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ABSTRACT

A sui tab le three-d imensional  geometr ica l  descr ip t ion

technique and two computer programs, MAGIC and SAI{-C, were

developed and demonstrated for application to the computer

analysis of both the nuclear and conventional vulner-

abi l i ty  o f  armored mi l i tary  vehic les.  The geometr j -c

technique was appl ied,  for  demonstrat ion purposes,  to  the

M60AI tank. A single body of geometric target data for

the M60A1 was used by the MAGIC program (Mathematical

Appl icat ions Group,  Inc. ,  code)  to  address the vu lner-

abil i ty of the tank to attack from any attack angle by

conventional armor-defeating projecti le systems, and by

the SAIvI-C program (Stochastic Approximation Method

Combinatorial) for the determination of internal nuclear

radiat ion dose.  The radiat ion dose ( in  se lected target

regions) is obtained for primary neutrons, primary

gailmas, and for secondary galnmas produced by neutron

interactions occurring either outside or within the

vehic le .  The cr i t ica l  feature of  the ef for t  is  the

I
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FOREWORD

The Aberdeen Bal l is t ic  Research Laboratory has,  a .s

one of  i ts  miss ions,  the evaluat ion of  the vu lnerabi l i ty

of armored vehicles to attack by both nuclear and conven-

t ional armor-defeating weapons. Prior to the present

effort, independent computer programs had been developed

to ass is t  in  such evaluat ions.

On the one hand, there was available the UNC-SAM

Program (United Nuclear Corporation - Stochastic Approx-

imation Method) for the determination of nuclear f lux (and

subsequently dose) through the use of the Monte Carlo

technique. This program, given a geometrical and nuclear

descript ion of the target vehicle and surrounding atmos-

phere and ground environment, could calculate radiation

f luxes and doses at  speci f ied locat ions ins ide and outs ide

the vehicle. The geometric descript ion, however' was

restricted to an assembly of nonintersecting bodies and

was only an approximate representation of the true geometry.

vl-J-
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On the other hand, there were available the ASEB pro-

grams (Armored Systems Evaluation Branch) for the deter-

minat ion of  target  h i t  and target  k i l l  for  armor-defeat ing

dj - rect  f i re  weapon systems.  These ASEB codes requi re that ,

for  any g iven d i rect ion of  a t tack,  the vehic le  be descr ibed

in terms of the ordered seguence and thickness of material

layers which a pro ject i le  would encounter  in  penetrat ing

the vehic le .  This  descr ip t j -on was establ ished for  each of

a number of rectangular prisms defined by projecting a

rectangular grid through the vehicle along the direction

of  a t tack.  Wi th such deta i led knowledge of  both the

sequential composit ion of the target armor and vulnerable

components,  as wel l  as the posi t ions of  th is  ar ray wi th in

the target plane, the ASEB codes would compute the effec-

t iveness of  a  weapon system. This  ef fect iveness,  a  funct ion

of aim point and i-mpact dispersion at the target plane,

was g iven in  terms of  target  h i t ,  mobi l i ty  k i I l ,  f i repower

k i l l ,  e t c .

The rest r ic t ive por t ion of  the analys is  of  convent ional

pro ject i les was preparat ion of  the t ,arget  deScr ip t ive data.

These data were prepared manually by working directly with

the engineering drawj-ngs for each attaek azimuth of inter-

est .  This  manual  approach was readi ly  appl ied to  at tack

azimuths of  0o and 90o,  or  to  d i rect  overhead at tack,  s ince

appropriate engineering drawing views were usually avail-

able. Securing target data for other attack azimuths such

)
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as  30o  and  600  was  cons ide rab l y  more  d i f f i cu l t .  l f  a t t ack

analys is  was desi red where both az imuth and e levat ion

angles were other  than a lonq an ax is  common to the engi -

neer ing drawings,  the preparat ion of  the requi red target

da ta  was  poss ib le  bu t  rea l i s t i ca l l y  imprac t i ca l .

f t  was obvious,  therefore,  that  i f  the ASEB codes

were to  be used to any greater  extent ,  a  computer j -zed

method would have to be developed to provide the necessary

target  input  data for  any desi red angle of  a t tack.  Fur-

ther ,  s ince the nuclear  analys is  code a lso requi red

deta i led target  geometry  input  for  accurate resul ts ,  i t

was fe l t  that  the geometry  descr ip t ion technique should

be compatible for both nuclear and conventional weapon

analys is .  fn  th is  way a s ing le target  descr ip t ion would

serve both requi rements.  However ,  i t  was not  a t  a l l

obvious how one would either adequately describe a com-

pl icated target  or  generate the requi red sequent ia l  data

f fom such geometr ic  target  data.  One fact  that  had been

establ ished by exper ience was that  the use of  independent

(nonover lapping)  geometr ic  f igures would necessar i ly

result in an approximation of actual target geometry that

would be of  marg inal  usefu lness.

Recogniz ing the need,  therefore,  for  a  computer ized

method to achieve target data for the ASEB conventional

pro ject i le  le tha l i ty  codes,  and the need to input  an

ix



accurate target  descr ip t ion for  nuc lear  analys is ,  i t  was

decided to  suppor t  an ef for t  in  th is  d i rect ion.  The MAGI

"combinator ia l  geometry"  technique was se lected for  devel -

opment because it  permitted the combination of geometric

f igures to  form many pract ica l  geometr ic  f igures of  in ter -

est, and the geometry developed could be used for both

nuclear  and convent ional  weapon analys is .

The end object ive was to  achieve development  of  a

pract ica l  technj .que and real ize actual  resul ts  for  an ac-

tua l  target .  The M60A1 tank was chosen as the target  to

be descr ibed and the speci f ic  resul ts  to  be obta ined were

(1)  the sequent ia l  ar ray data requi red by the ASEB con-

ventional projecti le lethali ty codes based on any angle

of  a t tack speci f j -ed,  and (2)  the actual  nuc lear  dose

values wi th in  the tank.  These object ives were met .

The "combinatorial geornetry" technique was developed

and the computer programs prepared and tested. These are:

MAGIC, which provides the sequential target data for the

ASEB codes; and SAI{-C which computes the nuclear dose.

The M50Al tank was described and read into the computer.

Several target sequential data arrays were prepared, and

nuclear dose was computed with the vehicle at various

ranges f rom a speci f ied posi t ioned source.

The report describes the development work accomplished

by MAGI during the contractual period. In addit ion to

theoret ica l  d iscuss ions regard ing the var ious programs de-
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veloped, i t  can also serve as a progra$tr;€tts guide for

those who may want to implement the programs on their own

computer for analysis of other target configurations-

Although the report describes the work accomplished, i t

intentionally does not deal at any great length with the

many poss ib le  appl icat ions to  s tudies of  the ef fect iveness

of  o ther  weapon systems.  Suf f ice i t  to  soY,  the object ives

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

should material ly assist those grouPs who are perforrning

design,  vu lnerabi l i ty ,  and ef fect iveness analyses of  weapon

systems

Richard C. I loyt
Technical Supervisor
Ball ist ic Research Laboratory
Aberdeen, Maryland
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1. INTRODUCTION AND DESCRIPTION OF TECHNICAL EFFORT

1.1  INTRODUCTION

1 . 1 .  I  S c o p e

This repor t  descr ibes the development  of  a  s ign i f icant

new geometric technique the "combinatorial geometry"

technique for addressj-ng the nuclear and conventional

vu lnerabi l i ty  o f  armored vehic les.  l t  makes poss ib le  the

computer representation of complicated three-dimensional

objects  in  any requi red degree of  deta i l .  In  addi t ion,  the

report provides a detai led discussion of the two computer

programs for which this technique was developed. The

f i rs t ,  SAM-C,  is  a  nuc lear  dose analys is  code which com-

bines the latest advances in Monte Carlo importance sampling

techniques and deta i led basic  phys ica l  data capabi l i t ies

with this new combinatorial geometry technique. The second,

MAGIC,  is  a  code which ut i l izes th is  new technique to  con-

ver t  geometr ic  and funct ional  (e .9.  '  armor,  road wheel ,

e tc . )  target  descr ip t ion data in to the penetrat ion data

( l - i ne -o f - s igh t  t h i cknesses '  su r face  ob l i qu i t i es ,  e t c .  )
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required as input to other programs which evaluate the

vulnerabi l i ty  o f  the target  when subjected to  pro ject i le

a t tack .

1 . 1 " 2  R e a d e r s h i p

This  repor t  is  d i rected to  three d is t inct  categor ies

o f  readers :

1.  The weapons systems/operat ions research

analysts  who are constant ly  searchj -ng for

improved methods and techniques applicable

to weapon system vulnerabi l i ty  analys is .

2.  The mathemat ic ian/phys ic is t  methodologis t

who must f ind ways and means of implementing

and understandinq the new techniques and

approaches.

3. The computer progranrmers and system analysts

who must translate the concepts of the

analysts and the theorems of the methodologists

into workable production computer codes.

1 . 1 . 3  O r g a n i z a t i o n

In order  to  accompl ish the object ives set  for th  in

Sec t i on  1 .1 .1 ,  t he  body  o f  t h i s  repo r t  i s  d i v ided  i n to

three pr imary sect ions.  Sect ion 2 presents an in t roduct ion

to the basic aeometric technique conrmon to both the SAM-C

and IvIAGIC programs. Section 3 presents further information

on this combinatorial geometry technique and indicates how,

through the addit ion of certain input data, a computer



program appl icable to  pro ject i le  vu lnerabi l i ty  analys is

resul ts .  Sect ion 4 d iscusses the implementat ion of  th is

technique in  a Monte car lo  rad iat ion t ranspor t  code to

evaluate nuclear  dose levels  -

Br ie f  ind iv idual  d iscuss ions of  combinator ia l  geom-

etry  and i ts  appl icat ion to  MAGIC and SAM-C foI low'

T.2 DESCRIPTION OF TECHNICAL EFFORT

1.  2.1 Combinator ia l  Geometry

combinatorial geometry is a new and signif icant ad-

vance in  the s tate-of - the-ar t  o f  represent ing in  a com-

puter  a complex three-d imensional  s t ructure.  In  ef fect ,

one represents a structure such as a tank in terms of

sums,  d i f ferences,  and in tersect ions of  re la t ive ly  s imple

bod ies  such  as  spheres ,  cy l i nde rs ,  e t c .  (deScr ibed  i n

Sect ion 21.  The input  for  such a descr ip t ion consis ts  of

the geometric locatj-on of the simple bodies and their

d imensions,  fo l lowed by a region def in i t ion tab le consis t -

ing of  a  ser ies of  equat ions def in ing each par t icu lar

region of  the s t ructure in  terms of  the basic  bodies.  For

example,  L f  the to ta l  s t ructure is  a  tank,  then one region

would be the gun barrel, which might be represented as the

mater ia l  located between two concentr ic  cy l inders.

When the geometrical descript ion is completed' a

mater ia l  composi t ion must  be ass igned to each region (e.9.  '

s tee l ,  copper ) ,  and  each  reg ion  mus t  be  i den t i f i ed  (e .9 . ,

9 u h ,  d r i v e r ,  e t c . ) .



Thus,  one can achieve a to ta l  geometr ic ,  mater ia l - ,  and

funct ional  descr ip t ion of  the vehic le  as a three-d imen-

s ional  ob ject .  I t  should be noted that  th is  descr ip t ion

can be as deta i led as desi red by inc lud ing,  for  example,

ind iv idual  shel ls ,  motor  components,  e tc .  ,  o t  i t  may be

quite rudimentary depending upon the application. At any

rate th is  descr ip t ion,  once prepared for  the computer ,  can

be used for  a  var ie ty  of  s tud ies.

Under the current contractual effort, the combina-

torial geometry technique has been applied to the evalua-

t ion of vehicle vulnerabil i ty to conventional weapons and

to the evaluation of nuclear radiation. The programs have

been thoroughly tested and applied to armored vehicles of

current interest to the U. S. Army. The programs are

operational on the Aberdeen BRLESC and the NYU CDC-6600

computers.

1.2.2 Appl icat ion gf  Combinator ia l  Geometry  to  Con-

An evaluation of the vulnerabil i ty of a vehicle under

attack by a part icular weapon is an extremely complex task.

One must  f i rs t  establ ish the var ious poss ib le  types of

" k i11 "  as ,  f o r  examp le ,  ' ! f  i r epower  k i11 ,  "  "mob i l i t y  k j_11 ,  "

or  " to ta l  k i l I r "  e tc .  Each ind iv idual  component  of  the

target must be assessed to determine it ,s importance to each

type of  k i l l .  For  example,  dest ruct ion of  a  tank t rans-

miss ion wi l l  resul t  in  mobi r i ty  k i11 but  may have no ef fect



on f  j - repower k i11.

The probabi l i ty  o f  dest ruct ion of  a  "vu1nerable"

component (a component important to one of the ki l ls) must

be determined as a funct ion of  the proper t ies of  the in-

c ident  penetrat ion.  Proper t ies such as res idual  energy

and mass are i-mportant parameters in such an assessment.

The MAGIC program, d iscussed in  deta i l  in  Sect ion 3,  has

been designed to work in  associat ion wi th  ex is t ing ASEB

vulnerabil i ty programs at Ball ist j-c Research Laboratories

to per form the assessment  of  vehic le  vu lnerabi l i ty .

The f i rs t  task is  to  set  up the geometr ica l  des-

cript ion of the vehicle in combinatorial geometry input

form. These data are entered into the MAGIC program, saY,

v ia punched cards.  Subsequent ly ,  the.  vu lnerabi l i ty  analyst

se lects  the at tack d i rect ion.  S ince the descr ip t ion is

t ru ly  three d imensional ,  the at tack d i rect ion need only

be speci f ied in  terms of  an az imuth and e levat ion ang1e.

No modi f icat ion of  the vehic le  descr ip t ion is  necessary

for  d i f ferent  angles of  a t tack.  The program sets up an

attack plane perpendicular to the attack direction and

proceeds to shoot rays through the attack p1ane, with each

ray d i rected para l le1 to  the at tack d i rect ion.  The rays

are started within rectangular areas on the attack plane.

The s ize of  the at tack p lane is  speci f ied as input .  On

hi t t ing the target  vehic le ,  the angle of  inc idence,  nature



of  reg ion h i t ,  and normal  and l ine-of -s ight  th ickness of

the region hit are determined. The ray continues through

the vehicle, determining the same j-nformation for each

region i t  t raverses,  and is  f ina l ly  terminated on leav ing

the far  s ide of  the vehic le .  The data,  thus generated,

are put out in printed and punched card form for use in a

subsequent  ASEB program. This  la t ter  program calcu lates

not only the residual penetration energy after encountering

a region wi th  the def in ing features establ j -shed by the

MAGIC program, but ,  addi t ional ly ,  the s ign i f icance of  the

encounter with this defined region in terms of the prob-

abi l i ty  o f  the var ious k i l ls  in  quest ion.  I f  there is

res idual  energy,  th is  process is  cont inued wi th  the next

region and so on. Thus, the combination of the I4AGIC and

ASEB programs forms a complete mathematical framework in

which one can accommodate al l  the geometrical and material

in format ion concern ing the vehic le  as wel l  as the pene-

t rat ion and le thal i ty  proper t ies of  the pro ject j - le .  S ince

each program runs several minutes on a large computer, a

number of design parameters can be investigated..

1 .2.3 Appl icat ion of  Combinator ia l  Geometry  to  Nuclear

In addit ion to attack by conventional weapons, modern

vehicles may be exposed to attack by nuclear weapons.

Genera l ly  speaking,  the crew of  a  vehic le  is  more sensi t j -ve

to radiation than are any of the instruments or equipment.



Thus,  the pr imary problem is  to  establ - ish the radiat ion

Ievels  to  which the crew is  exposed.

A number of  ca lcu lat ional  techniques ex is t  for  deter-

min ing the radiat ion dose in  f ree a i r  or  a t  the a i r -ear th

in ter face.  However ,  unt i l  the development  of  the combina-

torial geometry technique and its incorporation into the

SAM-C programr &s d iscussed in  Sect ion 4,  no technique

exis ted for  per formi-ng deta i led ca lcu lat ions of  the t rans-

port of radiation through an accurate model of both the

vehic le  and i ts  env i ronment .

Exactly the same geometrical input data used in the

MAGIC program is used in the SAM-C program. This program,

using Monte Car lo  techniques,  s imulates the actual  f l ight

of  rad iat ion,  f rom i ts  source (burst  po int ,  for  instance)

through the environment to the dose region. The fol lowing

interact ions of  rad iat ion wi th  mat ter  are t reated:

1. Gamma Rays

a. Compton scattering

b.  Absorpt ion by the photoelect r ic

and pai r  product ion processes

2.  Neutrons

a . Ine last ic  scat ter ing

Discrete level

Continuum



b .  E las t i c  sca t te r i nq

Isot ropic

Anisotropic

c .  Abso rp t i on .

The program also can treat t irne-dependent problems

and can be used to evaluate t rans ient  rad iat ion ef fects .

The SAM-C program has been applied very successful ly to

studies of the transport of weapon radiation through the

air to and through a detai led combinatorial geometry

representat ion of  an M60 tank.  In  Lhese ca lcu lat ions,

the neutrons were fol lowed down to thermal energies and

secondary gamma-ray production in the tank structure and

personnel were taken irrto account.

1.3 EXTENSION OF TECHNICAL EFFORT

The object ives of  th is  contract  e f for t  requi red that

speci f ic  output  be achieved by pract ica l  means.  I t  should

be noted that many port ions of the MAGIC and SAM-C pro-

grams have not yet been optimized to reduce running t ime,

computer memory requirements r ox the labor required to

prepare input .  This  aspect  o f  the ef for t  has been con-

t inually recognized by both MAGI and the Government, but

optimization has been deferred in favor of producj-ng a

work ing pract ica l  system. Such opt imizat ion should be

pursued.

It is now obvious that once the geometric descript ion
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2. DESCRIPTION OF THE COMBINATORIAL GEOMETRY TECHNIQUE

In order to perform computer studies concerning a

vehic le  one must  f i rs t  be able to  prepare a mathemat ica l

model of the vehicle, and its environment. The combina-

toriat geometry technique has been developed to permit a

model to be produced which is both accurate and suitable

for a ray-tracing analysis program. The latter feature

is important since both the conventional and nuclear

vulnerabil i ty analysis programs involve the tracing of rays

through geometrical models.

In effect the geometric descript ion subdivides the

problem space into unique regions. This is achieved through

t ,he use of  n ine speci f ic  geometr ic  bodies (e losed sur faces)

and the orderly identif ication of the combination of those

bodies which def ine a region (space vo lume) .  The bodies.

which wi l l  be d iscussed fur ther  in  Input  Preparat ion (Sec-

t i on  2 .2 )  a re  as  fo l l ows :

l .  Rectangular  Para l le lep iped (RPP)

1 1



2 .  Box

3 .  Sphere

4.  Right  Ci rcu lar  Cyl inder

5.  Right  E l l ip t ica l  Cyl inder

6. Truncated Right Angle Cone

7 .  E l l i p s o i d

8. Right Angle Wedge

9. Arbj.trary Convex Polyhedron of

four ,  f ive or  s ix  s ides (each s ide

having three or  four  ver t ices) .

Except for the RPP I s, a1.1 bodies rnay be arbltrari ly

or iented wi th  respect  to  the x ,  y ,  z  coord inate axes used

to determine t,he space. The RPP's are special bodies used

to divide the overal l  geometry into emaller regions. This

reduces the t j-me reguired in ray traeing when many physical

regions are present. I t  should be noted that the sides of

an RPP must be paral. lel to the coordinate axes.

2.\ REGTON DESCRTPTTON TECHNIQUE

The basic technique for ttre deseription of the geom-

etry consists of defining the location and shape of the

var ious phys ica l  reg ions (wa11,  equipment ,  e tc . )  in  terms

of the intersect. ions and unione of the volumes contained

in a set of simple bodiee. A special operator notation

involving the symJcols (+) , (-) ,  and (On1 is used to des-

cribe the intersections and unions. These symbols are

L 2
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construct  tab les used in  the ray-

problem.

in  a  reg ion  desc r ip t i on  w i th  a  (+ )

the region being descr ibed is

body .

used by the program to

t rac ing por t ion of  the

If a body appears

operator ,  i t  means that

wholly contained in the

I f  a  body appears in  a reg ion descr ip t ion wi th  a ( - )

operator ,  i t  means that  the region being descr ibed is

whol1y outs ide the body.

I f  the body appears wi th  an (On1 operator ,  i t  means

that  the region being descr ibed inc ludes a l l  po ints  in  the

body.  In  some instances,  a  reg ion may be descr j -bed in

terms of subregions lumped together by (OR) statements.

The technique of  descr ib ing a phys ica l  reg ion is  best

i l lust rated by an example.  Consider  an object  composed

of  a sphere in to which is  inser ted a cy l inder .  This  is

s h o w n  i n  c r o s s  s e c t i o n  i n  F i g .  2 . I ( a ) .

To descr ibe the object ,  we take a spher ica l  body

p e n e t r a t e d  b y  a  c y l i n d r i c a l  b o d y  { r i g .  2 . L ( b ) } .  E a c h  b o d y

is numbered. Consider the sphere as body No. 1 and the

cy l inder  as body No.  2.  I f  the mater ia ls  in  the sphere

and cyl inder are the same, then they can be considered as

o n e  p h y s i c a l  r e g i o n r  s d Y  r e g i o n  1 0 0  { r i g -  2 - L ( c ) } .

The descr ip t ion of  reg ion 100 would be:

1 0 0  =  ( o R  1 )  ( o R  2 ) .

This  means that  a  point  is  in  reg ion 100 i f  i t

{

I 3

is  e i ther
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ins ide body 1 or  ins ide body 2.

I f  d i f ferent  mater ia ls  are used in  the sphere and

cyl inder ,  then the sphere wi th  a cy l indr ica l  ho le in  i t

would be g iven a d i f ferent  reg ion number (say 200)  f rom

tha t  o f  t he  cy l i nde r  (300 )

T h e  d e s c r i p t i o n  o f  r e g i o n  2 0 0  w o u l d  b e  { r i g . 2 . L ( d ) } :

2 0 0

This  means that .  po ints  in  reg ion 200 are aI I  those points

ins ide body I  which are not  ins ide body 2.

T h e  d e s c r i p t i o n  o f  r e g i o n  3 0 0  i s  s i m p l e  { r i g . 2 . I ( e ) } :

3 0 0  =  1 + 2 ) .

Tha t  i s ,  a l l  po in t s  i n  reg ion  300  l i e  i ns ide  body  2 .

This  technique,  o f  course,  can be appl ied to  combi-

nat ions of  more than t rvo bodies and such region descr ip-

t i ons  cou ld  conce ivab ly  con ta in  a  l ong  s t r i ng  o f  (+ ) ,  ( - )

and (OR) operators. The important thing to remember is

that every spatial point in the geometry must be located

in one and only one region. Further examples are given

i n  S e c t i o n  2 . 2 . 2 .

A ru le  of  const ruct ion imposes the addi t ional  rest r ic -

t ion that  reg ion descr ip t ions inc lude negat ion ( - )  o f

but t ress ing sur faces which are not  o therwise necessary to

the log ica l  descr ip t ion of  the region.  That  is ,  i f  boxes

2 and 3 are in  contact ,  as on the fo l lowing page,  the

desc r ip t i on  o f  reg ion  200  mus t  be  200  =  (+2 )  ( -3 ) .  Reg ion

1 5
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2.2 INPUT PREPARATION

2.2.1 Descr ip t ion of  Input  Parameters

The information required to specify each type of body

i s  as  fo l l ows .

1.  Rectangular  Para l le lep iped (RPP)

These bodies are used tor  l ross 'subdiv is ions

of the geometry and must have bounding sur-

faces para l le l  to  the coord inate axes.  The

entire geometry must be enclosed in an RPP.

Specify the maximum and minimum values of

the x, y, and z coordinates which bound the

para l le lep iped.

)ftin

Xmax

x

-ymin 
- 

ymax

./ '/

./ ./
./ ./

L 7
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2. Bq,r4 (8O)i)

Specify the vertex Y at one of the <:orndr,s

by Eiving its (x,yrzl coordinates. '$pecify

a set of three ,mutqaltry pgrc.fipndicular vectoTs,

a!, representing the ;hei.ght, width, aod

IenEth of, the 'box, resgrecti-\ref,y. ffnat is"

the xry, and z cor$tr'onen.ts of tfue heightt

width, and length'vectors are given-

VxrVy rVz

3 . $phere (sPH)

Specify the vertex V at

scalar, R, d.enoting the

the center and

radLug.

the

i

I

v
q
R

1 8
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4. , Right Circular Cylin4,ef (RCS)

$pecirfy, ,th€ vertex,V at the eenter :9f

one baser a height vector,  H, expressed

in terms of its x, y, and z cornponests,

and a scalar, R, denqting tf ie base,.

rad ius .

HxHyHz

v (vx,vy,vz)

I

l-.i.:
i ' .

t
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$pec{-f,y inosrdlrnates ,o.f the cga,gar of

the'baee eil,L;Lpse" a Sretg:ht rrectotr"

and trrro vector,s tn the p1a*e of t*te

base 'defining th€ lma!.oa a-rd minor

e l f e g .
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6. Truncated Right Angle Cong (TRC)

Specify a vertex V at the center of

the lower base, the height vector,

Hr  expressed in  terms of  i ts  x ,  Y,

z components, and two scalars, Rl

and R' denoting the radii  of the

lower and upper bases.

2 L
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8. Riqht Anqle Wedse {RAW)

,, Sarae input as for the boxes.

''$owever, 4I and a2:. describe

the two legs of the right

tr iangle of the wedge.

l

.:j
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2 .2 .2  Examp les  o f  Reg j -on  Desc r ip t i ons

Some representative geometries and their input des-

cr ip t ions are shown below.

Example 1 -  Two Spheres Wi th in  an Rpp (See Fig.  2 .2)

The body. trnra table is shown below.

TABLE T - BODY INPUT DESCRIPTION

Fody Type of Data Required

I  L is t  the s ix  bounding coord inate va lues

(** lnr  Xmax,  Yminr  Ymax,  zmin,  zmax)

2 L is t  the ver te* 'and r id ius of  spf rJre z

3 List the vertex and radius of sphere 3

One possib le  reg ion input  tab le is  shown below.

TABLE II - REGION DESCRIPTION

Region Input

100  1+ f  )  F2 )  ( -3 )  (Reg ion  100  i s  composed

of  a l l  po ints  in ter j -or  to  Rpp No.  I  and

exter ior  to  spheres 2 and 3)

200 1+3)  ( -2)  (Region 200 is  composed of

al l  points interior to sphere 3 and

exterior to sphere 2)

300  (+21  1+3)  (Reg ion  300  i s  composed  o f

al l  points which are in sphere 2 and

are a lso in  sphere 3)

2 5
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Body

t

Region

1 0 0

I e 2 linder Divided into Tvo Recrl-ons
re  aE une .E ;no  (see f 'ag .  z .

The

TABLE 1 . BODY INPUT DESCRIPTION

Type of Data Reguired

List the six bounding coordinates

of the RPP

List  the ver tex,  rad ius,  and height

vector of cyl inder

List center and radius of sphere

List coordinates of one corner and

components of three vectors repre-

sent ing s ides of  box

region input  is  as fo l lows.

TABLE II REGION DESCRIPTION

Input

1+1)  ( -2 )  ( -3 )  (A11  po in t s  i n te r l o r

to the RPP and exterior to the cyl inder

and sphere. Note that region 100 in-

c ludes a l l  o f  the spaae conta ined ins ide

body 4,  except  that  por t ion ins ide cy l -

inder  2.  This  space can be ass igned a

spec ia l  reg ion  number ,  L f  des i red .  I f ,

as in  th is  example,  i t  is  not  des i red,

t t  is  not  necessary)

1+2)  ( -4)  (A11 points  in ter ior  to  the

cylinder, and outside the box)

2 0 0

2 8



Region InPut

300  1+3)  ( -2 )  (A11  po in t s  i n te r i o r  t o  t he

sphere and external  to  the cy l inder)

400  { .+2 )  (+4 )  (A11  po in t s  i n te r i o r  t o  t he

cy l inder  and a lso ins ide the box)

2 9
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Example 3 -  Mul t ip le  Resion Capabi l i ty  Cyl inder  Con-

TABLE I - BODY INPUT DESCRIPTION

' Body Type of Data Required

I List RPP data
t

2 List  cyl inder inPut

- 3 List sphere inPut

4 List sphere inPut

TABLE II REGION DESCRIPTION

Region InPut

109  (+1 )  ( -21

2OO (OR 3)  (OR 4)  (AI1 points  in ter ior

t o 3 o r 4 )

3 0 0  ( + 2 1  ( - 3 )  ( - 4 )  ( a 1 1  p o i n t s  i n  t h e

cylinder but not in the sPheres)

3 1
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2 .2 .3  Card  Inpu t  Fo rma ts

The fol lowing punched cards

geometry and must apPear in the

descr ibed below.

1. Comment Card

are needed to descr ibe the

order in which they are

Columns

Thi6 card conta ins a 60-column a lphanumer ic  t i t le  o f

the problem and wil l-  appear in the printed output. The

inpu t  f o rma t  i s  (10A6) .

2.  Quant i ty  and Scal ing Card

This  card conta ins seven quant i t ies,  the f i rs t  s ix

o f  w h i c h  a r e  i n t e g e r s .  T h e  i n p u t  f o r m a t  i s  ( 6 T 1 0 r E 1 0 . 2 ) .

Quantity

NRPP

xIBrc

NSCAL

NBODY

NRMAX

IPRIN

Def in i t ion

The number of RPPrs in the geometrY

The number of  t r ip le ts .  (a  t r iP let

is  a  set  o f  vector  coord inates used

in the descript ion of more than one

body.  )

The number of  scalars .  (A scalar  is

a number used in the descriPtion of

more than one body.)

The number of bodies in the geometry

(no t  coun t i ng  RPPrs )

The number of regions in the geometry

Pr in t ing opt ion.  I f  o ther  than zero,

the geometry data stored in the

r - 1 0

r 1 - 2 0

2r-30

3 1 - 4  0

4 1 - 5 0

s 1 - 6 0

3 3



Quantity Def in i t ion Columns

IPRIN (MASTER-ASTER) array wil l  appear in
( c o n  ' d  .  )

the pr in ted output .  I f  zero,  th is

pr in t ing wi l l  be suppressed.

DIST Scale factor  ( f loat ing point  format)  6 I -70

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

factor  wi l l  be assumed equal  to  1.0

by the program. Otherwise, al l

d imensions wi l l  be scaled by th is

quant i ty .

3 .  RPP Cards

Give one card for  each Rpp (a to ta l  o f  NRpp cards) .

The card form is as fol lows. where each coordinate defines

one of the bounding planes of, the Rpp, the input format

i s  ( 6 8 1 2 . 6 ) .

Coordinate Xmin Xrnax ymin ymax Zmin Zmax

Co lumns  : . . - I 2  L3 -24  25 -36  37 -49  49 -60  6 I -72

4 .  T r i p le t  Ca rds

Gj.ve one card for each tr iplet (a total of NTRIp

cards). Each card cont,ains three f loating point numbers

descr ib ing the (x ,y ,z l  components of  the t r ip le t .  The

input  format  is  (3E12.6)  s tar t ing in  Column 1.  Omit  i f

NTRIP = 0.
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5 .  Sca1qr  Cards

Give one card for  each scalar  (a  to ta l  o f  NSCAL cards)  '

.  bach card conta ins one f loat ing point  number g iv ing the

va lue  o f  t he  sca la r .  The  i npu t  f o rma t  i s  (812 .6 )  s ta r t i ng

r  in  Column 1.  omi t  i f  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.  Therefore,  i t  is  most  impor tant  that  the card sequence

match the numbering sequence used in the region descrip-

. ) r

lErons. Note that no gaps may be left in the body numbering

sequence and that the RPP numbers must precede numbers

ass igned to a l l  o ther  bodies-

The data describing each body may be given in one of

two formats.  The f i rs t  o f  these is  in  more genera l  use

And emptoys f loating point input data to specify the actual

locat ion and d imensions of  a  body.  This  format  wi l l  be

desc r ibed  f i r s t .

Format I

Eight different body types may be employed. The

standard format for each body is as fol lows.
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I t

I+Put ;.
Any nonblank Ho.l}erith eharacter (directe

the code that floating point input will

be used)

fwo characters of, arbitrary Ho.Ilerith data

Three-letter hody identif ier. Note that

the nunberg assigned to &,FP's $uet he

lower than the nunbere aesigned to other

B

'J

Columns

2-3

I  4-6

bodies.

7-10 Four characters of arbitrary Holleri th data

11-70 Divided. into six f loating point f ields of

L0 coh:rans each. Body dimensions are given

here.

Table 2.1 describes the input required f,or each body. The

quant i t , ies V,  H,  e tc . r  tJBr€ def , ined in  Sect ion 2,2"

'g'

+{

: ?
: !.{
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Note:  Each of  the s ix  faces of  an ARB are descr ib$ $y "

four-digit integer giving the number of the four vertex

points at the corners. The point numbers for each face

must be entered in either clockwise or counterclockwise

order .  The format  is  6(1X,  14)  s tar t ing in  Column 11.

An example is shown below.

Format 2

The second

previously read

cannot be used

input format is

Columns

format for body input makes reference to

in tr iplet and scalar data. This format

to describe the ARB body. The fol lowing

used for  a l l  o ther  bodies.

Input

r -3 Blank (the blank in Column I informs the

code that tr iplets and scalars wil l  be

referenced)

I
\
I

I
a t -  

-  - -

. ' 2
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Input

fhree-letter body identif ier. Note that

RPP numbers must be lower than those for

axly other bodY.

7 -10  B lank

11-70 
--,- 

Divided into six integer f ields of 10

j 
"o1o*rr" 

each. These f ields contain the

\ identifying number of the tr iplet or
I

I  scalar which is used to specify a par-

:
,  t icular input quantity. For example,
I

I

I  instead of  speci fy ing Vx,  VY,  Yz for  the

vertex of a box, ds in Format 1, the

, 
^*ber of the tr iplet vector having those

, components is given. The number of t'he

tr iplet or scalar is determined by i ts

pos5.t ion in the sequence of tr iplet or

scdlar  ident i f icat ion cards.  The f i rs t

t r ip le t  def ined is  t r ip le t  No.  1.  The

.*-**^: f irst scalar defined is scalar No. 1.

It  should be noted that each body must be described

completely by either Format I or Format 2. Howevetr, dif-

ferent formats may be employed for different bodies (the

ARB. is  rest r ic ted to  Format  1) .

! ' '

; l

; t. t

Columns t- ? l
: l

4-6
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rdi' .rJ



7.  Region Cards

Each region rnust be numbered and described by a

logical combination of the bodies which make up that re-

gion. A total of NRI4AX 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-

c r i b e d  b e l o w ,  i s  ( 1 5 ,  l X ,  9  ( A 2 ,  1 5 )  )  .

Columns Input

1-5 Region Number

6 Blank.

7-8 Inser t  (On1 i f  needed.  Otherwise,  leave

b1ank.

g  I n s e r t  e i t h e r  ( + )  o r  ( - ) .

10-13 Numberi of body.

L4-69 Div ided in to e ight  f ie lds,  each being

s imi lar  to  Columns 7-13.  The f i rs t  two

columns of each f ield are reserved for

the OR operator. The third colurnn is

for  the (+)  or  ( - )  operator .  The last

four columns are for the body number.

Use as many cards of the above type as needed to com-

plete a region descript ion, but leave Columns 1-5 blank on

al l  cont inuat ion cards.

4 0



The last  reg ion descr ip t ion card must  be fo l lowed by

a card conta in ing a ( -1)  in  Columns 4 and 5.  This  in forms

the code that  a l l  reg ions have been descr ibed.

4 T





3. DESCRIPTION OF THE MAGIC PROGRANI FOR CONVENTIONAL
PROJECTILE ANALYSIS

fhis section of the report contains a complete des-

cript ion of the IIAGIC program. A general discussion of the

program (Sect ion 3.1)  is  fo l lowed by a descr ip t ion of  the

nongeometry input requirements (Section 3.2). The geometry-

dependent data have been discussed in Sectj-on 2.

The orgFni.zation of the MAGIC program and detailed

descript ions of the subroutines are described in Section

3.3.  The output  o f  the program is  a lso d iscussed.  Sec-

t ion 3.4 wi l l  d iscuss the actual  running of  the problem on

the computer, including deck configuration, operating

instructions, and tape assignments. A sample. problem is

d isp layed in  Sect ion 3.5.

t

I
:;. t
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3. I  GENERAL DTSCUSSION

The lr lAGIC program accepts as input a vehicle descrip-

t ion (as descr ibed in  Sect ion 2)  and an at tack p lane des-

c r i p t i on  ( to  be  desc r ibed  i n  Sec t i on  3 .2 .21 .  The  a t tack

plane defines an area over which rays are to be "f ired"

toward the vehicle and the direction in which such ravs

are to be f ired

The output for each ray is a sequential l ist ing of

region information for each region penetrated. Each region

wi l l  be ident i f ied by a region ident i f ier  as descr ibed in

Sec t i on  3 .2 .L .  A  b r i e f  l i s t  o f  t he  i t ems  tha t  a re  ou tpu t

for each region penetrated by the ray is given below:

1.  Region ident i f ier

2.  Region th ickness ( l ine-of -s ight  d is tance

through the -region)

3.  Normal  th ickness

4.  Angle of  ob l iqu i ty

5.  Space ident i f icat ion ( the type of  space

fol lowing the region)

6.  Thickness of  the space.

The actual l t lAGIC program operates in two phases. First

there is an input processing phase which reads and processes

both the geometry (target descript ion) and nongeometry

(at tack p lane,  reg ion ident i f icat ion codes,  e tc . )  data.  The

processing consists of val idity checking of input and the

4 4



f l

generation of data arrays to be used by the second phase'

The second phase performs the ray tracing and gener-

ates the sequential region data. The ray tracing is per-

formed by subroutines TRACK and CALC under the control of

subrout ine GRID.  The rout ines are d iscussed in  Sect ion

3 .  3 . 1 .

3.2 NONGEOIqETRY INPUT REQUIREMENTS

For conventional vehicle vulnerabil i ty, each materiaL

region (not  an a i r  reg ion)  is  ass igned an ident i f icat ion

number uID".  Bach a i r  reg ion where no mater ia l  ex is ts  is

assigned a ,,space" number. Thus each geometric region has

either an rrIDrr nUmber Or a "Spage" number, bUt nOt bOth.

For compatibi l i ty with the ASEB vulnerabil i ty Program'

certain rr lDrr and "space" number gonventions are used. AlI

rrlDrr numbers are* three d-ig-i*!.g and all "space" numbers are

two digits. In addit ion, the geometric region containing

both the attack plane and the vehicle must have a "space"

code of  01 and no r r lDrr .  A deta i led d iscuss ion appears in

S e c t i o n  3 . 2 . L .

Addit ional input is required to establish the size and

orientation of the attack plane -with respect to the vehicle.

A  d i scuss ion  aPpears  i n  Sec t i on  3  ' 2 ' 2 '

4 5



3.2.1 Ident i f icat ion and Space Code Data

The identif ication (ID) and space code data are used

to identify the regions penetrated by each ray. These ID

and space numbers wil l  be punched as output together with

region thicknesses and other data generated by the ray-

tracing procedure. The ID and space nurnbers serve to

identify the regions for subsequent vulnerabil i ty programs.

An example of the relationship between the original

region numbers and the ID and space nu$bers wil l  i l lustrate

the usage.

Consider the following simple geometry 
"o*por"& 

of a

s ing le RPP, three boxes,  and a sphere.

