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S e c t i o n  0 

0.1 A b s t r a c t  

DOT I V  i s  des igned  t o  a l l o w  v e r y  l a r g e  problems t o  b e  s o l v e d  on a 

wide range  of computers and memory arrangements .  

space-mesh and d i r e c t i o n a l - q u a d r a t u r e  s p e c i f i c a t i o n  i s  al lowed.  

t h e  r a d i a l  mesh i n  an R-Z problem can vary  w i t h  axial .  p o s i t i o n .  

q u a d r a t u r e  can v a r y  w i t h  b o t h  space  and energy group. 

improve performance on b o t h  deep p e n e t r a t i o n  and c r i t i c a l i t y  problems. 

program h a s  been checked and used e x t e n s i v e l y  on several t y p e s  of computers.  

New f l e x i b i l i t y  i n  b o t h  

For example, 

The d i r e c t i o n a l  

S e v e r a l  f e a t u r e s  

The 

0 . 2  Foreword 

I n  i t s  p r e s e n t  s t a t e  of development,  this p r e l i m i n a r y  r e p o r t  h a s  

been s u f f i c i e n t  t o  g u i d e  u s e  of t h e  code a t  several l a b o r a t o r l e s .  It i s  

obvious ly  l a c k i n g  d e t a i l  r e g a r d i n g  t h e o r y  and s o l u t i o n  technique .  It i s  

It i s  o u r  i n t e n t i o n  t o  p u b l i s h  a more complete  document a t  a l a t e r  t i m e .  

0 .3  - Ac.knowledgement: 

F. R. Mynatt ,  ORNL, who proposed and guided t h i s  p r o j e c t ;  V i r g i n i a  Gl idewel l  

and Susan Engle f o r  t y p i n g  e a r l y  d r a f t s ;  and t o  Eddie W. Bryant ,  who prepared  

t h e  manuscr ip t  f o r  p u b l i c a t i o n .  

The a u t h o r s  wish t o  acknowledge t h e  c o n t r i b u t i o n s  of 

0 - 4  L i m i t a t i o n s  As oE August 1978 

A l l  of t h e  f e a t u r e s  have been i n s u r e d  o p e r a b l e  a t  one time o r  a n o t h e r  

e x c e p t  two, which must n o t  b e  used: 

(1) C r i t i c a l i t y  s e a r c h e s ,  and 

( 2 )  PL v a r i a b l e  by group o r  material. 

Problems u s i n g  t h e  d i s c r e t e - o r d i n a t e s  method t o g e t h e r  w i t h  spac.e- 

dependent r e b a l a n c e  and e i t h e r  p e r i o d i c  boundary c o n d i t i o n s  o r  i n t e r n a l  
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boundary s o u r c e s  w i l l  f i n d  convergence slow and erral-ic. r h i s  i s  due t o  

l i m i t d t i o n s  of t h e  r e b a l a n c e  method used,  and i t  may bc r o r r e c t e d  i n  

later ~eleases. 

XNF=O. The group s o u r c e  summary and t h e  b a l a n c e  t a b l e s  w i l l  n o t  be 

c o r r e c t .  

Internal boundary s o u r c e  problems must a l s o  have 

D i f f u s i o n  theory  problems must n o t  use  i n t e r n a l  or e x t e r n a l  boundary 

s o u r c e s ,  v a r i a b l e  mesh, o r  v a r i a b l e  q u a d r a t u r e .  A d i f f u s i o n  i t e r a t i o n  

cannot  produce i n t e r n a l  boundary source o u t p u t  or an “angular  f l u x  

t a p e . “  The P module i s  v e r y  l i m i t e d ,  and i t s  use  i s  no% recommended. a 

The s p e c i a l  geometr ies ,  INGEOM>lO, - have n o t  been completely 

checked and are  n o t  guaranteed .  
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S e c t i o n  1. Program A b s t r a c t  

1.. 1. P r x r a m :  -. The DOT-1V Two-Dimensional Discrete O r d i n a t e s  Transpor t  

Code. 

1 . 2 .  Problem Solved:  DOT I V  de te rmines  t h e  f l u x  o r  f l u e n c e  of p a r t i c l e s  

throughout  a two-dimensional geometr ic  system due t o  s o u r c e s  e i t h e r  

genera ted  as a r e s u l t  of p a r t i c l e  i n t e r a c t i o n  w i t h  the medium, o r  

i n c i d e n t  upon t h e  system from independent  s o u r c e s .  The p r i n c i p a l  a p p l i c a t i o n  

i s  t o  t h e  deep p e n e t r a t i o n  t r a n s p o r t  of n e u t r o n s  and photons.  C r i t i c a l i t y  

(k-type and s e a r c h )  problems can  b e  so lved .  

t h e  r e s u l t s  are a v a i l a b l e ,  and r e s u l t s  can b e  t r a n s f e r r e d  t o  o u t p u t  

f i l e s  f o r  subsequent  a n a l y s i s .  

___----_1- 

Numerous p r i n t e d  e d i t s  of 

1.3. Method of S o l u t i o n :  -- 
u s i n g  t h e  method of d i s c r e t e  o r d i n a t e s ,  d i f f u s i o n  t h e o r y ,  o r  a s p e c i a l  

"combined P " s o l u t i o n .  I n  the d i s c r e t e  o r d i n a t e s  method, t h e  pr imary 

mode of o p e r a t i o n ,  b a l a n c e  e q u a t i o n s  are so lved  f o r  t h e  f l o w  of p a r t i c l e s  

moving i n  a set  of d i s c r e t e  d i r e c t i o n s  i n  e a c h  c e l l  of a space  mesh, and 

i n  each  group of a mul t igroup energy mesh. I t e r a t i o n s  are performed 

u n t i l  a l l  i m p l i c i t n e s s  i n  t h e  coupl ing  of ce l l s ,  d i r e c t i o n s ,  g roups ,  and 

s o u r c e  r e g e n e r a t i o n  h a s  been r e s o l v e d .  Methods are a v a i l a b l e  t o  accelerate 

convergence by space-dependent r e b a l a n c e  and by s u c c e s s i v e  o v e r - r e l a x a t i o n .  

A n i s o t r o p i c  c r o s s  s e c t i o n s  can b e  expressed  i n  a Legendre expansion of 

a r b i t r a r y  o r d e r .  Output d a t a  sets can be used to  p r o v i d e  an  a c c u r a t e  

restart  of a p r e v i o u s  problem. 

The Boltzmann t r a n s p o r t  e q u a t i o n  i s  so lved  

1 

S p e c i a l  t e c h n i q u e s  are a v a i l a b l e  t o  remove t h e  e f f e c t s  of negati-ve 

fluxes caused by t h e  f i n i t e  s p a c e  and d i r e c t i o n  meshes, and of n e g a t i v e  

s c a t t e r i n g  due t o  t r u n c a t i o n  of t h e  c r o s s - s e c t i o n  expansion.  The space  

mesh can b e  d e s c r i b e d  such t h a t  t h e  number of f i r s t - d i m e n s i o n  (I) i n t e r v a l s  

varies w i t h  t h e  second dimension ( J ) ,  The number of d i s c r e t e  d i r e c t i o n s  

can v a r y  a c r o s s  t h e  space  mesh and w i t h  energy.  The o r d e r  of Legendre 

expansion can v a r y  w i t h  c r o s s - s e c t i o n  set  and w i t h  energy group.  
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P r o v i s i o n  i s  made t o  t r ea t  sou rces  r e s u l t i n g  from t h e  f i r s t  c o l l i s i o n  

of  p a r t i c l e s  from a p o i n t  sou rce .  In  t h i s  case, f l u x  due t o  unco l l ided  

p a r t i c l e s  i s  inc luded  i n  t h e  ou tpu t  e d i t s .  

D i r e c t i o n  sets can be b i a s e d ,  w i t h  more d i s c r e t e  d i r e c t i o n  segments 

p e r  u n i t  s o l i d  a n g l e  i n  some d i r e c t i o n s  than  i n  o t h e r s .  

1 . 4 .  Rela ted  Material: 

Data F i k s  _- 
Microscopic  c r o s s - s e c t i o n  i n p u t  f i l e  

Independent  sou rce  f i.le (opt i -onnl )  

F lux  guess  i n p u t  f i l e  ( o p t i o n a l )  

F lux  r e s u l t  o u t p u t  f i l e  ( o p t i o n a l )  

T o t a l  sou rce  ou tpu t  f i l e  ( o p t i o n a l )  

R e  '1.a t ed Programs .- 

GIP - p r e p a r e s  c r o s s - s e c t i o n  i n p u t  from ca rd  o r  t a p e  i n p u t  

GRTUNCL - p r e p a r e s  f i r s t - c o l l i s i o n  source  (IBM u s e r s  on ly)  

RTPLUM - e d i t s  f l u x  f i l e s  and c o n v e r t s  t o / f rom o t h e r  f i l e  fo rma t s  

1 .5 .  I R e s t r i c t i o n s :  

be  t r e a t e d .  F l e x i b l e  dimensioning is  used throughout  , so t h a t  no r e s t r i c t i o n s  

are imposed on i n d i v i d u a l  problem parameters .  Certain o p t i o n s ,  e s p e c i a l l y  

diEEusion a i d  P t h e o r i e s ,  are n o t  compat ib le  w i t h  v a r i a b l e  mesh and 

quadra tu re  problems. 

E x t e r n a l  f o r c e  f i e l d s  o r  non l i n e a r  e f f e c t s  cannot  

1 

1 .6 .  

computers which suppor t  d i r e c t  (random) access d i s k  s t o r a g e  o r  t h e  

e q u i v a l e n t .  It h a s  s p e c i a l  p r o v i s i o n s  f o r  e f f i c i e n t  use of a l a r g e ,  

s l o w  memory from which d a t a  are moved t o  f a s t  memory i n  s t r i n g s .  Proper  

o p e r a t i o n  has been demonstrated on t h e  TBM 3 6 0 / 7 5 ,  360/91, 3601'195, 

370/155, 3701168, and 3033 computers ,  and on the CDC 7600,  CYBER 1.76, 

and STAR 100 computers.  

Cornput.:?>: DOT LV i s  des igned  t o  be  a p p l i c a b l e  t o  most s o p h i s t i c a t e d  
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1 . 7 .  Running T ime :  Running t i m e  i s  roughly  p r o p o r t i o n a l  t o :  

Flux work u n i t s  ( h W )  = number of space mesh c e l l s  x number o f  

d i r e c t t o n s  x number of energy groups x 

number of i t e r a t i o n s  p e r  group. Depending 

on t h e  o p t i o n s  chosen, n ra te  of 1.3 t o  2.3 m i l l i o n  FW p e r  minute  on 

the IBP4 360/195 i s  t y p i c a l .  Thus, n v e r y  l a r g e  problem w i t h  5,000 space 

ce l l s ,  48 d i r e c t i o n s ,  50 energy groups.  and 10 i t e r a t i o n s  p e r  group 

would r e q u i r e  roughly  1 t o  1 . 5  h o u r s  of 360/195 CPU t i m e .  

1.8. Programming L a n g u a E :  The program i s  operab1.e w i t h  100% FORTRAN 

language.  The s t a n d a r d  ANS STD. 3-1971 w a s  fo l lowed.  Machine-dependent 

f e a t u r e s  are l o c a l i z e d  and f l a g g e d  w i t h  s p e c i a l  comment cards. Roughly 

10% of t h e  FORTRAN h a s  been t r a n s l a t e d  t o  IBM assembler  language f o r  

o p t i o n a l  u s e ,  g i v i n g  more t h a n  d o u b l e  t h e  u s u a l  e x e c u t i o n  speed. The 

s i z e  of t h e  r o u t i n e s  which b e n e f i t  by assembler  language h a s  been minimized 

1 

t o  a l l o w  similar t r e a t m e n t  on o t h e r  machines. 

1 . 9 .  OperatinA_System: . The IBM v e r s i o n  u s e s  OS Vers ion  21 .  No s p e c i a l  

requi rements  are made of t h e  o p e r a t i n g  system. Two t y p e s  of o v e r l a y  

f a c i l i t y  can b e  used i f  a v a i l a b l e .  

1 .10.  Hachine Requirements:  Memory must b e  approximately 50,000 words 

f o r  a s m a l l  problem, expanding w i t h  problem s i z e .  E x t e r n a l  d a t a  s t o r a g e  

must be provided f o r  8 s c r a t c h  f i l e s ,  of which 4 must be d i r e c t  (random) 

access. User-suppl ied i n p u t  and output  d a t a  f i l e s  must b e  s u p p l i e d  on 

s e q u e n t i a l - a c c e s s  d e v i c e s ,  t a p e s ,  o r  t h e  e q u i v a l e n t .  

1.11. Authors:  C u r r e n t l y  r e s p o n s i b l e :  W. A. R h o d e s ,  Oak Ri.dge N a t i o n a l  

Labora tory ,  P.  0. Box X, Bui ld ing  6025, Oak Ridge, TN 37830. 

Other  ORNL au tho r s  o r  major c o n t r i b u t o r s :  D. B .  Simpson, F. R. 

Mynatt ,  W. W. Engle ,  Jr., and R. I,. C h i l d s .  

Q u e s t i o n s  concern ing  t h e  RSIC-dis t r ibuted code package should b e  

r e f e r r e d  t o  t h e  R a d i a t i o n  S h i e l d i n g  Informat ion  Center  ( R S I C )  Oak Ridge 

National. T,aboratory, P .  0. Box X,  O a k  Ridge, Tennessee 37830. 
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1 . 1 2 .  Reference:  

It?. A. Rlioades and F. R. Mynatt, "The DO'I'-ZPI Two-Dimensional 

Discrete O r d i n a t e s  Transpor t  Code," ORNL-TM-4280 (September 1973). 

F. R. Mynatt ,  F. J .  Muckenthaler ,  and P .  N .  S tevens ,  "Development 

of a Two-Dimensional Discrete O r d i n a t e s  'Transport Theory f o r  

Radia t ion  S h i e l d i n g , "  CTC-INF-952 (August 1969). 

1.13.  Material A v a i l a b l e :  -I- The code package i s  a v a i l a b l e  from t h e  Radia t ion  

S h i e l d i n g  Informat ion  Center  (RSTC),  Oak Ridge N a t i o n a l  Labora tory ,  

P.  0. Box X, Oak Ridge, Tennessee 37830. Approximately 43,000 l o g i c a l  

r e c o r d s  of i n f o r m a t i o n  (FORTRAN s o u r c e  programs, o p t i o n a l  U3M Assembler- 

Language r o u t i n e s ,  sample problem input  and o u t p u t )  and a d e s c r i p t i v e  

document ( f o l l o w s  Standard ANSI N413-1974) are a v a i l a b l e .  From one t o  t h r e e  

f u l l  reels of magnet ic  t a p e ,  dependent on a g iven  computer i n s t a l l a t i o n  

environment ,  are r e q u i r e d  f o r  t r a n s m i s s i o n  of t h e  mater ia l .  

1.14. A b s t r a c t  .- Author: -- W. A. Rhoades, OLWL. 
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S e c t i o n  2 .  l n t r o d u c t i o n  

T h e  pr imary o b j e c t i v e  of t h e  DOT-ZV p r o j e c t  was t o  a l l o w  l a r g e  

s h i e l d i n g  problems t o  b e  so lved  as a s i n g l e  u n i t .  The  demand € o r  complexi ty  

and d e t a i l  i n  a n a l y s i s  of s h i e l d  systems had f o r c e d  a n a l y s t s  t o  a "piecewise" 

approach.  S e v e r a l  segments o f  a problem were s o l v e d  s e p a r a t e l y ,  coupled 

a t  t h e  boundar ies  i n  a n o n - i t e r a t i v e  f a s h i o n .  Changes i n  space mesh and 

d i r e c t i o n a l  q u a d r a t u r e  w e r e  performed d u r i n g  t h e  coupl ing  s t e p s .  T h i s  

system had many p r a c t i c a l  d i f f i c u l t i e s .  Solv ing  a problem i n  several 

segments r o u t i n e l y  involved  weeks of d e l a y ,  s i n c e  each  segment t i e d  up 

a n  e n t i r e  computer f o r  many h o u r s ,  and each  depended upon t h e  r e s u l t s  of 

t h e  p r e v i o u s  segment. Problem s e t u p  w a s  compl ica ted ,  as w a s  assembling 

t h e  fragmentary r e s u l t s  i n t o  a s i n g l e  product .  

The DOT IV code i s  des igned  t o  s o l v e  such problems as a u n i t .  The 

l o n g  running  t i m e  i s  made more a c c e p t a b l e  by a r e d u c t i o n  i n  memory 

requi rement ,  a l l o w i n g  l a r g e  problems t o  s h a r e  t h e  computer c a p a c i t y  w i t h  

o t h e r  .jobs. F l e x i b l e  s t o r a g e  c a p a b i l i t i e s ,  t o g e t h e r  w i t h  c e r t a i n  o t h e r  

n o v e l  f e a t u r e s ,  make t h e  code a p p l i c a b l e  t o  a wide range  O F  problems, 

and o p e r a b l e  on many d i s s i m i l a r  computer types .  

DOT IV performs a l l  of i t s  computat ions i n  a s m a l l  "working memory" 

s u f f i c i e n t  t o  c a l c u l a t e  f l u x e s  a long  a s i n g l e  row of t h e  space  mesh. 

( F i g u r e  2 .1 ) .  

memory i s  used as a " d i r e c t - a c c e s s  b u f f e r "  area t o  hold d a t a  f o r  as many 

rows of t h e  space  mesh as w i l l  f i t .  A data-manager s u b r o u t i n e  moves row 

d a t a  between b u f f e r  and working memory as needed. 

t h e  problem-solut ion s u b r o u t i n e s  does n o t  depend upon t h e  o r g a n i z a t i o n  

of t h e  b u f f e r .  E f f i c i e n t  input -output  ( I / O )  r o u t i n e s  move d a t a  cor responding  

t o  b l o c k s  of t h e  s p a c e  mesh between b u f f e r  and e x t e r n a l  s t o r a g e  d e v i c e s .  

On CDC computers,  t h i s  b u f f e r  concept makes e f f e c t i v e  u s e  of t h e  l a r g e ,  

s l o w  memory, "LCM." On IBM computrers, i t  a l l o w s  "chained execut ion"  of 

t h e  d a t a  t r a n s f e r s ,  so t h a t  a v e r y  l a r g e  b u f f e r  can be f i l l e d  w h i l e  t h e  

CPU i s  a t  work on a n o t h e r  .job. 

T h i s  cor responds  t o  "SCM" on a CDC-7600. The remaining 

P 
Thus, t h e  l o g i c  of 
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WORKING MEMORY I 
f o r  c a l c u l a t i o n  o f  I 

All d a t a  r e q u i r e d  I , 
1 a row 

Q 30,000 words 1 

I 
j ARITHMETIC 
i PROCESSOR 

-+, 1111 

Core-to-Core 
Trans fe r s  

I_._- DIRECT-ACCESS BrJFFElE 

A l l  d a t a  r e q u i r e d  f o r  
c a l c u l a t i o n  of  a b lock  
o f  rows 

Block c o n t a i n s  as many 
rows as will f i t  

'L 100,000 words 
- - 

a 

EXTERNAL STORAGE 

All. d a t a  f o r  e n t i r e  
problem 

'L 5,000,000 words 
I-- 

Fig. 2.1.  DOT IV Split-Memory Storage Example 
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Section 3 .  Theoretical Considerations 

3 . 1 .  Units DOT IV can run either in SI units or in traditional units: 

Space Dimensions, R,  Z, X : 

Time, t 

Rotation Fraction, 8 

Spherical Angle Fraction, W : 

Atomic. Densities 

Micro Cross Sections, 0 

Macro Cross Sections, a 

Scalar f l u x e s ,  N 

Directional fluxes, n 

- 

SI Units 

Optional 

Traditional Units 

Meters (m) 

Seconds ( s )  

Dimensionless 

C e n  timet er s ( cm) 

Dimensionless 

1lm3 1 / A  (Atoms p e r  Cubic 3 
0 

Angstrom) 

barn em ) 2 2 
m 

1 /m l/cm 
2 l/m - 
2 

l/m -s 

2 

2 
l/cm as 

l/cm ' S  

Boundary sources Same as directional 

fluxes 
3 2 Distributed sources l/m * s  (per unit Z l/c.m * s  

in XZ or RB geometries) 

The directional weights sum to unity: 

c w  = 1  
m 

and directional fluxes are normalized such that, if the f lux  is isotropic, 

then the scalar and directional fluxes are equal in measure: 

N = C F I N  m m 

2 
The N / 4  'TT = directional flux in units of l/m . s . S r ;  a l s o ,  W 2 7 ~  = rotational 

angle in units of radians (rad). If the time unit is dropped f r o m  the 

sources, then the fluxes become fluences, without the time unit. 

m 



3.2  . P o s i t i v e  - - S o l u t i o n  ._ ... of .. t h e  . .. . . .- ... D i f f e r e n c e  .... Equat ions ~ 

Development 

The two-dimensional d i s c r e t e - o r d i n a t e s  t r a n s p o r t  e q u a t i o n  can be 

w r i t t e n :  * 

Known from problem d a t a :  

A ,  ,y : cel.1. boundary geometr ic  parameters  
0: t o t a l  c r o s s  s e c t i o n  
V :  c e l l  volume 
S :  e x t e r n a l  s o u r c e  

p , n  : d i r e c t i o n  cosi-nes 

Known from p r e v i o u s  boundary r e s u l t s :  

ITi, i.J N * p a s t  boundary f luxes  
j ’  m’ 

Unknown I 

N :  average c e l l  f l u x  

nm7 boundary f l u x e s  

The s i m p l e  s t e p  model can b e  o b t a i n e d  a t  once from t h i s :  

-- “j+l - - Ndl 
i+l A s s u m e :  N = N 

*Only forms f o r  1~.>0 and q > O  are shown. Other  forms are very sirnil-ar. 
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As shown i n  f i g u r e  3.1, the average  f l u x  i s  assumed e q u a l  t o  the f i n a l  

v a l u e  a t  t he  ce l l  boundary. T h i s  model i s  s t a b l e  For all s i z e s  of space 

c e l l  and i s  o f t e n  used as t h e  "fixup'l when o t h e r  models g e n e r a t e  n e g a t i v e s .  

It is  n o t  s u E F i c i e n t l y  a c c u r a t e  f o r  g e n e r a l  a p p l i c a t i o n ,  however. 

