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-10 FORTRAN IV 60 ram STAY 'SL, whic 

unfolding pro o f  least squa 

on (the outpu covariance ma 

i ng  chi-squar u t  data (the a c t i  

pectrum, the c t i a n s  and t h  uncertain t i e s  

variance matrices)  T ion reflects there fore  the 

i n t i e s  in a17 o f  their corre la t ions .  The 

s among the Q 

t; however, the ac 

cross sections 

input spectrum an 

es are assumed t w i t h  each other .  

The code and sample problem are available from the t ion 

i ng rmation Center ( National Laboratory. 
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I .  I n t r o d u c t i o n  

mputer program S 

by the  method o f  l e a s t  s 

e, t he  s o l u t i o n  i s  the  value given the 

i n p u t  data and t h  

the important s i  

a t ions  i n  those unc 

a t  the th ree  did: 

i np n t i t i e s  (the ac dosimetry c 

f l u x )  have uncorrel  es. However, 

l a t i o n s  may e x i s t  among a l  ' v a t i o n  cross sections. 

e l a t i o n s h i p  o f  S Is o f  the  form 

In Section II w 

t o  a s s i s t  i n  the  u 

method o f  co 

I V  describes the  ode. Section V 

on the  ou tpu t  o f  Sect ion V I  descr ib  
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11. The Mathematical Formalism 

A. Notation 

We use capital letters to denote vectors and matrices with lower case 

letters bearing indices to denote the elements of these vectors and matrices. 

Let V be a vector, we have: 

may write V E (vi). Similarly f o r  a matrix M 

or M 5 (m..)--  
1J 

The transpose o f  a vector V or a matrix M is denoted by V' and 

We denote by V the iagonal matri the vector V 
'L 

'L = 0 f o r  i # j. 
and "i j 

Matrix multiplications are denoted as follows:: 

where 
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icate the par t o r  A i n t o  say L 

B 

c 
a =  9 

re b has the  dim 

a i  = bi for i 5 k 9 

and 

of matrix M 

1, MI2, M 3  and M4 are mat propriate dimen 

g vectors and m me subvectors 

a l l  elements a ndicate t h j s  . 

B. Definitions 

L e t  A" represent the  mea ated act ivi t ies  A" {a:>. 

Let MA" represent the r ance matra'x o f  A".  Therefore, 

the  covariance matrix o f  A", NAo$ i s  given by: 

epresent the " 

oup fluxes over an on energy gro  

the  problem. We o f t e n  l o  as the  spectrum. 
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L e t  MQ be the  r e l a t i v e  covariance m a t r i x  o f  @ nd i t s  covariance 

matr ix ,  NQ, i s ;  

L e t  xi represent the cross sect ions ai for the a c t i v a t i o n  ais j 
i i 

3 C (a * } ,  where we have: 

ai = - zit' Q 

The c?ls are  there fore  t h e  average cross sec t ion  for a c t i v a t i o n  i over 

the energy group j. 
3 

We d e f i n e  the  cross s e c t i o  vector  C as: 

c ( ::) . 

Note t h a t  we use a superscr ip t  t o  i d e n t i f y  the  var ious reac t ions  and 

t h a t  C i s  a vector  and n o t  a m t r i x ,  i .e. C 

groups, then: 

(oil. If we have k energy 

= 0 2  k+ i i s  

'" 0 3  %k+i i s  

0' 

e t c  ..., where i 2 k. 

L e t  M, be the r e l a t i v e  covariance m a t r i x  o f  C which e may consider 

as p a r t i t i o n e d  i n t o  the  submatrices M as follo 
c i j  

M, = 
0 

0 

0 
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i s  the  rela 

m a t r i x  o f  C 

tr ix o f  xi an 

‘L 

m c  . 

de f ine  the para 

i t s  covariance ma t r i x  Np i given by: 

we assume the 

de f ine  the  senst” s the ma t r i x  wh 

. the vector AA, we hav 

. 