4 6
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The region data

Region
Region

Region
Region
Region

The ID and sPace

! =
2 -

J =
Q -

$ =

for  the preceding conf igurat ion is :

1 - 2 - 3 - 5
3-2 (Note the negat ion of  bodY wi th

a common boundary)
2 - 3 - 5 - 4
4
5-2

da ta  tab le  i s :

SpaceRegion

Blank

1 0 0

BIank

2 0 0

3 0 0

0 1

Blank

0 2

BIank

Blank

Thus 'the

1 0 0
D 2
DN2
A2
2
DS
2 0 0
D 4
DN4
A4
2
D S '
3 0 0
D 5
DN5
A5
9

punched outPut would aPPear as:

The ID number of Region 2
The actual distance through Region 2
The normal distance through Region 2
The angle of obliquitY
The space identif ier of Region 3
The distance through the space up to Regi-on
The ID number of Region 4
The actual distance through Region 4
The normal distance through Region 4
The angle of obliquitY
The spice identif ier of Region 3
The distance through Region 3 up to Region 5
The ID number of Region 5
The actual distance through Region 5
The normal distance through Region 5
The angle of obliquitY
The ngrr  ind icates that  th is  is  the last
space and that nothing else fol lows. The
ngrr  is  generated bY the Program.
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-The program has the capabi l i ty  o f  combin ing a l l  con-

t iguous regions having the same ID or space number. Thus,

i f  a  ser ies of  reg ions a1I  hav ing the same ID or  space

number are penetrated sequential ly, the sum of the indi-

vidual thicknesses would be output instead of the individual

th icknesses.  This  feature is  usefu l  in  d iv id ing a region

containing many bodies into several regions each composed

of fewer bodies. The several regions then would have the

same ID number. I t  is suggested that this device be

employed whenever possible because it  wil l  shorten the

computation t ime. The actual card input formats appear in

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

3 . 2 . 2 Attack Plane Data

The attack plane is the plane from which the pene-

trating rays wil l  emanate. The rays wil l  be orthogonal to

the attack plane. The plane is divided into a two-dimen-

s ional  mesh of  4- in .  ce l ls .  The fo l lowing data are requi red

to posit ion the plane in space and to establish the number

o f  4 - i n .  ce l l s  t o  be  p rocessed .

NX The number of  4- in .  ce l ls  in  the
hor izonta l  d i rect ion.

NY The number of 4-in. cel ls in the
ver t ica l  d i rect ion.

IRSTART The number of the region (an RPp)
enclos ing the vehic le .
Same as IRSTART.

A An azimuthal angle.
E An e levat ion angle.

IENC

4 8



ENGTH The normal distance from the center
of  the vehic le  to  the at tack p lane.

Xc
Yc The coord inates of  the vehic le  center .
Z c

F ig .  3 .1  w i l l  i l l us t ra te  the  usage  o f  t he  above  i t ems .

For  the purpose of  c lar i ty  the at tack p lane is  shown

as a s lab in  the i l lust rat ion.  The NX and NY def ine the

s ize of  the at tack p lane at  pos i t ion 1.  The angle A

measured from X to Y j-n a counterclockwise d.irection spec-

i f ies the az imuthal  angle.  The angteh,  ds shown,  speci f ies

the elevation angle. The dist.ance ENGTH specif ies the

dis tance,  f rom vehic le  center ,  o f  the p1ane.  As shown in

the f igure the plane is f irst rotated in the X-Y p1ane,

resul t ing in  pos i t ion 2,  and then rotated in  z ,  g iv ing

posi t ion 3,  the actual  a t tack posi t ion.

Note that the region enclosing both the attack plane
t

and the vehicle must be large enough to contain both. Note

also that  the at tack p lane must  not  in tersect  the vehic le .

4 9



Fig. 3.1 - Attack Flane Orientation
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3 .2 .3  Card  Inpu t  Fo rma ts

A.  Region Ident i f ier  and Space Code

This part of the input has exactly NRMAX cards. Each

card corresponds to a region and has the region number (an

integer  ending in  cc 10) ,  Lhe vehic le  component  ident i f i -

cat ion number ( ID)  ending in  cc 20,  and the "space"  number

end ing  i n  cc  30 .

In addit ion to the region number, identif ication num-

ber ,  and space code t  cc 31-36 may conta in a lphanumer ic  data

which wi l l  appear  on the output  l is t ing only .

B.  Aspect  Card

This card contains the number of attack planes to be

processed.  I t  should be an in teger  ending in  cc 5.

C.  Gr id  Data Set  Cards

Each attack plane requires a set o f  t hese  ca rds .

se t

Card

can be either two or three cards.

One (NX,  NY,  IRSTART,  IENC)

NX is the number of grid squares in

direction, and NY is the number of grid

ver t ica l  d i rect ion.

IRSTART and IENC are both equal to

of the enclosing region. The format for

( 4 r 1 0 ) .

the horizontal

squares in the

the region number

the four i tems is

5 1



Card Two

Angle of azimuth and elevation, f loating point numbers

(deg rees )  i n  cc  l - I 2 ,  L3 -24 ,  respec t i ve l y .

ENGTH the normal distance from vehicle center to the

at tack p lane,  a  f loat ing point  number in  cc 24-36.

I f  t he  veh ic le  cen te r  i s  no t  0 ,  0 ,  0 ,  t hen  cc  37 -48

must contain a nonzero (any1 f loating point number. I f  the

center  is  a t  zero,  leave cc 37-48 b lank.

When cc 37-48 is  nonzero,  then card three (3)  is

necessary.  I t  conta ins the X,  Y,  Z coord inates of  the ve-

hicle center, punched as f loating point numbers in cc L-L2,

L 3 - 2 4 ,  2 5 - 3 6 .

3.3 ORGANIZATION OF TIIE MAGXC PROGRAI{

The purpose of this section is to provide the reader

with a basic understanding of the main logic f low in the

conventional vulnerabiJ-i ty code, MAGfC. The MAGfC routine

directs the entire calculation, cal l ing on various subpro-

grams to per form speci f ic  funct ions.  This  sect ion,  then,

is concerned primari ly with the basic role of each of these

subprograms in  the overa l l  scheme (see Fig.  3 .2)  .  Deta i l_ed

descript j-ons of these routinesn intended mainty for pro-

grammers wishing to implement the program on thej-r computer,

c a n  b e  f o u n d  i n  S e c t i o n  3 . 3 . f .

5 2



At the s tar t  o f  a  problem, MAGIC f i rs t  in i t ia l izes

cer ta in  system constants  and parameters.  I ts  next  funct ion

is to store the data describing the geometry of the prob-

lem. A card is  read conta in ing e i ther  a ' r l r l  or  "b lank"  in

Column 10. The presence of a 1 informs the program that

the geometry data have already been processed in a previous

problem and are available on input tape 4. This tape is

then read into the computer and no further geometry J-nput

data processing is  per formed.  The code wi l l  then bypass

al l  o f  the operat ions out l ined in  the next  paragraph.  A

blank, however, instructs the code that geometry input is

to be read from cards and in this case subroutine GENI is

ca l l ed .

GENI is the main control routine for geometry input

processing.  In  essence,  i ts  purpose is  to  put  the geometry

data into the form required by subsequent sections of the

program. Suitably processed data are stored in a large

array called the I4ASTER-ASTER array. The processing of the

body input descript ions are accomplished by f irst cal l ing

subroutine RPPIN to read and process the RPP data. A11

other bodies, with the exception of the arbitrary poly-

hedron (ARB),  are processed d i rect ly  by GENI.  Subrout ine

ALBERT is cal led whenever input for an ARB is encountered.

After the body input has been processed, the region des-

cript ions are read in by GENI and stored in the MASTER-

5 3



ASTER array.  This  completes the processing of  geometry

data.  Before concluding the d iscuss ion of  GENI,  however ,

mention should be made of three other important subroutines

which it  employs. Subroutines FLOCON and DIGCON are used

to convert Holleri th input to f loating point and integer

formats,  respect ive ly .  The SEE3 rout ine is  used to  s tore

t r ip le t  and scalar  data.

Having completed al l  geometry input processing, con-

t ro l  is  re turned to  MAGIC and a b inary tape ( log ica1 4)  is

wr i - t ten conta in ing a l l  o f  the processed geometry .  This

tape can be employed in subsequent problems which require

no geometry changes. Having written this tape, MAGIC reads

the region identif iers and space code numbers into the

MASTER-ASTER array.

At this point, the ray-tracing phase of the program is

init iated. A card is read informing lt lAGIC of the number of

ang les  o f  a t tack  ( i . e . ,  aspec t  ang les )  t o  be  t rea ted .  A t1

calcu lat ions for  a  g iven aspect  angle are d i rected by sub-

routine GRID, and MAG]C wil l  continue to cal l  GRID unti l

al l  angles have been completed.

GRID is the main control program of the ray-tracing

segment of the code. It  reads in the data for and generates

an attack plane at the given angle of attack. This plane

is  d iv ided in to a gr id  of  4- in .  square ce l ls ,  wi th  each ce l l

acting as the point of origin of one ray. The tracing of
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each ray from the grid through the vehicle geometry is

accompl ished by subrout ine TRACK and GRID wi l l ,  therefore '

ca l l  TRACK once for  each ray.

TRACK has two primary functions to perform. The f irst

is  to  coord inate a l l  the processing for  a  ray unt i l  i t

emerges f rom the " far  s ide"  of  the vehic le .  The second is

to prov ide ca lcu lated output  for  each YdY,  for  subsequent

use in  vu lnerabi l i ty  analys is  codes.  This  output  consis ts

of  the " l ine-of -s ight"  th ickness of  each geometr ic  reg ion

t raversed by the ray,  the obl iqu i ty  (or  angle of  inc idence)

of  the ray wi th  respect  to  each region (exc luding "spaces")

encountered, and the normal or perpendicular distance

th rough  each  reg ion  (exc lud ing  "spaces " ) .

Tracing of a ray is init iated by a cal l  to subroutine

Gl .  This  rout ine computes the l ine-of -s ight  d is tance f rom

any point in a gi-ven region td the outer surface of that

region.  To accompl ish th is ,  the ind iv idual  bodies which

make up the region in question are obtained from the region

descript ions in the MASTER-ASTER array. Nine separate

body routines are available to compute the distance through

each body in the path of the ray. This process continues

unti l  the ray emerges from the region. The next region in

the path of the ray is then determined by retr ieving a l ist

of possible regions (created by GENI) from the MASTER-ASTER

array. Subroutine WOWI is then called to determine which

5 5



of  the poss ib le  reg ions actual ly  has been entered by the

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

pared to  that  o f  the region just  le f t .  I f  they are iden-

t ica l ,  then the two regions are par t  o f  the same vehic le

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

wi th  l ine-of -s ight  d is tances being accumulated.  When a

new region ident i f ier  is  encountered,  ind icat ing that  the

ray is leaving a vehicle component, control is returned

to TRACK. The tota l  l ine-of -s ight  d is tance through the

component is packed and stored, and Gl is cal led to con-

t inue t rac ing the ray.  This  process is  repeated unt i l

the ray f inal ly emerges from the vehicle. The net result

o f  these ca lcu lat ions is  the to ta l  l ine-of -s ight  d is-

tances through vehicle components traversed by the ray.

TRACK now calls subroutine CALC which computes the

normal distance through each component and the angle of

obliquity. The calculated data for the ray are then printed

out and control is returned to GRID, where the start ing

point  o f  the next  ray is  establ ished.  Af ter  a l l  rays at

a given aspect angle have been traced, GRID returns to

MAGIC. The entire ray-tracing sequence is then started

again for the next aspect angle and continues unti l  al l

angles have been completed. The problem ends at that point.
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!  DIREC Computes the direction cosines of the normal
to  a g iven ray.

During the ray-tracing procedure, several other sub'

routines are employed to perform the fol lowing special ized

funct ions.

OPENK Unpacks the component  l ine-of -s ight  d is tances.

XDIST Computes the distance between two points.

TROPIC Picks random di rect ion cos ines.

RANF Computes random numbers.

SETUP Converts integral and decimal parts of a
floating point number to two fixed. point
in tegers.

ISIGN Determines a Hol ler i th  s ign.

UN3 Unpacks integer variables in the MASTER-
ASTER array.

RPP2 When a ray goes from one RPP into another,
this routj-ne computes the number of the new RPP.

DCOSP Computes direction cosines of the l ine between
two points .

5 7



0Msr
dr.J

IAPE ?
R P P T N
A LB EiiT
DIG'? N
f  t_QC/. t l i

S E E J
\^i RTTF

GEpMETRy
TAPE

ALL AS PEC
ANGt€5
\  DONEZ

AT GIVEN

rsroN
R A N F

TRo Prc
DTRFC

OPEN K
DcQsP
XDT ST

BODY RCIUTTNT
R P P  R C C
BQX RAVV
S P H  A R B
R E C  E L L
TRC,

wawT.
U N 3

R P P  2

GRTD

Fig.  3 .2 -  Magic  FLow Char t

5 8



r

3 .3 .1  .  Desc r ip t i on  o f  Rou t ineg

The fol lowing pages cont,ain detai led descript ions of

the individual routines that comprise the lilAGIC program.

The rout, ine descript ions are given in alphabetical order'
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Subroutine BOX

This rout, ine wil l  calculate the distaxrce

point XB in the dj,rection t{9 to the first and

w i th  a  'BOX" .

The box i.s defined by giving Lts vertex

length vectors { l# Zr{1. The length vectors

lengths and dj-rections of the box edges.

fron a f,ixed

last, contacte

! and three

denote the

The ray I9 +

o s ( $ - Y

intersect

{ si'{i

the box Lfrg wi l l

\* r&)'4..
( 1 )

for some

Let

value of  r .

O" ;  =  {$ i . $ i

Pr.I -8.  5 i  /g i

Vi = y. {t/at

../').i a g. *i/ai
( 2 1

Thus equation (1) becomes

O 5 P.-Vi  +r I I i  5  o. i
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//

def in ing

H ( x )  =  I

H ( X )  =  0

and equation

V i - P ; + C r H

fo:s, X> 0

x < 0

(2 )  becomes

(-ot S r 5 Vi-Pi +ctH(ni)

-(ai JLi

or 
i ,  (n,p,*) :  (  .  gl  tv,p,*) ., L  .  /  ' \  

( 4 )

Thus, the ray XB + r0 intersects the box if  and only i f

t he re  ex i s t s  an  ' r '  sa t i s f y ing  i nequa l i t y  (4 ) .

This  ' r '  must  be nonnegat ive s ince only  t ravel  in  the

di rect ion I  f rom I9 is  o f  in terest .  Thus we def ine

RoUT = min (:
, t

RrN = max t;

where RIN is the distance from XB to f i-rst contact and ROUT

is the d is tance f rom XB to last  contact .

The ray XB + rQ intersects the box if  and only i f

ROUT > 0 and RIN < ROUT. The above statement implies that

-+

5, > O for al l  i  in order for the ray to intersect the box.

Subroutine CALC

Subroutine TRACK wil l  cal l  this routine to perform

normal  d is tance and angle of  ob l iqu i ty  ca lcu lat ions.  The

TRACK routine wil l  cal l  CALC at each region intersection.

CALC wil l  determine if  normal distance and angle of obli-

quity are required by examining the "space" code input.

( 3 )
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The calcu lat ions are requi red for  mater ia l  reg ions and not

for  "space"  reg ions.  The CALC rout ine a lso determines i f

the ray has le f t  the RPP conta in ing the vehic le  and ass igns

a  ' 9 r r  t o  t he  l as t  space .

The rout ine conta ins separate coding sect ions for  the

normal  d is tance and angle of  ob l iqu i ty  ca lcu lat j -ons.  Each

sect ion refers  to  a d is t inct  body type (sphere,  cy l inder ,

e t c .  )  .

The fo l lowing paragraphs conta j -n  a microscopic  d is-

cussion of the calculation procedure and should be read in

conjunction with a FORTRAN l ist ing of the subroutine.

CALC begins by a cal l  to subroutine OPENK to retr ieve

the pert inent information about this contact as stored by

subroutine TRACK.

The value of  NIR is  tested i  i f  i t  is  negat ive the ca l -

cu lat ion is  f in ished.

I f  NIR is  pos i t ive the ca lcu lat ion begins.

SIT is  a lways the l ine-of -s ight  d is tance for  the

present contact and its value is retr ieved from the TR

array where it  was put by TRACK,

The DO Loop to Statement 10 updates the point of con-

tact  f rom i ts  or ig ina l  pos i t ion {9 to  i - ts  pos i t ion of  con-

tact  wi th  th is  reg ion.  t {S are the d i rect ion cos ines of  the

ray, and TRAVEL always contains the total l ine-of-sight

d is tance.  Having ca lcu lated XI ,  the contact  po int ,  the
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value of TRAVEL is updated by the l ine-of-sight distance

through this region.

Seven (7) is subtracted from the value of LSURF as

unpacked by OPENK since, to avoid negative packed numbers,

7 was added to LSURF when it  was packed in TRACK.

A test to determine the sign of LSURF is made. If  the

value is negative, the ray j-s leaving the surface; the

direct. ion cosines of the computed normal must be reversed

in s ign.  The var iab le "XNOS" is  a  constant  mul t ip l ier  o f

the d i rect ion cos ines and wi l l  be set  to  t l  depending on

the sign of LSURF.

Statement 16

LOC is set to the location of the descript ive data for

body number NBO.

A call  to UN3 is made to f ind the body type "ITYPE"

which wi l l  be one of  the basic  f igures.

If sense switch 6 is orlr the routine wil l  output the

values of  L '  I I '  W9'  TRAVEL,  LSURF, NBO, ITYPE, and LDATA

for debugging purposes.

By sett ing LOC = LOC+I and call ing the unpacking rou-

t ine, the location of the physical data for the body we are

working on is retr ieved.

Preparing to enter a computed "go to", ITYPE is set

to ]TYPE+I to avoid a zero index.
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In future calculations the surface nurnber must be

posi t ive so i t  is  set  to  i ts  absolute va lue.

A test  for  a  va l id  ITYPE ( f -9)  is  made,  and an error

pr in t  occurs i f  the va lue is  outs ide these l imi ts .

Statement 18

The computed "go to" transfers control to a routine

which wil l  f ind the nonmal to each type of body. (The REC

and RCC have the same beginning processing, and therefore,

share par t  o f  one rout iner  ds do BOX and RAW.)

Statement 50

This section computes normals to any of the six sur-

faces of  an RPP.

The sign of XNOS is changed if  LSURF = 1, 3, 5. The

variable I is set for LSURF = L, 2t and I = 2 for LSURF =

3 ,  4 ;  a n d  f  =  3  f o r  L S U R F  =  5 ,  6 .

Statement 60

This section computes norrnals for the RPP.

Statement 100

The normal to any of the six surfaces to a box is

computed by this coding.

LSURF is tested for odd or even. This is done by

"adding" a $lool€an ulu to LSURF and cornparing with zero.

If  LSURF is even, the sign of XNOS is changed.
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Statement L02

Check LSURF-3.  I f  negat ive LSURF is  I  or  2 ,  set  I  -  1 .

.  I f  LSURF i s  3 ,  se t  I  -  2 .  I f  LSURF>3 ,  t es t  LSURF-5 .  Nega-

' ""' 
;: l":;.'"":.:i :'=:,',-::": ::'":-="];-., to the

surface of contact. The odd-even check indicated whether

the contact surface was front or back, and the sign of XNOS

was changed to ref lect  th is .

Statement 115

A call  to UN3 to retr ieve the location of the vertex,

and three height vectors ( in that order). IEMP is a tempor-

ary storage array.

Set LH+IE},IP (I) the location of the data for the height

vector  o f  in terest .

LV+IEMP(4)  the locat ion of  the ver tex data.

The DO 117 Loop transfers the vertex and height vector

coordinates from the main storage (ASTER) array to two

temporary arrays, TEI\4P and TEMPI, respectively.

A call  to DCOSP (TEMPI, TEMP) computes the direction

cosines from TEMPI to TEMP and stores the answers i t t  WP.

The DO 129 Loop orients WB (direction cosines of normal)

according to the sign of XNOS.

Contro l  is  now sent  to  Statement  1000.
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Statement  150

This is the section where the normal to the sphere j-s

ca l cu la ted .

A ca l l  to  UN3 p icks out  the locat ion of  the ver tex.

The DO 1I5 Loop takes the vertex coordinates from the ASTER

array and puts i t  in the temporary array TEM.

A cal l  to  DCOSP (XI ,  TEM) computes the d i rect ion co-

s ines f rom XI  to  TEM and stores the reeul ts  in  WB. These

are d i rect ion cos ines of  the normal .

DO 156 Loop sets the correc! sign to the wB direction

cos ines .

Control is now transferred to Statenent 1000.

Statment 200

This section of the code computes normals to the RCC'

Test  LSURF-2.  I f  pos i t ive,  t ransfer  to  Statement  210.

I f  zero,  change s ign of  XNOS. I f  negat ive,  Do change is

made.

For LSURF = 1 or 2 we have a hit on a planar surface,

that is the top or bottom of the cyl inder.

A call  to UN3 retr ieves the location of the vertex

data,  ds wel l  as the height  vector .

The DO 213_Loop transfers the vertex and height vectors

from main memory ASTER array to two temporary arrays "TEMU

and  "TEMI " .
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A call  to DCOSP (TEM, TEMI) computes the direction

cosines and puts  them i t  99.

The DO 204 Loopr  ds usual ,  causes the d i rect ion cos ines

to ref lect  the s ign (or ientat ion)  of  XNOS.

Statement 2L0

The code transfers here for an LSURF = 3 (spherical or

e l l ip t ica l  s ide)  and ITYPE = 4 or  5 .

A ca l l  to  UN3 ret r ieves the locat ion of  the ver tex,

height  and f i rs t  rad ius data.

The DO 212 Loop takes the vertex and height vectors

from main memory and places them in temporary arrays, TEM

and TEM1, respect ive ly .

DCOSP is  ca l Ied twice to  compute d i rect ion cos ines,

"TT" from TEM to XI (vertex to point of contact on surface)

and "IgI" those of the he5-ght vector TEM to TEMI.

In preparation for taking a dot product, set SUIvI = 0 .

The DO 217 Loop computes the dot product of WN . WI.

The DO 214 Loop translates the point of contact to a

point on the height vector XP.

SUl4 is now the cosine (dot product of the direction

cosines) of the angle formed by the height vector and the

line from TEM to XI.

SU!,I * XDIST (TEM, XI) (where XDIST is a function to

calculate the distance from TEM, XI) represents that por-

t ion of the height vector's total length taken up by XI

under  t rans lat ion.
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Finally, Tf = I?* SI + TEM sets the value of I? to be

just  the t rans lated l ine desi red.

If ITYPE-S is 0, the body is a REC and control is

transferred to Statement 250. Otherwise control is trans-

fer red to  Statement  2L6.

Staternent 2L6

The d i rect ion

normal and are put

The DO 215 is

of  XNOS.

Statement 250

cosines from XT t" Tf are those of the

into WB.

a loop to or ientate the WBts to the s ign

Control was Lransferred from the cyl inder routine when

ITYPE = 5.

The DO 253 Loop takes the two radius vectors and places

them at IB, the translated point on the height vector- The

resultant vectors are called TEMP and TEMP}, reepectively.

is the distance from XP to TEMP.

A2 is the distance from XP to TEMPI.

Test(AIrA2) and set the larger of the two to A1. Change

the value of TEMP to be the one farthest from xP if, it is

n o t .

Statement 255

e = Jat2 (the distance from the center

Compute

them [S.

to the focus)

the direction cosines from XP to TEMP and call
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The DO 260 Loop computes the coordinates of the two

foc i  and ca l ls  them TEM and TEM1, respect ive ly .

Now the direction cosines from TEM (one foci) to XP

(point  o f  contact )  is  computed and ca l led ryry .

the DO 263 Logp sets TEM to the end point of a l ine

from one of the foci through XI with an overal l  length

o f  2 A I .

The direction cosines from this new end point TEIvI to

the other focis TEM1 are those of the norm"l T9.

The DO 270 Loop,  ds usual ,  reor ients  the WBrs to  the

s ign  o f  XNOS.

Contro l  is  t ransferred to  Statement  1000.

Statement  300

This section computes normals to a truncated cone.

I f  LSURF = 3 (not  top or  bot tom),  unpack the ver tex,

height, and two radius pointers. (These are numbers which

index the posi t ion of  the f loat ing data in  main s torage.  )

Compute the d i f ference (DfF)  in  the s ize of  rad ius (1)

top and radius (2)  bot tom.

Switch LRl and LR2 so that the LR1 is the larsest and

the s ign of  DIF is  pos i t ive.

The DO 305 Loop sets TEMPI = vertex.

TEMP = the top of  the "extended height  vector"  ( i .e . ,

H .V .  mu l t i p l i ed  by  FACTR) .

Compute TDIS distance from XI to TEMP

QDIS distance from TEMPI to TEMP

6 9



WN direction cos from TEMP to XI

SA direction cos from TEMP to TEMpI

The ?O 310 Looq takes the dot product of WN.gg and

stores the result in the variable SUM. OSUM = TDIS,/SUM is

that port ion of the height vector used by the tr iangle made t

from XP+XI-TEMP.

QPLS = QDIS-QSUI{ is the remainder of the height vector.

Now the DO 312 Loop computes TEMP, the point on the

height vector normal to the point XI on the side surface.

A call  to DCOSP computes the direction cosines W! from

XI to TEMP of the normal.

The DO 313 Loopr  ?S usual ,  changes ryg to  ref lect  the

s ign of  WB and contro l  is  sent  to  Statement  1000.

Statement 315

Change the sign of XNOS so that top and bottom can be

treated the same.

Unpack via UN3 the location of the vertex and height

vectors. Then by the Do 320 Loop, rEMp = vertex coordinates;

TEMPI = height vector coordinates.

Compute WB the direction cosines from TEMP to TEI{pl.

(The normal to top or bottom.)

The DO 32I Loop again changes Wp to reflect the sign

of XNOS and control goes to Statement 1000.

7 0



Sta temen t  350

This  sect ion is  for  comput ing normals to  the e l l ipse.

F i rs t ,  re t r ieve the locat j -on v j -a  UN3 of  rhe rwo foc i  (LRl ,

L R 2 ) ,  a n d  t h e  s c a l a r  d i s t a n c e  o f  t h e  m a j o r  a x i s  ( L S ) .

The DO 352 Loop sets  TEM = focus 1;  TEMI = focus 2.

A  =  Sca la r  d i - s tance  fo r  ma jo r  ax i s .

Compute direction cosines WN from one focus (rnu) to XI (con-

t a c t  p o i n t ) .

The DO 353 Loop is  to  f ind the end point  o f  the l ine

of length A and direction cosine [ ' I{  which starts at focus

TEM. Cal l  i ts  o ther  end TEM a1so.

Now the direction cosine from TEM to TEM1 is cal led

f{p and is the normal.

The DO 354 Loopr  ds usual ,  sets  WB to the s ign of  XNOS.

Transfer  o f  contro l  is  made to Statement  1000.

Statement  400

This section is to choose the normals to the f ive sides

of a RAW. But si-nce four of the f ive surfaces are the same

as those of  a  box,  the rout ine wi l l  go to  100 (BOX) for  sur-

f a c e s  1 ,  3 t  5 t  a n d  6 .

LSURF = 2 represents the slant surface and LSURF = 4

is  an error  condi t ion which goes to  Staternent  415.

Statement  406

A call  to UN3 to unpack pointers to data on vertex (LV)

and height  vectors LV1,  LV2.
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Statement 450

Computation of normals to the ARB polyhedron-

The equation of the plane is AX+BY*CZ*D = 0. The

di rect ion numbers of  the normal  are A,  B,  and C.

LSPT is  the p lace in  the ASTER array where A,  B '  and

C are s tored.

The Do 453 Lgop computes a2+e2+c2.

DrV = x2+g2+c2

The DO 460 Logp computes direction cosines and mult i-

p l ies by "xNOS'r .  Transfer  o f  contro l  is  made to State-

m e n t  1 0 0 0 .

Statement 415

Error ha1t, for a bad LSttRF number in TRC (LSURI' = 4).

Statement 1000 1

' 
At this point the normal direction cosines have been

computed.

The DO 1001 Loop moves the contact point very sl ight1y

into the region in order to avoid tracking from a boundary.

The angle of obliquity in degrees is now arccosine of

ry
I f  the body is an ARB, the angLe must be made <9Oo by

changing the s ign of  WB. (Note:  This  was done in  a l l  o ther

f igures by implicit l-y testing LSURF odd or even.)
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Statement  1004

NASC = -2.  Set  cumulat ive d is t  =  0.  Star t ing a new

r a y .

IR = NIR

Ca1l GI to shoot the ray from IS in the Wp direction.

SN = SI The normal distance traveled by the ray.

G O  T O  2 0 .

Statement 20

CalI OPENK to get the region number (NTYPE).

ISPOT = LIRFO*NTYPE-I

ISPOT is the location in II4ASTER of region and space code

data for NTYPE.

]DENT = IDENT-I because one was added when it  was packed in

MAGIC.

I f  sense swi tch 6 is  on,  debug pr in tout  occurs wi th

the variables tt IR (region identif ier) r and NTYPE (region

number) .

SIN L ine-of -s ight .  d is tance

ANGLE Angle of obliquity

SSPACE Distance through a space

SN Normal distance

q[9 Direction cosines of normal.

Statement 24

ISPOT and the call  to UN3 change NIR, the region num-

r ber, from internal- code to identif ier for print ing by TRACK.
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I f  IDENT is  >9,  there is  no space fo l lowing the region

and NTYPE (type of space) and SSPACE (distance through

space)  =  0 .

I f  IDENT = 0,  i t ,  is  a lso not  a  space (space codes are

- 1 ,  1 ,  2 ,  3 ,  9  o n l y ) .

Statement 40

Test  for  last  contact .  Space " IDENT" eode 9 ( last

space)  .

NTYPE = IDENT ( type of  space) .

SSPACE = TR (L+1)  next  l ine-of -s ight  d is tance.

TRAVEL = TRAVEL+SSPACE update distance counter.

RETURN.

Subroutine DCOSP (XA, XB, WA)

' 
Purpose gf Routine

To compute the direction cosines from point XA to point

XB and to store the direction cosines in the array WA.

Descript ion of Routine

The vari"ables XA, XB, WA are al l  singly subscripted

a r r a y s  o f  l e n g t h  3 .  T h e  q u a n t i t i e s  X A ( l ) ,  X A ( 2 ) ,  X A ( 3 )  a r e

the X,  Y,  Z coord inates,  respect ive ly ,  o f  the point  XA.

The  WA( l ) ,  WA(2 ) ,  WA(3 )  a re  the  WX,  I$y ,  WZ d i rec t i on  cos ines

to be computed.
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Let  DIS be the d is tance between point  XA and point  XB.

The d i rect ion cos ines are then

W A ( I )  =  { x B ( I )  -  X A ( I ) }  / D t S  f o r  f  =  l ,  2 , 3 .

Subrout ine DIGCON ( IC,  IX,  LE)

This routine is used by GENI to convert the body data

read j-n Holleri th format into i-nteger format for use by

GENI i f  tr iplet/scalar data was used for body descript ions.

The IC array contains the Holleri th data which were

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

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

be  c rea ted .

Blanks are ignored in  each in teger  f ie ld ,  except  that

a f ie ld  of  a l l  b lanks wi l l  be conver ted to  zero.  The va l id

characters are the numer ica ls  0-9.  Any other  character ,

when detected,  causes an error  message to be output .

At  the complet ion of  the rout ine,  the IX array wi l l

conta in LE- I  ent r ies each of  which is  an in teger  f rom the

f ie ld .  Thus,  rx( l )  wi l l  be the in teger  f rom card co lumns

11 through 20,  and IX(2)  wi l l  be f rom card co lumns 2L

th rough  30 ,  and  so  on  up  to  IX (LE- l ) .

Subrout ine FLOCON ( IC-FX,  LE)

This subroutine is used by GENI to convert a body data

card read in Holleri th format into f loaLing point numbers.
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IC  i s  t he  da ta  a r ray  wh ich  con ta ins ,  i n  pos i t i ons  IC (11 )

th rough  IC (70 ) ;  t he  Ho l l e r i t h  da ta  read  i n  by  GENI .  FX  i s

an array to contain the f loating point numbers which result

f rom the FLOCON calcu lat ions.  There wi l l  be LE-I  such

f loat ing point  numbers created.

The routine ignores blank character and accepts in

addi t ion to  the numerals  0 through 9 the characters ( - ) ,

(+)  ,  (E)  ,  ( .  )  .  Any other  character  causes an error  pr in t -

out. Omission of a decimal point or fai lure to complete

an exponent  a lso wi l l  cause an error  pr in tout .  Each f ie ld

i s  1 0  c h a r a c t e r s  l o n g  a n d  s t a r t s  a t  I C ( 1 1 ) ,  T C ( 2 ) , I C ( 3 1 ) ,

e t c . ,  a n d  e n d s  a t  I C ( 2 0 ) ,  I C ( 3 0 ) ,  e t c .  T h e  p r o g r a m  w i l l

translate the Holleri th information to f loating point and

s t o r e  t h e  r e s u l t s  i n  F X ( 1 ) ,  F X ( 2 ) ,  u p  t o  F X ( L E - I )  f o r  a

maximum LE of seven

Subrou t i ne  G l  (S1 ,  IR ,  XP)

Subroutine Gl is the main ray-tracing routine of the

MAGIC program. It  performs the fol lowing function. Given

a ray in  reg ion IR at  po int  XB wi th  d i rect ion cos ines WB,

find the distance to the next region and the number of that

region ( IRPRIM)

The fol lowing descript ion outl ines the method used to

accomplish this task. The f low chart provided at the end

of  th is  d iscuss ion j -s  a rep l ica of  the coding in  GI .  -

/  
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Assume that a new .ray has been sltarted at i ts point of

or ig in  XBo i -n  reg ion IR.  The var iab l -e NASC is  set  to  -1 by

the ca l l ing program, ind icat ing th3t  a  new ray is  go ing to

be  p rocessed .  Le t  us  de f i ne  a  va r iab le  D IST  as  the  to ta l

d is tance t raveled by.  the ray s ince i t  le f t  XBo:  Thus,  DIST

is  in i t ia l ized to  zero for  a  new ray.  Gl  f i rs f  invest igates

' the region degpr ip t ion for . IR,  obta in i i rg  a l l  the bodies

which the ray might  s t r ike, ,  Then ,  . for  each body ment ioned

in the descr ip t ion,  the d is tances f rom XBo' to  the point . ,wher ie

the ray enters the body (RIN) and to the point where the

ray leaves the body (ROUT) are computed. Nine different

body rout ines,  each.  appl icable to ,  a  d i f ferent  body type,  are

avail-able to G1 for this purpose. The value of ITY'PE for

that bodyr ds obtained from the MASTER array, determines

wh ich  rou t i ne  i s  ca l l ed  ( i . e . ,  i f  t he  body  be ing  examined  i s

a spherer ITYPE = 2 and G1 wil l  cal l  subroutine SPH to com-

pute RIN and ROUT for  a  sphere) .  G1 then scans a l l  o f  the

RIN and ROUT values and se lects  the smal lest  o f  these d is-

tances,  subject  to  the constra in t  that  the d is tance chosen

be greater than DIST. The body number corresponding to the

chosen d is tance is  then p laced in  the NASCT tabIe.  In

genera l ,  the ray wi l l  not  h i t  a l l  o f  the bodies ment ioned

in the region descr ip t ion.  I f  sor  ROUT is  set  equal  to  a

cons tan t  P INF  (equa I  t o  - t 050 ) .

7 7



Three  poss ib i l i t i es  ex i s t  a t  t h i s  po in t .

1 .  A  un ique  va lue  o f  R IN  was  se lec ted ,  i n

which case the NASCT table conta ins only

one body number. This is the next body

in the path of  the ray.

2.  The se lected va lue of  RIN may correspond

to more than one body, indicating that

two or more bodies have a conrmon surface.

Each of these body numbers then wil l  be

stored in NASCT

3.  The va lue of  ROUT for  the body in .which

the ray is  current ly  in  may be se lected.

This means that the ray wil l  leave this

body before encountering any other.

In any event, the ray is advanced to the next body sur-

face (at point xP) and Drsr is equated to the chosen value

Of RIN or ROUT.

Gl must now determine the next region (IRPRIM) where

the ray,  d t  po int  XP,  is  located.  The f i rs t  body number is

ret r ieved f rom NASCT and i ts  enter ing ( i f  RrN was se lected)

or  leav ing ( i f  Rour  was se lected)  t .ab1e is  examined (see

discuss ion of  wowr for  exptranat ion of  these tab les) .  These

tabres provide al l  the possible regions which may contain

the current posit ion of the ray. The variable JREG is set

equal to the f irst region in the table and subroutine wowr
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i s  ca l led.  WOWI wi l l  test  whether  the ray is  in  JREG and

w i l l  se t  LTRUE =  1  i f  i t  i s ,  o r  LTRUE =  0  i f  i t  i s  no t .  I f

LTRUE = 0,  GI  wi l l  equate JREG to the next  poss ib le  reg ion

and cal l  WOWI again.  This  process cont inues unt i l  the cor-

rect  reg ion ( l tnUE = t )  is  found.  I f  the ray cannot  be

located in  any of  the regions in  the enter ing or  leav ing

table, tFe next body is taken from the NASCT table and a

new l is t  o f  poss ib le  reg ions is  compi led.  I f  the NASCT

tadte is exhausted without locating a regionr drl error has

occurred and the error counter IERR is incremented by 1.

The ray is terminated and GI returns to i ts cal l ing program

*ith fRPRfM set to zero. The entj-re job is terminated if

IERR exceeds 10.  Assuming,  however ,  that  the correct  reg ion

IRPRIM has been determined, the value of IR is compared to

IRPRIM.*  I f  they are the same,  GI  remains in  contro l  re-

peating the above procedure with a new value of DIST. The

cumulat ive d is tar r . " , .  S l ,  t raveled in  a regJ-on is  updated

throughout the trackiSrg. If  ,  however, IR I IRPRIM, a new

region has been entered and GI returns to TRACK, where the

tota l  d is tance through the region just  le f t  is  s tored.  TR

* The conventional and nuclear versions of GI di-verge
at  th is  po int .  In  SAM-C, the work of  GI  is  f in ished
as soon as IRPRIM is determined. SAI{-C does not con-
tain an error counter and the job terminates when
IRPRIM = 0.  The remainder  of  th is  d iscuss ion,  then,
appl ies only  to  the MAGIC vers ion of  Gl .
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GI
NHIT= o

S l  =  O

. 9  E .K L O O P
-3?OOO K L O O P : O

LtrON = LIO + NEODY-I+ NRPP

I4ASTER ( LIO)
| ' 4ASTER (L IoN)=  o

K L O O P  3  K L O O P + I

Sl4= FINF

LOC=UREGD +TR- I
uN  3  (LOC,DUM,LOC,NC)

L O C = L O C - t
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L  0 i = L o C + l

uN3 (Loc.  DUM,I  l -YPr ,  i lB

L O O  P - K L O O P LRT.LRCt': I

I . T E M P :  L B O D Y +  2  N B O - A
UN 3 (T ] 'EM E.  DUM,  DUM I ,T

RIN=ASTER
(uRi x+Neo-r)

RoUl ' 'ASTER
(L Rcr* l. l  Bo-tr

ITEMP=r TE MP+ t
u N 3 ( T T E M P ,  r r  L C C D : )

CAI-L RPPTNBC

CALI BODY
PR'UTIT" ERROR
t N c l A T l 4 o r l

rERR=TERR+I

I T E M P = L T O + N B C - I
u N 3  ( r r E M P . '  L R I , L R O ,  L O O P )
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AsrER (LRIN  +  NBO -  t )=  R lN
A S T E R  ( U R o T * N B o - t ) =  R O U T
1 '44gTER ( t - tO*NBO- f  )  =  LR f  {+  T  3  O+LRO *  I  l 5+  KLOoP

nour-su)3
r .  l .E -6 '  .

ROUT= SH
ASTE R (tnor+ N go- l) = Rour

NH]T'O

N H T T =  N H T T + I
SM = RoUT
LsURT(NHrr)=
NASLT (N HIT)=

3 2 9

8 2



RTN; S}4
ns rea ( lR fN+NBc- l  : 1M

DIST- RIN

N H I T =  O

NHIT=ldlif T+t
S!4= RT N .