The "diamond-difference" model can b e  regarded as e q u i v a l e n t  t o  a 

l i n e a r  v a r i a t i o n  of f l u x  between boundar ies  w i t h  t h e  average  l o c a t e d  a t  

t h e  midpoin t  ( f i g u r e  3 .2) .  Accordingly,  i t  i s  sometimes c a l l e d  t h e  " l i n e a r "  

model. To obtain i t  : 

1 + Ni) = z['Jj+l 1 + N j )  = z( 1 Nel + Nm) Assume: N = z( N ~ + ~  

SV + LI Ai+l + A .  Ni + 2r iHHj  + [ ymtl + Y m ) ~ ~ m  1 1-1 

I 
Then: N = 

aV + 2 L I A ~ + ~  + nB + yd1 



1 2  

F igure  3.1.. S t e p  model 

Figl i re  3.2. Diamond-difference (linear model) 

Figure 3.3. Weighted-difference model 
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The weighted-dif  ferenc-e model  uses three  new parameters t o  i n t e r p o l a t e  

between linear arid s t e p  models  ( f i g u r e  3 . 3 )  : 

Ass urne : 

N - Ni N - N N - Nm 

iJ - N  N - N  - N  
; c = _- j ; b =  I a =  

m + l  m j Nj+l i+l i 

So t h a t :  

Then ; 

1 1 1 
a i+l b c m41 ov + -uA f -qI$ + -y 

c m+1 
1 
b 

D e f i n i n g :  PI = 1,' + - q B  + -y 
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Non-negat ivi ty  can be  a s su red  by holmding a ,  h ,  arid c between 1 1 2  ( l i n e a r  

model) and 1 ( s t e p  model) ;  and,  betwpen t h o s e  limits, t o  u se :  

w a s  I- I J A ~ N ~  -t- ~ B N  o -t y N E j n  1 m m  
1 - c =  

+ p A  + nR)N 
i - i - 1  n 

In t h e  "super-weighted" mode an  a r b i t r a r y  mul . t i p l i e r  i s  used i:o 

avoid  degeneracy and y e t  t o  u s e  t h e  a c c u r a t e  l i n e a r  model when t h e  

source  o r  f l o w  from a d j a c e n t  boundary i s  s u f f i c i e n t  t o  gua ran tee  

p o s i t i v i t y :  

Values  of 8 of 0 .5  and 0 . 9  have been t e s t e d  w i t h  s a t i s f a c t o r y  

r e s u l t s .  Apparent ly  any vaJ.ue near I., b u t  n o t  s o  n e a r  as t o  produce 

numer ica l  degeneracy,  i s  a c c e p t a b l e .  hi optimum v a l u e  which g i v e s  b e s t  

overal.1. accuracy  i n  the  t r a n s i t i o n  from l i n e a r  t o  s t e p  may ex i s t  b u t  h a s  

n o t  been studied. A v a l u e  oE 0 . 9  i s  p r e s e n t l y  used i n  the code. 

The DOT 3 .5  code used:  

e s  = 1 ; en  = o 

and t h i s  i s  r e t a i n e d  as t h e  "weighted" mode i n  DOT IV. It p rov ides  more 

r a p i d  convergence than  o t h r r  modes, and g i v e s  smooth s p a i i a l  f l u x  

d i s t r i b u t i o n  i n  d i f f i c u l t  deep p e n e t r a t i o n  problems,  where o t h e r  modes 

may show s p a t i a l  o s c i l l a t i o n  i n  t h e  converged result. 

adapted  t o  v r r t o r i z a t i o n .  Unfo r tuna te ly ,  expe r i ence  h a s  shown tha t  i t  

i s  i n a c c u r a t e  j n  e igenva lue  c a l c u l a t i o n s ,  

~t i s  a l s o  b e t t e r  
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3 .3  A v a i l a b l e  Quadrature  S e t s  _________l.__l___ 

-f 
The d i r e c t i o n  v a r i a b l e  ,% i n  a r a d i a t i o n  t r a n s p o r t  c a l c u l a t i o n  i s  

d e f i n e d  by i t s  d i r e c t i o n  c o s i n e s  w i t h  respect t o  t h e  g e o m e t r i c a l  c o o r d i n a t e  

system, The p o s s i b l e  o r i e n t a t i o n s  of t h e  a n g u l a r  d i r e c t i o n  v e c t o r  

deEine a u n i t  s p h e r e  i n  ( i i , n , § )  space. I n  a d i s c r e t e  o r d i n a t e s  c a l c u l a t i o n ,  

t h i s  cont inuous  d i r e c t i o n  space  i s  r e p r e s e n t e d  by a d i s c r e t e  se t  of v e c t o r s  

known as t h e  "discrete o r d i n a t e s  d i r e c t i o n a l  q u a d r a t u r e  set  :" 

" h  h h 

~,i + n m j  -k § Ii m 

w i t h  t h e  c o n s t r a i n t  

The "weights" of t h e  q u a d r a t u r e  set, P ,are p r o p o r t i o n a l  t o  t h e  areas 
m 

subtended by t h e  s o l i d  a n g l e s  a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  d i r e c t i o n s .  

They correspond t o  f r a c t i o n s  of t h e  t o t a l  s u r f a c e  area of t h e  unie: s p h e r e  

and are g e n e r a l l y  p o s i t i v e  w i t h  t h e  n o r m a l i z a t i o n  

c P = 1 .0  m m 

Proper  o r d e r i n g  of t h e  d i r e c t i o n s  is e s s e n t i a l .  For t h e  DOT code 

and c e r t a i n  o t h e r  codes ,  a l l  d i r e c t i o n s  w i t h  common rl must be grouped 

t o g e t h e r  i n  o r d e r  of i n c r e a s i n g  LI. Each such group must have, as i t s  

f i r s t  member, an a r b i t r a r y  boundary d i r e c t i o n  f o r  which § = 0. Thus, 

f o r  a g iven  q: 

These d i r e c t i o n s  are a s s i g n e d  weight  = 0 .  

a l l  p o s i t i v e  1-1's. I n  a two-dimensional code,  o n l y  4 q u a d r a n t s  are 

c o n s i d e r e d ,  t h e  o t h e r s  be ing  redundant:. 

All n e g a t i v e  n's must precede  
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F u l l  Symmetry .- 

F u l l y  s y m m e t r i c  q u a d r a t u r e  sets are t h o s e  e x h i b i t i n g  complete 

r o t a t i o n a l  symmetry; i . e . ,  t h e  d i s c r e t e  (pi, qi ,  §i) c o o r d i n a t e s  chosen 

t o  r e p r e s e n t  t h e  d i r e c t i o n  v e c t o r s  are r e q u i r e d  t o  be i n v a r i a n t  under 

all 90 degree  r o t a t i o n s  about  t h e  1-1, n, o r  5 axis .  Hence, each  set  of 

p, r l ,  5 c o o r d i n a t e s  must be s y m m e t r i c  w i t h  r e s p e c t  to t h e  o r i g i n ;  and,  

f u r t h e r ,  t h e  set  of p r o j e c t e d  p o i n t s  0 on each a x i s  must b e  t h e  same. 

These c o n d i t i o n s  d i c t a t e  t h a t  q u a d r a t u r e s  weights  a l s o  b e  chosen i n  a 

s ymme t r ic f a s h i o n .  

i 

A l l  0. except  01 are determined by t h e  complete symmetry requirement  

The s e l e c t i o n  of f a m i l i a r  Gaussian 

and qi t o  he  Legendre z e r o s ,  

1 

and t h e  f a c t  t h a t  u2 f q 2  

q u a d r a t u r e  i s  not: a l lowed,  s i n c e  choosing 1-1 

a u t o m a t i c a l l y  sets 

I- §' = 1. 

i ____-._ 

which i s  -- n o t  a Gaussian s e t ;  and t h e r e f o r e ,  t h e  Gaussian d i r e c t i o n s  are n o t  

f u l l y  symmetric. 

No Symmetry and LaJf Symmetry 

Complete symmetry i s  r e q u i r e d  o n l y  i n  three-dimensional  geomctr ies .  

LR 1 ower dimensional geomet-ries, a r e l a x a t i o n  of symmetry requi rements  

a l l o w s  a d d i t i o n a l  d e g r e e s  of freedom. 

A simple such r e l a x a t i o n  i s  t o  keep t h e  p o i n t  and l e v e l  arrangement of 

coriiplete symmetry whi le  allowing t h e  p o i n t s  on each  a x i s  t o  b e  chosen from 

a n  independent  se t ;  t h e  only  requirement  b e i n g  t h a t  t h e  p o i n t s  l i e  on t h e  

u n i t  sphere ;  i . e . ,  

T h i s  cor responds  t o  a "no symmetry'' c o n d i t i o n .  
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The "ha l f  symmetry" c o n d i t i o n  r e q u i r e s  r o t a t i o n a l  symmetry about  one 

. 'I'hus half symmetric 7-- 2 
t - -  - 

'i a x i s  o n l y ,  so  t h a t  vi2 = v i2 ,  and §i = J1 - lli 
q u a d r a t u r e  sets are t h o s e  which are i n v a r i a n t  € o r  90" r o t a t i o n s  on ly  about  

t h e  § a x i s .  (Note t h e  c o n t r a s t  t o  f u l l y  symmetric sets t h a t  e x h i b i t  

r o t a t i o n a l  i n v a r i a n c e  about  all --_ t h r e e  a x e s ) .  

Unlike f u l l y  symmetric s e t s ,  t h e  0's of a h a l f  symmetric set can be  

a r b i t r a r i l y  chosen. For an  S h a l f  symmetric set ,  they  are u s u a l l y  chosen 

t o  be the z e r o s  of a Nth deg ree  Legendre polynomial ,  and such w a s  t h e  case  

f o r  t h e  s e t s  a v a i l a b l e  w i t h  DOT I V .  

n 

Half symmetric quadra tu re  sets a v a i l a b l e  are the S 4 ,  S6,  S 8 ,  and S I 0  
8 sets and were genera ted  by u s i n g  t h e  DOQDP code. The  N / 2  p o s i t i v e  r o o t s  

of t h e  Nth o r d e r  Legendre polynomial  ( i n p u t  descending o r d e r )  w e r e  i n p u t  

as t h e  v a l u e s  for 0. 

Biased Quadrature  S e t s  

Biased q u a d r a t u r e  sets are those  q u a d r a t u r e  sets which do no t  have 

an  e q u a l  number of d i r e c t i o n s  i n  t h e  p o s i t i v e  and n e g a t i v e  domain of one 

of t h e  v a r i a b l e s ;  i . e . ,  t h e y  are "biased" by having a l a r g e r  number of 

d i r e c t i o n s  i n  some p o r t i o n  of t h e  u n i t  sphe re .  

These sets are used when t h e  neut ron  f l o w  i s  h i g h l y  a n i s t r o p i c  i n  some 

p r e f e r r e d  d i r e c t i o n .  The b i a sed  q u a d r a t u r e  sets a v a i l a b l e  are  t h e  100, 166, 

and 210 d i r e c t i o n  downward b i a s e d  sets and t h e  100, 166,  and 210 d i r e c t i o n  

upward b i a s e d  sets. 

100-Direc t ion  Biased S e t s .  The 100 d i r e c t i o n  sets c o n t a i n  65 d i r e c t i o n s  

i n  t h e  b i a s e d  hemisphere and 35 d i r e c t i o n s  i n  t h e  unbiased hemisphere,  

The d i r e c t i o n s  i n  t h e  unbiased hemisphere w e r e  t aken  f rom t h e  S10 h a l f  

s y m m e t r i c  set .  The d i r e c t i o n s  i n  t h e  b i a s e d  hemisphere are a l s o  from t h e  

S10 h a l f  symmetric set; however, t h e  f i r s t  eta l e v e l ,  c o n t a i n i n g  t h r e e  

p o i n t s ,  has been r e p l a c e d  by 11 new levels, each  c o n t a i n i n g  three p o i n t s .  

These 11 replacement  levels w e r e  t aken  from a h i g h  o r d e r  one-dimensional 

q u a d r a t u r e  se t .  
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166-Direct ion --- Biased S e t s .  The 166 d i r e c t i o n  sets conta:Ln 1.31 

d i - r e c t i o n s  i n  t h e  b i a s e d  hemisphere and 35 d i r e c t i o n s  i n  t h e  unbiased 

hemisphere.  The d i - r e c t i o n s  i.n t h e  unbiased hemisphere w e r e  a g a i n  taken  

from t h e  S I 0  ha1.F symmetric set:. The d i r e c t i o n s  i n  t h e  bi.ased hemisphere 

are f rom a S 1 0  1nal.f symmetric set ,  i n  whi.ch t h e  f i r s t  e t a  l e v e l ,  con- 

tai.ni.ng t h r e e  p o i n t s ,  h a s  been repl-aced by 11 n e w  l e v e l s ,  each c o n t a i n i n g  

nine p o i n t s .  These 11 new levels are a g a i n  taken  from a h i g h  order one- 

dimensional  q u a d r a t u r e  se t .  

- 210-Direction .- Biased S e t s .  'The 210 d i r e c t i - o n  sets c o n t a i n  1153 

d i r e c t i o n s  i n  t h e  b i a s e d  hemisphere and 57 d i - r e c t i o n s  i n  t h e  unbiased 

hemisphere.  They are found e x a c t l y  l i k e  t h e  166  d i r e c t i o n  sets w i t h  one 

addi t i -on :  

c o n t a i n i n g  11 p o i n t s ,  i s  rep laced  by t h r e e  new levels ,  each c o n t a i n i n g  1.1 

p o i n t s ,  

t h e  l a s t  e t a  l e v e l  of -..- b o t h  t h e  b i a s e d  and unbiased hemispheres ,  

R-Theta Quadrature  S e t s  

'r'ne sets avail.ab1.e a l s o  c o n t a i n  t h e  S 2 ,  S 4 ,  S6,  S8 ,  S10,  S 1 2 ,  S 1 4 ,  

and S16 R-0 q u a d r a t u r e  sets. 

An R-8 qr iadraturc  set  i s  a seL where t h e  1-1 and 5 a n g l e s  are s p e c i f i e d  

i n s t e a d  of t he  1-1 and a n g l e s ;  i . e . ,  i t  cor responds  t o  a s l i c e  through an 

i n f i n i t e  c y l i n d e r .  

S ince  u2 + q2 + § '  = 1, given any two of t h e  a n g l e s ,  t h e  t h i r d  one 

can b e  found.  An R-0 q u a d r a t u r e  se t  r e f e r s  LO t h e  s a m e  d i r e c t i o n s  as i t s  

c o u n t e r p a r t  R-Z q u a d r a t u r e  s e t ,  b u t  p and § are used t o  s p e c i f y  t h e  d i r e c t i o n  

v e c t o r  i n s t e a d  of p and q.  The d i r e c t i o n  o r d e r i n g  i s  n o t  changed. The v a l u e  

oE 5 i s  s t o r e d  i n  t h e  p o s i t i o n  normally occupied by q i n  d a t a  f i l e s  and 

l i s t i n g s ,  and g i v m  t h e  s i g n  of   he corresponding q. 
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The R-8 sets a v a i l - a b l e  with DOT IV w e r e  gene ra t ed  from the S 2 ,  S 4 ,  

S6, S8, S I Q ,  512, S 1 4 ,  and S16 f u l l y  symmetric E-Z q u a d r a t u r e  sets. Note 

that t h e  § ' s  f o r  t h e  zero-weight p o i n t s  are  equal  t o  - -t O . O Q Q Q 1 ,  rather than  

0,  t o  m a i n t a i n  t h e  s i g n i f i c a n c e  of t h e  actached s i g n .  
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S e c t i o n  4 .  -. _.... .- Programmer's ..I....I._ Informat ion  

4.1. PragrammingLanguage: .. . ... 

a d a p t a b l e  t o  v a r i o u s  computers,  and y e t ,  t o  t a k e  advantage of high-  

performance s t r u c t u r a l  f e a t u r e s .  

fo l lowed,  i n  t h a t  t h e  v e r y  s:i.mpIe FORTRAN language of ANSI X3.9-1956 

i s  fol lowed except  where d e v i a t i o n s :  

'The DOT-IV program i s  in tended  t o  b e  e a s i l y  

The g u i d e l i n e s  of ANS-STD. 3-1971' are 

(I) Provide  impor tan t  improvement i n  c a p a b i l i t y ,  and 

( 2 )  Can be l o c a l i z e d  and documented i n  some way. 

The recommended procedures  of t h e  US DOEJDRK'L' Reactor  Phys ics  Branch Committee on 

Computer Code Coordina t ion  (CCCC) , as r e p o r t e d  i n  L,4-5486-MS2 

heeded where a p p l i c a b l e .  

have been 

Where a few s t a t e m e n t s  of machine-dependent o r  system-dependent 

codi.ag are r e q u i r e d ,  t h e s e  are i -ndicated by e n c l o s i n g  t h e  statemelits i n  

a p a i r  of 3 -charac te r  f l a g s .  The l o c a l  a d a p t a t i o n  p r o g r a m e r  i s  t h e n  

t o  choose t h e  sets of s t a t e m e n t s  which apply  t o  h i s  case and "comment o i ~ t "  

t h e  rest (hope:ful.ly by machine),  e .g .  i.f t h e  code i s  set up f o r  I R M  

o p e r a t i o n ,  i t  might c o n t a i n :  

C 1 R  

ENTRY TBCDC(II, E , L , P )  

C I R  

CDC 

C ENIIRY I B C D C  

CDC 

The CDC programmer should change t h i s  t o :  

C I R  

C ENTRY IBCDC(H,E,L,P) 

C i R  

CDC 

ENTRY IBCDC 

CDC 
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Some rather complicated s t r u c t u r a l  d i f f e r e n c e s  can be accommodated i n  

t h i s  way. A l is t  of f l a g s  used i n  DOT I V  and a sugges ted  l i s t  of c h o i c e s  

f o r  s e v e r a l  a p p l i c a t i o n s  are g iven  i n  T a b l e  4.1. 

Table 4.1.  Language F l a g s  

C I B  

CD C 

csw 
CLW 

CSG 

cov 
CNO 

CSPI 

CNS 

IBM-S t y l e  Language 

CDC-Style Language 

LBM-Style Word S i z e  and System F e a t u r e s  

Non TRM-Style Word S i z e  and System F e a t u r e s  

CDC-Style Segment Loader i s  Used 

CDC-Style Overlay Loader i s  Used 

CDC-Style Overlay Loader i s  Not Used 

A S p l i t  Fas t /S low Memory i s  Used 

The Memory i s  Mot S p l i t  

a l i c a  t i o n  
A B C D  

X X 

x x  

X 

x x x  

X 

X 

x x  X 

x x  

X X 

NOTE: A check means t h e  f e a t u r e  i s  implemented on t h a t  t y p e  of a p p l i c a t i o n .  

Applicat i .ons are: 

A IBM 

B CDC - Segment Loader A v a i l a b l e  

C CDC - No Segment Loader A v a i l a b l e  

I) UNIVAC - No Overlay Used 

No s p e c i a l  demands are made o f  t h e  system hardware o r  s o f t w a r e  

environment o t h e r  t h a n  t h e  a l l o c a t i o n  o f  d e v i c e s  f o r  i n p u t ,  o u t p u t ,  and 

s c r a t c h  d a t a  sets, and t h e  s u p p o r t  of a few system-oriented s u b r o u t i n e s .  

These s u b r o u t i n e s ,  s p e c i f i e d  o r  under review by CCCC, are t o  b e  s u p p l i e d  

by t h e  u s i n g  i n s t a l l a t i o n .  The cor responding  r o u t i n e s  are s u p p l i e d  w i t h  

t f i c  code ONLY f o r  t h e  guidance o f  t h e  programmer. Extensive cormnents i n  

t h e  r o u t i n e s ,  t o g e t h e r  w i t h  t h e  d i s c u s s i o n s  of JA-694l-MS 3 ,  should  e n a b l e  

most e x p e r t  programmers t o  f u l f i l l  t h i s  requirement .  The r o u t i n e s  t o  

which t h e s e  comments apply  are:  
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TIMER P rov ides  t iming  and j o b  i d e n t i f i c a t i o n  d a t a  

KE rm 
R I T E  

- Prov ide  s e q u e n t i a l  access t o  d a t a  f i l e s  

.- Prov ide  random access t o  d a t a  t i l e s  

1 
DRED I DRIT 

DOPC Prov ides  i n i t i a t i n g ,  c l o s i n g ,  and c e r t a i n  r e p o s i t i o n i n g  

o f  d a t a  f i l e s  

P rov ide  b lock  t r a n s f e r  of  d a t a  between f a s t  and slow 

C R I T  memory. 

Subrou t ines  c a l l e d  by t h e  CCCC r o u t i n e s  l i s t e d  above may o r  may n o t  

be s u p p l i e d  f o r  i n fo rma t ion  only .  Such s u b r o u t i n e s  incl i ide:  

FBSAM, ITIME,  IFTIME, ERK'L'RA, JORNUM, and s u b r o u t i n e s  c a l l e d  by 

FRsAM.7 

Two o v e r l a y  a r rangements  are a v a i l a b l e  w i t h  t h e  code. The I irst ,  c a l l e d  

t h e  "segment s t r i i r t u r e , "  i s  a p p l i c a b l e  t o  TBM sys tems o r  t o  CDC systems 

which suppor t  t h e  segmenta t ion  f e a t u r e s  of SCOPE 2 .1 .  Th i s  s t r u c t u r e  

i s  shown i n  F ig .  4 .1 .  

The second arrangement i s  in t ended  t o  a l l o w  o p e r a t i o n  on a CDC 

system which s u p p o r t s  on ly  t h e  CALL OVERLAY s t a t e m e n t .  I n  t h i s  system, 

each  program u n i t  b e g i n s  w i t h  a main program which has nu  arguments .  

The a p p r o p r i a t e  siibprogram grouping  i s  shown i n  F i g u r e  4 . 2 ,  This  much 

s i m p l e r  arrangement can  a l s o  be  used on LHM systems by choos ing  the 

second se t  of  o v e r l a y  c a r d s ,  and t h i s  may have some advantage  on c e r t a i n  

s y s  t e m s .  