p e c i f i c a l l y  r i x  G i s  g i  

G 

The covariance ma t r i x  o lated a c t i v i t i e s  i s  
given by: 
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NA 

and 

@. The Least-Squares So lu t ion  

With the above d e f i n i t i o n s  the x2- funct ian app l icab le  t o  the dosimetry 

problem i s :  

where P and N are  ca lcu la ted  from the i n p u t  values of' Q 9 C  and MQ,MZ 

respec t ive ly  and '3ĥ  i s  c a l c u l a t e  t e  t h a t  i n  expression f o r  
P 

x2- funct ion we have assumed t h a t  P and A" were n o t  corre la ted.  

f which minimlzes the x2- funct ion i s  PI and i s  given 

(seeg fo r  instance, reference 3)  by: 

(A" - A )  -1 P '  - P = Np * G' (NA f. NAO) 

The covariance m a t r i x  o f  P a  i s  a lso  given by: 

Npi Np 
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The minimum value o f  x Y: 

* (A" - A) -1 

degrees o f  fr the number o f  

me ents.  
1 

led W the  wei a 

an only be f 

gh the use o 

i s  nonsingular. 

nonl inear 1 en 

way t h a t  i t e  be done w i t h  
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I I I .  Method o f  Computation- 

The program STAY'SL solves only for the @ '  and NQl  ~ ~ ~ ~ o ~ ~ n t ~  o f  

P' and N P l  to solve the "dosimetry unfolding proble 

TRY'SL, soon t o  be releas d ,  salves a l s o  f o r  the c '  
a f  P '  and Npl.  

Although the mathematical formalism outlined above is writt 

terms o f  matrices whose di ensions may be very large, i.e. Np, a 

o f  the computational steps involve indicates that they he handled 

a t  a t ime. Furthermore, as we have indicated, t h r o u g h  prope 

partitioning o f  the large matrices, one need never handle more than one 

row a t  a time o f  the  subm e the dimensions o f  the  number 

o f  groups in the flux @. 

e shall now indicate the f l o  o f  computation in STAY'SL: 

1. 

The covariance matrix NAo is computed from: 

T h e  vector A" and its relativ covariance matrix MA" are read 

in. 

2. 

3 .  

The input assumed spectrum, in "group form," (9 is read in. 

The dosimetry cross sections Zi are read in one a t  a time and the 

"C-nnatri x" i s computed 

4. The relative covariance matrix MQ is read in one row at a time 

"U-rnatri x" i s computed where: 

and 1 means summ 
R 
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e vector A i s  

The covariance m ted where: 

Mc’j are rea 
7. The relative c 

ment o f  the 

eo1 um the matrix M ij covariance 
c 

here : 

The bl matrix i rting the matr 

he minimum v omputed from: 

(a? - a j )  . 
3 

18. The o u t p u t  

11. The o u t p u t  

group f luxes  +’ S are computed from: 

matrix MQ, i s  corn 

: The code 1 i n  d i x  C consists o f :  , 

1. A main program. 
2. A subroutine T I  the names o f  the i n  

ugh  TITLE t h a t  t ram i s  interactive. 
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@ C  3. A subroutine SCALE t o  scale each ro r i x  NA 4- NA NA, 

prior t o  inversion. 

outine PIVOT t o  invert the scaled matr ix .  

5. A subroutine ESCAL t o  scale the inverted matrix and obtain Gd. 

Limitations: STAY'SSL is currently dim 

j a  activation measurements and 20 roup fluxes @ 

r p c  Computation in PIVOT will stop i f  the matpix NA i- W A  + NAo 

a ~ ~ ~ ~ ~ c ~ ~ s  singul ari tyq The ~~~~~a~ typ 

minating prematurely the corn 

As in all least squares ~ r ~ ~ ~ ~ ~ ~ ~ $ ~  STAY'SL is cap ble o f  producing 

Ha a solution eve 

a l l  least squares procedures, there is ay t o  t e s t  the statistical 

consistency o f  the input data t h ~ ~ ~ ~ ~  t 

the calculation 

a warning will be given on the output 

less than 0.3 o r  greater than 2 where 

great caution. 

hen the i npu t  data are h igh ly  unlikely. 

inimum value o f  x2. Although 

i l l  proceed r e ~ a ~ ~ l ~ s ~  o f  how un l ike ly  are the input data, 

es o f  freedom is 

utput should be viewed 



IVa I n p u t  Descr ip t ion  

i n p u t  ts STAY'SL a's i 

ine  TITLE i s  u a t  execution t 

f i l e s .  The names 

a t .  