LsuRt(NHTr)=LRr
NAscr(ttt t)= trtgo

5oo

END OF Do  Loop
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S I = S I + S M - D I S T
D I  S T =  S M

X P : X B + \ / B ) f S M

N A S C + 2RETURN

C A  T ^

o , t  t ^

- ^-,-.-J^:-*-"
as I rvlv= i, NtrT J

=  N A S c T ( N N )
F =  L3 'JRTiN N)
E = o
L B O D Y + ? N A S C - 2
LOC)LENT)  LE  AV l )
Loc+t )N FN' [  NFAV)

NASC
L S U R
LTRU
L U g  -

u N 3  (
uN3  (

L S U  R F
I  =  LEAV

rf Z= LEAV+N EAV-,
r f  l =  L E

f 2 ' LENT+ NEIJT-  |

:  MASTER

Do 63O [=,J l  r f ,Z

PRIM.  MASTF

C  A  L L  W A W T
(I RPRI M., L sL,R F.'
N A S C ,  L T N U S )

L  5 U K } .
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CONTI^ IUE DO LOO

6[31

L SURF

. L .

l"t 32

CALL RPP?
( L S U R F , Y B I R P )

NASC-N R.

IRPRf M'O LTRUE =  o
LOC= LBODY+2*TRts2
uN3(LoC,LE NT LEA'4)
UN3(LOC}I,NENiNEAI
rf l= LENT
l I2. .  LENT+ NENT.I

D O  6 5 5 0
T =  * f  l > J 2

IRPRTM: MASTER

LTRUECALL WoWT
TRPRTM,LSURF, IRA

L T R U  E
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6??

C O  N T I N U E

C O N T I N U E

T E R R = I E R R + I
PRT NT ALL
DIAC NOSTIC

I N F O

TRPRTM - I

RETURN

ISPoT= L IRFo+1p-1
u N3(lsPor,TcoDq
ISPOT= TIRFO+IRPRIM.
uN3(IsPoTlcoDE IDENI)

6?0  /  ̂ - . . - . . \ aco
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i s  set  equal  to  the new region number,  GI  is  ca l led again,

and t rac ing of  the ray is  cont inued wi th  the new values of

IR  and  D IST .

Subroutine GENI

GENI ' s  pu rpose  i s  t h ree - fo ld :

t.  To enter into the machine the input

describing the geometry

2. To check for some input errors and

pr in t  su i tab le d iagnost ic  messages.

3. To set up the MASTER-ASTER array for

reference by the ray- t rac ing subrout ines.

The fol lowing data sets are read in and processed by

GENI.

Set  1 The Ti t le  Card

This  makes i t  poss ib le  to  d is t inguish between d i f ferent

j obs  run .

Set  2 -  Conta ins the L imi ta t ions of  the Problem

NRPP The number of rectangular paral lelepipeds.

NTRIP The number of tr iplets to be read in.

NSCAL The number of scalars to be read in.

NBODY The number of different bodies used to
d.escr ibe the geometry  other  than RPP's.

NRMAX The maximum number of regions made by
the RPPis and the other  1egaI  geometr ic
conf igurat ions.
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, .
I

IPRIN This  is  the pr in t ing opt ion.  I f  I
the number is other than zero the
MASTER-ASTER array wil l  be printed
out  upon complet idn of  GENI.

SCALE This  number is  used to  scale a l l
geometry data

Set 3 - Contains the Six Bounding Planes for each RPP

The bounds are g iven in  the fo l lowing order :  X- lower,

X-upper ,  Y- lower,  Y-upper ,  Z- lower,  Z-upper .

Set  4  -  Conta ins the Tr ip le t  Data

Th is  i s  read  i n  on l y  i f  NTRIP  >0 .

Set  5 -  Conta ins the Scalar  Data

Th is  i s  read  i n  on l y  i f  NSCAL >0 .

Set  5 :  Conta ins the Body Descr ip t ion

Numbers are type integer and refer to specif ic tr iplet

and scalar data t ot they are f loating point and the actual

descr ip t ion.

Set 7 - Contains the Region Combination Data

Each region is described by the surfaces that compose

i r .

Rectangular  Para l le lep ipeds

If NRPP is other than zero, GENI cal ls subroutine RpPIN

which reads in  Set  3  and p laces in  the main array th is  data

returning with the next available location in the main

a r ray .  (Th i s  w i l l  be  desc r ibed  i n  de ta i l  l a te r . )
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G.r
Tr ip le t  apd Sca1ar  Data

r{r.rrnre and NSCAL

into the bottom of the

Descr ip t ion  o f  Bod ies

are posi t ive,  Sets 4 and 5 are read

ASTER array.

Af ter  reading the f i rs t  card of  the s ix th set ,  a  check

is  made to see i f  the type of  body is  one of  the lega1 con-

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

the card should conta in f loat ing or  f ixed point  numbers.  I f

f ixed point  input  is  used,  the in format ion on the card is

then converted by DIGCON and the number is assumed to refer

to  t r ip le t  and scalar  data.  I f  f loat ing point  input  is

used, the information on the card is converted by FLOCON and

is  s tored at  the bot tom of  the main array in  i ts  proper  1o-

cat ion by SEE3.  This  operat ion is  per formed NBODY t imes.

The array,  which was bui l t  up at  the end of  the main array '

is  then sh i f ted up to  the next  avaiLable locat ion in  the

main array and the location numbers in the MASTER array

referr ing to  th is  data are adjusted accord ingly .  Note that

ARB input must be in f loating point form.

Region Combination Data

The f i rs t  card of  each region in  the seventh set  g ives

the regj-on number, logical operations, and the bodies that

compose a par t icu lar  reg ion.  A test  is  made to see that  the

body numbers are valid and that the logical operations are

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

tested to  see i f  the in format ion i t  conta ins is  a  cont inu-

at ion of  the prev ious card or  a  new region.  This  procedure

is done NRMAX times. Then a test is made on al l  the data

to see i f  any points  are in  more than one region.  This

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

cr ibed is  actual ly  the same ds,  or  par t  o f ,  another  reg ion.

Entering and Leaving Tables

Af  ter  reading and checking of  a l1  data set is ,  the

entering and leaving tables are prepared. These tables

denote the possible reEions that a ray may enter upon enter-

ing or  leav ing a g iven sur face.

The total room taken by the geometry is then calcu-

la ted and a test  is  made on Lhe pr in t ing opt ion IPRIN.

Subroutine GRID

The GRID routine is cal led by I{AGIC. GRID wit l  control

a l l  the input  and processing for  a  s ing le at tack p lane and

then return to MAGfC. The routine has an input reading

phaser  Brr  input  ca lcu lat ion phase,  and a ray ca lcu lat ion

phase .

The input  phase wi l l  read:

NX The number of 4-in. cel ls in the
hor izonta l  d i rect ion.

NY The number of  4- in .  ce l ls  in  the
ver t ica l  d i rect ion.
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IRSTART The region number enclosing the
target  and at tack p1ane.

IENC Same as above.

KWG The ray number at which ray processing
w i l l  beg in .

A  Az imu tha l  ang le  (deg rees ) .

E  E leva t i on  ang le  (deg rees ) .

ENGTH The back-of f  d is tance.

TESTR A f lag ind icat ing the presence of
XNP data.

XNP The coord inates of  the vehic le  or ig in ,
i f  o the r  t han  (0 ,  0 ,  0 ) .  The  XNP da ta
is  read only  i f  TESTR is  not  zero.

The input processing phase wil l  convert the azimuthal

and elevation angles to radians and compute:

CA = COS (A)

CE = COS (E)

SA = SIN (A)

SE =  S IN  (E )  .

The error  f lag IERR is  set  to  zero.

The calcu lat ion phase wi l l  set  up the ray coord inates

on the attack plane and compute the ray direction cosines.

Subroutine TRACK is cal led to perform the ray-tracing cal-

cu lat ions for  the ray.  Af ter  a l l  ca lcu lat ions are per formed,

TRACK wil l  return to GRID. At this point the error f lag

(IERR) is examined. If  more than I0 errors have occurred

during the calls to TRACK, the processing of the attack

plane wil l  be terminated and GRID wil l  return to MAGIC.
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I f  10 errors  have not  occurred,  the next  ray wi l l  be proc-

essed.  The ca lcu lat ion procedure is  out l ined beIow.  A

f igure deta i l ing the or ientat ion of  the gr id  p lane is  g iven

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

DO 250 KK = KWG, KL (a loop to  contro l  a l l  rays,  KK counts

rays )

WB(1)  = -CE*CA Calcu l .a t ion of  d i rect ion cos ines

WB(2)  = -CE*SA f rom the input  az imuthal  and

WB(2 )  =  -SE  e leva t i on  ang les .

r r  =  (  ( K K - l ) / N X ) + 1

J  =  KK-  ( I I -1 )  *nx

v  =  (  ( N Y / 2 )  - r r )  * 4 . 0 + 2 .

H  =  (  ( N x / 2 )  - J )  * 4  . 0 + 2 .

I V  =  R A N F ( - 1 ) * 1 0 .

I H  =  R A N F ( - 1 ) * 1 0 .

Calculat ion of  gr id  square

coord inates (V,  H)  in  the

g r id  p lane .

Calculation of two random

d i g i t s  i n  t h e  r a n E e  ( 0 ,  9 ) .

V = V*.4*FLOATF(IV)+.2 The , 'V,  I I ,  coord inates are now

H =  H* .4 *FLOATF( rH)+ .2  a t  a  random po in t  w i th in  the

gr id  square.

rvrH = rH*lO+rv Form a two digit random number for

print ing by CALC.

XBS(I )  = -V*CA*SE-H*SA Calcu lat ion of  X,  y ,  Z coor-

xBS (2)  = -V*SA*SE+H*CA dinates in  the coord inate

xBS(3 )  =  V*CE sys tem o f  t he  veh ic le .
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DI  210  MKJ  =

2I0 xBS (MKJ)

Cal l  TROPIC

1 ,  3

= XBS (MKJ) +XNP (MKJ)

(wP)

x B s  ( 1 )  + w P  ( 1 )  * 1 . 0 E - 4

x B S  ( 2 )  + W P  ( 2 )  * 1 . 0 E - 4

x B s  ( 3 )  + w P  ( 3 )  * 1 . 0 E - 4

Translate coord inates to

rea l  veh i c le  cen te r .

A routine to generate random direc-

t ion cos ines (We1 f rom an isot ropic

d i s t r i bu t i on .

x B S  ( 1 )

X B S  ( 2 )

x B S ( 3 )

The gr id  coord inates are

perturbed to avoid rays

exact ly  on gr id  boundar ies.

X B S ( 1 )  =  X B S ( 1 ) - E N G T H * W B ( 1 )  T h e  X B  w h i c h  a r e  x ,  Y ,  z

xBs (2 )  =  XBS(2 ) -ENGTH*WB(2 )  coo rd ina tes  a re  no t  a  d i s -

XBS(3 )  =  XBS(3 ) -ENGTH*WB(3 )  tance  ENGTH f rom the  veh i -

c le  cen te r .

At  th is  po int ,  the posi t ion on the gr id  XB and the d i -

rect ion WB have been calcu lated and TRACK is  ca l Ied.

Funct ion ISIGN (V)

Purpose of Routine

To return to the call ing program an alphanumeric "blank"

if  the variable V is posit ive or zero and to return an aI-

phanumer ic  "minus"  i f  V is  negat ive.

Descript ion of Routine

This routine is a function subprogram and is cal led in

subroutine TRACK. It  is used in the section of TRACK that

outputs  the ident i f icat ion and data cards.
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Rout ines Cal led
by This Routine

none

Routines Which
Call This Routine

TRACK

Subrout ine OPENK ( I ,  J ,  K,  L ,  ! ,1)

This  rout ine unpacks the four  i tems I ,  J ,  K,  L  which

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

location ITR (!1) .

The four items were packed by subroutine TRACK.

Descript ion of Routine

The four i tems are packed using 12 binary bits per

item. The packed word appears as

L 2  L 2  L 2  t 2
bi ts bi ts bi ts bi ts

n o t u s e d  I  J  K  L  { c o m p u t e r w o r d }

The actual unpacking is described below:

LI = ITR (l,l) LI contains the complete packed word

L = LI*7 '77 ' l  The r r* r r  denotes a log ica l  "and"  opera-
t ion. L now contains the L2 right-most
b i t s  o f  L I .

LI = LT/IL2 The word LI is shifted L2 bits to the
r ight  by a d iv is ion.  The var iab le IL2
has the va l -ue 2L 2 = L024.  LI  now
appears as:

n o t u s e d  I  J  K
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K =  L I *7777

Lr / rL2
L I *777

Lr / r r2
LI-*177

Again per form the log ica l  "and"  and
extract  the correct  va lue of  K.

Again shift .  LI and extract the
desi red packed i tem -  and so on.

L I =
u -

L I =
T _
I

RETURN.

NOTE: The array ITR is communicated through Common.

Func t i on  S  ( I ,  N )

The routine is used to retr ieve the coordinates of any

of  the s ix  s ides of  a  rectangular  para l le lep iped (RPP).

Given 'r lrr the ordinal number of the RPP and trNrr the side

n u m b e r  w h e r e  N  =  ( I ,  2 , 3 ,  4 , 5 , 6 )  r e f e r  t o  ( X l ,  X U ,  Y L ,

YU, ZL,  Zg) ,  the rout ine wi l l  compute the locat ion 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 array. Each RPP occu-

pies six computer words start ing at location LBASE. Each

of the six words contain three packed integer variables as

shown on the fol lowing Page.
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ASTER Array

LBASE

LBASE + 1 The Location Location of

+ 2 number of f loating point

+ 3 of complex word containing
RPP,

+ 4 complex surface the r-

+ 5 surfaces data coordinate

+ 6

+ 7  A s  A s  A s

+ 8 above above above

RPP2

15  b i t s  15  b i t s  15  b i t s

Thus the ttth coordinate of the rth npp is found in the

r ight -most  15 b i ts  o f  ASTER {LBASE + 6 ( I -1)  + N} .

The actual FORTRAN statements are:

L = LBASE t  6  ( I -1)  + N- I  Retr ieve the locat ion of
the packed word

LL  =  ASTER(L ) .AND.777778  Re t r i eve  the  r i gh t -mos t
coordi-nate

S = ASTER(LL)  S is  now the desi red
coord inate.

Subroutine SEE3

Subroutine SEE3 is cal led by GENI and ALBERT. The

routine accepts either tr iplets or scalars and places them

in the MASTER array. A search is made through the IIASTER
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array to  determine i f  the t r ip le t  or  scalar  a l ready appears

in the array.  I f  sor  the data wi l l  not  be s tored again and

the locat ion IWH of  the data is  re turned to  the ca l l ing

program.

I f  the data do not  appear ,  they are f i rs t  sca led and

then added to the array. Data locaLion fWH in the array is

returned.

The tr iplet data are passed to the subroutine by the

arguments FX,  FXX,  FXXX. The scalar  data are passed by the

argument  FX.

The argument  LSI  denotes whether  t r ip le t  or  scalar

data are to  be s tored.  LSI  is  zero for  t r ip le t  data and

nonzero for  scalar  data.

Subrout ine SETUP (DD, I ,  IF ,  N)

The integer and fractional parts of the f loating point

var iab le DD are s tored in  the array IP.  The var iab les I

and IF denote the locations in the array IP 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. The routine is used by subroutine TRACK to convert

thicknesses and normal distances into the proper form for

output  on the ident i f icat ion and data cards.
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The routine conside::s only the absolute value of DD.

The correct sign is output by the function fSfGN. The de-

tai ls of the program are given by the f low chart below.

D  =  ABSF(DD)+ .005  Fo rm the  abso lu te  va lue  and
round of f .

IP ( I )  =  D  The  in tege r  Pq r t  o f  D  i s
s t o r e d  i n  I P ( I )

DI  = IP( l )  DI  now conta ins the f loat ing
point representation of the
integer  par t .

p  =  (D -D I ) .10n  D-D I  i s  t he  f rac t i ona l  pa r t .
( D - D I ) . 1 0 n  g i v e s  t h e  d e s i r e d
number of  d ig i ts .

IP (IF) = ! '  F is converted to an integer
and  s to red  i n  Ip  ( IF ) .

RETURN.

NOTE: The array IP is communicated through common

Subroutine SPH

G i v e n  a  p o i n t  i n  s p a c e  X B ( I ) ,  x B ( 2 ) ,  x B ( 3 ) ,  a  d i r e c -

t i o n  w B ( l ) ,  w B ( 2 ) ,  W B ( 3 ) ,  t h i s  r o u t i n e  w i l l  c o m p u t e  d i s t a n c e s

t o  a  s p h e r e  o f  r a d i u s  R  a n d  c e n t e r  V ( 1 ) ,  V ( 2 )  '  V ( 3 ) .  T w o

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

to f i rs t  contact  and ROUT is  the d is tance to  last  contact .
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The distances RIN and ROUT

and WOWI to determine which bodY

in te rsec t .

are used by

and region

subrout ines Gl

the ray is to

The equation of a sphere is given by:

( x - v x ) 2  +  ( Y - v y ) 2  +  ( z - v z ) 2  R 2  =  0  ( 1 )

where Vx, Vy, \Iz are the center of the sphere, and R is the

rad ius .

The parametric equations of the

X o * W x S - X

Y o * w Y S = Y

Z o * W z S = Z

ray are g iven by:

where Xo, Yo, Zo are the start ing point of the

Wy,  Wz are the d i rect ion cos ines of  the ray.

Subst i tu t ing (2)  in  equat ion (1)  we obta in

( 2 )

ray and Wx,

(xo+wxs-vx) 2 + (Yo+WyS-Vy) 2 + (Zo+WzS-vzl2 -  R2 = O.
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Let Dx = Xo-Vxr

(ox+wxS) 2 +

and

sz {wx2+wy2+wr2}

Dy = Yo-vy,

(Dy+WyS) 2 +

Dz = Zo-Yz

(Dz+wzs 12 '  -  g .2 = 0

+ S.2 {DxWx+DyWy*DzWz} *  o*2*Dy2*Dr2-R2= 0

A

Thus ,

s = - B r l E

Note that A = wx2 + wy2 + wz2

The two roots are the desired

=  1 .

RIN and ROUT, where

a
0 the roots are imaginary and

In the case of  no in tersect ion

RIN =  - -B-

ROUT = -B+

, ,1r'2. 'c

Note that i f  g2-C =

intersect ion occurred.

set RIN = oo

ROUT = - eO

where oo is taken to be

no

rrte

1 0 5 0 .

Subroutine TRACK

TRACK has the function of accepting grid coordinates

from the GRID routine and init iat ing a ray. I t  fol lows the

ray through al l  points of contact, records the important

data, and punches both the identif ication and data cards

for  each ray.
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The rout ine begins by s tar t ing the ray,  and comput ing

the d is tance f rom the f i rs t  vehic le  component  h i t  to  a p lane

para l le I  to  the at tack p lane and pass ing through the vehic le

center .  I t  then proceeds to  record d is tances through each

component  encountered,  checking each h i t  for  armor she1I ,

sk i r t ing r  o t  in ter ior  vo lume,  ds noted on the region j -den-

t i f icat ion card.  When the last  component  is  h i t ,  i t  once

more computes the d is tance to  the at tack p lane.

After hitt ing the last component, the punching phase

is  begun.  TRACK decides f i rs t  i f  any card(s)  should be

punched ( i t  is  poss ib le  to  miss the target ,  and thereby get

no usefu l  in format ion) .  In  the event  that  the vehic le  was

hi t ,  TRACK f i rs t  punches the ID card,  then ca l ls  on sub-

routine CALC to compute normal distances and organLze the

outputs  for  the data card(s) .  CALC is  ca11ed twice per  data

card,  ds two h i ts  appear  on each.  Af ter  the resul ts  are a l l

punched,  contro l  goes back to  GRID.

A detai led descript ion of the CALC routine appears on

the fo l lowing pages.  The descr ip t ion should be fo l lowed in

conjunct ion wj - th  a FORTRAN l is t ing.

Begin Track Computation

NAS.C = -1

KHIT = 0

IR = IRSTART

[ = t

(Get ready for a new ray)

(Number of hits = 0)

(Star t ing region number)

(Number of  in tersect ions is  one to  s tar t )
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MSKRT = 0 (No skirt ing yet)

MVOL = 0 (No interior volume yet)

JCNT =  0  ( I n i t i a l i ze  a  coun te r ) .

The DO 5 Loop clears the two storage arrays used by

program TRACK at the start of a ray.

Statement I0

Ca1l GI to start or continue the ray from XB in the WB

direction start ing in region IR. GI returns with IRPRIIvI

new region number,  XP point  o f  contact ,  S1,  d is tance through

reg ion  IR .

TR(L)  = SL The TR array wi l l  conta in the l ine-
of -s ight  d is tance f rom contact  to
con tac t .

KLSURF = LSURF*7 Add seven to what might be a nega-
t ive LSURF number,  (1-6)  ind icat ing
the ray is leaving that surface
number.

The l ine " ITR(L)  =" ,  preserves in  the ITR ARRAY, in-

dexed by L number, the fol lowing information: surface

number, body number, next region, this region. These data

can be retr ieved by program OPENK and is done in CALC.

Check L > 500 and stop i f  th is  occurs,  because only

room for  500 in tersect ions per  ray is  a l located.

Statement 4L

If the next body entered is an RPP, the region of

interest has been gone through and IRPRIM = 0 which termi-

nates the ray.
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Statement  42

LMAX = L (number of  last  contact ) .

The DO 43 Loop calcu lates the d is tance D2 f rom the last

point  XP to the center  XBS. SI  is  subtracted because th is

is  the d is tance f , rom last  contact  to  the outs ide of  the con-

f igurat ion.

Some pr in t ing for  debugging at  th is  po int  is  opt ional

on SSW6. Contro l  is  then t ransferred to  Statement  50 and

al l  shoot ing of  rays and data record ing are complete.

Statement 45

IR = IRPRIM Set  ' th is  reg ionr  ind icator  to  be
the next region to be encountered,
in preparation for continuing the
ray .

KHIT = KHIT*I A running count of number of com-
ponents h i t  a long th is  ray.

Compute 'rDIn the distance from the attack plane to

f  i r s t  con tac t  ' i f  L  =  I .

Statement 46

This  is  the ca lcu lat ion for  Dl ,  the d is tance between

XBS and XP, using the standard distance formula.

Statement 19

The value of IDENT, a special number added to the des-

cript ion of each region and unpacked previously from its

.s torage p lace in  MAGIC.  I f  IDENT = 0,  there is  no specia l

mater ia l  in  th is  reg ion and go to  35.
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I f  IDENT is  negat ive,  i t  can only  be a space.  ( - I )  is

the only negative legal identif ication number.

I f  IDENT is  pos i t ive,  Statement  20 tests  for  IDENT = I0

which indicateS armor in the region. A f lag so indicating'

MARivlR = L, is set and control goes to 35.

At Statement 2A, IDENT -10 negative indicates a space

and contro l  goes to  31.

Statement 31

If IDENT = 1, the space is interior volume and MVOL = I.

I f  IDENT = 1, the space is exterior volume and MVOL is not

s e t .

Statement 48

L = L*l count another intersection.

co ro 10

Continue the ray, al l  data for the current intersection

have been processed.

Statment 60

At the point when Statement 50 is reached in TRACK'

the fol lowing has bccurred:

1.  A ray f rom some point  in  GRID square ( I I ,  J )

cal led XB has been transversed in the WB direc-

t ion unti l  the outside of the geometry was

reached.
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2.  At  each in tersect ion wi th  the ray and a region,

both the ITR and TR arrays were used to store

at  index L ( in tersect ion number)  the data des-

cr ib ing the in tersect ion.

3.  Dl ,  D2 d is tances to  f i rs t  and last  components

were computed and KHIT is the number of vehicle

components hit. .

4. We now are ready to punch the data associated

w i th  th i s  rdy ,  i . e . ,  ID  ca rd  and  DATA ca rds .

If (LMaX-1) = 0 there was no intersection with the

vehicle geometry and TRACK terminates by going to 85.

At this point, program SETUP does the fol lowing:

CALL SETUP (AAA, J ,  K,  N)

IP (J) = Integer port ion of AAA

IP(K)  =  'N '  dec ima l  d ig i t s  o f  AAA where  , IP r '

is in Common.

Function ISIGN gives the Holleri th blank for posit ive

numbers and minus for negative numbers.

This suff ices for an explanation of al l  variables up to IP(14),

15 ,  L6 ,17  wh ich  a re  se t  equa l  t o  t he  i n tege r  va r iab les

which indicate the presence of skirt ing, target armor, and

inter ior  vo lume.  I f  present ,  target  is  a lways 1.

1 0 5



Statement 62
, . 1

Subtract one from KHIT to make it  the correct value

(don ' t  coun t  l as t  con tac t  w i th  ou ts ide ) .

The DO 330 Loop resets the temporary storage place of

the card to zero prior to punching of a "Data" card.

Statement  70 (+L = 0)

In i t ia l ize L and TRAVEL to zero to  s tar t  ray resul ts .

TRAVEL = TR(1)  d is tance to  f i rs t  in tersect ion.

The DO 80 Loop sets up logic for l lqAX/2 data cards.

In  fact ,  there may be less i f  some spaces are encountered.

L = L* l :  begin work on a new in tersect ion.

Test  L  > LMAX: i f  not ,  cont inue,  i f  y€s,  terminate

a t  8 5 .

Statement 7L

CaIl CALC which wil l  compute:

1.  NIR -  Region ident i f icat ion (vehic le
component)

2 .  S IT  -  t i ne -o f - s igh t  d i s tance

3. ANGLE Angle of nornal wi.th ray (from
XB in WB)

4. SN - Normal distance through region

5. NTYPE Type of space fol lows component
" N I R ' ,  z e t o  i f  n o n e .

6. SSPACE Line-of-sight distance through
space I zero i f  none.

CALC wil l  update L i f  a space is encountered, and com-

putes a l l  o f  the above each t ime i t  is  ca1led.
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Statement  101
i
:

I f  SSPACE was not zero, set JCNT = JCNT*I (to keep

track of  how many spaces were h i t ) .

The 'DO 79 Loop resets  IP to  zero and processes another

data.card.  The process cont inues unt i l  no data cards re-

mained to be punched. TRACK then returns to GRID.

Subroutine TROPIC (WP)

The rout ine wi l l  ca lcu late isot ropic  d i rect ion cos ines

W P ( l ) ,  W P ( 2 ) ,  W P ( 3 )  |  E a c h  c a l l  t o  T R O P I C  w i l l  d e l i v e r  a

d. i f ferent  set  o f  d i rect ion cos ines.  The procedure is  out -

l ined below

1.  Pick two random numbers X ' ,  Xr  6uch that
I '  -

0.1xt  I  x2<L.O

2 .  Con t inue  p i ck ing  se ts  o f  X1 ,  X2  un t i l
' ) a

xL'+xzz sI.0

3.  Compute:

coso = xr2-xz2
1 n

Xlo4.X2a

s i n 0  =  2 . 0  X L . X 2

xL2*x22

The coso and sinO are the sine and cosine of a

random angle 0.
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4. Compute:

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

where X3 is a random nrrnber 05-X3<1.0,

and CS is the cosine of a random angle.

5.  The d i rect ion cos ines are3

wP (t1 = {r-cs2i i -  
" i t to

W P ( 2 )  = , 1 - C S 2 '  j  c o s o

w P  ( 3 )  =  C S

Subrouti.ne UNI (LOC, f3)

This routine unpaeks the iten T3 from a single qonpu-

ter word packed as shown

15  t5  15  b i t s

Not  used 11 12 13

The iterns Il and 12 are also packed, but are not un-

packed by this routine.

The unpacking is done by the fol lowing staternents:

I = MASTER (LOC)

1 3  =  I -  ( I / 3 2 7  6 8 )  * 3 2 7 6 8 ,

Syb rou t i ne  ,UN3  (L .W,  J l ,  J2 ,  J l )

This routine unpacks the three itens Jl, J2, and J3

which are stored in a single computer word in the array

MASTER at Tocation LW.
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fhe three items are packed using 15 binary bi,ts per

i tem. The packed word appears as:

Not  used J I

The individual i tems are extracted by mult ipl ication

and d iv is ion.

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

The log ic  employed in  subrout ine WOWI is ,  in  essence,

the heart of the combinatorial geometry method. WOWIfs only

function is to answer the fol lowing question. Given a

point X and a region number JREG, does the point l ie within

the region? The fol lowing is a d.etai led. descript ion of the

method used by WOWI to make this decision. The f low chart

appear ing af ter  th is  d iscuss ion c losely  fo l lows the actual

coding in WOWI.

ProbabJ-y, the clearest way to describe wOwI is to

fol low the routine through a simple example. Consider the

fo l lowing geometry ,  consis t ing of  three spheres ( labeled

l 51 51 5

J 3J 2

- The arguments LSURF and
present version of the
statement to faci l i tate

NEX are not used in the
code but appear in the call

future expansj-on of the code.
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bodies 2,  3 ,  and 4)  enc losed in  a box ( labeled body f ) .  For

clarity, 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 perfectly legal.

The start ing point and current posit ion of a ray are labeled

Xo and X,  respect ive ly .

Before proceeding with the descript ion of WOWI, Iet us

l ist two vital blocks of information, both contained in the

MASTER-ASTER array. The f irst block contains the region

descript ions of each region in the form of a logical combi-

nat ion of  bodies.

Reglo.n Bodies

A +L-2-3-4

B  +2 -3

1 1 0
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Region Bodies

c  o R ( + 2 + 3 )  O R ( + 4 )

D  + 3 - 2

The  mean ing  o f  t hese  equa t ions  i s  d i scussed  i n  Sec t i on  2 .L .

The second piece of information needed by the code is

the enter ing and leav ing tab le for  each body.  These te l l

the code which regions a ray might be in i f  i t  enters a given

-body and which regions the ray might go into i f  i t  leaves a

given body; In this example, the table would appear as

fo l lows

Body Entering

1 A

C o r B

C o r D

c

Leaving

Escapes from geometry

A o r C o r D

A o r B o r C

A o r C

Assume that the ray has been traced from its start ing

point Xo to a point X on the surface of body 2. G1 computes

DIST,  the to ta l  d is tance t raveled a long th is  path (=X-Xo)

and investigates the entering and leaving table for body 2.

It  f inds that a ray entering body 2 can be either in region

C or  in  reg ion B.

Region C is investigated f irst by sett ing JREG = C and

call ing WOWI. WOWI locates the region descript ion of C in

the ITIASTER-ASTER array and tests whether the point X satis-

f ies the logical equation for C. This is done in the fol low-
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ing way.  Two d is tances,  RIN and ROUT, are computed for  each

body ment ioned in  the descr ip t ion.  These are the d is tances

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

leaves (ROUT) the body.  In  th is  examplef  RIN and ROUT are

computed for  bodies 2,  3 ,  and 4 s ince these appear  in  the

descr ip t ion of  C.  Note,  however ,  that  the ray does not

actual ly  in tersect  bodies 3 and 4.  In  th is  case,  ROUT is

set  equal  to  -1050 for  these bodies.  We a lso note that  tor

body 2,  RIN = DIST,  s ince point  X is  where the ray enters

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

the ray through the sphere.

WOWf now determines i f  po int  X sat is f ies the descr lp-

t ion of  C by test ing each 'body in  C against  the fo l lowing

r u l e s :

1 .  A  (+ )  ope ra to r  i s  va l i d  i f

ROUT > 0 and RfN < DIST < ROUT

2 .  A  ( - )  o p e r a t o r  i s  v a l i d  i f

R.OUT = -1050 or  DIST <RIN or  DIST

3.  An (oR) operator  is  va l id  on ly  i f  every (+)

and ( - )  wi th in  the (OR) s t ,a temer l t  is  vaf id .

4.  A region descr ip t ion conta in ing one or  more

(OR) s tatements is  sat is f ied i f  any one of

the (OR) s tatements is  va1id.

5.  A region descr ip t ion conta in ing no (oR)

statement  is  sat is f ied only  i f  every (+)
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and  ( - )  ope ra to r  i s  va l i d .

6 .  A  su f f i c i en t  cond i t i on  fo r  po in t  X  to  be

in reg ion JREG, is  that  the region des-

cr ip t ion of  JREG be sat is f ied ( two regions

canno t  be  sa t i s f i ed  fo r  t he  same po in t ) .

WOWf now appl ies these ru les to  the f i rs t  (OR) s tate-

men t  f o r  reg ion  C ,  name ly  OR(+2+3) .  The  +2  i s  va l i d  f rom

rule 1,  s ince DIST = RIN and ROUT is  greater  than zero.

The +3,  however ,  is  not  va l id  s ince the ray misses body 3

and  RoUT =  -1050 .  Thus ,  t he  f i r s t  (oR)  s ta temen t  i s  i nva l i d

f rom ru le  3 .  The  second  (OR)  s ta temen t ,  OR(+4) ,  i s  a l so

no t  va l i d  s ince  ROUT =  -1050  fo r  body  4 .  The re fo re ,  f rom

ru le  4 ,  t he  reg ion  desc r ip t i on  o f  C  has  no t  been  sa t i s f l ed

and the point  X is  not  in  C.  WOWI sets  LTRUE = 0 and returns

to GI .  The va lue of  zero in fotms GI  that  reg ion C has not

been sat is f led.  GI  now sets  JREG = B and ca l ls  WOWI again.

The regi -on descr ip t ion for  B is  now invest igated.  The

+2  i s  va l i d  as  seen  above  and  the  -3  i s  a l so  va l i d  s ince ,

fo r  body  3 ,  RoUT =  -1050 .  The re fo re ,  t he  desc r ip t i on  o f  B

is  sat is f ied by ru le  5.  WOWI sets  LTRUE = L,  in forming Gl

that  the point  X is  in  reg ion B.  This  completes WOWTTs task

unt i l  a  new point  X has been computed by c l .
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NOWI
LOC = LREGD+TREG-I
u N 3  ( L o C D ,  r )  N C )
UN3 (LocD+|, , f  Tf ,NBQ
N = l  ' T T Y P E = f T T

ITE}4P= L IO+NBO. I
u n i ors pr B r-nu.nqnoo p)

RIN =ASTE R(LRI N +N BO-l)
ROUTASTER(LROT*NBO-D

LRI I  I
LRo"  I
LBoDY+
[ E M P . ' r
r€MPi l .

CALL RPP N BO

I E R R ' l

RETURN
C A L L  A P R  B O D Y

MASTE R ( t IO+NBO-I)
-- LRT,LRO, KLOOP
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RIN=DiST

RoUT= DIST

ASTER(LRIN+NBo-F RrN
A STEn (lnor+NBo-i)= RouT

RIN. D]ST

GO -ro
l a c o

rr)x(irr-3t'

N = N + l

DlST-ROUT
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D o  4 ? 8
N N = l r l  , N C

LOCD:LoCD+l
uN3(LocD,rTTYPEllgO

28 CONTTNUE

:68.

N = N + l
L o C D  =  L O C D  r l
uN3(LoCD, , ITY PE,N BO)

LTRUE=ITRUE+I
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Subrout ine XDIST (XA,  XB)

This routine computes the distance between point XA and

point  XB.  Both XA and XB are arrays of  length 3.

The routine is a function subprogram whj-ch computes the

distance between two points using the famil iar distance

formula shown below.

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

+  ( x A ( 3 ) - x s ( 3 ) ) 2

where  XA( l ) ,  xA (2 ) ,  XA(3 )  a re  the  x ,  Y ,  Z  coo rd ina tes  o f

the point .

This routine is used by the TDCOSP' subroutj-ne as part

of  the d i rect ion cos ine ca lcu lat ion.  The rout ine is  a lso

used in subroutine CALC as part. of the normal distance com-

putat ions.

3 .3 .2  Desc r ip t i on  o f  Ou tpu t

The output consists of a repetit ion of input, and com-

puted resul ts .  The i tems of  output  are l is ted in  order  of

appearance.

1.  Date L ine.  The date as read in  on the date

card which preceded the input deck.

2. Time Line. The t ime is printed in seconds and

is an elapsed t ime indicator.

3. Comment Line. The comment card which al lows

the user to t i t le the problem.
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4 . Parameters. The input parameters are l is ted.

5. Scale Factor. The scaling number used to

scale the geometry.

6.  RPP Data.  The unscaled RPP data as read in to

the computer

7.  Tr ip le t  Data.  Repeated as in  the input  deck.

8.  Scalar  Data.  Repeated as in  the input  deck.

9. Body Data. The unscaled body data given as

input, the bodies have been ordinari ly numbered.

10.  Var iab le l ,ocat ion L ine.  This  l ine g ives the

location in the MASTER aruay of posit ioning

constants .

11.  Region Combinat ion Data.  This  is  a  repet i t ion

of the input region data.

12. Total Room for Geometry Data. This is the

number of words used in the MASTER array to

contain the geometry.

Enteting and Leaving Tables. The entering and

leaving table, Ers calculated for each region,

and its location in the MASTER array are re-

p r i n ted  he re  ( see  Sec t i on  3 .3 .1 ,  t he  WOWI

rout ine)  .

14. I ' IASTER-ASTER Array. * This is a printed copy

1 3 .

This appears only J.f
parameter input card

"IPRIN" i ,n Column 60 on the
was nonzero.
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in both integer and f loating form of the

IvIASTER array. There are three entries per

l ine separated by a dol lar  s ign.

15. Region Code fdentif ierg. This is the printed

copy of the input which specif ies region

ident i f ier  and space type.

16.  Number of  Aspect  Angles.  Repeated f rom input .

fndicates how many different attack planes

are to  be processed.

17.  GRID Speci f icat ions.  This  is  a  repr in t ing of

input to the GRID program, azimuth and eleva-

t ion are pr in ted twice,  f i rs t  in  degrees and

. then in  rad ians.

18. Ray Results= This is the output from the

TRACK program and has three formats.

a. A l ine beginning RAY contains

cel l  number X-Y posi t ion,  coor-

dinates of the ray origin point,

and . the ray d i rect ion cos ines.

b.  Ident i f icat ion card*

c .  D a t a  c a r d s . *

r * Detai led formats of the identif ication and data
cards are given on the fol lowing pages.
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IDENTIFICATION CARD

1. CoI  I  -  Col  6  x*  coord inate of  gr id  square
( i n c h e s ) .

2.  Col  8  -  CoI  13 Y coord inate of  gr id  square
( inches )  .

3 .  CoI  L4 -  Col  15 A two-d ig i t  un i form random
number. (cofffi-TT is always
b1ank.  )

4 .  Col  18 -  CoI  24 The perpendicu lar  d is tance f rom
the f irst component contact to
t h e  X ,  Y  p l a n e  ( i n c h e s ) .

5.  Col  26 -  Col  32 The perpendicu lar  d is tance f rom
the last component contact to
t h e  X ,  Y  p l a n e  ( i n c h e s ) .

6.  Co1 33 -  CoI  34 Ind icates i f  sk i r t ing is  present
in the grid square. (A one
indicates yes,  a  zero ind icates
n o .  )

7 .  Col  35 -  Col  36 Ind icates i f  there is  a  target
hit in the grid square.

8.  Col  37 -  Col  38 Ind icates i f  there is  armor shel l
present  ( tur ret  or  hu l l ) .

9 .  Col  39 -  Col  40 Ind icates i f  there is  in ter ior
volume present.

10. Col 4L - Col 43 The total number of components
encountered along the l ine-of-
s ight  o f  the penetrator .

I I .  Col  45 -  Co1 47 X d iv id .ed by 4.  (X being the
coord inate of  the gr id  square. )

L2.  Col  48 -  Col  50 Y d iv ided by 4.  (Y being the
coord inate of  the gr id  square. )

(Co lumns  7 ,  L7 ,  25 ,  44  and  51  th rough  80  a re  l e f t  b lank . )

* Note that rrx'r and 'Y' refer to the virtual horizontal
and vert ical on the attack plane.
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DATA CARD

1 .  C o 1  1 - C o l 4  A v e h i c l e c o m p o n e n t .

2.  Col  5  -  Co1 11 The l ine-of -s ight  d is tance
through the component  ( inches) .

3.  Col  L2 CoI  18 The normal  th ickness of  the
componen t  ( i nches ) .

4.  Col  19 -  Col  24 The angle of  ob l iqu i ty  wi th
respect to the normal to the
componen t  (deg rees ) .

5.  Col  25 Co1 27 A type of  space fo l lowing the
component.

6 .  Co l  28  -  Co I  34  The  l i ne -o f - s igh t  d i s tance
through the space ( inches) .

7 .  Co l  35  -  Co l  38  Same as  1 .

8 .  Co l  39  Co l  45  Same as  2 .

g .  C o I  4 6  -  C o I  5 2  S a m e  a s  3 .

1 0 .  C o l  5 3  -  C o l  5 8  S a m e  a s  4 .

11 .  Co l  59  -  Co l  61  Same as  5 .

L 2 .  C o 1  6 2  -  C o I  6 8  S a m e  a s  6 .