Non-IBM, non-CDC sys tems can  p robab ly  adap t  t o  one of t h e s e  two 

sys tems,  b u t  w e  have no a p p l i c a b l e  g u i d e l i n e s  a t  t h i s  t i m e .  
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L E T T E R  
FHLPR 
HEADER 

B 1.4 

F I D O S  
F I D A S  
F F E A D  

--- 

I 
D1A 

MAXI 
M A X I  J 
MSUM 
MS UMD 
S F L X I N  
MAPR 
NDXR 
MINSA 
SBSRIN 
S D I S I N  
N(1UAl)K 
NNZRO 
CVRS 
CSUMK 
WRDSI 

--- 

Root Segment 

Main Program and A l l  Si ibrout ines  

- - - _.----I I - - 

Not Named B e l o w  
-. . ._ 

I 

I___ 

D 1 5  

QUAD 
PCON 
GEOM 
CSIJMA 

--- 

C2A 

SBABDO 
ANFTT. 
CLUGE 
FSCON 
SOKSUM 
MACMX 
JEOM 
WRFOG 

--- 

-L-, 
C 2 B  
-I- 

FLUX 
PLANE 
ANFOUT 
CMSCLK 
WWESOL 
CSETDM 
MESH 
MESHR 
SORFX 
SORX 
BTFLO 

1 
c2c 

I S O D I F  
COEF 
SWEEP 
SWEEQ 
ZLEAK 

C2D 

DIFF 
PACK 
5 2 5 ' 1  
WPK 
KEGBAL 

I-.- 

- I 
b 1c 

OTJTPUT 
ACTVY 
VLCAL 
FLXPRT 
KALCAL 
FPPUN 
FLTFXG 
WKFOF 

I-- 

I-.---- 

Figure 4.1. Segment Structure 
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OVERLAY ( 0  0 )  

Contents of R o o t  Segment in Previous Figure 

I 
OVEKLAY ( 1 , O )  

/Contents of Segment 
~ 

1 
I 

I BIA 
I 
I 

1 

OVElUAY (I . ,  1) 

Contents of 
Segment 

c 1n 

OVERLAY (1 2) ~ 

Contents of 
Segments 

! 
C1B 
D1A 
D1B 

OVERLAY ( 2 , O )  OVERLAY ( 3 , O )  

Contents of Segments ' Contents o~ Segment 

B 1B 
C2A 
C2B 
c2c 
D2A 
D2B 
D2C 
C2D 

B1C 

Figure 4 .2 .  Overlay Structure 

(Refer to previous figure for contents of segments) 
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4 . 3 .  S t o r a g e  All .ocatio2 

S e v e r a l  l a b e l e d  common b l o c k s  are used t o  c o n t a i n  i n d i v i d u a l  d a t a  items 

and a few s m a l l  a r rays:  

CMLOC 

CMDOT 

CMFLX 

IOREC 

COMTN 

COMSMI 

The l o c a t o r s  s p e c i f y i n g  a r r a y  o r i g i n s  i n  t h e  c o n t a i n e r  a r r a y .  

The f i r s t  word i s t h e  RGD message "LOCI,," w h i l e  t h e  second 

word i s  t h e  l e n g t h  of t h e  c o n t a i n e r  a r r a y .  

I n p u t  and code-generated problem p a r a m e t e r s  of  g e n e r a l  

s i g n i f i c a n c e .  

Parameters  used p r i m a r i l y  du r ing  t h e  f l u x  c a l c u l a t i o n .  

Data set s t a t u s  in fo rma t ion ,  

S tandard  inpu t -ou tpu t  d e v i c e s ,  e r r o r  p r o c e s s i n g ,  t i t l e s ,  

word l e n g t h .  

S t a t u s  inEormation f o r  t h e  random a c c e s s  r o u t i n e s .  Th i s  

i s  used o n l y  by t h e  CGCC r o u t i n e s  and may be removed d u r i n g  

l o c a l  a d a p t a t i o n .  

All a r r a y s  of o t h e r  t han  t r i . v i a 1  l e n g t h  are as s igned  space i n  t h e  

c o n t a i n e r  a r r a y  a t  e x e c u t i o n  t i m e ;  t h e i r  l e n g t h s  determined by t h e  i n p u t  

d a t a .  I n  g e n e r a l ,  a r r a y s  a r e  passed  through an argument l i s t  b e f o r e  use. 

Dimensions n o t  e s s e n t i a l  t o  e x e c u t i o n  are set t o  1 t o  h e l p  i n  ho ld ing  t h e  

number of arguments  w i t h i n  l i m i t s .  

On LBM sys tems,  t h e  l e n g t h  of t h e  c o n t a i n e r  a r r a y  i s  a d j u s t e d  a t  

execu t ion  t i m e  t o  t h e  space  a v a i l a b l e  ( i f  t h e  assembler- language ALOCAT 

r o u t i n e  i s  used ) .  Space f o r  system b u f f e r s  t o  be  used w i t h  t h e  e x t e r n a l  

d a t a  sets must be  r e s e r v e d  by t h e  parameter  NBUF i n  t h e  parameter i n p u t  

rend by s u b r o u t i n e  LOCO. Then ALOCAT a c q u i r e s  t h e  n e c e s s a r y  s t o r a g e  usir ig  

a GETMAIN MACRO-instruction, and passes i t  as a n  argument t o  lower sub- 

programs. 

On o t h e r  sys tems,  t h e  c o n t a i n e r  a r r a y  i s  l o c a t e d  i n  b l ank  common, arid 

i t s  s i z e  m u s t  b e  set a t  compi l a t ion  t i m e .  



T F  t h e  "split-memory" o p t i o n  i s  chosen, as i n  a CDC 7600 a p p l i c a t i o n ,  

a l a r g e  b lock  of s l o w  memory i s  assumed t o  be a c c e s s i b l e  through t h e  CRED 

and CRJT r o u t i n e s .  The l e n g t h  of t h i s  b lock  i s  d e c l a r e d  i n  s u b r o u t i n e  

ALOCAT. 

memory only  through t h e  b lock  move r o u t i n e s  CRED and C R I T ,  p r o v i d i n g  top  

e f f i c i e n c y .  

Following CCCC  procedure^,^ d a i a  are t r a n s f e r r e d  t o  and from slow 

On some systems,  s l o w  memory i s  used a s  an  e x t e n s i o n  of Eas t  memory, 

accessed  by o r d i n a r y  FORTRAN s t a t e m e n t s .  On such systems,  t h e  split-memory 

o p t i o n  should n o t  b e  chosen. The split-memory o p t i o n  may redi-ice t h e  maximum 

problem s i z e  i n  some cases. 

4 . 4 .  I n t e r n a l  Data . .- Management .- .- -. .. .. . .- 

The d a t a  s t o r a g e  i s  managed w i t h  o n l y  two major o p e r a t i n g  modes, a 

c o n s i d e r a b l e  s i m p l i f i c a t i o n  over  some systems.  The f i r s t  mode, ' 'problem 

s t o r e d , "  presumes t h a t  a l l  flux moments and s o u r c e  moments, t o g e t h e r  w i t h  

problem d e s c r i p t i o n  a r r a y s ,  wi 11 be s t o r e d  i n  "working meitwry." Only 

i n c i d e n t a l  d a t a  a r r a y s  such as boundary s o u r c e s  and f l u x e s ,  c r o s s  s e c t i o n s ,  

and s c a l a r  f l u x e s  are  k e p t  on e x t e r n a l  d e v i c e s ,  and " s l o w  memory" i s  n o t  

used.  

' lhe  second mode, ''row s t o r e d , "  s t o r e s  f l u x e s  and s o u r c e  moments f o r  on ly  

one row oE space  mesh ce l l s  i n  t h e  working memory a t  a time. Flux and 

s o u r c e  moments f o r  several rows o r  f o r  t h e  e n t i r e  space  mesh are s t o r e d  i n  

''user buEEers." On split-memory systems,  t h e s e  are l o c a t e d  i n  s l o w  memory. 

On n o n - s p l i t  systems,  t h e  u s e r  b u f f e r s  are l o c a t e d  i n  t h e  c o n t a i n e r  a r r a y  

beyond  he "working meinory" a r r a y s .  Data f o r  each row are moved i n t o  

working memory as r e q u i r e d .  The moving i s  managed by s u 3 r o u t i n e  VARIQ, and 

i s  accoinp7.ished by CRI'L' and  CRED. 

B e s t  e f f i c i e n c y  i s  obta ined  when an e n t i r e  space  mesh i s  conta ined  i n  

t h e  u s e r  b u f f e r s ,  b u t  as l i t t l e  as a few rows can b e  conta ined  i f  r e q u i r e d .  

Two s t o r a g e  c r i t e r i a  must b e  m e t .  The f i r s t ,  and most s t r i n g e n t ,  i s  t h a t  

t h e  "working memory" a r r a y s  must f i t  t h e  c o n t a i n e r  a r r a y .  The 
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second i s  t h a t  t h e  b u f f e r  d a t a  must f i t  t h e  u s e r  buFfe r  space. The code 

a u t o m a t i c a l l y  r e b l o c k s  t h e  space mesh t o  meet L h e  l a t t e r  c r i t e r i o n ,  and 

i s  u s u a l l y  s u c c e s s f u l  i n  doing  so.  The volume of d a t a  t r a n s m i s s i o n  t o  

t h e  e x t e r n a l  d e v i c e s  i s  i n c r e a s e d  by s t o r i n g  l e s s  t h a n  t h e  e n t i r e  space 

mesh, b u t  does  not: o t h e r w i s e  depend upon t h e  number of b l o c k s .  T h e  l o g i c a l  

r e c o r d s  become smaller as t h e  number of b l o c k s  i n c r e a s e s ,  and t h i s  may 

b e  impor tan t  on some systems. 

4 . 5 .  E x t e r n a l  Data Management 

Data are sfrored e x t e r n a l l y  on l a r g e - s c a l e  s t o r a g e  d e v i c e s  i n  u n i t s  

c a l l e d  " d a t a  sets" o r  "f i les ."  

u n i t  number" less t h a n  100, and is accessed  by a ' ' l o g i c a l  name" i n  t h e  

program i n t o  which i s  set t h e  l o g i c a l  u n i t  number. As a matter of 

convenience,  user -suppl ied  i n p u t  f i l e s  and r e s u l t  f i l e s  may be spoken 

of as " tapes ,"  w h i l e  s c r a t c h  files may be spoken of a s  " d i s k s , "  a l t h o u g h  

o t h e r  e q u i v a l e n t  s t o r a g e  can b e  used,  

Each f i l e  i s  a s s i g n e d  a " l o g i c a l  

A l l  d a t a  communication w i t h  t a p e s  i s  s e q u e n t i a l  i n  n a t u r e ,  managed 

by t h e  SEQIO r o u t i n e ,  and accomplished by REED and RITE.  T h e  s e q u e n t i a l  

r o u t i n e s  s u p p l i e d  w i t h  t h e  code should be d i r e c t l y  a p p l i c a b l e  t o  all 

systems.  Copious comment c a r d s  i d e n t i f y  t h e  f u n c t i o n  of t h e s e  and o t h e r  

da ta -handl ing  r o u t i n e s .  

S c r a t c h  f i l e  d a t a  communication i s  channeled through VARIO and f a l l s  

i n t o  t h r e e  classes. The " s e q u e n t i a l "  f i l es ,  numbered 81-90, can be  pro- 

c e s s e d  a d e q u a t e l y  by SEQIO, REED, arid K I T E ;  and c a r d s  f o r  t h i s  o p e r a t i o n  

are inc luded  i n  VARIO. On I B M  s y s t e m s ,  a yerFormance advantage is  gained 

by r o u t i n g  such  d a t a  through BLKIO,  DOPC, DRED, and DRIT. 

The "quas i - sequent ia l"  c lass  could be processed  a d e q u a t e l y  by SEQIO 

i f  i t  were p o s s i b l e  t o  rewrite a r e c o r d  w i t h o u t  d e s t r o y i n g  subsequent 

r e c o r d s .  The boundary d i r e c t i o n a l  f l u x  f i l e  i s  an example of such  

a p p l i c a t i o n .  On IBM systems,  t h i s  must b e  routed  t o  BLKLO, and t h e  
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program s u p p l i e d  w i l l  do t h i s .  Such f i l e s  are numbered 94-99. On o t h e r  

sys te i ss ,  i t  may be  p o s s i b l e  and advantageous t o  r o u t c  quas i - sequen t i a l  

f i l e s  t o  SEQIO by modifying VARIO.  

The t h i r d  c l a s s  of  s c r a t r h  a c c e s s ,  "blockpd random" a c c e s s ,  i s  a l s o  

managed by V A R I O .  I t  i s  c a l l e d  t o  a c c e s s  a11 moments o f  f l u x  o r  sou rce  

f o r  a row. When t-he f i r s t  row of  a b lock  i s  r ead  o r  t h e  l a s t  b l o c k  

w r i t t e u ,  VARIO,  i f  a p p r o p r i a t e ,  t r a n s f e r s  t h e  block between t h e  u s e r  

b u f f e r  and d i s k ,  accompl ish ing  t h i s  through BLKIO,  DOPC, UKED, and D R l r .  

For  each  row, VARIO c a l c u l a t e s  t h e  o r i g i n  of t h e  requirchd d a t a ,  and moves 

t h e  d a t a  t o  t h e  working-memory space  r e q u i r e d ,  A s p e c i a l  f l a g  i n d i c a t e s  

whcther t h e  rows are b e i n g  read i n  ascending  o r  descending  o r d e r .  Surh 

f i l e s  are numbered 91-93. 

While t h e  t a s k  of  VARLQ i s  compl ica ted ,  t h e  r e s u l t  i s  t h a t  t h e  res t  

of  t h e  code knows n o t h i n g  of  t h e  d e t a i l s  of  t h e  b locked  s t o r a g e ,  and only 

two index ing  schemes are rcqui.c-ed. The cos t  of t h e  d a t a  moving between 

f a s t  c o r e  and u s e r  b u f f e r  has proven t o  be a lmost  unmeasurably s m a l l .  

4 . 6 .  _I Programming S t y l e  __ 

The programming s t y l e  i s  g r e a t l y  a f f e c t e d  by t h e  i r r e g u l a r  mesh 

requi rements .  A s  an example, t h e  s i m p l e  t a s k  o f  f i n d i n g  t h e  zone number 

f o r  space  c e l l  (1,J) i s  normally:  

D l M E N S I O N  IJZN( IM, .JM) 

K = IJZN(1,J)  

I f  CM depends u p m  J ,  however, t h i s  i s  not  adequate .  I n s t e a d ,  w e  assemble 

" indexing  p i v o t "  a r r a y s  : 

J- 1 

lBJ ( J )  = IM(1); lM(0) = 0 

L = O  

whereupon, i n  A N S I  FORTRAN: 
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CALL SURA(D(L1JZN) D ( L L B J ) ,  JM) 

SUBICOIJTINE SUBA(IJZN,IBJ, J M )  

DIMENSION T.JZN(1) 

IJ=I+IRJ (.T) 

K = I  J Z N  ( I J) 

RETTJRN 

END 

Although cumbersome, t h i s  o p t i m i z e s  i n t o  code n e a r l y  as e f f i c i e n t  as 

normal FORTRAN. Most of t h e  d a t a  a r r a y s  are s i n g l y  dimensioned because 

of the i r r e g u l a r  mesh f e a t u r e s .  

A se t  of " s c r a t c h  parameters , ' '  'IS through 12.0 and E l  through E 9 ,  

are l o c a t e d  i n  CMDOT f o r  g e n e r a l  use.  These p r o v i d e  some space  s a v i n g s  

and h e l p  t o  d i s t i n g u i s h  parameters  whose use is  o n l y  over  t h e  span o f  a 

f e w  s t a t e m e n t s  from parameters  of real  s i g n i f i c a n c e  t o  which mnemonic 

names are  a t t a c h e d ,  

4 . 7 .  S p e c i a l  Language __ Requirements 

It is  e s s e n t i a l  t o  o p e r a t i o n  of t h e  code t h a t  dimensions not needed,  

i . e . ,  t h e  l e n g t h  of s i n g l y  dimensioned a r r a y s  and t h e  l as t  dimension of 

m u l t i p l y  dimensioned a r r a y s ,  can  be set t o  1 i f  t h e  a r r a y s  are o n l y  pseudonym 

f o r  space  i n  che c o n t a i n e r  a r r a y  and i f  t h e y  are  n o t  used i n  READ o r  WRITE 

s ta t  ernent s . 

It is  e s s e n t i a l  t h a t  a g iven  area of t h e  c o n t a i n e r  can be r e f e r r e d  

LO as e i t h e r  real o r  i n t e g e r  i n  v a r i o u s  p l a c e s ,  so long  as t h e  t y p e  i s  

c o n s i s t e n t  w i t h  t h e  d a t a  be ing  s t o r e d ,  e . g . ,  i n  t h e  example above, t h e  

r e a l  array D r o n t a i n s  i n t e g e r  d a t a  1 J Z N .  



In a few areas, r e a l - t y p e  s t a t e m e n t s  such as A ( I ) = B ( I )  may be used  t o  move 

i n t e g e r  d a t a ,  o r  v i c e  v e r s a .  But A(i)=-B(i) i s  never  used i n  such a case. 

in FIDAS, f o r  example, t h e  same a r r a y  may be g iven  two o r  more names 

i n  t h e  argument l i s t  and e i t h e r  m m e  may b e  used t o  update  t h e  i n f o r m a t i o n ,  

accord ing  t o  t y p e ,  

manner, however. 

Non-subscripted d a t a  i t e m s  are never  t r e a t e d  i n  t h i s  

4.8 .  Code S t r u c t u r e  ... -. .- ... .. 

The code i s  ar ranged  i n  f o u r  e s s e n t i a l l y  independent  u n i t s ,  as 

indicacecl i n  t h e  o v e r l a y  s t r u c t u r e .  These u n i t s ,  t o g e t h e r  w i t h  t h e  

subprogram" a p p l i c a b l e ,  are : 

Parameter Input  (LOCO) - i n p u t  and e d i t  of s i n g l e  parameters  

c o n t r o l l i n g  problem s i z e  and l o g i c  p a t h ;  p r i n t i n g  of  header  

messages. 

Array I n p u t  (INPUT) - i n p u t  of pr imary d imens ion-se t t ing  a r r a y s  

d e s c r i b i n g  mesh, v a r i a t i o n  oE d i r e c t i o n a l  q u a d r a t u r e  over  t h e  

mesh, and e x t e n t  of moment expansion;  secondary dimension s e t t i n g  

a r r a y s  d e s c r i b i n g  t h e  d i r e c t i o n  sets and v a r i o u s  c o a r s e  meshes; 

g e n e r a l  a r r a y s  d e s c r i b i n g  o t h e r  problem c o n d i t i o n s ;  a n d  o p t i o n a l  

a r r a y s  f o r  i n t e r n a l  g e n e r a t i o n  of f l u x  and s o u r c e  d a t a  i n p u t  

f i l e s .  

Computation (WORK) - solution of t h e  t r a n s p o r t  problem and 

g a t h e r i n g  of cer ta in  d a t a  t o  b e  e d i t e d .  C e r t a i n  o u t p u t  d a t a  

f i l e s  are genera ted  h e r e  i f  n e c e s s a r y .  

Output (OUTPUT) - provides  f i n a l  normal iz ing  and e d i t i n g  of 

r e s u l t s .  Wrires output  d a t a  f i l e s  no t  handled by WORK. 
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S e c t i o n  5. User's Informat ion  

5.1. Card I n p u t  Data --__- 

The c a r d  i n p u t  d a t a  f o r  a problem c o n s i s t  of a t i t l e  c a r d  f o l l o w e d  

by a v a r i a b l e  number of b l o c k s  of d a t a  s e p a r a t e d  by a "T" d e l i m i t e r .  

Within each b lock ,  a v a r i a b l e  number of d a t a  a r r a y s  are s p e c i f i e d ,  keyed 

a c c o r d i n g  t o  an  a r r a y  number, and i d e n t i f i e d  as t o  r e a l  o r  i n t e g e r  type .  

A s e p a r a t o r  c a r d  must be p l a c e d  between s u c c e s s i v e  problem decks.  

I f  i t  c s n t a - i n s  t h e  word "DIAG" i n  t h e  f i r s t  f o u r  columns, a n o n - f a t a l  

d i a g n o s t i c  will b e  g iven  by ERRO. If t h e  word "DUMP" a p p e a r s ,  a f u l l  

fatal dump i s  g iven .  Otherwise,  t h e  n e x t  problem b e g i n s  immediately.  

No d a t a  are  r e t a i n e d  i n  memory between problems. No F u r t h e r  execut ion  

i s  p o s s i b l e  a f t e r  a problem e n c o u n t e r s  a f a t a l  e r r o r .  

5 . 2 ,  Space Mesh Grouping _____---- 

Several groupings  of space  mesh c e l l s  are used. The most f a m i l i a r  

i s  t h e  assignment  of each  space  mesh c e l l  t o  a "material zone." Cross- 

s e c t i o n  sets and b u c k l i n g  are t h e n  s p e c i f i e d  by material zone. 

One o r  more zones may b e  a s s i g n e d  t o  a "region" f o r  b a l a n c e  t a b l e  and 

a c t i v i t y  o u t p u t .  

Am a r b i t r a r y  "coarse  mesh" i s  s p e c i f i e d  f o r  t h e  s p a t i a l  r e b a l a n c e  

o p e r a t i o n .  A minimum of f i v e  s t o r a g e  1.ocations are r e q u i r e d  f o r  each  

space  mesh c e l l  and a r a t i o  of t h r e e  o r  more fine-mesh i n t e r v a l s  p e r  

c o a r s e  mesh p r o v i d e s  impor tan t  s p a c e  s a v i n g s .  The c o a r s e  mesh d e s i g n a t i o n  

can b e  r e l a t i v e l y  a r b i t r a r y ,  s i n c e  o n l y  t h e  convergence speed i s  a f f e c t e d .  

Experience on a g iven  class of problems is  t h e  b e s t  gu ide  i n  t h i s  matter, 
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Another a r b i t r a r y  mesh, t h e  "super  mesh" i s  s i m i l a r l y  deEined f o r  

s e a r c h  s p e c i f i c a t i o n s  and f o r  s p e c i f y i n g  vari.ous d i r e c t i o n a l  quadra tu re  

se t s .  "Super groups" can a l s o  be d e f i n e d ,  s o  t h a t  quadra tu re  can depend 

upon b o t h  space  and energy.  

5 .3 .  I r r e g u l a r  Diinensioni-ng _. S p e c i f i c a t i o n s  - . ~ -  

The space  mesh can be s p e c i f i e d  such  t h a t  t h e  I mesh depends upon J .  

To accomplish t h i s ,  several lII-setsll are  s p e c i f i e d ,  wi.th d i f f e r e n t  numbers 

of i n t e r v a l s  and d i f f e r e n t  i n t e r v a l  boundar ies .  The I S E T ( J )  a r r a y  then  

re la tes  t h e  p rope r  set  of boundar ies  t o  t h e  J - l e v e l .  Prudent  u se  of  t h i s  

f e a t u r e  can save  computat ion t i m e  and s t u r a g e  by c o n c e n t r a t i n g  work i n  

areas r e q u i r i n g  a f i n e  mesh, bu t  too- f requent  changes caii waste t i m e .  

