and Continues until all

angLea have been completecl. Ihe problern ends at that poLnt.

*frE
ar

.g;vr&
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During the ray-tracing procedure, several other sub_
routines are employed to perform the fotlowing specialized
functions.

OPENR Unpacks the component line-of-sight distances.
Computes the direction cosines of the norna.L
to a given ray.

DIRSC

XDIST

TROPIC

RANF

SETUP

ISIGN

RPP2

UN3

Cotnputes the distance between ttro points.

Picks random di.rection cosines.

Computes random nurnbers .

Converts integrar. and decimal parts of afloating point number to two fixed point
in tegers . '

Determines a Hollerith s j_gn.

lJnpacks integer variables in the !!ASTER-
ASTER array.

ldlr?" " 
ray goes fron one Rpp into another,

this routine computes the number of the ney, Rpp.
Computes direction cosines of the Line betvleentwo points.

5 7
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the individual routines

The routine descriptions

contain detai led descript ions of

that comprise the MAcfC program.

are given in alphabetical order.



' | , Subroutine BOX

This routlne slll calaulate the distance frotn a fixed
point IB Ln the direction !B to the firSt an4 last contacta
with a rBOXrr.

The box is def,ined by giving its vertex V and three

. i
I
II

( r )

50

length vectorsglr#Z{l. lhe length vectora denote the
lengths and directions of, the box edges.

Ihc ray IB + rg will intersect ghe borr if

ss (p -V . rg ) .g :6S i .6 . i

Sr

v

for sorne vel.ug of r.

Let
'&t ={g;"5'

2,t=gptr' i  /pt1
v i  "u .* /q i

t?'1z $.9./at

Tlrus eguation ,(l-) b?cqneg

O { P.-\t +.f0i I &i
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I
-a i14 )ii\r, t.a{f!t-,**.

defining

H ( X )  = 1  f o r ) { > 0

H ( x )  =  0  x < 0

and equation (2) becomes

( 3 )

( 4 )
Thus, the ray tiB + rB intersects the box if and only if
there exists an ,rr satisfying inequali ty (4).

This rrt must be nonnegative sLnce only travel in the
direction $ from Ig is of interest. Thus we define

RouT = rnin fl

RrN = ^" l;
\dhere RIN is the distance fron XB to first contact and ROUT
is the distance from XB to 1ast contacr.

The ray NB + rg intersects the box if ano only if
ROUT > 0 ancl RIN < ROUT. The above statement inplies that.+
]i t 0 for alL i in order for the ray to intersect the box.

SubroutiDe cAlc

Subroutine TITACK r,,:iU calL this routine to perform
tlormal. distance and angle of obliquity calculations. The
TITACK routine will_ ca].]' CALC at each region intersection,
CALC triU deternine if nornal dj.stance and angle of obli_
quity are required by exanining the 'spaceil code input.

3i (t,r,c)s r = gi(vn,c-) .
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t l ' ' - .  ' - . -
.fl

,:

The calculations are reguirect foi material regions ind not
ior "space" regions. The cArc routLne aleo detdrmineh if
the ray has left the Rpp containing the vdhLcle dnd agsigns
a "9" to the last spaee.

The routine co*tains siparate coding dectioi,ts for the
normal distance and angle of obiJ-guity c6lculatloir3. Eactr
sectioil refers to ri distLnct body type (spheie, cyJ_inder,
etc. ) .

lhe followitig piiragrdphs contain a nicroscopLc dlis_
cussion of sri6 cilcuiatidn procedure aird dhorild be read in
conjunction rith a FORtAAI.I iisti::E 6f the subroiitine.

. cAr,c begtne by a cail to sirLroirtifr€ oFEI.I( to ietrieve
the pertineiit ifrfoniiarloh dbbrrt thi3 diJntrndt {i3 €tariedr by
subroutihe inai*.
. l[he vatue of lrrR Ls testedi if ii ir, negetiVe lhe cat_

culation fs finlshed.

Ii NIR is positive r.h€ calcirlition bdjind.
SIT is alwayi the liire-of-itdht digtanee fof,the

prdsdnt coritadt anit.lte v:ilde ie tettieved f,iofn th€ trR
array nhere it wae put bi? tiAc*.

Thd Do Loop to S.titeinent 10 uid€ites ihe point of con_
tact f,rofir i€s origirii,l poiitiori 1$ to itd F6sition of don-
tact with tlris region. gs are the dLrection coeines of th6
riy, and fP.AVEt, always contains the total lLne_of,-sight
diatance. Havinf calculated II , the contact point, th€
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value of TRAVEL is updated by the i ine-of-sight distance

tl:rough this region.

Seven (7) is subtracted fron the va1.ue of LSURF as
unpacked by OPENK since, to avoid rregative packed numbers,
7 was added to LSURF when it was packed in TRACK.

A test to determine the sign of L,SURP is rnade. If the ,

value is negative, the ray is leavl.ng the surface, the
direction cosines of the corlputed normal must be reversed
in sign. The variable i'XNOS r is a constant nultiplier of
the direction cosinea and will be set to !1 depending on
the sign of IJSURF.

Statemcnt 15

L,OC is set to the location of the descriptive data for
body nunber NBO.
' A call to UN3 is made to fi.ncl the body type "ITypErr

which will be one of ttre basic figures.

If sense at itclt 6 is on, the routine will outaut the
values of L. SJ, W9, TRAVEL,, !SURF., NBO, IfypE, and LDATA

f,or debugging purposes.

8y setting LOC = Loc+l and calling the unpacking rou-
tine, the location of the physical data for the body we are
working on is retrieved.

Preparlng to enter a computed ,,go. to,', IfypE is get

to ITYPE+I to avold a zero index.

,i

i
,!

.t.|.i
t l
I
:
.?

i
.I
I
i

I
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In future calculations the surface number must be

pos:t ive so i t  is set to i ts absolute value.

A test for a vaLiA IIYPE (1-9) is made, and an error

print occurs if the value is outgide these linits.

Staternent 18

The computed "go to" transfers control to a routine

which wiil find the normal .to each tl1e of bocty. ([he REC

a-d RC. lave the same beginnlng processirtg, and therefore,

share part of one routine, as do BOX and R.AW. )

Staternent 5 0

Thl.s set ,..ion cornputes normals to any of the six sur-

faces of an RPP.

Ihe slgn of XNOS is changedl if LSURF = 1, 3, 5. The

variable I i8 Bet f,or LSURF - L, 2i and I = 2 for LSURF =

i, 4i and I -  3 f ,or LSURF = 5r 6.

Statenent 60

This section computes nornala for the RPP.

statenent 100

The normal to any of the sLx surfac€s to a box. is

computed by thie coding.

LSURF ts tested for odd or even. This is done by
oadding" a Eoohan rr1'r to LSUP.F anct cornparing with zero.
ff L,SURF is even' the sign of XNOS ls changed.

;

fi
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Statenent 102

Check LSURF-3. I f  negative LSURF ir;  1 or 2, set f  = l .
I f  LSURF is 3, set L = 2. I f  LSURF>3, test LSURF-s. Nega-
t ive now means set I  = 2; > 0 neans set f  = 3.

The length vector I = lr 2 or 3 is now norrnal. to the
surface oi contact. The.old-even check indicated.. r,rhether
the contact surface was front or back, and the sign of XNOS
tras changed to ref,lect this.

Statement 115

A call to UN3 to retrieve the location ,of the vertex,
and three helght vectora (in that order). IEUP is a tenpor_
ary storage array.

set LH+IE[P(I) the locatLon of the data for tF.e height
vector of, interest.

LV+IE}IP {{ ) the location of the vertex data..
fhe DO 117 toop transfels the vertex and height vector

coordinates from the maLn storage (ASTER) arlay to trro
temporary affaya, TEMP and TEMpl, respective.ly.

A ca].l to DCoSp (aEMpl, TE&ip) computes the direction
coslnes fron TEIrlpl to TEMP and stores the ansrrera in Wg.

The Do 120 Lvo'' orients TfB (direction cosines of nomal)
according to the sign of XNOS.

Control ia now aent to Statement l0OO.
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Statement 150

This Ls the aection lyhere the normal to the tphere ie
calculated.

A call to UN3 pleke out the losation of.the vertex..
The DO Lls toop takes the ver€ex coordfnates fron the ASIER
array and puts lt Ln the tenrporary array .TEt{.

' A call to DCoSp (XI, TEM) cOmputeg tfre {igection co-
sines from XI to TEII and Etolea r-he results Ln WE. These
are direction coeines of the no. rnal.

DO 156 lJoop set6 tbe cgfrect elgn to thg Ep direction
cosinea.

Control lg now tranef,ergecl to Statenrent 1000.
. Statnent 200

rhia section of the eodg conputea norcmgla to rhe Rcc.
' 

Test ITSURF-z. If poritlve, transfer to St?gqlent 2lO.
If zero, change sign of XNOS. {f negative, no change is
made.

For LSURP = I or 2 we have ? hit 9n 1p!a4ar auaface,
that Lc the top or botton of tlle gyj,indler.

A call to tN3 re!,rLevee the locatlon of the vertex
data, ae well ae the hetght vector.

The DO 2l3_lpop tr.anefere th? vgfter( and heLght vectors
frcm mala menory AS|rER array tg tyo t€Eporery arrays '|[EU{

and 'TEltllr
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A call to DCOSP (TEM, TE!{l) eonputes the directicn
cosines and puts then in Sg.

The DO ?04 Loop, as usual-, causes the clirection cosines
to reflect the sign (orientation) of XNOS.

Statenent 210

lfhe code transfers here for an LSITRF = 3 (spherical or
elliptical siile) and ITYPE = ,. or 5.

.A call to UN3 retrieves the location of the vertex,
height and first radius data.

The DO 2I2 Logp takes the vertex and height vectors
frorn main metnory and places thern in temporary arrays, l!E!t
and TEM1, respectively.

DCOSP is called twice to cornpute direction cosineg,
from TEM to XI (vertex to point of contact on surface)

"{f," those of the height vector TEtt to TEUI.
In preparation for taking a dot product, set SUli = 0.
The DO 217 loop computes the dot product of tdN . WI .
The DQ 214 toop translates the point of eontact to a

point on the height vectol X?.
SUU is now the cosine (dot product of the direction

cosines) of the angle forrned by the height vector and tbe
line from fEM to XI .

.SUl{ * XDIST (TEl{, Xr) (where XDIST is a function to,
calculate the distanae frorn TEM, XI) represents that por-
tion of the height vectorrs total length taken up by XI
under translation.

6 7



Finally, IB = TP* !I + TES sets the value of TP to be

Just the translated line deeired.

If ITyPE-5 is 0, the body is a REC and control is

transferredl to Statement 250, otherwise control is tran6-

ferred to Statemerrt 215.

: Statenent 219

The direction cosLnes from xI to XP are those of the

norrnal .and are put into I{8.

the Do 215 ls a locp to orientate the TP's to the sign

of XNOS.
gtatement 250

Control was transferredl frorn the cvll.nder routine when

ITI"E = 5.

The DO 253 L,oop talces the two radh'.g vectors and places

them at IBr the translated poJ.nt on the height vector. Ihe

resultant vectors are called 1!EMP and TEMPI , respectlvely.

AI is the dlatance from XP to TEl.tP.

A2 iB the dietance f,ron xP to BEMP1 .

, Test(af.ra4land set the larger of the tlro to 41. Change

the value of fEiMP to be the one farthegt fron XP if it is

10t.
Stat€ment 255

'-
c = { t t z - r i 2 2

Compute the tllrection cosin6s frotn XP io IEUP and calL

ttrem U.

(the ,dll,stance from t:he center
to the focus)

t

i

\
)

I
I
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re_gg_eqg_rog cornputes rhe coordinates of the rh,o
focj. and calls them TEM and TEM1 , respectivoly.

Now the direction cosines from TEM (one foci) to Xp
(poi$t of contact) is computeil ancl called WN.

The DO 26_l t:oop sets TEM to the end point of a line
from one of the foci through XI with an overall length
o f  2A1.

The direction cosines from this new end point TEM to
the other focis TEMI are those of the normal WB.

fhe Do 270 Loop, as usual, reorients *n"-fo,s to the
sign of XNOS.

Control is tran6fered to Statement 1000.
Statenent 300
fhis section computes normals to a truncated cone.
If LSURF = 3 (not top or bottom) , unpack the vertex,

height, and two radius pointers. (These are nunurers which
index the position of. the floating data in main storage. )

Compute the difference (DIF) in the siz,e of radirs (L)
top and radius (2) bottom.

Switch r,Rl and LR2 so that the LRI is the largest and
the sign of DII' is positive.

The. DO 305 Loop seta rEMDI - veltex.
fEtilP = the top of the textended height vector" (i,e.,
H.v. nul-tiplied by F.p.CTR).

Compute TDIS distance from XI to TEMp

QDIS clLstance from EEMI,I to TEMP

6 9



WN direction co! fr'oltl fEui to xf
||A direction cos f,roth tEtlp to rrhir
The Do 3iO Loop takes the dl6t proituct of gB.g4 and

stores the result in the variable SU!i. esUlt = iOfS,rSUU is
that portion of the height vectbr u$ed by th6 trlangle inade
fron xp+xl-TE!,ip.

QPLS = eDIS-OSrrU is the reftraiirder oi the height veetor.
No!,v the.Do 312 toop csmFuteg tttti, ttre lroint oir thb

height vecto! normar to the p6int xr 6n th6 Stde surfdce.
A call to Dcosp conFutes the alifection 66slneil r{B from

XI to TEltp of the horntual.
r'he Do 313, rpop, as.iisua._r, charii€i & ta reflect the

sign of qB ang controi Ls eent tO stat€rftent f6d6;
. Statedrent.gii

change rhe sifin oi xNos 30 thae top and bott6di can be
treated tF.e sarire..

unpack vtd UN3 th€ Loadtion <tf the v6rter and. hriigiht
vectors. Then by. the DO 3i0 l,6op, idilp i vertc* cooi.dinatis;
tEl,tPl - helght Vector coofdlinatCg.

conrpute ttB th€ drirectiori 6'66in€s trod rEni to rgwr.
(lhe uotrai to totr or bottom.I

The po 32L lci6o dgain changes Bd tci f,df16ct tire sign

10



Sta tement  350

This section is for computing normals to tbe e3.l ipse.
First,  retr ieve the location via UN3 of rhe two focl (LRl,
LRZ), and the scalar distance of the ma.ior axis (LS) .

The DO 352 Loop sets TEM = focus l ;  TEMI = focus 2.
A = Scalar distance for major axis.

compute direction cosines wN from one focus (fnu) to XI (con_
tact point) .

fhe DO 353 Loop is to find the end point of the l_ine
of length 3. and clirection cosine $-f which starts at focus
lEM. Cal1 i ts other end TEI{ also.

Norf, the direction cosine frori TE!{ to. TEUL i.s called
WF and is the normal .

The D_O 354 Loop, as usua1. sets Wg to the sign of XNOS.
Transfer of control is made to qt3!eqeJg!-I000.

Statenent 400

Ihis section i.s to choose the norraaLs.to the five sides
of a. RAW. But since four of the .five surfaces are the sarne

'as those of a box, the routine will go to 5.q0 (BOX) f,or sur-
faces  1 ,  3  r -  .5 ,  and 6 .

LSURF = 2 represents the slant surface and r.suRF = 4
is an error condition which goes to Staternent 415.

Statecrent 406

A call to tN3 to unpack pointels to data on vertex (LV)
and height vectors LVl, w2.
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Statenent 450

Computation of normiLs to the ARB polyhedron.

The equation of the plane is itX+BY+ez+D = 0. The

d.irectj.on nunbers of the noimdl dre A; B, and C.

L,SPT is the place in the ASTER ar6y where A, Br and

C are stored.
' The Do 453 rroop comphtes t2+g2+c2

1 . ,  1
DIV = Ao+Bo+c'

Bhe DO. 450 loop cdriput6s dire,:tLon cosin€s arid mul.ti-
pllee by ":OioS{. Transfer of, iontrol ii rhade Lo Siate-

nent 1000.

staternent. {15
Eiror h6ft; lbi a bid TSURF htriirber in tRc (r,sunr = 4) .

Staterieitt.-iddO

At ihtii potftt thC iioidii dtrectiorr ib$lh€ii have been

conpirted.

:Ihe Do 1001. Iroob moves the iotitdct pciirri vefi sltghtly
into the rejion Ln ciid€r td $Vbtdl iidckliig fr6frr ir bOuadarl'.

[he an91€ of obltgtitty ih dts'gred6 tb noi etEbdBlhe of
l | B . t { s . 1 8 0 .

1I

rf the boay is tih Afib; the ahsle rnUst bts rhide 3900 by
changlhf the stgh 6i tfBr (fuotei rhl! $a! dohe lh ati othat
ftguies by trnpircttiy testtng.LSijhF o.iri o; eiien.)

. ? ! s  .  ' . ,  $ A >  r  ,

I

I

i
!
t. t
t' .  I
,

.T,
f' 1' l
*
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Statement 1004

NAsc = -2. Set crrmulat ive dist = 0. Start ing a new

ray .

IR = NIR

Call GL to shoot the ray fFom {E in the !p direction,

SN = Sl The normal distance traveled by the ray.

co [o  20.

Statement 20

Call" oPENK to get the region number (NTYPE).

ISPOT = LIRFO+NTYPE-I

ISPOT is the location in MASTER of regj.on and space code

data for NTYPE.

IDENT = IDENT-I because one rras added when it was packedl in

UAGIC,

on, debug printout occurs with

identifier), and NTYPD (region
If sense switch 5 i.s

the varLables NIR (region

number).

SIN

ANGI,E

Line-of-sight distance

Angle of obliquity

SSPACE Distance through a space

SN Nolnal dLstance

WP Direction cosines of norrnal .

Statenent 24

ISPOT anal the calL to uN3 change NIR, the reElon num-

ber, from internal code to identifier for prlrrting by TRACK.

7 3
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, If IDENT is >9, there 1s no space following the region
and NIYPE (t]pe of space) and SSPACE (distance throu.gh
space) = 0.

If IDENT * 0, it is also. not a space (sdace codes are
- 1 ,  I ,  2 ,  3 t  . . .  9  o n l y ) .

statement 40
' test for last contact. Space u IDEN!" code 9 (last

space)

lflrypE = IDEMr (type of space).

SSPACE = rR (Lll) - ner.t line-of-sight distarrce.

IIRA\'EL = TRAVEL+SSpACE update distance counter.

RETURN.

Subroutine DCOSP (XA, XB, wA)
' Purpoae of Routine

8o cotnpute the direction cosines from poi4t :{A to point
XB and to store the d,irection cosines in the array tfA.

Description of. Routine

The variables !iA, XB, t{A are all singly su}scrl,ptecl

arrays of length 3. l lhe guanti t le8 XA(l),  XA(2), XA(3) are
the X, l, I coordinatee, rEepectj.vely, of the point XA.

"he 
wA(l) , wA(z), wA(3) are the ItX, iflf , wz Ctirection coEines

to be computed.

{
I

I

. L
. E

i &
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Let DIS be the distance between point XA and point XB.

The direction cosines are then

f { A ( I )  =  { X B ( I )  -  x A ( I )  t  / D T S  f o r  I  =  L .  2 .  3 .

Subroutine DIGCON (IC, IX, LE)

This loutine is used by GSNI to convert the bocly data

read in tsollerith format into integer fornat for use by

GENI Lf trLplet/scalar data was used for body descriptl.ons.

The IC array contains the Hollerith data which were

read in by GENI. The IX array is to hold the resultant

integer, ana LE is one more than the number of integers to

be created.

Blanks are iEnored in each integer field. except tbat

a field of al,l blanks yill be converted to zelo. The valid

characters are the numericals 0-9. Any other character,

when detected, causes an error message to be output.

At the conpletion of the routine, the IX array will

contain LE-l entries each of lrhich is an integer frorn the

field. Thus, IX(I) wi l l  be the integer from card coLumns

11 through 20, and IX(2) wiJ-l be f:om card columns 2l_

through 30, and so on up to IX (L,E-l) .

Subroutine FLocoN (Ic, Fx, LE)

Thia subroutine is used by GENI to convert a body clata

card read in Collelith format into floating point nrmrbers.

i:l
II
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IC is the data array which contains, in posit ions IC(11)

through IC(70). the ttolleri!-h data read .tn by GENI . Fx is

an array to contain the floating point n:mbers which result

from the FLOCON calculations. Th-ere will be LE-l such

floating point nunbers created.

The rout,ine ignores blank charaiter and accepts in

addition to the numeraLs 0 through 9 the characters (-),

(+)r (E), (.) .  Any other character causes an error print-

out. OmisEion of a deeimal. point or fGlilure to complete

an exponent also rpi.ll cause an error printout. Each field

is  10  charac ters  long and e tar ta  a t  IC( t l ) , Ie (2 )  r IC(31) ,
e tc . ,  and ends  a t  IC(20) ,  IC(30) ,  e tc .  The program wi l l

translate the gol].erl,th infornration to flo4ting point and

s tore  the  resu l ts  tn  FX( l ) ,  FX(2) ,  up  to  f { (LE- l ) ' fo r  a

I|laximls LE of aeven.

gublqqtlne cl (SL, IR, XP)

Subroutine Gl Ls the main ray-tracing foutine of the

IiIAGIC progran. It performs the following funclion. Givgn

a ray in region IR at point XB with direction cosloes WB,

flndl the distance to the next region and the nunber of that

region (IRPRIU).

fhe foLlowing dleseription outlines the method used to

accompLish this ta6k. The flow chart providteil at the end

of this disbussion is a replica of the cocting in G1 .t
t

, ,
t'
t,
?-
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Assume that a. new ray has been started at its point of
ori-gin XBo in region IR. The variable NASC is set to _1 by
the cal.ling program, indicating that a new ray is going to
be processed. Let us d.efine a variable DISr as the total
distance traveled by the ray since it 3.eft XBo. Thus, DIST
is initialized to zero fot a new ray. Gl first investigates
the region description for fR, obtaining a1I. the bodies
which the ray nright strike. Then, for each body nenti.oned
in the descri.ption, the distanceF.. fj6'n xBo to the point nhere
the ray enters the boity (RIN) and to the point where the
ray leaves the. body (ROttT) are computed. Nine different
body routines, each applLcabl.e to a dj.fferent body type, are
available to Gl for'this purpose. Ihe value of lqfpB for
that body, as obtained from the MASTER array, determLnes
irhich routine is carled (i.e., if the bo<iy being examined is
-r sphere, rrypE = 2 ancl cl will calr subroutine spH tc com-
pute IIIN and ROUT for a sphere). Gl then scans all of the
RrN and Roulr values and selects the smar-Jest of these dis-
tances', subject to the constraint that the distance chosen
be greater than DISf. fhe bocly number corresponding to the
chosen distance is then plaeed in the NASCT table. In
general, the ray will not hit all of the lrodies mentl.oned
in the region descriptLon. If so, .ROUT is set egual to a
constant PINF (equal to -t050);

7 7



" - . } . . . - . . - . ,

Three possibi l i t ies exist at this point.

1. A unique value of RIN vJas selected, in

which case the NASCT table cont4ine pnly:

one body number. Shis is the next body

in the path of the'ray.

2. The selected value of RIN may correspond

. to rnore than one body, ind,icating that

two or more bodies .\ave a cotnmon surface.

Each of these body numbers then will be

stored in NASCT.

3. The value of BOUT f,og the bqdy in qbich
.'lhe ral is gfggu irr mey he nelegted.
This means th4! rhe r4y wi+l leqVe th+s
borty betofe e$ceg3Fe1t9S a11y qther,

' rn alry evenr, tbe ray is edvanped tp the next bo4y Fgr-
face (at point xp) and Drsr is eqlu4ge4 tg Fhe shppen varue
of RIN or ROUT.

cI must now aetermine tlrg next fegigp (IgFgIM) where
the ray, at point Xp, is located. Tbe f;-lgt pgily ngrnber is

.ietrieved.fron NASCT and its enteflrlg (if BItl was selected)
or leaving (if ROUT rras selectgd) Febl.e is px.arnined (see
discussion of, ,lsOWI for explanation Of these tables). fhese
.tables pr.ovide all the possible regions phlgh pay contain
the current positiogr of the ra1'. The variable atREG is seg,
egual go the f,1ret region in the table and subroutine wovtr

!

' i

f
I

I .
' L

tI:

,' t
tI
t

$
f'
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is called. WOWI rr-ill test whsther the ray is in JREG and
wil l  set LTRUE = i  i t  i t  is, o;:  TTRUE = 0 i f  i t  is not. f f
L1IRUE = 0, cl wil.l equate .IREG to the next possible region
and call wowr again. This process continues until the cor-
rect region (LTRUE = 1) ,is fourrr:. ff the ray cannot be
located in any of the regions in the. entering or leaving
table, the next bocly is taken from the NASCT table and a
ne'rr list of possibl.e regions is compileo. ff the NASCT
table j.s exhausted without locating a region, an error has
occurred and the error counter IERR is incremented by t.
The ray is terminated and cl leturns to its calling program
with IRPRXM Eet to zero. The entire job is terminated if
IERR exoeeds I0. .Assurhing, however, that the.correct region
IRPRIM bas been determined, the vaiue of fR is compared to
rRPRrM. * rf they are the same, G1 remains in control re-
peating the above procecture with a rr,aw value of DIST. The
cumulative distance, 51, traveled in a region is upilated
throughcut the track!.ng. ff, however, fg I IRPRIM, a new.
region has been entered and Gl .returns to TRACK, where the
total dtistance through the region just left is.stored.. IIt

I

'
a

I
I
ii
iI''I

,t.tt
i

i

* lrhe conventional and nuclear versiong of GI diveroeat this point. rn-sAr{-c, the ;;;i-;; cl i; ii"il,tlaas Eoon as IRpRIM is determined. SAM_C does ;;a-;;;_tain an error counter.and ttre jou LJrminates;h;"----. rRpRrM = 0. rhe rernaincter of fhis-disE;;;i;"l"iii"r,,.applies orily to the MAGrc *r"i.iorr-oi'er.

r-
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KLOOP:O

LfON = LIO+ 1.1ggPy-l+NRPP

I{ASTER ( LIO}
I IASTER (LloN\= o

KLOOP-. KLOOP+I

SM=PINF

LOC=LREGD +TR.I
uN 3 (LO erDut'l, LOC, N C)

LOC:LOC- l
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ITEMP= LI  o+N8O -  |
uN3 ( ITEI {P,  LRT,LPO,  LOCp)

\
,+

c

.t:t
,i,
" d

,i
_.1.:
I
!{I
J(
I
I

L T E M P : L B O D Y + 2  N B O - a
UN 3 (I '1-Evr q DUM,DUM

t  n : '  s :  c  N.  |  , ,Nc

L  c :=Lo . :  +  |

UN3 (Lc.c .  DlJ l -4 ' I : -YPE. r i3

L OO P-KLOO P LRI.LRO = I

RIN=ASTER
(LR,i N{ NgO-r-\

ROU' i IASTER(LRlT*l'tBo-i,
fTEMP=TTEMp+ l
U N 3 T T T E M P ; , !  L i c S :

PR'.I.IT N ER
l N c t A T 1 4

IEqR.TERR+I
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ASTER (Lt i lN + NBO -  l )=  RlN-
ASTER (  LRo' r -$NBo - t )= ROUTI.4ASTER (LIO+NBO-|) = LRr* T 3 O+L RO * r I s + KLOOp

ROUT: Sf.l
ASTE R (lRo"+ NBc- l) = Rour

N}ITT: NHIT+I

LSURT(Nl{f): - LRo
NASLT (NHTf1= PgO

a2



AsrEq(tRIN+ll B o-t. : lv1

g$fiHrr=o

DtST-- RIN

NHfT=N!af T+l
S H = R I N .

L.suRT(NlirJ)=LRI
NASCT(HIT)= NBO

END OF Oo Loop



s l .  S l + s M - D I S T
F!  ST= SM

xP3Xg+\^/B*sM

NAscc  NAScT(NN)
LSURF r LS'JRT(N t\t)
LTF,UE E O
LOC;  LBODY+?  NA S  C-2
uN3  (LO,CTLEN?,LEAV)
uN3 ( Loc{.l,NFt'I6 NFAV,)

LSURFf?'LEAV+NEAV-l tr2. LE NT+ N E NT- |

Dq 630 'T=trf ,ta

CALL h/owr
(-IRPRIM, LSUR F,iili;;i:f;u;)

I

:NE.
53?

DO 631 N N :  I r  N H f  T

g lo .LE.