13 .  Co I  70  -  Co I  72  X  d i v ided  by  4 .  ( x  i s  a  coo r -
d inate of  the gr id  square. )

14 .  Co l  73  -  Co l  75  Y  d i v ided  by  4 .  (Y  i s  a  coo r -
d inate of  the gr id  square. )

15 .  Co l  77  Veh ic le  des igna t i on .

16 .  Co l  78  Az imu tha l  ang le  o f  a t tack .  (a
3  i n d i c a t e s  3 0 " .  )

L7. CoI 79 - Col 80 The cumulative sum of components
encountered along the l ine-of-
s ight  o f  the penetrator .

(Columns 69 and 76 are le f t  b lank. )
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The folloring pag€s contain a listlng of the lnSrortant

variables ueed throughout the l{AGIg pragra$. For each var-

iable narna the *comroa block, o if onf r and a deseripti.on

qf the variable'o uaage ie g!.ven. In addition, fat each

corunon btr ock a list of Eubroutinec using the commn bLock

is given.
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*LIST OF IMPORTANT VARIABLES FOR MAGIC

Var iab le Labeled
Name Common Def in i t i on

Dummy Blank An array of 250 used to get
common proper location for unpacking

the IvIASTER-ASTER array

ASTER Blank Conta ins f loat ing point  num-
common bers of the main array

XB Param X,  Y,  Z coord inates of  ray
o r ig in

WB Param Direct ion cos ines of  ray

E Param Not used*

IR Param Region number tracking from

T Param Not used

IDET Param Not used

F Param Not used

NHfST Param Not used

WC Param Not used

SP Param Not used

WP Param Not used

LBASE Geometry Start ing location of the aster,
master  ar ray usual ly  one (1)

RIN Geometry Distance to entering body
i -ntersect ion

ROUT Geometry Distance to leaving body
intersect ion

LRI Geometry Entering surface number

LRO Geometry' Leaving surface number

* Some variables appearing in Common are used only
in the nuclear code, SAIU-C.
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Variable Labeled
Name Common

PINF

IERR

DIST

NRPP

NTRIP

NSCAL

NBODY

NRMAX

LTRIP

LSCAL

LREGD

LDATA

LROUT

LRIN

LIO

LOCDA

r 1 5

UNCGEM

T'NCGEM

UNCGEM

UNCGEM

UNCGEM

T'NCGEM

UNCGEM

UNCGEM

UNCGEM

T'NCGEM

UNCGEM

UNCGEM

T'NCGEM

UNCGEM

Geometry  Value of  1 .E+50 (used to rep-
resent  in f in i ty)

Geometry Flag to indicate an error in
the geometry input, also used
for number of errors in Gl

Geometry Total distance traveled from
ray orr-gr-n

Number of regular rectangular
para l le lep ipeds

Number of tr iplets

Number of gcalars

Number of bodies

Maximum number of regions

Locat ion of  t r ip le t  data

Locat ion of  scalar  data

Location of region data

Address of data (temporary)

Location of ROUT surface
number

Location of RIN surface
number

Address in ASTER of temporary
data for GI

Location of data in I'IASTER
array

Has the value of 2 raised to
the 15th power (used to pack
and unpack the middle word in
the ITIASTER array)

Defini t ion
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Variable
Name

r 3 0

LBODY

NASC

KLOOP

XS

x

rx

IT

IA

IN

LSURF

D 1

D 2

KHIT

TR

xBs

IRSTART

Labeled
Common

UNCGEM

UNCGEM

UNCGEM

UNCGEM

TEMPOR

TEMPOR

TEMPOR

TEMPOR

TEMPOR

TEMPOR

LSU

GTRACK

GTRJACK

GTRACK

GTRACK

GTRACK

GTRACK

Def in i t ion

Has the va lue of  2  ra ised to
the 30th power (used to pack
and unpack data in the MASTER
array)

Location of body data

Current body number (-1 to
star t  ray)

Internal ray counter

Temporary storage 3 cells

Coordinates of a point of
an RPP

Converted integer numbers

Temporary storage

Temporary storage

Temporary storage

Surface number of body surface
hit negative means leaving

Distance f rom center  gr id
square to f irst vehicle com-
ponent

Distance to last component

Number of components hit on
one ray

Storage array for recording
ray contacts

Or ig ina l  pos i t ion of  ray on
grid square

Start ing region of grid plane
(at ENGTH)
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IENC

ITR

CA

CE

SA

SE

NIR

SIN

AI{GLE

NTYPE

SSPACE

ws

TRA\I$L

H

LIRFO

GTRACK

crnAcx

GTRACK

GTRACK

GTRACK

GTRACK

CALC

CALC

CALC

CALC

CALC

CALC

CALC

CALC

CALC

CALC

CALC

CALC

WALT

Variable Labeled
Name Coriunon Definit ion

Region in *hich geometry is
enclosed (same as fRSTART)

Same as TR

Cosine angle A

Cosiilb angle E

Sine angle A

Sine anEle E

Next region

Line-of-sight distance through
a component

Obligue angle between normal
and ray

Type of component

L ine-of -s ight  d is tdnce through
a space

Internal- intergection counter

Same as XB, used by TRACK
and CALC

Same as WB, used by TRACK
and CALC

Distance a long ray so far ,
used by TRACK

Normal thickness

Posi t ion on gr id  p lane X
di rect ion

Posi t ion on gr id  p lane y
d i rect ion

Location of component iden-
t i f ication codes in II{ASTER
array
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Var iab le Labeled
Name Common Def in i t ion

IP SETUX Output array for punch cards,
used in TRACK.

I
I

L27



LIST OF ROUTINES !{HICH CO}flTAIN EACH COMMON

BI,A}IK COMMON coMMoN/PARAM

MAGIC
GRID
TRACK
CALC
GENI
S
GI
wowr
RPP
RPP2
BOX
SPH
RAW
RCC
ELL
REC
TRC
ARB

couMol.r/wAl.r

MAGTC
GRTD
TRACK
CALC
G1

c9l+,r9N/l,rx.rRI

MAGIC
GRID
TRACK
CALC
GENI
RPPIN
s
ALBERT
G1
wowr

coMMoN/sETux

SETUP
TRACK

colr}roNlMEfRY

RPP
RPP2
BOX
SPH
RAW
RCC
EIJL
REC
TRC
ARB

cor&{oN/GTRACK

OPENK
GRID
TRACK
CAI,C

coMMoN/uNccEM

MAGIC
GRID
TRACK
CALC
GENI
RPPIN"
S
ALBERT
G1
wowT
RPP
RPP2
BOX
SPH
RAW
RCC
ELL
REC
TRC
ARB

MAGTC
UN3
T'NI
CALC
GENI
RPPIN
s
ALBERT
G1
wowl
RPP
RPP2
BOX
SPH
RAW
RCC
ELL
REC
TRC
ARB

coMMoN/sCALE

MAGIC
GENI
RPPIN
SEE3
ALBERT

coMMoN/LSU

G1
TRACK

coMMoN/cALC

GIRD
TRACK
CATC

CoMMoN/TEMPOR

GENI
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3. 4 PROGRAM IMPLEMENTATTON

The IIAGIC program operates in two modes. The f irst is

a normal- mode in which a geometric descript ion wil l  be read

in and processed and aspect angle data produced. This mode

wi l l  a lso create a magnet ic  tape conta in ing the processed

geometr ic  data.  The second mode,  ca l led a product ion mode,

wi l l  read the magnet ic  tape,  instead of  the actual  descr ip-

t ion,  and then per form aspect  angle ca lcu lat ions.  Thus the

normal mode consists of input processing and aspect angle

processing.  The product ion mode is  just  aspect  angle proc-

ess r -ng .

S e c t i o n  3 . 4 . 1  w i l l  d i s c u s s

the  CDC-5600 .  Tape  u t i l i za t i on

t i o n  3 . 4 . 2 .

the operating procedu:ie for

w i l l  be  d i scussed  i n  Sec -

3 . 4  . 1 9perating l.nsgrllc,tion s

The fo l lowing l is t  wi l l  deta i l  the system contro l  cards

that must precede the data cards.

JOB CARD (The job card is described in
deta i l  in  the systems manual . )

REQUEST TYYY.

REWIND (TYYY)

COPYBF (TYYY, MAGIC)

REWIND (MAGIC)

RXQUEST TXXX, TAPE 4.

REWIND (TAPE 4)

MAGIC
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EXIT

REWIND (TAPE 4)

REWIND (TYYY)

RETURN (TAPE 4)

RETURN (TYYY)

EOR (CARD)

P lease  no te :

yyy should be a cims Tape Number assigned to the tape

which contains the binary record of MAGIC.

XXX shoutd be the Cims Tape Number assigned to the tape

which wiII or does contain the processed geometry.

AI l  contro l  cards begin in  card Column 1.

Assume that the input data have been prepared according

to  the  fo rma ts  spec i f i ed  i n  Sec t i on  3 .2 .3 .  I t  i s  necessa ry

to punch only  one new card.  This  card,  a  date card,  wi l l

used.  I f  a  normaL oPerat ion

Columns L2-2O and leave the

determine which mode is to

is  des i red,  punch the date

be

in

rest  o f  the card b lank.  I f  product ion mode is  des i red,  punch

a tt2t '  in Column 10 and the date in CoLumns L2-20 and leave

the rest  o f  the card b1ank.  (Date should be "04/07/67"  for

Apr i l  ' l  
|  1967 .  )

Having punched the appropriate date card, i f  using the

normal mode al l  input data is required. If  using the pro-

duction mode, only the region identif ier and aspect data

cards are needed.  In  both cases an end-of - f i le  card is  the

1 3 0



l as t  ca rd .  F igs .  3 .3  and  3 .4  i l l us t ra te  the  two  deck  con -

f i gu ra t i ons .
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A s p e c t  A n g l e
D a t a

$ A s p e c t  A n g l e s

B l a n k

Reg ' ion  Code
I d e n t i f i e r  C a r d s

r ' - l r r  
C a r d

R e g i o n  D a t a

Body Data

Tr ip le t s  and
S c a l a r s

Parameter  Card

I d e n t i f i c a t i o n  C a r d

Date  Card

Cont ro l  Cards

F ig .  3 .3  -  No rma l  Mode  Deck  Con f igu ra t i on
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A s p e c t  A n o I e  D a t a

#  A s p e c t  A n q I e s

B I a n k

Reg ion  Code

D a t e  C a r d s

Cont ro l  Cards

F ig .  3 .4  -  P roduc t i on  Mode  Deck  Con f igu ra t i on
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3 . 4 . 2  T a p e Ut i l i za t i on

The I,4AGIC program requires a "program" tape containing

the b inary program. This  tape is  created by compi l ing the

MAGIC slmbolic deck.

A tape which wi l l  conta in processed geometry  data

also requi red.

3 .4 .3 _ . Errgl_M".s=.tg*.

Message
I

TERMTNATION ON GEOII,TETRY
INPUT ERROR

TRACK ERROR

BAD ITYPE IN CAIC
RETURN TO CALC

STI\,INT 304 STOP

TRACK ERROR

ITYPE DID NOT MATCH
AN ITY

i s

Explanat ion

There should be at
least  one prev ious
e r ro r  message ,  f i x
what  is  wrong,  t ry
again

Ivlore than 500 compo-
nents encountered on
one rdy,  change pro-
g ram (b ig  j ob )  .

Ind icates e i ther  er ror
in routine OPENK or
dimension of MASTER-
ser ious error

A TRC with two equal
radi i  was encountered.
Make it  a RCC. Try
aga in .

An i l legal  'sur face

number in a RAW.
Ser ious error  ind i -
cates b i t  fa i lure
probably .

The body name on last
ca rd  i s  spe l l ed  i n -
correct ly .

Routine

MAGIC

TRACK

CALC

CALC

CALC

GENI
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Routine

GENI

GENI

GENI

GENI

GENI

RPPIN

FLOCON

FLOCON

DIGCON ERROR TN SUBDIGCON

G1 ERROR IN Gl AT 140

Gl ERROR TN Gl AT 150
(Rncror #)

Message

STMNT 290 GENI

ERROR IN REGION
INPUT XX

ILLEGAL OPERATOR IN
ABOVE CARD

STMNT 490 STOP

STMNT 555 STOP

ERROR IN DESCRIPTION

ERROR IN FLOCON NO
DECIMAL POINT

ERROR IN FLOCON NO
EXPONENT

ExpJ.anati-on

Tr ip le t  i npu t  a t -
tempted for an ARB,
t h i s  i s  i l l e g a l ,  u s e
other  form.

Indicates that  reg ion
XX inco r rec t ,  p rob -
ably a body number
i s  m ispunched .

Per ta ins to  req ion
desc r ip t i on .

Due to prev ious error .

Due to prev ious error .

The RPP just  pr in ted
is not i-n the min max
format  requi red.

The body just  pr in ted
needs decimal  po ints
( e v e n  o n  z e r o s ) .

An E format input
number on the last
pr in ted card has no
exponent .

An in teger  has an
i l l ega l  cha rac te r
(nonnumer i c  o r  b lank ) .

Bad surface number
unpacked ser ious
error  could be b i ts
dropped or added.

No bodies are entered
or  le f t  which are
ment ioned in  th is
region.  Some error
o f  om iss ion  i n  reg ion
data probably .
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Routine Messaqe
I

ERROR IN GI  AT 640G1

3.4.4 ,Fsnse F:,si lc.h opFi_ons

A debugging feature of the program is available under

the contro l  o f  sense swi tch 6.  I f  sense swi tch 6 is  down,

a pr in tout  o f  in termediate resul ts  wi l l  occur .  The pr in tout

wi l l  be in termingled wi th  actual  aspect  angle outputs .  De-

ta i led d iscuss ions of  the pr in touts  wi l l  be found in  the

d iscuss ions  o f  TRACK and  CALC in  Sec t i on  3 .3 .1 .

3.5 SAMPLE PROBLEM

A sample problem i l lustrating the usage of the I4AGIC

program is  g iven on the fo l - lowing pages.  The i l - lust rat ion

consis ts  of  a  sample pr in tout  o f  computer  resul ts  and a

ser ies of  f igures descr ib ing the geometry .

The vehic le  being descr ibed consis ts  of  an outer  shel l ,

composed of  s ix  arb i t rary  polyhedrons,  and a var ie ty  of

bod ies  w i th in  the  veh ic le .  F ig .  3 .5  cons i s t s  o f  t h ree  v iews

o f  t he  veh ic le  ( f ron t ,  s i dd ,  t op ) .  F ' i g .  3 .6  shows  the  1ay -

out  o f  the outer  shel l  and an in ter ior  "bu lkhead."  F ig.

3.7 shows the organizat ion of  the in ter ior  conf igurat ion.

The numeric identif iers in the f igures denote the body num-

bers used in  def in ing the problem.

Explanat ion

None of  the regions
ment ioned in  the
enter ing or  leav ing
tab le  a re  en te red .
An error  o f  omiss ion
in recr ion data.
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The computer printout is annotated

purposes.  A more deta i led descr ip t ion

g i v e n  i n  S e c t i o n  3 . 3 . 2 .

For  the purposes of  brev i ty ,  on ly

of the MASTER array have been given in

In addi t ion,  some ray outputs  have been

pr in tou t .

I tem 7

Item 8

fo r  i l l us t ra t i on

of  the output  is

the  f i r s t  87  words

the sample output .

deleted from the

The az imuthal  and e levat ion angles in  the problem are

both zero.  Thus the rays are f i red f rom the posi t ive X-

coord inate to  the negat ive X-coord inate (as shown in  pos i -

t i o n  ( 1 )  o f  F i g .  3 . 1 ) .

The fo l lowing descr ibes the annotated i tems of  the

computer output:

I tem 1 The date card.

Item 2 The internal clock t ime at start

I tem 3

o f  p rocess ing

Pr in tout  o f  the input  parameter  card.

The RPP data.

The t r ip le t  and scalar  data.

The body data.  Note that  the le f t -most
d ig i ts  (as c i rc led)  are sequent ia l  body
numbers as calculated by the program.

Intermediate s torage a l locat ion data.

Region descr ip t ion data.  The parenthesis
are pr in ted for  readabi l i ty  and do not
appear  on the input  cards.

The total room, in the !{ASTER array,
for  th is  problem.

I tem 4

I tem 5

Item 6

Item 9
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I tem 10

f tem 11

I tem 12

I tem 13

I tem 14

f tem 15

I tem 16

I tem 17

I tem 18

The enter ing and leav ing tab les.  These
tables are ca lcu lated f rom the region
descr ip t ion data.  The le f t -most  number
is the body number. The second and third
numbers are the f i rs t  and last  locat ions,
in  the MASTER array,  conta in ing the pos-
s ib le  reg ions.  The rest  o f  the numbers
a re  the  poss ib le  reg ions .

A l is t ing of  the I4ASTER array.  Three
words per  l ine are pr in ted.  Each word
o f  t he  a r ray  i s  p r i n ted  tw ice .  F i r s t r  ds
three unpacked in tegers,  and then as a
f loat ing point  number.

The ident i f icat ion and space codes for
each  reg ion .

The at tack p lane data.

The ray data.  Note that  the f i rs t  rays
did not  h i t  the vehic le  and no rav data
cards were produced.

The hor izonta l  and ver t ica l  a t tack o lane
coord ina tes .

The X-Y-Z, coordinates of the start inq
point  o f  the ray.

The d i rect ion cos ines of  the ray.

The ray data cards as descr ibed in
S e c t i o n  3 . 3 . 2 .
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4. DESCRIPTION OF THE SAM-C MONTE CARLO PROGRAM

INTRODUCTION

The SAM-C program described below is based in large

measure on the UNC-SAM-2 Monte Carlo program prepared by

Uni ted Nuclear  Corporat ion (wi th  MAGI as subcontractor)  for

Aberdeen Prov ing Ground.*  The pr imary d i f ference between

UNc-sAM-2.  and sAM-c is  the geometr ica l  descr ip t ion tech-

nique employed. SAM-C uses combinatorial geometry and is

therefore capable of  represent ing more complex assembl ies.

To use th is  geometry  capabi l i ty  a  number of  modi f icat ions

were made in the logic and. storage requirements of

UNC-SAM-2.  In  addi t ion,  a  ray- t rac ing vo lume calcu lat ion

rout ine was added s ince,  for  many of  the shapes produced

by the combinator ia l  geometry ,  i t  is  impract ica l  to  deter-

mine the vo lume analy t ica l ly .  AI l  the nuclear  in teract ion

routines of UNC-SAM-2 are unchanged.

r- --Froubetzkoy, 
E. S. : UNC-SAM-2 : A FORTRAN Monte

Car lo  Program Treat ing T ime-Dependent  Neutron and
Pho ton  T ranspor t  t h rough  Ma t te r ,  UNC-5151  (Sep t .1966)
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S\tt-e.. A!9n{t-Cn^lo Ne'*tto^ "'A 
UAr*r'n

' - f f r n tPc r {  
Cadr

4 . 1  W N
t  f  D ? $ L Y  F

SAM-C j-s anMonte Carlo program, rtrrai+'te**"i:l"f0FffRAl{r

which calculates the t ime-dependent transport of 
"e"t1?.1",a

or sanrma rays throush *r..JJTtii\= composed of a series
n

of  independent  rout ines which per form the fo l lowing four

bas i c  func t i ons :

1 .  P rocess  c ross -sec t i on  da ta

2.  Process qeometry  data

3.  Per form the t ranspor t  ca lcu lat ion

4 .  E d i t  t h e  r e s u l t s .

Basica l ly ,  the program requi res as input  a  geometry

s p e c i f i c a t i o n @ , t h e e l e m e n t a 1 c o m p o s i t i o n o f

each region,  and a speci f icat ion of  the locat ion and t ime-

energy-angr- l lar  d is t r ibut ion of  the radiat ion source.  The

program selects  ind iv idual  par t ic les f rom the g iven source

distr ibutj-on and tracks them through a series of inter-

act ions wi th in  the geometry  unt i l  such t ime as the par t ic le
\

h is tory  is  terminated. \  rhe t rack ing of  a  par t ic le  can be

terminated for  any of  the fo l lowing reasons.

1.  The energy of  the par t ic le  af ter  an in ter -

ac t i on  fa l l s  be low  a  spec i f i ed  t ' cu to f f  ene rgy . "

2.  The e lapsed t ime spent  by the par t ic le  in

t ravers ing the geometry  exceeds a speci f ied

"cutof  f  t im,e.  "

L52



a

3 .  The  pa r t i c l e  escapes  f rom the  qeomet ry

(c rosses  an  ex te rna l  boundarY) .

4 .  The  pa r t i c l e  i s  " k j - l l ed .  "  Th i s  p rocedure

l v i I l  be  exp la ined  i n  the  sec t i on  dea l i ng

wi th the in ipor tance sam.pl ing techniques

employed in  the program.

For  each  reg ion  t rave rsed  by  a  g i ven  pa r t i c l e ,  t he

code computes the '  f lux per  un i t  t i rne per  un i t  energy as a

funct ion of  energy and t ime.  The f lux contr ibut ion for  a .

g iven par t ic le  is  def ined as i ts  expected to ta l  path length

contr i -but ion in  a reg ion d iv ided by the vo lume of  the region.

Ind iv idual  par t ic le  f lux contr ibut ions are accumulated So

that  the end resul t  o f  the t rack ing process is  the to ta l

f lux in  each region in  a speci f ied group of  energy and t ime

'b ins.  
e t  the users '  opt ion the problem also can be made

t j -me independent .  The code has the addi t ional  capabi l i ty

of  be ing able to  compute f luxes at  speci f ied points  wi th in

the geometry ,  as wel l  as in  f in i te  reg ions.  The use of  th is

o p t i o n  i s  d i s c u s s e d  l a t e r  i n  S e c t i o n  4 . 2 . 4 .

The above descr ip t ion of  the SAM-C program is ,  o f

course,  a  very s impl i f ied v iew of  the computat ional  proce-

dure.  The fo l lowing sect ions prov ide a more deta i led,  d I -

though nonmathemat j -caI ,  descr ip t ion of  each par t  o f  the

computat ion.

1 5 3



4.2  TNPUT REQUIREMENTS

Cross Sect ions and Region Composi t ions

Genera l ly ,  the user  of  the proqram wi l l  have at  h is

d isposal  an Element  Data Tape (EDf)  which conta ins,  for

every isotope in  the problem, a set  o f  energy-dependent

in t .eract j -on cross sect ions.  The user  must  then speci fy

each of  the mater ia l  composi t ions appear ing in  the problem.

A composi t ion is  def ined in  terms of  a tomic concentrat ions

( in  uni ts  of  IO24 atoms/cm3) of  each isotope in  the compo-

s i t ion.  These may be ca lcu lated f rom the express ion:

LO24 x Avogadro 's  number x  mass densi ty /atomic weight .

For compounds or mixtures the concentration of each compo-

nent  must  be speci f ied.  In  addi t ion,  each composi t ion must

be ident i f ied by a composi t ion number.

This  input  is  processed in  conjunct ion wi th  the EDT by

the BAND routine, which generates an Organized Date Tape

(ODT) .  The  ODT con ta ins  to ta l  mac roscop ic  c ross  sec t i ons

and absorpt ion and scat ter ing probabi l i t ies for  each composi -

t ion.  Dur ing the t rack ing process th is  in format ion is  used

to determine:

I .  The probabi l i ty  that  a  par t ic le  has an in ter-

act ion in  a reg ion of  g iven composi t ion.

2.  The e lement  wi th  which the par t ic le  in teracts .

3 .  The  t ype  o f  i n te rac t i on  (abso rp t i on ,  e las t i c

sca t te r i ng ,  e t c .  )  occu r r i ng .

r 5 4



t -

t
The energy and d i rect ion of  the par t ic le

a f te r  i n te rac t i on .

4 . 2 . 2  G e o m e t r y  I n p u t

The speci f j -cat ion of  the qeometry  has been t reated in

Sect ion 2,  where the point  was made that  the same geometry

input  can be used in  both MAGIC and SAM-C. I t  should be

noted,  therefore,  that  i f  both codes are to  be appl ied to

a g iven vehic le  (or  any geometry ,  fo t  that  mat ter )  impor tant

reg ions  fo r  t he  nuc lea r  ca l cu la t i on  ( i . e . ,  a i r ,  g round)

should appear  in  the geometry  speci f icat ion.

4 .2_.3 J.mp.ortan.c.e Sagpling

A.  Genera l

Impor tance sampl ing or  "weight ing"  prov ides the user

with a powerful method of control l ing the direction and/ot

energy of  par t ic les in  the problem. The purpose of  a  par-

t icu lar  problem, for  example,  may be to  ca lcu late the fast -

neutron f lux in a gi-ven region within the geometry. Under

normal  c i rcumstances,  the probabi l i ty  o f  a  source neutron

reaching that  reg ion at  h igh energy may be qui te  smal l r  r€-

qui r ing a vast  number of  source neutrons to  be t racked before

an adequate s tat is t ica l  est imate of  the f lux is  obta i -ned.

However, with proper part icle weighting the code can be made

to concentrate only  on those fast  neutrons having the best

chance of  reaching the chosen region.  Conversely ,  the code

wi l l  spend l i t t le  t ime t rack ing neutrons which are e i ther

t ravel ing in  the wrong d i rect ion or  are at  re la t ive ly  low

4 .
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energy .

The program determines the relative importance of a

par t ic le  f rom a parameter  ca l Ied the weight .  The to . ta l

weight  (W) of  a  par t ic le  is  ,  in  turn,  deterrn ined f  rom a

combinat ion of  three quant i t ies ca l red region weight  (wR),

angular weight (W.o) , and energy weight (WE) , where

W = WR x lg,.1 x WE. Values of Wp, Wrr, and W" are given as

input .  The fo l lowing br ie f  d iscuss ion should prov ide the

user  wi th  a bet ter  ins ight  in to how these weights  are

actual ly  used by the code.

A  quan t i t y  F  i s  ass igned  to  each  pa r t i c l e .  The  va lue

o f  F . i s  1 . 0  f o r a s o u r c e  p a r t i c l e .  T h e  c o d e  c a l c u l a t e s  t h e

probabi l i ty  that  the par t ic le  wi l l  reach the boundary of

the source region a long i ts  f l ight  path wi thout  co l l is ion.

Th is  va lue  i s  ca l l ed  F " .  The  p robab i l i t y  t ha t  a  co l r i s i on

takes p lace in  the region is  then 1-F, ' .  The code p icks a

random number and wi th  probabi l i ty  1-F, '  c reates a cor l is ion

point  ins ide the source region at  a  point  p icked.  f rom an

exponent ia l  probabi l i ty  d is t r ibut ion.  The source par t ic le

h is tory  is  not  terminated but  cont inues to  the boundary of

the region.  Af tcr  go inq through the co l l is ion mechanics,  a

new par t ic le  ( la tent )  wi l l  be s tar ted at  the co l l is ion

point  a f ter  the or ig ina l  source par t ic le  has been complete ly

t racked .
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Suppose that  the source par t ic le  is  leav ing region I

where the weight is W1 and entering region 2 where the

weight  is  W2.  At  the boundary,  the rat io  of  weighLs W1/W2

is  mu l t i p l i ed  by  F "  and  the  pa r t i c l e  i s  g i ven  a  s ta r t i ng

value of  F = F"  W1/W2 in  reg ion 2.  The probabi l i ty  o f  the

par t ic le  reaching the next  boundary of  reg ion 2 uncol l ided

is  ca lcu lated and mul t ip l ied by F to  obta in a new value of

F" .  In  reg ion 2 a number of  co l l is ion points  approx imate ly

equa l  t o  F -F "  w i l l  be  p roduced .  No t i ce  tha t  i f  WZ i s  sma l l

compared to  W1,  a large number of  la tent  par t ic les wi l l  be

produced a long the t rack of  the source par t ic le  in  reg ion

2.  Conversely  i f  v I2  is  large compared to  W1,  the prob-

abi l i ty  is  h igh that  no la tents  wi l l  be produced s ince both

F and F"  wi l l  be smal l  compared to  one.  In  fact '  a  para-

meter  F2 is  an input  parameter  to  the program. I f  F,  oD

entry  in to a new region,  is  lower  than F2r  a random number

between zero and one is  p icked.  f f  the number j -s  greater

than F the h is tory  is  terminated.  I f  i t  is  lower  than F

the h is tory  is  cont inued wi th  F set  equal  to  one.

Thus by establ ish ing weight  sets  proper ly ,  increased

numbers of  co l l is ions can be forced to  occur  in  impor tant

regions,  and in  addi t ion,  the or ig ina l  source par t ic les wi l l

continue to propagate through the geometry.

Wi thout  go ing in to deta i l  i t  can be s tated that  a  smal l

va lue of  F,  min imizes the number of  k i l ls  ( increases problem

running t ime) .  A large va lue maximizes the k i l1s (decreases
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running t ime per  h is tory)  but  increases the var iance (or  I

accuracy)  of  the answers,  regui r ing more source par t ic les

to be run.  The opt imum value of  F= wi l l  Eenera l ly  l ie  in

t h e  r a n g e  f r o m  0 . 0 1  t o  0 . 1 .

In  order  to  fac i l i ta te input  preparat ion,  the three

components of the total weight wil l  now be discussed

separate ly .

B.  Region Weights

A region weight  (WR) must  be speci f ied for  every reg ion

in the problem. Ord inar i t ry ,  these weights  are set  up so

that  they gradual ly  decrease as a par t ic le  proceeds f rom

.the source toward a region in  which the f lux is  des i red.

Weights should gradual ly  increase in  reg ions which are lo-

cated progress ive ly  fur ther  f rom the " impor tant"  reg ions.

On the input  forms the user  must  speci fy  a l l  va lues of  W*

to be used in  the problem. The order  in  which these va lues

are entered determines the i r  reg ion weight  nu lnber  ( i .e . ,

the f i rs t  va lue of  Wp is  ass igned weight  #1,  the second

va lue  i s  we igh t  #2 ,  e t c . ) .  Then  fo r  each  reg ' i on ,  t he  we igh t

number to be used in that region must be specif ied.

C.  Angular  Weights

By us ing angular  weight ing,  i t  is  poss ib le  to  speci fy

preferred directions for a part icle, independent of the

region locat ion of  the par t ic le .  The user  f i rs t  speci f ies

the direction cosines (with respect to thc coordinate axes

of the problem) of one or more aiming angles. These vectors
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serve as "zero d i rect ions"  about  which angular  weights  wi l l

be g iven.  Each a iming angle is  ass igned a number.  Next ,

a  set  o f  angular  b ins is  speci f ied between 0o and 1800 '  wi th

the b in boundar ies g iven in  terms of  the i r  cos ines.  Thus,

i f  one desi res to  speci fy  four  b ins of  equal  angle,  the

c o s i n e s  o f  0 o ,  4 5 o ,  9 0 o ,  1 3 5 0 ,  a n d  1 8 0 0  s h o u l d  b e  e n t e r e d .

Then,  one or  more sets  of  angular  weight  va lues are g iven.

For  each set ,  a  weight  va lue (wr t )  is  speci f ied for  each

angu la r  b in .  Each  se t  i s  a l so  ass igned  a  number .  F ina l l y ,

for each region, the aiming angle number and the angular

weight set number must be given. To j- l lustrate how the code

uses th is  in format ion,  assume that  a  g iven region has been

assigned a iming angle #1 and angular  weight  set  #2.  A par-

t icle enters the region and the code determines that the

par t ic le  is  t ravel ing at  an angle 0 wi th  respect  to  a iming

angle #1.  The code then determines which angular  b in  en-

compasses g,  goes to  angular  weight  set  #2,  and f inds the

value of  W4 in  that  b in .

In  g lenera l ,  as the par t ic le  d i rect ion (angular  b in)

becomes more important, the value of W.4 assigned to that

b in should decrease.

D.  Energy Weight ing

The use of  energy weight ing enables the user  to  in-

s t ruct  the code as to  which par t ic le  energJ-es are most  im-

por tant  in  a g iven problem. A set  o f  energy b ins is  f i rs t

g iven,  where the b in boundar ies are l is ted in  decreasing
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'o rder .  Thenr  oD€ or  more energy weight  sets  are speci f ied,

wi th  each set  be ing ass igned a number.  For  each set  an

energy wei$ht value Wg must be given for each energy bin.

The energy weight set number corresponding to each region

is  then g iven.  Assume,  for  example,  that  a  par t ic le  of

energy E is in a region which has been assigned weight set

#1.  The code f i rs t  locates the energy b in which emcompasses

E,  refers  to  weight  set  # I ,  and determines the va lue of  Wp

which was g iven for  that  b in .  In  establ ish ing the energy

weights, the more important energies should generally have

rrnaller Wg Va1ucs than the Less inportent energies.

E. Application of Weights to Tracking

As noted ear l ier ,  the to ta l  par t ic le  weight  is  the

product Of Wp x Wn. x WE. The part icle weight is used to

d'etermine the number of col l isions that a part icle wil l

produce given that i t  n'as a specif ied energy and direction

in a given physical region. By an appropriate choice of

aiming angle and angular weights, part icles heading down-

ward can be caused to have more coll ieions than part icles

heading upward in the sane region. Thus more computing t ime

wil l  be spent on the nimportant" downward directed part icles

and their descendents than on the "less important" upward

di rected par t , ic les.
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F.  Treatment  of  "Latent"  Par t i -c les

I f  a  co l l is ion does occur  the program calcu lates the

energy and direction of the part icle emerging from the

co l l i s i on .  The  co t l i ded  pa r t i c l e  i s  s to red  i n  a  l a ten t

s torage tab le and wi l l  be p icked up and fo l lowed as though

i t  were a source par t ic le  at  a  la ter  t ime.  When i t  is

s tar ted out  as a real  par t ic le ,  i t  is  ass j -gned an F va|+-e-- "

equal to the ratio of the weight of the part icle wtrieh'went

in to co l l is ion to  the weight  o f  the par t j -c le  emerging f rom
.*..*."a'a

co l l i s i on .  I n  genera l ,  t hese  w i l l  be  d i f f e ren t  due  to

d i f ferences in  energy and d i rect ion of  t ravel .

The program stores the information concerning latents

in  a tab le which can hold up to  100 la tents .  Pr ior  to

storage a test  is  made to see i f  the F of  the la tent  exceeds

the  i npu t  va lue  o f  F r .  I f  so ,  i t  i s  s to red .  I f  no t ,  a

Russj -an roulet te  ca lcu lat ion is  per formed'  as prev ious ly

d iscussed,  and the la tent  is  e i ther  e l iminated or  has i ts

F  s e t  e q u a l  t o  1 . 0 .

If  more than 100 l-atents are generated by a source

par t ic le ,  the program has a "sgueeze"  rout ine which reduces

the number of  la tents  in  a s tat is t ica l ly  va l id  way.

Although the use of importance sampling may appear to

be a rather  compl icated procedure,  the user  wi l l  genera l ly

f ind that  a f ter  ga in ing a l i t t le  exper ience wi th  the code

the process becomes relatively straightforward and easily

appl ied.  Cer ta in ly ,  the t ime spent  in  learn ing how to
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properly apply this technique wiLl be well worth i t  in the

long run,  s ince i t  enables complex,  deep-penetrat j -on prob-

lems to be run in a reasonable arnount of rnachine t ime.

Appendix A contains a dj-scussion of the theory of importance

sampl ing wi th  an example of  how a set  o f  weights  is  estab-

l i s h e d .

4 . 2 . 4  F l u x - a t - a - P o i n t

In  cer ta in  problems i t  may be desi red to  ca lcu late the

f lux at  a  par t icu lar  po int  in  the geometry .  S ince,  dur ing

the ord inary t rack ing process,  Do par t ic le  can be expected

to pass through a given point, SAM-C incorporates an inde-

pendent method of estimating the f,1ux at one or more speci-

f i ed  po in t s .

The program actually uses two independent computational

methods:  f lux-at -a-point  (FAP) and a s tat is t ica l  est ima-

t ion method (SEM).  FAP is  appl icable to  detector  po ints  in

a scattering medium but, not in the immediate vicinity of

the source region.  SEM is  appl ied to  detectors outs ide the

inmediate v ic in i ty  o f  e i ther  the source region or  a  scat ter -

ing mater ia l .  The user  must  speci fy  the to ta l  number of

detector points to be eval-uated and the number of points

where the FAP method is  to  be used.  The X,  y ,  Z coord inates

of each point are then l isted with the FAp detectors l isted

f i rs t ,  fo l lowed by the SEM detectors.
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The choice of  method to be employed is  le f t  to  the

user ,  but ,  in  genera l ,  SEM is  more rapid i f  the detector

is  located in  a Vacuum (or  very low-densi ty  mater ia l )  and

not  c lose to  the source.  FAP is  preferred for  detectors

wi th in  a scat ter ing mater ia l  but  not  near  the source.

Neither method is recommended for a point near the source

regr ion,  and in  th is  case,  the point  should be approx imated

by a re la t ive ly  smal l  three-d imensional  reg ion.

4 . 2 . 5 Source Speci f icat ion

The speci f icat ion of  the in i t ia l  par t ic le  source Pro-

v ides the user  wi th  severa l  opt ions.  These opt ions are

descr ibed br ie f ly  be low.

A.  Spat ia l  Dis t r ibut ion

sources may be generated in any number of regions. For

each source region the "power densi ty"  (par t ic les/vo lume)

must  be g iven.  The user  has the opt ion of  normal iz ing the

problem to a unit source or to the total input power density.

If  the number of source regions is zeto, the program wil l

use an external source tape (one which has been generated

from a prev ious problem).

B.  Angular  Dis t r ibut ion

Sources may be either isotropic or monodirectional but

the same angular  d is t r ibut ion must  be used in  a l l  source

regions.  ( r t  should be noted,  however ,  that  a  source may

be generated in  a f in i te  cone by speci fy ing an isot ropic

d is t r ibut ion and us ing angular  weights  to  k i l l  par t ic les
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which

c .

are generated outs ide the desi red cone.)

Energy Dis t r ibut ion

The code has bui l - t  in to  i t  the Cranberg f iss ion neutron

spectrum. I f  th is  opt ion is  se lectedr  Do energy spectrum

input  is  requi red.  I f  an arb i t rary  spectrum is  des i red,  the

input must contain the desired energy mesh and the integrated

source  above  each  ene rgy  po in t  ( i . e . ,  a  t ab le  o f  E  vs  )
E

s (E)  dE is  requi red)  .

D.  T ime Dis t r ibut ion

I f  a  t ime-dependent  problem is  to  be run,  the user  must

supply a table of t ime values and the integrated source up

t o  e a c h  t i m e  ( i . e . ,  t  v s  / t  , t a l  d t ) .  T h i s  i n p u t  s h o u l d
to

be deleted from time-independent problems.

f ime__Oepen9ence.4 . 2 . 6

SAM-C enables the user to compute part icle f luxes as

a funct ion of  t ime as wel l  as energy and posi t ion.  The user

selects any desired t ime bin structure for the problem and

enters the bin l imits in consecutive order on the input

forms,  s tar t ing wi th  the h ighest  b in .  Output  f luxes wi l l

be g iven in  th is  b in  s t ructure in  the edi t .  A t ime-cutof f

must  a lso be speci f j -ed,  which inst ructs  the code to cease

track inq a l l  par t j .c les which have "aged" beyond th is  cutof f .

During the tracking process the code computes the f l ight

t ime of  a  par t ic le  between col l is ion points  f rom i ts  ve-

loc i ty  (or  energy) .  In teract ions are assumed to occur

instantaneously .  By accumulat ing the f l ight  t imes for  each
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par t i c le ,  the  code is  capab le  o f  s to r ing  par t i c le  f luxes  in

the proper output t ime bin.

4 . 2 . . . 7  . . .  9 u t p u t  E n e r g y  M e s h

Dur ing t rack ing,  the code stores f luxes in  each region

in a set  o f  energy output  b ins speci f ied by the user .  The

number and width of  these b ins are arb i t rary ,  but  they may

not  extend beyond the energy range for  which cross-sect ion

data are avai lab le.  The b in l imi ts  must  be g iven consecu-

t ive ly  in  the input ,  s tar t ing wi th  the h ighest  energy.  The

upper  and lower b in  l imi ts  must  be preceded by minus s igns.