The d i r e c t i o n a l  q u a d r a t u r e s ,  "M-sets," are  s p e c i f i e d  by super-zone and 

super-group,  as d i scussed  ear l ie r .  Th i s  allows t h e  u s e r  t o ,  f o r  example, 

s p e c i f y  a h i g h l y  b i a s e d  quadra tu re  i n  t h e  area of a s t reaming c r a c k  wi thou t  

was t ing  such d e t a i l  e l sewhere  i n  t h e  problem. A c e r t a i n  amount of work i s  

requi-red t o  perform t h e  t r a n s ] - a t i o n  between se t s ,  however, and so t h e  

number of swi t ches  i n  t h e  mesh should be minimal.  

I n  a d d i t i o n ,  t h e  o r d e r  of moment expansion f o r  each c r o s s  s e c t i o n  

i s  s p e c i f i e d  by m a t e r i a l ,  and  t h e  o r d e r  of f l u x  expansion i s  s p e c i f i e d  by 

group. The c r o s s - s e c t i o n  expansion i s  l a r g e l y  a matter of u s e r  convenience 

when us ing  d a t a  of mixed expansion o r  i n  t e s t i n g  t h e  e f f e c t  of v a r i o u s  

expans ions ,  b u t  t h e  f l u x  expansion s p e c i f i c a t i o n  can save  T / O  cha rges  and 

s t o r a g e .  The expansion r equ i r ed  a t  inter i r iediate  and J ower e n e r g i e s  i s  

g e n e r a l l y  1owc.r than  the maximum. The c o s t  of t h e s e  two f e a t u r e s  i s  

t r i v i  a1 - 

There are c e r t a i n  r e s t - t - i c t i o n s  on t h e  mesh sets. The l a r g e s t  I-set 

and t h e  l a r g e s t  PI-set must f a l l  w i . t h i . n  t h e  i n p u t  l i m i t s  I1M( and IMMI. 

Likewise ,  t h e  maximum c r o s s - s e c t i o n  expansion and t h e  maximum f l u x  expans ion  

o r d e r  must each be  no more than  I ISCTMl . Outer  boundar ies  of I-sets must 

match, and coarse-mesh and super-mesh boundar ies  must be conta ined  i n  a l l  

I-sets.  
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"Standard" I-sets and M-sets are s p e c i f i e d  i n  which the boundary 

s o u r c e s  and f l u x e s  are k e p t .  

a prohlem u s i n g  a v e r y  l a r g e  M-sct i n  t h e  i n t e r i o r  could e v e n t u a l l y  save  

uiuch s p a c e  f o r  c e r t a i n  problems. For now, a r e s t r i c t ive  set  of rules 

p r e v e n t s  t h i s  u n t i l  t h e  r e s t r i c t i o n s  are removed. The r u l e s  are:  

The use  of a s m a l l  "Standard M-set" w i t h  

(1) Standard  set must have as many d i r e c t i o n s  up and as many down 

as any set .  

S tandard  set m u s t  have IMMI d i r e c t i o n s .  ( 2 )  

( 3 )  Standard  se t  must have as many l e v e l s  as any set. 

( 4 )  Standard  set must be set #1 ( f i r s t  se t )  f o r  maximum computing 
speed.  

5 . 4 .  Card I n p u t  Format -- 

With t h e  e x c e p t i o n  of t h e  t i t l e  c a r d ,  a l l  d a t a  are read  i n  t h e  FTDO 

system a l s o  used i n  ,?JIISE\Ty4 DOT 111,5 and o t h e r  codes.  

The FIDO i n p u t  method i s  e s p e c i a l l y  devised  t o  a l l o w  t h e  e n t e r i n g  

o r  modifying of l a r g e  d a t a  a r r a y s  w i t 1 1  minimum e f f o r t ,  S p e c i a l  advantage 

i s  t a k e n  of p a t t e r n s  of r e p e t i t i o n  or  symmetry wherever p o s s i b l e .  

FIDO system w a s  p a t t e r n e d  a f t e r  t h e  i n p u t  method used w i t h  t h e  FLOC0 

coding system a t  Los  Alamos, and w a s  f i r s t  appl-led by Atomics I n t e r n a t i o n a l  

t o  t h e  DTF-J16 code. S i n c e  t h a t  t i m e ,  numerous f e a t u r e s  r e q u e s t e d  by u s e r s  

have been added, a f r e e - f i e l d  o p t i o n  h a s  been developed,  and t h e  a p p l i c a t i o n  

o f  FIDO h a s  spread  t o  innumerable codes.  

The 

T h e  d a t a  are e n t e r e d  i n  u n i t s  c a l l e d  "ar rays ."  An a r r a y  comprises  a 

group oE cont iguous  s t o r a g e  l o c a t i o n s  which are t o  b e  f i l l e d  w i t h  data at 

one t i n e .  These a r r a y s  u s u a l l y  correspond on a one-to-one b a s i s  w i t h  

FORTRAN a r r a y s  used i n  t h e  program. A group of one o r  more a r r a y s  r e a d  

w i t h  a s i n g l e  c a l l  t o  t h e  FIDQ package forms a "block," and a s p e c i a l  

d e l i m i t e r  i s  r e q u i r e d  t o  s i g n i f y  t h e  end of e a c h  b lock .  Arrays w i t h i n  a 

b l o c k  nay b e  r e a d  i n  any o r d e r  w i t h  r e s p e c t  t o  each o t h e r ,  b u t  a n  array 

be longing  to one b l o c k  must n o t  b e  s h i f t e d  t o  a n o t h e r .  The same a r r a y  

can be  e n t e r e d  r e p e a t e d l y  w i t h i n  t h e  s a m e  b lock .  For  example, an a r r a y  
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could  be f i l l e d  w i t h  "0" u s i n g  a s p e c i a l  o p t i n n ,  and then  a few s c a t t e r e d  

l o c a t i o n s  could  be  changed by r ead ing  i n  a new set  of d a t a  f o r  t h a t  a r r a y  

I f  no entr ie . ;  t o  the a r r a y s  i n  a b lock  a re  r e q u i r e d  b u t  t h e  c o n d i t i o n  

r e q u i r i n g  t h e  b lock  i s  m e t ,  i h t A  d e l i m i t e r  a l o n e  s a t i s f i e s  t h e  i n p u t  

requi rement .  

Three major t y p e s  of i n p u t  are a v a i l a b l e :  f i x e d - f i e l d  i n p u t ,  f r e e -  

f i e l d  i n p u t ,  and user-f  i e l d  i n p u t .  

Fixed F i e l d  I n p u t  - Each c a r d  i s  d i v i d e d  i n t o  s i x  12-column d a t a  

f i e l d s ,  each  of which i s  d iv ided  i n t o  t h r e e  s u b f i e l d s ,  The fo l lowing  

s k e t c h  i l l u s t r a t e s  a t y p i c a l  d a t a  f i e l d .  The three s u b f i e l d s  a lways 

comprise 2 ,  1, and 9 co1umns, r e s p e c t i v e l y .  

-I___ 

S u b f i e l d  

I I I I I I I lA ............. ......_.s.-.. 

I S u b f i e l d  I 

1 I I I I I I I IJ ............. ......_.s.-.. 

a 

To begin  t h e  f i r s t  a r r a y  of  a b lock ,  a n  a~?a-..originator fie1.d i s  

p laced  i n  any f i e l d  on a c a r d :  

S u b f i e l d  I:  An i n t e g e r  a r r a y  i d e n t i f i e r  < 100 specifyi .ng t h e  d a t a  

a r r a y  t o  r ead .  

S u b f i e l d  2 :  An a r r a y - t x e  i n d i c a t o r  - 

"$" i f  the a r r a y  i s  i n t e g e r  d a t a  

"*" i f  t h e  a r r a y  i s  rea l  d a t a  

S u b f i e l d  3 :  Blank 

Data are  then  pl-aced i n  s u c c e s s i v e  f i e l d s  u n t i l  the  r e q u i r e d  number 

of  e n t r i e s  has been accounted  f o r .  A sample d a t a  sheet shown below 

i l l u s t r a t e s  t h i s  inpi i t .  

rn errLering d a t a ,  i t  i s  convenient  t o  t h i n k  of a n  "index" o r  "po in te r "  

which i s  under c o n t r o l  of t h e  u s e r ,  and which s p e c i f i e s  t h e  p o s i t i o n  i n  

t h e  array i n t o  which t h e  n e x t  d a t a  e n t r y  i s  t o  go. The pointier i s  always 
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posi  t ioned a t  a r r a y  locatl ion #l* by e n t e r i n g  t h e  a r r a y  o r i g i n a t o r  f i e l d .  

Tlie p o i n t e r  subsequent ly  moves accord ing  t o  t h e  d a t a  o p e r a t o r  chosen. 

Blank f i e l d s  are a s p e c i a l  case, i n  t h a t  they  do n o t  cause  any d a t a  

m o d i f i c a t i o n  and do not  move t h e  p o i n t e r .  

A d a t a  f i e l d  h a s  t h e  fo l lowing  form: 

S u b f i e l d  1: The d a t a  numerator ,  an  i n t e g e r  < 100m We r e f e r  t o  t h i s  

e n t r y  as N i n  t h e  fo l lowing  d i s c u s s i o n .  1 
S u b f i e l d  2 :  One of t h e  s p e c i a l  d a t a  o p e r a t o r s  l i s t e d  below. 

S u b f i e l d  3 :  A n i n e - c h a r a c t e r  da ta  e n t r y ,  t o  b e  read  i n  F9.0 format .  

I t  w i l l  be conver ted  t o  a n  i n t e g e r  i f  t h e  a r r a y  i s  a 

'I$'' a r r a y  or  if a s p e c i a l  a r r a y  o p e r a t o r  such as "Q" 

i s  be ing  used.  Note t h a t  an  exponent is  p e r m i s s i b l e  

b u t  n o t  r e q u i r e d .  I f  no decimal  i s  s u p p l i e d ,  i t  i s  

assumed t o  b e  immediately t o  t h e  l e f t  of t h e  exponent ,  

i f  any; and o t h e r w i s e  t o  t h e  r i g h t  of the las t  column. 

T h i s  e n t r y  i s  r e f e r r e d  t o  as N3 i n  t h e  fo l lowing  d i s c u s s i o n .  

A l i s t  of d a t a  o p e r a t o r s  and t h e i r  e f f e c t  on t h e  a r r a y  b e i n g  i n p u t  fo l lows:  

Rlank" i n d i c a t e s  a s i n g l e  e n t r y  of d a t a .  The d a t a  e n t r y  i n  I t  

t h e  t h i r d  s u b f i e l d  i s  e n t e r e d  i n  t h e  l o c a t i o n  i n d i c a t e d  by t h e  

p o i n t e r ,  and t h e  p o i n t e r  i s  advanced by one. However, an e n t i r e l y  

b l a n k  f i e l d  i s  ignored .  

i n d i c a t e s  e x p o n e n t i a t i o n .  The d a t a  e n t r y  i n  t h e  I t  + I I  o r  "-" 
+M 1 

t h i r d  f i e l d  i s  e n t e r e d  and mul t - ip l ied  by 10- , where Pa is t h e  

d a t a  numerator i n  t h e  f i r s t  s u b f i e l d ,  g iven  t h e  s i g n  i n d i c a t e d  

by t h e  d a t a  o p e r a t o r  i t s e l f .  The p o i n t e r  i s  advanced by one. In  

c a s e s  w h e r e  an  exponent is  needed, t h i s  o p t i o n  a l l o w s  t h e  e n t e r i n g  

o f  more s i g n i f i c a n t  f i g u r e s  t h a  t h e  b lank  o p t i o n .  

1 

"GI '  h a s  t h e  same e f f e c t  cis "+" on I B M  systems.  

*NOTE: T h e  symbol "#" d e n o t e s  t h e  word "number. " 
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I I  I I  R i n d i c a t e s  t h a t  t h e  d a t a  e n t r y  i s  t o  be r e p e a t e d  N times. The 1 

1' 
p o i n t e r  i s  advanced by N 

1' i n d i c a t e s  l i n e a r  i n t e r p o l a t i o n .  The d a t a  numerator,  M II ] 1 1  

i n d i c a t e s  t h e  number of i n t e r p o l a t e d  p o i n t s  t o  be s u p p l i e d .  The d a t a  

e n t r y  i n  t h e  t h i r d  s u b f i e l d  i s  e n t e r e d ,  fol lowcd by N i n t e r p o l a t e d  

e n t r i e s  e q u a l l y  spaced between t h a t  v a l u e  and Lhe da ta  e n t r y  found 

i n  t h c  t h i r d  s u b f i e l d  of t h e  next  non-blank f i e l d .  The p o i n t e r  i s  

advanced by W + 1. The f i e l d  fo l lowing  an  "I" f i e l d  i s  t h e n  processed 

normal ly ,  accord ing  t o  i t s  own d a t a  o p e r a t o r .  

v a l u a b l e  f o r  s p e c i f y i n g  a s p a t i a l  mesh. I n  I t $ "  a r r a y s ,  i n t e r p o l a t e d  v a l u e s  

w i l l  b e  rounded t o  t h e  n e a r e s t  i n t e g e r .  

1 

1 
The "1" e n t r y  is  e s p e c i a l l y  

1 1  I t  L i n d i c a t e s  l o g a r i t h m i c  i n t e r p o l a t i o n ,  The e f f e c t  i s  t h e  same 

as t h a t  of "I" except  t h a t  t h e  r e s u l t i n g  d a t a  are evenly s e p a r a t e d  i n  

log-space.  This  i s  e s p e c i a l l y  convenient  f o r  s p e c i € y i n g  an energy mesh. 

"Q" i s  used t o  r e p e a t  sequences of numbers. The l e n g t h  of t h e  

sequence i s  g iven  by t h e  t h i r d  s u b f i e l d ,  N3. e n t r i e s  

i s  t o  b e  r e p e a t e d  N t i m e s .  The p o i n t e r  i s  advanced by Nl*N3. I f  e i t h e r  

N o r  N i s  0,  then  a sequence of N + N i s  repea ted  one t i m e  o n l y ,  and  

t h e  p o i n t e r  i s  advanced by N T h i s  f e a t u r e  i s  e s p e c i a l  l y  v a l u a b l e  

f o r  geometry s p e c i f i c a t i o n .  

The sequence of N 
3 

1 

1 3 1 3  
+ N 3 .  

"G" h a s  t h e  same e f f e c t  as Q ,  except  t h a t  t h e  s i g n  of t h e  sequence 

i s  changed each time i t  i s  enteeed .  

The "N" o p t i o n  h a s  t h e  s a m e  e f f e c t  as " Q " ,  except  t h a t  t h e  o r d e r  O E  

t h e  sequence i s  r e v e r s e d  each t i m e  i t  i s  e n t e r e d .  This  i s  v a l u a b l e  f o r  

t h e  t y p e  of symmetry possessed by q u a d r a t u r e  c o e f f i c i e n t s .  

"M" h a s  t h e  s a m e  e f f e c t  as "N" except  t h a t  t h e  s i g n  of each e n t r y  

i n  t h e  sequence i s  r e v e r s e d  each t i m e  t h e  sequence i s  e n t e r e d .  FOK 

example, t h e  e n t r i e s :  

1 2 3 2M2 
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would b e  e q u i v a l e n t  to:  

1 2  3 -3  -2 2 3 

This  o p t i o n  i s  a l s o  u s e f u l  i n  e n t e r i n g  q u a d r a t u r e  c o e f f i c i e n t s .  

"Z"  c a u s e s  N -I- N l o c a t i o n s  t o  b e  set t o  0. The p o i n t e r  i s  1 3  

1 + N3' advanced by N 

"C" c a u s e s  t h e  p o s i t i o n  of t h e  las t  a r r a y  i t e m  e n t e r e d  t o  be p r i n t e d .  

This  i s  t h e  p o s i t i o n  of t h e  p o i n t e r ,  less 1. The p o i n t e r  i s  n o t  moved. 

''0" c a u s e s  t h e  p r i n t  t r i g g e r  t o  b e  turned  on. The t r i g g e r  i s  

o r i g i n a l l y  o f f .  When t h e  t r i g g e r  i s  on, each c a r d  image i s  l i s t e d  as i t  

i s  r e a d .  

"E"' c a u s e s  t h e  p r i n t  t r i g g e r  t o  b e  turned  o f f .  

"S" i n d i c a t e s  t h a t  t h e  p o i n t e r  i s  t o  s k i p  N p o s i t i o n s  l e a v i n g  1 
t h o s e  a r r a y  p o s i t i o n s  unchanged. I f  t h e  t h i r d  s u b f i e l d  i s  non-blank, t h a t  

d a t a  e n t r y  i s  e n t e r e d  f o l l o w i n g  t h e  s k i p ,  and t h e  p o i n t e r  i s  advanced by 

NI + 1. 

II 11 A moves t h e  p o i n t e r  t o  t h e  p o s i t i o n  13 s p e c i f i e d  i n  t h e  t h i r d  
3' 

s u b f i e l d .  

"I?" f i l l s  t h e  remainder of t h e  a r r a y  w i t h  t h e  datum e n t e r e d  i n  t h e  

t h i r d  s u b f i e l d .  

E" s k i p s  over  t h e  remainder of t h e  a r r a y .  The a r r a y  l e n g t h  c r i t e r i o n  11 

i s  always s a t i s f i e d  by an  "E", no matter how many e n t r i e s  have been s p e c i f i e d .  

No more e n t r i e s  to  an  a r r a y  may b e  g iven  fo l lowing  an  "E", except  t h a t  d a t a  

e n t r y  may b e  r e s t a r t e d  w i t h  an  "A". 



The r ead ing  of d a t a  iu an  a r r a y  i s  ie rmina ted  when a new a r r a y  

o r i g i n  f i e l d  i s  s u p p l i e d ,  o r  when t h e  b lock  i s  t e rmina ted .  I f  an i n c o r r e c t  

number of p o s i t i o n s  h a s  been f i l l e d ,  an e r r o r  e d i t  i s  g iven ,  and a f l a g  

i s  set  which w i l l  la ter  a b o r t  execu t ion  of t h e  problem. FIDO then  con t inues  

w i t h  t h e  nex t  a r r a y  i f  an a r r a y  o r i g i n  w a s  read .  Otherwise,  i t  r e t u r n s  

c o n t r o l  t o  t h e  c a l l i n g  program. 

A - b lock  t e r m i n a t i o n  c o n s i s t s  of a f i e l d  having “TI’ in t h e  second 

s u b f i e l d ,  A l l  e n t r i e s  fo l lowing  “T” on a c a r d  are ignored ,  and c o n t r o l  

i s  r e t u r n e d  from FIDO t o  t h e  c a l l i n g  program. 

_.____. Comment c a r d s  .. . . can  be  e n t e r e d  w i t h i h  a block  by p l a c i n g  a s l a s h  ( / )  

i n  column 1. Then columns 2-80 w i l l  be  l i s t e d ,  w i t h  column 2 be ing  used 

f o r  p r i n t e r  c a r r i a g e  c o n t r o l .  Such c a r d s  have no e f f ec t :  on t h e  d a t a  a r r a y  

o r  p o i n t e r .  

F r e e - f i e l d  I n p u t  - With f r e e - f i e l d  i n p u t ,  d a t a  are w r i t t e n  wi thou t  

f i x e d  r e s t r i c t i o n s  a s  t o  f i e l d  and s u b f i e l d  s i z e  and p o s i t i o n i n g  on t h e  

ca rd .  The opt: ions used w i t h  f ixed-f  i e l d  i n p u t  are  a v a i l a b l e  , a l though  

some are s l i g h t l y  r e s t r i c t e d  i n  form. In  g e n e r a l ,  fewer d a t a  c a r d s  are  

r e q u i r e d  f o r  a problem, t h e  i n t e r p r e t i n g  pr i .n t  i s  easier t o  r e a d ,  a c a r d  

l i s t i n g  i s  more i n t e l l i g i b l e ,  t h e  c a r d s  are easier t o  keypunch, and c e r t a t n  

common keypunch e r r o r s  are t o l e r a t e d  wi thou t  a f f e c t i n g  t h e  problem. Data 

a r r a y s  us ing  f ixed -  and f r e e - f i e l d  input: can be  in t e rming led  a t  w i l l  w i t h i n  

a g iven  b lock .  

The concept  of t h r e e  s u b f i e l d s  p e r  f i e l d  i s  s t i l l  a p p l i c a b l e  t o  

f rc . .s-€ield i n p u t ,  b u t  i f  no e n t r y  f o r  a f i e l d  i s  r e q u i r e d ,  no  space  €or  

i t  need be  l e f t .  Only columns 1-72  may be  used ,  as w i t h  f i x e d - f i e l d  i n p u t .  

The a r r a y  o r i g i n a t o r  f i e l d  can  begin  i n  any p o s i t i o n .  The a r r a y  -- -- 
i d e n t i € i e r s  and type  i n d i c a t o r s  are used as i n  f i x e d - f i e l d  i n p u t .  The 

type  i n d i c a t o r  i s  e n t e r e d  twice,  t o  d e s i g n a t e  f r e e - f i e l d  i n p u t  ( t e e a ,  ’’$$’’ 

o r  I f **”) .  The blank t h i r d  s u b f i e l d  r e q u i r e d  in f i x e d - f i e l d  i n p u t  i s  n o t  

r e q u i r e d .  For example: 319bk i n d i c a t e s  t h a t  a r r a y  31, a r e a l - d a t a  a r r a y ,  

w i l l  f o l low in f ree-f i e l d  format .  
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Data f i e l d s  may f o l l o w  t h e  a r r a y  o r i g i n  f i e l d  immediately.  The d a t a  

f i e l d  e n t r i e s  are i d e n t i c a l  t o  t h e  f i x e d - f i e l d  e n t r i e s  w i t h  t h e  Eoll.owi.ng 

r e s t r i c t i o n s :  

(3)  

(4)  

Any number of b l a n k s  may s e p a r a t e  f i e l d s ,  b u t  a t  least  one blank 

must f o l l o w  a t h i r d  s u b f i e l d  e n t r y  i f  one i s  used. 

I f  b o t h  f i r s t  and second s u b f i e l d  e n t r i e s  a r e  used,  no b lanks  

may s e p a r a t e  them, i . e . ,  24S, b u t  n o t  24  S, 

Numbers w r i t t e n  w i t h  exponents  must n o t  have imbedded b l a n k s ,  

i .e . ,  1.OE+4, l .QE4,  1.04-4, o r  even 1+4, b u t  n o t  1 .0  E 4 .  

I n  t h i r d - s u b f i e l d  d a t a  e n t r i e s ,  o n l y  9 d i g i t s ,  i n c l u d i n g  t h e  

decimal  b u t  n o t  i n c l u d i n g  t h e  exponent f i e l d ,  can b e  used ,  i.e., 

123456.89E07, b u t  n o t  123456.789EQ7. 

The Z e n t r y  must b e  of t h e  form: 7382, n o t  2738 o r  738 Z. 