622

t
' :

I

f
i{

' l

;:.
t"

. i i
;:

a4
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CcrlTNUE DOLoo

1"1"3?
CALL RPP?
(LSU RF, X8 rRP)

LTRUE.-  O
L OC: LBODY+2*:IRF2
UN3(LOCIE NT LEAV)
UN3(Loc+I,NENTNEAU
l- ; 'LENTq?: LENir+ NENT-t

fRPRfM:O

CALL WOWI
IRPRTMTLSURF, IRB
LTRUE
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s,:

fn  R :  IER R+ l
PRINT ALt
DIA6 NoST!C

INFO

fSPoT' LIRFo{fR-l
uNsFSPd[r
TSPOT=LTRFO+IR
UN3(IsPoTIc
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is set equal to the new

and tracing of the ray

IR ancl DIST.

Subroutine GENI

region nurnber, Gl is

is continued with the

cal led igain,

new values of

t

t-a
:l
{

4
I

.;r

I
i )

GENI I s purpose t= gSsgs-fold:

. l. To enter into the machine the input

describing the geornetrY.

2. To check for some input emors and

Print suitabJ-e diagnostic messages .

3. To set up the MASTEP'-ASTER array for

reference by the tay-tracing subroutj-nes.

The following data sets are read in and processedl by

GSNI.

Set I - The Title Card

This nakes it possible to distinguish between different

jobs run.

Set.2 - Contains the Linitations of the Problen

i+

- : ) " l \

NRPP

NTRIP

NSCAL

NBODY

NRIllAX

The number of rectangular parallelepipedls.

The nurnber of triplets to be read in.

The number of scalars to be read in.

The number of different bodies used to
describe the geometry other than RPPrs.

The maximum number of regions made by
the RPPrs and the other legal geometric
configurations.
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IPRIN

SCALE

Shis is the printing option. If
the number is other than zero the
UASTER-ASIER array will be printed
out upon completion of GENL.

This nunber is used to sc'ale all
geometry data.

Set 3 - Contains the Six Bounding Planes for each RpP

The bounds are.given in the foLlowing order:
x-upper. Y-lower, Y-upper, Z-lorder, Z-upper.
Set 4 - ConErins the TrLplet Data

This is read in only if NTRIP >0.

X-lower,

and ref,er to specific trlplet
floating Frint and the actual

type integer

or they aie

Set 7 - Contains the RegLon Conbinalion Data
Each r€gion Ls tinseribedl by the surfaces that compose

i t .

Rectangular ParallelepipedE

If NRPP is other than zero, GENI ca116 subroutine RppIN
which read5 in Set 3 and places in the maln anay thi.s data
returning with the next.available lodation Ln the maLn
alray. (:fhis ntll be {lescrlbed ln det-ail later.)

t

Set 5 - Containe the Scalar Data

This is read, in ontry if NSCAL >0.

Numbers aie

and scalar data,

dl'escrLption.
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Triplet and Scal.dr..  Data

If NTRIP and NSCAL are positive, Sets 4 and 5 are read

into the bottom of the ASTER array.

Description glE Bodie:

After.reading the f irst card of the sixth set, a check

is made to see if the type of boily is one of the legaL con-

f igurations. I f  so, there is a second test to see whether

the card should contain floating or fixed point numbers. If

fized ^roint input is used, the information on the card j.s

then converted by DIGCON and the number is assumed to r€fer

to triplet and scalar data. If floating point j.nf/ut is

used, the infonnatioD on the card is converted by FL,OCON and

is stored at the bottom of the n.in urr"y in its proper Io-

cation by SEE3. This operation is performecl NBODY times.

The array, which was built up at the end of the nain array,

is then shifted up to the next available location in the

main array and the location numbers in the UASTER array.

referring to this data are adjusted accord.ingly. Note that

ARB input must be in floating point form.

Region Combination Data

The first card of each region in the seventh set gives

the region number, logical operations, dnd the boclies that
compose a particular region. A test is macle to see that the

body numbers are valid and that the logical operations ard

true. Eoth the logical operations and the body data are
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stored in the MASTER array. The next catd is read in and

tested to see if the information it contains is a continu-

ation of the previous card or a nevr region. Thls g,rocedure

is done NRMAX ti.rnes. Ihen a test is $ade on all the data

to see if any points are in rnore than one region. This

would be an error because it means thaC the region des-

cribed is actualLy the same as, otr part of, another region.

Entering and Leaving Tablea

After reading and checking of all data set$, :he

entering and leaving tables are prepared. these tables

dlenote the possible regions that a ray may enter upon enter-

ing or leaving a given 6urface.

The total roorn talcen by the geometry is then calcu-

Iated and a test is nade on the printing option IPRIN.

Subroutine GRID

The GRID routine is ealled by !'IAGIC. ORID wiil control

. all the ipput and processing for a single attack plane and

then return to UAGIC. lhe routine has an input reading

phasel an input calculation phase, and a ray caLculation

phase.

The input phase will read:

NX The nurnlcer of 4-in. cellg in.the
horizontal <lirection.

NY llpe number of 4-j.n. ce11s in the
vbrtical direction.

. i

E
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I

l
I]
I
III
I
JII

I
L
I
I
l
I
I
!:-

I

t
t'

'
I

.l

:

A

s

lRSTART

1L::qC

KWG

ENGTH

TESTR

x!,P

?he region rnmber enclosinq. the
target aird af-tack ;. Iane.

Same as abovr:.

fle,ray number at whicb ray processing
wil l  begin.

Azimuthal angJ,e. (dlegrees) .

Elevetion engle (clegrees) .

The back-off distance.

A flag. indicat.ing the presence of
XNP data.

The coordinates of the vehicle origin,
i f  o ther  than (0 ,  0 ,  0 ) .  The XNp data
is read only i f  TES.IR is not.zero.

fhe input processing phase will convert the azimu-.hal
and elevation angles to radian€ and compute:

cA = cos (A)
CE = COS (D)

sA = sIN (A)
sE = sIN (F) .

The error flag IERR is set to zerci,
'The calculation phase wiLl set up the ray coordLna:es

on the attack plane and compute the ray direction cosines.
Subloutine TRACK is called to perforn the ray-tracing ca1-
culations for the ray. After all calculations are performed,
1IRACR rrill return to GRID. At this point the error flag
{ IEFI{) is examined. . If more rhan lO errors have occurred

du'ling the calls to TR,ACK, the processing of the attack

plane iriLl be terminated ancl GRID wiU return to MAGIC.

I
;
I
:,i
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If 10 errors have not occurred, the

essed. The calculation procedure is

figure detailing the orientation of

i n  9 e c t i o n  3 . 2 . 2 .

DO 250 KK = Klgc, KL (t

rays)

WS(L)  =  -CE*CA

WB(2)  =  -CE*SA

I{B (2) = -55

I I

,t

V

H

Iv
IH

$ =

f , =

( (Kr(-l)Ax)+1

I(K- (II-l) *Nx

( (NY,/2) -rr1*4.  O*r.
(  (Nx /2 ) -J ) *4 .0+2 .

RANF(-1)  *10.

RANF (-1) *10.

v+.4*Fr,oATF (rv) +.2

H+.4*FLOaTF(M)+.2

CalcuLation

coordinates

grLil plane.

1
r'7lg = II|*1o+IV

xBs (1)
xBs (2)
xBs (3)

-v*cA*sE-Higt\

-vrsA*gE+H*CA

v*cE

92

next ray

outlinecl

the grid.

wil l  be

be1ow.

plane is

proc-

A

given

loop to controL all rays, KK counts

CaLeulation of direction cosines

fron the input azimuthal and

elevatlon angles.

of grid square

{v. Hl in the

CaLculation of two random

dligits in the range (0, 9!

The iV, Hx coordinates are :.off
at a random point within the
grid square.

Form a two digit random ntunber for
printLng by CALC.

Cnlculation,of X, I, Z coor-

dinates in the coordinata

system of the vehicle.



DI 210 MKJ =

210 xBs (t{Kir)

CaI1 fROpIC (Wp)

3

XBS (!rKJ, +xNp (Mr\J )

TransLate coordinates

reaL vehicle center.

The grid coordinates are
perturbed to avoid rays

exacily on grid boundaries .

The XB which are x, Y, z

coordinates are not a dis-

tance EI'GTH frorn the vehi-

c le  center .

on the grid XB ancl the iti-
and TRACX -i ,s cal led,

A routine to generate random d.irec-
ti.on cosines (WP) fro'r an isotropic
d is t r ibut ion.

-xBs (1)

xBs  (2 )
xBs (3)

xBs (1)

xBs (2)

xBs (3)

xBs (1)  +etP ( t )  * t .08-4

xBs (2 )+ t {P (e ) *1 .0u - ,

xBS(3 )+nP{3 ) *1 .08 -4

xBs (1) -El{crIr*!{B (1)

xBS (2) -ENGTH*WB (2)

xBs (3 ) -sNcrH*eIB (3 )

At this point, the position
rection gtB have bden calculated

Purpose of Routine

!o return to the calJ.ing progran

if the variable V i.s positive or zero
pbanumeric ,,ninus" if V is negative.

Description of Routr.ne

This routine is a function subprogram and is called in
subroutine TRACK. ft is used in thu section of TRACK that
outputs the ialentification and data cards.

an aLphanumeric "blank[
and to return an al-
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TRACK

This routine unpacks the four items I. it, N, L whiih

are stored in a single cotnputer word in the array ITR at

. location ITR(M)

The four itens vere packed by subroutine TRjACN.

Descripticn of Routine

The four itens are packed using 12 binary bits per

item. The packedl word appears as

Routines Called
by This Rout,ine

Routines Which
CaIL This Routine

L2
bits

L2 L2 t2
bits bitgbits

not used L

The actual unpacking is described. below:

{compuler word }

LI contains lh complete packed word

The "* '  denotea a logical "and" opera-
tion. L nord contains the 12 right-rnost
bits of l , I .

The word LI is ghifted 12 bits to the
right by a division. Ahe variable Il2
has the value 2Lz = LO24. LI nort
apPears as3

L,I = fTR (!t)

l' = I-,l*7777

LT = LT/IL2

not used

9 4



t

K = LIt7777 Again perform the logical , ,andi, andextract the correct value of K.

Ll = LT./LL2 Again shift LI and extract theJ * LLtc777 d6sired packed i tem _ and so on.

T
. i
i
I

I

. LI = LI/IL2
I = LI*777

RETURN.

NOtE: The array ITR is communicated through Common.

Function S (I,  N)

The routine is.used to r.el: ieve the coordinates of any
of the six sides of a rectaniular parallelepipect (RFp).
Given "I8 the ordinal number of, the Rpp and ,,N,, the side
'nunber  where  N =  (1 ,  2 ,3 ,  41  5 .  6 )  re fe r  to  (XL,  Xg,  y1r
!,1t 7"1, ?g) r the routine will cornpute the location in the
ASTER array of the required coordinate.

. To understand the procedure it is necessary to know the
structure of the data in the ASTER arra'-. Each Rpp occu_
pies six computer erords starting at rocation LBASE. Each
of the six words contain three packed integer varl.ables as
shown on the following page.
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ASTER Array

LBASB

LBASE + 1 The Location Lccation of

+ 2 nunber of fJ.oating point

+ 3  0 f complex word containing
PPI+ 4 coroplex surface the

+ 5 surfaces data coordinate

As RPP2

+ 8 above above above

L5 bits 15 bits 15 bits

Thus the Nth coordinate of the Ith Rpp is found in the
right-nost 15 bits of ASTER {LBASE {. 6(r-t) + N}.

The actual FORTRAN statenents are!

L, = LBASE + 6 (I-j.) + N-l Retrieve the location of
the packed word

= ASTER(L).AND.777z7B 
:::*iH.:he 

risht-most

S = ASIER (LL) S is now the desired
coordinate.

Suoroutine SEE3

Subroutine SEE3 is cal1ed by GENI and ALBERT. The
routine aceepts either triplets or scarars and places then
in the !{AsTEn array. A search is rnadre through the MASTER

+ 6

+ 7 Ases
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array to determine i f  the tr iplet or. scalar
in the array. f f  so, the data wil l  not be
the location IWH of the data is returned to
Program.

If Lhe clata

then added to the

returned.

.The tripj.et

argulnents Fx, Fxx, r.xxx.
argument FX.

The argunent LSf denotes

data are to be stored. LSf is
nonzero for scalar data.

Subrlu

data are

already appears

stored again and

the cal l ing

do not appear, they are first scaled and
array. Data location IWH in the a:ray is

passed to the subroutine by the
The scalar data are passed by the

whether tr iplet or scalar

z€r?o for triplet data and

The integer and frac cional parts of the floating point
variable DD are stoled Ln the array Ip. The variables I
and IF de ote the lbcations j .n the array fp at which the.
integer and fractional parts of DD are to be stored. The
variable N indicates the number of digits in the fractional
part. ?he routine is used by subrouti.ne TRACK to convert
thicknesses and normal dj.stances into the proper form for
outpue on the identificai:ion and data cards.
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llhe routine considerb only the absolute value of DD.
The correct sign is output by the function ISIGN. The de-
tails of the program are given by the flow chart beiow.

D = ABSF(DD)+.005 Form the absolute val.ue and
round off .

IP(I) = D The integer part of D is
stored in IP(I)

Dr = rP(l) Sltll-'!31:::l;":*"t:;"ti3n
integer part.

p = (p-!f).10n D-DI is the fractional part.

1il3:l'':g"t1;fis' the .eiired

IP(IF) = f F i..1 converteC to an integer
and sr.ored in IP (IF).

RXTURN.

NOTE: The. array IP is conuuunicateC, through Crsrmon.

gubroutine SPH

Given a  po in t  in  space x3( l ) ,  xF(2) ,  XB{3) ,  a  d i rec-

r ion rJB(I),  l9B(2), I tB(3), this routine wil l  conpute distances

to a sphere of radiua R ancl center V(1.),  V(2), v(3). Tlro

distances, RIN and ROUT, are computed. RIN is the distance

to first contact and ROUr is the distance to laEt contdct.
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The distances RIN and

and WOWI to detelmine whi.ch

intersec t .

ROUT are used liy

body and region

subroutines cl

the ray is to

( 1 )

is the

(2',r.
ray and Wx,

I

I

. The equation of a sphere is .given by:

(x-vx)z + 1v-vy1 2 + (z-vzl2 -  n2 = o
where Vx, vy, Vz are the center of the sphere, and R
radius

The paranetric eguationg of the ray are given by:
X o + W x S = X

Y o + W y S = Y

. Z o + W z g = Z

ruhere Xo, Yo, Zo are the starling point of the

Wy, Wz are the direction cosines of the ray.

Substi tut ing (2) in equation ( l)  we obtain
' (xo+t{r(s-vx)2 + (yo+wys-vyl? + (Zo+tttz}-Vz)2

9 9
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I
E
I
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I
i
I
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I
I
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I
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I
I
I
t
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I
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I
I
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I
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l
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Fsl

d l

FI
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L,
$t
He\Fr
EI

EI
7.
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Kr
h
Bl
8'
FIsigt
f,
IE.
lt.
EJ

E!
U
gt

B
FIH
sEI;r
hE

Let Dx = Xo-Vx,
(ox+WxS) 2 +

and

Dy = Yo-Vy, Dz = Zo-Vz

(Dy+wys)2 *  (o"*w"s)2 -  R2 = O

s2 twx2+wy2+wz?l + s.2 {Dxwx+Dylfy+Dztvz} + ox2+py2+Dz2-R2= o

BA

0 the roots are imaginary and no
fn the case of no int€rsection we

Thus,
. , 7

S  =  -B t  {B t -C  .

Note that A - Wx2 + wy2 + Wz2 = L.
The two roots are the desirecl RIN and ROU:[ , hrhere

RrN = -B- ilffi

ROUT = -B+ ,l St-C

Note that if B2-C =

intersection bccurred.

set RIN = oo

ROUT = -€

where oo is taken to be 1050.

Subroutine TRACK

trReCK has the function of aecepting grid coordinatee

from the GRID routine and initiating a ray. ft follows the

ray through all points of contact, record,s the important

data, and punches both the identification and data cards

for each ray.
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The routine begins by start ing the ray, and computing

the distance from the f irst vehicle component hit  to a plane

paral lel to the attack plane and passing through the vehicle

center. I t  then proceeds to record distances through each

component encountered, checking each hit for armor shell,

sklrting, or interior volume, as noted on the region iden-

tification card. When the last component is hit, it orice

mcre computes the distance to the attack plane.

After hitting the last component, the punching phase

is begun. TRACK ilecides first j.f any card (s) should be

punched (it is possible to miss the target, and thereby get

no useful information). In the event that the vehj.cle was

hit., IRACK fiist punches the ID card, then calls on sub-

routine CASC to compute normal distanses and organize the

outputs for the data card(s). CAL,C is cal led twice per data

card, as two hits appear on each. After the results are all

punched, control goes back to GRID.

I
I. l
!

I
:

A detailed description of the

the following pages. The description should be

conjunction with a FORIRAN listing.

Begin Trarck Cornputation

CA],C rout.ine aPPears on

followeil iri

NASC = -1

KHrT .= 0

IR = TRSIART

I , = 1

(Get ready for a new ray)

(Nurnber ot hits = 0)

(Starting. region number )

(Nunber of intersections is one to start)



i

i,r

MSKRT = 0 (No skirt ing yet)

MVoL * 0 (No interior volume yet)

J C N T = 0  ( I n i . t i a l i z e a c o u n t e r )

fhe DO 5 Loop clears the two storage arrays used by

program TRACK at the start of.a ray.

Statement 10

CalI Gl to start

direction starting in

new region nunlcer r XP

region IR.

TR(L)  = SL

If the next body entered is an

int'.erest has been gone through and

nates the ray.

or continue the ray from XB in the 91ts

region IR. GI returns with IRPRIM

point of contactr 31, distance through

rhe TR anay will contain the line-
of-sight distance from contact to
contact.

RPP, the region of

I R P R I M = 0 w h i c b t e r m i -

KTSURF = LSURF+? Add seven to what night be a nega-
tive LSURF number, (1-6) indicating
the ray is leaving that surface
number.

The line I'ITR(L) =r" preserves in the ITR ARRAY, in-

dr:xed by L number, the folloring information: surface
'nunber. bddy nw$er, next region, this region. These data

can be retrieved by progran OPENK and is done in CALC.

Check L 1500 and stop i f  thls occurs, because only

roon for 500 intersections per ray is allocatecl.

Statement 41
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Sta tement .42

l,!r!AX = L (number of last conta dt) .

The DO 43 Loop calculates the distance D2 from the last
point XP to the center XBS. SI is subtracted because this
is the distance from last contact to the outside of the con-
figuration.

Some printing for ctebugging at this point ie optionaJ

on SSW6. Control is then transferred to Statement 60 and
alL shooting of rays and data recording are complete.

Statement 45

IR = IRPRIM Set ' this region' indicator to be

il'nl$:"::?:;":: ::";ffi3il;'[;3,
. ray.

KHIT = KHIT+I A running count of number of com-
ponents hit  along this ray.

Compute "Dl't the distance from the attack plane to

f i rs t  con tac t ' i f  L  =  1 .

Statement 46

This ls the calculation for DL, the d.istance between

XBS and XP, using the standard distance formula.

Statement 19

lrhe val.ue of IDENT, a speclal nurnber added to the des-
cfiptj.on of each region and unpacked previously fron its

storage place in MAGIC. If, IDEI{T = 0r there is no special

naterial in this region and 90 to 35,
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If IDENA is negative, it can only be a space. (-l) is
the only negative legaL identiflcation nrmrber.

if IDENT is positive, Statement 20 tests for fDENT = I0
which indicates armor in the region" A flag so indicating.

MARMR = Ir is set and control goes to 35.

At Statement 20, IDENf, -10 negative indicates a space

and controJ. goes to 3l .

State.ment 31

If IDENT = 1, the space is interior volurne and M\|OL = 1.

if IDENT = l, the space is exterior volure anal UVOL is not

:  set ,

, Statement, 48

L = L+l count another intersection.
:
?  c o t c l 0
!

t Continue the ray, aIl data for the current intersectlon

have been processed.

Statnent 60

At tnc point when Statenent 50 is reached j,n TRACK.

the following has oc"'6red:

t. A ray from some point in 6RID square (II , .t)

called XB has been transversed in the tfB direc-

tion uniil the outsiCe of the geometry was

reached.

104
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2. At each intersection with the ray and a region,

both the ITR and TR a!:rays were used to store

. at index. L ( intersectlon numbei) the data des_
. cr ibing the intersection.

3. DJ., D2 Cistanees to f irst and last compc nents

were computed and K[{IT is the number of vehicle
. cornponents hit.

4. We novJ are ready to punch the data associated

wi th  th is  rny ,  i .e . ,  ID  card  and DATA cards .
If  (LMAX-l) = 0 there was no intersection with the

vehicle geometry and TRiACK termi.nates by g.oing to g5.

.\t this point, pro,rram SETUp does the following:

CALL SETUP (AAA, .I , K, N)

IP (J) = Integer portion of AAA

IP (K) = rNr decimal i t igi ts of AAA where ., Ip"

is in Cotnmon.

f'unction ISIGN gives the ltollerith bl.ank for positive

numbers and minus for negative nurnbers.

lhis suff ices for an explanation of al l  varlabJ.es up ro Ip(14),

15. L6, 17 which are set equal to the integer variables

which indicat!' the presence of skirting, iarget armor, ano.
interior volune. I f  prebent, target is always I.
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Statement 62

Subtract one from I(HIT to make it the correct value
(donlt count last contact $rith outside).

The DO 330 Loon- resets the temporary srorage place of
the card to zero prior to punching of a ',Data,, card.

Initialize L and TRA\fEL to zerc to start ray results.
TRAVEL = TR(l) <listance to first intersection..
The Do 80 Loop sets up J.ogic for wtAx/2 data cards.

In fact, there may be less if sone spaces are encountered.
L = L*I: begin work on a new intersection.
Test L > LlriAll(: if not, continue, if yes, terminatc

a t  85 .

Statenent 71

CaIL CALC whieh will conpute:

Region identif,icatiorr (vehicle
component)

Line-of-sight dietance
Angle of normal with ray (frorn
XB in ItB)

Normal distance through region

-r.!{pg-of space follows component'NfR" , zero if none.
Line-of-sight dl.etance throughspace. zero if none.

CALC will" update I.. Lf a space'i,s encountered, and com_
putes all of the above each tine it ie callecl.

1. NIR -

2.  s IT -

3. Al.lcr.E -

4 .

5 .

s N -
NTYPE -

SSPACE -6 .

I

!g

a
t r 05



Statement IOI

If SSPACE nas not. zero, set .ICNT = irCNT+l (to keep
track of how many spaces were hit).

g!g-m--z-t Logp resets rp to zero and processes another
data card. The process continue.s until no data cards re_
mained. to be punched. rRACK chen returns to GRID.

Esbroutine rRoprc (wp)
The routine will calculate isotropic direction cosines

WP(: '-),  VA(2) ,  WP(3). Sach cal l  to TROpTC wil l  del i : ,-er a
difJ:erent set of direction cosines. The procedure is out_
lined below

Pick tluo randon nu$drers X1 r X2 such that
03X1,  X2S1.0

Continue picking sets of X1r X2 until
xr2+x2zst. o
Compute:

coso * xf-x?1
{12+xr.2

s i n 0  =  2 . 0  X , . X ^
L Z

XJ+xJt - a

The coso and sino are the sine and cosine of a
'random angle 0.

t .

2 .

3 .
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Compute:

C S  =  2 . 0 * X 3 - 1 . 0

where X3 is a randorn number 0S.X3S1.0,
. and CS is the cosine of a random angle.

The direction cosines are:

w P ( t ) = L - C S 2 . s i n o

w P ( 2 ) = 1 - C S 2 ' c o s o

rvP(3)  = CS

Subroutine ItNl__.!L99., X3)

This routine unpacks the item 13 f,rom a single compu-

ter word packed as shown

15 15 15 bits

Not used I1 t2 13

The items 11 and I2 are a!.so packed, but ale not un-

packed by this routine.

The unpackJ.ng is dlone by the foilowi..rg stateurents:

I = MASTER (LOC)

13 = X- (t . /32768) *32768.

Subroutine ttN3 (LlV, JI, ilz, J3)

This routine unpacks tlre tiEee items J1, J2, and J3

which are stored in a sLngJ.e conputer word in tbe array

IiIASTER at location Lvl.

4 .

5 .
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The three items are packed using 15 binary bits per

i tem, The packed word appears as:

Not used

'lPhe individual items are extracted by rnultipJ.ication

and division.

Subroutine WOWI (JREG, LSURF, NEX, LTRUE)*

The logic employed in subrout.i..ne WOWI is, in essence,
the heart of the cornbinatorial geometry method. I.IOWI r s only
function is to answer the foLlowing question. Given a
point X and a region nurnber JREG, does the point lie within
the regLon? the foLlowing is a detailed description of the
tnethod used by WOWf to make this decision. TLe flow chart
appearing after this discussion closely follows the actual
coding in WOWI .

Probably, the

follord the routi.ne

following g.eometry,

l 5t 51s

,r3J2

clearest way to descrjbe WOWI is to

through a sJ.myle exarnple. Consider the

consisting of three spheres (labeled

effin-ffi
present version of Ahe code but appear in the call
statenent to facilitate future expansion of the code.

1 0 9

:

I
, i
1
:i
{''I
j

:':
:i
hl
: t l
l l
:i:t
,$

ff
Hst'Bt
rilifi+H

ffi



bodies 2, 3, and 4) enclosed in d box ( labeled bo4y 1). t .or

clari ty. the regions have been designated by letters A, B,

C, and D, although they are nunbered in the actual code.

Note that the discontinuity of region C is perfeetLy legal.

The starting point and curqent position of a ray are labeled

X9 and x, respectively.

Before proceeding with the Cescription of WOW!, let us
List two vital blocks of information, both containeil in the
MASTER-ASTER array. The first block contaLns the region
d.eecriptions of each region in the form of a logical combi-.
nation of boiiies .

Region

A

B

'Bodies

+7-2-3-4

+2-3

B

1 1 0



t

Reqion

c  oR(+2+3)  oR(+4)
D +3-2

The meaning of these equations is discussed in Section 2.L.

The second piece of information needed by the code is
the enterj.ng arid leaving table for each body. These tell
the code which regions a ray might be in if it enters a given

bocly and which regions the ray night go.into if it leaves a
given body; In this example, the tabte would appear as
fol lows.

Body

I

,

3

4

Assune that the ray has been traced fron its starting
point Xo tcr.r point X on the surface of boiiy 2. G1 computes

itst, the total ilistance traveled along this path (=x-xo)

and investigates the entering and leaving table for body 2.
It findls that a ray entering body 2 can be either in region

C or in region B.

Region C is investigatedl fLrst by settirtg iIRBG c C and

caLling WOWI . WOWI locates the region description of C in

the I.IASTER-ASTER array and tests whether the point X satis-

fies the logical eguation for C. fhis is done in the foLlow-

111

Bodies

Entering

A

C o r B

C o r D

i

I

...

!

:.
"t.]|
:

,t

i
I
{l

f
I;

Leavj-ng

Escapes from geometry

A o r C o r D

A o r B o r C

A o r C
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ing way. Two distances, RIN and ROUT, are computed for each

bocly mentioned in the description. These are the distances

between X6 arrd the point where the ray enters (RIN) or

leaves (ROUT) the body. In this example, RIN and ROUT are

computed for bodies 2, 3, and 4. since these appear in the

description of C. Note, horrever, that the ray does not

actuaLly intersect bodies 3 and 4. In this case, ROUT is

set equal to -105u for these bodies. We aLso note that for

body 2r RIN = DIST, since point X is where the ray enters

the sphere. ROUT is egual to RIN plus the path length of

the ray through the sphere.

WOWI norr determines if point X satisfies the deserip-

tion of C by testlng each bocly in C against the following

rules !
'  l .  A  (+)  opera tor  i s  va l id  i f  . . .

ROUr > 0 gz RIN 3 DIST < ROUT

2.  A  ( - )  opera tor  i s  va l id  i f  . . .

ROtIf = -1050 or DISII <RIN or DIST > ROUT

3. An (oR) on.t"Ir is valid "l'r" 
j', every (+)

and (-) within the (OR) statement is valid.
4. A region description containing one o:? more

(OR) statenents is satisfied if any re of
the (OR) ,statenents is validt.

5. A region description containing no (OR)

statement is satisfiect only if every (+)

LL2



and ( - )  opera tor  i s  va l ia .