escrtpt ion ob the  ill be given he 

s t  o f  the  re e format for . 
c t i v a t i o n  da f i l e .  

a. l is t :  

format: I 

i s  t he  number o rements 

i s t :  (AO(i), 

ormat: 1OF 

i s  t he  sa the  Ph rea 

DPS/target atom x W4. 
r cover f o i l s .  

c t i v a t i o n  cov an ASCII f i l e ,  

1 

o f  the  Ith and J~~ a c t i v i t y .  

tandard devi  ponds t o  a r e  
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e .  Flux Data File 

The flux data file is an ASCII file. 

a, list: KG, AK, VAK, NOR 

format: I ,  2F, I 

KG is the  number o f  group fluxes, 

AM is an optional normalization constant. 

n the group f l u x e s  in the file are t o  be considered as 

properly normalized, AK = 1. 

AK is a convenience facility in case the group fluxes in this 

file need t o  b prior t o  execution in STAY'SSL. 

STAY'SL considers the input f l u x  t o  the least squares to be 

the  renornml i zed f l  ux 

VAK i s  an optional relative v a r ~ ~ n ~ ~  const 

~~~~ t he  relative covariance matrix o f  the fluxes is to be 

considered as incorporating the  component describing the  

relative uncertainty in the absolute norm lization o f  the 

group f luxes ,  VAK = 0. 

VAK is a convenience fa i l i t y  in case the relative covariance 

matrix o f  %ha fluxes in the  flux covariance file did not include 

the component due to the  relative uncertainty in the absolute 

normalization, 

covariance m a t r i x  read from t he  file prior t o  input t o  the 

1 east squares e 

VAK is added t o  every element o f  the flux 

NOR i s  an option on normalization of the  input group fluxes w 

AM = 0. I f  AK f 0, NOW is ignored. When AK 2 0, the grsu 

fluxes will be renormake prior to the least squares. The 

rmalization depends up n the  value o f  NOR. 
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NOR = 0 

NOR # 0 i s  normalized 

e o f  the d i f f  

computed ac ulaked 

luxes read i n .  

emphasize tha t h  absolute g 

oduce a norrnaliz s is tent  w i t  

AK, VAK and NOR a 

i n  the code t o  a 

covariance matrix f i l e  i 

ence feature 

a normalization. 

b e  l i s t :  (F ( I ) , I= l JG)  

format: 10F 
-2 i s  the group e F( I )  i s  i n  

c. l is t :  (EL(I), 

format: 1OF 

E L (  I )  i s  the lower energ undary of g r  . 
: EL(1) i s  not  use any calculati used 

t o  make the o u t p u t  l i s t ing " 
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Q. 

The dosimetry cross section f i l e  i s  an ASCII f i l e .  

Dosimetry Can~ss Section File -n 

1 I-1,K.A 

1 l i s t :  (S(Z,J),J=l,KG) 

format: 10% 

S ( I , J )  is  the dosimetry cross section for  reaction I i n  group J ,  

The S(I,J)'s are i n  units of barns. 

Note: The cross sections are average cross s contribution 

t o  the  activity A( I )  OF neutrons i n  group J is given by F(J)*S(I,J). 

E .  F l u x  Covariance F = i .  

The f l u x  covariance fl ' le i s  a binary f i l e .  

1 I=l,KG 

1 1 i s t :  (FM( I , J )  y J = 4  , K G )  

( I  , J )  is  the r e l a t h e  cavariance o f  group f l u x  I and group f l  ux J .  

F .  PI Cross Sect ion Covariance F i l e  

The cross sectio covariance f i l e  is  a binary f i l e .  

The relative covariance matrix o f  the cross sections is  partitioned 

i n  t he  f i l e  i n t o  t h  matrices M i j .  

f i l e  has associated w i t h  i t  four  indices - I and J t o  denote the reactions 

Each element of the matrix MI i n  t h  
c 

and K and L t o  denote the  groups. 

The relative covariance matrix i s  read as:  

2 I=l,KA 
2 J=I,KA 

l i s t :  FC 
IF (FC.NE.1 . )  GO TO 2 
DO 1 K=l ,KG 

1 (I,J,K,B),L=I,KG) 
2 CONTINUE. 
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FC i s  a f l ag .  

variance ma 

nce matr ix ,  

FC, in which th 

the file. 

r J,K,L) i s  t ce o f  the c r  

the reaction I i n  

reaction 3 i n  group 1, 

f the cross 
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v. I- Code output 

Owing  execution o f  the code two scratch f i l e s ,  units 3 and 4 are 

matrix) 

STAY'SL generates t 0 output files; 

coding: 

READ KC; 
D (F(I),I=l,KG) 

1 
( I , J ) , J- I ,  KG) 

READ (FP(I),I=I,KG) 
D 2 T=l,KG 

2 READ (F P (  1 , J )  ,J=H ,KG) 

KG i s  the number of groups.  

F(1) is t he  normalized in ut group f l u x  in grou 

FM(I,J) i s  the  relative covar iance 

f l u x  I and input gr 

output group f l u x  in gro 

FMP(I,J) is the rda t ive  covariance matrix o f  t e o u t p u t  group 

flux I and output gro 

€3. STAYSLOUT is an ASCII file which i s  t h  notated 11 stab1 e 

t o f  the code STAY'S&. We shal l  make a few csments 

the  output o f  the code, The contents o f  f i v e  input f i l e s  

are given in STAYSL.QUT, a l thou  h often not  in the input for 
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The covariance e activation cia 

roup fluxes are 

orrelation m 

o f  the stand 

nt o f  the c 

i l e  is not re 

0 xi i s  g i v  in unders tandi 

ons to i t  a fated 

The computatia a dou 

he values o f  

ents whic ted 

ue o f  CHI for a n indicates 

l i t y  associated on in question, 

is printed out  a 

atistical occ 

n since this 

. The next c 

The "difference" ates  the percen 

calculated numbers red activities. 

"after" column i s  a ve quanti t y  s i  rice 5 

ated a c t i v d t f e s  on he output gro 

dosimetry cross quantity has no 

ntext o f  the least s edure unless the ctions 

so well known that t h  es are essentially 

values. This occu the covariance ma 
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c 4p o f  NA are small compared t o  those o f  NA. In such circu 

mostly the group f luxes  have and vwy little ch 