The reason for  th is  wi l l  be expla ined shor t ly .  Care should

be taken to insure that the upper energy bin l imit is equal

to or greater than the highest source energy to be generated

in the problem. A cutof f  energy is  a lso speci f ied,  which

inst ructs  the code to cease t rack ing any par t ic le  which de-

grades below th is  energy.  The user  should be cer ta in  that

the lowest energy bin l imit is equal to or lower than the

cutof f  energy.  In  essence,  there must  be a b in avai lab le

to s.tofg-Svejy posFible energy in the problem.

Some calculations may require more computer storage

than is  avai lab le.  This  s i tuat ion can be a l lev ia ted by

using the "supergroup"  opt ion prov ided by the code.  This

option divides the overal l  energy rangre into smaller groups

(cal led supergroups)  and the code then t reats  each of  these

groups separate ly .  In  th is  manner ,  on ly  the cross-sect ion
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data for  that  group current ly  be ing t reated are s tored in

the memory and only  those par t ic les hav ing energ ies in  that

group are t racked.  when a par t ic le  degrades to  a lower

supergroup,  i ts  parameters are s tored and i ts  t rack ing is

resumed only  af ter  a l l  h igher  groups have been completed.

The supergroup st ructure is  def ined by the user  by p lac ing

a minus s ign before those output  energ ies he wishes to

designate as supergroup l imi ts .  I f  th is  opt ion is  not

desi red,  on ly  the upper  and lower energy b in l imi ts  requi re

minus s igns.  This  inst ructs  the code to t reat  a l l  energ ies

as par t  o f  a  s ing le supergroup.

4 . 2 . 8  R e s p o n s e  F u n c t i o n s

SAM-C prov ides response funct ion opt ions which a l low

the user to automatical ly transform part i-cle f luxes into any

des i red  f l ux -dependen t  quan t i t y  (dose ,  hea t  depos i t i on ,  e t c . )

Assume,  for  example,  that  the dose is  requi red in  severa l

reg ions.  The user  suppl ies,  as input ,  a  f lux- to-dose con-

version factor aS a function of energy and the numbers of

the regions where the dose is  des i red.  For  each region,  the

code mul t ip l ies the f lux [ lE ' l  in  each energy b in by the

corresponding convers ion factor  C (E)  and in tegrates over

energy.  Thus
EU'AX r )

D o s E  =  z  { 0 t n t x c ( E ) ' d E J
0 -

Two calcu lat ion opt ions are prov ided as descr ibed on

t .he fo l lowing page.
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1. .Bu.i l ! .-I ,n Response

This  opt ion a l lows for  a  s ing le response calcu la-

t i on  fo r  a l l  f l ux  reg ions .  The  ca l cu la t i on  i s

per formed before the f lux edi t .

2. Mul.t ipfS. nesponse

This  opt ion a l lows for  the ca lcu lat ion of  severa l

responses through the use of  the aggregate tape.

At the completion of the Monte-Carlo problem the

f lux resul ts  wi l l  be s tored ,  by aggregate,  on the

aggregate tape.  This  tape may be processed at  a

4 . 2 . 9

later  t ime for  as many responses as desi red.

flqsrnission and Escape_Re

A t ransmiss ion region has the proper ty  such that  when

a par t ic le  enters i t ,  the t rack ing of  that  par t ic le  is

terminated and a l l  o f  i ts  parameters (X,  Yt  Z coord inates,

energy,  e tc . )  are s tored on a magnet ic  tape ca l led the

interact ion tape.  This  tape then can be used to generate

a source tape composed of  par t ic les enter ing the t rans-

miss ion region.  rn  genera l ,  a  t ransmiss ion region is  used

when i t  is  des i red to  run a problem in  two steps.  This  is

usually done for very deep penetrations or for unusual

geometr ic  conf igurat ions (such as ducts)  where i t  may be

more economical  to  run the problem in  s tages.  The designa-

t ion of  a  t ransmiss ion region is ,  however ,  opt ional .  Note

that  the program is  capable of  t reat ing up to  10 d i f ferent

t ransmiss ion regions.
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An escape region is  one in  which a l l  par t ic les that

enter  are k i l Ied.  I t  is  ord inar i ly  used to  def ine the outer

I imi ts  of  the geometry  ( i .e . ,  the complete qeometry  is  en-

c losed in  a large region which is  des ignated as the escape

reg ion )  .

4 . 2 . 10 __Qco_f.lng__neg-ions-

A scor ing region is  one in  which the f lux contr ibut ion

is  computed for  each par t ic le  which passes through i t .  In

a nonscor ing region no such computat ion is  made r  so that

the output  ed i t  prov ides f luxes only  in  those regions

designated in  the input  as scor ing regions.

In  most  problems i t  is  des i red to  know the f lux in

every region separate ly ,  in  which case each region in  the

problem would be def ined as a scor ing region wi th  a d i f fer -

ent number. fn some problems, however, two or more re-

gions may be completely symmetric with respect to the source,

in  which case the f luxes in  these symmetr ic  reg ions could

be combined wi thout  any loss of  in format ion,  and,  in  fact ,

an improvement in the accuracy wil l  be obtained. Each of

these regions then would be designated by the same scoring

region number.  In  s t i l l  o ther  problems i t  may be unnecessary

to know the f luxes in  cer ta in  reg ions.  These should then

be given scoring region number zero, which tabs them as

nonscor ing.
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Since f luxes are only  s tored and pr in ted out  for  scor-

i ng  reg ions ,  i t  i s  poss ib le  to  reduce  bo th  the  s i ze  o f  t he

edi t  and the core s torage requi rements by reducing the nqm-

ber  of  d i f ferent  scor ing regions.  I t  should be remembered,

however ,  that  once a problem is  run i t  is  impossib le  to

recapture any f lux in format ion in  nonscor ing regions.

4 . 2 . L I Number of  His tor ies and Stat is t ica l  Groups

The user  must  des ignate the to ta l  number of  source

par t ic les (h is tor ies)  to  be run in  the problem. Al though

a greater  number of  h is tor ies wi l l  improve the accuracy of

the answers,  i t  w i l l  a lso increase the problem running t ime.

The user  must  therefore s t r ike a balance between the to ler -

abl-e errors in the answers and the cost of running the

problem. In  compl icated problems i t  is  usual ly  wise to  rut t

a  tes t  p rob lem o f  100  to  200  h i s to r i es  to  ge t  a  " fee l "  f o r

whether  par t ic les are reaching the desi red regions.  I f

they are not ,  the fau l t  probably  l ies in  incorrect  j -mpor tance

sampl ing and the weights  should be adjusted.  I f  the test

problem appears to  have run"wel l r "  then the number of  h is-

tor ies can be increased by perhaps a factor  o f  about  10.

Af ter  some exper ience,  the user  can genera l ly  determine the

correct  number of  h is tor ies to  run in  a par t icu lar  problem.

In running the problem the to ta l  number of  h is tor ies

is  d iv ided in to aggregates ca l led s tat is t ica l  groups.  This

is done in order to compute the variance (or standard devia-

t i on )  o f  t he  f l uxes .  A1 l  pa r t i c l es  (and  the i r  l a ten ts )
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with in a group are t racked before another  group is  t reated.

F luxes are computed and stored on tape separate ly  for  each

group .  The  s i ze  o f  t he  s ta t i s t i ca l  g roup  i s  cons tan t  i n  a

g iven problem and rnust  be speci f ied in  the input .  The group

size is  not  cr i t ica l  but  should be smal l  compared to  the

tota l  number of  h is tor ies to  be run.  About  20 h is tor ies per

stat is t ica l  group has genera l ly  been found to be adequate.

4.2.12.  
" ,  ,  Vo, lu ]ne,  99mpu, ta. t i .on

To evaluate the f lux,  the t rack length in  a reg ion is

d iv ided by the vo lurne of  the region.  Prov is ion has been

made to input  vo lumes of  reg ions i f  they are known.  I t  o f ten

happens however that regions described by the combinatorial

geometry technique have such complex shapes that an analyt ic

volume computation is not practical. To determine the vo1-

ume of  such regions,  a  rout ine is  inc luded to per form a

ray- t rac ing numer ica l  in tegrat ion ca lcu lat ion of  the vo lume.

A grid plane is set up such that rays normal to the

plane penetrate the geometry  in  quest ion.  Rays are passed

through the p lane wi th  a f ixed spacing AX and AY.  The t rack

length through any region is calculated and set equal to

Zr , ,  where n is  the ray number.  The vo lume,  then,  o f  a  reg ion

is  AX AY xn zn.  The accuracy of  the vo lume computat ion is

dependent  on the AX and AY spacings.  For  vehic les such as

the M-60,  accurac ies of  a  few percent  have been obta ined

wi th spacings of  approx imate ly  one inch.
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4 . 2 . L 3  S e c o n d a r y  P r o d u c t i o n  ( G A S P )

A . In teract ion Scor inq

SAM-C prov ides the user  wi th  a method of  ca lcu lat ing

the product ion and t ranspor t  o f  secondary par t ic les coming

ou t  o f  p r imary  sou rce  pa r t i c l e  i n te rac t i ons  (e .g .  rY - rays

f rom neutron capture or  ine last ic  scat ter inq and secondary

neu t rons  f rom f i ss ion  o r  (n ,2n )  reac t i ons ) .  Du r ing  the

t rack ing of  pr imary source neutrons,  a l l  in teract ions which

are capable of  producing secondar ies are s tored on the

i n t e r a c t i o n  t a p e  ( o f  S e c t i o n  4 . 2 . I 4 ) .  T h e  s t o r e d  d a t a  a r e

the coord inates of  the co l l is ion point ,  the energy and

weight  o f  the pr imary neutron,  and the type of  in teract ion.

This  tape then can be processed v ia  the GASP program, which

generates a source tape for use in a subseguent SAM-C prob-

lem. I t  should be noted,  however ,  that  GASP is  run as a

separate problem and the input to i t  should not be included

wi th the SAM-C input  package.  The fo l lowing d iscuss ion

descr ibes the basic  input  requi red to  run GASP.

B.__GASP (qaruna Second

The f i rs t  group of  input  speci f ies the number of  e1e-

ments in the configuration, number of regions in the prob-

1em, maximum number of primary neutron histories to be

processed ( th is  may exceed the number of  source par t ic les

run in the SAM-C problem, in which case GASP wil l  process

al l  pr imary h is tor ies) ,  maximum number of  secondary par t i -

c les to  be created,  and the number of  energy b ins for  an
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in teract ion tape edi t .  f f  the la t ter  quant i ty  is  non-zero,  the

user must supply a l ist of primary neutron energy bins and

the code wil l  provide the number of absorptions and inelas-

t ic  scat ter ings in  each b in for  each region.  f f  the user

wishes to  edi t  the in teract ion tape but  does not  wish to

generate a secondary soutrce tape I a zeta should be entered

for the number of secondary part icles to be created.

Assuming that  a  source tape is  des i red,  the fo l lowing ,

input  is  requi red for  each e lement  in  the conf igurat ion.

1. Atomic weight..

2. Number of different capture garnma energies

produced per neutron capture.

3. Number of corresponding prirnary neutron

energies. This quantity perrnits the user

to change the capture garnma spectrum as

a function of neutron energy.

4.  Number of  d i f ferent  ine last , ic  scat ter ing

gamma-ray energies.

5. Number of corresponding prinrary neutrion

energ ies.  This  can be used to change the

inelastic gamma spectrum as a function of

neutron energy.

6. Capture garrma energy values.

7.  Corresponding neutron energy va lues.
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8. Number of gammas produced at each gamma

energy  fo r  each  neu t ron  ene rgy  b in  ( i . e . t

s tar t ing wi th  neutron b in #1,  enter  the

number of gammas produced at each energy

in the gamma spectrum, then repeat for

n e u t r o n  b i n  # 2 ,  e t c . ) .

9 .  I tems 6,  7  |  and 8 are then repeated for

ine last ic  gammas.

After i tems 1 through t have been entered for each

element ,  the user  must  speci fy  the region and energy

weights  for  secondary par t ic les.  The format  is  g iven in

Sect ion 4.2.L4.  Note that  no angular  weights  are permi t ted

in GASP. In  set t ing up the secondary par t ic le  weights  for

GASP it also should be noted that the number of secondaries

produced wi l l  be modi f ied by the rat io  of  pr imary neutron

weight  to  secondary galnma weight .  Assume,  for  examPle,

that  the user  has speci f ied that  one gamma ray is  produced

in a par t icu lar  capture react ion.  I f  the weight  o f  the

captured neutron was 1.0 and the secondary gamma weight is

g iven as 0.5,  the code wi l l  actual ly  generate two gamma

rays.  This  should be of  no concern s ince the normal j -zat ion

to the proper energy spectrum is done correctly by the code.

This  method of  generat ing secondar ies can be used to ad-

vantage s ince i t  a l l -ows the user  to  suppress secondary

product ion in  cer ta in  reg ions (by making the region weight

in  GASP very large) ,  whi le  enhancing i t  in  o ther  reg ions.
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The f ina l  group of  input  is  used i f  an edi t  o f  the

source tape is  des i red.  The energy b in s t ructure of  secon-

dary par t ic les is  speci f ied and the edi t  prov ides the numbet

of  secondar ies generated in  each energy b in in  each region.

The input requirements for the second.ary SA}4-C problem

are s imi lar  to  those for  the pr i .mary problem. The stat is-

t ica l  group s ize for  the secondary problem should be the

same dsr  or  a  mul t ip le  of ,  that  o f  the pr imary problem.

4 . 2 . 1 4  C a r d  I n p u t  F o r m a t s

De f in i t i ons  o f  a l l  i npu t  quan t i t i es  a re  d i scussed  be low

in the i r  correct  order .

A. TUNC Input

TUNC is the main program of the SAM-C system and the

input  consis ts  of  two cards.

Card 1

Any 80 Hol ler i th  characters (usual ly  serves as a

t i t l e  c a r d ) .

Card 2

IBAND, NBAND (Format  2110)

IBAND = 0 An organized data tape (ODT) wil l
be generated and edi ted (BEDIT)
and the geometry input wil l  be
added to the ODT.

IBAND = 1 An ex is t ing ODT wi l l  be edi ted
and the geometry input wil l  be
added to the ODT.

IBAND = 2 An organized data tape (ODT) wil l
be generated and the geometry
input wil l  be added to the ODT.
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IBAND = 3

IBAND = 4

NBAND

The geometry  input  wi l l  be.added to
an ex is t ing ODT

An ex is t ing ODT also conta in ing the
geometry input wil l  be used

The number of energy bands in which
the cross sect ions are to  be Proc-
essed .  Dur ing  t rack ing ,  t he  c ross
sect ions in  only  one band are in  the
computer at any one t ime" An attempt
should be made to keep the total
number of  cross sect ions roughlY
constant  in  each band.

B. BAND Input

The BAND rout ine organizes the cross sect ions and

generates an ODT.

Problem Number any integer

Upper and lower energies - may be left blank'.

Number of composit ions enter the total number
of  d is t inct  composi t ions.

NG - enter 0 for a neutron problem or 1 for a
gamma-ray problem.

NBAND - enter the

C a r d 2 - C r o s s S e c t i o n

same number as i-n the TUNC inPut

Band L imi t .s  (Format  5814.5)

Enter  the energy l imi ts  ( in  ev)  o f  each band star t ing

with the highest energy and proceeding to the lowest energy

in the problem. Use as many cards as necessary.

Card 3 - Composit ion Identif ication (Forma!-?11!-)

Composit ion number an integer start ing with 1 for
the f i rs t  composi t ion.

Number of elements enter the number of discrete
e lemen ts  o r  i so topes  ( i . e .  ,  U23  5  and  U238  wou ld
count  as two e lements)  in  the composi t ion.

card I  rdent i f icat ion card (Formats
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Card 4 -  E lement  Cards (one card per  e lement)  (Formats 15,-aT5=r-.-

fD an in teger  which ident i f ies each e lement .
Make sure that  th is  in teger  agrees wi th  the
ident i f icat ion number of  the e lement  on the
element  data tape.  The ident i f icat ion numbers
on  th i s  t ape  a re  usua l l y ,  bu t  no t  necessa r i l y ,
equal to the integral atomic weights of the
e lemen ts .

Conqentration - enter the atomic concentration
Oo24 atoms/cm3) of  each e lement  in  the
composi t ion.

Cards 3 and 4 are repeated for  each composi t ion.

C.  GENI (Geometry)  Input

The format for the geometry input is discussed in

Sec t i ons  2  and  3 .2  o f  t h i s  repo r t .

D. _fNPUTD fnput

The INpIITD routine reads and stores the remainino

input  for  a  problem.

Card 1 -  Genera l  In format ion (Formats 3110,  8I5)  * , tt
NSTART The number of real t ime seconds of S

running t ime before terminating and \
ed i t i ng .  

o

Number of the last history to be d
t reated.

Number of  h is tor ies per  s tat is t ica l  A
group.

Number of regions in the geometry.

Enter 0 for a neutron problem or 1 q
for a garnma problem.

Number of output t ime bins (enter 0 ,a
for a t ime-independent problem) . , t .  

v

Number of output enersy bins S\ .\ r$'

\k $'
\qb

NSTOP

NSTAT

NRI\4AX

NG

NT

NOUT

r ' { , - ' u .r*oi
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NUMSC

NRWL

IREX

I R T  (  I )

Number of  f  lux scor i -ng reqions.

Number  o f  d i s t i nc t  reg ion  we igh ts .

Addi t ional  t ransmiss ion region
numbers.  Leave b lank i f  on ly  one
or  i f  no t ransmiss ion region.

Enter  a ' f  i f  absorpt ions are to  be
recorded on tape,  o therwise leave bIank.

En te r  a  r1 l r r  i f  i ne las t i cs  a re  to  be
recorded on tape,  o therwise leave b lank.

En te r  a  r r l r t  i f  e las t i cs  a re  to  be
recorded on tape,  o therwise leave b lank.

* Aeqrates
A inu l t ip l ic i ty  factor .  Each t ransmiss ion
wi l - l  be recorded on tape r r IWOrr  t imes.  I f
IWO is  zero,  Do t ransmiss ions wi l l  be
recorded.

Tota l  number of  po int  detectors.

Number of detectors for which f lux-at-a-
point  is  to  be used.  Stat is t ica l  est ima-
tion wiII be used for the remaining
detectors.

ir',

^/

t
The escape region number.

The f i rs t  t ransmiss j -on region number
( l eave  b lank  i f  no  t ransmiss ion  req ions
a r e  d e s i r e d ) .

Note that  the above 1I  i tems appear  on a s ing le card,

the f i rs t  three are Format  I10 and the last  e ight  are

Format  15 .

C a r d  1 . 1 Transmiss ion- Interact ion In format ion (Format  14I5)

I R T  ( 2 )
I R T  ( 3 )
rR r  (4 )
I R T  ( 5 )
I R T ( 6 )
I R T ( 7 )
I R T  (  8 )
I R T  ( 9 )
I R T  ( } O )

IWA .

IWI

IWE

IWD
rwo

Card 2 - Number of Point Detectors (Format 2110)

NDET

NDFAP



Card 3 -  Point  Detector  Coord inates (Format  3814.6)

xAD, YAD,
ZAD

Card 4 -  Cutof f

The  X ,  Y ,  Z  coo rd ina tes  o f  each
detector  po int .  One card Per
detector .  Enter  the f lux-at -a-point
detectors f i rs t ,  fo l lowed bY the
s ta t i s t i ca l  es t ima t ion  de tec to rs .

In fo rma t ion  (Fo rma t  5814 .5 )

Low energy cutof f  (ev) .  Track ing
of  a  par t ic le  is  terminated i f  i ts
energy degrades below ECUT.

Thermal energy if  a thermal group
is  requi red.  ETH must  be wi th in
the energy l imi ts  of  the problem.

Leave b lank.

S e e  d i s c u s s i o n  i n  S e c t i o n  4 . 1 .

H igh  ene rgy  cu to f f  (ev ) .  Th i s  shou ld
be less than or  equal  to  the h ighest
energy for  which cross sect ions are
ava i l ab le .

ECUT

ETH

TCUT

F Z

EHIGH

Card Set  5 -  Output  Enersy Bins (Format  5814.5)

These cards gJ.ve the boundaries of the output energy

bins (ev)  used for  the f lux edi t .  There should be f ive

entr ies per  card wi th  a to ta l  o f  (NOUT + 1)  ent r ies.  The

energies should be l isted from high to low with the lowest

energy equal  to  or  less than ECUT. The f i rs t  and laet

entr ies should be negat ive.  I f  supergroups are usedr  any

number of  in termediate energ ies may a lso be negat ive.

Card Set  6 -  Output  T ime Bins (Format  5EI4.5)

These cards give the boundaries of the output t ime

bins.  There should be f ive entr ies per  card wi th  a to ta l

o f  (NT + 1)  ent r ies.  However ,  i f  NT = 0,  omi t  Card Set  6
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?-'''

ent i re ly .  T imes should be entered f rom high to  1ow wi th  the

f i rs t  ent ry  equal  to  or  greater  than TCUT and the last  ent ry

mus t  equa l  0 .

Card  Se t  7  -  Reg ion  We igh ts  (Fo rma t  58 f4 .5 )

These cards g ive a l1 of  the region weights  needed in

the problem. They are entered f ive to  a card wi th  a to ta l

o f  NRWL entr ies.  The order  in  which the weights  are entered

is irrelevant, but does determine the region weight ngllbgfE

( i . e . ,  e n t r y  o n e  i s  w e i g h t  # 1 ,  e t c . ) .

Card 8 -  Regi .on Speci f icat ions (Format  6r5)

Use one card per region with a total of NRII ' IAX cards.

The f i rs t  card apol ies to  reg ion I ,  the second to reg ion 2,

e t c .

I S C Scoring region number in which the
f luxes in  th is  geometr ic  reg ion are
to be s tored.  Severa l  reg ions may
be ass igned the same ISC number.  I f
ISC =  0 ,  f l uxes  w i l l  no t  be  s to red .

NREG Number of the composit ion to be found
in th is  reg ion.  These numbers are
defined by the BAND input.

Region weight number assigned to this
region. A weight number is given by
i ts  pos i t ion in  the l is t  o f  reg ion weights .

IEW Energy weight set number assigned to
th is  reg ion.  f f  lEW = T '  there is  no
energy weight ing in  th is  reg ion.

IAN Aiming angle number assigned to this
region.  I f  fAN = 0 there is  no
angular  weight ing in  th is  reg ion.

IANG Angular weight set number assigned to
th i s  reg ion .

IRW

L79



Card 9 -  Enerqv weiqht  Speci f icat ion (Format  2IL0l

Number of energy bins for energY
we igh t i ng .

Number of dist inct energY weight
sets .  I f  NEWL and NEW = 0,  the
problem cohta ins no energy
weight ing and Cards 10 and 11
are omi t ted.

Card  Se t  10  -  B in  L im i t s  f o r  Energy  We igh ts  (Fo rma t  5814 '5 )

Enter  the boundar ies (ev)  o f  the energy b ins to  be

used for  energy weight ing.  There should be f ive entr ies

per  card wi th  a to ta l  o f  (NEWL + 1)  ent r ies.  The enerq ies

should be entered in  decreasing order .  The lowest  b in

t imi t  should be less than or  equal  to  ECUT.

Card Set  11 -  Energy Weigh:9 Sets (Format  5T14.5)

The energy weight value in each of the above energy

bins should be entered.  One or  more sets  of  energy weights

may be entered. Each set should contain NEWL entries and

a new card should be used to s tar t  each set .  There should

be a to ta l  o f  NEW sets.  The order  in  which the sets  are

entered determines the energy weight  set  numbers ( tne f i rs t

s e t  i s  w e i g h t  s e t  # 1 ,  e t c . ) .

Card 12 -  Ansular  Weiqht  Speci f icat ions (Format  3110)

NEWL

NEW

NAII\,lL

NUMANL

Number of  d is t inct  a iming angles.

Number of angular bins for angular
weight ing.

NUMANG Number of dist inct angular weight sets.

If  the problem contains no angular weighting, enter 0

for  the above three quant i t ies and omi t  Cards 13,  L4,  and 15.
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Card  Se t_13  :_ { !m i l g  Ang les  (Fo rma t  3E I4 .5 )

En te r  t he  d i rec t i on  cos ines  o f  each  a im ing  ang le  w i th

respec t  t o  t he  X ,  Y ,  Z  coo rd ina tes .  Use  a  to ta l  o f  NA IML

c a r d s .

Card _14 -  B in L imi ts  for  An

Enter  the boundar ies of  the angular  b ins to  be used

for  angular  weight ing.  Boundar ies are g iven in  terms of

the  cos ines  o f  t he  ang les ,  w i th  the  f i r s t  en t r y  equa l  t o

1 .0  and  the  l as t  en t r y  equa l  t o  -1 .0 .  The re  wou ld  be  a

tota l  o f  (NUMANL + I )  ent r ies.

Card  Se t  15  -  Angu la r  We igh t  Se ts  (Fo rma t  5E14 .5 )

The angular  weight  va lue in  each of  the above anguiar

b ins should be entered.  One or  more sets  of  angular  weights

should be entered. Each set should contain NUI!,IANL entries

and a new card should be used to s tar t  each set .  These

should be a total of NUMANG sets. The order in which the

sets are entered determines the angular  weight  set  numbers.

Card.  16 - . .Sgu.r .ce Spesi f icat ions _(Format  3I l0)

NSR

IFLAG

Number of different source regions j-n
the problem. I f  NSR = 0,  an external
source tape is used and no further
source input  is  requi red.

Number of energies used to define the
source spectrum. I f  IFLAG = 0,  a
bui l t - in  Cranberg f iss ion spectrum wi l l
be used for  a  neutron problem.

I f  ISW =  0 ,  f l uxes  w i l l  no rma l i ze  to
one  sou rce  pa r t i c l e .  I f  ISW =  I ,  f l uxes
wi l l  be normal ized to  the to ta l  source
power as given on the next card.

l
l

ISW
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C a r d  1 7  -  S o u r c e  R e g i o n s  ( F o r r n a t s  I 1 0 ,  8 2 0 . 1 0 ,  I 1 0 )

one card is  requi red for  each source region wi th  a

to ta l  o f  NSR such  ca rds .

ISR Geometr ica l  reg ion number.

P Power densi ty  in  the region (source
par t i c l es  pe r  un i t  vo lume) .

ISO I f  ISO = 0,  the source par t ic les wi l l  be
emi t ted  i so t rop i ca l l y .  f f  ISO =  I ,
the source wi l l  be monodi rect ional ,
wi th  the d i rect ion speci f ied on
Card  2 I .  The  va lue  o f  ISO (0  o r  1 )
must be the same for al l  source
r e g i o n s .

Card 18 -  
.Sp.eg. t ruJn Descr ip t ion ( -Format  2820.8) .

These cards g ive the in tegrated source spectrum. Each

card contains an energy (ev) and the integrated source

above that energy. The f irst card contains the upper energy
(
)  s(E)dE,  of  the source wi th  the in tegra l  equal  to  O' . -  The/

last card gives the lower energy of the source with the

integra l  equal  to  1.0.  The lower energy of  the source

should be less than or  equal  to  ECUT, but  greater  than or

equal to the lowest output f lux energy bin I init .

Card 19 -  T ime Speci f icat ions (Format  I I0)

NOT Number of t ime values used to specify
the t ime d is t r ibut ion.  Cards 19 and
20 should be omitted for a t ime-inde-
pendent problem.

Card  Se t  20  -  T ime  D is t r i bu t i on  (Fo rma t  2820 .10 )

Each o f  these cards  shou ld  conta in  a  t ime va lue  and

/
the  cor respond ing  in tegra ted  source  up  to  tha t  t ime)  S t t la t .  '
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These  ca rds  a re ,  t he re fo re ,  ana logous  to  Card  18 ,  excep t

that  t ime replaces energy.  The f j - rs t  ent ry  should corre-

spond  to  the  l onges t  t ime  w i th  the  i n teg ra l  equa l  t o  1 .0 .

The last  ent ry  is  for  t ime equal  0  wi th  the in tegra l  equal

t o  0 .

Card 2L -  Iv lonodi rect ional  Source (Format  3E14.5)

I f  fSO =  1 ,  t he  d i rec t i on  cos ines  o f  t he  monod i rec t i ona l

source wi th  respect  to  the X,  Y,  Z coord inate axes should

be entered.  I f  ISO = 0,  omi t  th is  card.  Do not  use angular

weight ing in  the source regions i f  a  monodi rect ional  source

i s  s p e c i f i e d .

Card 22 -  Volume Parameters (Format  2110)

rR The region number of the vertex point
XV .  I f  IR  =  0 ,  t hen  a l l  vo lumes  w i l l
be read in and no computations wil l  be
made .

Do not punch out computed volumes.

Punch out computed volumes.

IPUN

IPUN

C a r d  2 3

= 0

l o

Z Coord inates of  the XV Point  (FormatThe X,  Y,  Z Coord inates of  the XV Point  (Format
re
Card 24 -  The X,  Y,  Z Coord inates of  the XT Point  (Format

Card  25  -  The  X ,  Y Z Coordinates of the XO Point (Format

C a r d  2 6  -  T h e  X ,  Y Z Coord ina tes  o f  the  XA Po in t  (Format
8 2 0 .

The above four cards

within which the volumes

descr ibe the ver t ices of  the box

wi l l  be computed.
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C a r d  2 7  -  D O D ,  D T ,  ( F o r m a t  2 8 2 0 . 8 )

DoD is  the increment  on the l ine (xv,  xo) '  DT is  the

increment  on the l j -ne (xV,  xT) .  The two increments def ine

the scanning mesh for  the numer ica l  in tegrat ion.

Note that cards 23 through 27 ate to be omitted if

I R =

Card

0 .

28 - Pre-Computed Vo lumes  (Fo rma ts  I10 ,  820 .8 )

IRI  is  the region number of the pre-computed volume.

volume.VR is the pre-comPuted

Repeet  Card 28 for al l  regions having Pre-computed

volumes.

The last  card of  th is  set  must  conta in an IRI  greater

than the number of  reg ions.

Card  29  -  Bu i l t - i n  Response  Da ta  (Fo rma t  5814 .5 )

The bui l t - in  response data are as descr ibed in  Sect ion

4 .2 .8 .  En te r  t he  C(E)  da ta  i n  t he  same o rde r  as  the  ou tpu t

energy b ins.  Enter  NouT I  numbers.  I f  no bui l t - in  re-

sponse is  des i red,  enter  the corresponding number of  b lank

c a r d s .

E.  GASP InPut

The GASP routine is Used to edit the interaction tape

produced in a primary neutron problem and to generate and

edit a secondary gamma-ray or neutron source tape.
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Card  I  -  Genera l  Spec i f i ca t i ons  (Fo rma t  6 I5 )

NELE Number of elements present in the
con f i gu ra t i on .

IRMAX Number of geometric regions in the
con f i qu ra t i on .

fHCUT Number of  pr imary h is tor ies to  be
p rocessed .

IGCUT Number of  secondary par t ic les to  be
genera ted .

NOUT Number of  energy b ins for  ed i t ing
the in teract i -on tape.  f f  NOUT = 0,
the edi t  is  bypassed and Card 2
should be omi t ted.

IPRIN = 0 Pr in t  GASP element  data.

IPRIN = 1 Pr in t  on ly  e lement  parameter  card
of  GASP element  data.

Card 2 -  Output  Energ ies for  In teract ion Tape Edi t  (Format

Enter the l imlts of the output energy bins in which the

interact ion tape is  to  be edi ted.  The edi t  wi l l  prov ide

the number and type of interactions occurrj-ng in each bin

for  each reqion.  There should be a to ta l  o f  (NOUT + 1)

entr ies in  decreasing order .  Cards 3 through 9 are to  be

omit ted i f  IGCUT = 0.  In  th is  case no secondary source tape

wi l l  be generated.  I f  IGCUT is  greater  than 0,  repeat  Cards

3  th rough  9  fo r  each  e lemen t  ( i . e . ,  t hese  seven  ca rds  a re

peci f ied in  order  for  the f i rs t  e lement ,  then go back to

'  Ca rd  3  and  repea t  t he  i npu t  f o r  t he  second  e lemen t ,  e t c . ) .
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Card 3 -  E lement  Parameter  Card (Format  5I5)

IATWT

LA

KA

L I

K I

Atomic weight  ( th is  must  be the
same number used to identify the
element  in  the BAND input .

Number of cl iscrete capture galnma
energ ies.  Enter  zero i f  no capture
ganmas are produced.

Number of corresponding incident
neutron energ ies.  Enter  zero for
no capture gammas. If  the capture
gamma spectrum is independent of
neutron energy,  enter  a  1.

Number of  ine last ic  ganma ray
energ ies .  En te r  a  ze to  i f  no
inelast ic  aammas are produced.

Number of corresponding incident
neutron energ ies.

Card  4  -  Cap tu re  Gapma Energ ies . (Fo rma t  6812 .4 )

Enter the energies in the capture gamma spectrum in

increasing order .  These should be a to ta l  o f  LA entr ies.

Omit  th is  card i f  l ,A = 0.

Card 5 - _C" aptured Neutron B )

Enter the upper bound of each neutron energy bin, in

ascendinq order .  The lower bound of  the lowest  energy b in

j-s not entered and is assumed by the code to be 0. There

should be a to ta l  o f  KA entr ies.  Omit  th is  card i f  KA = 0.

Card Set 6 - Capture Gamma_llumbers (-Format 6812.6)

For  each of  the KA neutron energ ies,  enter  the number

of gammas produced at each of the LA gamma energies. Start

with the lowest neutron energy bin and enter each garnma num-

ber  in  increasing order  of  gamma energy.  Star t  a  new card
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f  or  each neutron enerqy b in.  There shoul -d be a to ta l -  o f

KA  x  LA  en t r i es .  Omi t  t h i s  ca rd  i f  e i t he r  ca rd  4  0 r  ca rd

was omi t ted.

Card 7 - Inelastic Gamma nnerg.ie.s (q.orm+ 6El

. Ident ica l  to  Card 4 except  that  the entr ies are in-

e last ic  gamma energ ies instead of  capture gamma energ ies.

Ther ' e  shou ld  be  a  to ta l  o f  L I  en t r i es .  Omi t  i f  L I  =  0 .

Card B -  Ine last ica l ly  Scat tered Neutron .Energ ies (Format-=6e-r7.6l--

Enter  the boundar ies of  the ine last ica l ly  scat tered

neutron energy b ins,  s tar t ing wi th  the lower bound of  the

Iowest  b in  and proceed in  ascending order .  There should be

a  to ta l  o f  K I  en t r i es .  Omi t  i f  K I  =  0 .

Card Set g - Inelastic Gamma Numbers (Format 6EL2!6)

Ident ica l  to  card 6 except  that  the entr ies are the

number of inelastic gammas produced at each of the LI gamma

energ ies.  s tar t  a  new card for  each neutron enerqy b in.

Since the number of  neutron b ins equals  (KI - l )  '  the to ta l

number  o f  en t r i es  mus t  equa l  L r  x  (K I - l ) .

Repeat  Cards 3 through 9 for  each e lement .

Cards 10 through 15 - negion and-E,ne,rgy, ]{eights

These cards speci fy  the weights  for  the secondary par-

t ic les.  The input  format  is  ident ica l  to  that  used in  the

INPUTD input .  Note that  angular  weight ing is  not  permi t ted

so that  IAN and IANG are te f t  b lank in  Card 12.  Omit  these

s i x  ca rds  i f  IGCUT =  0 .
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The fol lowinq two cards are used to obtain an edit of

the source tape being generated.  I f  no source tape was

generated ( tGCUt = 0)  they may a lso be used to edi t  an

ex i s t i ng  sou rce  tape .

Card 16 -  Number of  Energy e ins for  Saurce Tape Ed

T+

NOUT Number of  output  energy b ins.  Wi th in
each  o f  t hese  ene rgy  b ins ,  t he  ed i t
wil l  provide the number of secondary
gammas generated in  each region.

Card 17 - Energie.s fo.r Source T.apg .Edjt- (.Format 5E13.5)

Enter  the l imi ts  of  the output  energy b ins for  the

source tape edi t  in  decreasing order .  There s lou ld be a

to ta l  o f  (Nou t  +  1 )  en t r i es .

4.3 ORGANTZATTON OF THE SAM-C

The SAI4-C program consists

the i r  assoc ia ted  sub rou t i nes .

PROGRAM

of two main programs and

The f i rs t  main program is  TUNC. TUNC reads and proc-

esses a l l  input .  The input  is  d is t r ibuted amonq var ious

conmon blocks and in an array labeled MASTER or ASTER. The

two arrays are equiva lenced and the d i f ferent  names are used

to reference f ixed point  or  f loat ing point  data.  The MASTER-

ASTER a r ray  con ta ins  the  bu l k  o f  t he  i npu t ,  i . e . ,  c ross

sect ions,  geometry ,  and Monte Car lo  t rack length scores.  A

diagram deta i l ing the a l locat ion of  s torage in  the MASTER-

ASTER array is shown in Appendix D. A f low chart of the

TUNC program is shown in the discussion of the TUNC routine.

,J
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The second main program is  ca l led MONTE. MONTE con-

t ro l s  t he  ac tua l  Mon te  Car lo  ca l cu la t i on  and  the  f l ux -a t -

a -po in t  ca l cu la t i on .  The  rou t i ne  con t ro l s  t he  read ing  o f

cross-Sect ion bands and the wr i t ing on tape of  the answer

a r rays .  A  de ta i l ed  d i scuss ion  i s  g i ven  i n  the  desc r ip t i on

of the MONTE program.

4 . 3.1. _*_ _o3egga.p_t_a_og_gI_3gti""s

This  sect ion g ives a br ie f  descr ip t ion of  every rout ine

in the program. The rout ines which have an aster isk (* )

superscr ip t  are of  major  impor tance.  The descr ip t ions are

g i ven  i n  aLphabe t i ca l  o rde r .  The  b r i e f  desc r ip t i ons  a re

fo l lowed by deta i led -descr ip t ions of  the impor tant  rout ines.

Note that the fol lowing routines are used by the sAM-c

program and the MAGIC Program.

BOX
DIGCON
FLOCON
G1
s
SEE3

The above routines are

Routine

ALBERT

SPH
TROPIC
UNl
UN2
WOWI

d e s c r i b e d  i n  S e c t i o n  3 . 3 . 1 .

Descr . ip t ion

ARB

An input  processing rout ine to  read in
arb i t rary  polyhedron (ane1 data.  The
rout ine wi l l  check for  er rors  and a lso
put the data in the MASTER arraY.

A t rack ing rout ine to  ca lcu late d is tance
to  f i r s t  i n te rsec t i on  (R IN)  and  d i s tance
to last  in tersect ion (ROUT) for  the ARB
f igu re .
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Routine

BAND*

BEDTT

BOX

CARLO*

cLoc

DCOSP

DIGCON

DIREC

Descr iPt ion

The  c ross -sec t i on  p rocess ing  rou t j -ne .
The rout ine reads in  composi t ion data.
Element  data for  the requi red e lements
i s  read  f rom an  e lemen t  da ta  tape  (EDT) .
The e lement  and composi t ion data are
used to ca lcu late macroscopic  to ta l
c ross  sec t i ons .  Compos i t i on ,  e lemen t ,
and  to ta l  c ross -sec t i on  da ta  a re  p laced
in the MASTER array and on the organized
d a t a  t a p e  ( O D T ) .

A rout ine to  edi t  the (ODT) in  a
readable form.

A t rack ing rout ine to  ca lcu late d is tance
to  f i r s t  i n te rsec t i on  (R IN)  and  d i s tance
to last  in tersect ion (ROUT) for  the BOX
f i g u r e .

The Monte Car lo  caLculat ion rout ine.
The rout ine contro ls  impor tance sampl ing '
co l l i s i on  mechan ics ,  and  sco r ing .

This  rout ine wi l l  pr in t  the t ime as com-
puted by the computer  in ternal  c lock.

Given two posi t ion vectors,  xA and XB,
the rout ine wi l l  compute d i rect ion cos ines
WA from XA to XB.

A rout ine to  read Hol ler i th  data and
conver t  to  in teger  data.  The rout ine is
ca l led by GENI and is  par t  o f  the input
processing procedure.

Using a d i rect ion vector  W as a polar
ax is ,  a  d i rect ion I f  is  generated the
cosines of  whose polar  angle is  CSTHT
and wi th  random azimuthal  angle.  Thus '
new d i rect ion cos ines W'  are computed
such that

W . W '  = C S T H T .
The rout in6 is-used in  comput ing the
new di rect ion af ter  a  scat terJ-ng.

l-
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Rout ine

DR*

ELL

EDIT

FAP*

FLOCON

GE

GENI*

c l *

PeEg-riplig!