6. A suff icient condit ion for point X to be
in region JREG, is that t . ! ; :  req.r._,. ,  des-
cript ion of JREG be satisf iecl ( two regions
cannot be satisf ied for the same point) .

wowf nohr appl ies these rules to the f irst (oR) state_
rnent for region C, nameJ.y OR(+2+3). The +2 is val id f iom
rule 1, since DIST = RIN and ROUT is greater than zero.
The +3, however, is not val id sj.nce the ray misses body 3
and ROUT = .-1950. Thus, the f irst (OR) statement is inval id
frorn rule 3. The second (OR) statement. OR(+4), is also
not val id since RoUT = -1950 for.bocly 4. Therefore, from
rule 4, the regicn descript ion of c has not been satisf ied
and the point X is not in C. WOWI sets ITRUE = 0 and returns
to cl . The value of zero irrforms G1 that region C has not
been satisf ied. C1 now sets JREG = B and cal ls WOWI again.

The region description for B j.s now irrl.estigated. The
+2 is val id as seen above and the -3 is alsc val id since,
for body 3, ROUE = -1950. Therefore, the descript ion of B
is satisfied by rule 5. WOWf sets LTRUE = l, informing cJ.
that the point X is in regior. B. This cornpletes WOWI ,s task
untiL a new point X has been computed by GJ..
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I
,
I

NOWI
LOC= LREGD+UREG.I
UAl3 (LocD, ,r NC)
uN3 (LOCD+|,'lTTN8g
N= l  '  f TYPE=  fTT

ITE}4P'LTO+N8O.I
UN3 CTTE}4 B LRILPO,NOO P)

RIN =ASTE R(LRIN+N B0-l
ROUT'ASTER(tRO-'+NBG

CALL RPP NBO

IE RR,I

CALL APR BODY

MASTER(tro+NBo-l.- LRI.LRO. KLOOP

1r4



I

(Ba k--.lN=NN F+----a--\-/ --.-(/1---- /-1,--q,

RIN=DIST

RoU'f= 9151

ASTER(LRIN+NBoiF RTN
A STER (LROT+NBO-1= P6*

DTST-?O

N .  N + l
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Do 4e8
N N .  N .  N C

LOCD:Lc3D+l
UN3(LOCD,,TTY

?8 CoNTINUE

N : N + l '
toCD =LOcD +l
ulr3([ocD, J TYPE. N

LTRIJE:LTRUE+I
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This routine computes the distance between point XA and
point XB. Both XA anal XB are arrays of length 3.

The routine is a function subpro,gran which eonputes the
distance. between two points using the famiLiar dLstance

forr,rula shown below.

D i s t a n c e 2  =  ( x A ( t ) - x B ( 1 ) ) 2  +  ( x e ( z ) - x B ( 2 ) ) 2

whe re  xA ( l ) ,  xA (z ) ,

the point.

+  ( r ( A ( 3 ) - x B ( 3 ) ) 2

XA(3) are the X, Y, Z coordinates of

This routine is used by the rDCOSp. subroutine as part
of the direction cosine caLculation, The routine is also
used in subroutine CAIC as part of the normal distance com-
putations.

3 .3 .2  Descr ip t ion  o f  OutDut

The output consists of a repetition of input, and com-
putedl results. The itens of output are liBted in order of
aPpearance.

1. Date Line. The date as read in on the date
card which preceded the input deck.

2 . lime Line. The time is printed ln secontls and

is an elapsed tine indicatcr.
3 . Cornnrent Line. fhe comrnent card which allows

the usdr to title the problem.
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4 . Parameters. The input parameters are listed.

J . 9ggle__I'eS!9!. rhe scaling numlrer uaed to

scale the geometry.

6 . RPP Data. The unscaled RPP data as read Lnto

the computer.

?. TripJ.,et Data. Repeated. as in the input deck.
8. Scalar Data. Re.peateal as in the input deck.
9. Body Data. Ahe unscaledt bocly data given as

input, the boilies have been ordinarily nrrmberedl.

l 0 VariablE luocatiqn +ne.. fhis line gives the
location Ln the I{ASTER afray of poqitioning

constants.

11.. Reqign Conbination Data. f.hiq iq q repetition
of the J.nput regiog data.

Data. This is the
number of words usedl in the UASAER array to
contain the gemetry.

13 . Enterins and tcevigs__f3$g*_ Tlre entering and
leavlng table as caLculated for each region,

and its location in the MASIER arTay atre re-
prlntedl here (eee Section 3.3.1, the WOWI
routine).

1'1 . !.IASTER-ASIER .Rrrav.* fhie is a printecl copy

s apPeal8 only
parameter input oard rrag nonaero.

118



in both integer and floating form of the

I{ASTER array. There are three entries per

Iine separated by a dollar sign.

15. Itegion Code ldentif iers. This is
copy of the input which specifies
identifier and space type.

Iq.--l'@ Repeated
Indicates how nany different attack

are to be processed.

17, GRID Specifications. This is a reprinting of
input to the GRID prcgram, azimuth arrd eleva-
tion are printed twice, f irst in degrees.and
then in radians.

]8.__Ray Resulgs.- This is the output frorn the
TRACK program and has three formats.

a. A line beginning ILAY contains

cell number X-y position, coor-

dinates of the ray origin point,

and the ray direction cosines.
Identification card*

Data cards. *
b .

c .

the printed

region

from input.

planes

cards are gi.ven on the following pagea.
ortna o on
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. t

i. l

It

3 .

4 .

5 .

1 .  C o l  I - c o L 6

2.  CoI  8 -  co1 13

Col 14 - col 16

Col l8 - col 2{

Col 25 - Col 32

Col 35 - Col 36

CoI 37 - Col 38

9. Col 39 - Cot 40

10. Col 41 - col 43

11. Col 45 - col. 4?

L2. CoI 48 - Col 50

IDENUFICATION CARD

x* coordinate of, grid square
(inches) .

Y coordinate of, grid sguare
(incbes)

A two-diqit uniform randorn
nurnber. 

'(colffilff 
is always

blank. )

The perpendicular distance f,rom
the f,irst ccnponent contact to
the x, Y plane (inchee).

The perpenClicular distance from
the last conponent contact to
the X, Y plane (inches).

Indicates if skirting is present
in the grid square. (A one
iudlicates yes, ? zero indicates
no . )

Indticates if there is a talget
hit in the grid qguare.

Indicates if there is armor ebeU
present (tuEet or hull).

Indicates if there ie lnterior:
volurne present.

T'rre botal nunber of cotrponents
encounteredl along the line-of-
sight o! the penetra:or.

x dividecl by l. (X being the
coordinate of the grld eguare.)

Y dtvicled by 4. fY being the
coordinate of the grid square.)

7 .

6.  Col  33 -  co l  34

(Colunrns 7t Li,25, 44 and 51 through 80 are left blank.)
r TEfaon-Tef

and vertical on the attack plane.

8 .
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DATA CARD

I .

2 .

C o l  1 - C o l  4

C o l  5 - C o 1  1 1

3.  Co l  12  -  CoI  18

4. CoI 19 - Col 24

5 .  co l  25  -

6.  Col  28 -

co1 27

CoI

A vehicle component.

rhe 1j-ne-of-sight di.stance
through the component (inches).

Tbe normal thickness of the
component ( inches).

The angle of obliquity with
respect to the nornal to the
component (degrees).

A type of space following the
component.

The l ine-of-sight distance
through the space (lnches).

Sarne as 1.

Same as 2.

Same as 3"

Same as 4.

Same as 5.

Same as 6.

X dlivided by 4. (X is a coor.-
difiate of the grid sguare.)

Y  d iv ided by  4 .  ' (Y  is  a  coor -
dinate of the grid square.)

Vehicle designation.

Azimuthal angle of attack. (A
3 ind i .ca tes  30o. )

The cumulati.ve sum of components
encountered along the line-of-
sight of the penetrator.

left  bl-mk.)

7 .

8 .

9 .

r 0 .
1 1 .

L2.

1 3 .

L 4 ;

3 4

3 8

{5

iz
58

6 l

6 8

7 2

?5

Co1 35 - CoI

CoI 39 - Col

Col 46 - Col

Col 53 - Col

Col 59 - Col

Col 62 - Col

Col 70 - col

CoL 73 - Col

15 .  co1  77

L 6 .  C o l  7 8

L7.  CoL 79  -  Co l  80

L2t

(Colunns 59 ancl 76 are



3.3.3 . cloBsary of Important gatlable Nanes-

The follorring pagee contaln a listi.ng of the inportant

variables uaedl throughout the l.tAGIC progratn. For eaeh var-

lable nanecthe icombon blockr* tf any, and a description

of the variablers usage is given. In adclltlon, for each

corunon block a list 6f aubroutLnes using the common block

ia glven.
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Labeled
Comrnon

t
I

i l

,
!
a

WB

E

IR

T

rDET

F

NIIIST

!{c
SP

!{P

ITBASE

Variable
Name

Dumny

ASTAR

Blank
ccnmon

Blank
common

Param

Param

Param

Pardm

P€ ram

Paran

Param

Param

Param

Param

Param

Geometry

Geometry

Geometry

Geonetry

Geometry

Definit ion

An array of ZS0 used to get
p:roper location for unpacking
the I.IASTER-ASTER array

Contains f loating point num-
bers of the main array

X. -Y. Z coordinates of ray
origin

Direction cosines of ray

Not used*

Region nurnber tracking fronr

Not used

Iilot used

Not used

Not used

Not used

Not used

Not used

Starting location of the .Bter,
maater array usually one (1)

Distance to entering body
intersection

Distance to leaving body
intersection

Enteringr sur:iace nurnber

Leaving surface number
Dome- varLaDres appearing in
l.n the nuclear code, SAIrI-C.
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Variable
* , * * '
PINF

XERR

DIST

NRPP

NIRXP

NSCA]J

NBODY

Nnf.lAX

I.,TRIP

IJSCAJ.,

LREGD

IJDATA

I,NOUT

IlRIN

LIO

I.OCDA

rl5

Labeledl
Conunon

Geometry

Geonetry

Geometry

T'NCGEIII

I'NCGEM

t Nccril
T'NCGEM

T'NCGEM

t NccEtt
UNCGEI.I

T'NCGEId

I'NCCEU

I'NCGEI,T

I'NCGEM

T'NCGEU

UNCGET{

I'NCGEII

' DefinLt:lon

Value. of I.E+50 (ursed to rep-
reeent infinity)

Flag to indicate an error in
the geometry input, afso used
for number of errors in Gl
Total diatance traveled f,ronr
ray origia

Nurnber of regular rectangular
parallelepipede

Nunber of triplets

Number of ecalarg

Nunber of boilies

Maximurn number of regions
Location of trf,plet data
Location of scalar data
Location of regJ.on data
Addresa of data (tenporary)

focation of ROUr Burface
nunrber

Locatii;r. 9r' nIN surface
nunber

Address in ASIER of temporary
alata for cl
Location of data in MASTER
array

Hag the value of 2 ralsed tothe 15th poner (used to pack
and unpack the mLddle woid in
the MASIER array)
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1.- -.,rq4-*r."+- 
: - _. -

Variable
Nalne

r 3 0

Labeled
Common

t,NCGEM

. Definition

Has the value of 2 raised to
the 30th power (used to pack
and unpack data in the MASTER
array)

Location of boily data

Current body number (-1 to
start ray)

fnternal ray counter

Tenporary storage 3 cells
Coordinates of a point cf
an RPP

Converted integer nunbers
Ternporary storage

Temporary storage

Tenporary storage

Surface number of body surface
hit negatlve means lelving
Distance fron center grid
square to first vehicle com-ponent

Distance to last component

Nurnber of conponents hit on
one ray

Storage array for recordirE
ray contacta

Original positl.on of ray ongrrd aquare

ftgrling region of grid plane(at ENGIE)

i
I
l .

IJBODY

NASC

KLOOP

xs
x

rx
IT

IE

IN

I/SURT

DI

D2

KHIT

IRS1TART

I.'NCGEM

UNCGEM

TJNCGEI{

TEMPOR

TEUPOR

TEMPOR

TEUPOR

TIil{POR

TEMPOR

ESU

G.{!RACK

GfRECK

GTRACK

GTRACK

GTRACK

GTRACK

L25



Variable
Name

IENC

ITR

CA

CE

SA

s8
NIR

SIN

AITGI..E

NTSPE

SSPACE

Labeled
Conmon

GTRACK

GTRAC(

GTRACK

GTNACK

GTRACK

GTRACK

CAIlC

CAIJC,

CALC

CALC

CALC

cA',c
CALC

CALC

CAIJC

CALC

CALC

CAI,C

WALT

Internal

Sanre as
and CAIJC

Definition

Begion in whLch Eeometry iB
encloBed ( same as IRSTARI )

Same as TR

Cosine angle A

Co3Ltle angle E

Sine angle A

Sine angle E

Next region

Line-of-sight distance through
a component

Oblique angle between normal
and ray

Ilpe of conppnent

Line-of-sight distance through
a SPace

L

,,D

SN

v

intersection counter

XB, used by TRACK

rfs

TRAT'EL

II

LIRFO

Sane as !{P, used by TRA€K
and cAlrc

Distance along ray so far,
used by TRACX

Normal thickness

Poaition on crrid pJ.ane X
direction

Position on grid plane y
dlrection

Locatj-on of component iden-
tif.i-cation code-s in !.!ASTER
arf,ay
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Variable
Name

Labeled
Common Definition

,!

i
I
I
I .
tt
i

xax
dI
iitj

Output array for punch cards,
uaeat in TRACK.
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LIST OF ROUTINES WIIIC}I CONIIAIN EACH COII|IiTON

I

BIIAIIK CO!|MON.;- coMMoN/PARglr

IIAGIC
GRID
TRACK
CALC
GENI
s
G1
I{o}rr
RPP
RPP2
BOX
SPH
RAW
RCC
EIJ.. REC
TRC
ARB

coilMoN,/l{ArrT

UAGIC
GRID

, ERACK
CAI,C
GI

cglorgN/uBgrg
MTGIC
GRID
TRACK
CAIJC
GENI
BPPIN
s'?.!BERT
G1
tfolfr

cotoioN,/sElrux
SEIUP
!RACK

colxigllsgrRY.
RPP
RPP2
BOX
SPH
RAW
Rcc
EI,L
REC
TRC
ARB

gOlOfON,/GTRACK

OPENK
GRID
TRACK
CALC

COIT'MON/LNCGEl.l

T,TAGIC
GRID
rRACK
CAI,C
GEIII
RPPIN
s
ELBERT
G1
wow'
RPP
RPP2
BO.l(
SPH
RAW
RCC
EI,L
REC
Tnc
ARA

UAGIC
UN3
t N L
cArc
GENI
RPPINs
AI.BERT
GIwowr
RPP
RPP2
BOX
SPH
F-\W
RCe
ELlr
REC
TRC
AAB

@uiloN,/sctLE

IIAGIC
GET{I
RPPIN
SEE3
ALBERT

gglntovrsu,
. G I
TRACK

coMr-toN/cAr.,c
GIRD
TRACK
CALC

coiluoN,/rEttPoR
GENI

I
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3.4 PROGRAM IMPIJEMENTATION

The I'IAGIC program operates in two modes. The first is
a norrnal node in which a geometric description will be read
in and processed and aspect angle data produced. This node
will also create a magnetic tape containing the processed
geometric data. The second mode, called a productj.on rnode,
rill read the nagnetic tape, insiead of the actual descrip_
tion, and then perform aspect angle cal.culations. Thus the
normal mode consists of input processing and aspect angle
processing. The production mode is just aspect angle proc_
ess ing.

Sect ion 3.4. I  wi l l  d iscuss the
the CDC-6600. 1tapd uti l ization w111
t i o n  3 . 4 . 2 .
3.4.1 gperating lJrstructions

operating procedu:re for

be discussed in Sec-

The following
that must precede

{IOB CARD&

List will ctetail. the syetem control cards
the data cards.

(The job card is described indetai l  in th€ systems rnanual .)
REQUEST TYYY.

RET{IND (TYYY)

COPYBF (TYYY, MAGIC)

REIYIND (MAGIC)

REQUEST TXXIC, TAPE 4.

REI{IND (TAPE 4)

UAGTC
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EXIT

T{IND (TAPE 4)
. REWIND (TYYY}

RETURN (TAPE 4)

1 RETURN (rIIg)

EOR (CARD)

. Please ncte:

lfsJ should be a Cims Tape Nunber asBlgned to the tape

which contains the binary recrrd of l,lAGIC.

l{XX shoulcl be the Cj.ns 1[ape Nunb\tr aesigned to the tape
, which will or does contaln the procesued geometry.

All control cards begJ.n ln card Colunn 1.

Aasume that the i:rput data have been piepared according

.i to the fonuats specif iedl in Section 3.2.3. It is necessary

j to punch only one new card. trhis card, a date card' will

I deternine which node is to be used. If a nornal operation
t
I fs'desJ.red, punch the ctate in Columne 12-20 and leave the

i rest of tbe card blank. If procluction mode Ls desired' punch
'l a 12" in Column 10 ancl the date in Colurnne 12-20 and leave

the regt of the card blank. (Date ehould be "Ol/O7/67" f.or

AprL l  7 ,  1967.)

Having punchedl the approprl.ate date card, if uaing the

noxrnal mode all input dlata is required. If uBlng the pro-

dluotion node, only the region identifier and aepect dlata

oards are needed. In both caaes an end-of-file card is the
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Ias t  card.  F igs.

f iguratJ.one.

3.3 and 3.4 i l lustrate the tr,vo deck con-



Fig. 3.3 - Norma1 Mode Deck Configuration

Aspect Angle
Data

#Aspect Angles

Identi f ier

Region Data

triplets and
tjcar ars

Parameter Card

Identi f icat ion Card

Control Cards
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Aspect Angle Data

# Aspect Anqle

Reqion Code

Date cards

Control Cards

F i g . Production llode Deck Corif: ruration



3 . {..1_ Ta-r_ro-_ U}.j. L.j. ra.trlon

The tltAGfC prograrn reguires a "program" tape containing

the binary program. This tape is cr.eated by compiling the
!{AGIC slrmbolic deck.

A tape which will contain processed geometry data is
also required.

3"4.3 ' tsrror lr{essaqes.

CAI.C

!2qt+'.
!,TAGIC

IRACK TNACK ERROR

Ir{essaqe

AERMINA'I;ToN oN GEoMETRY
II{PUT ERIIOR

r_y:.langtion

Tt ere should be at
Ieast one previous
error message, f ix
what is wrong, try
again

!{ore than 500 conpo-
nents encounteried on
one lat I change pro-
gran  (b ig  job) .

Indicates either error
in routine OPBNK or
dimension of MASTER-
serious error

A TRC with two eaual
radlii vras encoun€ered.
Make it a RCC. Try
again.

An i l legal surface
number in a RjAI{.
Ser{ous error indi-
cates bit  fai lure
probably.

"he 
body name on last

card is spel led in-
correctly.

BAD IllYPE IN GAI,C
RETURTI TO CAIC

CAIJC S${NT 304 STOP

CAI,C TRACK ERROR

GENI ITYPE DID NOT MASCH
AN ITY

t

i
, I

t

1 3 4



Routine

GENI

GENI

GENT

GENI

GENT

RPPIN

FI,OCON

FI.,OCON

DTGCON

G1

I{es sase

STMNT 290 GENI

ERROR TN REGION
INPUT XX

U.&EGAI, OPERA?OR TN
ABOVE CARD

STMNT 490 STOP

STMNT 555 STOP

ERROR TN DESCRIPTION

.ERROR IN FI,OCON ![O
DECIUAL POINT

ERROR IN FIJOCON NO
EXPONENT

ERROR TN SUBDTGCON

ERROR IN GI AT 140

ERROR TN G1 AT 150
(RBGION I)

Exp lanat ion

Triplet input at-
tempted for an ARB,
th is  i s  i l l ega l ,  use
other form.

fndicates that region
XX incorrect, prob-
ably a body number
is nispunched.

Pertains to region
descr ip t ion .

Due to previous error.

Due to previous error.

The RPP just printecl
is not in the min max
format required.

The body just printed
needs decinal points
( even on zer:osi .

.4n E format input
Dumber o'r the last
printed card has no
exponent.

An integer has an
i1lega1 character
(nonnumeric or blank)

Bad surface number
unpacked - serious
error could be bits
dropped or added.

No bodies are entered
or left which are
meirtioned in thls
region. Some error
of omissi.on in reqion
data probably.

GI
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AT 6 4 0Gl.

Routine Messaqe

ERROR IN Gl

Explanatioq

None of the regions
rnenlioned i.n the
entering or leaving
table are entered.
An error of omission
in region data.

3.4.4 Sense Switch Options

.A debugging feature of the program is avaj.lable under

lhe control of sense switch 6. If sense. switch 6 is down,

a printout of intermediate results will occur. The printout

will be internringlel nith actual aspect angle outputs. De-

tailed diecussions of the printouts will be found Ln the

discussions of TRACK and CAI,C ln Section 3.3.f.

3.5 SAIIPLE PROBLEM

A sample problen iLlustrating the usage of the IIAGIC

Eirogram is given on the follorring pages. The lllustration

consists of, a sample printout of computer results and a

series of flgures describing the geometry.

The vehicle being dessribed consists of an outer shell,

composed of six arbitraly polyheilrons, and a variety of

bodLes withln the'vehicle. Fig. 3.5 consists of, three viewe

of the vehicle (front, sldle, top). Fig. 3.6 shows the 1ay-

out of the outer shell and an interLor obulkhead.rr Fig.

3.7 showa the organlzation of the interior conflguration.

The numeric identifiers in the f'lguree denote the bodly nurn-

bers used in defining the problem.
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I

The computer printout is annotated for ir lustrat ion
purposes. A more detai led descript ioir of the output is
g iven in  Sec t ion  3 .3 .2 .

For the purposes of brevity. only the first gZ words
of the MASPER array haire been given in the sample output.
rn addition' some ray outprres have been deleted fron the
printout.

The azimuthal an,j elevation angles
both zero. Thus the rays are fired from
coordinate to the negative X-coordinate
t i o n  ( l )  o f  r i g .  3 . 1 ) .

in the problem are

the positive X-
(as shown in posi.-

The folloning d6scribes the annotated items of the
computer output:

Item I The date card.
ftem 2

Item 3

ftem {

ftem 5

Item 6

Iten 7

Iten 8

The internal clock time at. startof processing

Printout of the input parameter card.
The RPp data.
The tr iplet and scalar data.
The.body data. Note that the left_mostcrl.g-rrs (as clrcled) are eequential bodynumbers as calculated by tti" piogiarn.
fntermediate storage allocation data.
Region. descr.iption data. fhe parenthesis
are printed rfor readabitity ."1 a" 

"otappear on the input cards.

Ehe total room, in the MASTER array,for this problem.
Item 9

I
. l

!
I
i
II
I
I
I
I

i
I
It
I
I
II
I
I
i



Itgm 10 The entering and J.eaving tables. These
tables are ialculated, fiom the region
description data. The left-nost nurnber
is the body number. fhe second and third
numbers are the first and last locations,
in the MASTER array. containing the pos-
sible regions. The rest of the nrrmbers
are the possible regions.

Item 11 A listing of the MASTER array. Three
words per line are printed. Each word
of the array is prj .nted twice. First,  as' three unpacked J.ntegers, and Lhen as a
f loat.ing point number.

Item .12 The identification and space codes for
each region.

Item 13 The attack plane data.

Iten lt The ray data. Note that the first rays
didl not hit the vehicle and no ray data
cards were produced.

Itgn 15 'llhe horizontal and vertical attack plane
coordinates.

4tg!-1 16 Ehe X-Y-Z ccordinates of the starting
polnt of the ray.

Item 17 the C irectl-on coslnes of the ray.

Iten 18 The ray data cards as describecl in
S e c t i o n  3 . 3 . 2 .
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4. DESCRIFTION OT'fHE SAM.C MONTE CARLO PROGRAM

INTRODUCTION

rhe SAlt-c progran described below is based in large

measure on the UNC.-SA}{-2 l"tL'rrrte Carlo program prepared by

United Nuclear Corporation (with MAGI as subcontractor) for

Aberdeen Proving. Groqnd.* The primary dif ferenc,: between

L,NC-SAM-2 and SA.ttt-C is the geometrical clescription tech-

nique employed. sAM-c uses combinatorial geornetry and is

therefore capabie of representing more complex assemblies.

To use this geometry capabil i ty a number of modif icat ions

were made in the logic and storage reguirernents of

UNC-SAM-2. fn addit ion, a re.y-+-racing volume calculat ion

routine was added si:rce, for many of the shapes produced

by the combinatorial geometry, it is impractical to deter-

nine the volume irnalyt ical ly. Al l  the nuclear interactj .on

routines of ['NC-SAM-2 are unchanged.

I

I
I
I
t .
I
t
I

* Troubetzkoy, E.S.: UNC-SAM:'Z: A FORTRAN Monte
Carlo P'-'ogram lreating Time-Dependent Neutron and
Fhoton Transport through Matter, uNc-5151 (sept.1966)
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4.1 GENERAL DISCUSSION

SAlit-c ls a Monte Carlo Program, written in FORTRAN t

which calculates the tine-dependent transport of neutrons

or gamma rays through matter..  I t  is conposed of a series

of independent routines which perform the following four

basic functions:

1. Process cross-section data

2. Process geometay data

3. Perform the transport calculation

4. Edit the lesults.

Basically, the program reguires as inPut a geometry

specif icat ion (see section 2) '  the elemental composit ion of

.each region, and a specification of the I'ocat.ion and time-

en'Jrgy-angul ar distribution of the radiation source. lhe

program selects indivicluat particles from the given source

dlistrLbution and tracks them through a series of inter-

actions within the. geometry until such time as the particle

histoly ls terminated. The tracking cl a particle can be

terminated for any of the following reasons.

1. The enelgy of the particle after an j-nter-

action fal ls below a specif ied "cutoff energy."

The eLapsed time spent by the particle in

traversi-ng the geometry exceeds a specified
Itcutof f  t ime. "

L52



3. The part icle escal:es f rom the g.eometry

(crosses an external boundary).

4. The part icle is "ki l led. " ?hj s p3eg.6rr"

wil l  be explained in the section dealine

with the iniporLance sampling techiiques

employed in +-he program.

For each region traversed by a given pert icle, the

code computes the flux per unit time peE unit energy as a

function of energy and t ime. The f lux contr ibution for a

given particle is defineil as its expected total path length

contribution in a region divicled by the volume of the region.

IndividuaL particle flux contlibutions are accumulaterd so

that the end result of the tracking process is the total

fJ.ux in each region in a specified group of energy and time

bins. At the users' option the problem also can be made

time independent. The code has the additional capability

of being able to compute fLuxes at specified points within

the .geonetry, as weLl as in f ini te regions. The use of this

op t ion  is  d iscussed la te r  in  Sec t ion  4 ,2 .4 .

The above description of the SAM-C program is, of

course, a very sinpl-ifi.ed view of the computational proce-

dure. The following secti-ons provide a mo:re detailed, a3--

though nonmathematical, description of each part oi the

computation.
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4.2 TNPUT REQUIREMENTS

4.2J C5oss Secgions .and Region Compositions

General lyr the user of tbe program wLlt have at his
disposal an Blement Data fape (EDT) which contains, for
every isotope in the problem, a set of energv-dependent
interaction cross sections. The user must then specify
each of the material composJ.tions appearing in the problem.

A coftposition is defined in terms of atomic concentrations
(in unlts of 1024 atons,/crn3) of each isotope in the compo-
sition. Ihese may be calcuLated from the expressj_on:

1024 x Avogadrots number x mass density,/atomic weight.
for corapounds or nixtures the concentration of each compo-
nent must be specified. In aildition, each composition must
rre iclentified by a composition nunrber.

ThJ.s lnput is processed in conjunction with the EDT by
the BAND routine, which generates an Organized Date Tape
(ODf] . The OD1! contaLns total macroscopic ,;.,!.rss sectiorrs
and absorption and scatter.ing probabilities for each composi-
tion. During the tracking process this information is used
to determine:

1. The probabllity that a particle has an inter-
action in a region of given composition.

2. The eletnent with which the particle interacts.
3. The type of, interaction (absorption, elastic

scatteflng, etc. ) occurring.
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4.  The energy  and d i rec t ion  o f  the  par t i c le

a f te r  in te rac t ion .