The + o r  - d a t a  o p e r a t o r s  are n o t  needed and are n o t  a v a i l a b l e .  

The Q ,  N, and M e n t r i e s  are r e s t r i c t e d :  344, 1N4, o r  M4, b u t  

n o t  44, 4 N ,  o r  4M. G i s  s i m i l a r l y  r e s t r i c t e d .  

A f i e l d  must n o t  span two c a r d s .  

A l l  i t e m s  on a c a r d  e n t e r e d  a f t e r  a s l a s h  i n  any column except  

t h e  f i r s t  are ignored .  

User-Field I n p u t  - I f  t h e  u s e r  fo l lows  t h e  a r r a y  i d e n t i f i e r  i n  t h e  

a r r a y  o r i g i n a t o r  f i e l d  w i t h  t h e  c h a r a c t e r  "Ut' o r  "V", t h e  i n p u t  format  is  

t o  b e  s p e c i f i e d  by t h e  u s e r .  I f  "U" i s  s p e c i f i e d ,  t h e  FORTRAN format: t o  

be used must be s u p p l i e d  i n  columns 1-72 of t h e  n e x t  c a r d .  The format  

must b e  enc losed  by t h e  u s u a l  p a r e n t h e s e s .  Then t h e  d a t a  f o r  t h e  entr i re  

a r r a y  must follow on s u c c e s s i v e  c a r d s .  The r u l e s  of o r d i n a r y  FORTRAN 

i n p u t  as t o  exponents ,  b l a n k s ,  e t c . ,  apply .  I f  t h e  a r r a y  d a t a  do n o t  

f i l l  t h e  last  c a r d ,  t h e  remainder must b e  l e f t  b lank .  

"V" h a s  t h e  same e f f e c t  as "U" except  t h a t  t h e  format  read  i n  t h e  

last  preceding  "U" a r r a y  is  used. 
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5.5. Card I n p u t  S p e c i f i c a t i o n s  

A. T i t l e  Card ( 7 2  a lphamer ic  c h a r a c t e r s ) .  

B. Parameter  I n p u t  ( D e s c r i p t i o n  on Output E d i t )  

NTFLX 

NTFOG 

NTSIG 

NTBSI 

(5)  NTDSI 

NTFCI 

N T I B I  

NTIBO 

NTNPR 

(10) N T D I R  

Data S e t  L o g i c a l  Uni t  Reference Numbers 

F lux  Guess I n p u t  Uni t  (Not Used i f  = 0) 

Flux Output Uni t  (Not Used i f  = 0) 

Cross-Sect ion Uni t  

Boundary Source lnput  Unit  (Not Used i f  = 0 )  

D i s t r i b u t e d  Source I n p u t  Unit  (Not Used if = 0 )  

(Must be  s u p p l i e d  i f  INPSRM.GT.0) 

F i r s t - C o l l i s i o n  Source I n p u t  Uni t  (Not Used i f  = 0) 

I n t e r n a l  Boundary Source Input  Uni t  (Not Used i f  = 0 )  

I n t e r n a l  Boundary F lux  Output Uni t  (Not Used i f  = 0) 

Large-Scale P r i n t  Uni t  ( A l l  p r i n t  on s t a n d a r d  

o u t p u t  u n i t  i f  NTNPR = 0 )  

D i r e c t i o n a l  F lux  Output Uni t  (Not Used i f  = 0) 

NTDSO D i s t r i b u t e d  Source Output Uni t  (Not Used i f  = 0 )  

(Terminate Array w i t h  "E") 

62$ I n t e g e r  C o n t r o l  Parameters (RV=Recommended Value) 

IADJ 0/1 = Forward/Adjoint C a l c u l a t i o n  

ISCTM Maximum Order of S c a t t e r i n g  

I ZM Number of Material Zones 

I M  Maximum Number otr 1st-Dimension S p a t i a l  Intervals 

(Negat ive I n d i c a t e s  Number of I n t e r v a l s  Varies w i t h  

2nd Dimenston) 

(5) JM Number of 2nd-Dimension S p a t i a l  I n t e r v a l s  



4 2 

I G M  Number of Energy Groups 

LHT P o s i t i o n  of T o t a l  Cross S e c t i o n  i n  Cross-Section 'Table 

(See Note 3 )  

ZHS P o s i t i o n  of S e l f - s c a t t e r  Cross S e c t i o n s  i n  Cross-Section 

Table  (See Note 3 )  

IHM Length of Cross-Section Table  f o r  Each Group 

(IO) MLXL Mixing Table  14ength (See Note 3 )  

MCK Spare - No E f f e c t  

MCP Number of Material Cross-Sect ion S e t s  From NTSIG 

( 0 Impli  es MTP=MTM) 

MTM T o t a l  Number of Mar-erials I n c l u d i n g  Mixtures  

LDFAC 011 = No Dens i ty  F a c t o r s / D ( I , J )  I n p u t  as 39; 

(15) MM Maximum Number of D i r e c t i o n s  i n  Quadrature  

(Negat ive I n d i c a t e s  Quadrature  S p e c i f i e d  Loca l ly  

as 8 7 $ )  

LNGEOM 0 / 1 / 2 / 3 / 4 / 5 / 6  = Geometry Option - X-Z, R-Z, R-0, 

180"-360" T r i a n g u l a r ,  60" T r i a n g u l a r ,  90" 

T r i a n g u l a r ,  120' T r i a n g u l a r  (Also See  Data 

Note 1 )  

I B L  L e f t  Boundary Condit ion 4=F'ixed Boundary Source 

IBK R i g h t  Boundary Cond i t ion  e c t e d  5=AZbedo 

I B B  Bcttom Boundary Condit ion 

(20) I B T  Top Boundary Condit ion 

I S C M  Outer I t e r a t i o n  Maxirrturn 

1 FXMI I n i t i a l .  I n n e r  I t e r a t i o n  Maximum P e r  Group 

(Negat ive I n d i c a t e s  M a x i m u m  G i v e n  as 28$) 

i FXMF Find i n n e r  I t e r a t i o n  Maximum P e r  Group 

(IFXMI Used i f  IFXMF-0) 
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MODE 0/1/2/3/4/5 = Flux Extrapolation Node1 - Linear 
with Step Fixup of NegativeslLinear with Negatives 

Allowed/Step/Ordinary Weighted Difference/ Linear 

with Super-weighted Fixup/Super- or 0-Weighted 

Difference (RV=OIf KTYPE=l, Otherwise 3 )  

(25) KTYPE 0/1/2/3/4 = Calculation Type - 
Fixed Source/k-Eigenvalue/DB**2 Search/ 

Concentration SearchPDimension Search 

IACC 

KALF 

IGTYPE 

INPFXM 

(30) INPSRM 

NJNTSR 

NINTSR 

NJNTFX 

NINTFX 

0 /1 /2  = Rebalance Method - 
Groupwise/Source Correction Method*/Space-Dependent 

Scalar Method (RV=2) 

0/1 = Rebalance Method - J Method/+ Method 
(RV=O) 

O/N = Discrete Ordinates Calculation/Alternate 

Theory Specified by Group (7$) For N Outers 

(See Note 2) 

0/1/2/3 = Flux 0 or on NTFLX if NTFLX>O/ 

Flux Specified as FIJ  (1,J) For each Group/FIJ(I,J) 

*FG(G)/FI(I)*FJ(J) *FG(G) 
(See 93*, 94*, 95* Arrays) 

0/1/2/3 = Distributed Source Input Options 

Separable as f o r  INPFXM (See 96*, 97*, 983 Arrays) 

Interior Boundary Source at NJNTSR J-Boundaries 

Input From NTIBI (May be 0 )  

Interior Boundary Source at NINTSR I-Boundaries 

Input From NTIBI (May be 0 )  

Interior Boundary Flux at NJNTFX J-Boundaries 

Written on NTIBO (May be 0 )  

Interior Boundary Flux at NINTFX I-Boundaries 

Written on NTIBO (May be  0 )  
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( 3 5 )  IACT Number of Region and Poin twise  A c t i v i t i e s  C a l c u l a t e d  

(Negat ive I n d i c a t e s  Region Activit ies Only) 

(See  Data Note 4 )  

IRED Number of Regions For A c t i v i t y  and Balance Table  Output 

'CPDB2 0/1/2/3=No Effec t lPunch  1 DB2 Value/IGM Values 

T.GM*IRED Values (Negative Suppresses  Balance Table  P r i n t )  

IFXPRT 0/1 /2=Scalar  Flux P r i n t e d l N o t  P r i n t e d / P r i n t e d  

A f t e r  t h e  C a l c u l a t i o n  of Each Group 

ICSPRT O/l=Cross-Section Data P r i n t e d / N o t  P r i n t e d  

( 4 0 )  IDLRF 0 / 1 / 2 = D i r e c t i o n a l  F lux  Not Saved/Saved and P r i n t e d /  

Saved But Not P r i n t e d  (Wil l  b e  W r i t t e n  on NTDIR i f  

NTDIR>O and IDIFG?>O) 

JDIRF F i r s t  J - I n t e r v a l  For D i r e c t i o n a l  F lux  Output 

J D I R L  L a s t  J - I n t e r v a l  For  D i r e c t i o n a l  F lux  Output 

NBUF Number of K-Bytes Allowed For Buffer  Area 

(Defaul t=60)  (RV=9 on CDC) 

IEPSBZ 0/1/11/21=No Effec t /Use  Zone Importance Convergence 

(24" a r r a y ) / U s e  and P r i n t  Convergence A f t e r  L a s t  I n n e r /  

Use and P r i n t  Convergence on Every I n n e r  

( 4 5 )  MINBLK Minimum J-Blocking ( O = A l l  Groups I n  Memory Allowed) 

(RV=O) 

MAXBLK 

KSBT 

MSBT 

MS DM 

(50) IBFSCL 

INTS CL 

I TMS CL 

NOFIS 

IFDB2Z 

(55)  ISWP 

Maximum J-Blocking (Defaul t=8)  

I - S e t  For Boundary Fluxes (Def a u l t = l )  

M-Set For Boundary F luxes  ( D e f a u l t = l )  

M-Set For Dimensioning (Def a u l t = l )  

Number of F lux  I t e r a t i o n s  Before F i r s t  Rebalance 

(KV=1 o r  2) 

Number of F lux  T t e r a t i o n s  Between Resca l ing  (RV=1) 

Maximum Number of Rebalance I t x r a t i o n s  (Default=100) 

0 / 1 / 2 = F i s s i o n  w i t h  x Normalized/Fiss ion With 

Input  x/No F i s s i o n  

O/l=No DB2/DB2 Suppl ied by Group, Then Region 

Type of D i f f u s i o n  Theory Sweep(RV=O) (See Data Note I.) 
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KEYJN J-Interval For Key Flux Print (Ignored if 0) 

KEYIN I-Interval For Key Flux Print (Ignored if 0) 

NSIGTP O/l=NTSIG IS GIP Fomat/ORDOSW Format 

NORPOS Normalize OUTPUT To Table Position NORPOS~~FLUX*VOL 

(0 ignored) 

(60) NORMAT Material Number to be Used in Normalization 

(0 Implies Use Macro Cross Section Set, Neg Implies 

Do Not Use Density Factor) 

MSTMAX Maximum Number of M-Sets (0 Implies J M  Sets Allowed) 

NEGFIX O/l=No Effect/Negative Sources Repaired (RV=O) 

(Terminate Array With "E") 

63* Real Control Parameters 

TMAX Maximum Minutes of CPU Time For This Problem (0 Ignored) 

XNF Value to Which Source Is Normalized (0 Ignored; Problems 

With KTYPE=l MUST NOT USE 0) 

EP S Eigenvalue Convergence Criterion on Outer Iterations 

EPP Pointwise Flux Convergence Criterion on Inner Iterations 

(5) EPV Volumetric Flux Convergence Criterion on Inner Iterations 

EPF Pointwise Fission Convergence Criterion on Outer Iterations 

EKOB J k-Effective Sought in Search 

EVTH k-Effective Convergence Ratio 

EVCHM Maximum EV Change Per Iteration 

(10) EVMAX Maximum Allowed EV o r  1/EV 

EVKMX Maximum Allowed K-Effective -1 

EVI Initial Eigenvalue 

DEVDKI Initial Eigenvalue Slope 

EVDELK Initial Eigenvalue Increment 

(15) SORMIN Maximum Relative Fission Extrapolation 

(RV=0.5 If KTYPE=l, Otherwise 0) 
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CONACC Kehalance Acceptance Cri l ier ion ( D e f a u l t z l .  OE-3) 

CONSCL Rebalance Convergence O b j e c t i v e  (DeEaul.t=1.OE-4) 

CONFZX R e l a t i v e  F lux  Thresho1.d (RV-0) 

WSOEOI Kebalanee Outer I t e r a t i o n  C o e f f i c i e n t  (KV=o) 

(20) WSOLII Rebalance I n n e r  I t e r a t i o n  C o e f f i c i e n t  (RV-0) 

WSOLCN Rebalance Constant  (RV=l) 

ORF D i f f u s i o n  Theory Flux A c c e l e r a t i o n  (RV-0.6) 

FSNACC F i s s i o n  Dens i ty  A c c e l e r a t i o n  F a c t o r  (RV-0) 

FLXMIN Minimum F lux  For Convergence T e s t s  (RV=0) 

(Terminate Array With "E") 

1 of 61, 6 2 ,  63 a r r a y s  are  s u b j e c t  t o  

from t i m e  t o  t i m e .  

C. Primary Dimension-Setting Arrays ( h i t  a r r a y s  n o t  needed) .  

NOTE: The symbol "8'' denotes  t h e  word Ihumber." 

7 L$ I S F T ( J )  (#=JM) [ LEI<O] 

Index of r a d i a l  mesh s e t  t o  u s e  a t  each J level .  

Defaul t  = S e t  1 

7 2 s  IMS (I SET) ( #=JM) [ IM<O] 

Number of i n t e r v a l s  i n  each T s e t ;  t h e n  f i l l  a r r a y  w i t h  0 ' s .  

7 3 $  MMS (MSET) (#=MSTMAX) [MM<0] 

Number o f  d i r e c t i - o n s  i n  each M set;  then  f i l l  a r r a y  w i t . h  0 ' s .  



74$ I S ZNG ( J G ) (I/=IGM) [MM<O] 

Super Group Number by Group 

Default = Supergroup I 

75" SZNBZ(JSZ) ( #= JM) [MM< 0 I 
J Super Mesh Boundaries 

Enter as many boundaries as desired. 

Default = 1. Super Zone. 

Then fill with 0. 

76* S ZNBR ( ISZ)  (/I= 1 IMI) [MM<O] 

I Super Mesh Boundaries 

Enter as in 75*. 

7 7 s  ISCTG (IG) (#=IGM) [ ISCTM<O] 

Order of scattering by group (Default = 0). 

78$ NSIG (MT) (i'/=MTM) [ ISCTM<O] 

Order of scattering by material (Default=O) 

T 

From these, the following are determined: 

MGSZN = largest super group number [l if MM>O] 

NJSZN = number of J super zone boundaries [l if MM>O] 

NISZN = number of I super zone boundaries [I if MM>O] 

ISM = # non-zero entries in 7 1 $  [l if I M > O ]  

MSM = # non-zero entries in 7 2 $  [l if FIM>O] 

IMSISM = sum of IMS, all 1 sets [LM if IM>O] 

MMSMSM = sum of MMS, all M sets [MM if MM>O] 

IMSJM = sum of IMS(ISET(J)), a l l  J [IM*JM if MM>O] 

IMA = lIMl 

MMA= IMP1 

HMSIMS = MMA*TMA 

MMS.JM = W * J M  

IHP = IHM+l if IHS>IHT+l, otherwise = IHM 
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D. Secondary Dimension-Setting Arrays 
NOTE: The symbol t t # t '  denotes the word "number." 

812 \J (M, MS tirr) ( +MMSMSM) 

Directional weights 

82* EMU(M,MSET) (8-MMSMSM) 

Q, cosine of angle wi!:h X or R direction. 

8 3 k  ETA(M ,MSET) ( #  = FQ4SMSM) 

q ,  cosine of angle with Y, 2 ,  or 8 direction. 

8 4 $  IZNRG (IZ) (#=IZM) [ IRED>O or  IACT-$O] 

Region number by zone (Default = 1 region per zone)  

85* ZCMB (JC) ( /I  = JM) 

Enter as many boundaries as desired. 

Default = 1 course mesh f o r  each interval. Only upper 

boundaries are entered; i . e . ,  do not enter 0.0 if the 

ZLN array starts with 0.0. 

Then fill with 0 .  

863; KCMB ( I C )  (#=IMA) 

I coarse mesh boundaries, as in 85k. 

87s IJGSZ(ISZ,JSZ,IGSZ) ( / J = N T  SZN~NJS ZWNGS zpu) [ P W O ]  

M set by I super mesh, then by J 

super mesh, then by super group. 

r 

From these, the following are determined: 

J C M  .= # of coarse mesh boundaries entered in the ZCMB array 

I C M  = of coarse mesh boundaries entered in the RCMB array. 

NREG = maximum of IZNRG(1Z) array if entered. Otherwise TZM. 
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E. Data Arrays (Omit arrays not needed) 
NOTE;: The symbol "#" denotes the word "number." 

I* 
2* 

3 k 

4" 

5* 

6% 

7 $  

8$ 

9$ 

10s 

11s 

12* 

13s  

14" 

15* 

14* 

17* 

18* 

19* 

C H I ( I G )  fission fractions, x, by group (C=IGM) 

ZIN(J) Y, Z, or 8 space-mesh boundaries (//=JM) 

DNIJ(1,J) density factor (IbIMSJM) [IDFAC>O] 

(De€ault=l. 0 )  

RIN(1,ISET) X or R space-mesh boundaries (#=IMSISM+ISM) 

ENER(IG) Top energy group boundaries + bottom energy of 

last group + bottom energy of last neutron group, or 0 

if all groups are gammas. ( I G H 2 )  [NTFOG>O] 

DB2Z(IZ) DB by group, then by region (#=IC;MaNKEG) [IFDR2ZX3] 

ITHYG(1G) theory by group (#=IGM) [IGmi?E>O] (See Note 2) 

IJZ?J(I,J) material zone by fine space mesh (/,=IMSJM) 

IZMT(1JZN) material number by material zone (#=IZM) 

(Negative signs have no effect on this array) 

MIXT(MIX) mixture ID (#=MIXI,) (See Note 3 )  

NUCL ( M I X )  nuclide ID (#=MIXL) 

DENS (MIX) number density (W=MIXL) 

MATL(MT) ID number for material (#=MTM) 

(Negative for all PL components means use successive ID'S for 

L>O) (Default MATL(MT)=MT) 

ZNTSR(JNTSR) Y, Z, or boundary positions €or  J-boundary 

source input (#=NJNTSR) 

RNTSR(1NTSR) X or R boundary positions f o r  I-boundary source 

input (#-NINTSR) 

ZNTFX(JNTFX) Y, Z, or 0 boundary positions for J-boundary 

2 

f l u x  output (#=NJNTFX) 

0utpLIt (#=NINTFX) 

RNTFX(1NTFX) X or R boundary positions €or I-boundary f lux  

FJSRZ(JSZN) J-Super zone search fraction (i'f=WJSZN) 

[KTYPE=4 

FISRZ(1SZN) I-Super zone search fraction (#=NISZN) 

[ KTYPE=4] 
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25$ 

26$ 

27" 

28$  

T 

ABDOL( L G ,  J) l e f t  boundary al-bedo (#=IGMgCJM) [IBL-51] 

ABDOK( :E, J)  r i g h t  boundary a lbedo  (#=IC,MikJM) [ IBR-51 

ABDOB( LG,I) bottom boundary a lbedo  (#-TGM"IMA) [IKB-5] 

AKDOT(IG, I) top boundary a lbedo  (#=IGMfcIMA) [ IBT=5]  

EPSBZ(1Z) f l u x  e r r o r  importance by mater ia l -  zone (8- IZM) 

[ i f  PEPSBZ>O] 

ICMAT(1AC) material t o  be used i n  a c t i v i t y  c a l c u l a t i o n s  

( # = l I L 4 C T l )  (See Data Note 4 )  

ICPOS ( I A C )  c r o s s  s e c t i o n  tab1.e p o s i t i o n  f o r  a c t i v i t y  (#= 1 IAGT I ) 
ACMUL(IAC) a c t i v i t y  m u l t i p l i e r  (8= 1 IACT/ 

I"BG(IGM) i n i t i a l  i t e r a t i o n  l i m i t  by group (#-IGM) [ i f  IFXFII<O] 

F. E x t e r n a l  Boundary Source I n p u t  [ I N G E O M < 1 0  and IHL,IBR,ISK, o r  

IBT-4 ] 
NOTE: The symbol "#"  deno tes  t h e  word Ihumber." 

91" SII(M,J) (#-Mf.IA*JM) [IKL-4 o r  IRR-41 

T boundary source  f o r  a group 

92* S J T  (M,I) (#=MMA*IMA) [IBB==4 o r  IBT-41 

r 

L e f t  and r i g h t  sou rces  are in t e rming led  i n  t h e  same a r r a y  acco rd ing  t o  

d i r e c t i o n .  P f  p>O, t h e  s o u r c e  a p p l i e s  t o  irhe l e f t  boundary; i f  p<O, t o  

t h e  r i g h t .  Likewise,  i f  q>O, a. J-boundary source  a p p l i e s  t o  t h e  bottom; i f  

q < O ,  t h e  sou rce  a p p l i e s  t o  t h e  t o p  boundary. 

I f  I A D J > O ,  t h e  group of lowes t  energy  must be  e n t e r e d  f i r s t .  O m i t  

b lock  and d e l i m i t e r  i f  INGEOM>10, - o r  i f  no a r r a y s  are r e q u i r e d .  

G .  F lux  Guess  Inpu t  [INPFXM 01 

93" F I J ( I , J ) ,  F I J ( 1 , J )  o r  F I ( 1 )  as 1NPFXP.Z-1, 2 ,  o r  3 (#-IKS.SM,IMSJM, o r  

IM) [ INPFXM> 01 

94" F.7 (J)  (#=.lM) [ INPFXM=3] 

95" F G ( 1 G )  ( # = I G M )  [-LNPFXM>l] 



Each a r r a y  of t h i s  b lock  must be fo l lowed by "T"+ 

are r e q u i r e d ,  no "T" i s  r e q u i r e d .  I f  i A n J > O ,  t h e  group of lowest 

energy  m a s t  be  s p e c i f i e d  f i r s t .  