The  co l l i s i on  mechan ics  rou t i ne .  The
rout ine is  used to  ca lcu late macro-
scop ic  to ta l  c ross  sec t i ons  as  a
func t i on  o f  ene rgy .  The  rou t i ne  a l so
determines energy and angle af ter
sca t te r i ng .

A t rack ing rout ine to  ca lcu late d is tance
to  f i r s t  i n te rsec t i on  (R IN)  and  d i s tance
to last  i -n tersect ion (ROUT) for  the
e l l i pso id  o f  revo lu t i on .  

'

The f lux edi t  rout ine.  The rout ine
pr in ts  f lux answers as a funct ion of
energy and regions,  and dose answers as
a funct ion of  req ion.  The rout ine a lso
p r in t s  f l ux -a t -a  po in t  resu l t s .

The f lux-at -a-point  ca lcu lat ion rout ine.
The rout ine ca lcu lates f lux-at -a-point
scores as a funct ion of  energy and
detector  po int .  The scores are s tored
in the MASTER array and printed out by
the EDIT rout ine.

A rout ine to  read Hol ler i th  data and
conver t  to  f loat ing point  data.  The
rout ine is  ca l led by GENI and is  par t
of  the input  processing procedure.

A routine called by FAP to compute
intermediate resul ts  to  be used in  the
f l ux -a t -a -po in t  sco res .

The major geometry input processingt
rout ine.  The rout ine reads geometry
data,  checks for  er rors ,  and puts  the
data into the MASTER array in the form
requi red by the t rack ing rout ines.

The main geometry  t rack ing rout ine.  Given
a posi t ion { ,  a  d i rect ion $,  and a regi -on
IR the rout ine wi t l  ca lcu late the d is tance
rrs'r from the point I  to the next region
in the d i rect ion W. The rout ine a lso
determines IR '  the next  reg ion to  be
encountered.
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Rout ine

INPUTD*

NOPR

MONTE*

PACK

PEDIT

PICK

RAW

Desc r ip t i on

The Monte Car lo  input  rout ine.  The
rout ine reads Monte Car lo  input  data
and stores i t  in  the MASTER array for
use  by  the  ca l cu la t i on  rou t i nes .
Region speci f icat ion,  impor tance sam-
p l i ng  da ta ,  ou tpu t  ene rgy  meshes ,  and
f lux-at -a-point  data are handled by
th i s  rou t i ne .

A rout ine to  return the current  s tatus
of  the computer  in ternal  c Iock.

The contro l  rout ine for  the Monte Car lo
calculations. The routine mffi [ ' rG-
the organized data tape (ODT) and the
supergroup tapes.  The rout ine a lso
outputs  on tape the scores for  each
stat is t ica l  aggregate for  la ter  use by
the edi t  rout ines.

A rout j -ne to  pack the posi t ion,  d i rect ion,
energy and weight  data for  a  par t ic le
in to seven computer  words.  The seven-
word records are used for  la tent  s torage
and for  output  onto the in teract ton/
t ransmiss ion tape.

The contro l  program for  the edi t  rout j -nes.
The rout ine sets  up arrays for  use as
storage for  the edi t  rout ines.

The control routine for supergroup
la ten ts .  Th i s  rou t i ne  s to res  pa r t i c l es
whose energ ies are not  inc luded in  the
supergroup current ly  be ing processed.
These par t ic les are s tored by PICK in
either the central memory or on tapes
depending on the amount  of  core av l i t -
ab le for  the par t icu lar  problem.

A t rack ing rout ine to  ca lcu late
to f i rs t  in tersect ion (RIN)  and
to last  in tersect ion (ROUT) for
angle wedge.

A t rack ing rout ine to  ca lcu late
to f i rs t  in tersect ion (RIN)  and
to last  in tersect ion (ROUT) for
e l l i p t i c  cy l i nde r .

d i s tance
d is tance
the r ight

d i s tance
d is tance
the r ight

REC
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RCC

Rout ine

REACOM

RPP

RPPIN

RPP2

SEEK

q

SOUCAL*

SOUPIC*

Des,cript i .on

This  rout ine reads a l l  o f  the common
b locks  f rom tape .  A t  t he  po in t  o f
wr i t inq a l l  the input  has been proc-
essed and d is t r ibuted among the common
blocks.  A11 common b locks are wr i t ten
on tape and wi l l  be read in  by subse-
quent  Monte Car lo  rout ines us inq REACOM.

A t rack ing rout ine to  ca lcu late d is tance
to  f i r s t  i n te rsec t i on  (R IN)  and  d i s tance
to last  in tersect ion (ROUT) for  the
r igh t  c i r cu la r  cy l i nde r .

A t rack inq rout ine to  ca lcu late d is tance
to  f i r s t  i n te rsec t i on  (R IN)  and  d i s tance
to last  in tersect ion (ROUT) for  the
rec tangu la r  pa ra l l e lep iped .

An input  processing rout ine to  process
the RPP data and store i t  in the MASTER
ar ray .

Given that  a  ray has in tersected an Rpp,
the rout ine wi l l  determine which Rpp l ies
on the other  s ide.

Given a vector  ET wi th  e lements monoton-
i ca I I y  dec reas in |  and  a  va r iab le  E ,  t h i s
rout ine wi l l  search through the ET and
determine the b in conta in ing E

A rout ine used in  ext ract ing RPP data
f rom the IIASTER array.

The input  processor  for  the source in for-
mation required by the Monte Carlo
rout ines.  The rout ine processes energy
and t ime spectrum data,  and source region
data.  The data are s tored in  the MASTER
array

A rout ine to  generate in i t ia l  source
par t ic les.  The rout ine uses the source
informadion processed by SOUCAL and
de l i ve rs  pos i t i on ,  ene rgy ,  t ime ,  d i rec -
t ion,  and weight  data for  source par t ic les.
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Rout ine

SPH

SUBED

STAT

TALLY

TERP

TRALA

TROPIC

TUNC*

TRC

Descrip,t i ,on

A t rack ing rout ine to  ca lcu late d is tance
to  f i r s t  i n te rsec t i on  (n fn1  and  d i s tance
to last  in tersect ion (ROUT) for  the
sphere  f i gu re .

The main edi t  rout ine.  The rout ine
reads the answer arrays f rom the s ta-
t is t ica l  aggregate tape and prepares i t
for  ed i t ing by the EDIT rout ine.  Dose
responses  a re  a l so  ca l cu la ted  i n  t h i s
proqram.

A rout ine to  ca lcu late s tandard devia-
t ions.  The rout ine accepts data f rom
the EDIT routine and computes standard
dev ia t i ons .

A summary rout ine.  The rout ine pr in ts  a
one l ine summary of  resul ts  for  each
s ta t i s t i ca l  agg rega te .  Quan t i t i es  such
as  number  o f  co l l i s i ons ,  abso rp t i ons ,
deg rada t i ons ,  b i r t hs ,  and  dea ths  a re
pr in ted for  each aggregate.

A l inear  in terpolat ion rout ine.

A t rack ing rout ine used by FAP, the
mEi in  f  lux-at -a-point  rout ine.  The
routine computes distances from an initial point
t o  a  f i na l  po in t .

A t rack ing rout ine to  ca lcu late d is tance
to f i rs t  contact  (RIN)  and the d is tance
to last  contact  (ROUT) for  the t runcated
r ight  cy l inder .

A rout ine to  generate a vector  o f
d i rect ion cos ines f rom an isot ropic
d i rec t i on .

The main control program for the entire
Monte Carlo program. The routine
contro ls  the cross-sect ion processing
rout ines,  BAND and BEDIT,  the geometry
input  rout ine,  GENI,  and the Monte Car lo
input  rout ine,  INPUTD.
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Routine

UNPR

UN].

UN3

UNPACK

VELF

VOLUM

WOWI*

WRICOM

WRTl4

XDIST

De,sgripl ion

A routine to unpack two computer words
conta in ing s ix  in teger  var iables and to
de l i ve r  t he  s i x  i n tege r  va r iab les  s to red
in the common b lock labeled REGPAR.

A rout ine to  unpack the i -n teger  par t  o f
a word conta in ing a packed f loat ing point
and  an  i n tege r  va r iab le .

A routi-ne to unpack a computer word con-
ta in ing  th ree  i n tege r  va r iab les .

A rout ine to  unpack a seven-word vector
con ta in ing  pos i t i on ,  d i rec t i on ,  ene rgy ,
and weight  in format ion.

The veloc i ty  computat ion rout ine.  The
rout ine is  used only  for  t ime-dependent
problems and computes ve loc i ty  as a
func t i on  o f  ene rgy .

The volume computat ion rout ine.  Region
volumes are computed by numerical
i n teg ra t i on .

The routine that determines which region
a ray wi l l  enter  next .  The rout ine is
c a l l e d  b y  " G I " .

The rout ine which wr i tes a l - I  common b locks
on tape af ter  a l l  input  has been proc-
essed .  The  rou t i ne  i s  ca l I ed  by  TUNC.

A rout ine to  wr i te  seven-word records onto
tape.  The rout ine is  caI led whenever  a
t ransmiss ion or  in teract ion is  to  be put
on  tape .

Given XA and XB, two pos i t i on  vec to rs ,
the qeometr ic  d is-the routine computes

tance between X4,  XE.
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Subroutine BAND

The purpose of  BAND is  to  arrange the cross-sect ion

data in  an organized fashion for  the par t icu lar  problem in

p r o c e s s .

The GENDA and GENPRO programs are used to generate an

element  data tape (not1 which conta ins microscopic  cross

sec t i ons  and  p robab i l i t y  t ab les  fo r  a l l  nuc l i des  o f  i n te res t .

This  EDT can be considered as a l ibrary  tape for  any subse-

quent  Monte Car lo  problems.

For  a speci f ic  problem, however ,  the system is  d iv iCed

into regions which conta in g iven nucl ide composi t ions.

Each composi t ion may be descr ibed by a set  o f  nu lc ides and

thei r  respect ive concentrat ions.  When a par t ic le  enters

col l is ion at  some point  wi th in  a reg ion of  g iven composi t ion,

the Monte Carlo program has to select the nuclide in the

composi t ion wi th  which the par t ic le  co l l ides.

The probabi l i ty  that  a  par t ic le  wi th  energy E wi l l

in teract  wi th  nuc l ide k  of  the composi t ion R is  g iven by

P(h, R) = c (k, R) o? (a,e)/h R (E)

where At ,c  (E)  is  the to tar  macroscopic  cross sect i -on

o f  t he  compos i t i on ,  and  C(h rR)  i s  t he  concen t ra t i on

o f  nuc l i de  k  i n  reg ion  R .
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c  $ ,R)  =  
*  

No  u t< ,R

where  ok  =  dens i t y  o f  t he  nuc l i de '  k

Ak = i ts  a tomic weight

N o  =  0 . 0 6 0 2 3  x  I O 2 r ,  A v o g a d r o ' s  n u m b e r

t k ,R  =  vo lume f rac t i on  o f  t he  nuc l i de '

The BAND program searches and reads from the EDT all

in format ion concern j -ng the nucl ides which appear  in  the

var ious composi t ions speci f ied in  the input .  I t  computes

the to ta l  macroscopic  cross sect ions of  each composi t ion at

each f ina l  energy ,  lL t ,R.(Ef) ,  us ing the concentrat ion

data suppl ied as input  to  the program. F inal ly ,  i t  s tores

aI I  data concern ing the nucl ides and the composi t ions of

the problem in  a prescr ibed order .

Hence,  the ro le  of  BAND is ,  above a l l ,  the organizat ion

of  the cross-sect ion and probabi l i ty  data read f rom the EDT.

rn  add i t i on ,  i t  compu tes  and  s to res  the  4 r *  (g f  ) ' t  .

t/r,o(Er.) = 
orT*c 

(k'R) q $,Ef ) .

The output energy mesh for BAND is the same as that of

the EDT. Although the present GENPRO output is at a f ixed

lethargy mesh, BAND and subsequent programs can accept an
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arb i t rary  energy me$h.

The output of BAND is arranged in energy bands. The

number NBAND of bands, and the (NBAND + f ) band l imit.s are

spec i f i ed  on  i npu t .  The  oDT cons i s t , s  o f  a l l  c ross  sec t i ons

and probabi l i ty  tab les for  the h igh-energy band for  a l l

nuc l ides and composi t ions,  fo l lowed by aI l  c ross sect ions

and probabi l i ty  tab les for  the next  energy band for  a l l

nuc l i des  and  compos i t i ons ,  e t c . ,  down  to  the  l owes t  ene rgy .

Subroutine .BEDIT

BEDIT edits the ODT generated by BAND. The edit is by

energy band.

F i r s t  L ine

BAND-FLAG, sequential number of the band being edited.

Second L ine

NO. of  BANDS, to ta l  number of  bands in  problem.

Thi rd L ine

Is  a heading for  the tab le that  fo l lows.

JENI is  the locat ion of  the f i rs t  word of  the energy

mesh tab le;  JEN2 is  the locat ion of  the next  to  the last

word of  the energy mesh tab le.

Next  Heading

REGfON Composit ion number

LOCDIU The location of the f irst word of the
macroscopic  to ta l  cross-sect ion tab le
for that composit ion

LOCCON The location of the f irst word of the
table g iv ing the concentrat ions of
d i f f e ren t  nuc l i des .
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Th is  i s  f o l l owed  by  a  tab le  fo r  a l l  compos i t i ons

p resen t  i n  t he  p rob lem.

Next  Heading

CONC Concentrat ion of  nuc l ide

LOC Locat ion of  the f i rs t  word of
m ic roscop ic  c ross -sec t i on  da ta
for  the nucl ide

ATWT Atomic weight  o f  the nucl ide.

Th is  i s  f o l l owed  by  a  tab le  fo r  a l l  nuc l i des  i n  each

composi t ion present  in  the problem.

This  is  fo l lowed by a pr in tout  for  each nucl ide present

in  the problem.

Heading

LOELEV Locat ion of  f i rs t  word of  tab le
giv ing d iscrete energy levels

ATWT Atomic weight of nuclide

LPLEV Number of  d iscrete energy levels

LCHI Length of  CHI- tabIe

LENN Length of ENN-table

We wi l l  ment ion here that  the angular  d is t r ibut ion (E,

cosO )  is  d iv ided in to N equal ly  probable in terva ls  of

c o s O .  T h e  N  +  t  b o u n d a r i e s  o f  c o s O  d e f i n e  N  +  I  v a l u e s

z /
o f  f  =  ( f  +  c o s $ 7 7 2 ,  w h i c h  a r e  s t o r e d  i n  a  C H I  t a b l e  f o r

the energy E.  The length of  the CHl- tab le is  N + 1.

S im i la r l y  t he  spec t rum o f  i ne las t i c  neu t rons  P (ErE ' )

i s  d i v ided  i n to  M equa l l y  p robab le  i n te rva l s  o f  E ' ,  and  the

M + I  boundar ies of  E '  . re  s tored in  an ENN-tabIe for  the
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energy E.  M + I  is  the length of  the ENN table.

Next  Heading

E

STGMA

SCATTER

PLEV

ABSORB

ENN

Th is  i s

L

Tota l  cross sect j -on,  in  barns

I f  CHI  =  I  I  e las t i c  sca t te r i ng  i s
isot ropic  in  the CM system.
I f  cH I  =  2 ,  e las t i c  sca t te r i ng  i s
w i th  hyd rogen  (spec ia l  rou t i ne ) .
I f  =  4 ,  e las t i c  sca t te r i ng  i so t rop i c
in  the 1ab system.
I f  =  5,  the K1ein-Nish ina formula
is  to  be used (gamma rays only) .
I f  >5 ,  t he  CHI  i s  t he  l oca t i on  o f
the f irst word of the appropriate
C H I - t a b l e .

E las t i c  sca t te r i ng  c ross  sec t i on ,
in  barns

I f  =  0 ,  i ne las t i c  sca t te r i ng  i s
n o t  v i a  d i s c r e t e  l e v e l s .  I f  > 0 ,
PLEV is  the locat ion of  the f i rs t
word of a table giving prob-
abi l i t ies to  exc i te  the var ious
l e v e 1 s .

Absorpt ion cross sect ion,  in  barns

r f  =  0,  ine last ic  sca 'E, ter ing does
not give r ise to a continuous
spectrum of  ine last ic  neutrons.
I f  >0,  ENN is  the locat ion of  the
first word of the appropriate BNN
t a b l e .

Locat ion of  the to ta l  cross-sect ion
en t r y .

fo l lowed by a l is t ing of  a l l  the tab les re-

fer red to  (CHI,  ENN, PLEV, ELEV),  together  wi th  the i r  re la-

t i ve  l oca t i ons .

After the printout for a1l the elements comes the

pr in tout  o f  macroscopic  cross sect ions for  a l l  the composi -
't

t i o n s ,  i n  c m - r  v s  E ,  i n  e v .
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This is  the end of  the edi t  for  neutron problems.  For

X - r a y s ,  o n e  h a s ,  i n  a d d i t i o n ,  a  p r i n t o u t  o t  { { i z i  f o r

each  compos i t i on ,  where  C1  i s  a  concen t ra t i on ,  and  Z i  i s  an

atomic number.

Subroutine CARLO

Source par t ic les,  e i ther  read f rom source tape or

generated in ternal ly  by the subrout ine SOUPIC,  as wel l  as

la ten ts ,  a re  tes ted  on  ene rgy .  I f  t he  ene rgy  i s  be low  the

Iower bound of  the supergroup current ly  t reated,  they are

stored as la tents .  For  energ ies wi th in  the supergroup,

they are t ransmi t ted to  the subrout ine CARLO which t racks,

d i s t r i - bu tes  fu r the r  co l l i s i ons ,  i f  dny ,  and  sco res  answers .

Given the region number IR,  the energy E,  and the d i -

rec t i on  o f  f l i gh t  WB,  a  to ta l  we igh t

W = W r C x W e * W a

is ca lcu lated and a new F g iven by the rat io  F/W is  t reated

as the to ta l  number of  b iased par t ic les born s imul taneously

a t  XB ,  T ,  w i th  an  ene rgy  E ,  i n  t he  d i rec t i on  WB.  The  ca r ry -

a long stat is t ica l  weight  Wc,  can be considered as a normal-

izat ion factor ,  t -o  be t ransmi t ted to  a l l  fu ture co l l ided

par t ic les due to  the present  source par t ic le .  For  in ter -

nal1y generated par t ic les the quant i ty  F a lways wi l l  be

uni ty .  External ly  generated par t ic les wi l l  have an F d i f -

ferent  f rom uni ty  i f  they were not  p icked f rom the proper ly

b iased source d is t r ibut ion.  The quant i ty  F is  tested vs an

inpu t  cu to f f  va lue  FZ .  I f  i t  i s  sma l l e r ,  a  game o f  chance
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i s  p layed ,  and ,  w i th  p robab i l i t y  (1 -F )  t he  pa r t i c l e  i s

k i l led;  whereas wi th  probabi l i ty  F the par t ic le  is  kept

wi th  F set  as uni ty .  These two events are scored as e i ther

( r ' x w )  " k i l 1 s "  o r  ( 1 - F )  x w  " b i r t h s " .

I f  the par t ic le  surv ives the test ,  a  subrout ine DR

is ca l led,  which prov ides the to ta l  macroscopic  cross sec-

t ion /.4 in the regj-on IR. A random number f,  i" picked for

p i ck inq  fu tu re  co l l i s i on  po in t s .

A geometry  rout ine Gl  (s1,  rR '  ,  x i  is  ca l led to  prov ide

the d is tance 51 to  the f i rs t  reg ion boundary encountered

from XB in  the d i rect ion WB. fn ' is  the region number on

the other  s ide of  the boundary,  and X ' is  the point  o f  in ter -

sect ion of  the t ra ik  wi th  the boundary.  I f  the region IR

is  a scor ing region,  the contr ibut ion to  the f lux is  ca l -

cu lated and scored.  Points  where par t ic les enter  in to

col l is ion are p icked by comput ing

t ,  -  n  ( '  -  {A t ) .

r l
r f  5  . 0 ,  a  pa r t i c l e  comes  in to  co l l i s i on  i n  reg ion

rR at  X = xB + dwg rh"r .  s '=  - l / l ^  1og (1 - i , / t l ;  the in ter -

act ion rout ine DR is  ca l led to  p ick a par t ic le  coming out

of  co l l is ion.  The in teract ion is  wr i t ten on tape,  and the

par t ic le  coming out  o f  co l l is ion ( i f  any )  is  s tored as a

latent .  t ,  is  then increased by one,  and contro l  is  re-

turned to the part of the code which computes f 'ao attempt

l ' =
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t i
t o  p roduce  more  co l l i s i ons  i n  reg ion  IR ,  When ,5  i . 0 ,  t r o

more co l l is ions are produced in  reg ion IR.  F is  then set
. ,  c ,

to  F x  e- ' * " r  X W, where w is  the weight .  A test  is  made

whe the r  t he  nex t  reg ion  i s  a  t ransmiss ion  reg ion  ( i f  i t  i s ,

the coord inates x ' ,  rR ' ,  energy,  t ime,  etc . ,  are wr i t ten on

tape)  and whether  i t  is  the escape region.  I f  i t  is  noL

an escape region,  the par t ic le  t racked is  moved to the

boundary by sett ing IR = IR' ,  by computing the new weight

W, and by set t ing a new F equal  Eo F/ l l .  I f  F  .FZ,  the

par t i c l e  i s  e i t he r  k i l I ed  o r  F  i s  se t  equa l  t o  1 ,  bo th

even ts  be ing  p rope r l y  t a l l i ed .  Fo r  F  . t 2 ,5  i s  se t  equa l
l

to  5 ,  the DR rout ine is  ca l led to  obta in the new tota l

cross sect ion f , t  ,  and contro l  is  t ransferred to  the par t

o f  t he  code  wh ich  ca l l s  t he  geomet ry  rou t i ne  G1  (51 , Id , ) i ) ,

thus the t rack ing cont inues unt i l  e i ther  a k i l I  occurs or

the escape region is  reached.  In  the la t ter  case F

" e s c a p e s "  a r e  t a l l i e d .

Subrout ine DIREC (CSTHT, W, WP)

Us ing  W as  a  po la r  ax i s ,  a  d i rec t i on  Wr  i s  genera ted

the cos ines of  whose polar  angle is  CSTHT and wi th  a random

azimuthal  ang1e.  Thus the new d j - rect ion cos ines W'  are

computed such that:

t{ ' L'I' = CSTHT
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lrhe r6ut,ine will f lf st gefiefet€ bitt ctne *iid €usi.ne,

sino, cosot$f the rahdorri ailfrrlthatr eiiglb, the pfduedure is

as fol lows:

1. pick two randorn hurtib€Fb 6rt1p *gsi,0

The poinr e lteg tn the qu&ttet 61t€ie If

* t2  *  x22 s l .

Pick  se ts  o f  X1 ,  X2  un t i l  x12  *  X ,2ZsL ,

At this point the fandoiir an$i.e ts ilrorrr

If  we take 2O as our random angle, the range

becomes (O,2n )  and
' ,

cos Q= XL4-XZ?

-^ 'r -,
711'*ll2L

s ino  =  Z .x i xZ
a ^

XlatK2z

Given sino ahd cosO the rie$ s€t 6i

cos ines is

w P ( 1 1  =  T 2  { w ( 1 )  . w ( 3 )  . s t i i 0  +  W ( 1 }

W P  ( 2 )  =  T 2  '  { w ( ! )  ' W t 3 )  ' s i r i o  -  W ( 1 }

wP (3 )  =  W(3 )  .CSTHT -  T1 .T2  s ino

2 .

3 .

4 . dtte6ti6fi

c6ss )+W(f )  TCBtHT

coso )+S(?) .CSIIHT

.. 
".dt2A4
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w  Q ) 2Where T1 =

m, 2

5 . r f  T1 :1610 ,  t he  new se t  i s  g i ven  by

w P  ( 1 )  =

w P  ( 2 )  =

w P ( 3 )  =

. c o s 0

.  s i n 0

C S T H T . W ( 3 )

Subrout ine DR (N, NNREG)

Th is  rou t i ne  pe r fo rms  a I I  o f  t he  co l l i s i on  mechan ics .

The rout ine is  ca l led by CARLO and FAP to ret r ieve to ta l

cross sect ions and to  make col l is ions.  Subrout ine TRALA

wi l l  ca l l  t he  rou t i ne  to  re t r i eve  to ta l  c ross  sec t i ons .

The argument NNREG is the composit ion number and the

argument  N def ines the ca lcu l -at ion to  be per formed.  The

calcu lat ions per formed for  each va lue of  N are g iven below.

N = l

Find the energy in terva l  conta in ing the current  energy

(E) .  Subrout ine SEEK is  used here.  Compute an in terpola-

t ion factor  (FACINT) to  be used in  ca lcu lat ing point  va lues

of  cross sect ions at  energy E.  The remainder  of  the ca lcu la-

t ion for  N = I  is  the same as for  N = 2.

1 - C S T H T 2

I -CSTHT2

I -CSTHT2

N - 2
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Calculate the macroscopic total cross-section (F.MUfOr)

for composit ion NNREG. The calculation is done by l inear

interpolation between the two point values of the cross-

sect ion in terva l  and correspondinq en 'ergy in terva l  conta in-

ing E.  The in terpolat ion factor  FACINT is  used.

The DR routine is cal led with N = 1 only when a neld

energy is encountered by the CARLO or FAP routines. Given

the energy interval and the interpolation factorr the N = 2

option is used when the composit ion number NNREG changes

and E remains constant .

l r l = 3

This opt ion per forms the actual  co l l is ion mechanics.

The output wil l  be a new energy (EPRIM) '  a new direction

(WP) ,  t he  cos ine  o f  t he  sca t te r i ng  ang le  (CSTHT) ,  and  an

integer (NCDB) denoting the type of interaction. The types

of  in teract ion are l is ted below.

NCDB

1

2

3

4

5

6

7

8

INTERACTION

Scattering with hydrogen

Isot ropic  e last ic  scat ter

Anisot ropic  e last ic  scat ter ing

Scattering in the LAB system,
no degradation

Elast ic  scat ter ing for  gammas

Absorption

Inelast ic  cont inuous scat ter ing

Inelast ic  d iscrete scat ter ing
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Subrout ine FAP

The method used to est imate f lux-at -a-point  involves

obta in ing by normal  Monte Car lo  methods a d is t r ibut ion of

po in t s  where  pa r t i c l es  en te r  i n to  co l l i s i on  and  es t ima t ing

the  once -more -co t l i ded  f l ux ,  d t  t he  po in t  o f  i n te res t ,

us inq  a  spec ia l  d i s t r i bu t i on  o f  t he  l as t  co l l i s i on  po in t .

Assuming a co l l is ion point  a t  S,  a  detector  a t  D,  as shown

in the sketch,  the express ion for  the once-more-col l ided

f l ux  i s

r l  1 ? i  , .

E= fx@ #tt *,^to(cos€z) #'2 dv
/ 4'ffr.' +T(q

where gS (W) dW is  the probabi l i ty  o f  scat ter ing through

ancr le  whose cos ine is  in  the range (W, W+dw).
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For source par t ic les one has to  est imate in  addi t ion

the  unco l l i ded  f1ux .

I f  the in termediate points  A are p icked f rom a d is-

t r ibut ion g iven by

R d V
1 T r  t r . r z t

the  es t imator  becomes

- r  - ( '

+.= t,1! t>% e-I '*ds 
"f 

'ras 
., r  l 6 R  r ,

This  is  the method used in  the present  code.  r t  turns out

that there is a very simple way to pick intermediate points

A f rom the d is t r ibut j .on,  i f  a  proper  choice of  coord inate

system is  made.

Let  us def ine the point  A by the three angles 0 l re2 and,

$ where O,  and O2,  and 0 are def ined,  on the sketch ana f  is

an az imuth around SD. The d is t r ibut ion becomes:

R 7,2 srn o, d,o, af jf; ae.
fi3

Using  the  re la t ionsh ip :

f t f 2 R

5r n (O.-O) Srn 6, Stn €2
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I
I

one has

F. = S!, q )n srngr O'z sE2 r\ 
;6, 

= 
iize.

Subst i tu t ing,  one obta ins the d is t r ibut ion

J-- d-o, a-ez d-+
yt

i . e . ,  a / random d i s t r i bu t i on  o f  O ,  ,  o r ,  6  i n  t he  range

o s  e ,  sez 1a(

o < + <L' ,(

Once 6r  and €t  are p icked,  the cos ine of  the angle of

scat ter j -ng w is  eas i ly  obta inable,  and the score can be

evaluated.

In  the actual  program, coding is  prov ided for  e i ther

the procedure out l ined above,  which g ives a f in i te  var iance

provided the detector is not in the immediate vicinity of

the source regionr  or  for  a  s imple s tat is t ica l  est imat ion

method,  which g ives f in i te  var iance i f  the detector  is  not

in  the immediate v ic in i ty  o f  e i ther  the source region or

of  a  scat ter ing mater ia l .  In  that  case the quant i ty

(*  oa-s
| r \ " t€ )  e - / "  ^ - * "
v- +,t(Rz
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i s  sco red  fo r  each  co l l i s i on  po in t  S ,  where  O  i s  t he  ang le

between the d i rect ions d ana 38.  The type of  ca lcu lat ion

to be per formed is  speci f ied on input ,  by speci fy ing the

tota l  number of  detectors ND, and the number NDFAP of  de-

tectors ND, and the number NDFAP of  det ,ectors for  which the

f i rs t  procedure is  to  be appl ied.  The remain ing (ND-NDFAP)

de tec to rs  w i l l  be  t rea ted  by  s ta t i s t i ca l  es t ima t ion .

I f  ND /  0 ,  t he  f l ux -a t -a -po in t  rou t i ne  FAP i s  ca l1ed

for  each source par t ic le  by the MONTE program, and for  each

col l is ion point  by the CARLO rout ine,  except  i f  ine last ic

scat ter ing occurs g iv j -ng an outgoing energy below the

superqroup being current ly  t reated.  In  that  case the par-

t ic le  is  s tored as a la tent ,  and MONTE wi l l  ca l l  the FAP

rout ine wi th  that  la tent  when the proper  supergroup wi l l

be t reated.

Once caI Ied,  the subrout ine FAP examines whether  the

par t i c l e  t o  be  t rea ted  i s  a  sou rce  pa r t i c l e ,  a  pa r t i c l e

coming out  o f  ine last ic  scat ter ing,  a  par t ic le  coming out

of  e last ic  scat ter ing,  or  a  la tent  f rom a prev ious FAP cal -

cu la t i on .  I n  t he  f i r s t  t h ree  cases ,  t he  t r i gonomet r i c

funct ions of  g  
I  and O 2 p icked accord ing to  the d is t r ibut ion

are obta ined.  This  is  done rather  ef f ic ient ly  by p ick ing

di rect ly  the s in  and cos funct ions of  two random angles,

and then determin ing which corresponds to  the smal lest

angle,  and therefore which should be ass igned to 0r ;  the

o t h e r s  a r e  a s s i g n e d  t o 0 Z .  e l  a n d 0 2  a r e  k e p t  t h e  s a m e  f o r
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al l  FAP detectors in  the problem.

For  source par t ic les,  the uncol l ided f lux is  computed

( the  sou rce  i s  assumed  to  be  i so t rop i c ) .

The contr ibut ion of  the once-more-co1l - ided f lux is

computed as fo1 lows.  The d is tances 11 and 12 are g iven by

12  =  R  s in01 , / s inO,  and  r ,  =  R  s inO l - r2s inOr .  A  random

azimuth around 3d is  p icked.  For  both source par t ic les and

inelast ic  par t ic les,  g .s  = I ,  and the outgoing energy is  as

set  by the main code (e i ther  energy of  the source par t ic le ,

o r  ene rgy  o f  t he  i ne las t i c  pa r t i c l e ) .  (No  ene rgy -angu la r

corre lat ion is  assumed in  the code.  The d i f ference between

lab and center-of -mass system is  a lso ignored for  ine last ic

sca t te r i ng . )  Fo r  pa r t i c l es  coming  ou t  o f  e las t i c  sca t te r -

i rg ,  the angle of  scat ter ing is  computed in  the lab system.

A subroutlne GE is cal led. For neutrons, i t  performs the transformation

to the CM system, looks up the probabil iay gS and computes the outgoing

energy E. For gamma rays gS and E are given by the Klein-Nishina formu-

la. I f  this energy is below the supergroup currently treated, the par-

energy is below the supergroup currently treated, the par-

t ic le  is  s tored as a la tent  o f  the f i rs t  k ind to  be p icked

up and returned t 'o this point of the coding at a later t ime

in the ca lcu lat ion.

The subrout ine DR is  ca l led,  an4 the to ta l  cross sec-

t ion u is  made avai lab le.  A subrout ine TRALA is  ca l led,

which t racks the par t ic le  a d is tance r I  in  the d i rect ion of

f l ight ,  wi th  an energy E,  and computes l r= [ ' " ( 'S ;
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i f  t he  pa r t i c l e  escapes r  € rn  ' i n f i n i t e t  A ,  (A ,=  tg "  )  i s

returned,  Do score is  made,  and the next  ( i f  any)  detector

is  t reated.  r f  the par t ic le  d id  not  escape,  the subrout ine

DR is  ca l led to  determine the type of  in teract ion occurr ing

at the iniermediate point. Absorption corresponds to no

sco re .  Fo r  i ne las t i c  pa r t i c l es ,  E  i s  p i cked  f rom the  spec -

t rum by the DR rout j -ne,  and gn = 1.  For  e last ic  scat ter ing,

the subroutine GE determines 9a and E. If  the energy E is

below the supergroup current ly  t reated,  the par t ic le  is

s tored as a la tent  o f  the second k ind,  to  be p icked up and

returned to this point of the coding at a later t ime in the

calcu lat ion.  F ina l ly ,  the subrout ine TRALA prov ides

I r 2
^ 2  = )  u d s

/ g

and the to ta l  contr ibut ion is  ca lcu lated and scored,  and the

next  detector  ( i f  any)  is  considered,  un less the ca lcu lat ion

deal t  wi th  a la tent  o f  e i ther  f i rs t  or  second k ind,  which

appl ies only  to  a par t icu lar  detector .  When a l l  FAP detec-

tors  have been considered,  the s tat is t ica l  est imat ion de-

tectors are t reated by us ing the coding descr ibed above for

the tracking from intermediate point to the detector, where

the in termediate point  is  rep laced by the or ig ina l  co l l is ion

po in t .
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Subroutine MONTE

The program MONTE is  the program where a l l  the t rack ing

and col l is ion mechanics are per formed.  The program arranges

the ca lcu lat ions in  supergroups.  We have seen that  the pro-

gram BAND arranges cross sect ions in  cer ta in  energy bands.

The output  energy b ins are a lso arranged in  cer ta in  output

superg roups .  C ross -sec t i on  i npu t  co r respond ing  to  a  s ing le

band can be stored in computer memory at any given t ime.

Scores corresponding to  a s ing le output  supergroup can be

stored in computer memory at any given t ime. The two

meshes (bands and output  supergroups)  do not  necessar i ly

co inc ide.  A combined mesh def ines a set  o f  supergroups.

The program MONTE starts by reading in the hiqhest'

energy cross-sect ion band,  and by arranging the memory for

the h ighest  energy output  supergroup.  The h ighest  o f  the

low-energy bounds of  these energy ranges def ines EBL'  the

low energy of  the supergroup current ly  t reated.

The program then ca1ls  the source-p ick ing rout ine

SOUPIC,  and  examines  the  ene rgy  E .  I f  E<EBL ,  the  pa r t i c l e

is  s tored as a la tent  by ca l l ing the subrout ine STORE, and

SOUPIC is  again ca l1ed.  When E>EBL,  the subrout ine CARLO

is ca l led.  The subrout ine CARLO t racks the par t ic le ,  scores

contr ibut ions to  f luxes when needed,  and d is t r ibutes co l l i -

s i ons  a lonE  the i r  t r ack .  Pa r t i c l es  coming  ou t  o f  co l l i s i on

are a lso t racked i t  the i r  energy is  above EBL;  par t ic les

coming out  o f  co l l is ion wi th  E<EBL are s tored as la tents  by
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cal l ing STORE. Contro l  is  f ina l ly  re turned to  MONTE'  which

proceeds to  the next  source par t ic le ,  unt i l  a  complete

stat is t ica l  aggregate of  par t ic les has been t reated for  the

highest  supergroup.

At this point, MONTE switches to the next supergrouP

by e i ther  reading a new band of  cross-sect ion data,  or  by

wr i t ing out  on tape the set  o f  scores obta ined and prepar ing

the memory layout for the next supergroup' or both. I t

then proceeds to  ca l l  a  subrout ine PICK,  which p icks la tents

f rom prev ious supergroups.  I f  E<EBL,  the par t ic le  is  s tored

again as a la tent  by ca l l ing STORE. I f  E>EBL'  CARLO is

cal1ed.  The procedure cont inues unt i l  a l l  la tents  have been

examined, at which point MONTE switches to the next super-

group untj- l  the low-energy cutoff is encountered. When this

occurs,  MONTE swj- tches to  the h ighest  supergroup,  and pro-

ceeds to  t reat  the next  s tat is t ica l  aggregate of  par t ic les.

The calculation terminates when a history number exceeds

the cutof f  va lue NHIST speci f ied on input .  A "bIank"  in ter -

act ion record,  wi th  NHIST = NHIST *  1,  is  wr i t ten on the

interact ion tape and a l l  tapes are rewound.  Contro l  is

t ransferred to  TUNC which ca l1s the edi t ing program PEDIT.

sub rou t i ne  PACK (X ,  WX,  E ,  IR ,  T ,  IDET,  F ,  NHIST ,  WC,

Subroutine PACK wil l  pack al l  the i tems in the above

argument l ist into seven computer words and store them into

the var iab le P which has a d imension of  7 .  The i tems in
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the l - is t  are descr ibed below.

WX

A th ree -e lemen t  a r ray  con ta in ing  X  ,Y ,2 ,
posi t ion coord inates

A  th ree -e lemen t  a r ray  con ta in inq  X ty ,Z
d i rec t i on  cos ines

E Energy of  the par t ic le

IR Region number of  the par t ic le

T Time of  f l iqht  i f  the problem is  t ime
dependent

IDET A f lux-at -a-point  detector  number or
zero

F An importance sampling parameter

NHIST The h is tory  number for  the par t ic le

WC An importance sampling weight

J I2345 An ind icator  denot ing the type of
p a r t i c l e .

The correspondence between the individual i tems and

the packed array F are shown as,

P ( 1 )  =  X ( 1 )  p a c k e d  w i t h  W X ( t )  A B  b i t s  x ( 1 )  L 2  b i t s  w x ( l )

P ( 2 )  =  X ( 2 )  p a c k e d  w i t h  w x ( 2 )  4 8  b i t s  x ( 2 )  L 2  b i t s  w x ( 2 )

P ( 3 )  =  x ( 3 )  p a c k e d  w i t h  W X ( 3 )  4 8  b i t s  x ( 3 )  1 2  b i t s  W x ( 3 )

P ( 4 )  -  E  p a c k e d  w i t h  I R  4 5  b i t s  E  1 5  b i t s  r R

P(5 )  =  r  packed  w i th  IDET 45  b i t s  T  15  b i t s  rDET

P(6 )  =  p  packed  w i th  NHIST  45  b i t s  F  15  b i t s  NHIST

P(7 )  =  WC packed  w i th  J I2345  45  b i t s  WC 15  b i t s  J I2345
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Note that  the WX array is  f loat ing point .  Thus,  iD

order  to  compact  i t  in to  12 b inary b i ts  t runcat ion is  re-

quired. The actual FORTRAN statements to do the packing

are q iven below.

J  =  ( w X ( I ) + I . 0 ) * 1 0 2 4 .

P  ( I )  =  ( x  ( I )  . A N D  . 7 7 7 7 7 7 7 7 7 7 7 7 7  7 7 0 0 0 0 8 )  .  o R . J

w h e r e  I  -  1 ,  2 ,  3 .

The f i rs t  s ta tement  puts  the WX in the ranEe Q r2.  and

truncates i t  to  an in teger  in  the range 0,2048 which wi l l

f i t  in to  12 b i ts .  The second statement  does the actuaL

pack ing .