4 .2 .2  ceomet ry  rnput

The .specif icat ion of the qeometry has been treated in

Section 2, where the point was made that the same geometry

input can be used in both MAGIC and SAM-C. It should be

noted, therefore, that i f  both codes are Co be applied to

a given vehicle (or any geometry, for that matter) important

regions for the nuelear calculat ion ( i .e.,  aj-r. ,  ground)

should appear in the gec,metry specificatj.on,

4.2.3 Importance Samplinq

A. General

Importance sanpling or "weighting',  provides the user

with a powerful method of controlling the direction and/or

energy of part icles in the problem. The purpose of a par-

t icuLar problem, for exampJ.e, may be to calculate the fast-

neutron flux in a given region within the geometry. Under

normal circurnstances, the probability of a source neutron

reaching that region at high energy may be quite small , re-

quiring a vast number of source neutlons to be tracked before

an adequate staeist ical est j .mate of the f lux is obtained.

However, with proper particle lreighting the code can be made

to concentrate only on those fast neutrons having the best

chance of reachi irg the chosen region, Conversely, the code

wiLl spend l i t t le t ime tracking neutrons which are either

traveling in the r.rrong direction or are at relatively low

:
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The program determj.nes the relative importance of a
part icle from a parameter cal led the weight. The total
leeight (w) of a part icre isr.  in turn, determined from a
combination of.three quanti t ies cal led region weiqht (rr lp),

angular weight (Wn) , and energy ereight (\) , where
W = lfR x lgn x WE. Values of W11, Wrr, dnd WE are given as
input. The fol lowing brief discussion should provide the
user with a better insight into how these weights are
actual ly used by the code.

A guanti ty F is assigned to each part icJ.e. The value
of F is 1..0 fora source part icle. The code calculates the
probability that the particle will reach_ the boundary of
the source region along i ts f l ight path cri thout col l is ion.
This value is cal led F, ' .  The probabil i ty that a col l isLon
takes place in the region is then 1-F[. The code plcks a
random number and with probability l-Fn creaijes a colU.sion
point inside the source region at a point picked from an
exponential probabiJ.ity distribution. The source particle
history is not termj.nated but continues to the boundary of
the region. After goLng through the colLision mechanics, a
new part icle ( latent) wi l l  be started at the col l j"sion
point after the original source particle has been completely
tracked.
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Suppose that the source part icle is leaving region 1
rirhere thc weight is WJ and enteling region 2 where the

ight is w2. At the boundary, the ratio of uejghts W1,/w2
is mult ipl ied bv Fi '  ancl the part icle is given a start ing

- value of F = pi l  W1/W2 tn region 2. Ihe probabil i ty of the
partier.e reachirlg the next boundary of region 2 uncollided
is calculated and rnult ipl ied by F to obtain a new value of
Fr..  fn region 2 a number of col l is ion points approximately

_ equal to F-F, '  wit l  be produced. Notice that i f  W2 is snal l
compared to W1 r a large nunber of latent particles will be
produced afonq the track of the source particle in reEion

ihe prob-
abirity is high that no ratents wirl be produced since both
F and F,' will be snall compared to one. fn fact, a para_' 
meter Fz is an input parameter to the program. If F, on
entry into a new region, Ls 1ower than Fz, a random number
bethrcen zero artd one is pLcked. ff the nunber is greater
than F the history is terminated. rf  i t  rs r.o*er than F
the history is r:ontinued with F set egual to one.

Thus by establishing weight sets properly, increased
nunbers of colliEiOns can be forced to occur in important
regions, and in addit ion, tne original source parr: icres wi.r1

, continue to propagate through the geometry.
Without going into detail it can be stated that a snall' value of r" mj.nirnizes the number of kills (increases problem

running tirne). A large vaLue maximLzes the kills (decreases
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running time per historlr) but Lncreases the variance (or t
accuracy) of the ans$e!s, requiring more source particles

to be run. The optinunr value of, F, will generally lie in
' the  range f rom 0 .01  to  0 .1 .

In order 
'to 

facilitate input preparation, the three
components of the total welght will nou be discussed
separately.

B. Rigion Weiqhts

A region weS.ght it{p} nust be specified for every region
in the problem. O:;dinarily, theae neights are set up so
that they graclually decrease as a particle proceeds from
the source toward a region in which ihe flux is desired.
Weights should graduall.y increaae in regions shich are 1o-
cated progressively further fron the nimportant., regions.
On the input for:nrs the ueer rnust epecify all values of WR
to be used in the problern. The order in whlch these values
are entered deternines their regJ.on $eight number (i.e.,

the f irst value .of Wj r.s assignecl weight l l ,  the second
value J.s weight *2, etc.).  Then for each rcAlon, the weight
nurnber to be used in that region rnust be apeclried.
C. Angu].ar Weicrhts

By u6ing angular weighting, Lt ia poaeibl€ to epecify
preferred directions for a particle, independent of the
region location of the part icle. The urer f i rst specif les
the direction cosines (with reBpect to thc coordinate axes
of the problem) of one or more aLnlng rnglea. These vectora
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serve as "zero ci. i rect, ions" about which angular hreights wil l  :

be given. Each aiming angle is asslgned a nurnber. Next, 
' .

!

a set of angular bins is specif ied betereen 0o and 1800, with ;
the bin boundaries given in terms of their cosines. fhus, , :
i f  one desires to specify' four bins of equal angJ.e, the

cos ines  o f  0o ,  45o,  9Oo,  1350,  and 1g0o shou ld  be  en terec .  , .
Then, one or more sets of angular weight values are given. 

' .

For each set, a weight value (Wa) is specif ied for each
anguJ.ar bin. Each set is also assigned a number. Finally,
for each region, the aining angle number and the angular
weight set number must be given. To illustrate how the code
uses this information. assume that a given region has been
assigned aiming angle llJ. and angular weight set *2. A par-
ticle enters the region and the code determines that the
particle is traveling at an angle 0 with respect to aiming .
engle *1. The code then determines which angular bin en-

conpasses e, goes to angular weight set *2, and f inds the
value of Wa in that bin.

In general , as the particl.e directicn (anguJ.ar bJ.n)
becomes more important, the value of W:r assignedt to that
bin should decrease.

D. Energy Weighting

The use of energy weighting enables the uaer to in_
struct the code as to which particle energies are most Lm_
portant in a given problem. A set of energy bins is first
given, where the bin boundaries are Listed in decreasino
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order. 'l!hen, one or more ene:rgy weight gg!9. are specified,

with each set bel,ng aseigned a number. For each set an

cnergy weight value wB muEt be given for each energy bin.

fhe enercy weight Bet nutnber corre'eponding to each region

ia then given. ABsurne r for' exarnple' that a partic.Ie of
'energy E is in a region which hee been assigned tteight set

tl. The code first locates the energy bin which emconpasaes

E, refers to eteight set *1, and detemines the value of l{g

which rras given for that bin. In establishing the energy

reights, the more lmportant energies ahoulcl generally have

fir!.lcr lfE valqc! thrn thc lees furportrnt energie-s.

E. ApplicatJ.on of Weights to Tracking

As noted earlLer, the total partlcle weight is the

product of, lfg x t!.L x WE. !!he partlcle weLght Is usedl to

deterntne the nrlnber of coUislone that a particle will

prgduee Eiven that it has a rpecif,l.ed energy and direction

J.n a given phyaical regiorr. By an appropriate choice oe

alnlng anEle and angulat weighte, particlea heading down'-

rardl can be caueed to have rnore colllrlone than particlcs

headlLnE upward ln the came reg!.on. 'llhus nore computing tine

will be slrent on thc "Lnportant{ dovnwerd directed particlea

and thelr descendents than on the "lcac inportant r upward

dj.reeted prrtlcles.
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F Treatment of 'Latentt part i  cl , ts

If  a col l is ion does occur i : i ie program t:alculates the
energy and direction of the particle emerg.ing from the
col l" jsion. The col l ided part icle is stored in a latent
stora'te table and will be picked up and followed as though
it were a source palt icle at a later t ime. When it  is
started out as a real part icle, i t  : 's assigned an E, value
equal to the ratio of the weight of hhe particle vrhich went
into col.lision to the weight of the particie emerging from
coll ision. In general,  these wil l  be d, i f ferent due to
differences in energy anci direction of travel.

lhe program storea the information concerning. latents
in a tab!.e vrhich can hold up to 100 latents. prior to
storage a test is made to see if the F of the latent exceedg
the  input  va lue  o f  tz .  I f  so ,  i t  i s  s to reC.  f f  no t ,  a
Russian roulette calculat i .on is perfcrmed, as previously
discussed, and the latent is either el iminated or has i ts
F  s e t  e q u a l  t o  1 . 0 .

If more than L00 latents are generated by a source
particle, the program har: a "6queeze, routine which reduces
the number ef latents in a stat ist ical ly val id wa1z.

Although the uae of importance sampling may appear to
be a rather complicated procedure, the user will generally
f inC that after gaining a 1it t le experience with the code
the process becoroes relatively straightforward and easirv
applied. Cr:rtainly, the time spent in learning hov, to

{
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properly apply this technique wiII be well worth it in.the

Long run, since it enables complex, deep-penetration prob-

lerns to be run Ln a reasonable - amount of machine time.

Appendix A contalns a dlgcussion of the theory of importance

sampling with an example of how a set of weights is estab-

Iished.

ci.2.4 Flux-at-a-Polnt

In certain problems it nay be desired to calculate the

f,lux at a part5.cular point in the geometry. Since, during

the ordinary tracklng process r no Particle can be expected

to pass through a given point, SAU-C incorporates an inde-

pendent method of estimating the flux at one or more speci-

fiecl points.

The program actually uses two independent computational

methode: flqx-at-a-point (FAP) and a statistical estima-

ti.on rnethoal (sEIt{). FAP is applicable to detector points in

a scattcring medlum but not ln ttle insnediate vicinity of

the Bource region. SElt.lE applied to det€ctors outside the

irurediate vicLntty of either the source region or a scatter-

ing material . The uaer rlust speclfy the total nlrmber of

detector ;rornts to be evaluatedl and the number of points

where the FAP rrrethod is to be used. :[he X, !' z cc cdinates

of each point are then Listed with the FAP detectors listed

first, followed by the sEl{ deteetors.
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The choice of method to be enployed is left to the

user, but, in general ,  SEM is more rapid i f  the detector

is l-ocated j.n a vacuum (or very low-density material) and

not close to the source. FAP is preferred for detectors

within a scattering material but not near the source.

Neither method is recommended for a poj.nt near the source

region, and in this case, the point should be approximated

by a relatJ.vely small  three-dimensional region.

4 . 2 . 5 Source Specification

The specification of the initial partJ.cle source pro-

vides the user with several options. These options are

described briefly below.

A. Spatial Distributiol

Sources may be generated in any number of regions. For

each source region the "power density" (particles/volume)

must be given. The user has the option of normaLizing the

problem t-e.r a unit source or to the total input po..rer density"

If the number of source regions is zero, the program will

use an external Eource tape (one which has been generated

from a prevS.ous problem)

B. Anqular Dietribution

Sources may be either isotropic or monodirectional but

the same anguJ-ar clistribution muat be used in aLJ. source

regions. (ft should be noted, however, that a source may

be generated in a finite cone hy specifying an isotropi.c

distribution and using angular weights to kili pariicles
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$hich are generateil outside the desired cone. )

C. _ Energy Distribution

The code has built into it the Cranberg f i.ssion neutron

spectrum. If this option is seiected, no energy spectrlrm

input is required. If an arb'i trary spectrum is deiired, the

input rnust contain the desired energy mesh and the integrated
' source above each energy point (i.e.. a table of n vs JE

s(E)  dE is  regui red) .

D. Time Distribution

If a time-dependent probl em is to be run, the user must

supply a table of time values and the integrated source up
t t.  to  each t j .me ( i .e . ,  t  vs  I  s ( t )  d t ) .  Th is  input  shou ld

. to
be deleteil from time-independent problems.

. 4.2.6 Time Dependencd

SAli!-C enables the user to compute particle fluxes as

a function of time as well as energy and positj.on. Ehe user

. selecte any deslred time bin structure for the problem and

. .enters the. bin limits in consecutj,ve order on the input

forng, starting with the highest bin. Output fluxes will

. be given in this bin structure in the ectit. A tirne-cutoff

must also be specified. which instructs the code to cease

traeking al,l particles whLch have "aged" beyond this cutoff.

DurinE the tracking process the code computea the flight

time of a particle between collision points frorn its ve-

locLty (or energy). Interactions are assrmiecl to occur

instantaneously. By accumulating the flight times for each
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particJ.e, the code is capable of storing particle f luxes in
the proper output time bin.
4.2.7 Outpu. t  Energy Mesh

During tracking, the code stores fluxes in each region
in a set of. energy output bins specif ied by the user. The
number and width of these bins are arbitrary, but.they may
not extend beyond the energy range for whicl-, cross_section
data are availabre. llhe bin rimits must be given consecu-
tively j.n the input, starting with the highest energy. .The
upper and lower bin linrits must be preceded .by minus signs.
lhe reason for this wirr be explained shortry. care shourd
be takdn to.insure that the gper. energy bin linrit is equal
to or greater than the highest source energy to be generated
in the problern. A cutoff energy is also specified, which
lnstructs the code to cease tracking any particle which cte-
grades below this energy. The uaer should be certain that
the lowest e:idrigy bin limit is egual to or lower than the
cutoff energy. rn essence, there must be a bin available
t-ga*" .

Sone calcul_atione may reguire more computer storage
than is available. This situation can be all.evLated by
using the "supergroupG option provided by the code. Thls
option divides the overall energy range into snaller groups
(called supergroups) and the code then treats each of these
groups eeparately. rn this nulnner, only the cross-section
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data for that group currently being treated are stored in

the memory and only those Particles having energies in that

group are tracked. when a particle degrades to a lower

supergroup, its parameters are stored ar:d its tracking is

resumed only after alJ. higher groups have been completed.

The supergroup structure ie defined by the user by placing

a minus sign before those output energies he wishes to

designate as supergroup limj.cs. If this option is not

desired, only the upper'and lower energy bin limits require

minus signs. This instructs the code to treat all energies

as part of a single super.grcup.

SAlr-C provides response function options which allow

the user tc automatically transform particle fluxes into any

desired f lux-dependent quanti ty (dose, heat deposit ion, etc.).

Assume, for example, that the dose is required in several

regions. rhe user supplies r as input, a f:.ux-to-dose con-

version factor as a function of energy and tlie numbers of

the regions where the dose is desired. For each region, tire

code multiplies the flux l(e) in each energy bin by the

corresporuling conversion factor C(E) and integrates over

energy. Thus
EIAxr - IDosE =  2 -  tg (E) tc (E) rdEJ0

Two calculation options are proviclect as described on

the fol.lowing page.
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1. Bu:. l t- . In Response

This option al lows for a single response calcula-
t ion for al l  f lux regions. The calculat ion is

. performed. before the f lux edit . '
2. .  Mult iple Response

This opt. ion al lows for the calculat ion of several
responses through the use of the aggregaee tape.
At the conrpletion of the Monte_Carlo problem the
flux results qri l l  be stored, by aggregate, on the
aggrege.te tape. This tape may be processed at a
later t ime for as many responses as desired.

4 . 2 . 9 Transmi

A transmission region has the propertv such that when
a part icJ-e entels i t ,  the t: .acking ei that part icle is
terminated and aLl_ of i ts narametels (X, y, Z coordinates,
energy' etc.) are stored on a magfnatic tape carred the
interaction tape. This tape then can tre used to generate
a source tape co*:1.,osed of particles entering the trans_
mission region. fn general ,  a transmission region is used
when i t  is desired to run a problem in two 6teps. This ts
usually done for very deep penetrations or fsr unusual
geometric configurations (such as ducts) where !t may be
more economical to run the problem in stages. The designa_
tion of. a transmission region is, hor.rever, optional . Note
that the program is capable of treating up to 1.0 different
transmission regions .
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An escape region is one in which al l  part icles that

enter are ki l lecl.  f t  is ordinari ly used to define the outer

l imits of the geometry ( i .e.,  the complete geometry is en-

closed in a large region which is designated as the escape

region)

3_:-z . r 9._ _ _-9eo_rll}g-_EeSio"S.
A scorlng region is one in which the flux contrlbution

is computed for each partlcle which passes through it. In
a nonscoring region no such computation is made, so that
the output edit provi.des fluxes only 1n those regions
designated in the input as scoring regions.

In most prgblerns it is desired to knon the flux in
every region separately, in which case each region in the
problem rruld be defined as a acoring region with a ctiffer-
ent nunber. In some problems, however, two or more re-
gions may be eornpletely slznunetric with respect to the source,
in which case the fluxes in these s!'mrnetric reg. ons could
be conbinedl without any loss of information, and, in fact,
an inqrrovernent in the accuracy will be obtained. Each of
these regions then qroul.d be d.esignate<l by the same scoring
region nunber. In still other probleme it rnay be unnecessary
to know the fluxeE in certain regions. Tirese should then
be given scorlng regLon nurnber z.ero. which tabs them as
nonscorLng.
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Since fLuxes are only stored and printed out for scor-
J.ng regions, i t  is possible to reduce both the size of the
edit and the core storage requirements by reducing the num_
ber of dif ferent scoring regions. I t  should be remembered,
however, that bnce a problem is run j . t  is impossible to
recapture any f lux information in nonscoring regions.
4.2.L! _l!qln[g "S 

Hi"t"r i"" 
""d 

sr
fhe user must designate the total number of source

particles (histories) to be run in the problern. Although
ir greater number of histories will improve the accuracy of
the answers, it wilr- also increase the problem running time.
The user must therefore strike a balance between the toler-
able errors in the anslrers and the cost of running the
problem. In cornplicated probJ.ens it is usually wise to run
a test problen of 100 to 200 histories to get a , , feel, ,  for
whether part icles are reaching the desired regions. I f
they are not, the' fauLt probably lies in incorrect importance
sampling and the weights should be adjusted. rf the test
problem appears to have run"welr r " then the number of his-
tories can be increased by perhaps a factor of about L0.
After some experience, the user can generally deterrnine the
correct number of histories to run in a particuLar problem.

In rupnLng the problem the .otal_ nurnber of hLstories
is dj.vided into aggregates cal led stat ist ical groups. This
is done in order to compute the variance (or standard devia_
tion) of the f luxes. Atl  part icles (and their latents)
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within a group are tracked before another group i5 tqeat-ed '

Fluxes are computed and stored on tape separately for each

group. The size of the statistical group is cons'cant in a

given problem and nust be specified in the input. The group

size is not critical but shoulct be small compared tc the

total number of hlstories to be run. About 20 histories Per

statistical group has generally been found to be adequate.

4.2.12, , ,  Volurne 9omputat ion
Io evaluate the fiux, the track lengt-h in a region is

divided by the volume of the region. Provision has been

made to input volumes of regions if they are known. ft often

happens trowever that regions described by the combinatorial

geometry technique have such complex shapes that an analytic

volume comptrtation is not practicaL. To determine the vol-

ume of such regions, a routlne is included to Perform a

ray-tracing numerical, integration calcuiation of the volume -

A grid plane is set up such that rtys normal to the

plane penetrate the geometry in questioi-. Raya are passed

through the plane with a fixed spacing AX and aY. The track

length through any reg{on is calculated and Eet equal to

zn nhere n ie the ray nunber. The vclume ' then' of a region

is Ax AY xn Zn. The accuracy of tire voLume cotnputation is

dependent. on the lX,and Ay spacings. For vehicles such as

the M-60, accuracies of a fer percent have been obtained

with spacings of approximateLy one inch.
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A. Interaction Scorj.ng

SAM-C provides the user with a methorl of calculating

the production and transport of secondary particles coming

out of primary source part icle interactions (e.g. ry-rays
from neutron capture or inefastic scattering and secondary

nbutrons frorn f ission or (n,2n) reactions). Dur: ing the

tracking of primary source neutrons, all interactions which
are capable of proilucing secondaries are stored on the
interaction tape (of Section 4.2.L4,,.  lhe stcred data are
the coordinates of the collision point, the energy and

weight of the primary neutron, and the type of interaction.

This tape then can be processed via the cASp program, which
generates a source tape for use in a subsequent SAM-C prob_

Lem. It should be noted, however, that GASP is run as a

separate probJ.em and the input to it shoutd not be included
with the SAM-C input package. l'he following discussion
describes the basic input required to run GAgp,

The first group of input specifies the nuniber of ele-
ments in the configuration, number of regions in the prob-
Iem, maximum nurnber of prinary neutron historLes to be
processed (this rnay exceed the number of souree particles
run in the SN.I-C problem, in rrhich case GASP will process
all primary histories) , rnaximum number of secondary parti-
cles to be created, and the number of energy bins for an
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interacti.on tape edit. rf the lcltter quantity Ls non-zero, the
user must supply a List of prinary neutron energy bins and
the code will provl.de the number of absorptions and inelas-
tic scatterings in each bin for each region. If the user
vrishes to edit the interaction tape but does not pj.s!, to
generate a secondary source tape, a zero should be enter.:d
for the number of secondary particles to be created.

. Assuming that a source tape is desired, the following
input is required for each qlement in tha confiquration.

l .  Atomic te ight .
2. Number of different capture gamma energies

produced per neutron capture.
3. Number of corresponding prinary neutron

energies. This quantity pernite thd user
to change the capture ganna slrectruiir as
a function of neutron energy.

4. Nrmtber of different inela8tic scattering
gamna-ray energies.

5. Number of corresponding prinary neutron
energies. This can be used to chang€ the
inelastic aanms spectrum as a furiction of
neutron energy.

Capture gamma energy vafues.

enelgy values.Corresponding neutron

J .
I

'  t .

6 .

1
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8. Number of garnmas produced at each garuna

energy  fo r  each neueron enet -gy  b in  ( i .e . ,

start ing with neutron bin *1, enter the

nrrmber of gammas produeed at each energy

in the ganma spectrum, then repeat for

neutron bin *2, etc. ) .

9. I tems 6, ?, and 8 are then repeated for

inelastic gatlutlas.

After items I through 9 have been enteled for each
element, the user must specify the reg.ion and energy

weights for secondary particles. the fofmat is given in
Section 4.2.I4. Note that no angular weights are permitted

in GASP. In sett ing up the secondary part icte weights for
CASP it also should be noted that the number of secondaries
produced will be modified by the ratio of primary neu !r-.on
weight to secondaly gamm€r weight. Assumer for exanrp-.t s,
that the user has specified that one gamma ray is produced

in a particular capture reaclion. If the weight of the
captured neutron was .l .0 and the secondary gamna weight is
gj.ven as 0.5, the code will actually generate two garnma

rays. fhis shoulC be of no concern since the normaLization

to the proper energy spectrum is done correctly by the code.
This method of generating secondaries can be used to ad-
vantage since it allor,rs the user to suppress secondary
production in certain regions (by making the region weight
in GASP very large) , while enhancing it in other regions.

I
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.  The f inal group of input is used i f  an edit of the

source t; ' re is desired. The energy bin structure of secon-

dary part icles is specif ied and the edit provides the number

of secondaries generated ln each energy bin in each region.

The input reguirements for the secondary SAM-C problem

are similar to those for the primary problem. The stat is-

tical group size for the secondary probien should be the

, same as, or a mult iple of, that of the primary problem.

4.2.14 Card Input Formats

Definit ions of al l  input quanti t ies are discussed below

in their correct o:.der.

A. TUNC fnput

EIJNC is thd rnain program of the SAM-C systern and the

input consists of two cards.

Card I

Any 80 Hollerith characters (usua1l1 serves as a

titie card)

Lcrd 2

IBAlilD, NBAtiD

IBATiID = 0

rBAND = I

TBAND = 2

(Format 2110)
'Ar. organized data tape (ODf) will
be generated and edited (BEDIT)
and the geometry input wiJ.i be
aCcled to the OD!,

An erigting ODT will be eatited
and the geometry input wiLl be
added tc the ODT .

An organized data tape (oDT) will
be generated abd the geornetry
irrput will be added to the ODT.
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B. BAU l4put

the BIIND routine 
"rganizes 

the
generates an oDT.

2 8 1 5 . 5Card, 1 - Identification Card (Forrxats I10 3 1 5

Problem Number - ar.y integer

Upper and lovrer energies - may be left blank.

Number of compositions - euter the total number
of dist inct composit ions.

llc - enter 0 for a neutron problem or 1 for a
ganm.r-ray problem.

NBjAND - enter the same-. -rumber as in the TIrNC input.

Enter the energy limi.cs (:,n ev) of each band startl.ng

with the highest energy and proceeding to tlre lowest energy

in the probien. use as many cards as necessary.

Card 3 - CompositLon Identification (Forrnat 2110)

IBAND = 3

IBAND = 4

NBAND

Number of elements - enter
elerf lents or isotopes ( i .e.
count as two eLements ) in

The geometry input will be adited to
an exist ing ODT.

An exist ing ODT also containing the
geometry. input wiLl be used.

l{re number of energy bands in which
the cross sections are to. be proc-
essed. During tracking, the cross
sections in only one band are in the
computer at any one tj.me. An attempt
should bd .rnade to keep the total
number of cross sections roughly
constant in each band.

cross sections and

Composition number - an integer ' starting with 1 forthe f irs+- cornposition.

the number of discrete
, lU2?5 and U238 would
the composition .

, I
,l
It

2 - _!q{ogs Section Band L,imits (Format 5El4.s
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F
Card 4 _-,_Efe!qeqt Cq-aT5tEt--

ID - an integer which identi f i .es each eLement.
Make sure that this integer agrees rrith the
identification nurnber of the element on the
eLement data tape. Ehe identi f icat ion numbers
on this tape are usually, but not necessari ly,
egual to the integral atomic weights of the
eJ.ements .

Cr.rnggntration ; enter the atonic concentration
(lOa{ atoms,/cmr ) of each element ln the
composit ion.

Cards 3 and 4 are repeated for each composition.

C. GENI (ceonetry) Input

The r-i'rmat for the geometry input is d.iscussed in

Sections 2 and 3.2 of this recort.

D. INPUTD Input

The XNPUTD routine reads and Btores the remaining

input for a plcblem.

Card I -  General Information (Formats 3110, gI5)

The number of real tine seconds of
running time hefore terminating and
edit ing.

Number of the lagt history to be
treated.

Nunr.ber of hlstories lrer seatlstical
gro'Jp.

Number of regione in the geometry.

Enter 0 for a neutron problem or 1
for a ganrma prob1em.

Number of outplrt time bins (enter 0
for a time-independent problem) .

Nunber of output energy bLne.

NSTART

NSTOP

NSTAT

NR!4AX

NG

NT

:,iOur

1 7 6



NU;,tSC

NRWL

IREX

rRT ( t )

Note that

the f irst three

rwA

IWI

I9IE

mo

NDET

NDFAP

Number of f lux scoring regions.

Number of dist inct region weights.

The escape region number.

The f irst transmission region number(leave 'blank i f  no transmission reqions
a r e  d e s i r e d ) .

the above 11 i tens appear on a singie card,
are Fornat I l0 and the last eight are

Fornat f5.

Card  1 .1  - Transmission-Interact. ion Information Format I4I5
tnr tz

IRT (3
IRT (4
IRT (5
IRT (5
IRT (7
rRr (8)
I R T ( 9
rRT (10)

Addit iona.l  transmission region
numbers. Leave blank i f  only one
or i f  ne transmission reqion-.

Enter a "1" i f  absorptions are to be
recorded on tape, otherwise leave blank.
Enter  a  "1 , '  i f  ine las t i cs  a re  to  be
recorded on taPe, otherwise leave blank.
Enter  a  "1"  i f  e las t i cs  a re  to  be
recorded on tape, otherwise leave b.Lank.
A nult ipl j .ei ty factor. Each transmission
will be recorded on tape "MO" times. IffWO is zero, no transnissions wil l  berecorded.

Number _o_f_loin! Detectors (Format 2IIO

Total number of point detectors.

Nuniber of detectors for which flux-at-a-point is to be used. Stat ist ical est ima-tion will be used for the remaininq
detectors
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Detector Coordinates (Format 3E14.6
XAD, YAD,
ZAD

Tbe X, Y, Z coordinates of each
dete.:ctor point. One card per
detector. Enter the flux-it-a-point.
deteetors f i lst, fol lowed bv thl
statistical estination dete-ctrrrs.

ECUT

ETH

[cuT
FZ

EITIGH

These cards give

bins. Ahere shoul-d be

of (NT + 1) entr ies.

the bourrriiaries of
five entrlea per

However, if NT =

the output

card with a

0, omLt Card

tine

total

Set 5

L78

g_a_
Low energy cutoff (ev). Tracking
of a part icle is teuninated i f  i ts
energy degrades belotr ECUT.

Thernal - energy if a thermal qroup
is reguired. sTH must be within-
the energy linits of the problem.