I f  no arrays 

13. D i s t r i b u t e d  Source Inpu t  [INPSW>O] 

96* as 93* 

97" as 94* 

98" as 95Jc 

Notes : 

(1)  S p e c i a l  Geometry F e a t u r e s  

If INGEOM210, a one-dimensional problem w i l l  b e  so lved  w i t h  v e r t i c a l  

f l ow suppressed .  Use vo id  boundary c o n d i t i o n  a t  top and bottom. No v e r t i c a l  

l eakage  w i l l  r e s u l t .  

I f  INGEOM=lO o r  11, s l a b  o r  c y l i n d r i c a l  geometry w i l l  r e s u l t ,  w i t h  

s o u r c e s  s p e c i f i e d  i n  t h e  normal way. I f  JM>1, t h e  e f f e c t  is ,  i n  g e n e r a l ,  

t o  run  s e v e r a l  independent  one-dimensional problems. A k - c a l c u l a t i o n  of 

t h i s  t ype  would be  d i f f i c u l t  t o  i n t e r p r e t ,  however. 

If INGEOM=20, KTYPE=O, and IBR=4,  a combined r e f l e c t i o n d t r a n s m i s s i o n  

problem i s  so lved .  O m i t  t h e  91" and 92* a r r a y  b l o c k s ,  and supply  t h e  i n p u t  

spectrum as C H I .  The code w i l l .  g e n e r a t e  a boundary s o u r c e  i n  t h e  l e f t m o s t  

d i r e c t i o n  of non-zero weight  of each  downward rl l e v e l ,  The v a l u e  of J M  

m u s t  b e  t h e  number of downward rl l e v e l s .  I n  t h i s  case, 3 co r re sponds  t o  

t he  i n c i d e n t  rl l e v e l ,  n o t  t o  a Y-d i r ec t ion  mesh. The 2* a r r a y  should  be  

f i l l e d  w i t h  t h e  v a l u e s  0.0, 1.0,  2 . 0 ,  ... J M .  The f i r s t  rl l e v e l  w i l l  

cor respond t o  t h e  last J level. (CBI(LGM) 1 p a r t i c l e s  w i l l  e n t e r  each 

].eve1 i n  each  group. If CWI(I)<O, t h e  emerging f l u x  i s  p r i n t e d  by d i r e c t i o n ,  

t hen  by space  i n t e r v a l .  

I f  INGEQM=30, emerging f l u x  w i l l  be  c a l c u l a t e d  f o r  a s o u r c e  e n t e r i n g  

each  group JDIRFAIGI<JDIRL and l e a v i n g  a l l  groups IGI5TG@SIGM. The t o t a l  
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source  p e r  group i n  each J - l e v e l  i s  1 CHI ( IGI)  1 .  
sources  c n t e r i n g  t h a t  group w i l l  bc p r i n t e d .  The problem i s  "double 

d i f f e r m t i a l , "  i n  t h a t  Lhe f l u x  l e a v i n g  each  group cor responding  t o  a 

s o u r c e  i n  each  i n p u t  group i s  c a l c u l a t e d .  

I f  CHI<O, t h e  f l u x  €rom 

I f  3<_ZNGEON<6, and i f  a l l  i t e r a t i o n s  are  t o  be  performed i n  d i f f u s i o n  

theo ry ,  e q u i l a t e r a l - t r i a n g u l a r  geometry i s  a v a i l a b l e .  Geometry o p t i o n s ,  

Logether w i t h  t h e  r e q u i r e d  v a l u e  of CM, are:  

TRIANGULAR GEOMETRY OPTION VALUE OF -- 114 INGEOM -_ 
3 180 " -3 60 " S yrnme t r y  User's o p t i o n  

4 60" Symmetry 2*JM-1 

5 ( n o t  opc r )  90" Symmetry 2 *JM+1 

6 1-20' Symmetry 2 * J M  

The resul.ti.ng geometry i s  i l l u s t r a t e d  i n  F igu re  5.1.  

The mesh i n p u t  d a t a  invo lve  c e r t a i n  unusual  requi rements .  I n  most 

c a s e s ,  t h e  v a l u e  of IM i s  a f u n c t i o n  of J M  as shown above. Also,  t h e  

r a d i a l  dimensions used f o r  i n p u t  do no t  cor respond d i r e c t l y  t o  t h e  

a c t u a l  dimensions of t h e  mesh. For  a l l  b u t  90" symmetry, eve ry  mesh 

in te rva l  i s  an e q u i l a t e r a l  t r i a n g l e  w i t h  s i d e s  having a l e n g t h  s .  

JM1-1  J - i n t e r v a l  boundar ies  are e n t e r e d ,  beginning  w i t h  0 ,  and wi th  

spac ing  43 S/2. W i t : h  l2Oo,  180",  o r  360" symmetry, I M S 1  I - interval  

boundar i e s  are e n t e r e d ,  beginning  w i t h  0 ,  and w i t h  spac ing  S/2.  With 

60" symmetry, t h e  code w i l l  a u t o m a t i c a l l y  se t  I M  t o  n e g a t i v e ,  and a r r a n g e  

f o r  t h e  e n t r y  of .JM I-sets. The j t h  . . . .. .- I-set has  2J boundar ies  w i t h  spac ing  

S / 2 .  The d e s c r i p t i o n  a p p l i c a b l e  t o  90" symmetry i.s n o t  a v a i l a b l e .  

For all cases, t h e  (1,l) mesh i - n t e r v a l  i s  a t r i a n g l e  Tnri.th ver tex 

down. Example meshes are shorn  f o r  the v a r i o u s  t r i a n g u l a r  geometry 

o p t  i o n s .  
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I NGEOM 
3 
4 
6 

SYMMETRY 
120-360 

60 
12 0 



5 4  

For GO" symmetry, t h e  parameter  ISBT should be s e t  e q u a l  t o  J M ,  and 

t h e  bottom boundary c o n d i t i o n  must be r e f l e c t e d .  For 120" symmetry, t h e  

l e f t  and bottom boundar ies  must be per i -odic  ii p e r i o d i c  boundary 

c o n d i t i o n s  a r e  s e l e c t e d .  

( 2 )  S p e c i a l  Theory Options 

If I G T Y P D O ,  t h e n  the f i r s t  LGTYPE o u t e r  i t e r a t i o n s  may he performed us-  

i n g  a l t e r n a t e  t h e o r i e s ,  s p e c i f i e d  by group i n  t h e  7 $  a r r a y .  

e n t r y  i.s N , t h e n  t h e  f i r s t  IN 1 i n n e r  i t e r a t i o n s  of t h e  f i r s t  LGTYPE o u t e r  

i t e r a t i o n s  on group g will. be performed u s i n g  d i f f u s i o n  t h e o r y  i f  N >O and 

combined P1 t h e o r y  i f  N <O. 

number of i t e r a t i o n s ,  t h e  i t e r a t i o n s  w-i.1.l be  completed i n  t r a n s p o r t  t h e o r y ,  

even though t h e  a l t e r n a t e  t h e o r y  may 'nave achieved convergence. 

I f  t h e  g t i  

g g 

g 
I f  INE: /  i s  less t h a n  t h e  a p p l i c a b l e  maximum 

E: 

I f  d i f f u s i o n  t h e o r y  i s  chosen, v a l u e s  f o r  ISWP and ORF must be e n t e r e d :  

METHOD OF SWEEP - ..__._..._ ___ ISWP 

0 

I A l t e r n a t i n g  d i r e c t i o n  (l ine-column) on c o n s e c u t i v e  o u t e r  i t e ra t i -oms 

2 L i n e  i n v e r s i o n  

3 Column i n v e r s i o n  

4 A l t e r n a t i n g  d i r e c t i o n  (l ine-column) on c o n s e c u t i v e  i n n e r  i t e r a t i o n s  

5 A l t e r n a t i n g  d i r e c t i o n  (column-line) on c o n s e c u t i v e  i n n e r  i t e r a t i o n s  

G Line  i n v e r s i o n  outward from c e n t e r  ..J i n t e r v a l  

.___ 

Line  i n v e r s i o n  i n  d i r e c t i o n  of l a r g e s t  number of mesh i n t e r v a l s  

ORF Flux a c c e l e r a t i o n  parameter  0 5 ORF 5 1 (RV = 0.5)  

I f  combined P t h e o r y  i s  chosen,  t h e  code will a u t o m a t i c a l l y  r e v e r t  t o  1 
row-stored mode i f  MAXBLK>O. Otherwise,  an e r r o r  s t o p  wi l l  r e s u l t .  A l s o ,  

ISCT must b e  1 i f  Y ,  i s  chosen. 
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(3)  Cross  S e c t i o n  Inpiit. and Mixing 

The i n t e r n a l  c ros s  s e c t i o n  s t o r a g e  comprises MTM sets of c r o s s  s e c t i o n s  

f o r  each energy group. The f i r s r  MTP s e t s  are read  from l o g i c a l  Tinit NTSIG, 

which i s  always r e q u i r e d .  T h e  remainder are prepared  u s i n g  a "mixing t a b l e , "  

d e s c r i b e d  below. It i s  i n t e n d e d  that  the f i r s t  MTP "'materials" w i l l  be 

microscopic  n u c l i d e  d a t a ,  and t h e  remainder  w i l l  be  macroscopic mixtures ,  

a l t h o u g h  o t h e r  u s e s  are p o s s i b l e .  The material numbers e n t e r e d  i n  t h e  

PZM'C a r r a y  ( 9 $ )  must b e  i n t e g e r s  between 1 and MTM, cor responding  t o  the 

a p p r o p r i a t e  d a t a .  

Each set of d a t a  c o n s i s t s  of IHP c r o s s  s e c t i o n s  as i n d i c a t e d  i n  t h e  

d e s c r i p t i o n  of t h e  ORDOSW i n p u t  f i l e .  I f  ISCTM>O, t h e n  ISCTM sets of 

Legendre expansion d a t a  must rollow each  set d e s i g n a t e d  i n  t h e  IZMT a r r a y .  

If ISCTM<O, t h e n  t h e  r e q u i r e d  number of expansion sets i s  i n d i c a t e d  i n  t h e  

N S I G  a r r a y  (78$). 

I f  MIXL>O,  c r o s s  s e c t i o n s  are t o  b e  modif ied by a mixing t a b l e ,  s p e c i f i e d  

by t h e  MIXT, NUCL,  DENS, and MATL a r r a y s  ( lo$ ,  ll$, 12*, and 1 3 $ ) ,  The MATL 

a r r a y  a s s i g n s  an  a r b i t r a r y  I D  number t o  each material. I f  i t  i s  n o t  e n t e r e d ,  

t h e  I D ' S  1,2,. . . . , MTM are assumed. Each i n t e g e r  e n t e r e d  i n  t h e  MIX'I' 

and NUCL a r r a y s  must be one of t h e s e  ID'S, o r  0 .  I n  t h e  f o l l o w i n g :  

m=number of t h e  material  having I D  ] p [  i f  IpI > 0, e lse  0 

n=number of t h e  mater ia l  having I D  141 i f  141 > 0 ,  else 0 

and t h e  i n t e r p r e t a t i o n  of t h e  t a b l e  is a5 f o l l o w s :  

NUCL DENS ___ MIXT 

P 4 a 

( a )  I f  q = O ,  t h e n  t h e  d a t a  of mater ia l  m w i l l  be  m u l t i p l i e d  by d.  

(h) If q > O ,  t h e n  t h e  d a t a  of material  n ,  m u l t i p l i e d  by d ,  w i l l  b e  

added t o  t h a t  of material  m. 

If q=p, t h e  d a t a  mater ia l  rn w i l l  b e  m u l t i p l i e d  by t h e  e igenvalue  

i n  c o n c e n t r a t i o n  s e a r c h e s .  

(e )  
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(d)  If p<O, t h e  a p p r o p r i a t e  Legendre expansion components wil.1 3e 

t r e a t e d  as w a s  t h e  p r i n c i p a l  se t .  

Each s e t  of e n t r i e s  i s  executed i n  sequence. I n  s e a r c h e s ,  t h e  t a b l e  may 

b e  executed r e p e a t e d l y .  A s  an  example, w i t h  MIXL=6, M T M = 1 1 ,  and ISCTM-3. 

I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

__ MIXT . NUCTA DENS __I - MATL 

1000 0 0 10 

1000 1 0  .1 20 

1000 20 .2 30 

1000 1000 0 40 

-2000 0 0 50 

-2000 30 . 3  60 

1000 

2000 

3000 

4000 

5000 

Material 7 w i l l  c o n s i s t  o f :  

Material. I .1 + material 2 * .2  and w i l l  b e  m u l t i p l i e d  by t h e  

e igenvalue .  M a t e r i a l  8 ,  9 ,  10, 11 w i l l  b e  material 3 ,  4 ,  5 ,  and 6 . 3 .  

Although t h e  v a l u e  of oA does n o t  a f f e c t  t h e  f l u x  i n  a c a l c u l a t i - o n  

d i r e c t l y ,  i t  must be used t:o o b t a i n  c o r r e c t  ba lance  t a b l e s .  I t  should  

m e e t  t h e  c o n d i t i o n :  

'I' 
g 

I f  o i s  r e p l a c e d  by a " t r a n s p o r t  c r o s s  s e c t i o n "  i n  r e a c t o r  c o r e  problems, 

0 must: be reduced such as t o  m a i n t a i n  c;I c o n s t a n t .  
%%-% 

A 

It may b e  impor tan t  t o  n o t e  t h a t  many s t a n d a r d  c ross  s e c t i o n  f i l e s  

S I - I C ~  a s  ISOTXS and MATXS have Legendre expansion d a t a  which must be 

m u l t i p l i e d  by 2R+1, where R i s  t h e  expansion index ,  For u s e  i n  D Q T I V .  T t  
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\ 

is in tended  t h a t  t h i s  be done in t h e  code which p r e p a r e s  t h e  OIbDOSW ( o r  

o p t i o n a l  GIP i n p u t  f i l e ) .  

( 4 )  A c t i v i t y  E d i t s  

A v e r y  g e n e r a l  p r o v i s i o n  fo r  o b t a i n i n g  energy- in tegra ted  r e a c t i o n  

rates is provided.  The a r r a y s  ICMA%, TCPQS, and ACMUL d e f i n e  an  ” ‘ a c t i v i t y  

t a b l e , ”  i n t e r p r e t e d  as f o l l o w s :  

where: 

i , j  = space mesh i .ndices  

g = energy  group i n d e x  

(I- I = material number 

[ S I  = cross s e c t i o n  t a b l e  p o s i t i o n  number 

t = a r b i t r a r y  m u l t i p l i e r  

d = d e n s i t y  factor i f  used ,  e lse  1 

0 = f l u x  

0 = c r o s s  s e c t i o n  

C = t h e  “number d e n s i t y “  of material Ir I i n  space  c e l l  i, j 

X = 1.. if c e l l  i , j  is in e d i t  r e g i o n  Z, else 0 

The v a l u e  of C i s  determined as f o l l o w s :  

(a) If r is the macro material. used i n  c e l l  i, j t h e n  C = I ,  

(b) I f  r i s  0 ,  t h e n  C = 1, and the c r o s s  sections for t h e  macro 

material in c e l l  i, j are used ,  
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( c )  JE r < O ,  t h e n  C=l, 

(d)  I f  r > O  and i s  n o t  t h e  macro, t h e n  I: i s  t h e  s l im  of a l l  ass ignmenrs  

of r t o  t h e  macro accord ing  t o  t h e  mixing t a b l e .  Suppose  1AC'I'-4 

and t h e  fo l lowing  table i s  e n t e r e d ,  r e f e r r i n g  back t o  t h e  mixing 

t a b l e  i l l u s t r a t e d  above; and suppose material  7 i s  named as a 

macro i n  a p o r t i o n  of t h e  problem: 

ICMA'I' ICPOS ACMUL -. .. .-. . .. I 

1 7 3 1. 

2 -7 3 1. 

3 0 4 500. 

4 1 5 1. 

.... 

A c t i v i t y  1 w i l l  u s e  p o s i t i o n  3 of material 7 ,  b u t  w i l l  b e  0 where 7 

i s  n o t  t h e  macro. A c t i v i t y  2 wi.l.1. b e  s imilar ,  b u t  w i l l  be c a l c u l a t e d  

whether 7 i s  t h e  macro o r  n o t .  A c t i v i t y  3 w i l l  u s e  p o s i t i o n  4 of t h e  

macro i n  each  space  c - e l l ,  and w i l l  m u l t i p l y  t h e  r e s u l t  by 500. A c t i v i t y  

4 wil.1. u s e  p o s i t i o n  5 of material  I, a "number d e n s i t y "  of .1 wherever 7 

i s  t h e  macro. 

A s  a s p e c i a l  f e a t u r e ,  if I s I IHP, t h e n  t h e  v a l u e  of C H I  (l*) f o r  

t h e  group w i l l  b e  used t o  replace 0 ,  and c and d w i l l  be everywhere 0. 

T h i s  can be u s e f u l  i n  a d j o i n t  problems. 

I f  s<O, t h e  a c t i v i t y  w i l l  b e  w r i t t e n  on t h e  punch d a t a  se t .  This  

can b e  used f o r  f i s s i o n  d e n s i t y  o u t p u t ,  f o r  example. 

5 .6 .  CXJU T i m e  Usage ...._ 

A reasonably  a c c u r a t e  t i m e  l i m i t  should  b e  c a l c u l a t e d  and e n t e r e d  

as TMAX f o r  a l l  problems t h a t  r u n  more t h a n  a few minutes .  The maximum 

t i m e  gi-ven t o  t h e  o p e r a t o r  o r  o p e r a t i n g  system should b e  a few minutes  

l a r g e r  t h a n  TMAX. 

i f  t h e  t i m e  i s  exceeded d u r i n g  t h e  i t e r a t i o n  phase.  The CPU t i m e  r e q u i r e d ,  

C ,  can be c a l c u l a t e d  by t h e  fo l lowing  formula:  

This  a l l o w s  DOT t o  complete  i t s  I / O  and d a t a  summaries 
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FW 150 
FK SF 

C = A +  [--I * -- 

where 

Rd = f l u x  work 

MM = number of d i r e c t i o n s  

i , . J  = space-mesh i n d i c e s  

G = energy  group 

F = i n n e r  ( f lux)  i t e r a t i o n  index 

P = o u t e r  ( source)  i t e r a t i o n  index  

FR = € lux  rate (depends upon problem and code c o n f i g u r a t i o n )  

SF = t h e  speed f a c t o r  (machine dependent)  

A = overhead (I/O, problem s e t u p ,  and summary a c t i v i t i e s )  

The v a l u e  o f  A i s  t y p i c a l l y  0 t o  2 minutes  on t h e  LBM 360/91. The 

t a b l e  of sugges ted  speed f a c t o r s ,  drawn from e x p e r i e n c e  w i t h  v a r i o u s  codes,  

i s  : 

Speed F a c t o r  

(Eased on IBM 709 = 1) 

I_- 

I B M  360/ l95 

LBM 370/168 

IBM 360/91 

IBM 360/75 

IBM 360165 

IBM 7094 

I B M  7090 

CDC CYBER 1 7 6  

CDC 6600 

UNIVAC 1108 

300 

150 

150 

30 

20 

10  

5 

6 00 

30 

30 
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T h e  v a l u e  of FR depends upon t h e  performance of t h e  f l u x  r o u t i n e  be ing  

used,  and, t o  a lesser e x t e n t ,  upon t h e  class of problem sol.ved. On t h e  

IHM machines w i t h  the assembler-l.nnguage r o u t i n e s  i n s t a l l e d  FR i s  ahout 

1.0 m i l l i o n  f l u x e s  p e r  minute f o r  l a r g e  P problems u s i n g  t h e  l i n e a r  d i f -  

f e r e n c e  model. The weighted model runs  roughly 30% s lower ,  and a 19 cal- 

c u l a t i o n  runs  a s  much as 40% f a s t e r .  With opt imized FORTRAN r o u t i n e s ,  FR 

wou1.d drop t o  somethihg less  t h a n  0.5 mil.lion on e i t h e r  IBM o r  CDC machines. 

The combined P r o u t i n e s  have speed e q u i v a l e n t  t o  f4M a t  about  4 .  Assembler 

language r o u t i n e s  are n o t  a v a i l a b l e  for CDC use.  

t o  us  i n d i c a t e  t h a t  t h e  CDC performance would n o t  b e n e f i t  g r e a t l y  by 

assembler  language. 

3 

0 

1 
Expert  o p i n i o n s  o f f e r e d  

5.7. S c r a t c h  Data S e t s  

The fo l lowing  l ists  t h e  s c r a t c h  d a t a  sets,  t h e  l e n g t h  of each r e c o r d ,  

and t h e  number of r e c o r d s :  

L x  

81 

8 2  

83 

84 

9 1  

9 2  

93 

9 4 

L o g i c a l  
Uni t  

Symbol D e s c r i p t i o n  - 
NDFIJ Scalar Flux S c r a t c h  

NDSIG Cross-sec t ion  S c r a t c h  

NDBTL Balance Table  S c r a t c h  

N D B S I  Boundary Source Sc.ratch 

NDFLX Flux  S c r a t c h  

NDSOR T o t a l  Source S c r a t c h  

N D S I N  In-Source S c r a t c h  

NDBFX Boundary F lux  S c r a t c h  

Record Length 
R rec 

IMA".TM 

Irn*Mrn 
NREG* lO+IZM+8 

(IM-4-JM) *W 

IM*i.,MXJCJBLKl 

I M W 2 P J B L K E  

IMA*I,M*JBLKl 

(1rn-b.m) *w 

No of P-ecorcls 
n rec Requ i r  e d 

I GI4 Always 

ICGM Always 

TGM IRED>O 

IGM NTBSI> 0 

NJBLK*EGN N J R L D O  

N J R L K  N J H  L.K> 0 

NJBLK NJBLK> 0 

IGM Always 

NOTE: The symbol !I#'' denotes  t h e  word "number." 

.JBLKl = # J  ' l eve ls  per  J block l < J B E K l < J M  
NJBLK =: /,J blocks - MINBLK<NJRLK<~RI,K(NJBLK=O - i f  f l u x e s  are s t o r e d  

i n  working memory) 

expansions.  

d i f f e r e n t  l e n g t h .  

X,M = maximum number of  moments ( i n c l u d i n g  O s )  i n  s p h e r i c a l  harmonic 
LM = 1 f I I S C T  I * ( I ISCT 163) / 2  

LMX = as LM, h u t  v a r i a b l e  by group. Thus each r e c o r d  may b e  of 

NREG = number of e d i t  r e g i o n s  
I Z M  = number of material  zones 
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The number of space b l o c k s  i s  c o n t r o l l e d  by i n p u t  d a t a .  I f  YI11BTX=O, 

t h e  code w i l l  a t t e m p t  t o  hold a l l  f l u x  and s o u r c e  d a t a  i n  Fast memory, 

F a i l i n g  i n  t h i s ,  i t  will a t t e m p t  t o  a l l o c a t e  space  f o r  t h e  e n t i r e  mesh 

t o  b e  h e l d  as 1 b l o c k  i n  t h e  i iser-buffer area ( i f  MAXBLK>l). - 

i n  t h i s ,  t h e  space  mesh i s  broken i n t o  as many b l o c k s  as r e q u i r e d  t o  a 

l i m i t  of  MAXBLK. 