Subrout ine PICK

We have seen throughout the previous sections that

par t ic les degrading below the energy EBL,  low-energy l imi t

o f  the supergroup current ly  t reated,  were s tored as la tents

by ca l l ing the subrout ine PICK.  They were la ter  p icked up

by MONTE by ca l l ing the subrout ine PICK.  The subrout ine

INPUTD al locates the memory to  datar  scores,  e tc .  The re-

main ing memory is  ass igned to the subrout ine PICK,  to  be

used as a buf  f  er  for  la tents .  One t 'endf '  o f  the buf  fer  is

ass igned  to  "deg raded"  pa r t i c l es .  Th i s  i s  t he  end  o f  t he

buf  f  er  where par t ic les are being s tored.  The other  r rendrr

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

the par t ic les to  be p icked.  Associated wi th  each end of

the buf fer  is  a  magnet ic  tape to  be used when the buf fer

over f lows.  There are two modes of  operat ion.  In  one mode,
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the top of  the buf fer  is  unsor ted and the bot tom is  sor ted.

When the swi tch is  made f rom one supergroup to the next ,

the "unsor ted"  par t  is  empty,  and the "degraded" par t  may

have par t ic les which become "unsor ted"  for  the supergroup

about  to  be t reated.  The designat ion of  the buf fers  (and.

of  the tapes)  is  therefore swi tched.

There is  no set  boundary between the two "ends"  of  the

buf fers .  The number of  par t ic les in  the "unsor ted"  buf fer

keeps decreasing,  whereas the number of  par t ic les in  the

"degraded"  bu f fe r  keeps  i nc reas ing ,  and  can  i nc rease  fas te r

than the other  number decreases.  Therefore,  the two par ts

o f  t he  bu f fe r  can  mee t ,  caus ing  an  ove r f l ow  o f  t he  bu f fe r .

I t  is  then determined which "end"  of  the buf fer  is

longest ,  and a number of  par t ic les exact ly  equal  to  one-

hal f  the to ta l  length of  the buf fer  are wr i t ten f rom the

longest  "end"  onto the corresponding magnet ic  tape.

When the "unsor ted"  buf fer  becomes empty,  a  test  is

made whether  any "unsor ted"  par t ic les are avai lab le on the

corresponding magnet ic  tape.  I f  none are avai lab le,  the

calcu lat ion has been completed for  the current  supergroup.

I f  some are avai iab le,  they are read in to the buf fer  i f

room is  avai lab le.  f f  room is  not  avai lab le,  i t  is  made

avai lab le by wr i t ing out  par t  o f  the other  buf fer  on the

other tape; the length of the record written out from one

"end"  is  egual  to  the length of  the record to  be read in to

the  o the r  "end" .

h,- ^/
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The subrout ine PICK deals  wi th  d i f ferent  k inds of

I a t e n t s .  T h e  q u a n t i t i e s  s t o r e d  a r e :  X ,  f l ,  E t  I R ,  T ,  T ,  F ,

NHIST ,  WC,  and  J12345 t  where  X  i s  t he  pos i t i - on ,  Q  the  d i rec -

t ion,  E the energy,  IR the region number,  T the t ime,  F the

weight ,  NHfST the h is tory  number,  and WC a normal izat ion

f a c t o r .  I  a n d  J 1 2 3 4 5  a r e  i n d i c e s .

J12345  =  1  i den t i f i es  a  sou rce  pa r t i c l e

2 -  ident i f ies a par t ic le  coming out  o f
e las t i c  sca t te r i ng

= 3 -  ident i f ies a par t ic le  coming out  o f
ine last ic  scat ter ing

4 -  ident i f ies a la tent  o f  the second
kind for FAP only

= 5 -  ident i f ies a la tent  o f  the f i rs t
k ind for  FAP only .

( tn  other  par ts  of  the code r  JL2345 = 6 ident i f ies a t rans-

m i t t ed  pa r t j - c l e ,  J I2345  =  7  an  i ne las t i c  i n te rac t i on ,  and

JL2345  =  8  an  abso rp t i on . )

I  i s  i r re levan t  ( se t  t o  0 )  f o r  J12345  =  I f  2 t  3  (and

6)  .  Fo r  FAP la ten ts  ( J12345  =  4  |  5 )  r  I  i s  se t  t o  IDET '  t he

detector  number for  which the la tent  appl ies.  In  the des-

c r i p t i on  o f  i n te rac t i ons  ( J I2345  =  7  |  8 ) ,  I  i s  se t  t o  IATWT,

a f ive-d ig i t  ident i f ier  o f  the e lement  wi th  which the in ter -

act i -on occurred.

When the program MONTE ca1ls the subroutine PICK, i t

examines the J12345 obta ined and ca l Is  the proper  rout ines:

J12345 = 1,  3  -  both FAP and CARLO
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J 1 2 3 4 5 = 2  -  C A R L O o n l y

=  4 ,  5  -  F A P  o n l y .

Subrout ine SEEK (E,  EOUT, NOUT I )

Given the vector  ar ray EOUT,

the argument  r tEr t  the rout ine wi l l

and return r r l r t  such that

EOUT ( I )  z ,E>EOUT ( I+1 )  .

An error  message is  g iven i f  EOUT

A f low char t  is  q iven below.

of  length  NOUT + L t  and

per fo rm a  b inary  search

( 1 )  < 8 .

RETURN

RETURN

RETURN

Note:  The EOUT arrav must  be monotonic  and decreasincr .

E O U r ( 1 ) - E

ITOP = 1
IBOT = NOUT*I

E O U T ( r ) - E
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Subroutine SOUCAL

SOUCAL wi l l  read source data and prepare tab les for

use  by  SOUPIC.

The  f i r s t

NSR

IFLAG

lSW

source regr-ons.

T Q D

P

I S O

This is  fo l lowed by (NSR) cards speci fy ing the (NSR)

ca rd  con ta ins :

Number of regions where the source
ex tends .  I f  t h i s  number  i s  0 ,  an
external  source tape is  exPected,
and no fur ther  input  is  requi red.

I f  fFLAG = 0,  a  bui l t - in  Cranberg
f i ss ion  spec t rum w i l l  be  used  fo r
the energy spectrum. I f  IFLAG >0,
the spectrum is  speci f ied la ter  in
input .  I t  w i l l  be def ined bY IFLAG
e n t r i e s .

Swi tch determin ing the normal izat ion
o f  p rob lem.  I f  i t  i s  0 ,  f l uxes  w i l l
be normal ized to  a s ing le (unbiased)
source par t i -c1e.  I f  i t  is  I  I  f  luxes
wi l l  be normal ized to  the " to ta l
power"  o f  the source as def ined below.

Each  o f  t hese  ca rds  g i ves :

Speci f icat ion of  a  geometr ica l  reg ion
number.

Power densi ty  in  that  reg ion.

F lag ind icat ing angular  d is t r ibut ion:

I S O  =  0 ,  i s o t r o p i c ,

ISO =  1 ,  monod i rec t i ona l .  I f  ISO I  I
in  any of  the (NSR) regions '  a  mono-
d i rect ional  source wi l l  be assumed in
a l l  t he  (NSR)  reg ions .

Af ter  th is  fo l low the ( IFLAG) cards speci fy ing the energy

spectrum assumed to apply  to  a l l  the source regions.  This
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i s  a  t a b l e  o f  E  v s  F  ( E )  w h e r e

F (e ) =

Linear  in terpolat ion is  assumed on E vs 1og F (E)  .  The

f i r s t  e n t r y  m u s t  b e  f o r  E :  E f r i g f r ,  a n d  t h e  t a s t  f o r  E S E c u t .

I f  t he re  i s  t ime  dependence  (U f  >0 ) ,  t he  t ime  dependence

o f  t he  sou rce  mus t  be  spec i f i ed .  A  ca rd  g i ves :

NOT Number  o f  cards .  Th is  card  is  fo l lowed
by NOT cards  g iv ing

I t
t  v s  I  S t ( t ) d t .

/ 0

L inear  in terpolat ion is  assumed between
en t r i es  i n  t he  tab le .

F ina1 ly ,  i f  t he  sou rce  i s  monod i rec t i ona l ,  t he  p ro jec '

J,*s(e) d E '

t ions  Qx,  Qy,  Q,  o f  the  d i rec t ion  must  be  g iven on  the  las t

c a r d .

The subroutine SOUCAL reads

i t  back,  and pre-computes tab les

biased source d is t r ibut ion.  The

table of
/ *

S p E c ( r )  = ,  S ( E ) d E ,
/ r ,

where the E1's  take the va lues of

i n  a l l  t h i s  i npu t ,  p r i n t s

to p ick d i rect ly  f rom the

code f i rs t  pre-computes a
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boundaries where the energy weight changes, and Ecut. The

code then runs througtr al l  the source regions, and, for each

new energy-importance set encountered, pre-computes a table

o f

/ *
S P E C ( r , . r )  =  |  S ( E ) d n'"t trilg-f

where J runs from I to the total number of different energy-

impor tance sets  encountered in  the source regions;  a lso

for  each new anqular  impor tance set  encountered,  a  tab le

7 L
P ( I , K )  = l  d A )

/ui %T-d)-

where theOi 's  take the va lues of  cos 0 at  which the angular

weight changes, and K runs from 1 to the total number of

d i f ferent  angular  impor tance sets  encountered.  The d i f fer -

ent  tab les are renormal ized,  and both the modi f ied and un-

modif ied integrated source are computed in each source

region. The former quantit ies are proport ional- to the

probabi l i ty  wi th  which par t ic les should be p icked in  d i f fer -

ent  source regions.  A tab le SOUR(L)  is  bu i l t  up '  which

gives the cumulat ive probabi l i ty  for  a  source to  be p icked

in the t',tth region f or M }- r,.

Subroutine SOUPIC

This is  a  subrout ine which p icks par t ic les f rom the

biased source d is t r ibut ion.
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I f  an  ex te rna l  sou rce  tape  i s  t o  be  used ,  g roups  o f

35  sou rce  pa r t i c l es  a re  read  f rom tape  i n to  a  bu f fe r ,  and

returned one by one to  the main code.  The quant i t ies des-

c r i b ing  a  sou rce  pa r t i c l e  a re :

XB

I R

WB

T

E

NHIST

Coordinates of  the Par t ic le

Region number where par t ic le  is  born

D i rec t i on  o f  t he  Par t i c l e

Time at  which par t ic le  is  born

Energy  o f  t he  pa r t i c l e

Historv number attached to the
source-  par t ic le

F  S ta t i s t i ca t  we igh t  o f  t he  pa r t i c l e
(usua l l y  se t  egua l  t o  un i tY ) .

The procedure for  in ternal  source generat ion is  out -

l i ned  be Iow.

A f irst random number E is compared to the table

SOUR(L)  (computed by SOUCAL).  The smal lest  L  for  which

SOUR(L )  >6  de te rm ines  the  reg ion  IR  =  ISR(L )  t o  be  p i cked

from. Standard techniques are used to p ick coord inates of

points  uni formly d is t r ibuted in  a reg ion.

The energy is  p icked next .  A s t rat i f ied random number

(ca l1ed  CE in  the  code)  i s  ob ta ined  ( s t ra t i f i ca t i on  i s  done

fo r  each  s ta t i s t i ca l  agg rega te  o f  sou rce  pa r t i c l es ) .  A

biased random number E is  then obta ined by in terpolat ion in

the SPEC vs SPEC(J)  tab les pre-computed by SOUCAL'  (The J

is  determined by the region number. )  F ina l ly  the energy

is  determined by so lv ing the equat ion
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4 / *

3  =  
) *  

s ( E ) d E

us ins  semi -1og  i n te rpo la t i on .

S P E C  ( r )

I=1

I = 2

-/
I = 3

I
I
I
I
I

SPEC (r ,  J)

The d i rect j -on of  WB of  the source par t ic le  is  deter-

mined as fo11ows.  I f  the source is  isot ropic  and there is

angular  impor tance sampl ing,  the cos ine of  the angle between

the par t icu lar  a iming angle and the d i rect ion is  chosen by

picking a random number, and interpolating between the

angular  mesh suppl ied on input  vs the tab le P ( I ,K)  pre-

computed by SOUCAL. (the X is determined by the region

number. )  A random azimuth is  then p icked,  which completes

the speci f icat ion of  the d i rect ion.  In  the absence of  angu-

lar  impor tance in  the source region,  s tandard techniques

are used.  The case of  a  monodi rect ional  source a lso can be

3
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be handled,  prov ided there is  no angular  impor tance in  the

source  reg ion .  F ina I I y ,  i f  t ime  dependence  i s  t o  be  de te r -

mined,  a t ime T is  determined by another  random number q

and the so lut ion of  the equat ion

The quant i t ies  communica ted  to  the  main  code are  XB,  IR ,  WB,

T ,  E ,  N H I S T ,  F ,  a n d  W .  ( w h e r e  W c  =  1 ) ,  a n d  F  i s  t h e  w e i g h t

in  reg ion  IR a t  energy  E in  the  d i rec t ion  WB.

Subrout ine  STAT (TOTSJJM,  SUMSQ,  FLUX,  SD,  NHIST,  V '  DE)

Subrout ine  STAT is  ca l led  by  the  EDIT rou t ine  and

ca lcu la tes  FLUX,  SD wh ich  are  to  be  pr in ted  by  the  EDIT

program.  The ca lcu la t ion  f low is  shown be low.

! l  = (NHIST/NSTAT) *NSTAT

where  NHIST is  to ta l  number  o f  h is to r ies  p rocessed by  the

Monte  Car lo  p rogram and NSTAT is  the  s ize  o f  a  s ta t i s t i ca l

aggregate .

GH = FLoATF (NSTAT) /iH

O M G H  =  I . - G H ,  i f  O M G H  =  0 ,  s e t  i t  1 . 0

DEV = (SUI ' ISQ-GH*TOTSUM**2) /Omen

DEV = SQRTF (DEV)

a t  th is  po in t  DEV is  the  s tandard  dev ia t ion  o f  TOTSUM.

SD = 100.  *DEV/TOTSUM,  SD =  the  "coef f i c ien t  o f
var ia t ion"  o r  percentage er ro r .

S D  i s  s e t  t o  9 9 . 9 9  i f  T O T S U M  =  0 .  o r  i f  S D  >  9 9 . 9 9

|  = 
f ,  

st  ( t )  dt .
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FLUX = TOTSUI4/ (DE*H*V)

where DE is the AE of the energy bin, and V is the volume

of  the region.

Subrout ine TALLY (J '  NHIST'  NgOL,  NDEg,  NABS, '  FKILL,  BIRTH'  -
ESCAP, NRM.AX)

The routine is used to prj-nt a tal ly at '  the end of

each stat is t ica l  aggregate and to  pr in t  a  taL ly  by region

at the end of the problem.

At the end of each aggregate the fol lowing items are

p r in ted .

NC Total number of col l isions thus far

ND Total number of degrades thus far

NA Total number of absorptions thus far

FK Total number of ki l1s thus far

BI Total number of births thus far

ES Total number of escapes thus far

T Elapsed t ime thus far

JCOUNT Total number of part icles on the
interaction,/transmission tape .

The same items, except for ES and T, are printed at

the end of the problem as a function of region.

A f low chart of the routine is given.
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PRTNT PARTICLE TALLY HEADIN6
F d R  R E G I d N  T A L L Y  A T  E N D  O F  P R O B L E M

N C =
l l h -
I \  Y

N A =
F K =

N C +  N c / ' - i i l
N D +  N D [ G  (  T ,

P R] NIT N }tI ST, \I C, N O"XI A,F K, BT,' E S,T"]C 9 U N T

( -  ' .
I  bet tnTe
I  - l ^ ^ "  - . '

L r  . '  - \

r r  i \ ,

] r *  p  '

{ s"l ;cpLNt

N C  =  N D = N A :  F K =  B T =  E S = O

pRr Nr  r  )  N c  Q,- (T. , tN DEG (r ) . '_NAB S ( :  ; ,  .
F  K :1 . ,  ( : \ ,B I iTH( I ) ,E  S3 i  F r t ,

1 = 1 +  |

CALL NOPR(T)

CALL \^/RT t4 ( j ,3,1-c0UNT

RETU RN

&';-

2 2 7



subr.o.uline. 3Fll,3. . (IMP.IIJ . .R)
Given an in i t ia l  po int  {p  and a d i rect ion WB, the

routine wil l-  track from XB in the direction ry!. The track-

ing wi l l  cont inue unt i l  the d is tance "R" measured f rom XB

is  reached .

During the tracking, the routine wil l  form

AMDA =  Z IR1U1

Where ARi  is  the geometr ic  th ickness of  reg ion t r i r l

and u i  is  the to ta l  macroscopic  cross sect j .on of

region j-.  The quantity Atr{DA is the number of mean

free paths along the l ine segment from XB to XB+WBR.

subrou t i ne  UNPACK (X ,  W,  E ,  IR ,  T t  IDET,  F ,  NHIST ,  WC

Subroutine UNPACK wil l  unpack the seven words in the

array r rPx and d is t r ibute the data in to the argument  l is t .

The correspondence between P and the individual i tems is

shown in  the d iscuss ion of  subrout ine pACK.

T h e  F O R T R A N  s t a t e m e n t s  u s e d  t o  u n p a c k  p ( 1 ) ,  p ( 2 ) ,  p ( 3 )

are descr ibed below.

X ( 1 )  =  P ( 1 )

TEMP = P ( I )

Store the X part of the
packed word

Retrieve the integer
value of  W

TEMP = TEMP.AND.77778

TEMP = ITEI'/IP Float the integer value

w( I )  =  TEMP/1024 . -10  Re-no rma l i ze  and  ad jus t
f o r  f  =  1 ,  2 ,  3  t h e  r a n g e  t o  - 1 ,  + I .
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Subrout ine UNPR ( IEGT, IR)

The rout ine wi l l  unpack s ix  in teger  var iab les s tored

in two words in the IEGT array.

The two packed words are located as fo l lows:

f  =  2 *  ( I R - l )

I 1  =  IEGT( I+ I )  t he - two  packed
woros

T 2  =  I E G T ( I + 2 )

The two packed words contain the six integer variables in

the fo l lowing format :

ISC NREG IRW

IEW IAM IANG.

not used  15  b i t s  15  b i t s  15  b i t s

Funct ion VELF (E)

This FORTRAN function computes velocity of neutrons or

gailrmas as fol lows:

VELF =  1 .38333x106  , lT  fo r  NG =  O  (neu t ron )

VELF =  2 .gg7928x t010  fo r  NG =  1  (gamma)

The var iab le,  NG, is  found in  Common.

r 1

I 2

t.

6 0  b i t s
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Subroutine VOLUM

Input to this routine is the coordinate points that

speci fy a box

XV, XT, XO, xA, then two addit ional input numbers, DoD

and DT, specify two delta distances over which ray origins

w i l l  i nc remen t .

The routine reads the input parameters as specif ied

above and calculates the number of rays to be shot, start ing

between XV and XT at increments of DT. As each ray is shot,

the distance through each region in the box is added to a

distance counter for that region. When al l  rays between

XV and XT have been treated, the code shifts each start ing

point a distance DOD in the direction from XV to XO and

--T-
Y
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repeats the above process unti l  xO is reached by the point

which s tar ted as xV.  Af ter  sh i f t ing the s tar t ing points ,

rays are again f ired in the direction from XV to XA and the

region counters are incremented.

When a l l  the rays are processed,  each region d is tance

counter  is  mul t ip l ied by the product  DT x DOD'  thus pro-

ducing the vo lumes of  the region wi th in  the box.

The rout ine has the capabi l i ty  o f  reading in  pre-

computed vo lumes and calcu lat ing a percent  er ror .  These

pre-computed volumes should be punched with the region

number in Column t0 and then the volume in Columns 11-30.

A special card completes the volume input (see page 184).

Subrout ine WRT14 (P,  J ,  GO, JCOUNT)

This routine accepts seven word records stored in the

array P and wr i tes them on tape 14 in  uni ts  of  35 records

each.  Thus each uni t  on tape has 35 x  7 -  245 words.  The

seven word records are e i ther  t ransmiss ions or  in teract ions.

The in teger  par t  o f  P(7)  denotes the type of  record.  The

program wi l l  use the in teger  par t  o f  P (7)  to  ta l ly  t rans-

m iss ions ,  abso rp t i ons ,  and  i ne las t i cs .

A descr ip t ive f low char t  fo l lows.
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RETURN

B

L: O,WRTTE BUFF /N TAPE

fStp.."Pf in fhe 
-]

1*"t 
Record BuffeJ

Tcl l ,1  o-bsdrpt idns. ,
i ne las t i c . s  qnd  - i - r :
IT +at  l ! ls  +r ) . r . : . r r  r
f f  * a l  l 1 . r  i  n e l  a , ' ' ' ,  :
f A  t a l  l 1 s  f - : : : , ' ,  p , - - '

This pl int  is encduntere,d
' rhen ' the-  p .ob lem is  t l  be-
- fe-rmihated q-" .d o-  oo.r f ia l
c,- {fq ' '  i  S 1't be w r ift gn
fn 1-o.pe,..

JCOUNT= LC

tr66=2

L= L+l

BUrF(r ,L)= P(r)
I - - l?,3r+,5,6,7

LC =  LC+ l
J 1,2,3,4,5.  P(7))AN D777777 g

f T = T T + t  F p R  J l e 3 4 5 = 6
IT=LTt |  FpR i f l?345=7
I A =  1 A + l  F 0 R  i r l / f 4 5 = 8

RETURN
\ ^ /RfTE BUFF @NTAFE 14

L,  L* l

I =  l r 2 ,

PRTNT TA, ITJT.  LC

WRITE BUFF ON TAPE I4

R E T U R N
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i i
: Projrgrn TqNC: -

, TUNC is the main control program and controls the

entire caLculation up to the actual Monte Carlo. A flow
: '
:  chart describing the functions of TUNC is given on the

. fol lowing pages.
i . :

L

k-. -
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N D Q =  3 0 , o o c

READ AND PRr r lT  H9L l -  E r , r rH
IDENI - IF ICAI " ]ON CARD

R E A D  A N D  P R i N T
TBAND,  N BAI ID

rBAND-3C A L L  B A N D .

CALL BAND

CALL.BEDIT
T O  E D T T  A D T

LGE.@M=O
REV/IND IO

T e O

t-GEOl1rNCOU

L G E A  M -  N C O U N T +  I

i;"1;:'i;:., I

f le ln fO is  o.n >pi i -n  , ro . f

I  r . renuo is - ihe " r ' " - ,  i
f  c ros3 -5 , -1 * : r r  l
\  S U P E r  ? T O J P S  J

L G E M = l

_l
I

Y
I
I
.J

R E A D  T A P E  I O
R EAD - r  APE lO

,q E Ni lr J-E l.J 2, K P H YS? N F NI R G, N C 0 u Nr) ii Dii., i
(A STE R (f) ,  J= l  . '  N cdu NT)

I=Trl
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I  BAND -3

CALL GE NI

WoNX 
.rHE GE@METRY ON THE QDT

-  ) o

crQs5-. se.c-ridnS

fi: the E 97

GENf  w i i l  r ea -c i  e ld
prdtess *he oe.t 'r ,1s.J r ra r icttn'

The Prdc-e-' .' ':ri i :ur:t u"'' i I I
be- s*precl in *I'e- Ma3:et-ej,r'3,.r

At th rs pd i7+
b e e . n  r , ^ t r  i ' l ! c t

beq inn ir a :,.- i l  os+': '1;r, L.C!l) L oE,l t4"
i . id-  er , rc i , ' ) , ,  n ' r '14'r i - - l lqr ' '  I .EGi-dy,1 '

o-nd geometrl havc.

I  p" l  ce.SSe d i  r i  Pur tc,
rn rY,y 'n  a*nd \ :s  wr ! *e .n

rt u/R] CP M

i T

\ '+l
( - '
t "
t <

L'
l t

{ c
/ 1

td>
)

i ' _ . : 1 .

. I-  
l n l

1 l
' n l

J

t

r\

S r

. a i

l c -

!

l 'Q-

t l -

M
.e,

. NPL
'he. I'
r . . * n  d

f h e

A t  I
C,C nn

tape.

L NPI
rhe
n. l  n
r  Y ' *

f h e

A t  I
c^ ,Qn

tap<

READ CR 0SS-  S tCT IpNS AND
GE0r '1ETRY FRPM 

- i 'HI  ODT
R E WI}'ID Tt-} E '/ DT

C A L L l N F U T D

CALL WR]  CAA

p rrri l l re-cci ilr d Dr
r i - ie- Ca. l /  i r ' ,pvt 

'T,

;e .c i  i r ,p , , - i  -  i l l  be-  I
c.sta r ,r" r'r x1

E N D
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4 .3 .2  Desc r ip t i on  o f  Ou tpu t

The pr in ted output  wi l l  consis t  o f  four  par ts :

1.  Cross-Sect j -on Output

2. Geometry Output

3.  Monte Car lo  Data

4 .  A n s w e r s .

The four  par ts  wi l l  be d iscussed in  deta i l  be1ow.

I .  Cross-Sect ion Output

The cross-section output is dependent on the

input parameter, IBAND. The result ing output

as a funct ion of  IBAND is :

IBAND = 0 A printout of al,l TUNC and BAND
inpu t  ( see  Sec t i on  4 .21  .  A'  pr in tout  o f  croas sect ions used
by the problem. See the dis-
cuss ion of  BEDIT for  actual

. output formats.

IBAND = 1 A printout of the data on the
exis t ing ODT. See the d iscuss ion
of BEDIT for actual output formats.

fBAND = 2 A printout of TUNC and BAND input
( s e e  S e c t i o n  4 . 2 )  .

IBAND = 3 A printout of TUNC input.

fBAND = 4 A printout of TUNC input.

2. Geometry Output

The geometry output is also dependent on the

input parameter IBAI{ID. The dependence is shown

on the fotlowing page.
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IBAND = 0 A complete printout of geometry
input and the entering and leaving
tab les .  See  Sec t i on  3 .3  fo r  a  des -
cr ip t ion of  formats.

IBAND = 1 Same as IBAND = 0

IBAND = 2 Same as IBAND = 0

IBAND = 3 Same as IBAND = 0

IBAND = 4 No geometry output wil l  be printed.

3.  Monte Car lo  Data

This  output  sect ion wi l l  consis t  o f  a  complete

pr in tout  o f  a l l  Monte Car lo  input .  In  addi t ion '

the core s torage requi rements for  cross sect ions,

geometry ,  and other  inputs wi l l  be tabulated.

The results of the VOLUM calculation wil l  be

pr in ted.  A deta i led d iscuss ion of  the vo lume

output appears in the discussj-on of Subroutj-ne

VOLUM.

4 .  Answers

The program wi l l  pr in t  for  each stat is t ica l

aggregate the fo l lowing i tems:

History number

Number of  co l l is ions

Number of degrades

Number of absorptions

Number of  k i l ls

Number of births

Number of escapes
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The elapsed real t ine in seconds

The number of transmissions and interactions
recorded on tape.

Note that al l  of the above items are cumulative

and are printed as a single l ine for each aggre-

g a t e .

When aI I  the h is tor ies have been processed a pr in tout

g iv ing the to ta l  number of  absorpt ionr  ine last j -cs '  and

t ransmiss ions  w i l l  occu r .

The prev ious ly  d iscussed ta l l ies as a funct ion of

aggregate wi l l  be repeated as a funct ion of  reg ion.  Thus '

for  each region the number of  co l l is ions '  degrades,  absorp-

t i o n s ,  e t c . ,  w i l . l  b e  p r i n t e d .

The dose,  f lux,  and f lux-at -a-point  pr in touts  wi l l

occur  next .  The doses are pr in ted f ive regions per  l ine of

output .  Both the f lux and f lux-at -a-point  ed i ts  are pr in ted

five regions across the page and energy groups down the

page.  For  each answer a percentage error  is  g iven.  The

volume of  each f lux reg ion is  a lso pr in ted.

1 .3 .3 .  G lossa ry  o f  Impor tan t  Va r iab le  Names

The fol lowing is a brief outl ine of each common block

in the program. A detai led descript ion of each variable

in common, in the order in which they appear in the TUNC

program, is given on the fol lowing pages.
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The "b lank"  common b lock conta ins the master  s torage

array and f requent ly  used input  ar rays.

Common REGPAR contains six parameters used in the Monte

Car lo  ca l cu la t i ons .

Common INPUT contains non-subscripted j-nput para-

m e t e r s .

Common PAREM contains posit j-on, direction, energy and

importance sampling parameters.

Common COMPUT contains parameters computed from input.

Common CROSS conta ins cross-sect ion parameters.

Common METRY contains geometry dependent input and

computed parameters.

Common FAP contains f lux-at-a-point parameters.

Common SOU contains source dependent parameters.

Common PUTAD contains data control l ing the parameters

to be wr i t ten on the in teract ion,  t ransmiss ion tape.

"Blank" Common

EOUT(100)  An array conta in ing the output
energy b ins for  f lux resul ts .
The array conta ins a l l  b ins for
a l1 output  supergroups.

EWTAB(SO) The energy mesh for energy impor-
tance sampl ing.

ANGLE(50)  The cos ine mesh for  angular
importance sampling.

TTAB(50)  The t ime mesh for  t ime dependent
problems.
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A S T E R ( 3 0 , 0 0 0 )

I S C

NREG

IRW

IEW

IAM

TANG

Note that

n u m b e r ,  t t r R t t .

a r ray  by  a  ca l l

NSTART

NSTOP

NSTAT

NRMAX

NG

The master  s torage array conta in ing
cross sect ions,  geometry ,  input  and
f lux data.  A complete descr ip t ion
appears in  Appendix  D.  The array
is  equiva lenced wi th  array MASTER.
The name of the array in BAND and
BEDIT is  XSECT.

COmmON REGPAR

The locat ion,  in  MASTER, of  the
f lux scores for  scanning region ISC.

The composit ion number for region
I R .

The locat ion,  in  MASTER, of  the
energy weight  for  reg ion IR.

The locat ion,  in  MASTER, of  the
energy weight  tab le for  reg ion IR.

The locat ion,  in  MASTER, of  the
aiming angle for  reg ion IR.

The location in MASTER of the angu-
lar  weight  tab le for  reg ion IR.

the above six i-tems are al l  keyed to a region

The six i tems are retr ieved from the MASTER

to UNPR.

Common INPUT

The number of real t i-me seconds of
running t ime before terminating and
ed i t i ng .

Number of  the last  h is tory  to  be
t rea ted .

Number of  h is tor ies per  s tat is t ica l
group.

Number of  reg ionr in  the geometry .

Ei ther  0 for  a  neutron problem or  I
for a gamma problem.
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NT Number of  outPut  t ime b ins.

NOUT Number of  outPut  energy b ins.

NUM.SC Number of  f  lux scor ing regions.

NRWL Number of  d is t inct  reg ion weights .

IREX The escaPe region number.

NEWL Number of energy bins for energy
we igh t i ng .

NEW Number of  d is t inct  energy weight
se ts .  I f  NEWL and  NEW =  0 ,  t he
problem conta ins no energy weight ing.

NAIML Number of  d is t inct  a iming angles.

NUMANL Number of angular bins for angular
we igh t i ng .

NUMANG Number of dist inct angular weight
s e t s .

JRT Not  used.

ECUT Low energy  cu to f f  (ev ) .  T rack ing  o f
a par t ic le  is  terminated i f  i ts
energy degrades below ECUT.

ETHERM Thermal energy if  a thermal group
is  requi red.  ETHERM must  be wi th in
the energy l imi ts  of  the Prob1em.

TCUT Leave b1ank.

F Z  S e e  d i s c u s s i o n  i n  S e c t i o n  4 . 1 .

EHIGH High energy cutof f  (ev)  -  This
should be less than or  equal  to  the
highest  energy for  which cross
sec t i ons  a re  ava i l ab le .

EBL Lower bound of the current supergroup.

EBH Upper bound of the current supergroup.
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Common PAREM

xB(31  The  X ,  Y ,  Z  coo rd ina tes  o f  t he
cu r ren t  pa r t i c l e t s  pos i t i on .

WB(3 )  The  d i rec t i on  cos ines  o f  t he  cu r ren t
pa r t i c l e .

E The current  energy of  the par t ic le .

IR The region number of  the par t ic le .

T The current  t ime of  f l iqht  o f  the
p a r t i c l e .

TDET A detecto:r number for f lux-at-a-
po in t .

F An j-mportance sampling parameter.

NHIST The current  h is tory  number.

WC A weight  parameter .

SP The d is tance,  measured f rom XB,  to
the  nex t  co l l i s i on .

WP(3 )  The  d i rec t i on  cos ines  o f  t he  pa r t i c l e
a f te r  sca t te r i ng .

Common COMPUT

NUMNOU The product of NUMSC (the number of
scor ing regions)  and NOUT ( the num-
ber  o f  ou tpu t  ene rgy  b ins ) .

JONUM An index used in f lux scoring.

LNCNOL The location in ! ' IASTER of the coLli-
s i on  by  reg ion  tab le .

LBIRTH The location in MASTER of the birth
by region tab le.

LREGT The location in I{ASTER of the reqion
da ta  tab le .

LFKILL The location in I4ASTER of the ki l ls
by region tab1e.
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LESCAP The loca t ion  in  MASTER o f  the  escapes
b y  r e g i o n  t a b l e .

LLAST The loca t ion  o f  las t  word  in  MASTER
used by  the  proqram.

NDQ The s ize  o f  the  MASTER ar raY
( 3 o , o o o ) .

LNDEG The loca t ion  in  MASTER o f  the  degrade
b y  r e g i o n  t a b l e .

LNABS The l-ocat ion in MASTER of the absorp-
t i o n  b y  r e o i o n  t a b l e .

LSCORE The locat ion in MASTER of the f lux
s c o r i n q  a r r a y .

LPACK Not  used.

NTOT NUMSC t imes (the number of energy
b i n s  i n  t h e  l a r g e s t  s u p e r g r o u p ) .

LGEOM The locat ion in MASTER of geometry
d a t a .

LEGEOM The last locat ion in MASTER of
geomet ry  da ta .

KSOUR The loca t ion  in  MASTER o f  the  source
d a t a .

Common CROSS

EPRIM

ATWT

NCDB

NCDB

The energy of  the par t ic le  af ter
sca t te r i ng .

The atomic weight  o f  the scat terer .

An in teger  var iab le denot ing the
types  o f  co l l i s i on  ( see  tab le  be low)  .

Type of  Col - l is ion

Hydrogen scat ter j -ng

Iso t rop i c  e las t i c  sca t te r i ng

Anisot ropic  e last ic  scat ter ing

t

2

3
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NCDB Tvpe of ,  Col l is ion

4 Scat ter ing in  the LAB sYstem
no degradat ion.

5 compton scat ter ing for  gammas

6 Absorpt ion

7 Ine last ic  cont inuum scat ter ing

I  I ne las t i c  d i sc re te  sca t te r i ng

CSTHT The cos ine of  the angle of  scat ter .

U  The  macroscop ic  toLa l  c ross  sec t i on .

JENI The locat ion in  MASTER of  the f i rs t
energy of  the mesh.

JEN2 The locat ion in  MASTER of  the last
energy of  the mesh.

KPHYS The number of  phys ica l  composi t ions.

NENERG The number of energies in the cur-
rent  supergroup.

NCOUNT The number of data words in the cur-
rent  supergroup.

NBAND The number of  cross-sect ion super-
g roups .

EBLX The lower energy of  the cross-sect ion
supergroup.

Common METRY

LBASE The location in MASTER of the
geometry  data (same as LGEOM).

RIN The d is tance f rom a point  [$ ,  on the
ray  XB +  WP.S ,  t o  the  f i r s t  con tac t
w i th  a  body .

ROUT The d is tance on the rdyr  f rom XB,  to
the last  contact  wi th  the body.

LRI  The enter inq sur face number.

L.
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LRO

PINF

IERR

NSCAL

NBODY

DIST The d is tance to  the current  bodv
measured f rom XB.

NRPP The number of  rectangular  para l le l -
e p i p e d s  ( i n p u t ) .

NTRIP The number ef  t r ip le ts  ( input) .

The leav inq sur face number.

T h e  m a c h i n e  i n f i n i t y  ( 1 0 + 5 0 )  .

An error  counter  for  input  er rors
o r  [ G l r r  e r r o r s .

The number  o f  sca la rs  ( input ) .

The number  eg  bod les  ( input ) .

NNNNN Same as NRMAX in Common INPUT.

LTRIP The loca t ion  in  MASTER o f  the
t r i p l e t  d a t a .

LSCAL The loca t ion  in  MASTER o f  the
s c a l a r  d a t a .

LREGD The loca t ion  in  MASTER o f  the  req ion
d e s c r i p t i o n  d a t a .

LDATA The locat ion in MASTER of the
f l o a t i n g  p o i n t  d a t a .

LRIN The loca t ion  in  MASTER o f  the  RfN
for  each body .

LROT The locat ion in MASTER of the ROUT
for  each body .

LIO The locat ion in MASTER of the sur-
face  numbers  fo r  each body .

LOCDA The locat ion in MASTER of the data
fo r  a  par t i cu la r  body .

r 1 5  =  2 I 5 .  U s e d  i n  u n p a c k i n q  d a t a  f r o m
the I ' IASTER arrav.
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r30 = 230.  Used in  unpacking data f rom
the IIASTER array.

LBODY The location in IvIASTER of the body
d a t a .

NASC The body number of the body being
examined bv Gl .

KLOOP A counter  used bY Gl .

Common FAP

XAD(25)  The array of  X-coord inates for  the
de tec to rs .

YAD(25)  The array of  Y-coord inates for  the
de tec to rs .

zAD(25 )  The  a r ray  o f  Z -coo rd ina tes  fo r  t he
de tec to rs .

ID The number of the detector being
p rocessed .

NDFAP The number of detectors for f lux-
a t -a -po in t .

NDET The total number of detectors.

LSCFAP The location in MASTER of the
scor ing array for  f lux-at -a-point .

LPAFAP Not used.

J12345  A  pa r t i c l e  t ype  f l ag  ( see  the  d i s -
cussr-on of  PICK) .

EOMMON PUTAD

IR f (10 )  T ransmiss ion  reg ion  numbers .  On ly
the f i rs t  three are used.

IWA Absorpt ion record ing f lag.  Nonzero
for  record ing.

IWI Ine last ic  record ing f lag.  Nonzero
for  record ing.

IWE Elast ic  record ing f1ag.  Nonzero for
reco rd ing .
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IWD Degradat ion record ing f lag.  Nonzero
fo r  reco rd ing .

I W o M u l t i p l y i n g f a c t o r f o r t r a n s m i s s i o n
reco rd inq .

O T H E R ( S )  N o t  u s e d .

4.4 PROGRAM TMPLEMENTATION

4 . 4 . I  O p e r a t i o n  I n s t r u c t i o n s
# . r , ! ' r r . t .

The fo l lowinq d iscuss ion descr ibes the operat ing pro-

cedure for  the cDC-6600 us ing the ch ippewa* operat ing

sys tem.

The deck conf igurat ion consis ts  of  a  contro l  card deck

fo l lowed by a data deck.  The contro l  card deck is  shown

below.  Note that  the card data is  to  be punched star t ing

in card co lumn 1.  A complete d iscuss ion of  contro l  cards

appears in  the Chippewa systems manual .

ffi 
*6-0TT-SerIes 

Computer Systems, Chippewa
operat ing system Reference Manual,  Publ icat ion Number
obr :a400;  a loo  34 th  Avenue,  south  Minneapo l is ,
Minnesota  55440
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Card Comments

ID card See the Chippewa systems manual
fo r  a  desc r ip t i on  o f  t h i s  ca rd .

REQUEST TXXX. XXX is a tape number supplied by
the computer center. This tape
contains the SAM-C program in
b inary format .  .s

REWIND (TXXX) Rewind the program tape.

coPYBF(Txxx,TUNC) Read the two sect ions (TUNC, MONTE)
COPYBF(IXXX, that comprise the SA[,I-C program
MONTE) into memory.

UNLOAD(TXX) Return the program tape,  i t  is  no
longer  needed.

REQUEST TYYY, YYY is the tape number of the
TAPE 11.  e lement  data tape to  be used.
REWTND(rapn 11)

REQUEST TZZZ,  ZZZ is  the tape number of  the
TAPE 15.  source tape.  Omit  these cards i f
REWfND (TAPE 15)  no source tape is  used.