Leave blank.

See discussion in Section r l  .1.

IliEih energy cutoff (ev) . rhis should
be lesb_than or equal to the highest
energy for which cross aections-are
avai lable.

Card Set- 5 - Output Ene 9ins (Format 5814.5
These cards give the boundaries of the output energy

bins (ev) used for the flux edit. There should be five
entrj-es per card with a total of (NC:j.j, + I) entries. The
energies shouLd be r.isted f,rom high to 1ow with the rowest
energy equal to or less than ECUI. lhe first and last
entrieE should be negartive. If supergroups are used, any
number of intermertiate energi.es rnay aleo be negattve.



entirel-y.

f irst entry
must egual

Times shoul.d

equai to or

0 .

be entered from high
greater: than TCUT and

to lohr yr i th the

the la.st  entry

These cards give all of the region weiqrhts needed in
the problem. They are entered f ive to a card with a total
of NRWL entries. The order in which the weights are entered
j.s irrelevant, but does determine the region weight numbers

rsc

NREG

rRw

IEW

( i . e . ,  e n t r y  o n e  i s  w e i g h t  * 1 ,  e t c . ) .

Use one card per regj.on rdith a total of NRl,tAX cards.
the f irst card appl ies to i .egion 1, the second to region 2,
e t c .

IAN

Sco-ring.region number in which thetr_uxes in this geometric region-i ie
lg b. stored. Several. ,.si6n""rol"-be_assigned the same rsc-iu.L-"rl '-,rrrSC = 0r fluxes uirr not i l""'"i"i.ai'
Torbgf of the composit ion to be foundin-this region. ih"". n,.rrnu;r;-"; ;-" 'defined by-the BAND input

I:qi ln weight.!". :"ber assisned to thisregion. A wei!fi?aTrnU", is-gir;;";;.i.ts positlon ii the ti;; ;; i lgi"""ileier,tr.
l lgr9Y weight set number assigned tothis region.. . rr rE-F--O rh;;; 

-i; 
;;energy weighting in this .egion.- "-

eiming angle number assigned to thisresion. rf rF-o'*,.i6 i" ;; 
-"--

angular weightins in this i"siin.
ll?:13T weisht set nurnber assisned tocnrs region.

rANG
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E rs
V

Card 9 -.  Energy Weiqht Specif icat ion (Forrnat 2I l0)

NEWL Number of energy bins for energl.
weighting.

Number cf clistlnct energy ueight
sets. If NE9IL and NEgt = 0. the
problen contains no energy
weighting and Cards 10 and 11
are omitted.

Carcl set 10 - Bin Limits for Energv Weights (Format 5Ei4.5)
Enter the boundaries (ev) of the energy bins to be

. used for eriergy weightinE. fhere shoul.d be five entries-
per card with a total of (NE$|L + L) entries. Al.. :nergies

. should be entered in decreasing order. The loweet bin

. l imit should be tess than or equal to ECUT.
Ca.r.d Set 1l - Enjergv neiqht Sets (For,nat 5Elt.5).

The energy weight value in each of the above energy
bins should be entered.. One or nrore sets of energy wei.ghte
rnay be entered. Each set should contain NE|{L r trLes and
a new card shouLd be used to start each aet. There should
be a total of NEw sets. the order in which the sets are

. : entered determines the energy weight set numbers (the first
j

.  ' ,  se t  i s  we igh t  se t  *1 ,  e t c . ) .
: cara L2 - Anq,ul.ar weight SpecLfibaticrrs (pormat 3Il0)
t

NAIUL Number of distinct aimlng angles.

NUIrtAllL Number.of angular bins for angular
relghting.

NUltANc Number.of distinct angular welgtrt sets.
If the problem contalns no angular weighting, enter 0

il

i  for the above three quar.t it ieg and onit Cards 13, 14, and 15.
i' t
{
'4

t
t,
I. .t,

1 8 0



Card Set 13 - _Aining Angl.es .(Forrnat 3814.5)
Enter the direct ion cosines of each aimj.ng angle with

respec t  to  the  X,  y ,  Z  coord ina tes .
cards .

Use a total of NAII|L

Card _! - lin Lirnits for lar Weiqhts Format  5814.5
Enter the bbundaries of the anguiar bins to be used

for angular weighting. Boundaries .are given in terms of
the cosines of the angles, with the f irst entry equal to
1.0 and the last entry eguaL to _l .0. There would be a
total of (NUMANL + l) entries.

The angular weight value in each of the above angular
bins should be entered. One
should be entered. g".ch set
and a new card should be used

NSR

IFLAG

rsw

or more sets of angular weights

should contain NUITTANL entries
to start each set. These J.

ishould be a totaL of NUMANG sets. The ord.er in which the
sets are entered determines the angular weight set numbers.

Number of different source
the problen. rf  NSR = 0,source tape is used and nosource input is reguired.

Number of energies used, to define
.source _ spectrum. If IFLAG = 0, aDur. l t- in-Cranberg f ission specirumbe used for a neutron prob16m.

If fSW = 0, f luxes wil l  nor:nal ize toone- source part icle. I f  fSW = 1, f luxeswil l  be normalized to the totaf ioui""polrer as given on .:.he next card.

regions in
an external

further

the

wi l l

Card Set 15 SSrmat  5814.5

1 8 1



Card  I7  -  Source  Reg ions  (Formats  I l0 .  820.10 .  I10)

One

total of

ISR

P

card is reguired for eash source region with a

NSR such cards .

i

r;

rso

Geometrical region number.

Power density in the region (source
particles per unit volume) .

If ISO = 0, the source particles wlll be
emitted isotropical ly. I f  ISO = 1r
the source will be monodirectional .
with the direction specified on
Card 21. The va].ue of ISO (0 or 1)
must be the same for all source
regions.

Card 18 - Spectrum Descrj.pt ion (Format 2E20.8)

These cards gtve tbe integrated source spectrum. Each
'card corilains an energy (ev) ancl the integrated source

above that energy. The first card contains the lrpper energy

) s(E)dE, of the source with the integral equal. to o. The

last card gl.ves the lower energy of the source with the

integral equal to 1.0. The lower energy of the source

should be less than or egnal to ECUT, but, qra?:.?r than or

equal to the l<iwest output flux energy bin llurit.

Card 19 - Time Specif icatLons (Eormat I l0)

Nor Hii.3'u*$Jili3i.""3:,:: iB":15"
20 should be omitted for a time-inde-
pendent problen.

Carcl Set 20 ' l l ime Distribution (Format 2820.10)

Each of these cArds ehould contain a time value ancl

the corresponding i.rrtegrated source up to that t irneJttataa.
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These cards a!e, therefore, analogous to card lg, except
that time r€placr-:s energy. Ehe first enrry should corre_
spond to the longest t i rne with the integral egual to I .0.
The last entry is for time equal 0 with the integral equal
t o  0 .

Card 21 - Monodlrectional Source (pormat 3814.5
If ISO = I,  the direct ion cosines of the monodirectional

source with respect to the N, y. Z cdordinate axes should
be entered. f f  ISo - 0r ornit  this card. Do not use angular
weighting in the source regions if a monodirectionar source
is specif ied.

I

t
l .

IR :!he region number of the vertex pointXV. I{ TR = 0, then all volumes.roii ibe read in and no ,ompot"tions wili bemade.

Do not punch out computed volurnes.
Punch out computed volumes. .

int (Format

IPUN

rPUN

= Q

f o

E 2 0 . 8

Card 2l! - The X, y Z Coordinates of the Xt poilt (Format

Card 2 5 ?he Z Coordi.nates of the XO point (Format

The above four cards describe the vertices of the box
within which the volumes will be cornputed.
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Card  27  -  DOD,  DT,  (Format  2E20.Q)

DOD is the increment on the l ine (XVr XO). t l ' I  is thc

i.ncrement on the l ine (xv, xt).  lhe two increments define

the scanning mesh for the numerical integration.

Note that cards 23 through 27 are to be omitted if

I R = 0

Card 28 - Pre-Colnpqted Volunes (Forrnats I10, E20.8)

. iRl is the region number of the pre-computed volume.

VR is the pre-conputed volume.

Repar t card 28 for all regions having pre-computed

volumes.

The last card of tliis set must contain an IRI greater

than the nlrmber of regious

Carcl 29 - Built-in Response Data (Format 5E14.5)

[he built-in responee data are as describeil in Seetion

4.2.8. Enter the C(E) data in the s ai le or€ler as the output

energy bins. Enter NOUT - 1 nunber6. If no built-ln re-

sponse is iiesired, enter the corriEpondinE number of bl.ank

cards .

E. GASP Input

The GASP routine Ls uged to edlit the lnteracticin tape

produced in a primarir neutron problen and to generate and

edit a secondary garflna-ray or .neutron source tape.

l
l
i.'..

184

' .  ,  - t



Number of elements present in thecorrfiguration.

I:iP:. cf geometric regions in rheconfiguration.

I:T?"r of primary histories ro beprocessed.

Ilmber. of secondary particles to be9enerated.
NunLrer of energy bins for edit inqthe interactiori- tape. ri l loui-I"0,
*.f,:"is.;.r:!nl{i$:"u and card-2
Plint cASp element data .

l:il!_gnfy element parameter cardof GASP element data .
%

Enter the limits of the output energy bins in which theinteraction tape is to be edited. The edit wilJ. provide
the number and type of interactions occurring in each bin
for each region. There should be ar total of (NoUT + l)
entries in decreasing order. Cards 3 through 9 are to beomiteed if IGCUr = O. fn this case no secondary source tapewill 

.be 
gene.rated. If IGCUI is greater than 0, repeat Cards.3 through 9 for each element ( i .e.,  these seven cards are

specified in order for the first elenent, then go back toCard 3 and repeat the input for the second element, etc.),

NELE

IRMAX

IHCUT

rGCtlr

NOUT

IPRIN = Q

rPRrN = I
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IATWT

LA

Card 4 - Capture Ganuna Energies (Fornat 6812.4)

Enteli the energies in thg capture ganma spectrum in

fEleas$jt order. Ihese should be a total of L,A entries.

ofilit this card if LA = 0.

Card 5:_Captured Neutron Ene (For$at 6812.6)

Enter the upper bound of each neutron energy binr in

ascending order. The lower bound of the lowest energy bin

is trot entered anil is assumeril by the code to be O. There

should be a total of KA ent-ries. Orrit this card if KA = 0.

Card sq_l_-l-.papture Ganna Numbers (Fornat 6812,.6)

For each of the KA neutron energies ' enter the number

of gammas produced at each of the LA gat$rna energies. Start

with the lowest neutron enelgy bin and (lnter each gamma nurn-

ber in increasing order of gamta energy. Start a nerr card

KA

I,I

K I

{

Atomic weight (this nust be the
sarne number used to idlentify the
element in the BAND input.

Number of discrete capture giafl[na
energies. Enter zero i f  no capture
garYmas are produced.

Numbe r of corresponding incident
neutron energies. Enter zero for
no capture ganmas. If the capture
gama spectrun is independent of
neutron energyr enter a l .

Number of inelastic aantna ray
energi.es. Enter a zero i f  no
inelastic gamrnas are produced.

Number of corresponding incident
neutron energies .
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for each neutron

KA x l",A entries .

was omitted.

energv bin. There should be a tctal of

Onit this card i f  ei ther Cdrcr 4 or Card

Card 7 - Irclgqtjc Gamma Energies (Eormat EDl2.G)
fdentical to Cald 4 eicept that the entries are in_

elastic garntna erlergies j.nstead of capture garnmi energies.
There should be a total of LI entries. Omit if L,I = 0.
Card I - Inelastically Scattered Neutron Energies (!.ormat

.........._-_
Enter the boundaries of the inelasticaLly scattered

neutron energy bins, starting with the loweg bound of the
lowest bin and proceed in ascending order. There should be
a total of Kf entr ies. Omit i f  KI = 0.

Identical to Card 6 except that the entries are the
number of inelastii ganmas Froduced at each of the LI gam|ra
energies. Start a new card for each neutron energy bin,
Since the number of neutron bins eguals (KI-l), the total
number of entr ies must egual LI x (RI-I).

.Repeat Cards 3 through 9 for each element.
Cards 10 through 15 - Region q4d Energv,.We.ights

These cards specify

ticles. The input format

INPUTD input. Note that

so that IAN and IAlitG are

six carAs i f  IGCUT = 0.

the r,reights for the secondary par-

is identical to that used in the

angular weigh.ting is not permittedl

left blank in Card t2. Omir these

Card Set 9 - Inelasti.c camma Numbers (Format 6812.6



the fol lowing two cards are used to obtain an edit of

the source tape being generErted. I f  no source tape was'

generated {rGCU1P E 0} they may also be used to edit an

exist ing source tape.

car{i5 -- Number-ollgngrglBins for Sou,rce Tape. Edit (Format

Number of output energy bins. within
each of these energy binc, the edit
wi}l provide the nurnber of secondary
gamnas generated in each region.

NOUT

Cardl 1.7 - E-ne{gies.lor Source rqRe Edl'-g-$g

Enter the linits of the output energy bins for the

source tape eitit in decreasing order. Tlrere shouldl be a

total of (NoUT + t) entries.

4.3 ORGAI{IZATION Uf THE SAU-C PROGRM

The SA}'-C prcgran consiats of two rnain progralts and

their associated subroutines.

The filEt main progran is TITNC. lruNc reads and Proc-

esses alL input. The input is clistributed anong various

conmon blocks and in an array Labeledt MASTER or ASTER. 4'b"

ttro arrays are equivalenced and the different nannes are used

to reference fixed point or floating point clata. fhe MASTER-

AsTaR array contains the bulk bf ,} le inPut, i .e.,  cross

sections, geometry r and l{onte Carlo track length scores. A

diagram detalling the allocation of storage in the MASrER-

ASTaR array is shown in Appendlix D. A flow chart of the

AUNC program is shown in the cliscussion of the TIrNC rbutine.

. l{
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The second main progran is cal l_ed MONTE. MONTE con_
troLs the actual Monte Carlo caLculat ion and the f lux_at_
a-point calculat ion. The routine controls the reaCing of
cross-section bands and the writing on tape of the ans$er
a*ays. A detai led discussion is gi.ven in the descript ion
of the MONTE program.

4. 3. I :_-._D,lss,rlp*tlor of lo!lgi-!e,q
This section gives a brief descript ion of every routine

in the program. The routines which have an asterisk (*)
superscript are of major importance. the descriptions are
given in alphabetical order. The brief descriptions are
followed by detailed descriptions of the important routj.nes.

Note that the following routines are used by thb Sru4-c
progran and the MAGIC progran.

BOX
DIGCON
FLOCON
cL
s
SEE3

fhe above routl.nes are
Routine

AI,BARI

SPH
TROPIC
I,INl
UN2
wowl

descr ibed in  Sec t ion  3 .3 .1 .

Description

ARB

An. input processing routine to read inarDr_trary _ polyhedron (ARB) data. Iheroutlne sri.ll check for errors and alsoput the data in the IIASTER array. 
----

A tracking routine to calculate distanceto first intersection (RrN) una ai"iin""ro taBt interE€crlon (Rouri fo; ah;;iiBfigure.

1 8 9 .t
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BOX

Routine

BAIiID*

BEDIf

CARLO*

c&oc

DCOSP

DIGCON

DIREC

Descript ion

The cross-section processing routine.
The routine reads in cornposition data.
Element data for the required elements
is read fron an element data taPe (EDf).
The element and contposition data are
used to calculate macroscopic total
cross sections. Composit ion, elementt
and total cross-section data are Placed
!n the UASTER array and on the organiued
data  tape (ODr) .

A routine to edit the (ODT) in a
readable form.

A tracking routine to
to f irst intersection
to last intersection
f igure.

The Monte CarLo calculatior. rcutine.
The routine controls importance sampling,
col l ision nechanics, and seoring.

rhis routine will print the tirne as con-
puted by the computer internal clock.

civen trto position vectors r XA and XB.
the routinb will compute direction cosines
wA from )tA to xB.

A routirre to read Eollerith data and
convert to integer data. The routine is
called by GENI and is Part of the input
processinq .procedure.

Using a dlirection vect-or U as a Polar
axis, a ilirection Wr is generated the
cosines of whose polar angle is CSTHT
and with random asinuthal angle. Thust
new direction cosines tl" atre comPuted
such that

tlV . W = CSTHT.
rhe rout.in6 is-used in cornputing the
nelr direction after a scattering.

cal.culate distance
(RIN) and distance

(ROUT) for the BOX

1 9 0
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ELL

Routine

DR*

EDIT

FAP*

FLOCON

gesgr:-p!.ior-t

?he coLl ision mechanics routine. fhe
routine is r-tsed to caLculate macrio-
scopic total cr.oss sections as a
function or '  energy. The routine aiso
determines energy and angle after
scattering.

A tracking routine to calculate distance
to f irst intersection (RIN) and distance
to last intersection (ROUT) for the
el l ipsoid of revolut ion.

The flux edit routine. The routine
prints flux answers as a fuhction of
energy and regions, and dose ansrrrers as
a function of region. fhe routine alsoprints f lux-at-a point results.

The flux-at-a-point calculation routine.
The routine calculates fLux-at-a-point
scores as a function of energy and
detector point. The scores iie stored
in the MASTER array and printed out by
the EDIT routine.

A routine to read nollerith data and
convert to floatj.ng poiDt data. The
routine is called by GENI and is part
of the input processing procedure-.

to
be

CE

GENI*

e l*

A loutine called by f'AP
intermediate results to
f lux-at-a-point scores.

compuEe
used il the

The najor geometry input processing
routine. The routine reads geometry
data, checks for errors, and-puts t ie
data into the IIIASTER array in- the form
requirecl by the tracking ioutines.

The nain geometry tracking routine. Given
a posit ion Ir a direct ion ry, and a resion
IR the routine will calculate the dis{,ance']S" 

!ro4-the point { to the next reEion
in the direction W. The routine allo
determines IRt the next region to be
encountered.
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Routine

INPUTD*

I,ION?E*

PACI(

PEDIT

PICK

Description
ghe Monte Carlo input routine. The
routine reads lrlonte Carlo input data
and storee it in the IIASTER array for
use by the calculation routine.,s.
Region specif,icationf importance
pling data, output energy me,shes,
flux-at-a-point data tre ha.ndled

sam-
and

by

NOPR

this routine.

A routine to return the current
of the computer internal clock.

status

The control routine for che llonte Callo
calculations. Tlre routLne nEfiiSliG.-
the organized data tape (ODT) and the
supergroup tapes. The routine also
outputs on tape the scores for each
statistical aggregate for fater use by
the edit routines.

A routirre to pack the position, directlon,
energy and'weight dlata for a particle
into.seven compute! words. The Eeven-'
word records are useq for latent storage
and for output onto the interaction/
transmissl.on tape.

The controL pro.gran for the edit routines.
The routine sets up alrays fpr use as
stgrage for the edit routines.

The cqntrol routine for supergroup
latents. This routlne Btorea particles
nhose energles are not incluilect in the
superg roup currently bel.ng processed.
These particles are stored by PfCK in
eitrer the aentral mernory or on tapes
clepencling on the anoqnt of corq avai.l-
able for the particular problem.

A tracking routinq to
to f,irst intereection
to last intersectioa
angle wedge.

A tracking routine to
to f,irst intersecti.on
Lo last intersection
ell ipttc cyllncler.

calculate dietance
(RIN) antl distance

(nouT) for the risht

calcu.Late distance
(RIN) and cliEtance

(nOU'!) for the right

L92
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Routine

REACOM

Descript ion

This- routine reads all of the commonll199fs from tape. At the poini-o?---
wrrt lng al l  the input has ireen proc_
essed and distributed among the conmonblocks. AIt common blocks"are ,; iG;;on tape and wil l  be read in bv subse_quent Monte Carlo rorrtines usinq REACOM.
A tracking routine to calculate
to f irst intersectj .on (RfN) in, ito ].asr _ intersection (noUri toir ight circular cyl inder.

A tracking routine to calculateto f irst.  intersectLon (nfn) andto last intersection (nOUri ioirectangu.t ar parallelepiped.

An input processing routine to procesathg Rpp <tata and store it in thi uaiiinarray.

Given that a ray has intersected
tne routine will determine whichon the other side.

RPP

RPPTN

distance
dis tance
the

di stance
di stance
the

an RPP,
RPP l ies

Given a vector E! with elements monotoh-ically deereasiii ana a viiii;1";;;;1,routine witl seaich ririough-thE-pi'"ii'determine the bin containing i: -' -"-

.A routine used
from the MASrER

in extracting Rpp data
array.

The, input proeesaor for the souJce infor_mation required by the Monte caiio 
----

routines. The routine p"o""."JI-!rr.rgy
T*-ti.:. specrrum aata,' intr-i""r"J"i!iio"311-ti.:-:p:9:tor aata, -antr-i;;;";-;;;
data. The data are storJd-ir-tr,"-uiiSiun
array.

A routine to generate init,i.al sourceparracles. The routine use-s the sourceinformation processed ly soucai-ail--'crel lvets.posit ion, energy, t ime, direc-ELon, aDd weight data for source part icles.

SOUCAI,*

souPIC*

1 9 3
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SPH

Routine

SUBED

STAT

[ALI,Y

TERP

IRALA

IROPIC

TI'NC*

Description

A tracking routine to calculate distqnce
to f,irst intersection (RINI and distance
to last intersection (ROtn) for the
sphere figure.

lhe main edit routine. The routine
reads the answer arrays from the sta-
tistLcal aggregate tape and prepares it
for editing by the EDII routine. Dose
responses are also calcul.ated in this
program.

A routine to calculate standard devia-
tlons. The routine accepts data from
the EDIr routine arrd computes standard
devi.ations.

A sununary routine. the routine prints a
one iine sunmary of rgsqlts for each
statigticaL aggregate. Quqntities such
a6 nurnber of col,lisions, absorptions,
degradations, births, and deaths are
printeil for each aggregate.

A ll.near interpolation routine.

A tracking routine used by FAP, the
main fLux-at-a-point routine. The
routl.ne cooputea dletaucee froo el 1n111.1 polnt
to a fl.aal potnt.

A tracking loutine to cal.cuLate
to flrst caritact (RIN) anrl thc
to last contact (ROUT) for the
right cylinder.

di.stance
distance
truncated

rRc

A routine tq geDerate
direction coainea fron
direction.

a vector of
an iaotropic

|rhe rnain control program for the entire
&{onte Carlo program. The routine
controls the cross-section processing
routines, BAND and BEDIT, the geometry
input routine, GENI, ancl the Monte Carlo
input routine, INPUTD.

1 9 4
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Routine

UNPR

LNl

q3

I,'NPACK

VELF

VOLUM

!\lowl*

WRICOM

nRm4

XDIST

on tape after all input
essed. The routine is
A routine to write seven-word recordstape. The routine is called ,ni,e"tveitransmission or interaction is to be-on tape.

Given la.and fB, two
Ene routine computes
tance betvreen {ii, IB.

lhe routine which writes

pe.sc{,!p,tiot

A routine to unpack tr{ro computer wordsconE€inln* six inceger varlables and toclerr.ver the six integer variables storedin the conmon block iabeJ..a nfCpln. 
---

1 lgufine to.ulpack the integer parr ofa worcl containing a packed floatinc pointand an in teger  v i r iaL ie.  
- - - - - - - ' '  r -

A routine- tc unpaek a computer word.con_Earnrng three j l teger variables.
A routine to unpack a seven-word
contai 'r ing posit ion, dj.rect ion,
and $reJ-ght information.

Ihe. veLocity computation routine. Therourlne is used only for tinre_dependent
Blgblgr. and computis vetociiy ;5-;--"tunction of energy.
'fhe volume computation
vorumes a;e conputed by
integration. -

The routine that determines
a ray wiLl enter next. Thecalled by trcl".

1 9 5
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which region
routine is

all common blocks
has been proc-

calleil by TIJNC.
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posit ion vectors ,
the geometric dii-



.  :  sections and probabil i ty tables for al l  nucl ides of interest.

l '

Subroutine BAND
ghe purpose of BAND is to arrange the cross-section

data in an organized fashion for the particular problem in

Prccess .

?he GENDA anal GENPRO programs are used to generate an
element data tape (EDT) which contains microscopic cross

This EDT can be considered as a library tape for any subse-
quent Monte Carlo problems.

For a specific problem, however, the system is divided
into regions which contain given nuclide compositions.

Each composition may be described by a set of nulcideE and
their respective. concentrations. When a particJ.e enters
coi.Lision at some poJ.nt wi.thin a region of given composi.tion,
the Uonte Ca=lo prograrn has to select the nuclide in the
composition with whj.cn the particle collides.

The probability that a particle with energy E wilt
interact lrith nuclide k of the conposition R is given by

P(h,R) = c (h, R) q (a,e)/ rr,e G)

wtere At,a (E) is the totaL macroscoplc cross sectton
of the cornposit ion, and C(hrR) is the coneentration
o'i nuclide k in region R.

i
:

. l
I{
I

1

,
a
t

?
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c (k, R) = ft No rr,*
where = dens i ty  o f  the  nuc l ide ,  k

= i ts atomic weight
=  o .o6o23 x  L025,  Avoqadro ,  s  number

tkrR = voLume fract ion of the nucl ide.
The BAND program searches and reads from thr: EDL. all

information concerning the nuclides which appear in the
varioub composit ions specif iad in the input. I t  computes
the total macroscopic cross sections of each composition at
each fi.nal energy, ,/er,t (5f) , ,jni,ti.J the concentration
data supplied as input to the progrirn. pinar i . ; ,  l t  s,;ores
all data concerning the nucLides and the compositions of
the problern in a prescribed order.

Henee, the role of BAND is, above al l ,  the organization
the cross-section and probability data read from the BDt,
addit ion, i t  computes and stores t ine y'aaa (grg) '".

p k

Ak

No

of

In

pu,, Gi) = rt". (e,R) q G,Ef ) .

The output energy

the EDT. Although the

lethargy mesh, BAND and

mesh for BAND is the same as that of
present cENPRo output is at a fixed

subsequent programs can accept an

197



afbitrary energy mesh.

The output of BAND is arranged in energy bands. The
number NBAND of bands, and the (NBAND + r) band rimits are
specif ied on input. The ODT consists of al l  cross sections
and probabil i ty tables foi the.high_energy band for al1
nucl ides and composit ions, fol lowed by al l  cross sections
and probability t--ables for the next energy band for all
.nucl ides and composit ions, etc.,  down to .the lowest energy.
Subroutine.,BEDIT

BEDIT edits the ODT generated by BAND, The edLt Is by

NO. of BANDS, total nudber of bands in problen.
Third Line

energy band.

First Ling

BAND-FI,AG,

Second line

Is a heading fox :he

JENI is the location
mesh table; i tEN2 is the
word of the energy rnesh table.
Next Headinq

REGION

LOCMU

LOCCON

sequential number of the band bei.ng edlitecl.

I
f

' l

table that follons

of the first word of the energy
location of the next to i,he last

i
t
tit
f
(
(
i
I

" i
t

Composition numbe!

The location of the first word of themacroscopic total cross_section tabiefor that composition

?he_ location of the first word of thetable giving the concentratlons ofdif ferent nucl ides.

1 9 8



This is fol lowed by a table for alL composit ions
present in the problem.

Next Heading

Concentrat ion of nucl ide

L,ocation of the first word
microscopic cross-section
for the nuclide

;

I

coNc
LOC

ATWT

in the problem.

Headinq

I,oELEV

AS'IT

I,PLEV

LCHT

LENN

of
data

t
I
I

;
I
i
a.t

r:
{
!

:

t
t. :
:
I,t
{
I
I
I

Atomic !,reight of the nuclide.
This is forr.owed by a table for arl  nucrides in each

composition present in the problem.
This is followed by a printout for each nucl ide present

Locati.on of first word of tablegiving discrete energy levels
Atomic weight of nuclirle

Nunber of discrete energy levels
Length of CHl-table

f,ength of ENN-table
Vle will rnention here that the angular d.;-stribution (E,

cosg ) is divided into N egually probabJ.e intervals of
cos€.  The N + f boundaries of cos 6 define N + I values
of /  = (1 + cos O')/2, which are stored j .n a cgr table for
the energy E. fhe Length of the CHl_rable is N + l .

Similarly the spectrum of ineLastic neutrons p(E,Er)
is divicleC into M egually probable intervals of 8,,  and the
M + I boundaries of E, are stof,ed in an ENN-table for the

, i i
l f
i II t
, _ 1
i t
i it ; '
l l ir i ,ji
' j ,
t lt i
t i
l i
l 1

I t
i l
l ! )t i
I 'ri

t i
l . i' l  i l
l . ' t l
t .  '?.
l . i l
l "lil i l
t i 1t tt i
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energy E. M

Next Heading

E

S]GMA

SCATTER

PLEV

ABSORB

ENN

+ 1 is the length of the ENN table.