F a i l i n g  

5.8. System Buffer  Space 
I -__-_^I 

L f  t h e  I R M  assembler  language ALOCAT s u b r o u t i n e  i s  used,  t h e  space  

f o r  system b u f f e r s  and system c o n t r o l  blocks used by all d a t a  sets except  

t h e  c a r d  i n p u t  and p r i n t e d  o u t p u t  must be a l l o c a t e d  by s p e c i f y i n g  NRUP i n  

t h e  i n p u t  parameter  d a t a .  For each  user -suppl ied  d a t a  se t ,  t h e  space  

r e q u i r e d  i n  K-byte u n i t s  (1 K-byte = 1024 b y t e s )  i s :  

r 1 

where [ I  i n d i c a t e s  t r u n c a t i o n ,  and BLKSIZE and BUFNO are as s p e c i f i e d  i n  

t h e  DCR f i e l d  of t h e  J C L  c a r d .  I f  BUFNO i s  n o t  s p e c i f i e d ,  assume 2 .  

For each s c r a t c h  d a t a  s e t ,  where n t r k  i s  t h e  number of d i s k  t r a c k s  

r e q u i r e d  f o r  a l o g i c a l  r e c o r d :  

2 0.5 *n t r k  
K-bytes r e q u i r e d  = 2-t-25; [ ___--- 2048 ] (approx) 

Non-IBM u s e r s  should  set  NBIJF=O. 
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5 .9 .  T o t a l  Clock T ime  -_ - _I_ 

The a c t u a l  c l o c k  t i r n e ,  T ,  r e q u i r e d  f o r  a s o l u t i o n  can  be  e s t a b l i s h e d  by: 

T = C C W 4 - I O  

wlie re : 

W = w a i t  t i m e  caused by o t h e r  j o b s  running  c o n c u r r e n t l y  

i o  = time r e q u i r e d  f o r  

I O  i-s u s u a l l y  n e g l i g i b l e  in 

i t  can be e s t ima ted  by: 

c c  c 
P G GF 

IO = 

LM = niimber of moments 

d.i .sk-fi le 2ccess 

t h e  "problem-s t o r  ed" mode. I n  o t h e r  modes, 

DR 
J 1 :  

of f l u x  and s o u r c e  d a t a ,  i n c l u d i n g  t h e  scalar 

D K ' =  d i s k  d a t a  f low r a t e  

D1 = 0 i f  d a t a  f o r  t h e  e n t i r e  space  mesh are s t o r e d  i n  one b lock  

= 11 othe rwise  

Obviously DR and W depend upon t h e  system. In a t y p i c a l  v e r y  l a r g e  problem 

u s i n g  1 / 2  of the memory of t h e  Oak Ridge I B M  360/195, the space  mesh was 

broken i n t o  4 b locks ,  and t h e  j o b  ran i n  compe t i t i on  w i t h  o t h e r  j obs .  

Approximately 20% of t h e  tirne w a s  consumed by W ;  40% by C ,  and 40% i n  

a c t u a l  d a t a  t r ansmiss ion .  I f  t h e  e n t i r e  meniory i s  used ,  and t h e  problem 

i s  run  i n  group-stored mode, i t  i s  n o t  unusua l  f o r  C t o  approach 80% of T. 

DR i s  about  6 x 10 words p e r  minute ,  b u t  10 should  be a v a i l a b l e  w i t h  

ituproved sof tware .  

6 7 

5.10. Memory R e q u i r e m e n t  
___.-.I 

The exact d a t a  s t o r a g e  requi rement  can be found by examining the 

s u b r o u t i n e  INPUT.  It i s  a complex f u n c t i o n  of many i n p u t  pa rame te r s ,  due 

t o  c a r e f u l  a t t e n t i o n  t o  space-saving t echn iques .  A s u i t a b l e  estimate can 
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b e  o b t a i n e d  by examining o n l y  t h e  major a r r a y s .  In t h e  problem-stored 

mode, t h e  t o t a l  s p a c e  requirement  i s  approximately:  

I n  row-stored mode, t h e  f a s t  memory requirement  i s  reduced t o ,  approximate ly ,  

MM* (JE4+IMA) .f 2*IMSJM + S k I C M * J C M  

and t h e  u s e r - b u f f e r  space  l is :  

LM*IMA*3 9:JBLKI 

I f  f i s s i o n  d e n s i t y  i s  c a l c u l a t e d  (NOFIS<2), The u s e r - b u f f e r  space  i s  

i n c r e a s e d  by Z*IMSJM. A l s o ,  s p e c i a l  o p t i o n s  such as d i f f u s i o n  t h e o r y ,  

v a r i a b l e  mesh o r  q u a d r a t u r e ,  o r  boundary s o u r c e s  can i n c r e a s e  t h i s  

requi rement .  Users who are s p e c i f y i n g  d i f f u s i o n  t h e o r y  f o r  t h e  e n t i r e  

problem should  minimize s t o r a g e  requi rements  by s p e c i f y i n g  a c o a r s e  mesh 

such  t h a t  I C M = J C M = l .  

The t o t a l  memory requirement  i n c l u d e s ,  of c o u r s e ,  t h e  d a t a  s t o r a g e  

requi rement  + system b u f f e r  space ( i f  any)  + space  f o r  program i n s t r u c t i o n s .  

5.11. I I n p u t  and Output Data P i l e s  

A l l  of t h e  u s e r  i n p u t  and o u t p u t  d a t a  f i l e s  are expressed  i n  formats  

des igned  a c c o r d i n g  t o  recommendations of DOE'S Committee on Computer 

Code Coordina t ion  (CCCC) . The s p e c i f i c a t i o n s  of t h e s e  files are conta ined  

on t h e  f o l l o w i n g  pages.  Two e x c e p t i o n s ,  r e t a i n e d  f o r  backward c o m p a t i b i l i t y ,  

are an  o p t i o n a l  c a p a b i l i t y  t o  p r o c e s s  a "GIP" c r o s s  s e c t i o n  i n p u t  f i l e  

and t o  produce a "DOT Angular F lux  Tape" as output .  

The GIP f i l e  i s  d e f i n e d  e x a c t l y  as t h e  r e c o r d s  l a b e l e d  "CROSS 

SECTION DATA" i n  t h e  ORDQSW f i l e ,  and h a s  no o t h e r  r e c o r d  t y p e s .  

"DOT Angular Flux Tape" i s  d e f i n e d  i n  t h e  DOT 111 memo, ORNL-TM-4280 

and i s  s i m u l a t e d  by DOT IV as a c c u r a t e l y  as p o s s i b l e .  

The 
5 
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The correspondence of f i l e  t ype  t o  u se  i n  the code i s :  

SYMBOL FILE TYPE USE 

NTFLX 

N T F ~ ~ G  

NTS I G  

NTBSI 

N T D S I  

NTFC r 

NTZBO 

N T  r BI 

NTNf K 

N'I'Z) LR 

N T D S ~ J  

VARFLH Flux  and moment i n p u t  

VAKFLM Flux  and moment ou tpu t  

ORDOSW o r  GIP C r o s s  s e c t i o n  i n p u t  

RNDRY S E x t e r n a l  boundary source  i n p u t  

VARS OR D i s t r i b u t e d  source  moment i n p u t  

VARS OR F i r s t  c o l l i s i o n  source  i n p u t  

BNDRY S I n L e r n a l  boundary source input 

BNIIRYS I n t e r n a l  boundary f l u x  o u t p u t  

Formatted ou tpu t  

DOT I L X C  "Angular F lux  Tape" D i r e c t i o n a l  f l u x  ou tpu t  

VARSOR D i r e c t i o n a l  f I.ux moment ou tpu t  
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CS 
C S  
cs 
cs 
cs 
cs 
cs 
CS 

cs 
cs 
cs 
cs 
C 
CS 
cs 
cs 
C 

F I L E  STRUCTURlE 

RECORD TYPE PRESENT I F  
--ll_---_-_-_-_--l--_ll_l__________ ------1-------- 

F I L E  I D E N T I F I C A T I O N  ALWAYS 
F I L E  LABEL ALWAYS 

F I L E  INTEGER PARAMETERS ALWAYS 
F I L E  CONTROL AI37 AY S 

**************(REPEAT OVER ALL GROUPS) 
* SOURCE MOMENTS ALWAYS 
*************** 

**************(REPEAT OVER ALL GROUPS) 
* SCALAR UNCOLLIDED FLUX ISOP. GT. 0 
*************** 

-VSORO 180 
-VSORO 190 
-VSOKOL! 00 
-VSOR0210 
-VSORO2 2 0  
-VSOR023(2 
-VSORO 2 46 
-VSOR0250 
-VSOR0260 
-VSOR02 70 
-VSOR02 90 
-VSOKO29 0 
-VSOR0300 
-VSOR0?10 
-VSOR03 2 1) 
-VSOKO 3 3 0 
-VSORQ 340 



CK 
C 
CD 
C 

cw 
C 

CD 
CD 

CD 
CD 
c D 
CD 
CU 

CD 
CD 

CD 
CD 
C1) 
CD 
C 

F ILE  CONTROT, 

2 S=NUMBER OF WORDS 

I GM 
NEUT 

JM 
LM 
I MA 

MMA 

I SM 
I M S I S M  

ISOP 

IDUM (I ) 

NUMBER OF ENERGY GROUPS 
LAST NEUTRON GROUP 

( IGM I F  ALL NEUTRONS, 0 IF ALL GAMMAS) 
NUMBER OF SECOND-DIMENSION (J) INTERVALS 
MAXIMUM LENGTh OF MOMENT EXPANSION 
MAXIMUM NUMBER 01' F IRST-DIMENSION INTERVATS 
NUMBER OF BOUNDARY D I m c f r i o w  
NUMBER OF I-BOUNDARY S E T S  
TOTAL NUMBER OF I - INTERVALS,  ALL I - S E T S  
UNCOLLIDED FLUX FLAG 

0 - NO UNCOLLIDED FLUX RECORDS PRESENT 
1 - UNCOLLIDED FLUX RJ3CORDS PRESENT 

ARRAY S E T  TO 0 

-VSOR0740  
-VSORO'75 0 
-VSOR0750  
-VSOR0770  
-VSORO 780 
-VSOKO 790 
-VSORO800 
-VSOR0810  
-VSOR082 0 
-VSOROS30 
-VSOR084O 
-VSOR085 0 
-VSOROEI 60 
-VSORO 870 
-VSOR0880  

-VSOR0890  
-VSOR0900  

-VSOR09 10 
-VSOR0920  
-VSOR0930  

V S O R 0 9 4 0  
VSOR095  0 
VSOR096  0 
V S O K 0 9 7 0  c-------------------------------------.---------------------------------- 

CR E ILE  INTEGER PARAMETERS -VSOR09 80 
C -vsoxo99 0 
CTI ( L M E I G ( 1 G )  , L G = I L , I G M ) ,  -VSOR1000  
CL * ( I M E I S  ( I S )  , I S = l , I S M ) ,  (TSET(J) , J = l , J M )  -VSOR1_010 
C -VS01I102 0 
CF7 ICM+iSM+JM=NUMBER OF WORDS -VSOR10 30 
C -VSOR1040  
CD LMBIG(1G) LENGTH OF MOMENT EXPANSJON FOR GROIJP I G  -VSOR10 50 
CD IMBlS(1S) NUMBER OF INTERVALS I N  ISET I S  -VSOK1_050 

C -VSOK1080  
CL, I S E T ( J )  1 - S E T  ASSIGNED TO INTERVAT, J -VSOK1070  

VSOR109  0 
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VSORI. LOO 
VSOR1110 

C----------------------------------------------------------------------- VSOHllZO 
CR SOURCE MOMENTS -VSORI 130 
C -VSORL 14 0 

c -VSOK11S 0 
CW IMS *LMS=NUMBER OF WOF33.S -VSORI 170 
C -VSORL 180 

CL ((SOKM(I,L) ,I=l,IMS) ,L=l,I,MS) -VSOR1ISO 

C DO 1 J = 1 , J M  --VSOR1190 
C 1 READ(N) *LIST AS ABOVE" -VSOK120 0 
C -VSOR12 10 
CD SORM SOURCE BY INTERVAL AND MOMENT INDEX - VSOK1220 
CD I M S  IMBIS(1S) FOR IS CORRESPONDING TO J -VSOR1% 3 0 
CD LMS LMBIG ( IG) -VSOR12 40 

-VSoRli! 5 ( J  

VSORl.260 
VSOR1270 
VSOR12 a 0 
VSOR1290 C----------------------------------------------------------------------- 

CR SCALAR UNCOLLIDED FLUX -VSOK1300 
C -VSOIi1310 
CL (FLUM (1) , I=l, IMS) -VSOR13 20 
C -VSOH 13 30 
cw IMS=NUMBER OF WORDS -vs0~13 40 
C -VSOR13 50 
C DO 1 J=1,JM -VSOR1360 
C 1 READ(N) *LIST AS ABOVE* -VSOKlJ70 
c -VSOR13 BO 
CD FLUX UNCOLLIDED FLUX BY INTERVAL -VSOR1390 
C -VSOK1400 

VSOR3.4 10 c----------------------------------------------------------------------- 
VSOR14 2 0 
VSOR14 3 0 
VSOR14 40 
VSOIi1450 
VSOK146O 

-ma? L u 0 1 0 
VWLO 0 2 0 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * X ~ 0 ~ 3 0  

C REVISED 10 NOV 76 -VRb1L0040 
c - VRFL0050 
CF VARFLM -VRFLOOGO 
CE VARIABLE MESH FLUX MOMENT DATA WITH BOUNDARY FLUXES -VRFL007O 
C -VRFLOOHO 

VxFLO100 
CD ORDER OF GROUPS IS BY DECREASING ENERGY VRF LO 11 0 

I IS THE FIRST-DIMENSION INDEX VRFL0120 CD 
CD J IS THE SECOND-DIMENSION INDEX VRFLO 13 0 
CD J M = 1  FOR 1-DIMENSIONAL GEOMETRY VRF'LO 14 0 

VRJ LO 1 5 0 

C 
c----------------------------------------------------------------------- 

END 
C 

C***********************************************************************V~LOO~Q 



c -I---- 

CS F I L E  STRUCTURE: 
cs 
cs RECORD TYPE PRESENT IF' 
cs 
cs F I L E  I D E N T I F I C A T I O N  

-----_-.-l-___--_l__-_______________ .-.I 

ALWAYS 

cs F IIJE CONTROL ALWAYS 
CS F I L E  INTEGER PARAMETERS ALWAYS 

ALWAYS cs F I L E  REAL PAK4METER.S 
cs 
C S  ************** (RFPEAT OVER ATL GROUPS) 

cs * FLUX MOMENTS ALWAYS 
cs * BOUNDARY DIF33CTIONAL FLUX ALWAYS 
cs *************** 
C 

cs F I L E  LABEL ALWAYS 

V W L 0 1 6 0  

- V W  LO 1 7  0 
-VFWLO180 
- V A L . "  L 0 19 0 
-VRF 1; 0 2 0 0 
- V R F L 0 2 1 0  
-VRFL02 2 0 
- V W L 0 2  30 
- V W  LO 2 40 
-vKk LO2 50 
- V R T L 0 2 7 0  

-VRF I, 0 2 8 0 

_--- 

-VRF L 0 2 9 0 
-VRFLO 3 00 
-VRL.'LO 3 10 

-VRFLO3 20 

C 
CR 
c: 
CL 
C 
CW 
C 
CD 
CD 
CD 
CD 
CD 
CD 
C 

C-. 

F I L E  LABEL 

DATE ,USER,CHARGE, CASE,  T I M E ,  ( T I T L  ( I )  , I=l I 1 2 )  

17*MULT=NUMBER OF WORDS 

DATE AS PROVTDED BY TIMER OPTlON 4 - ( A 6 )  
USER AS PROVIDED BY TIMER OPTION 5 - ( A 6 )  
CHARGE 
CASE 

TIME 
T I T L  (I 

-. .- I - I - - 

AS PROVIDED BY TIMER OPTTQN 6 - ( A 6  
AS PROVIDED BY TIMER OPTION 7 - (A6 
AS PROVIDED BY TIMER OPTION 8 - ( A 6  

T I T L E  PROVIDED BY USER - ( A 6  

- V R F L 0 5 4 0  
- V W  L O  5 5 0 
-VKE'LO 560 
-VRFL05 7 0 
-VRF1,0580 
--V&'LO 59 0 
-VAW L 0 6 0 0 
- V W L O 6  10 
- V W L 0 6 2 0  
-VRFL06 3 0 
- V R F L 0 6 4 0  

-VRFLO650 
. VRF LO6 6 0 
- V W L O 6  7 0 

VFeLOGSO 
VRFLD690  
VRFLO700  

----____I-_- 



CR 

C 
CD 
C 
CW 

C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

CD 
CD 
CD 

CD 
CD 
CD 
C 

F I L E  CONTROL 

IGM, NEUT, J M ,  LM, IMA , MMA, I S M ,  I M S I S M ,  I S B T  , I T E R  I (IDUM (N) , N = l  ,15  ) 

2 5=NUMBER OF WORDS 

IGM 
NEUT 

J M  
LM 
IMA 
MMA 
ISM 
IMS ISM 
I S B T  

I T E R  

I D U M ( 1 )  

NUMBER OF ENERGY GROUPS 

LAST NEUTRON GROUP 
( IGM I F  ALL NEUTRONS, 0 I F  ALL GAMMAS) 

NUMBER OF SECOND-DIMENSION (J) INTERVALS 
MAXIMUM LENGTH OF MOMENT EXPANSION 
MAXIMUM NUMBER OF FIRST-DIMENSION INTERVALS 
NUMBER OF BOUNDARY DIRECTIONS 

NUMBER OF I-BOUNDARY S E T S  
TOTAL NUMRER OF I - INTERVALS,  ALL I - S E T S  

I - S E T  FOR SYSTEM BOUNDARIES 

OUTER ITERATION NUMBER AT WHICH FLUX WAS 
WRITTEN 

ARRAY S E T  TO 0 

-VRFL072  0 

-VRJ?L07 3 O 
-VKFL0740  
-VRFL07 5 0 
- V W  LO 7 6 0 
-VRFL07 70 
-VRFL0 78 0 
- V W L Q 7 9 0  
-VRFLOROG 
-VW LO 8 10 
-VRFLC)820 
-VRFL083O 
-VRFLO8 4 0 
-VRFLO8 5 0 
- V R F L 0 8 6 0  

- V W L Q  8 7 0 
-VRFL0880 
-V P ?  LO 8 9 0 
-VWL0900 
- V R F L 0 9 1 0  

CR 
C 
C L  

C 1, 
C L  
G 

cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 

F I L E  REAL PARAMETERS 

(Z(J) , J = l , J M l ) ,  ( ( R ( 1 , I S )  , I = l , I M l )  , I S = 1 , I S b 1 )  , 
* ( E N E R ( I G ) , I ~ l , I G M ) , E M I N , E N E U T , E N ~ U T , E V , D ~ D K , E F F K , P O ~ R ,  
*(DUMRL(I)  ,1=1,13) 

JM+IMSISM+ISM+IGM+20=NUMBER OF WORDS 

Z (J) J - INTERVAL BOUNDARIES 
R ( I , I S )  I - INTERVAL BOUNDARIES FOR I - S E T  I 
ENER ( I G )  TOP ENERGY BOUNDARY OF GROUP I G  
EMJN BOTTOM ENERGY BOUNDARY OF GROUP IGM 
ENEUT BOTTOM ENERGY BOUNDARY OF GROUP NEUT 

(0  I F  NEUTzO) 

-VRFLL110  
-VRFL 1120 
- V W L  11 3 0 
-VFU?LL 14 0 
-vw L 115 0 
- V W L I l G O  
- V R F L 1 1 7 0  
-VKf;"L118G 

-VRFL.LlYO 
-VEWL12 00 
-VRFL 1 2  10 
- V W L  1 2  2 0 
-VRE'L12 3 0 
- V W L 1 2  40  
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CD E V  

c rj DEVDK 

CD EFFK 
CB POWER 
CD DUMRL 
CD J M 1  
CD 1 M 1  
C 
c-------------- -- I--_-_- 

EIGENVALUE 
DERIVATIVE OF EV V S .  Ek'FK 

E F F E C T l V E  MULTLPLXCATTON F A C T O R  
POWER (WATTS) TO WHLCIl FLUX T S  N O K W I J T Z E D  
ARR9Y SET 'TO 0 
J M +  I 
I M B I S  (1s) +1 

- V W L 1 2 5 0  

- V W L  126 0 

-VRFT,12'70 
-VRF L12 80 
-VRF L12 9 0 
-VRF L 13 00 
- V R F L 1 3 1 0  
- V W L 1 3  2 0 

V R F L 1 3  3 0 __-_I 

VRFL 15 3 0 
V R F L 1 5 4 0  
V R F L l S 5 0  

CR BOUNDARY DIRECTIONAL FLUX - - V W L 1 5 6 0  

C L  ( ( F I O ( M , J )  ,M=1,MMA) , J = l , J M )  , ( ( F J O ( M , I )  ,M=l,MMA) , I = I , I M B )  --VRFL 1.5 8 0 
c - V F P L 1 S 9 0  

CW MMA* ( J M + I M A )  -NUMBER OF WORDS -VWL1600 
C -VRFL16 1 0  
CD FIO DIRECTIONAL FLUX OIJTGOING BY DIRECTION AND - V W L  16 2 0 

c -VKFL157  0 

CD J-INTERVAL -VWTdl6 3 0 
CD F J O  DIRECTIONAL F L U X  OUTGOING BY DIRECTION AND -VRF L16 4 0 
CB I-INTERVAL. FJO=O FOR A 1-D GEOMETRY -VRL.'L1.6 5 0 
CD IMB IMBIS(IS) FOR I S  CORRESPONDING TO ZSBT -vRF L 3.6 6 0 

C -VFP&16  7 0 
c ----I ~ ---- -- I---- - -_____l--lll-_l-_-__-------------------------~- V W  L1.6 8 0 

V R F L 1 6 9 0  
vm- L 1 7 0 0 
V N 7  L, 1 7  10 
V W L 1 7  2 0 
V R F L 1 7 3 0  END 
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C S  

cs 
cs 
cs 
c 
C S  
cs 
c 
cs 
cs 
cs 
CS 

************** (REPEAT OVER NQUAD QUADRATURE S E T S )  
A QUADKFlTtJRE S E T  I D E N T I F I C A T I O N  NQUAD.GT.0 
* QUADRATURE DATA NQUAD.GT.0 