. REQUEST rvw, VW is the interaction/transmission
TAPE 14.  tape i f  requi red.
REWIND (TAPE 14)

TUNC. Execute the TUNC program which
reads and processes a l l  input .

UNLOAD (TAPE 11) The element data tape is no longer
needed .

MONTE. Execute the Monte-Carlo and edit
port ions of SAIII-C.

UNLOAD (TAPE 14) Release the remainj-ng tapes.
UNLOAD (TAPE 15)

EXIT Terminate the problem.
-

Note that  the edi t  tape (TAPE 16) ,  the supergroup

storage tapes (TAPE 9,  TAPE 17)  and the organized data tape

(TAPE 10) were not mentioned explicit ly in the above control
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cards.  These tapes are usual ly  not  requi red for  subsequent

problems 
" fU 

are ass igned to d isk s torage.  The operat ing

system wi l [  automat ica l ly  ass ign a d isk s torage area to  any

tape not  ment ioned in  the contro l  cards.

The fo l lowing f igure ( r ig .  4 . f )  shows the complete

deck conf iguration for a computer run. Note that the I 'EORrr

card is  a  system end of  record card and that  "EOF" is  a

system end of  f i le  card.

.g

- . i
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Response Data

Volume Data

Card Sets L-zL

BAND InPut

TUNC InPut

Contro l  Cards

4 . t  - Deck Conf iguration f or SAli l-C
F i g .
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4 . 4 . 2 T a p e  U t i l i z a t i o n

The fo l lowing descr ibes the funct ion of  each tape used

in the program. Tape numbers refer to FORTRAN logical num-

bers.  A l I  tapes are used in  the b inary mode except  for

tape 11,  which is  BCD mode and conta ins 80 co lumn card

images .

Tape 9

A temporary storage tape used by the BAND program.

The tape is  a lso used for  temporary s torage of  par t ic le

la tents  in  the PICK rout ine.

Tape 10

The organized data tape (OOt1.  The tape conta ins

cross-sect ion data for  a  g iven problem. The tape may a lso

hold geometry  data i f  requested by an input  opt ion.

Tape 11

The e lement  data tape (nOf) .  The tape conta ins a

l ibrary of  avai lab le e lements.  Subrout ine BAND uses th is

tape to  get  the data for  a  q iven problem. BAND is  the only

rout ine us ing th is  tape.  The organizat ion of  the EDT is

g iven in  Appendix  B.

Tape 14

The j -n teract ion/ t ransmiss ion tape.  A11 in teract ions

and t ransmiss ions are wr i t ten on th is  tape for  use in  sub-

sequent  problems.  A d iscuss ion of  format  is  inc luded in

the sect ion on Subrout ine WRT14.
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Tape 15

An external source tepe. ltrhe t*Fa is crsct66 by tho

GASP program usi.ng tapc 14. 1!he tap6 way elee bc the tf,&ns-

mission part  of  tape L4.

Tape 16

The statistical aqgc6gf6t6 teps. lFbo l#iltg f,outino

uses this tape to record each 6otryLet6d &ggf€gstcr fh€

edit routines then proce.ss the tap* to obtai"fr th6 ftnal

f lux,  dose reeul te.

Tape 17

A ternporary storage, tspe for laterles" 1flw taBe is

used by the PICX routine.

4 .4 .3  Er ror  l {essages

Three types of enor indicati,on$ cre Sivcn by tXte

SAM-C ptrogram. Type L errorg glvo &n Grnsr no*cego **d.

cause the progr€wr to terminet,e. $'ypc 2 srrorr gflltc tli

error messager but do not, tocmnuats tho calculstJ,e)'n, lfype

3 errors terrninate tho, catreulati.on, but, give nc dfror $6$-

sage. The possible etror stops ard magragee arc d.l.tc*rsgcd

below.

Type 1 Errofs

1. SEEK ERROR

The error occu.rs irl $EGR ard J,s c6E$Gd Dg *n

argrnment out o.f range of the voetof beinE

searched. The rlost pro'hable 6&us€s ara afi

2s2
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input  er ror  in  the output  energy b ins or  the

enerqy  o r  anqu la r  we igh t  b ins .

OUT OF RANGE ON EBAND

The error  occurs in  BAND and is  caused by the

input  cross-sect ion energy band mesh being

outs ide the range of  the energ ies on the EDT.

The most  probable causes are an input  er ror

or  us ing the wrong EDT.

NO MORE ELEMENTS ERROR IN BAND

The error occurs in BAND and is given when an

isotope ident i f ier  in  the BAND input  cannot  be

found on the EDT.  The most  probable causes are

an input  er ror  or  us ing the wrong EDT.

*** ERROR - BOTH FIRST AND LAST BIN BOUNDARIES
MUST BE FLAGGED WITH NEGATIVE SIGNS

*** ERROR - EHIGH MUST BE WITHIN ENERGY BINS

****  ERROR .  ECUT MUST BE WITHIN ENERGY BINS

**** ERROR - ETHRM MUST BE WITHIN ENERGY BINS

,THE NUMBER OF ENERGY BTNS IS TOO BIG THE MAX IS

The error  ind icates too many energy output  b ins

to f i t  in  the machine.  The input  must  be modi-

f ied.  A suggest ion is  to  a l low another  output

3 .

4 .

5 .

6 .

7 .

8 .

supergroup.

9. ERROR IN NUMSC

The error  occurs when a scor ing regio4r  €ts

suppl ied by the region parameter  input ,  is  b igger
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than the input value of NUMSC. The input should

be checked.

10. NO ROOM TOR DATA

The error i .ndicates that the total room occupied

by the input is greater than t 'he alLowable maxi-

mum. The input rnust be modif ied.

Note that  er rors  (4)  through (10)  a l l  occur  in  INPUTD.

These errors  wi l l  a l low the remainder  of  the input  to  be

processed but  the program wi l l  not  per form the Monte Car lo

c a l c u l a t i o n .

1I. **** ERROR - SPECTRUM NOT DEFINED BETWEEN EHIGH
AND ECUT

The error occurs in SOUCAL and indicates that the

energy spectrum violated one of the fol lowing

cons t ra in t s :

ECUT S ET(IFLAG)

E H I G H  Z  E T ( 1 )

where ET is the input energy spectrum, and IFLAG

is the number of entries in the spectrum table.

T2. CANNOT HAVE ANG. IMP. FOR ANISTROPTC SOURCE

The error occurs in SOUCAL and indicates that the

specia l  source d i rect ion opt ion was used in  a

region conta in ing angular  impor tance.  This  condi -

t ion is  not  a l lowed.

13. ERROR IN NOUT

The error indicates that a source energy was
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calcu lated by SOUPIC and is  outs ide the range

of  the output  energy mesh.  Check the input .

14.  BAD IRPRIM IN CARLO

An IRPRIM of  zero was ca lcu lated in  the G1 rou-

t ine.  The geometry  input  and the source posi t ion

data should be checked.

15 .  51  OUTSIDE BOUNDS

The  e r ro r  i nd i ca tes  tha t  S I ,  t he  d i s tance  to  the

nex t  boundary ,  as  ca l cu la ted  by  G1 ,  i s  e i t he r

zero or  greater  than 1011.  The geometry  input

should be checked.  A more ser ious cause is  an

error  in  compi la t ion.

16.  ERROR IN SP IN CARLO

t rSOr r  t he  d i s tance  to  the  nex t  co l l i s i on  i s  q rea te r

than S1,  the to ta l  d is tance through the region.

The FORTRAN statements in CARLO should be checked

for  a compi le  error .

17.  ERROR IN NREG

A composit ion number of zero or greater than the

KPHYS, the number of  composi t ions,  was encountered,

Check the region input .

18.  ERROR IN IRPRIM

A reg ion  number ,  IRPRIM,  was grea ter  than the

number  o f  reg j -ons .  Check  the  reg ion  input ,
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19.  ERROR rN rSC

A scor inq region number,  fSC,  \das greater  than

the number of  scor ing regions.  Check the region

inpu t .

20. ERROR IN NCDB IN CARLO

An i l l eqa l  i n te rac t i on  d ig i t ,  NCDB,  has  been

generated by DR, t ,he in teract ion rout ine.  the

cross-sect ion data as edi ted by BEDIT should be

checked .

4 . 4 . 4  S e n s e  S w i t c h  O p t i o n s

The fo l lowing descr ibes the Sense Swi tch ut i l izat ion

in the SAM-C program.

Sense Swi tch 2

Terminate the problem and edi t  the completed aggregates.

Sense Swi tch I

Debug printout for the CARLO, DR, FAP routines.

Sense Swi tch 4

Debug printout for the geometry dependent routines.

Note that  phys ica l  sense swi tches are not  avai lab le

on the cDc-6600.  The sense swi tches are designated by means

of  contro l  cards and cannot  be changed dur ing execut ion.
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APPENDIX A

DISCUSSION OF IMPORTANCE SAMPLING

r t  is  fa i r ly  wel l  k . ro t r , (1)  by now that  Monte Car lo

calcu lat ions can be carr ied out  so that  a  s ing le l inear

func t i ona l  (e .g . ,  dose ,  F€  ac t i va t i on )  o f  t he  rad ia t i on

f ie ld  may be ca lcu lated wi th  zero var iance.  To do th is

requi res pre-knowledge of  an " impor tance funct ion"  which

gives for  any par t ic le  i ts  expected contr ibut ion to  that

s ing le funct ional .  This  impor tance funct ion is  used to

b ias h is tor ies of  par t ic les so as to  d i rect  them toward

those posi t i -ons,  energ ies,  and d i rect ions at  which the

chance of  contr ibut ing to  an answer is  Iarge.  In  addi t ion,

to  get  s t r ic t ly  zeto var j -ance i t  is  necessary to  compute

an answer ( to  "score")  on ly  when an impor tance modi f ied

his tory  is  terminated.

To  be  more  exp l i c i t ,  l e t  x ,  E ,  0  deno te  the  pos i t i on ,

ene rgy ,  and  d i rec t i on  o f  a  pa r t i c l e  and  l e t  J (1 ,  E rg )  be

the expected to ta l  answer eventual ly  g iven by that  par t i -

c l e .  T h e n  i f  K ( { ' ,  E ' ,  Q '  +  { r  E ,  Q )  i s  t h e  d e n s i t y  o f
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par t i c l es  coming  ou t  o f  co l l i s i ons  a t  x ,  E ,  !  g i ven  tha t

o n e  c a m e  o u t  o f  c o l l i s i o n  a t  1 : ' r  E ' ,  g t  d e f i n e  t h e  a l t e r e d

kerne l  * ( : ' ,8 , ,  ! '  +  { ,  E ,  g )  =  
$ { f f i f \ - i - ' "

1 1 ( I ' ,  E ' ,  8 '  +  T r  E '  8 )  -  T h i s  k e r n e l  i s  t o  b e  u s e d  i n

genera t i ng  h i s to r i es  i f  ze ro  va r iance  i s  t o  be  oh ta ined .

Ano the r  requ i remen t  i s  t ha t  t he  sou rce  dens i t y  S (x ,  E ,  Q)

be replaced by

s ( ; , E , 9 )  =  J ( T , E , g )  s ( 1 , 8 , 9 1  / J ( 5 ' , E ' , 8 ' )  S ( T ' , E ' , 9 ) d I r d E ' D Q '

in  se lec t i ng  s ta r t i ng  coo rd ina tes  fo r  h i s to r i es .

In  p rac t i ce ,  t he  cond i t i ons  fo r  ob ta in ing  ze ro  va r iance

are never  achieved for  any pract ica l  probLem. I t  is  usefu l

to  note the reasons.

1.  The exact  impor tance funct ion is  never  known.

2.  Scor inq is  not  carr ied out  in  the manner

requi red for  zera var iance.

3.  Approx imate impor tance funct ions cannot  be

spec i f i ed  i n  enough  de ta i l .

4 .  Genera l  purpose codes do not  carry  out  the

his tory  sampl ing us ing the a l tered kernet  i ,

but  sorae a l ternat ive (unbiased)  form such

as sp l i t t ing at  boundar ies.  This  a lways

inc reases  the  va r iance .

The  f i r s t  po in t  i s  a  d i f f i cu l t y  i n  p r i nc ip le .  I n

pract ica l  problems,  i t  has been found that  approx imate

forms for  J  can reduce the var iance in  d i f f icu l t  problems
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to  the point  where modern comput ing machines can achieve

sa t i s fac to ry  resu l t s .  Seve ra l  me thods  have  been  used  to

e s t a b l i s h  t h e  f u n c t i o n  J .  X . t o =  
( 2 )  

u s e d  a  m u l t i c o l l i s i o n

approach  (essen t i a l l y  cons ide ra t i on  o f  t he  Neumann  se r ies

of  the adjo in t  problem) and was able to  ca lcu late very deep

pene t ra t i on .  A t  t he  o the r  ex t reme,  Ca in (3 )  has  recen t l y

used  S '  codes  to  f i nd  numer i ca l  va lues  o f  J .  Un fo r tuna te l y

for  two-or  three-d imensional  problems th is  requi res com-

putat ions as extensive '  or  more so than the Monte Car lo

ca l cu la t i ons  themse lves .  F ina1 ly ,  i t  i s  poss ib le  to  use

ex i s t i ng  resu l t s  f o r  s im i l a r  p rob lems  (e .9 . ,  momen ts  me thod

resul ts  for  gamma rays)  as one does in  obta in ing rough

engineer ing approx imat ions to  sh ie ld ing resul ts  themselves.

Th is  appears  to  be  the  mos t  p rac t i ca l  and  w i l l  be  i l l us -

t ra ted  l a te r .

r t  has  l ong  been  suspec ted (2 )  t ha t  t he  essen t i a l  pa r t

of  the var iance reduct ion is  the use of  a  proper ly  b iased

al tered kernel  and that  the par t icu lar  scor ing scheme is

less  impor tan t .  Th i s  has ,  i n  e f fec t ,  been  shown  r " ce r r t l y .  
(4 )

In many codes the importance samplinq depends only

upon space or  occasional ly  on energy.  This ,  coupled wi th

the fact  that  ext ra var iance ar ises in  sampl ing the a l tered

kernel ,  may wel l  have the ef fect  that  the opt imum parameters

cannot  be easi ly  deduced f rom even a reasonable guess for

J .  I n  pa r t i cu la r ,  t he  fa i l u re  to  a l t e r  t he  sou rce  d i s t r i -

but ion consis tent  wi th  the h is tory  b ias ing requi res specia l
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t reatment .

The propert ies of SAM-C are such that the optimum use

of  the code should resul t  by us ing a set  o f  weights  inversely

p ropo r t i ona l  t o  J ( ; ,  E ,  Q) .  These  we igh ts  can  depend  upon

posi t ion,  energy,  and d i rect ion.  The source spectrum is

a l tered automat ica l ly  accord ing to  the weights .  F ina l ly ,

the b iased h is tor ies,  par t icu lar t r -y  the f l ight  o f  a  par t ic le ,

are carr ied out  so as to  prov ide l i t t le  addi t ional -  var iance.

Thus establ ish ing ef f ic ient  sampl ing reduces to  ca l -

cu lat ing a reasonable approx imat ion to  J .  Before g iv ing an

example,  cer ta in  genera l  remarks can be made.

Fi rs t ,  because the impor tance funct ion is  speci f ied

through weights  that  are constant  in  spat ia l  reg ions,  the

requi rements of  b ias ing ref lect  upon the geometry  used to

descr ibe the problem. Thus an ef for t  should be made to

prov ide enough regions so that  in  s ign i f icant  reg ions of

space,  and for  the par t  o f  the spectrum responsib le for

penetrat ion to  the detector ,  the var ia t ion in  average im-

portance from one region to the next is no more than (very

roughly)  a  factor  o f  four .  This  requi rement  can be re laxed

for regj-ons far from source and detector or for radiation

too weakly penetrating or too weak to enter into the further

pene t ra t i on .

The use of appropriate slrmmetries simplif ies the im-

por tance sampl ing.  A1thou9h,  in  pr inc ip le ,  a  resul t  can be

obta ined as easi ly  in  a smal l  reg ion as in  a shel l  in  a
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spher ica l ly  symmetr ic  problem, in  pract ice ext ra care must

be g iven to  focus the radiat ion appropr ia te ly  toward a smal l

detector .  A lso the impor tance funct ion wi l l  conta in geo-

me t r i c  (e .g .  ,  r -2 )  f ac to rs .  Fo r  a  she l l  su r round ing  a

spher ica l  source,  on ly  the exponent ia l  a t tenuat j -on wi th

pos i t i on  i s  needed .

When a reasonable set  o f  weights  has been g iven for  a

set  o f  detectors in  a g iven geometry ,  i t  can be used for  a

var ie ty  of  sources.  Thus a good set  o f  impor tance weights

for  gamma rays in  a g iven s i tuat ion can be used for  mono-

energet ic  ganrmas,  for  a  prompt  f iss i -on ganma source,  o t  for

spat ia l ty  and energy-d is t r ibuted gammas ar is ing f rom neu-

t ron in teract ions.  Natura l ly ,  i f  space or  energy regions

prev ious ly  thought  un important  are no longer  sor  extensions

must  be made.

In some problems i t  is  necessary (or  thought  necessary)

to  obta in severa l  d j - f ferent  answers in  a s ing le computer

run.  I f  these answers depend essent ia l ly  upon the same or

ve ry  s im i l a r  h i s to r i es ,  (as  fo r  examp le ,  t he  b io log i ca l  dose

at  two detectors separated by less than a re laxat ion length

for  the dominant  rad iat ion) ,  then a b ias ing scheme for  one

(or  for  a  detector  a t  a  mean posi t ion)  does reasonably  wel l

for  the other .  When rather  d i f ferent  h is tor ies are requi red

(as for  widely  separated detectors or  for  neutron dose con-

t rasted wi th  sources of  secondary gamma radiat ion)  then i t

may well be true that separate runs with separate importance

ti&--,
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weights wi l l  be computat ional ly  most  e f f ic ient .  In  in ter -

mediate cases where i t  is  suspected that  the computat ional

gain f rom running a s ing le problem i -s  impor tant ,  the

fo lLow ing  p resc r ip t i ons  a re  use fu l .

1 .  Take weights  propor t ional  to  f lux over  the

important  range of  pos i t ion and energy.  This

has the ef fect  o f  g iv ing genera l ly  good sta-

t is t ics  for  f lux over  that  range ( though l ike ly

at the expense of computing t ime ) .  The numerical

va lues of  f lux may be taken f rom re lated problems

or  f rom a pre l iminary run.

2.  Take the spat ia l  dependence of  weight  propor-

t ional  to  the expected dose over  reg ions of

adjacent  detectors.  Outs ide regions of  detectors

compute re la t ive impor tance for  nearest  detector .

3 .  Take a l inear  combinat ion of  the impor tance func-

t ion for  s i -ngIe detectors,  the coef f ic ient  be ing

inversely  propor t ionaL to the est imated resul t

a t  t ha t  de tec to r .  The  we igh t  i s ,  o f  cou rse ,

inversely proport ional to the composit ive impor-

tance .

Note that in SAM-C the magnitude of the weight is

i r re levan t .

F ina l ly  we g ive the fo l lowing warn ing.  I t  is  o f ten

tempt ing to  t ry  a rather  sharp b ias ing,  par t icu lar ly  in

d i rect ion.  r t  should a lways be kept  in  mind that  the im-
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por tance funct ion is  the expected answer af ter  a l l  fu ture

co l l i s i ons ,  no t  j us t  a  s ing le  one .  Thus  a  pa r t i c l e  po in ted

w i th in  some ne j -ghborhood  o f  a  de tec to r  (e .g . ,  w i th in  a  c r . )ne

tha t  passes  aS  c lose  as  rough ly  a  mean  f ree  pa th  fo r  sca t -

tered radiat ion)  is  l ike ly  to  be near ly  as impor tant  as a

ray  tha t  passes  d i rec t l y  t h rough .  Neg lec t  o f  t h i s  l eads  to

b ias ing in  which the most  probable resul t ,  except  in  very

Iong sampl ing,  omi ts  th is  scat tered radiat ion.  In  somewhat

the same Wdy,  rad iat ion d i rected away f  rom a detector  ITrd!  r

in  consequence of  mul t ip le  scat ter ing '  be near ly  as impo: : -

tant  as radiat ion d i rected toward a detector .  When d i f fu-

s ion  domina tes ,  t he re  i s  l i t t l e  d i rec t i on  e f fec t .

The fast  sect ion wi l l  descr ibe the procedure used to

set  up weights  for  gamma-ray t ranspor t  in  the atmosphere

above a ground in ter face.

I t  was requi red to  ca lcu late f ree a i r  gamma-ray doses

in  two  Se ts  o f  de tec to rs .  The  f i r s t  se t  cons i s ted  o f  de -

t e c t o r s  c e n t e r e d  a t  2 5 0 , 5 0 0 ,  7 5 0  m e t e r s  a n d  t h e  s e c o n d  a t

1 0 0 0 ,  1 2 5 0 ,  1 5 0 0  m e t e r s .  E a c h  s e t  w a s  c o n s i d e r e d  a  s e p a r a t e

p rob lem.  Each  ' d .e tec to r '  was  i n  f ac t  a  r i ng  o f  a i r ,  7

meters h igh,  and whose inner  and outer  rad i i  d i f fered by

20 meters.  The r ings abut ted the ground.

The a i r  was subdiv ided in to large concentr ic  r ings,

600 meters h igh,  centered on the source.  The increment  in

radius was taken as 125 meters;  th is  is  adequate ly  smal l

compared wi th  the average re laxat ion length of  about  500
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meters.  Each detector  r inq was conta ined in  one of  the

la rge r  r i ngs .

The energy grouping was taken as fo l lows.  Energ ies

above 4 Mev were lumped together .  Other  d iv is ions were taken

a t  2 ,  1 ,  0 . 5 ,  a n d  0 . 2  M e v .  E x c e p t  b e l o w  t h e  l a s t ,  t h e  v a r i -

a t i on  i n  c ross -sec t i on  i n  a  g roup  i s  l ess  than  abou t  30?  so

that  the impor tance is  reasonably  taken to  be constant  in

each group.  The proper t ies of  gammas were evaluated at  the

lower  end  excep t  f o r  t he  l owes t ,  f o r  wh ich  0 .1  Mev  was  used .

The procedure for  establ ish ing weights  was the fo l lowing.

Assume we are deal ing wi th  the second group of  detectors.

The ef fect iveness of  a  ganma was taken ( for  ca lcu lat ing im-

por tance only)  to  be propor t ional  to  energy.  At  1000 meters

therefore,  the weight  was set  equal  to  the rec iprocal  o f

the group energy in  Mev.  From 1000 to 1500 meters the

we igh t  was  assumed  to  dec rease  exponen t ia l l y  ( i . e . ,  t he

impor tance increased exponent ia l ly )  wi th  a re laxat ion length

o f  550  me te rs ,  t aken  f rom an  ea r l i e r  ca l cu la t i on  as  cha r -

acter is t ic  o f  dose.  The same rat ios in  weights  were used

in each energy range.  The impor tance at  500 and at  1000 were

e v a l u a t e d  a s  ( E  B  ( E )  r )  e - x  ( E )  r ,  - 1  
u s i n g  r  =  5 0 0  a n d  I O 0 O

mete rs ,  respec t i ve l y .  These  a re ,  o f  cou rse ,  t he  d i s tances

to  the  f i r s t  de tec to r .  Bu i l dup  fac to rs  B (E)  were  taken  fo r

po in t  i so t rop i c  sou rces  f rom Go lds te in ' s  Uoor (5 )  excep t  a t

the lowest  energ ies where very rough ext rapolat ions were

made.  At  po ints  500 meters and 1000 meters beyond the last
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de tec to r ,  t he  we igh ts  were  made  to  r i se  i n  t he  same ra t i os .

These points  were p lot ted on semi log paper  and curves drawn

jo in ing  them.  Th is  i s  shown  in  F ig .  A -1 .  Rough  ave raqe

weiqhts  are then taken d i rect ly  f rom the graph.

I t  i s  easy  to  see  f rom th i s  p resc r ip t i on  tha t ,  f o r

detectors in  the ranqe 250 to 750 meters,  one may use the

same curve by sh i f t ing the ent i re  curve le f t  by 750 meters.

Th i s  i s  ra the r  genera l l y  app l i cab le .

No angular  weights  were used,  pr imar i ly  because the

regions are so large that  the assumpt ion of  constant  pre '

fer red d i rect ion is  not  appl icable.  For  th is  reason (among

others)  i t  would have been preferable to  subdiv ide the

ve r t i ca l  sec t i on  by  seve ra l  pa ra l l e I  p lanes .  S ince  sa t i s -

factory answers were obtained in short computing t imes we

did not  go on in  th is  d i rect ion for  gammas,  a l though s ig-

n i f icant  improvements were found in  us ing more ver t ica l

d iv is ions in  neutron problems.

The weights in ground were always taken to be four

t imes the porresponding weights  in  the a i r  above.  Gammas

his tor ies were terminated above 600 meters or  beyond 1900

meters f rom the source.

!*
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APPENDIX B

FORMAT OF THE EIJEMENT DATA TAPE (EDT)

A descript ion of the format of the EDT foLlows. Since

the EDT is  made up of  card images,  the descr ip t ion is  in

terms of  card images.

I t em No .  o f
No.  Entr ies Card Descr ip t ion

.1 1 NENERG I1.O
NENERG is the number of energies
in the energy tab le.

F ormat

2  N E N E R G  E T A B L E ( 1 ) ,  E T A B L E ( 2 ) ,  E T A B L E ( 3 ) ,  5 E 1 4 . 5
ETABLE(4)  ,  ETABLE(5)  ,
ETABLE (NENERG) .
ETABLE is the energy mesh for al l-
e lements.  ETABLE(1)  is  the low-
est energy and ETABLE (NENERG) is
the h ighest  energy.

3  3  AWT,  IAWT,  J  E16 .8 ,  2T6
AWT is the f loating point atomic
weight .
IAWI is the f ixed point identi-
f i e r .  J  i s  an  end  o f  da ta  f l ag .
J I 0 means this card is the
last  card of  the EDT.

4  5  O F ,  N O W ,  N F I ,  r s r ,  r P I N  8 1 5 . 8 ,  4 ; . 6
OF.  I  0  means th is  is  last
card of  e lement .
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I t e m  N o .  o f
N o .  E n t r i e s Card  Desc r ip t i on Format

4 5 NOW is the number of words in
c o n ' d .  t h e  n e x t  g r o u p  o f  d a t a .  N F I  i s

a f i le  number used for  ident i -
f i ca t i on  on Iy .  IS I  I  0  means
the next  group of  data is  the
sca t te r  i ndex .  IP IN  I  0  means
th i s  e lemen t  has  no  i ne las t i c
s c a t t e r i n g .

5  N O W  S r G M A ( 1 ) ,  S r G M A ( 2 ) ,  S r G M A ( 3 ) ,  5 8 1 4 . 5
S I G M A ( 4 ) ,  e t c .
SIGMA is  the microscoPic to ta l
c ross  sec t i on .  No te  tha t  NOW
must  equal  NENERG and that  OF'
I S I ,  I P I N  m u s t  a l l  b e  z e t o .

6  5  R e p e a t  i t e m  4 .  E 1 6 .  B  |  4 1 6

7  N O W  P S C A T ( 1 ) ,  P S C A T ( 2 ) ,  P S C A T ( 3 ) ,  5 E 1 4 . 5
P S C A T ( 4 ) ,  P S C A T ( 5 )  ,  . . .  I
PSCAT (NENERG) .
PSCAT is  the probabi l i tY of
e las t i c  sca t te r i ng .  PSCAT ( t )
corresponds to ETABLE (1) and
PSCAT(NENERG) corresPonds to
ETABLE (NENERG) .

8  5  R e P e a t  i t e m  4 .  E 1 6 . 8  '  4 1 6

9  N O W  P A B S  ( 1 )  ,  P A B S  ( 2 )  ,  P A B S  ( 3 )  '  5 E 1 4 . 5
P A B S  ( 4 )  ,  P A B S  ( 5 )  ,  . . .  f
PABS (NENERG) .

1 0  5  O F ,  N O W ,  N F r ,  r s r  r P r N  E I 6 . B ,  4 T 6
ISI  must  equal  l -  because
the next data group is the
sca t te r  i ndex .  I f  t h i s
e lement  has no ine last ic
sca t te r i ng ,  t hen  IP IN  mus t
equa l  1 .

1 1  N E N E R G  r P ,  r D ,  r r ,  r A  4 1 1 0
There are NENERG cards in
th is  data grouP.  Each card
has  the  quan t i t i es  IP ,  ID ,
I T ,  I A  d e f i n e d  a s  f o l l o w s :
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I t e m  N o .  o f
N o .  E n t r i e s

1 4  5

Card Descr ip t ion Format

11  NENERG IP  =  1  fo r  i ne las t i c  d i sc re te  4110
c o n ' d .  s c a t t e r i n g

= 2 for  ine last ic  cont inuum
scat ter ing
ID = the location of an ENN
or PLEV table re la t ive to  the
f i rs t  word of  the SIGMA table
fT = 1 for  isot roplc  scat ter ing
in  cen te r  o f  mass

= 2 for  scat ter ing in  hydrogen
= 3 for  an isot ropic  scat ter ing

i -n center  o f  mass
= 4 isot ropic  scat ter ing in

the lab system
I A = locat ion of  CHf Table i f
I T  =  3 .

l - 2 5 Repea t  i t em 4  w i th  NOW =  11 .  816 .8 ,  4T6

1 3  1 1  C H r  ( 1 )  ,  C H r  ( 2 )  ,  C H r  ( 3 )  ,  C H I  ( 4 )  ,
C H I  ( 5 )  ,  e t c .
CHI  i s  a  tab le  o f  11  en t r i es .
C H I  ( 1 )  =  1 . 0 ,  C H I  ( 1 1 )  =  0 .
f tems 12,  13 are repeated for
each energy at  which " IT"  of
i t e m  1 1  i s  3 .

Repea t  i t em 4  w i th  NO! {  =  11 .  816 .8  ,  416

L 6 5

1 5  1 1  E N N  ( 1 )  ,  E N N  ( 2 )  ,  E N N  ( 3 )  ,  E N t {  ( 4 )  ,  5 E 1 4 . 5
E N N ( 5 ) ,  e t c .
The ENN table is  used to  deter-
mine the energy af ter  scat ter ing
for  an ine last ic  cont inuum
in te rac t i on .  I t ems  14  and  15
are repeated for each energy at
wh ich  ' IP r r  o f  i t em L l  i s  2 .  f f
the element has no continuum
sca t te r i ng  i t ems ,  14  and  15  a re
omi t ted .

Repea t  i t em 4  w i th  NOW =  number  816 .8 ,  416
of  exc i ta t ion levels  for  d is-
c re te  sca t te r i nq .

J

2 7 0



I tem
N o .

L 7

N o .  o f
E n t r i e s

NOW

Card Descrip.t lon

E L E V ( 1 ) ,  E L E V ( 2 ) ,  E L E V ( 3 )
E L E V ( 4 ) ,  E L E V ( 5 ) ,  . . . ,
E L E V ( N O W ) .
The ELEV table is  a  l is t  o f
poss ib le  exc i ta t i on  l eve l s ;
each entry  corresponds to  a
probabi l i ty  in  a PLEV table.

Repea t  i t em 16 .

P L E V ( 1 ) ,  P L E V ( 2 ) ,  P L E V ( 3 ) ,
P L E V ( 4 ) ,  P L E V ( 5 ) ,  . . . ,
PLEV (NOW) .
The PLEV tables are takr les of
p robab i l i t i es  o f  sca t te r i ng
from the current energy to
the  exc i ta t i on  l eve Is .  I t ems
18 and 19 are repeated for
each energy at  which ine last ic
d iscrete scat ter ing occurs
( r P  =  1 ) .

o F ,  N O W ,  r s r ,  r P l N
O F  =  1 . 0 .  N O W ,  I S I ,  I P I N
=  0 .  I t e m  2 0  i s  t h e  l a s t
ca rd  o f  an  e lemen t .

AWT, IATWT, J
I f  there are no more e lements
AWT,  IATWT =  0 .  J  -  t .  I f
there are more e lements repeat
f rom i tem 3.

Format

5 8 1 4  . 5

8 1 6 .  B ,  4 T 6

5 E 1 4  . 5

E I 6 .  B ,  4 T 6

I B

1 9 NOW

2 0

2 L
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APPEIITDIX C

ORGANtrZATION OF g}IE CEOS,IETNIC POSTION$ OF HA$TSR

The !{ASaER storage

of inteEen and floating

are, in general, packed

bi ts  per  i tem.

AR&&v roR Hf,Stre

array ha* a oonplox orgilnitation

poi,nt data. The integar portlone

three Lterue per word and fifteen

The following explains tho conEtrusti.on of thE table.

1. RPP DATA, DESCRIPrION$

Stored six worda per RPP beginhing at I.SASE

(for MAGICT LBASE = I end for S*!{*Cr &pASE *

LGEOM) . Each word hae three rr-Ugrbers.

15  b i t s  15  b i tE  15  b i t s

Fixed point

where I

sur face,

array of

is the nunber of RPF|E that *but thia

{ is the loeation within the MASTER

the l i s t  o f  these RPP| I ,  K  is  the

q
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2 .

Address rn MASTER (ArM) where

point  number corresponding to

i s  s to red .

RPP DATA

1 5  b i t s I 5  b i t s 1 5  b i r

Not used I J K

Not used L M N

where :

I i-s the

the  f loa t ing

t h i s  s u r f a c e

Fixed point

3 .

f l oa t i ng  po in t

Ful l  word

These are the numbers read in RPP Data cards

and referred to  as E in  I tem 1.

BODY DATA DESCRIPTORS

Each body data descr ip tor  consis ts  of  two com-

puter words. Each of the two computer words

conta ins three in tegers as shown below-

J

K

L

M

en te red

is the
entered

is  the

AIM of

AIM of

number of  poss ib le  reg ions to  be
when enter ing th is  bodY.

number of  poss ib le  reg ions to  be
when leav ing th is  bodY.

type of  body (0-8 for  RPP-ARB)

a  l i s t  o f  I

a  l i s t  o f  {

X
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N AIM of the body data pointer for this body
(see  I t em 4  be low)

Note that  the var iab le LBODY ( in  Common) is  the ArM

of  the f i rs t  word of  the f i rs t  body data descr ip tor .

4. BODY DATA POINTERS

This in format ion is  re ferenced by I  i t  r tem 3

and is  of  var iab le s ize depending on the type

of body. Each bqdy has between two and four

parameters and they are s tored as fo l lows.

4 parameters

Not  used I J K 3 parameters

2 parameters

In a l l  cases the parameters are f ixed point  and

are AIM!s to  the f loat ing polnt  data,  which were

.  or ig ina l ly  read in  for  the bodies.

5.  REGION DESCRIPTORS

There are NRMAX regi-on descriptors of one computer

word each,  as shown below.

Fixed point

2 7 4

1 5  b i t s  , 1 5  b i t s , 1 5  b i t s

Not  used

Not  used Not  used

J

1 5  b i t s . 1 5  b i t s
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where :

I  is  the number of  bodies in  the res ion
desc r ip t i on .

J  i s  t he  A IM o f  a  l i s t  o f  t he  bod ies .

Note that  LREGD ( in  Common) is  the AIM of  the f i rs t

reg ion  desc r ip to r .

6 . BODY DATA

These i tems are one computer  word in  length and

conta in the f loat inq point  data referred to  in

I t e m  4 .

REGION DATA

1 5  b i t s 1 5  b i t s

Fixed po in t

These are the body numbers referred to  in  I tem 5,

I  i s  an  ope ra to r  (+ ,  l ,  o r  OR)  conve r ted  to  a

numer ic  code between I ,  8 .

J  is  the actual  body number.  These data are f rom

the region descr ip t ion input .

ENTERING AND LEAVING TABLES

Fixed point

7 .

8 .

These are the

referenced by

enter ing and leav ing

IT  and  L  i n  I t em 4 .

tab les and are

1 5  b i t s
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9 . LRIN is  the AIM of  a  tab le where the code wi l l

store RIN as computed to each body. There are

NBODY f loat ing point  words.

LROT is the AIM of a table to store ROUT as

computed for each body.There are NBODY floating

point  words.

LfO is  the AIM of  a  tab le where the code wi l l

s tore three f ixed point  i . tems per  bodyr  ES shown.

1 0 .

1 1 .

Fixed point

where :

I  is  the enter ing sur face number.

J is the leaving surf ace nurnber.

K is  the index of  or  ray number.

There are NBODY words.

L2 .  Reg ion  ID  and  space  codes .  Th i s  i s  a  tab le  o f

NRMAX fixed point words whose AIM is LIRFO = NDQ

-l0-NRMAX, where NDQ is the size of the I{ASTER

array. At LIRFO + REGION NO -1 is stored the

two items in f ixed point forimat

N o t u s e d  I  I  I  , f F ixed point

where:

I  is  the

J is  the

reg ion  ID .

space code + one.

I J K
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APPENDIX D

ORGANIZATION OF THE MASTER ARRAY FOR SAM-C

The fo l lowing sect ion descr ibes the organizat ion and

contents of  the MASTER storage array.  The capi ta l ized name

in the upper  r ight -hand corner  of  each box refers  to  a

"po in te r " .  These  "po in te rs "  a re  used  to  l oca te  sec t j -ons  o f

data wi th  a min imum of  ca lcu lat ion.

Contents Comments

Calculated by BAND and read in from
the ODT bv MONTE.

LGEOM. The data are read in and
s tored  by  GENI .

( 3 ) The scores are accumulated and stored
by CARLO. The scores are s tored as
a funct ion of  energy and scor ing
r e g i o n .

This  sect j -on of  the array conta ins
region-dependent  parameters s tored
two computer words per region. The
actual  data are d iscussed in  the
UNPR sect ion of  th is  repor t .  The
data are read in  and stored by INPUTD.

( 4 )

2 7 7

Cross  sec t i on
da ta

LGEOM
Geometrv data

LSCORE
Region f lux
scores for  each
s t a t i s t i c a l
aggregate

LREGT
Region-dependent
parameters



Contents

( r 0 )

For  i t ems  (5 )

computed in INPUTD.

and are printed by

through (10)  the

The counts are

TALLY.

Comments

star t ing locat ions are

accumulated in CARLO

The scores are computed by CARLO.
This  sect ion of  the array wi lL  ex is t
on ly  i f  f lux-at -a-point  detectors
are present  in  the problem.

LNCOL
Number  o f  co l l i s i ons
per  reg ion

LBIRTH
The number of
b i r ths per  reg ion

LDEATH
The number of
deaths per
reqion

LESCAP
The number of
escapes per
region

LNDEG
The number of
degrades per
region

LNABS
The number of
absorpt ions per
region

LSCFAP
Flux-at -a-pc i in t
f o r  a l l
detectors

(  1 1 )
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Contents Comments

( 1 2 ) The actual  reg ion weights  to  be
used for  reg ion impor tance,  The
weights  are read in  by INPUTD.

(  r 3 ) The energy weight  sets  for  impor-
tance  samp l ing .  Th i s  sec t i on  ex i s t s
i f  energy impor tance is  used in  the
problem. The data are read in  by
INPUTD.

( 1 4 ) The a iming angles for  angular  im-
por tance.  Three words per  angle
deno t ing  d i rec t i on  cos ines  a re
stored.  The data are read by INPUTD.
The  a r ray  ex i s t s  on l y  i f  angu la r
j .mpor tance is  used.

( 1 s ) The angular  weight  sets  for  angular
impor tance.  The array ex is ts  only
i f  angular  impor tance is  used.  The
data are read by INPUTD.

( 1 6 )

( 1 7 )

T h e  e n e r g y ,
da ta  fo r  the
The da ta  are

pos i t i on ,  and  d i rec t i on
source d i -s t r ibut ion.
read in  bv SOUCAL.

Th is  sec t i on  uses  up  a l l  ava i l ab le
room in the MASTER array. Supergroup
Ia ten ts  a re  s to red  he re .  Tapes  w i l l
be used for  la tent  s torage i f  the
avai lab le room is  insuf f ic ient .

LRAW
Region  we igh ts

LREW
Region energy
weight  sets

LATM
Aiming ang les

LAWS
Region angular
weight  sets

KSOUR
Source  da ta

LLAST
Latent  s torage
for supergroups
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