Eotal, cross section., itr barns

If CHI = 1, elast ie scratterinq is
isotropic in the (:M. sl.sten.
If  CHI = 2 r elast ie sr:atterinq is
with hydrogen (special.  routin6).
rf  = 4, elast ic scattering isotropic
in the 1ab system.
f f = 5, the KJ.ein-tJishina formula
is to be used ( gamma rays only) .f f  >5, the CHI is the location-of
the first uord. of the appEopriate
CHf-table.

Elastic scattering cross section,
in barns

ff = 0, inelast ic scattering is
no t  v ia  d isc re te  leve ls .  Ia  >0 ,
PLEV is the location of the firit
word of a table glving prob-
abi l i t ies to excite t6e'various
leve ls .

Absorption cross section, in barns

I

. l

f f  = 0r inelast ic scattering doe!,
not give rise to a continuous
spectrum of inelastic neutronb.
If >0, ENN ls the location of the
first word of the appropriate ENN
tab le .

IJ Location
entry.

This is foll_owed by a

ferred to (CHf, ENN, pLEv,

t ive locations.

of the total cross-sectLon

After the printout for aii the elements comes the
printout of macroscopic cross sections for all the cotnpoa i-
t ions, in cm-1 vs E, in ev.

ltsting of ill the tables re-
ELEV), together with their rela-

I
I' i
,

?

i
I*.
::
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This is the

I - rays ,  one has ,

each sqmp6sit ion,

atomic number.

Subroutine CARLO

end of the edit for neut.ron problems. For
in addit ion, a printout of {1C1Zi fe3
where Ci is a concentrat ion, and Zi is an

Source part icJ.es, either read from source tape or
generated internal ly by the subroutine SOUPIC r as well  as
Latents, are tested on energy. I f  the energy is below the
Iower bound of the supergroup current,ly treated, they are
stored as latents. For energies within the supergroup.
they are transmitted to the subroutj.ne CARLO which tracks,
distr ibutes further col l is lons, i f  any, and scores anst/,rers.

Given the region number IR, the energy E, end the di_
rection of flight WB, a total weight

W= Wre r Wa 'Wrr

is calculated and a new F given by the ratio F/W is treated
as the total number of biased particles born sirnultaneously,
at XB, T, with an energy E, in the direct ion WB. The carry-

'along stat ist ical weight t{c, can be considered as a normal_
ization factor, to be transhitted to all future collided
partS.cles due to the present source particle. For inter_
naLly generated particLes the quantity F aluays wil j. be
uxity.. Externally gerrerated particles will have an F dif_
ferent. from unity if they were not picked from the property
biased source distribution. The quantity F is tested vs an
input cutoff value pZ. ff it is smaller, a gamd of chance

20L
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s
i ,

t
I'
I
iIata
!,!

i:
is played, and, with probabil i ty (1-F)

ki l led; whereas r^r i th Drot 'abi l i ty F the

vrith F set as unity. These t$o event:a

(FxVr ,  "k i l l s "  o r  (1 -F)x l t  "b i r ths" :

If the Farticl.e survives the test. a subroutine

is called, which provid.es the total macroscopic cross

tian A in the legion IR. A landom nunber f, is pickecl

picking futuEa col l ision points.

A geometry routine GI(S1, tR',  xi  is cal l .ed to provide

the distance 31 to the first region boundary encountered

from xB in the direction !fB. fn'is ttre region number on

the other Eide of the boundary, ,ind x'is the point of inter-

section of th.e track with ihe boundary. If the region IR

:!6 a scoring region, the co:rtribution to the flux is cal-

culated and scored. Points where partj.cles enter into

colllsion are picked by conputing

i ' =  ! ,  -  n  ( r  - . ' - t )  .

the particle

particl.e is

are scored as

i s

kept

elther

DR

sec-

for

z lI f  5  . 0 ,  a
I

I R a t X = X B * S { l B

action routine DR

of col l is ion. rhe

particle coming out

latent. f, is then

turned to the part

particle cones into collieion in regi,on

where d = -4t 1o9 (1 -Jr/sl ;  t tre inter-

is caLled to pick a particle coning out

interaction is written on tap€, and the

of collision (if ant ) ls stored ae a
j-ncreased by one, and control is re-

of the code rrhich conputes f'to attenrpt

(

I

I
a
tt

. t
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to produce nore col l isions in region rR. When J, <0, no
more col l isions are produced in region tR. F is then set

' r  <
to F x €-F- x W, where W is the weight. A test is made
whether the next region is a transmission region ( i f  i t  is,
the coordinates xr, IR',  energy, t ine, etc..  are writ ten on.
tape) and whether i t  is the escape region. I f  i t  is not
an escape region, the particle tracked is moved to the
boundary by setting IR = Iltr, by computing the new weight
W, and by setting a nerd F egual to FilW. If F <FZ, the
particle is either kil.led or F is set egual to I, both
events being properly ta!.lieC. For F <FZ, I is set egual

- lto 5 , .  the DR routine is cal led to obtain the new total
cross section /t/ t and control is transiered to the part
of the code which cal ls the geonetry routine Gl (Sfr ln,t ' ) ,
thus the tracking continues until either a ki1l occurs o!
the escape region is reached. In the latter case F
"escapes,' are tallied

Subroutine DIREC (CSTHT, W. wpl

using w as a porar axis, a direction wr is generated
the cosines of whose polar angle is CSTHT and with a random
azinuthal angle. Thus the new direction cosines W, atre
conputed such that:

W ' E ' = c S T I t l !

I
l,
I .

203



lhe routine wil l  f i rst generate the sine and cosine,

sin$, coso of the random azimuthal angle. The procedure is

as fol lows l

t .  Pick two randon numbers 0rX1, X2SI.0

Ihe point p l ies in the guarter circle i f
,x1z + x22 sL.

Pick sets  of  I t , , .x2 unt l l  X12 + xr231 .
At this polnt the random angle J.s 0so<r
If we take 20 as our random angle, the range
becornes (O,2n ) and

cos o= xt2 -Xr2

x12+x22
sino = 2.x1X2

x12+x12

Given sino and coss the new set of direction
coeines is
r lP  (1 )  =  T2  (w (1 )  .w (3 )  . s i no  +  n (2 )  coso  )+W( l )
v r " ( 2 )  =  12  tw (2 )  ,w (3 )  , e i no  -  w ( ] . )  coso )+w(2 )
w (3 )  =  w (3 ) .CS 'HT  -  T l .T2  s i no

204
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Where Tt =

T 2 =

r f  T151610,  the new ser  is

wp(r) = tGffi..o",
wP(z) = ,ffi..rn.
wP (3)  = csrHr.w (3)

This routine performs aLl of the col. l is ion mechanics
The routine i! calLeil by CARLO and FAp to retrieve total
cross sections and to make col l isions. Subroutine rRALA
wil l  caII the routine to retr ieve total cross sections

Thc algument NNREG is the composition number and
argument N defines the calcrl lat ion to lr i ,  perfonned.

calculat ions performed for each value of N are qiven

g iven by

the

The

below.

N = 1

Find the energy

(E). Subroutine SEEK

tian factor (FACIN:r)

of cross secti .ons at

t i o n f o r N = l i s t h e

iDterval containing the current energy
is used here. Compute an interpola-

to be used in calculat ing point val.ues
energy E. The remainder of the caLcula_

same as for N = 2.

1-csrHr2----rn:--

N e 2

2 0 5
z

: l
I



i

I

I

J

;

Ca1culate the macroscopic total cross-sectj.on (FMUrOI)

for composition NNREG. The calculation is done by }inear

interpolation between the tyro point values of the cross-

secbion interval and correoponding energy interval contain-

ing E. The interpolation factor FACINT is used.

The DR routine is called with N = I only when a nerr

energy is encountered by the CARLo or FAP routines. Given

the energy interval and the interpolation factor, the N = 2

option is used when the composition number NNREG changes

and E remains constant.

N = 3

This opt5.on perforrrrs the actual collision mechanics.

The output wiil be a ne\r energy (EPRIU), a net. direction

(vlF) , the cos.ine of the scattering angl.e (CSTET) , and an

i.nteger (NCDB) denoting the type of interaction. The types

of interaction are listedl below.

NCDE

I

2

INTERACTION

Scattering with hyd,rogen

Isotropic elastic Bcatter

.Anisotropic elastic scattering

Scattering in the IJAB syatem,
no degrailation

Elastic ecattering for gahrmas

3

4

5

6

7

I

Abgorption

Inelastic

InelaEtLc

continuous scattering

diacrete scattering

206



subroutine I'Ap

The method used to estimate f lux_at_a_point j .nvolves
obtaininq by normal Monte Carlo methods a distribution of
points where part icles enter
the once-rnore-co I lided ' f1ux,
usins a special distr ibution

in to  cc l l i s ion  and es t ina t ing
at the point of interest,

o f  the  las t  co l l i s ion  po in t .

4

Assuming a col l ision point at
in the st<etch, the expression
flux is

S, a detect  - - . '  tX D, as shcvh

for the once-mcre'-col lided

where

anqle

o=ft"w i{as o^tu(cosez) g,[ r: d v

9g(w)61s is the

whose cosine is

probability of scattering through
in the range (W, W+dw).
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For source part icles one has to estimate in addit lon

the uncol l ided f lux.

If the internediate points A are picked f,rom a ais-

trj.bution given by

- :
T r  t l " t z "

the estinato: becomes

ffi*r^

This is the nrethod used in the present code. It turns out

chat there is a very sinple w.r:/ to pick interrnediate points

A from the distribution. if a proper choice of coordinate

system is made.

Let us define the point A by the thr€e angles 61rg2 and

$ where Oa ano c2, ana f are dlef ined on the sketch ana 0 is

an azimuth around SL'r, The distribution beconee:

R 62s,ne,de, dri l  ** " 't - w t -
Using the relat ionship:

= J _ =  R
Srh (q-6, srn O, sth€z

2 0 8

dv

t= "-Io*r" 
*1""r4"

i



o n e  h a s '

h=  S9 ,- grh gz R  ) n =
d0z

srn  €r
i.nEl R

Substi tut ing, one obtains the

Once 9r and Oeare picked., the cosine of
scattering w is easi ly obtainabl.e, and
evaluated.

dis tr ibution

,
7, de, 4e. d-o

1 . e . ,  a random distribqtion

o 3 e ' < Q z 3 A (
o a+ <z' I (

o f  4  t  6 r , ,  d  in the range

angle of

score can be

In the actual program. coding is provided for either
the proc6ldure outlined above, which gives a finite variance
provided the detector is not in the immediate vicinity of
the source region, or for a simple srat ist ical est imation
method, which gives f ini te variance i f  the detector is noc
in the immediate vicinity of either the source region or
of a scatterS.ng material .  In that case the quanti tv

/ R
q.. (<os €) g- ). 'uas
y- _ 

_1rT__

the

the
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ig scored for each co.l- l is ion point S, where O is the angle

betq'een the direct ions,f i  ana 38, The type of calculat ion

tc be perforrned j . :  specif ied on input, by specifying the

total nurnber of detectors ND, and the number NDFAP of de-

tectors ND, and the number NDFAP of detectora for which the

first procedure is to be applied. The remaining (ND-NDFAP)

detectors wil l  be treated by stat ist ical est imation.

If  ND I 0, the f lux-at-a-point routine FAP is cal led

for each source particle by the MONTE program, and for each

coLli .sion point by the CARLO routine, except i f  inelast ic

scattering occurs giving an outgoing energy below the

supergroup being currently treated. In tbat case the par-

ticle is srored as a latent, and MONEE w111 call the FAp

rou tine wi-th that latent when the proper supergroup wi.ll

be treated.

Once called, the subroutine FAP examines whether the

part icle to be treated js a source part icLe, a part icie

corning out of inelast ie scattering, a part icle e*ning out

of elastic scattering, or a latent from a previogs FAP cal-

culat ion. In the. f i rst three cases, the tr igonometric

functions o601 andO2 picked according to the distr ibution

are obtained, This is done rather efficiently by picking

directly the sin and cos functions of two random ang].es,

and then determining which colresponds to the smaLlest

angle, and therefore whj.ch should be assigned to O1 ; the

others are assigned to02. O1 andl e 2 are kept the same for

210



all  .FAP detectors in the problern.

For source part icles, the uncol l ided f lux is computed
(the source is assumed to be isotropic) .

The contr ibution of ihe once-more-col l ided f lux is
computed as fol lows. The djstances 11 and 12 are given by
t2 = R sinO1,rsing, and 11 = '1 sjn01-r2sinOr. A random
azimuth around 3B is picked.. por both source particres and
inelastic part icles, 9S = 1, and the outgoing energy is as
set by the main code (either energy of the source part icle,
or energy of the inelastic part icle). (No energy_angular
correration is assurned in the coile. The difference between
1ab and center-of-masg system is also ignored for. inelast ic
scattering.) por part icles eoming out of elast ic scatter-
ing, the angle of scattering is cornputed in the lab systern.
A eubroutine GE ls called. For neulrons, r.t perforns the lranafornatlon
to the CM systeu, looks up the probabillty g, and conputes the outgoiog
energy E. For gaoma rays gS and E are glven by fhe Kleln_NLshlna forrnu_
Le. If this energy is below the supergroup currently treaged., the par_'''.'...
energy is bel'rw the supergroup currently treated, the par_
ticle is stored as a latent of the f irst kini l  to be picked
up and returnedl to this point of the coiting at a later time
in the calculat ion.

The subroutine OR is called, and the totaL cross sec_
tion p is made avail.able. A subroutine ?RALA is called,
uhich tracks the particre a distance 11 in the direction of

- 1 4f l ight, vt i th an energy E, and computes Ar= l ' l /4f ' ,

IaI
s
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below the

stored as

returnqd

calculat ion.

I{
It
f

t-I
t

L- t

t
I

g

i f  the part icle escapes r an

returned, no score is made,

is treated. f f  the part icle

I i n f i n l t e ,  f ,  ( , \ , - f O 1 7 )  i s

and the next (if any) detector

cl icl not escape. the subroutine

DR is called to determine the type of interaction occurring

at the internediate point. Absorption correaponds to no

score. For inelast ic part icles, I I  is picked fron the spec-

tcrm by the .DR routine, ancl gO = l. For elastic acattering,

. the subroutine cE determines 9a and E. If the energy
supergroup currently treated, the particle

a latent of the second kind, to.be pickedt

to this point of the coding at a later time

E i s

i s

up and

in the

I'inally, the subroutine :rRALA provides

u cls

and the total contribution Le calculated and scored, and the

next detector (if any) iE coneidered, unless the calculation

dealt with a latent of either first or second kind, which

applies only bo a particuLar detector. tfhen al} FAp detec-

tors have been consiilered, the statistical estimation de-

tectors are treated by using the coding described above for

the tracking from intermediate point to the detector, where

the intennediate point is re2laced by the original collision

point.

^z = l"', 0
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Subroutine MONTE

The program UONTE is the program where all the tracking

and col l ision mechanics are performed. The proqran arranges

the calculat ions in supergroups. We have seen that the pro-

gram BAND arranges cross sections in certaj-n energy bands.

The output energy bins are also arranged in certaj.n output

supergroups. Cross-section input corresponding to a single

band can be stored in computer memory at any given time.

Scores corresponding to a single output supergroup can be

stored in computer memory at any given time. The two

meshes (bands and output supergroups) do not necessarily

coincide. A combined mesh defines a set of supergroups.

The program UONTE starts by reading in the hiqhest

energy cross-section band, and by arranging th€ menory for

the highest energy output supelgroup. The highest of the

low-energy bounds of these eneroy ranges defines EBL. the

1ow energy of the supergroup currently treated.

The program then calls the source-picking routine

SOUPICT' and exarnines the energlr E. I f  E<EBL, the part icle

i.s stored as a latent by calling the subroutine STORE, and

SOUPIe is again called. When E>EBL, the subroutine CARLO

is calLed. llhe subroutj.ne CARLO tracks the particle, scores

contributions to fluxes when needed, and distributes colli-

sions along their track. Part icles doming out of col l is ion

are also tracked if their energy i.s above EBL; particles

coming out of colliei.on with 8<EBL are stored as latents by

I
' t

'l
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cal l ing STORE. Control is f inal ly returndd

proceeds to the next

stat ist ical aggregate

highest supergroup.

source particle, unti l

of particles has been

to !,!ONTE, whibh.

a complete

treated for the

T ' i

At this point, MONTE snitches to the next supergiroup

by either reading a new band of croFs-section data, or by

writing out on tape the set of Bcores obtalneal and prepairing

the memor.y Layout for the next supergroup. or both. ft

then proceeds to call a subroutine PICK? which picks latents

frorn previous supergroups. If E<E8L, the particle is stored

again as a latent by caLling srORE. If B>EBL, CARLO is

called. The procedure continues until all latents have been

examined, at which point ttlONTE switches to the next super-

group until the low-energy cutoff is encountered. when ttris

occurs, MONTE svritches to the highest supergloup, and pro-

ceeds to treat the next statlstical aggregate of particles.

The calculation teminates when a history number exceeds

the cutoff value NHIST specified input. A "blank" inter-

action record, with NTIIST = NHIST + 1, j.s written on the

interaction tape and all tapes are rewound. Control is

transferred to TtNC which cal1s the edlting pnogram PEDIT.

Subroutine PACK (X, WX, E, rR, T, IDET, F, NHIST, WC,--_---=

Subroutine ;^* 'rtO"aqk all the itene in the above

argument 1ist in+-o 
"u.r.r, 

olnoter words and store then into

the variable P which has a dimension of 7. fhe items in

on

+

I
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the  l i s t  a re

x

IDET

F

NHTSf

lYC .

.tL234 5

described below.

A th ree-e lement  a r ray  conta in ing  X,y ,Z .posit ion coordinates

A three-element ar!ay containinq X,yrZ
direct ioh cosi.nes

Energy of the part icle

Region nurnber of the particle

Titne of fliqht if the problem is time
dependent

. A flux-at-a-point Cetector number orzero

An importance sarnpling parameter

The history number for the particle

An importance sampling weighr:.

An indicator denoting the type ofpar t i c le .

The correspondence between the iniliviilual items and
packed array p

= X(1) packed

= x (2)  packed

= X(3)  packed

t{x

!r

IR

T

the

P  ( r )

P ( 2 )

P  ( 3 )

P ( 4 )

p  ( s )
P ( 6 )

P  ( 7 )

= E

= T

x  ( 1 )
x  ( 2 )
x  ( 3 )
E

T
= F

= W C

packed

packed

packed

packed

are shown as,

w i th  wx( l )  48  b i rs

w i th  e lx (2 )  48  b ics

wi th  wx(3)  4g  b i ts

with IR 45 bits

with IDET 45 bits

with NHrsT 45 bits

with i t12345 45 bits

12 b i ts  Wx( l )
12 b i ts  ! {x(2)
12  b i t s  wx (3 )
15 b i ts  IR
15 bits IDE?
15 bits NHrSr
15 bits JL2345

F

wc

60 b i r computer word

2 L 5
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Note

order to

gu i red .

are given

T -

P  ( I )

hthere f =

The

truncates

f i t  into

packing,

that the ItX array is f loating point. Thus, in
compact it into 12 binary bits bruncarion is re-
The actual FORTRjAN statements to do the packing

below.

( w x ( r ) + l  . 0 )  * 1 0 2 4 .

= (X ( I )  .Ar . ID.77777777777777700008)  .  oR. t
L ,  2 ,  3 .

f j-rst statenent puts the WX in the range 0r2. and
it to an integer in the range 012048 which wil l

12 blts. The second star,ement does the actual

Subroutine PICK

We have seen througtiout the previbus sections that
particles dlegrading beLow the energy EBL, low-energy limit
oi the supergroup currently treated, nere stored as latents
by calling the subroutine PICK. they were later picked up
by IIONTE by calling the subroutine IICK. The subroutine
INPUTD aLlocates the menory to data, scores, etc. The re_
maining metnory is assigned to the subroutj.ne pfCK, to be
used as a buffer for latents. One , 'endn of the buffer is
assigned to "degraded" particles. ,fhis is the end of the
buff,er where partieles are being stored. The othe! rrendl

of the buffer is assigned to "uDsortedr part icles. i .e.,
the partic.les to be pichedl. Associated wl.th each end of
the buffe! i-s a magnetic tape to be useil r{'hen the buffer
overfl0ws. There are two modes of operati.on. rn one mode,

2L6



'l

the top of the ,Juffer is unsorted and the bottom. is sorted.
When the switch is made from one supergroup to the next,
the rrunsorted'r part is empty, and the ,,degra<led, part may
have particles whlch become ,,uDsorted,, for the supergroup
about to be treated. The designatiorr of the buffers (and
of the tapes) is therefore switched.

There Ls no set boundary between the two ,,end,s, of the
buffers. The number of part icles in the 'unsorted,, buffer
keeps decreasing, whereas the number of particles in the
"degradedtt buffer keeps increasing, and can increase faster
than the other number decreases. fherefore, the tlro parts.
of the buf,fer can meet, causing an overflori, of the buffer.

f t  iB then determined which "sn6,, of the buffer is
longest, and. a nunbei: of palticles exactly equai to one_
half the total length of the buffer are writt,en fron the
longest , 'end,, onto the corresponding r agnetj .c tape.

When the. r'unsorted,, buf fer becornes empt:/ , a test is
made whether any .unsorted,, part icles are avai lable on the
correspondj.ng magnetic tape. I f  none are avai lable, the
calculation has been completed for the current aupergroup.
rf some are avai iable, they are fead into the buffer i f
room is avai lable. f f  room is not avai lable, i t  is nade
available by wrlt ing cut part of the other buffer on the
other taper the length of the record writte:t out from one
"endr' is equal to the length of the record to be reaC into
the other "end, ' .

tt

I

I
I
I
I
!
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?he subroutine PICK ddals with different kinds of

la ten ts .  The quant i t ies  s to red  are :  X ,  O,  I ,  fR ,  T ,  I ,  F ,

NHfST, WC, and i I I2345, where X is the posit ion, e the direc-

tion, E the energy, fR the region number, T the time, F the

weight. NHIST the history number, and lgc a normalization

factor. I  and J12345 are indices.

.112345 = I -  identi f ies a source part icle

= 2 - identifies a particle coming out of
elastic scattering

= 3 - identifies a particle cornirrg out of
inelastic scattering

= 4 - identifies a latent of ttre second
kind. for !.Ap only

= g - id.entifies a latent of the first
kind for FAp only.

(fn other parts of the code, J123{5 = 6 identLfies a trans-

tnit ted part icle, J12345 = 7 an . inelast ic interaction, and

JL2345 = 8 an absorption.)

f  is irr- 'elevant (set to 0) for J12345 = Lt 2. 3 (.and

6 ) .  F o r  F A L ,  l a t e n t s  @ L 2 g 4 5  =  4 , 5 ) , I  i s  s e t  t o  I D E f .  t h e

detector nrrmber for whictr the lateht applies. In the de6-

r:r ipt ion nf interactions (. t12315 = 7t 8), I  is set , j 'o IATllT,

a five-cligit idlentiiier of the element wi,th which the inter-

actLon occurred.

When tbe proqram I{ONIE calls the eubroutine pfCX, it

examines the J12345. obtdined and calls the proper routj.nes:

JL2345 = I, 3 - both F.Ap and CARr.,O

2L8
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J 1 2 3 4 5  =  2 - CARLO only
= 4,  S -  FAp only.

suqrou tile SEEK JF_u_ _EoqL_Now.r_U_

the

bnd return ,t I ' ,  such that

EoUT (I) >E>EoUT (r+r) .
An error message is given if,
l' flow chart is given below.

RETURN

NOUF + l ,  and

binary search

RETURN

RETURN

RETURN

Given the vector array EOUT, of length
argfument "8,' the routine will perform a

EOI I I (1 )  <8 .

ITOP = l
IBOtr = NOUT+I

The BOUT array must be monotonic

sour (1) -E

EOUT(r) -E

2L9
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Subroutine SOUCAL

SOUCAL wil] read source data and prepare tables for

use  by  SOUPfC.

The f irst.  card contains I

NSR Number of l:e.lfions where the source
extends. I f  this number is 0, an
external source tape is expected I' and no further input is required.

IFLAG If IFLAG = 0, a built-in Cranberg
fission spectrum will. be used for
the eaergy spectrum. If  I ! 'LAG .>0,
the spectrum is specified later in
input. It uill be defined by rFLAG
ent r ies .

ISW Srrritch deternining the normalization
of  p robLem.  I f  i t  i s  0 ,  f luxes  w iL l

.  be norrnal i  zed :o a single (unbiased)
source part icle. I f  i t  is 1.,  f luxes
wilJ. be n\)rnalized to the 'rtota!
power" of the source as defined below.

$his is fol lowed by (NSR) cards specifying the (NSR)

source regions. Each of thege eards gives:

ISR Specif icat ion of a geometrical regj.on
number.

Power densj.ty in that region.

ISO FIag indicatlng angular distr ibution:

I S o  = . 0 ,  i s o t r o p i c ,

ISO = I,  monodirecti .onal .  I f  fSO I I
.  in any of the (NSR) regions, a nono-

directional spurce will. be aestrmed in
al l  the (NSR) regions.

After this ,follorv the. (TFLAG) cards specifying the energy

spectrum assumed to appl.y to a1l the soulce regions. lhis
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is a tab]e of E vs F (E) where

F ( e ) =

Linear interpolat ion is assumed on E vs log F (E) .  lhe
first entry nust be for E i  Ehigh, and the last for ESEcut,

I f  there is t ime dependence (NT >O), the t ime depenrlence
of the source must be specif ied. A card gives:

NOT Number of cards. This card is followed
by NOT cards givinS

t  v s  ( t  s + ( r ) d t .
/ O

Linear interpolation is assumed between
entr ies in the table.

Final ly, i f  the source is monodirectional.,  the projec_
tions ox, ay,.Q, of the direct ion rnust be given on the last
cafd.

1'ne subroirtine SOUCAL reads in a1l this input, prints
it back, and pre-computes tables to pick directly from the
biasecl . source distribution. The code ij.::6t pre-coitputes a
table of

/ -spsc ( r )  =  /  s (E)dE,
lEr

where the E1 rs take the valr:es of E6i.,5r of all the energy

!*tct *r
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boundaries where the energy weight changres. and E"rra. The
code then runs through al1 the source regions, and, for each
new energy-importance set encountered, lrre-computes a table
or

sPEc ( r ,J)  = J ' -  , , " ,u"'Et F;mr

f

:

!,rhere iI runs frorn 1 to the total number of different energy_
S.mportance sets encountered in the source regions; aLso
for each new angular importance set- encountered, a table

7 L
P ( I ,K)  =  / .  da ,

,/ai m;fr^,f
where the OJi ts take the values of cos 0 at which the arrgular
weight changes, and K runs fron I to the total number of
different angular importance sets encountered. fhe differ_
ent tables are renornalized, and both the nodtified anii un_
;nodified integrated source are computed in each source
region. The former guantities are proportional to the
probability with which particles shoutd be piekect ih cliffer-
ent source regions. A table SOUR(I) is built up, rrhich
gives the cumuLative probability for a source to be picked
in the i*tth region for la 2 l.

Subroutine SOT PIC

This is a subroutine which picks particles from the
biased source distr ibution.
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I f  an external source tape is to be used, groups of

35 source part icles are read from tape into a buffer, and

returned one by one to the main code. The quanti  t ies des-

cribing a source part icle are:

XB

IR

WB

T

E

NHIST

Coordinates of the part icl , :

Region number where particle is born

Direction of the part icle

Time at i+hich particle is born

Energy of the part icle

History nunber attached to the
source particle

F Statist ical weight of the part icle
(usual- ly set equal to unity) .

the procedure for internal source generation is out-

l ined below.

A first random number { is compared to the table

SOUR(L) (computed by SOUCAL). The snal lest L for r,rhich
SOUR(L) >E determines the region IR = ISR(L) to be picked

from. Standard techniques eire used to pick coordinates of
points uniformly aistr ibuted in a region.

The energf is picked next. A strat i f ied random number
(cal led CE in the code) is obtaine<J (strat i f icat ion is done
for each stat ist ical aggregate of source part icles) .  A
biased ran(lom number { is then obtained by interpolation

the SPEC vs SPEC(J) tables pre-computei l  by SOUCAL. (The

is determined by the region number.) Finally the energy
is determined by solving the equation

in

J
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I

&

Ei'F--i------

using semi-1og interpolat ion.