~~~~~~t~~~ deviation o f  these values from t h  eilsured ones. The 

o f  the CHI column has be 
C @  Page 2. The covaviance matrix NA + NA i s  first ~~~~~ in the form 

o f  standard deviations and correlation a t r i  x The i ndi  vi dual cavari ance 
@ c matrices NA and NA are also give! ays instructive t o  compare 

the three covariance matrices NAo9 given in the first p ge, and the t 

covariance matrices NA and Nk since these provide i n  a. nutshell the clue @ 

t o  the whole ““dssi 

the dosimetry measurement. ’’ 
t ry  unfolding problem” a n learned from 

Page?. 

Page 4. 

The i n p u t  dosimetry cross sections a r e  list 

The i npu t  and output group f luxes  are printed as 

their standard deviations, follo ed by the int pals  of the spectra 

their standard deviations. 

Page 5. The correlation matrix s f  the input grou f l uxes  is listed. 

Page 6. The correlation matrix o f  the output group f l uxes  is list 

Note: All correlation matrices o ou tpu t  have their elem 

multiplied by 100 



Three u t i l i t y  p r ~ g  

erage cwss s 

ration o f  the  he activatis s 

their  current ut3 

. The u t i l i t y  p 

f i l e s  far ST 

cross section 

such infoma 

eful t o  commun he 

Y 5 L .  The cre 

iance matrice 

ation based on 

the f l u x  analyzed ble covarian 



A. 

1.  General Description 

The interactive P 

t o  average! cross secti 

var ied linearly as a function o f  tabulated values, The 

lus fission spectrum ab an input ~~~~~~~ 

The input t o  the  i s  mostly .in an ene 

y mesh structure and in f t les  w 

contain the tabulate ual dosimetry cross sections, The output i s  

f i les  - the group flux f i le ,  i f  t h  

Both o f  t h  se f i les  may be 

lux opt ion  i s  used, and 

a$ directly n f i le .  