**************A 

P R I N C I P A L  CROSS SECTION DESCRPTN MTM.GT.0 

NUCLIDE IDENTlFICATTON MTM. GT. 0 

**************(REPEAT OVER IGM ENERGY GROUPS) 
* CROSS S E C T I O N  DATA MTM-GT. 0 
*************** 

-0RDs 02 (50 
-0RDS0270 
-0RDSO280 
-oms 02  90 
-0RDso3 00 
-0RDS0310 
-oms 032 0 
-0RDS0330 

-ORBS 0 3 50 
- 0 R D S 0 3 6 0  
-0RDS0 3 70  

-oms a 3 4 o 



7 5  

CR 

C 
C L  
C 
cw 
C 
CD 

CD 
CD 
CD 
CD 

CD 
CD 

CD 
CD 
CD 
CD 
C 

F I L E  INTEGER PARAMETERS 

NEUT, I A D J  I NSCAT, NCHI NUMIN 

NUMBER OF WORDS = NBKINT 

NEUT 

I H T  
I U S  
IHM 

I A D J  

NSCAT 
NCHI 

NUMIN (1) 

LAST NEUTRON GROUP 
( IGM I F  ALL NEUTRONS, 0 I F  ALE GAMMAS) 

TABLE P O S I T I O N  OF TOTAL CROSS SECTION 
TABLE P O S I T I O N  OF SELF-SCATTER CROSS SECTION 
CROSS SECTION TABLE LENGTH 
ADJOINT FLAG 

0- NON-ADJOINT DATA 
1- ADJOINT DATA 

NUMBER OF LEGENDRE COMPONENTS BEYOND OTH 
NUMBER OF F I S S I O N  SPECTRA 
ARRAY S E T  TO 0 

-0RDS0940 
-0RDS0950 
-0RDS0960 
-Oms0970 
-oms0980 
-0-9D 5 0 9 9 0 
-0RDS1000 
-0rd5 1010 
-0RDs1020 
-oms 1030 
-0RDSL040 
-ORDSl05O 
-0RDS 1.06 0 
-0mS1070 
-0RDS1080 
-oms 1090 
-0RDs1100 
-oms 1110 



CD ENEUT BOTTOM ENERGY BOUNDARY OF GROUP NEUT -0RDS12 50 
CD (0 IF NEUT=O) -OR!3SI 260 
CD C H I ( 1 , N C )  FRACTIONAL F I S S I O N  Y I E L D  BY ENERGY GROUP -0RDS12 70 

ARRAY SET TO 0 -0RDSl.280 CD DIJMRI, ( 1 ) 

C -0RDS 12 90 
OKDS 13 00 
O R D S 1 3 1 0  
OFCIS1320 
O S  13 30 

CR QUADHATUFU SE'Y LENGTHS -0RDS1340 

C L  (MM (MS) M S =  1 I NQIJAD) - 0 R D S 1 3 6 0  
C -0RDS 13 '70 
CW NUMBER OF WORDS = MULT*NQUAD -ON1 S k 3 8 0 
C -0RDS1390 
CD M M ( M S )  NUMBER OF DIRECTIONS BY QUADRATURE S E T  -0RDS 1400 

C -0RaS1420 
ORIX 1 4  3 0 C----------------------------------------------------------------------- 

oms1440 
ORDS 3.4 50 

C----..------------------------------------------------------------------- ORDS 1 4  6 0 
CR QUWDR4TURE SET I D E N T I F I C A T I O N  -0RuS 14'70 
C -0RDSl.480 

C L  (QID(T) ,I=1,2) -0RDS1.390 
C -0RDS 15 0 0 

-0RDS 1 5  10 CW NUMBER OF WORDS ::: MULT*2 
C -0Lw s 1 5 2 0 

C -0EDS 154 0 

ORDS I560 
ORDS 15'7 0 

c ------ - .-.-.11--------------_______.__11--.1-_---------------------------.-.,--,-- E -------.--- ORDS1580 
CK QUADRATLJIiE DATA -0RDS1590 
c: -0RDS1600 
C L  -0RDS 1610 

CW NUMBER OF WOFZDS = 3*MX - ORP) S 16 3 0 
C -0RDS 164 0 

WEIGIIT BY DIRECTION -0RDS 7.6 5 0 CD W(M) 
CD EMU(M) FIRST DIRECTION COSINE BY DIRECTION -0KuS1660 
CD ETA(M) SECOND DIRECTION COSINE BY DIRECTION -0RDS 16 '70 

C -0RL)S 1690 
ORDS1700 
ORDS1'7l.O 
ORI, s 1. '7 2 0 

C -0RDs1350 

C -mrx 1 4  10 

CD Q I n ( 1 )  QUADRATURE SET LABEL - ( A 6 )  -0RDs.1.5 30 

C----------------------------------------------------------------------- ORDS 1s so 

(F7(M) f I = l J M X )  , (EMU(M) , I = l , M X )  I ( E T A ( M )  , I = l , M X )  

C -0RI3S1620 

CD MX MM(MS) FOR T H I S  QUADRATURE SET -0RJJS 1680 
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c----------------------------------------------------------------------- OHUS 1 7  3 0 
C - O R B S 1 7 4 0  

CR P R I N C I P A L  CROSS S E C T I O N  D E S C R I P T I O N  -0RDSl.7 50 
c: -0KDS27SO 
cr, (PCSD ( I H )  , I H = l ,  I H T )  -0RDS 1770 
C -0KI)S 1780 
CW NUMBER OF WORLIS = MULT*IHT -0RDSI 790 
C -0RDSlt300 
CD P C S D ( 1 H )  P R I N C I P A L  CROSS S E C T I O N  LABEIS - (A69 -oms 18 10 
C -0EiaS1820 
c------------------------------------.----------------------------------- ORDS1830 

ORDS1840 
OT(DS1850 

c----------------------------------------------------------------------- ORDS1860 
CR NUCLIDE I D E N T l F I C A T I O N  -0RDS1870 
C -orasi88o 
C L  (NUC (MT) ,MT=l,MTM) -0RDS 1890 
C -0RDs 1900 

-0RDs1910 CW NUMBER OF WORDS = MULT*MTM 

CD NUC(MT) NUCLIDE LABELS - ( A 6 )  -0RDS1930 
C -0RDS 13 40 

oms 19 50 C------------------------------------------------------.----------------- 

O R D S l 9 6 0  
ORDS 19 7 0 
oms1980 C----------------------------------------------------------------------- 

CR CROSS S E C T I O N  DATA -oms 13 9 0 
C -oms 2 00 0 
C L  ( ( S I G ( I H , M T )  ,IH=l,IHP) ,P/IT=l,MTM) -0RDS 2010 
C -oms 20 2 0  
CW NUMBER OF WORDS = IHP*MTM - 0 R D S 2 0 3 0  
C -0KDS 2040 
CD S I G  ( I H , M T )  CROSS S E C T I O N  DATA BY TABLE P O S I T I O N ,  THEN BY - 0 R D S 2 0 5 0  

CD NUCLIDE. TABLE P O S I T I O N S  CONTAIN - - -0RDS2060 
CD 1 TO I H T - 5  ARBITRARY DATA, S P E C I F I E D  BY USER,  OR. ARSENT-OPDS2070 

CD IHT-4 FISSION YIELD FRACTION (KECOPMENDED) -0KDS 2 080 
CD IHT-3 FISSION CROSS SECTION (RECOMMENDED) -0RDs209 0 
CD I H T - 2  ABSORPTION CROSS S E C T I O N  -oms 2 10 0 
CD LHT-1 NEUTRON PRODUCTION CROSS S E C T I O N  -0FmS 2 1 1 0 
CD I H T - 0  TOTAL CROSS S E C T I O N  -oms212 0 
CD IHT+1 UPSCATTER FROM GROUP I G + I H S - I H T - l  TO TG -0RDS 2 130 
CD . . . . . .  . . . . . .  -0IiDS2140 
CD . . . . . .  . . . . . .  -oms 2 1  5 0 
CD I H S - 1  UPSCATTER FROM GROUP I G + 1  TO I G  -Oms 2 16 0 
cr) T H S  SEW SCATTER FOR GROUP I G  -oms2 170  
CD I H S + 1  DO'WNSCATTER FROM GROUP I G - 1  TO IC,  -oms2 IS0 
CD . . . . . .  . . . . . .  -oms 2 13 0 
CD . . . . . .  . . . . . .  -oms 2 2 0 0 
CD I H M  DOWNSCATTEK FROM GROUP IG+IHS-IHM TO J G  -0RDS 22 10 
CD I H M C l  UPSCATTER FROM GROUP G TO ALL GROUPS -oms22 1 2  
CD (PRESENT ONLY I F  I H S  . GT. I H T + 1  -0RDS22 L4 

C -oras 1 9  2 o 
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cn 
c D 

CD 
CD 

CD 
CL) 

CD 
CD 
C 
C 
c- I 

END 

-QRDS2215 

I H S  MAY BE I B T f l  IF UPSCATTER IS ABSENT’. -oms2220 
TRANSFERS FROM GROUPS .LT. 1 OR .GT. IGM -0RDS2 2 3 0 

AKE 0. POSITIONS .LE. THY AKE 0 FOR PL -oms2240 
COMPONENTS OTHER THAN OTH . - 0RDS2 2 5 0 

EACH COMPONENT OF A PL SET IS TFU3:ATED AS A -0RDS2 260 
SEPARATE NUCLTDE. T H U S ,  M SETS WOULD -0RDS2270 
COMPRISE M”NQUAD+M NUCLIDES -oms 2 2 80 

i m  THM UNLESS I N S . G T . I H T + l ,  THEN X H M + 1  -0RDS 2 2 88 
-0RDS2290 

Oms2300 
0RDS2 3 10 
ORDS232 0 
OKuS2 3 30 
0RDS 2 3 40 
OIwS2350 

----------.------_.------l-l--ll-lll------II-. “I lllsls 
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Section 6. Opera t ion  a t  ORNL 
___ll_l-_l-__l 

6 . 1 .  Progrj_m_ Access 

The most up- to-da te  v e r s i o n  of UOT I V  i s  kep t  i n  on - l ine  d a t a  sets 

a t  bo th  X-10 and K-25. Caralogued procedures  can be used f o r  access a t  

e i t h e r  1oc.ation. The user i s  warned t h a t :  

THESE ARE NOT PERMANENT OR QUALITY-RSSU'RANCE DATA SETS. 

THEY MAY BE C I W G E D  WITHOUT NOTICE. J O B  FAILURE OR UNSAl'ISFACTOilY 

RESULTS MAY OCCUR. 

With t h i s  ominous c a u t i o n  i n  mind ,  t h e  JCL f o r  a c c e s s  follows: 

Example JCL: 

//DOS PROC P R O G = D R I V E R f D S N A M = ' X . W A R 1 4 6 3 6 . P R O G ' , U N T = = , F T 9 9 = S Y S I N ,  
// RCG-270K,PAR=,SABLK-300,DACYL=5,LGCYL=5,CTC=1064 OR 3458 
//GO EXEC PGM=&PR0G,TIM~=l44OIPA~~='EU=-1,&PAR' ,REGION=&RFG 
//STEPLIB DD DSN==&DSNAM,DXSP=SHR,UNIT=&UNT,VOL..SERz& 
//DUMP DD SYSOUT=A,DCB= (RECFM=FA,BLKSIZE=133) 
//PRINT DD S Y S O U P R  
//CO.FT05F001 DD UNIT=SYSDA,SPACE=(80,(50,25)), 
// DCB=(RFCFM=PB,LRECL=80,BLKSIZE=3~00,BUFNO=l) 
//FT06F001 DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=&CTC) 
//FT07P 00 1 DD SYSOUFB , DCB= (RECE'M=FB LRECL=80, BLKSI ZE=800 1 
//FT5LF001 DD SYSOUT=A,DCB= (RECFM=FBA, L13ECL=133 ,BLKSIZE=&CTC) 
//FT?~3F001 DD DSN=&DSNAM (&PROG) ,DISP=SHR,VOL=REF=*. STEPLIB 
//GO.FT98F001 DD UNIT=SYSDA,SPACE= ( 8 0 ,  (50,25)), 
// DCB=(RECFM=FB,LRECL=8O,BLKSIZEr3%00,BUFNO=l) 
//GOSFT99F001 DD DDNAME==&FT99 
//FTOlF001 DD DUMMY 
//FT02F001 DD UNIT=SYSDA,DISP=(NEW,DELETE), 
// SPACE=(3504,(&SABLK,&SABLK)),DCB=(LRECL=~OO,BL~IZE~3504~~C~~M~VBS) 
//FTOSF001 DD UNIT=SYSDA,DISP= (NEW,DELETE) 
// S P A C E = ( 3 5 0 4 , ( & S A B L K , & S A B L K ~ ) , D ~ ~ = ~ I ~ ~ C L ~ 7 O O , B L ~ S I Z E = 3 5 0 4 , ~ C F M = V B S )  
//FT04F001 DD IJNIT=SYSDA,DISP= (NEW,DELETE) , 
// SPACE=(3504,(&SABLK,&SABLK)),DCB=~L~EC~7O~,~L~IZE=3~04,~CFM=VBS) 
//FT08F001 DD UNIT=SYSDA,DISP=(NEW,PASS),DSN=&&SIGMAS, 
// SPACE=(3504,(&SABLK,&SABLK)),DCR=(LRECL~7OO,BL~IZE=3504,~CF~=VBS) 
//FT81FO01 DD UNIT=SYSDA,DISP=(,DELETE),SPACE=(CYL,&DACYL,,CO~TIG) 
//FT82F001 DD UNIT=SYSDA,DISP=(,DELETE),SPACE=(CYL,&DACYL,,CONTIG) 
//FT83F001 DD UNIT=SYSDA,DISP=(,DELETE),SPACE={CYL,&DACYL,,CONTIG) 
//FT84F001 DD UNIT=SYSDA,DISP= ( ,DELETE) ,SPACE= (CYL, &DACYL, ,CONTIG) 
//FT91F001 DD UNIT=SYSDA,DISP=(,DELLE'rE),SPACE=(CYL,&ZGCYL,,,CONTIG) 
//FT92F001 DD UNIT==SYSDA,DISP= (,DELETE) ,SPACE= (CYL,&DACYL, ,COWTIG) 
//FTS)3F001 DD UNIT=SYSDA,DISP=(,DELET~),SPACE=(CYL,&DAr~YLf~C~NT~G~ 
//FT9&'001 DD UNIT=SYSDA,DIS?= ( ,DELETE) ,SPACE= (CYL, GLGCYL, , CONT'IG) 

DOS 0010 
DOS 0020 
DOS 0030 
DO'S 0040 
DOS 0050 
DOS 0060 
DOS 0070 
DOS 0080 
DOS 0090 
DOS 0100 
DOS 0110 
DOS bLZ0 
DOS 0x30 
DOS 0140 
DOS 0150 
DOS 0160 
DOS 0170 
DOS 0180 
DOS 0190 
DOS 0200 
DOS 0210 
DOS 0220 
DOS 0230 
DOS 0240 
DOS 0250 
DOS 0260 
DOS 0270 
DOS 0280 
DOS 0290 
DOS 0300 
DOS 0310 
DOS 0320 
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//* EXAMPLES OF PROC USE: 
//* //DOT EXEC UOS,REG=500K 
//* //DOT EXEC UOS ,PROG- SCALE, FT99-DUMMY 
// PEND 

( USER SUPPLlEL) J C L  FOR INPIJT'/OUTPUT DATA S E T S  ) 
=GTP 
( G L P  DATA 

=DOT4P2 
( DOT DATA ) 

TEND 

DOS 0330 
DOS 0340 

( T H I S  EXECUTES SCALE DRIVER) DOS 0350 
DOS 0360 

( T H I S  EXECUTES DOS DRlVEK W I T H  500K) 

//DOT EXEC DOS *// 

// 

6 . 2  _. Di.sk Space A l l o c a t i o n  

IBM u s e r s  are caut ioned  t h a t  each s c r a t c h  d a t a  s e t  r e c o r d  s tar ts  on 

a new t r a c k .  Thus, f o r  81: 

r i t rk  = of t r a c k s  p e r  record  = 1 + 

where N i s  t h e  b y t e  c a p a c i t y  of a t rack ,  7294 f o r  model 2413 d i s k s  and 

13030 f o r  3 3 3 0 ' ~ ~  and [ I  i n d i c a t e s  t r u n c a t i o n  t o  the next  lower i n t e g e r .  

U s h g  t h e  fo l lowing  t y p e  of .JCL f o r  a l l  s c r a t c h  d a t a  sets: 

/ /FT81F001. DD UNIT= SY SDA , 53 LSP- (NEW, DELETE) , 
/ / SPACE= ( CYZ, n c y i  CONTIG) 

where n c y l  i s  t h e  number of c y l i n d e r s  r e q u i r e d  t o  c o n t a i n  ntrk*nrec t r a c k s .  

The parameter  n r e c  i s  d i s c u s s e d  i n  a p r e v i o u s  s e c t i o n ,  as i s  Rrec, used below. 

Using b l o c k  a l l o c a t i o n  i n  t h e  space  parameter :  

SPACE = (Rrec, n r e c )  

may r e s u l t  i n  j o b  f a i l u r e .  A l l o c a t i o n  by t r a c k  can a l s o  cause  f a i l u r e ,  

The u s e r  i s  a l s o  caut ioned  t h a t  n c y l  does n o t  always decrease 

monotonica l ly  as NJBLK i n c r e a s e s .  A s a f e t y  margin i s  advised .  
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6 . 3 .  I/@ Reques ts  and T o t a l  Clock T i m e  
l_l .__.___.I I___ 

The e s t i m a t i o n  of I/@ r e q u e s t  count  and t o t a l  c l o c k  time is  probably  

t h e  most compl ica ted  p a r t  of DOT I V  j o b  submission.  I f  all. groups  of 

f l u x  d a t a  are con ta ined  i n  c o r e ,  t h e  number of I/@ r e q u e s t s  i s  s m a l l  

enough t h a t  an  estimate based on expe r i ence  w i l l  p robably  s u f f i c e ,  and 

t h e  c l o c k  t i m e  consumed by t h e s e  I/@ o p e r a t i o n s  i s  l i k e w i s e  t r i v i a l .  

I f  f l u x  and s o u r c e  d a t a  are s t o r e d  on d i s k ,  t h e  c l o c k  t i m e  can b e  

much l a r g e r ,  depending upon t h e  problem parameters .  The fo l lowing  estimates 

aPP 1Y : 

R = R1 -t R 2  + R 3  

T = W + C 4- T I  + T2 4- T3 

R = t o t a l  number of I/@ r e q u e s t s  

R 1  = r e q u e s t s  w i t h  a l l  f l u x e s  s t o r e d  i n t e r n a l l y  

R2 = r e q u e s t s  r e q u i r e d  t o  compute t h e  i n s c a t t e r  s o u r c e  w i t h  f l u x e s  

on d i s k  

R3 = r e q u e s t s  r e q u i r e d  t o  compute t h e  f l u x e s  w i t h  f l u x e s  on d i s k  

T = t o t a l  c l o c k  t i m e  

Tl. = I/@ t i m e  w i t h  a l l  f l u x e s  s t o r e d  i n t e r n a l l y  

T2 = I/@ t i m e  r e q u i r e d  t o  compute t h e  i n s c a t t e r  s o u r c e  w i t h  f l u x e s  

on d i s k  

T3 = I/@ t i m e  r e q u i r e d  t o  compute t h e  f l u x e s  w i t h  f l u x e s  on d i s k  

The parameters R1 and T 1  are t y p i c a l l y  s m a l l  and can be e s t i m a t e d  from 

expe r i ence .  They depend upon t h e  number of energy  groups ,  t h e  number of 

o u t e r  i t e r a t i o n s ,  and o t h e r  parameters. The v a l u e  of W depends d i r e c t l y  

upon t h e  m i x  of problems s h a r i n g  rhe CPU, t h e  d a t a  channe l s ,  and the d i s k  

packs .  

The v a l u e s  of R 2 ,  R3, T2,  and T3 are dominant f o r  l a r g e  problems. 

Using t h e  FBSAM7 d i s k  t r a n s m i s s i o n  package,  one I/@ r e q u e s t  i s  logged f o r  

each  l o g i c a l  r e c o r d  moved, independent  of l e n g t h .  The t i m e  r e q u i r e d  

depends a lmos t  e n t i r e l y  upon t h e  number of t r a c k s  w r i t t e n .  The log ica l .  
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u n i t s  involved a r e  NDFLX, NDSOR, and NDSIN. With f l u x e s  space mesh 

s t o r e d  on d i s k  as one b lock ,  w e  can estimate: 

R2 = 1/2 ICM*LGM*OIWJBLK 

R3 = IGM*I  I f<Dl*NJBLK 

The parameter R2 i s  reduced i n  t h e  case of c r o s s  s e c t i o n  sets i n  which 

a l l  m a t e r i a l s  have 0 s c a t t e r i n g  from c e r t a i n  groups t o  a g iven  group. 

I n  such a case, t h e  I./@ o p e r a t i o n s  n o t  needed are bypassed. 

With t h e  space  mesh broken i n t o  NJBLK b l o c k s ,  

R2 = IGM*ICM*OI*NJBLK/Z 

R3 = IGM* (2+Dl+l l*II*OI) *NJBLK 

The t i m e  requi rements  are:  

T2  = (TM*ntrk+TS)*R2 

T3 = (TM*ntrk+TS)*R3 

where n t r k  i s  the number of t r a c k s  per r e c o r d ,  computed p r e v i o u s l y ,  and 

TM and '1's are machine-dependent f a c t o r s .  On IBM 2314 d i s k s ,  TM = 0.040 

sec and TS = 0.020 sec. On IBM 3330 d i s k s ,  TM = 0.034 sec, and TS = -0.017 

s e c .  These f a c t o r s  do n o t  account  f o r  c y l i n d e r  changing,  which i s  not  

impor tan t  u n l e s s  J B L K l  becomes l a r g e .  The 3330 should be capable  of 

TM = 0.017 sec w i t h  TS = 0.009 SCC. W e  are working t o  o b t a i n  t h i s  per -  

f ormanceI 

The user is  cautioned t h a t  the computer o p e r a t o r s  a t  Oak Ridge expec t  

a j o b  t o  r e s i d e  i n  memory no l o n g e r  than:  

KM C + -  
1000 

where RM = t h e  I./@ r e q u e s t  l i m i t  s p e c i f i e d  on the  CLASS c a r d .  Thus, 

the  user  should always supply ,  on h i s  class card  t h e  l i m i t :  
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