I= I

L = Z

SPEC ( I )

sPEC(t,J)

The direct ion of WB of the soutrce part icle is deter-

nined aa fol lows. I f  the source is isot.ropic and there is

angular importance sampling, the cosine of f.he angle between

the particular aiming angle and the direction is cfosen by
picking a random number, and interpolating between the

angular mesh supplied on input vs the table p(t,X) p3s-.

compuled by SOUCAL. (The ( is determineit by the region

number. ) A randorn azimuth is then picked, whlch conpletes

the specif,ication of, the direction. fn the absence of angu-
J.ar importance in the source region, standard technigues

are used. ?he case of a monodirectional source also can be

2 2 4
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be handled, provided there is no
source  reg ion .  F ina l l y ,  i f  t ime
mined, a t ime T is determined by
and the solution of the equation

angular importance in the
dependence is to be deter-

another random number 6

a re  XB ,  IR ,  WB,

is the weight

ano

EDTT

tr
E  =  ) ^  s t ( t ) d r .t o

The guantities communicated to the main code
T,  E ,  NHIST,  F ,  and Wc (s rhere  n lc  =  l ) ,  and F
in region IR at energy E in the direction WB.
Subroutine STAT (I|OTSUM FLI 'X,  SD, NHIST, V DE

Subroutine STAT is caLled by ttre EDIT routine
sa.lculates FLUX, SD whLch are to be printed by the
!'rrgram. The calculation flow is shown below.

H = (NHIST,/NSTAT) *NSTAT

where NHIST is total nunber of histories processed by the
It{onte Carlo program and NSSA! is the size of a statisticat
aggregate.

GH = 1t'16Rta (NSTAT)/H

OI4GH = l . -cH,  i f  OMGH = 0 ,  se t  i t  L .0
DEV = (ggMge-cH*TOTSUM*t 2) /OMcIr
DEV = SeRrp (DEV)

this point DEV is tire staadard p_reviation of fOTSUl4.
sD = 100.rDE\, ' /TofsUM, SD = the , icoeff icient ofvariation'r or percentage error.

i s  se t  to  99 .99  i f  TOTSUI1  =  0 .  o r  i f  SD >  99 .99

z z >
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FLUX = TOTSUM,/ (DE*H*V)

where DE is the AE of the energy bin, and V is the volume

of the region.

EgEg.tine rAttY (9, NHIsr, Nc- -

The routine is used to print a tail.y at the end of

each statisticaL aggregate and to print a tally by region

at the end of the problem.

At the end of each aggregate the folLowJ.ng items are

printed.

NC

ND

NA

FK

. B I

ES

T

JCOLTNT lotal number of particles on the
interaction,/transmisslon tape.

The iame itens, except for ES and T, ale printed at
ehe end of the problen as a function of region.

A flow chart of the routine is given.

Total number of collisions thus far

Total number of degrades thus far

Tota1 number' of absorptions thus far

Total nurnber of kills thuo far

Total number of births thus far

Total nunber of eecapes thus far

Elapsed time thus far
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PRINT PARTICLEALtY HEADINFOR RI6IdX TALLY AT END OF  PR@BLEI "1 ;

N C =
I IJD=
NA:
FK=
B : =
E S :

f G.{ i.r:-.,. ni-
L '  - : \  ' r '  g

{s"+ rcciv}

PRItl iT NHIST) i\tC,,N NA,F BT, IS; I ;JC9UNT

N C  a  N D : N A :  F K :  B f . :  E S : O

pRf Nr r,NcpLir ' ; ,  voee (:) ,N]ABS-sc-
F Xl L',- (I\,8:n rH(I),E 3:- Pi:)

I . I + l

CALL NEPR(T

cALL \^/RT t4 (l.3,TCgUNl-

BETURN
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,eubrou

Given an initial point {! and a directi^n Wg, the
routine will track from XB in the direction WB. The track_
ing will contj.nue until the distance ,'R,, mea3uredl frorn XB
ls reached.

During the tracking, the routine will f,orm

AMDA = ZARiUi

Where aRi is the greonnetric thickness of region "iu
and y1 iE the total macroacopic cross section of
region i. The guantity AUDA is the number of mean

free paths along the line segrnent frotn Tg to Ip+TgR.

Subroutine u"ie"* niLI unpack the eeven words in the
array "P" and distribute the data into the argrment list.
The correspondence betereen p and the lndlvidual items is
shown in the discussion of 6ubroutine PACK.

The FORTRAN s ta tements  used to  unpack  p(1) ,  p (2) ,  p (3) .

are described below.

x ( I )  =  P ( 1 ) store the x part of the
packed worcl

Retrieve the inteEer
value of I{

Float . th€ &lgggga v61ug

Re-nor:malize and adjust
the range to -1 , +1 .

228

TEMP = P( I )

TEMP = 8EUP.AND.7777B

TEMP = ITEMP

w(I) = TE[IP/L024.-L0
f o r  I  =  ! ,  2 ,  3
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subrourine UNPLLIBGE,.-I3)_
Tbe routine wiJ. i  unpack six integer variables stored

in two words in the IEGT array.
fhe tr,eo packed words are located as follorrs :

T  =  2*  ( rR- l )

I I  = IEGT(I+I) the-two packed
12 = rEGT(r+2) 

words

The tno pa.:ked words contain the six integer variables in
the following forrnat:

rsc NREG rRw
IEW IAM IANG.

used 15 bits 15 bits 15 bits

60  b i ts
Fpnction VEL,F (E)

This FORTRFN function computes velocity of neutrons or
garnnas as follows:

vEIJI '  = 1.38333x1 06. {T for r. lc = o (neutron)

T 1

T 2

VELF =  2 .992928x10I0

The variable. NG, is

f o r N G = l ( g a n r m a )

found in Common.

2 2 9
a
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Subroutine VOLUM

Input to this

specify a box

routine is the coordinate poLnts that

DT

XV, X.|r, XO, XA, then two additional input nunbera, DOD
and Dtr, specify two delta diatances over rrhich ray origins
will increment.

the routine reads the input paranetera ar specifiedl
above and calculates tbe nunber of rays to be shot, start:ng
between XV and Xf at incrementa of DE. Ag each ray is shot,
the distance through eactr region ln the box is added to a
diEt.rnce counter for that regiori. Vfhen all rays between
XI/ and XT have been treated, the code shifte each etarting
point a distance DoD in the directlon fron xv to XO anal

-.r

' {
I

!
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repeats the above process u[ti1 XO is
vrhich started as XV. After shifting
rays are again fired in the direction

reached by the point

the start ing points,

from XV to XA and the
region counters are incremented.

When aII the raya are processed, each regicn distance
counter ls muttipliect. by the product Dt x DOD, thus pro.:
ducing the volunes of the region within the bo*.

the routine.has the capabil i ty of reading in pre_
computed volumes and calculating a percent error. These
pre-computed volumes should be punched with the region
nunber in Column 10 and then the volume in Colunns 11:30.
A special card conpietee the volune input (see page lg4),

This routine accepts seven word ,""]rra, stored in the
array P and writes them or, tape 14 in unj.ts c€ 35 records
each. Thus each unit on tape has 35 x . l  = 2d5 words. The
seven vrord records are either transmissions of interactions.
The integer part of p(7) i lenotes the type of record. The
program wil l  use the integer part of p(7) to tal ly tr :ans_
missions, absorptions. and inelastics.

A descriptive flow chart follows.

I
I
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L: O,WRTTE BUFF PIi TAPi I+

(-s+p.."p"in +he -'l

lSSRectrd B"{ferJ

Tcl 11 o,bsdrptiCr,s.,
ine lds+ ics  qnd - : , : i  :
lT +o't 1'1'; 'l r >.r . 1i ' .' . . .'
f f  +o , l l ' 1s ,  i ne ia : . ' 1  '  "
fA  + r t  ! . .  s  r . ' : - - . . . p i ' i ,

V/RTTE AUFF ONTAF.T I4
L.O

This ptint is encdunte-red
tuha-n the- prtblern is tC br'
*ermiiro.te,d ord c poc*l*l
buffe.r. iS +C b€ wc ll-te-n
t\n i-lr.pc..

JC@UNT 'LC

tAAae

BUFF(f,$= P(I)
T= lB.,Jr4r5r617

L C = L C + l
T 1,2,3,4,5. P("), AND 777 77 7 g

rT=IT+l  FgR I l?545=6
IT=1T+| FFR Tt?345=7
IA= IA+ | FIR if l?34s= 8

RET'JRN

L. L+t

PRINT TAJI.TT. LC

WRITE'BUTF ON TAPE I

RETURN
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Program TIrNC

rUNC is the mai:r control program and controls the
entj .re calculat ion up bo the actual Monte Carlo..A fLoer
chart describing the functions of IUNC is given on the
following pageE.
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i
i )

(
{
II

f:eflnfO is o-n rr,-i-n .,r,i)
1  NBAND is .  ihe "  ,n  . - ,  .  i
l C r ' ! S 3 - . ' e 1 + . ) r  I\  supe r  g roJFs  J

Sef si:e- o{
M o.srcr a-rral.t

IBAND.I

I.GE,@H:O
REVIIND IO

r i o

Dctelni nc-
"LGsdM"{h.
"ic,.*i'y ic:rr j',

cf ii.e- '";; 
,, .-. ,

da.'lo. i., .:la
l/, rslen 6,..r.;

I

t

i

. i

N D Q ' 3 0 , O O o

READ AND PRINT  HO ' . IEL ITH
IDE N'I-IFI CA'I'] ON C A RD

READ Ai{D PRiNT
T8AND, NBAIJD

' - 0E0M=  |

C A L L  B A N D .

CALL BEDIT

READ TAPE IO TENI,  i rEN2.KPHV.S,NET
R EAD TAPE IO (ASTER(f).,U=l.,NcdUNTRG,NCOUNT) i i? , i : : ;

LGEof'l:.Nc@

LGEOM- NiI@UNT+I
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I
l ,

c-rlsS- sec-Frd4s
fl: *he QDT

o-r d qe.ome-tr1 ha./cpd int
tr.t J'j j c:'

At thrs
b ee.n

,ff neUf O uill reaci .r.,.d rrd:..-. '" ' l
Jthe Mfni.a Ca.i/ :r,p,r' i: Tf e q
)  p re leg :e .< i  i "F . . ' i  w i l l  bep ' t  in tC(
(tt. Masre. ,:. rrr"l )'(Al 

I  p.7ce.sse-J Ino,. ' :  tE in--)
< Cdrhn, 'y 'n {^C rJ5 r. ;r t . t*en ln }
(*ane ty v/RlcPM. J

IBAND-3

CALL.GENT

V/ORK THE GEPMETRY ON lHE ODT

READ CR 0SS-SECTl9ri*, Ai'i
GE@IIETRYFRPM -' 'HT ODT
REWI!.ID THE IDT

CALL ]NPUTD

CALL \MRTC@Pl

END
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The printed output wil l  conEist of four part6:
1. Cross-Sectign Output
2. ceometry Outpu!
3. Monte Carlo Data.
4.  Answers.

The

1 .

four parts wil l  be discussed in detail below.

The cross-section output is depend.ent on the
input pararneter, fBAND. ?he resulting output
as a function of IBi{ND is:
fBAND = 0 1 printout of a}l TIrNc and BAI{D

input  (see  Sect ion  { .2 ) .  A' printout of cross eections usedby the problem. See tbe dis-
cussion of BEDIT for actual
output formats.

fBAND = L A printout of the data on the
existing ODT. See the discussion
of BEDIT for actual output formats.

TBAI|D = ? .q printout of Tt NC and BAND input(see Sect ion  4 .2 )
IBAND = 3 A printout of TUNC input.
IBAlilD = 4 A printout of TUNC input.

2. Geometrv Output

fhe geometly output is also dependent on the
input parameter IBAlitD. The dependence is shown
on the following page.
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fBAlilD = 0 A complete printout of geometry
input and the enterlng and leaving
tables. See Section 3.3 for a des-
cription of formats .

IBAlilD = I Sane as IBAND = 0

IBAlilD = 2 Same as IBAlilD = 0

IEAIiID = 3 Sane as IBAND = 0

fBAND = 4 No geometry output r^rill be printed.

3. Monte Carlo Data

This output section will eonsist of a complete

printout of all Monte Carlo input. In addition,

the core storage reguirements for cross sections,

geometry, and.other inputs wil l  be tabulated.

Bhe results of the VOL,UM calculation will be

printed. A detailed discussion of the volume

output appears in the d.iscussion of Subroutine

vol,rrM.
4. Answers

. The program will print for each statistical

aggregate the following itens:

History number

Number of colLisions

Nunber of degrades

liunber of absorptions

Number of kills

Number of bif,ths

Nuniber of escapes
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The el,apsed real time in seconds

Ehe number of transnlesions and interactions
recorded on tape.

Note that all of the above items are cumulative

and are printed as a singl€ line for each aggre_
gate .

l{hen all the histories have been processed a printout
giving the totaL number of absorption, ineLastics. and
transmissions wil l  occur.

The previously discussecl tal,lies as a functj.on of
aggregate will be repeated as a functLon of region. Thus,
for each region the nunber of col l is ions, degrades, absotp_
tions, etc.,  r f , i l1 be printed.

The dose, f lux, and f lux-at-a-point printouts wil l
occur next. .The doses are printed fj.ve regions per line of
output. Both the flux and fl.ux-at-a-point edtits are printed

five regions acrosa the page and energy g .ouFs dor.,n bhe
page: For each answer a.percentage erro! is given. The
volume of each flux region is also printed.

The folLowing is a brief outline of each sotrunon block
in the progran. A detailecl descriptLon of each variable
ln conmon, in the order in which they appear in the TUNC
progran, is given on the following pages.

t Variabl.e Names

aF---*_-:-
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The I 'blanki '  conmon block contains the master storaoe
array and frequently used input arrays.

cotnmon REGPAR contains six parameters used in the Monte r
Carlo calculat ions.

Conmon INPUT contains non-subscripted input para-
meters.

Common PAREM contains positlon, direction, energy and
importance sampling parameters.

Corunon CO!{PUT contains parameters computed from input.
Comnon CROSS contains cross-section parameters.

Cornmon i{ETRy cAntains geometry dependent input and
computed parameters .

Comnon FAp contaj.ns flux-at-a-point parameters.

Conmon SOU contains source dependent parameters.

Conrnon PUTAD contains data controlling the parameters
to be writ ten on the interaction, transrnission tape.

"Blank,, . Common

EOUT(I00) An array. containing the output
energy bins for f lux results.
The array contains alL bins for
all ontput suPergroups.

E!|TAB (50) the enelgy mesh for energy impor_
tance sampling.

ANGLE(5o) The c. . ine mesh for anguJ.ar
impor.tancb sampJ.ing.

TTAB(50) The time inesh for tine depgrdent
problems.

it
Ir '
I
It
I

239.



A S f E R ( 3 0 , 0 0 0 )

T C n

NRR3

IRW

IEW

. rA.u

IANG

Note that the

nunber, "IR". The

array by a call to

NSTART

NSTOP

NSTAT

NRMAX

NG

Phe master storage array contairiing
cross sections, geonetry. input and
f,lux data. A complete description
lppears in Appendix D. The array
is equivalenced with aqray ttASpER.
The name of the array in BAND and
BXDrf is {SECT.

Common REGPAR

The locatipn, in MASTER, of t.lre
f lux scores for scanning region ISC.

The conposition number for region
r R .

The location, in MASIER, of the
energy weight for region IR.

The Location, in II{ASTER, of the
energy weight tabLe for legion IR.

The location, in MASTER, of the'
aiming angle for region IR.

lhe location in MASTER of the anqu-
lar weight tabl.e for legion IR.

above six items are all keyed to a region

six items are retrieved from the |4ASTER

I,NPR.

Codmon INPIJ1I

The nurnber of real time seconds of
runnirrg time before terminating and
editing.

Number of the last history to be
treated.

Number of historres per statistical
grouP.

Number of regiorr in the geonetry.

E-i.ther 0 for a neutron problem or 1
for a garma probJ.en.

240
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I

l
I
lr
l :

NT

NOUT

NUMSC

NR!{Il

rREX

NEWL

NAII{L

NUMANL

NUMANG

i'RT

acur

ETHERM

TCUf

FZ

EHIGH

Number of output t ime bins.

Nunber of output energy bins.

Numbe:: of f lux scoring regions.

Number of dist inct resion weights.

fhe escape region number.

N"TbSI .of energv bins for energy
weigh t ing .

Number of dist inct
sets. I f  NEWL and
problem contains no

Number of dist inct

energy weight
NEw = 0 ,  the

energy weighting.

a iminq  ang les .

6UPergroup.

suPergroup.

IIP::.of angular bins for ansutarrde].gnErng.

Nutnber of dist inct angular weightsets .

Not used.

L,ow energy cutoff (ev). Trackinq ofa par: j .cle is terninated i f  i ts "
energy degrades belob, ECUT.

ThermaL energy i f  a thermal srouprs required. ETHERH must be-wit ir in
the energy l ini ts of the prolfem.--

Leave blank.

See d iscuss ion  in  Sec t ion  4 .1 .
H igh-energy  cu to f f  (ev) .  Th issnould be less than or egual to thehighe$t energy for which-.ro""- 

-" '
sec t fons  are  ava i lab le .

EBI,

EBH

Lower bound of the current

Upper bound of the current
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E

IR

r

x B ( 3 )

w B  ( 3 )

IDET

!

NIIIST

wc
SP

v{P (3)

NTJMNOU

JONUU

LNCNOL

I,BIRTIT

I,REGI

tFKILI,

Common P-qREM

The X, Y, Z coordinates of the
current particle t s posit ion.

The clirection cosines of the current
part icl-e.

The current

The region

The current
parL ic le .

A detector number for flux-at-a-
point .

An importance sampling parameter.

The current history nunber.

A weight parameiter .

The distance, measuled
the next col l is ion.

lhe direit ion cosines
after scattering.

Common COMPUT

The product of NU&ISC {the number o''
scoring regions) and NOUT (the num-
ber of output energy bins).

enefgy  o f  the  par t i c le .

number of the part icle.

t ime of f l tght of the

An index used in flux

The location in MASTER
sion by region table.

The location in lfl\STER

from XB, to

of the part icle

scoring.

of the col l i -

of the birth
by reglon table.

The location in 1IIASTER of the region
data table.

The location in MASIER of the k1lls
by region table.
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LESCAP

LLAST

NDQ

LNDEG

LNABS

LSCORE

I,PACK

NTOT

LGEOM

I,EGEOM

KSOUR

The location in MASTER of the escapesby  reg ion  tab le .

The-location cf last word i .n MASTERused by the program.

Jlrg size of the MASTER array( 3 0 , 0 0 0 ) .

fhe location in IiASTER of the de;radeby region tabl.e.

The Location in l4aSfen of the absorD-t ion by region table.

The location in MASTER of the ffuxscoring array.

Not used.

l{tl.YSC . times ( the number of entlrdvbins in rhe largest =up.rirouiii '
The location in uASTER of geometrydata .

The last locat,i-on in MASTER cfgeometry data.

The Location in ITIASIER of the sourcedata .

Comnon CROSS

The. energy of the part ible aftersgattering.

The atomic weight of the scatterer.
An integer variable , denoting thetypes of col l is ion (see tabie Uetow) .

Type of Coll ision

Hydrogen scattering

Isotropic elastic scattering
Anisotropic elast ic scattering

EPRIM

AT!{T

NCDB

NCDB

I
I
i
i
I

, l

II
I
I
I
I
I
i
t
I
i' t
t .
I
I
I

L

2

3
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NCDB

4

5

5

8

CSTHT
'J

iIENI

JEN2

KPHYS

NENERG

NCOgNT

NBAND

EBLX

I,BASE

R:N

ROUT

LRI

fvpe of Coll ision

Scattering in the LAB system
no degradation.

Complon scattering for gammas

Absorption

Inelastic continuum scattering

Inelastic discrete scattering

fhe cosine of the ahgle of scatter.

The macroscopic total cross section.

The location in Mi\STER of the f irst
energy of the mesh.

The location in MASTER
energy of the mesh.

!'he nurnber of physical

The nurnber of energies

o f  the  fas t

compc s i t ions .

in the cur-
reot supergroup.

The number of data
rent supergroup.

wor-ds in the cur-

The.number of crogs-seci- ion super-
9roups.

The lower energy of the cross-section
supergroup.

Comnon METRY

fhe iocation in MASrER of the
geometry data ( sarne as tcEOU).

The distance from a point d8, on the
ray EB + UB.S, to the f irst contact
with a body.

The distance on the ray, fron XB, to
the last contact with the body.

The ente!'ing surface number.
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t

I

LRO

PTNF

rERR

DTST

NRPP

NTRIP

NSCAL

NBODY

NNNNN

LTRTP

LSCAL

LREGD

TDATA

LRTN

LROT

LIO

LOCDA

r15

The leaving surface n,.rmber.
The mach ine  in f in i ty  (10+50) .

An error counter for input efforsor n G.L rr errors .

Ibe. distance to the current bodvr.-asured from XB.

The number of rectangular parallel_
ep ipeds  ( input ) .

The number of.LrlpleLs ( inpuL).

'Fhe numbe; o.f scalars (input) .

The number of bodtee (tnpur).

Same as NR!4AX in Cotrumon rNpuT .
The location in MASTER of thetr iplet data .
?he location in MASTER of thescalar data.

?he location in MAS?ER of the regiondescr ip ; ion  da ta .

The location in MASTER off loating point data.

fhe Locatiorr in MASTBR offor each body.

The location in MASI]ER offor each body.

the

the RrN

the ROUT

f,he location in MASTER of the sur_face numbers for each body.
fhe location in MASTER of the datafor a part icular body.

l ,21- l :__Used in  unpack ing  da ta  f romthe .IiASTER array.
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r 3 0

LBODY

NASC

KLOOP

xAD ( 2s)

Y A D ( 2 5 )

z A D ( 2 5 )

NDFAP

NDEf

LSCFAP

LPAFAP

J l 2 3 4 5

rRr (]_0)

IWA

IWI

I}IE

= 230. used in unpacking data from
the I,IASTER array .

The location in IIASTER of the body
data .

The bocly number of the bocly
examined by Gl.

A counter used by Gl .

Comnon f'AP

being

The array of X-coordinates for the
detectors.

The array of Y-coordinates for the
detectors.

Phe array of Z-cu'.ordinates for the
detectors.

The nunler of the deteetor beino
processed.

The number of detectors for flux-
at-a.- point,

The total number ot' detectors.

lhe location in MASTER of the
scorinq array for flux-at-a-point.

Not ueed.

A part lcle type f lag (see the dis-
cussion of PICK) .

Conmon T'UTAD

Transrnission region numbers. OnIy
the f ir$t three are used.

Absor-ption recording flag. Nonzero
for rr:cordino.

Inelastic recording f lag. Nonzero
for recording ,

Elastic reeording :gLag. Nonzero for
recording.
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IWD Degradation i :ecording f lag. Nonzerc)
for recording.

Mult iplying factor for transmisslon
recording.

No+- used.

rwo

OTIIER ( 5 )

4.4 PROGRM IMPLEI.IENTATION

t_:_tj_L_--[pe rat ioit, .I n s trlc

The following discussion describes the operating pro-

cedure for the CDe-6600 using the Chippewa* oPerating

system.

The deck configuration consists of a. control card deck

followed by a data deck' The control card deck is shown

below. Note that the card i lata is to be'punched start ing

in card colunn 1. A complete discussion of control cards

appears in the Chippewa systems manual .

rGnE?6Tffi-
Operating System Reference Manual , Publication Number
60134400,  8 I00  34 th  Avenue,  South  Minneapo l is ,
Minnesota 55440
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r
TJeE

Card

ID cald

FTEQUEST TXXX.

REWTND (TXXX)

UNI,OED (TXX)

REOUEST TYYY.
TAPE 11..
REWTND(!APE 11)

REQUEST I'ZZZ,
TAPE 15.
REWIND (TAPE 15)

RE{JUEST TVW,
rAPE 14.
REWTND (TAPE 14)

TUNC.

T'NIOAD (I.APE 11)

II{ONTE.

UNLOAD (TAPE ],4)
UNLOAD (TAPE 15)

EXTT.

Cotrunentsi

See the Chippeua systems manual
for a descrip+*ion of this card.

XXX is a tape number supplied by
the computer center. Ihis tape-
contains the SAM-C program irr-
binary format.

Rehrind the program tape.

COPYBF(TXXX,II'NC) Read the two sections (Tr.TNCl MONTE)COPYBI(IXXX. that comprise the SAM-C proiram 
--'

II{ON[E) into rnemorv.

Return the program tape, it is nolonger needed.

YYY is tha tape nunbor of the
efement data tape to be used.

ZZZ is the tape nunber of the
source tape. Omit theser cards ifno source tape is used.
WV is the interaction/transmission
tape if reguired..

Execute the TI,NC program which
reads and processes al. l  input.
The element data tape is no longer
needed.

. Execute the llonte-Cari.o and eclitportions of SAl.t-C.

Release the renaining tapes.

Teminate the pr"blem.

1

Note that tbe edit tape (fApE 16). the aupergroup
storage tapes {IAPE 9, TAPE 17) and t_}re organj.zeil data tape
(TAPE 10) were not nentioned explicitly i-n the above contror



cards: These tapes are usually not ieguired for subseque:rr:

problens and are assigned to d:.sk storage. The operi: t ing

system vri l l  automatical ly assign a disk storage area to any

tape not mentloned in the cor.trol cards.

The fol lowing f igure (Fig. 4.1) shows the complete

deck configuration for a computer run. Note that the ,'EOR,'

card is a system end of recurd card and that , 'EOF., is a

system end of f i le card.
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Response Data

Volume Data

card Sets 1-21

Control. Cards

Configuration



4.4.2 , - .rape,grjlzglion
The following describes the function of each tape used

in the progran. Tape numbers refer to FoRTRAN logicar num_
belts. AI1 tapes are used in the binary mode except for
tape 11, which is BCD mode and contains B0 coLumn card
imageg.

Tape 9

A temporary storage tape used by thc BAND
The tape is also used for temporary storage of
latents in the.PICK routine.
Tape 10

the organized data tape (ODT). The tape contains
cross-section data for a given probJ_en. The tape may also
hold geornetry data if requested by an input option.
Tape 11

The element data tape (Em) . The tape contains a
l ibrary of avai lable erements. subroutine BAND uses this
tape to get the data for a given problem. BAND is the only
rout ' ine using this tape. The organization of Ehe EDT is
given in Appendix B.
Tape 14

'fhe interaction,/transmission tape. AII interactions
and transrnissions are written on this tape for use in sub_
seguent problems. A discussion of format is i.ncluded in
the section on Subroutine WRT14.

program.

part i  cle
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Tape 15

An external source

GASP program using tape

miss i .on  par t  o f  tape 14 .

tape. The tape is

14. The tape may

created by the

also be the trans-

Tape 15

fhe stat ist ical aggregate

uses this tape to record each

edit routines then process the

flux. dose results.

Tape 17

used

4 . 4 . 3

A temporary storage tape for latents. lhe tape is

by the PICK routine.

Three types of erroi indLcations are given by the

SAi4-C program. Type I errors give an error message and

cause the program to eermi.nate. Type 2 erlors give an

error message, but do not terminate the calculat ion. Type
'3 errors terninate the calculation, but give no error mes-

sage. The possible error stops and messages are discussed

below.

Type L Errors

1. SEEK ERROR

The effor occurs i:l sgEK and is caused by an

argument out of range of the vector being

searched. The most probable causes are an

tape. The MONIIE routine

completed aggregate. The

tape to obtaj.n the final
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2 ,

input error in the output energy bins or the
energy or angular weight bins.

OUT OF RANGE ON EBAND

The error occurs in BAND and is caused by the
input cross-section energy band mesh being.

outside the range of the energies on the EDT.
The most probable causes are an input error
or using the vlrong EDT.

NO MORA ELEMENTS ERROR IN BAND

The error occurs in BAND and is given when an
isotope identifier in the BAND j.nput cannot be

. found on the EDT. The niost probable causes are
an input error or using the wrong EDT.
*** ERITOR - BOTH FTRST AND LAST BIN BOUNDARIES
MUST BE FLAGGED WTTH NEGA?IVE STGNS
*** EqROR - EHIGH MUST BE WITH]N ENERGY BTNS
*1** ERROR - ECUT UUST BE WITHIN ENERGY BINS
**** ERROR - ETHRM !,!UST BE WITHTN ENERGY BTNS
rHE NUMBER OF ENERGY BTNS IS TOO BTG THE MAX IS
The error indicates.too many energy output bj-ns
to fit in the machine. The input must be modi-
fied. A suggestion is to allow another output
supergrouP.