The  interactive p a r t  o f  the  pprpgra consists mostly o f  providing t o  

the code, a t  execut ion t i es of input and output  f i l  

~~~~~~~ t o  gen rate the group flux f i l e  and when i t  does the "no 

da ta  opt ion.  

2. I n p u t  

a, The E - G R I D  File 

escription of the  input and output  ener 

e I t  i s  read as follows: 

i >  

NGS 

l i s t :  NGS,NG$I 

format :  21 

i s  the number of energi here the i n p u t  cross sections a r  

tabulated. 

NGS 5 611 
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s s the number 

ections. 
s for the e3 

format: '%OF 

he cross n i n  

t be 18 MeV. 

Y a l s ,  defined 

the It' avera 

section. The s )Is must equal 

b. The Flux Option 

ode tries to 

Q S S  sections. 

( fomat:  I ,  

ich the FRY 

The 1/E corn d 

nergy EfdE. 



22 

roup f l u x  file option i s  xercised, a file n 

vided a t  the ery, ~~~~~ FLUX FILE?, in A10 f o r  

d by STAY'SL ar 

in 2F,I format. 

c .  The Cross Section Processing 

quests a file name fo r  

I t  is p~ 

t p u t  cross section file t o  

after the quelpy, AVERAGED be used as input to STAY'SSL. 

UTPUT FILE?, in A10 for  requests the names 

individual input cross section 

input cross section f e read in the format 10F. 

IV ~~~~r~~ FCQV may be used t o  prov ide  

a group f l u x  covariance m a t r i x  file as input t o  ST Y'SL. FCOV w 

as a convenie to  users of ST 

based on sensitivity studies and/or other information concerning the 

bsence o f  a detailed analysis 

analyzed which w u l d  provide a more credible and realistic 

relative covariance m a t r i x .  

FCQV may generate covariance matrices having three f 

1. A diagonal corn onent, which t erefore allows a statement t o  be 

well the individual input group fluxes are known. 

2. Fully correlat k i c h  span several groups. A s t a t e -  

ment can therefore be m e about  correlations o f  grou 

variable ~~~r~~ range. A serious limitation o f  FCOV as 
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groups in the d nges are uneo 

t t o  be made ab 

t l y  process 

ectisns o f  f i l e  

€3. I n p u t  

i n  the sen$ ne 

ut and ou tpu  

i n p u t  f i l e  i s  r 

format: 31,F 

KG i s  the number o f  

KD=O. The d i  

KD 3 0. A "sh 

i s  a f l a g  which t f o r  the bro 

(KB < 100) 



KB - < 0 there are no broad ra 

covari  ance mat r i  x. 

c i f i e s  the num 9" O f  broad ran 

the fu l l  ener 

F i s  the flat covariance matr ix  cornpone o f  the r e l a t i v e  covariance 

matr ix .  

Note: i) Each component 

re1 a t i  ve cavari 

and F i s  added t o  sbtaip t h  

f F=Q.O1 means a standard dev ia t ion  for the overall 

imation s f  10% since 

by a s p e c i f i c a t i o n  of the 

t i o n  o f  the value o f  KD. 

D(1)  i s  the r e l a t i v e  standard dev ia t ion  for the diagonal component 

o f  group f l u x  I. A 10% standard dev ia t ion  i s  read i n  as: 0.1. 

KB > O a "short form'' will be use t o  read the diago 

since many consecutive grsu s have the sa e r e l a t i v e  stan 

FCOV w i l l  rea 

list: ( I L D ( I ) , I = l , K D )  

format: 181 

l i s t :  (DS( I ) , I= l ,KD)  

format: 1OF 
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dev ia t i on  DS( I ) .  

ned the same r e v i a t i o n  for nent. 

the value o f  

n KG. The code 

KG=200 and 

Groups 1 ~h~~~~~ a r d  dev ia t ion ,  

20 t h r o u g h  3 r d  dev ia t ion .  

read a f t e r  t he  d s .  FCQV will 

format: 101 

format: 1OF 

r e l a t e d  w i t h  

ard  d e v i a t i o n  

he l a s t  valu 

i s  not read, 1s 



I18 l i s t :  1 20 30 51 

B l i s t :  0. 0.05 6.1 0. 

Groups 1 through 19 range c ~ ~ ~ Q n ~ ~ t  s ince a( 1 )=O. 

Groups 28 through 29 are f u l l y  c o r r e l a t e d  by a component having 5% 

standard dev iat ion.  

Groups 30 through 50 are f u l l y  corre1 ted  by a component kav in 

standard dev iat ion.  

Groups 51 through 2 d range ~ o ~ ~ o ~ ~ ~ ~  since B(4 )  i s  

Caution: The diagonal a s p e c i f i e d  by r e l a t i v e  

r d  deviat ions,  b u t  t h  round i s  denoted by t h  variance, i . e ,  

the square o f  the  r e l a t i v e  ~ ~ ~ ~ d ~ r d  deviatl'on. 

d e  Output 

The output  o f  FCOV i s  a b inary  f i l e  cant i n i n g  KG records being t h  

The output  f i l e  o f  FCOV can be rows o f  the  r e l a t i v e  covariance 

read by STAY'SL as ~ ~ e ~ t ~ ~ "  

t r j x .  

c. The Program XCOV 
f 

1. General Oescri p t i  on 

The i n t e r a c t i v e  PDP-10 FORT N I V  program XCOV may be use 

a dosimetry cross s e c t i  

r i t t e n  as a c 

d a t i v e  covariance f i l e  as i n p u t  t o  STAY'SL. 

nience t o  users o f  STAY'Sb pending the a v a i l -  

a b i l i t y  o f  evaluated cross sec t ion  covariance f i l e s  

t o  ob ta in  c r e d i b l e  and r e a l i s t i c  covariance matr ices.  Since STAY'SL Q 

solves for  the group f luxes,  the metry cross sec t ion  covariances are 

only requ i red  t o  e s t a b l i s h  the  weight m a t r i x  through corn u t a t i o n  o f  what 

was def ined i n  the d e s c r i p t i o n  as NA. c c Since NA i s  added t o  NAO t o  ob ta in  
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e sections, has t requirements 

cross section s .  

KA reactions 

) as the GQV 

nd those o f  

matrices must he f i l e  i n  t h  

o r  the user t 

ve been easi  

d o f f  diagon 

user to pre 

s are n o t  g 

n a l "  covari 

hyslcal cov 

a n t  factor he sure t h a t  a1 
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matrices XM(1,J) are physically possib le ,  but  th t the covariance matrix 

NA is physically possible, i.e. has positive eig nvalues. 

quence, all ele ents o f  the correlation matrix o f  NA must be 

c As a conse- 
c 

but  this is not sufficient. XCOV cann t perform this check since the 

concept of "effective covariance matrix" has meaning only in the context 

erating NA which requires the gr up f l uxes  which are not available c 

to XCOV. 

The program XCOW i s  interactive only in the sense that the subroutine 

is used to obtain the na s s f  the input and o u t p u t  files hich are read 

The input file is read as follows: 

aster Control Record 

list: KA,KG 

format:  21 

KA i s  the ~u~~~~ o f  reactionsc 

KG i s  the number o f  groups. (KG 5 200) 

b )  Covariance Matrices Control Record 

Following the master control record XCOV requires information t o  

erate each o f  the XM(I,J) matrices. These m st be provided in the order 

given by the above simple FORT since they will be 

uentially in the file. More specifically, the order is: XM(l,l), 

XM(1,2), ... . , X M ( ~ , K A ) , X M ( 2 , 2 ) , X M ( 2 , 3 ) , . o o e , X ~ ~ 2 , ~ ) , X  

The covariance matrices control records are o f  t 

3 , 3 )  ,XM(3,4) . 0 . .  etc .  

the off-diagonal matrices, XM( I ,J) , an those fer the diagonal atr ices ,  XM(1,I). 
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s sect ions a 

i n  the  same f e i  

FCOV, The i identical t 

ord .  See the 

p b o l  s : 

l i s t :  KD,KB,F 

format:  21,F 

KD is  a f l a g  whicb cont o f  the d i a  

( K D  < 100) 

D < 0 there a ponents t o  t h  

D = 0 t he  d i  

KD > 0 a " sho r t  

components. 

KB i s  a f l a g  which c 

(KB < 100) 

of the broad 

< 0 there a 

covar i  anc 

I 
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KB > 0 specifies the nu r of broad range components La the  

relative covarianc hich spans the  full energy range. 

F is the flat csmpon nt t o  the relative cov riance matrix. 

Note: 1. Each component will be adde to obtain the relative covariance 