ERROR TN NUMSC

The error occurs when a scoring regiogr, as
supplied by the region parameter input, is bigger

?

4 .

f , .

6 .
.1

s .
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I 0 .

1 2 .

than the input value of NUllSC. The input should

be checked.

NO ROOM FOR DATA

The error indicates that the total room occupied

by the input is greater than the allowable maxi-

mum. llhe input must be nodlf leit.

Note that errors (4) tbrough (10) alt  occur in INPUTD.

These erlors wiLl allow the remainder ot Che j.nput to be

processed but the progran nill not perform the Monte Carlo

calculat ion.

11 . **** B3Xg11 - SPECTRUU NOT DEFINED BETWEEN ETIIGH
AND ECUT

The error occurb in SOUCAL anTd indicates that the

energy spectrur,r vi.olated one of the following

constraints 3

ECUT s ET(TFLAG)

EHIGH :  ET( l )

lt}lere 8T is the input energy spectrum, and IFLAG

is the number of entries in the spectrum table.

CANNOT HAVE A}IG. I!{P. FOR ANISTROPIC SOURCE

fhe error occurs in SOUCAJ, and i.ndicates that the

speeial source direction optioa was used in a

region containing angular irnportance. lhis condi-

tion is not aLlowed

ERROR IN NOUT

The error indicates that a source energy was

1 3 .
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1 4

calculated by SOUPIC

of the output energy

BAD IRPRIM IN CARLO

and is outside the range

mesh. Check the input.

1 5 .

1 5 .

1 8 .

should be checked. A more serious cause is an
error in compilat ion.

ERROR TN SP TN CARLO

An IRPRIM of zero was calculated

tine. The geonetry input and the

data should be checked.

S1 OUTSIDE BOTJNDS

fhe error indicates that S1,

next boundary, as calculated

zero otr greater than 1011.

in the cl rou-

source pos it ion

the distance to the

by Gl ,  is either

The geonetry input

is greater

region .

re checked

than the

encountered.

greater than the

reg ion  input ,

L I

t rSort the distance to the next colLision

than 51 , the total distance throuqh the
The FORTRAII s-tatements in CARLO 

"f,oufa
for a cornpiLe error.

ERROR IN NREG

A composition number of zero or greater
KPHYS, the number of composit ions, was
Check the region i.nput.

ERROR TN IRPRIM

A region nurnber, fRpRIM, was

nunber of regions. Check the
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1 9 .

2 0 .

ERROR IN ISC

A scortnq region number, ISC, was greater than

the number of scoring regions. Check the region

input.

ERROR IN NCDB IN CARLO

An i l legal interaction digit ,  NCDB, has been
generated by DR, the interaction
cross-section data as edited by
checked.

routine. llhe

BEDIT should be

on

or

4 .4 .4  Sense Srd i tch  ODt ions

The fol lowing describes the Sense Switch ut i l izat j .on
in the SAIrt-C program.

Sense Switch 2

Ternrinate the problem and edit the completed aggregates.
Sense Switch 1

Debug printoL.t for the CARL,O. DR, FAp routines.
'Sense Switch 4

Debug printout for the geometry dependent routines.
Note.that physical sense switches are not avaiLable

the CDC-5500. llhe sense switches are designated by means
control cards and cannot be changed during executl.on.

a
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APPENDIX A

DISCUSSION OF IMPORTANCE SAMPLING
I

It is fairly well krrowrr{l) by now that Monte Carlo
calculations can be caried out so that a single linear
functional (e.g., dose, Fe "activation) of the radiat ion
fierd rnay be calcur.atecr with zero variance. To do this
reguires pre-knowledge of an "importance function,r whic,h
gives for any particle its expected contribution to that
single functionar. This impor'cance function is used to
bias histories of particles so as to direct them toward
those po,sitions, energies, and directions aL vyhich the
chance of contr ibuting to an answer is large. In addit ion,
to get strictly zero variance it is necessary to compute
an ans!{er (to ,'score") only when an irnportance moctified
history is terminated.

1et x, E, !  denote the posit ion,

par t i c le  and 1e t  J (x ,  E fO)  be
eventually given by that parti_

+  { r  E l  0 )  i s  tne  dens i ty  o f
257

To be more ,exp l i c i t ,

energy, and direction of a

the expected totaL answer

c l . e .  T h e n  i f  K ( I r ,  E t ,  g t



particles coming

one cane out of

ke rne l  K (x r  ,  E '  ,

K ( x ' ,  E r ,  8 '  *  5 '  E ,  ! ) .  Th i s  ke rne l  i s  t o  be  used  i n

generating histories if zero variance is to be obtained.

Another requirement is that the source dlensity S(x, E' S)

be replaced by

s ( 3 , E , l r )  =  J ( T , E , g )  s ( 5 , 8 , ! ) / . r ( 1 r ' E ' , $ ' )  s ( { ' , E " ! ) c l 1 ' d E ' D a '

in selecting starting coordinates for histories.

In practice, the conditj-ons for obtaining zero variance

are never achieved for' any practical problen. It is useful

to note the reasons.

l. the exact importance function is never known.

. 2. Scoring is not carried out in the manner

reguirecl for zero variance.

3. Approxt mate importance functions cannot be

specified in enough detail '

4. ceneral purpose codes do not carry out the

istory sampling ueing the altered kernel i,

but sorne slternative (unbiased) form such

as splitting at boundariee. lIhis always

increases the variance.

The first point is a diff iculty in principle. rn

practical problems, it has been found that approximate

forms for J can reduce the variance ln difficult problems

258
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to the point vrrhere modern computing ma,:hines can achj.eve

satisfactory results. Several methods have been used to
establ ish the funct, ion J. falos {2) useal a muLticol l is ion

approach (essential ly consideratiou of the Neumann series
of the adjoint problem) and was able to calculate very deep
penetrat ion. At the other extreme, Cain(3) has recently
used Sra codes to f ind numerj-cal values of J. Unfortr:natelv

for two-or three-dinensionaL problems this requires com-
putations as extenslve, or more so than the Monte Carlo
calculat ions themselves. FinaLly, i t  is possible to use
exist ing results for similar problems (e.g., moments method
results for gamma ra)'s) as one does in obtaining rough
engineering approxi.mations to shielding results themselves.
This appears to be the most practical and wil l  ! ,e i l lus-
trated Later.

It has long been suspected(2) that ttre essential part
of the variance reduction is the use or a properly biased
altered kernel and that the particular scoring scheme is
less important. This has, in effect, been shown recently. (4)

trn many codes the importance sampling depends only
upon space or occasional_ly on energy. Fhis, coupl.ed with
the fact that extra variance arises in sampling the artered
kernel, may well have the effect that the optiftum parametels
cannot be easiiy deduced from even a reasonabl.e guess for
J. In part icular, the fai lure to alter the source distr i_
bution consistent with the history biasing reguires special
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treatment.

The properties of SAM-C are such that the optimum use
of the code should result by using a set of weights inversely
proportional. to 'J(1 , E, Q). Ttr€se weights can depend upcn
position, energyr and direction. The source speclrum is
altered automatically accorcling to the weights. Fina1ly,
the biased historles, particularly the fl ight of a particle,
,are carried out so aa to provide little adclitional. varj.ance.

Thus establishing efficient sanplLng reduces to cal-
culating a reasonable approximation to J. Eefore giving an
example, certail, general renrarks can be made.

. First, because the inportance functiorr Ls specified
through we!.ghts that are constant in spatial regions, the
requirements of biasing reflect upon the geometry used to
describe the problem. Thus an effort should be made to
provide enough regions ao that in signJ.ficant regions of
space, and :!lor the part of the spectrunr responsiile for
penetration to the detector, the variatlon in average im-
portance from one region to the next is no more than (very

roughly) a factor of four. This regulrement carr be relaxect.
for regions far from source and detector or for radiation
too weakly penetrating or too weak to enter into the further
penetration.

The use of appropriate slinrmetriea sinplifiee the in-
portance sanpling. Although,

obtained as easily in a small

in princJ.ple, a resuLt .can be
reglon as. in a shell in a

26q



spherical ly symmetric probletn, in. practice extra care must
be g irren r:o focus the radiation appropriately toward a small
detector, Also the importance function wil l  contain geo_
met r ic  (e ,g . ,  r -2 )  fac to rs .  ro r  a  she lL  sur round ing  a
spherical source, only the exponential attenuation with
posit ion j .s needed.

When a reasonable set of weights has been given fof a
set of detectors in a given geometry, i t  can be used for a
variety of sources. Thus a good set of importance weights
for ganma rays in a given situation can be used for mono_
energetic gammas, for a prompt fission ganma source, or for
spatially and energy-distributed gamnras arising friom neu_
tron interactj-ons. Naturally, if space or energy regions
previously thought uninportant ale no longer so, extensions
must be made.

:
I
I
I
1

i
{
t

I
I

I
I
!
I

In sotne problems it is necessary (or thought necessary)
to obtaj.n several different answels in a singJ_e computer
run.. f f  these ananers depend. essential ly upon the same or
r-ery similar histories, (as for example, the biological dose
at two detectors separated by less than a relaxation length
for the domi'nant radiation), then a biasing scheme for one
(or for a detector at a. rnean posLtion) d.oes reasonably well
for the other. when rather different histories are required
(as ior widely separated aletectors or for neutron dose con_
trasted with sources of secondary garnma raCiatj.on) then it
may well be true that separate runs with separate importance

I
II '' t

' l

tt 't.
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I
i

f

: f
I

weights wil l  be computationaj.ly most eff icient. In inter_
mediate cases where it is suspected that the conpqtational
gain from running a single problern is inrporlant, the
following prescriptions are useful.

L. Take weight.t proportional to fLux over the
inportant range of pos.i.tion and energy. This
has the effect of qiving aeneraliy gooil sta_
tistics for flux over that range (fhough likely
at the expense of computing tim!). The numerical
values of flux nqy be tahen ffgm relate.J problerns
or from a prelj_ninary run.

2 . lake the spatial depgpdence
tional to the expected dose

of wgigfr! propor-
over regioll9 ofI

i
I

II
I
I
I

. I

I
I
I

adjacent deteclors. O.utsi{e pegions of dleteclors
conpute relative inportance fpf Feafesp {etector.

3. Take a linear sornbination of the i$ppftance func_
tion ro: single detectors, Lhg cpefficient being

' inversely proporpigna.l tp the estinateq result
at that detector. The weight iq, of, courFe,
inversely proportional to the compositive l{r.rpor_
tance.

Note that in SAtt-C the magnitude of the weight ls
irrelevant.

Finally we give the folLowing warning. It is often
tempting to try a rather sharp biaeing, panicuLarly in
dltrection. It shoulA always be kept in mind that the in_

' . ; - - -
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portance function is the expected a,nswer after al l  future

col l isions, not just a single one. Thus a part icle pointed

wi th in  some ne iqhborhood o f  a  de tec tor  (e .g . ,  w i th in .a  c ( )ne

that passes as close as roughly a mean free path for scat-

tered radiat ion) is l ikely to be nearly as irnportant as a

ray that passes dl irect ly through. Neglect of this leads to

biasinc in which the most probable result,  except in veiy

long sampJ.ing, crnits this scatt,ered radiation. In somewbar

the sarne wayf radiation directed away from a detector may,

in consequence of nult iple scattering, be nearly as impor-

tant as radiation directed towaro a de..ector. VJhen diffu-

s ion  dominates ,  there . is  l i t t le  d i rec t ion  e f fec t .

The last section wil i  describe the procedure used to

set up weights for gamma-ray transport in the atmosphere

above a ground interface.

It was required to calculate free ai; gamma-ray doses

in two sets of detectors. The f irst set consis.ced of de- .

tectors centered at 250, 500; 750 meters and the second at

1000, L250, 1500 rneters. Each set was consi iered a separate

problem. Each tdetectorr r,ras in fact a ring of air; 7

meters high, and whose inner and outer radii differed brr

20 meters. lhe rings abuttedl the ground.

The air was subdividled into large concentSic rings,
l

600 meters high, centered on the source. The increment in

radius was taken as 125 metersr this is adequately small

compared with the average relaxation length of about 600
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metel. 's. Each detector r iug was

la rger  r ings .

contained in one of the

The energy grouping was taken as follows. Energies

above 4 Mev were lumrred together. Other dlivigions were taken

at  2,  1 ,  0 .5,  ar rd 0.2 l , lev.  nxcept  be low the last . . . the var i -

atlon in cross-section .i.n a group is less than about 30* so

that the importarrce is reasonably ,taken to be constant in

each group. fhe propertiee of ga*mas were evaluated at the

Iower end except for r-he lowest. for which 0,1 Mev was used,

The procedure for establishing weights was the following.

Assume we are dealing with the second group of detectors.

The effectiveness of a garma was taken (for calculating im-
portance only) to be proportional to energy. At 1000 meters

therefore, the weight was set equal to the reciprocal of

the gro:rp energy in Mev. From 1O0O to 1500 neters the

weight waa aasuned to decrease exponentially (i.e., the

importance increased. exponentially) with a relaxation length

of 550 neters, taken from an earl ier calculatlon as cbar-

acteristic of dose. The same ratios in weights were used

in each energy range. Tbe inportance at 500 and at 1.000 sere

evaluated ae (E B(E)r )e-u(E)11 - l  us ing r  = 500 and 10OO

meters, respectively. These are, of cour€e, the distances

to the firet detecrtor. BuiJ.dup f,actors B(E) were taken for
point isotropJ.c sources from Goldsteints boof(5) except at
the iowest energies where very rough extrapolatl-ons were

made. At, points 500 neters and 1000 tr'.eters beyond the Last
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detector, the weights were made to r ise in the same rat ios.

These points were plottei l  on semilog paper and curves drawn
joining thenr. This is shown in t ig. A-1. Rough average

weiqhts are then taken d{rectly from the graph.

It  is edsy to see from this prescript ion that, for
detectors in the range 250 to ?50 meters, one may use the

same curve by shif t ing the entire curve left  by 750 meters.
This is rather generaS.ly appl.icable

No angufar weights were used, primarily because the

regions are so large that the assumption of canstant pre-

ferred direction is not applicable. For thj.s reason ( arnong

other6) . i t .would have been preferable to subdivide the

vert ical section by several paral lel  planes. Since satis-

factory answers were obtained in short computing times we
clid not 90 on in this direction for qarnmas, although sig-

nificant improvements were forrnd in using more vertical

divisions in neutron problems.

.The weights in ground were

tines the corresponding weights

histories were terminated above

rneters from the aource.

always taken to be four

in the air above. Gammas

500 meters or beyond 1900
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APPENDIX B
-l-

A clescription of

the EDr is made up of

terms of card images.

Item
N o .
.1

No.  o f
Entries Carcl D.ej.c_ription Fonnat

NENERG IIO
NENERG is the number of energies
in the energy table.

ETABT,E(1) ,  ErABr ,E(2) ,  ETABLE(3)  .  5914.5
E T A B L E ( 4 ) '  E T A B L E ( S ) '  ; . .
ETABI,E (NANSXG, .
ETABL'E is the energy mesh for all
elements. ETABIJE(I' is the low-
eat energy and ETABLE (NENERG) is
the highest energy.

AlrT, IAtf l [ ,  i t  816.8' 216
AwT is the floating point atomic
welght.
IAI{D is the fixedl point Ldlenti-
f ier. i I  is an end of dlata f1ag.
J I 0 means this card ia the
last card of the EDtr.

oF,  Now? NFI  .  I s I  ,  IP IN E16.8 f  t l l 5
oF I 0 meang thie is las!
card of element.
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FORI.{AT oF THE EL'EI'IENT DAIA TAPE (EDtr)

the format of, the

card irnagegr the

EDA fol lowq. qinee.

clescriptiop ie in



I tem
N o .

N o .  o f
Entr  ies

4 5
c o n  I  d .

NOW

NOW

NOW

1 I NENERG

1 0

Card Descript ion

NOtf is the number of r.rords in
the next group of data. NPI is
a f i le number used for identi-
f icat ion only. ISl /  0 means
the next group of data is the
s c a t t e r , i n d e x .  f P f N  I 0  m e a n s
this element has no inelastic
sca t te r ing .

SIGMA(r )  ,  Src l , rA(2)  ,  SrcMA(3)  ,
S r G M A ( 4 ) ,  e t c .
SIclitA is the microscopic total
cross section. Note that NOW
must equal NENERG and that OF,
fS I ,  IP IN must  a I1  be  zero .

Repeat i tem 4.

P S C A T ( 1 ) ,  P S C A T ( 2 ) ,  P S C A T ( 3 ) ,
P S C A r ( 4 ) ,  P S C A T ( 5 )  .  . . . ,
PSCAT(NENERG).
PSCAT is the probability of
elast ic scattering. PSCAT (1)
correaponds to ETABLE (1) and
PSCAT (NENERG) corresponds to
ETABLE(NENERG).

Repeat i tern 4.

P A B S ( 1 ) ,  P A B S ( 2 ) ,  P A B S ( 3 ) ,
P A B S ( 4 ) ,  P A B S ( 5 ) ,  . . . ,
PABS (NENERG) .

oF, NOW, NrI ,  ISI ]PIN
ISt must equal I beca.use.
the next data group !s the
scatter index. I f  this
element has no inelastic
scattering, then IPIN must
equal 1.

I P ,  I D ,  T ? , . I A
There are NENERG cards r-n
this data group. Each card
has the quanti t ies IP, ID,
IT, IA defined as fol lows:

Format

5 8 1 4 . 5

E 1 6 . 8  |  4 r 5

5 E 1 4 . 5

E 1 6 . 8 , 4 r 6

5 8 1 4  . 5

8 1 6 . 8 , 4 r 6

4  r10
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Item
No .

N o .  o f
Entr ies

11 NENERG
con t  d .

5

1 1

I P = I f o r
scattering

= 2 f o r
scattering

lab system
= location of CHI=  3 .

Table i f

Format

E l 6 . 8 r  4 r 5

5E1 ' t . 5

8 1 6  , 8 ,  1 1 6

Car<l DescrLption

inelast ic  d iscrete 4I l0
inelastic continuum

fD = the location of an ENN
or PLEV table relative to the
first word of the SIGttA table
IT = I for isotropic scatterlno
in center of mass

= 2 for scattering in hyclrogen= 3 for anisotropic scaltering
i.n center of mass

=^ 4- isotropic scattering inthe
I A
IT

L2

13

Repeat  i tem 4 wi th  NOF = 11.  E l5,g,  { f6
c H r ( l ) ,
c H r ( 5 ) ,
CUr is
cHr (1)

cHr (2) ,
e t c .

a table

c H r ( 3 ) ,  c H r ( 4 ) ,
of 11 entries.

=  1 . 0 r  C H I ( 1 1 )  =  0 .

5

I t

I
1t,,'
I
tI

L4

l5

Itens 12, 13 are repeated for
each energy at which "ITn of
i tem 11 is  3.

Repeat itern 4 with NOI{ = Il .

l l l l f l  ,  ENN(2 ) ,  nNN(3 ) ,  ENN( r ) ,
ENN(5 ) ,  e t c .
The EMg table is used to deter-
nine the energy after scatterinq
for an inelastic continuum
interaction. ftems 14 and 15
are repeatecl for each energy atwhictr [fp" of itern 11 is Z]- ffthe element has no continuum
scattering items, 14 and 15 areonittecl.

Repeat iten 4 with NOW = nurrbe!
of ekcitation levels for dis-
crete scatterlng.

1 5

2'i0



I

Item
No .

L 7

No.  o f
Entr ies

NOW

Card Descript ion

E L E V ( I ) ,  E L E V i 2 ) ,  E L E V ( 3 )
E L E V ( 4 ) ,  E L E V ( 5 ) ,  , . . ,
ELEV(NOW).
The EIEV table is a l ist of
possible excitat ion levels;
each entry corresponds to a
probabil i ty in a PLEV tabte.

Repeat i tem 15.

P L E V ( I ) ,  P L E V ( 2 ) ,  P L E V ( 3 ) ,
P L E V ( 4 ) ,  P L E V ( 5 ) ,  . . . ,
PLEV(NOW).
fhe PLEV tables are tables of
probabil i t ies of scattering
fron the culrent energy to
the excitat ion levels. I tens
18 and 19 are repeated for
ceeh energy at which inelastic
discrete scattering occurs
( I P  =  I )

OF,  NOW, IS I ,  IP IN
O F  =  L . 0 .  N O W ,  I S I ,  f p I N
= 0. I ten 20 is the last
card of ai:  element.

AWT, IATWT, J
If there are no more elements
AVIT, IA18WD = 0. J = 1. I f
there are more elements reDeat
fron it"en 3.

Format

5 8 1 4  . 5

E 1 6 . 8 , 4 1 6

5 E 1 4 . 5

8 1 5 . 8 , 4 r 6

i.8

l 9 NOW

2 0

z r
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APPENDIX C

ORGANIZAIION OF THE GEoMETRTC 
"oRTIoNs 

oF II{ASTSR

The I.IASTER storage aray has a complex organization
of integer and jloatin! point ctata. The integer portions
are, in general, packed three iterns per rrord and flfteerr
bits per itenr.

.The following explaitrs the constructLon of, the table.
1. RPP DATA DESCRIPTIONS

Stored six rrordg per plp beginning at LBASE
(for MAGIC, LBASE = I and f,or sAM_c, LBASE =
LGEoM). Each word has three numbers.

Fixed point
where I is the nunber of Rpprs that abut this
surface, J is the location within the M]ISTER
array of, the l ist of these Rpprs, K is the

L5 bits 15 bits 15 bits
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r F *.'racEFF .-,try.*., ..

the f loating

th is  sur face

2 .

Address In MASTER (AIM) where
point number corresponding to
is  s to red .

RPP DA?A

Each body data descriptor

puter words. Each of the
contaj.ns three integers as

3 .

f loating point

FulI word

These are the nurrrbers read in Rpp Data cards
and refered to as K in f tem L.
BODY DAIA DESCRIPTORS

consists. of two com-

two computer words

shown below.

15 bits t5

x

bi ts 15 b i r

Not used r iJ K
Not used L !t N

Fixed point

where:

I is the number of possible reqrions to beentered when entering this b6dy.
.l is the nunrber of possible regions to beentered when leaving this bo,iy. 

-

K is the type of bodly (0-g for Rpp-ARB)
L AIM of a l ist of I

U AIH of a list of ir

IIIII
it.
I. L

, ln

2 7 3



AIU of the bocly dlata pointer for this body
(see ltem tl below)

Note that the variable LBODY (ln Comnon) is the AIM

of first word of the first body data descriptor.the

4 . BODY DATA POINTERS

This infornation is

and is of variable

of body. Each bgdy

parameters and they

referenced by N in lten 3

size depending on the type

has between trdo and four

are stored as follows.

1 5  b i t s . 1 5 b i t s . 15  b i t s

Not used I J K

Parameter.€

3 parameters

2 pariameters

In all cases the parameters are fixed point and.

are AI!.{'s to the floating point data, which were

originally read l-n for the bodies.

5. REGION DESCRIPTORS

There are NRIA:( region deecriptors of one computer

word each, as ehoron below.

15

Fixed point

Not used I ,t K

Not used Not used I)
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l J ,

$
ii

t

region descriptor.

5 .

Itern 4.

RECION

wnere:

I is the number of bodies in the region
clescript ion.

J is the AIM of a l ist of the boi l ies.

Note that LREGD (in Conmon) is the AIM of the first

BODY DAPA

These items are one computer word in length and

contain the f loating point data referred to in

DATA

8 .

Fixed point

These are the body numbers referred to in Item 5.

I is an operator (*, - , or OR) converted to a

numeric code betlreen 1, 8.

J is the actual boily number. These data are from

the region description input.

ENTERING AND LEAVING TABLES

Fixed point

These are the

referenced by

entering and leaving tables

Il and L, in Iten 4.

15 bits
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:

9. LRIN is the AIU of a table $rhere the code will
i' store RIN as computed to each body. There are

NBODY floating point words.

I0. LROT is the AIM of a table to store ROLIT as

conrputed for each boily.There are NBOD! floating
;

point words.

Ll. tIO is the AIlt of a table where the code wil l

store three fixed point items per body, as shovrn.

Fixedl point

L 2 ,

\there:

f is the entering surface number.

iI is the leaving surface number.

K is the index of or ray numbe:.

There are NBODY words.

Region ID air.I space codes. This is a table of
NRMAX f,ixed point words whose Afu is ITIRFo = NDe
-1o-NRMAX. where NDe is the sLze of the MAsfER
aEay. At LIRFO + REGfON NO -1 is etored the
two iterns in fixed point format

N o t u s e d  I  f  I  U Fixed point

where:

I is the region ID.

is the space code + one.

r ,t K
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IJSCORE
Region flux
scores for each
statistical
aggregate

LREGI
Region-dlependent
paraneters

' t
-aqtbdllrrerrs'rerrF+q

APPENDIX D

The following section describes the organization and
contents of the ilASTER 

.storage aFay. the capitalized name
in the upper right-hand corner of each box refers to a
"pointerr'. These ,pointers'r are used to rocate sections of
data with a ninimum of calculation.

Contents Comtents

Calculated by BAND ancl reaC in from
the ODT by MONTE.

The data are read in and
by GENI .

The scores are accumulated and storedby CARLO. The scores are stored asa function of energy and scoringregion.

Thi6 section of the array containsregion-dependent parameters storedtwo computer words per region. Theactual data are discussed"in the
I,NPR section of this report. Thedata are read in and stlred by INpUTD.
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I

Contents

( 1 i  )

For iterns t5 )

computed in INPUID.

and are printed by

through (10) the

The countfr are

TAI,LY.

Cornments

starting locatiobs are

accutnulated in CARLO

IJSCFAP
Flux-at-a-point
for ali-
detectors

The scores are computed by CARIO.
This section of the array wil l  exist
onJ.y i.f flux-at-a-point detectors
are p!.-esent in the problen.

IJNCOIJ
Number of col l is ions
per region

I,BIRTH
The number of

I,DEATH
fhe nurnber of
deaths per
region

IJESCAP
The number of
escapes per
region

I.,NDEG
The number of
degrades per
uegion

, 'JNABS
The number of
absorptions per
region

( r1)
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'&.t!t Fa!i!rs'9'{rFrrF" r a-+

Contents Conments

( 1 2 )

( 1 3  )

( 1 4 )

( 1 5 )

( 1 6 )

(  1 7 )

The actuaL region weights to.be
used for region importance. The
$reights are read in by INPUTD.

The energy weight sets for impor-
tance sampling. This section exists
if  energy importance is used in.theproblem. The data are read ilr bv
TNPUTD.

The aiming angles for angular im-portance. Three words per angle
denoting direction cos j.ires ar5
stored. The data are read by INpUTD.
The array exists cnly i f  angl lar
rmportance is used.

The angular hreight sets for angular
importance. The array exists 5nly
if angular importance is used. flre
data are read by INPUTD.

The energy ,
data for the
The data are

posit ion, and direct ion
souree distr ibution.
read in by SOUCA!.

This section uses
room in the MASTER
latents are stored
be used for ].atent
available room i::

up al- l  avai lable
array. Supergroup
irere. Tapes wil l
storage if the

insuff icient.

LRAW
Region weights

LRIW
Region enerqy
weight sets

TAIM
Aiming angles

LAWS
Region anguJ.ar
weight sets

KSOUR'gource data

LI,AST
Iratent storage
for supergroups
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] suitabre thTee-dinensional lleonetrical description technique and two conpurer
prograns, !,lAGrc and sAl,l-c, were developed arrd demonstrated for applicarion to thegomputer analysis of both the nuclear and conventional vulnerability of arnored
mi litary vehicles, The. geometric technique was applied, for denons-ration pui?oses,
to the M6OAI tank. A single body of georetric input target data for the trt60Al was
used by the MAGIC proglam to address the tank from any aitack angle by conventional
arnor-defeating _projectile systens, and by the sAJrl-c Monte carlo-progran for the
deterlination of j.nternal radiation dose. The radiation dose (in selected target
regions) is obtained for prilrary Deutrons, primary gar las, and secondary garnnas
produccd py neutron interactions occurrirE either outside or within the vehicle.
Thg !!o programs, llAGrc and sAM-c, are cuirrently opelati onal on both the cDc-6600
and BRL-BRLESC corrput.ers. Both prograns are written in FORTRAN. I
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