matrix o f  the d cross sections over the 

2. A value o f  F=0.01 means a standard deviation for the overall 

normalization o f  10% since 0.01 = ( O J ) 2 .  

c )  Diagonal and Broad Range Components 

For diagonal matrices if the control recard has KD 2 0 a ~ ~ / ~ r  KB > 0 

the diagonal components and/or broad range co 

I f  needed the diagonal components are specified first and then if needed 

nents must be specifie 

the  broad range cornplan n t s  are specif ied.  

1) 

I f  KD=O, XCBV will read after t e control record: 

list: (D(I),I=l,KG) 

format: 10F 

D(1) is the relative standard viation for the d i a  

~f the  average cross section in group I. 

If KD > 0, XCOV will read a "short form" ta describe the  diagonal 

campsnents: 

1 i s t : 

format: 101 

list: (DS(I),I=~,KD) 

format: 10F 

( I LD ( I ) , I =1, KD ) 

lowest group index h i n g  the standard deviation DS( I). 

Mote: See FCBV description far le te  explanation and exam 
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t r i x  control r 

0, XCQV will - 

standard devl 

FCOV desc r ip t  lete expilana 

* e covariance 

eactions. 
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V I  E. Sample Problem 

The program STAY'SL sam i s   tern^^ a f t e r  problem No. 1 

o f  the  "un fo ld ing  code subgroup4' o f  the "Euratom 

Bos i met ry a 

r k i n g  Group on Reactor 
I I  4 

The ASCII f i l e s  t o  run the  sa 

a v a i l a b l e  w i t h  the  deck from WSIC, 

problem and the output  f i l e  are 

e two b inary  f i l e s ,  the group f l u x  

cross sec t ion  covariance f i l e s ,  must be gen r a t e d  us ing the 

u t i l i t y  programs FCBV an s h a l l  b r i e f l y  discuss t h  

the  problem by deser lb ing the i n p u t  f i l e s  and hca 

A. A c t i v a t i o n  Data F i k  

KA=9 

, I = l , 9 )  = .78 

These are  t h e  a c t i v a t i o n  data from the c o f  the  reactor f o r  the r 

Rh103, In115A, T i 2 7 ,  N i 5 8 ,  Fe54, T i 4 s ,  M 

B .  A c t i v a t i o n  Covariance F i l e  

Since the request w s t o  f i t  every a c t i v i t y  t o  1%, the  r 

variance was s e t  t o  0.0001 f o r  each a c t i v i t y  me sured and a l l  o f f -  

elements s e t  t o  zero: 

, A127 and (1238, respec t ive ly .  

(1 , I )  = 0.0001 for 1-1 through 9, 

AOM( I , J )  = 0 f o r  I+& 

This  i s  a somewhat u n r e a l i s t i c  covariance a t r i x  f o r  an actual s e t  of: 

measurements. 

C. Flux Data F i l e  

The f l u x  data f i l e  was ge erated us ing the f l u x  o p t i o n  o f  the u t i l i t y  

program GROUP using a l / E  + EWYE spectrum w i t h  a matching energ 
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and our choice was arbitrary. 

provided from the flux file, i.e, RE 0 provision was made 

for a flat background. 

standard deviation o f  24% a”n every g rily chosen. The 

Since a 3% nor a1 inatfon uncertainty was 

A purely uni t with a relative 

m a l  relative covarianc 

~ p ~ r o x ~ m a ~ e  the a1 gori thins s f  other 

The input to FCOV was: 

KG = 75, KD ;= 1, MB = 0, F = 0. 

ILB(1) = 1 

D ( 7 )  = 2 4 .  

ss sections provided by the 

i f i e d  (since t h  

o f  other codes, artificially small relative covariance matrix elements 

were used. In order t o  ~~~~~~~~ i n p u t  t o  t h  code XCOV, used t o  

the cross section covariance f i l e ,  the decision was 

letely flat matr ices,  The diagonal SU rices are given a covariance 

component o f  O.QOOQO1, corresponding to an overall normalization o f  0.1%, 

iagonal submatrices are s e t  t o  zerob 

The input t o  the code XCOV was: 

KA = 9, KG = 75. 

ing  t h i s  master control record, the covariance matrices 

control records were placed with diagonal matrices control records being: 

KD -1, KB 0, F 2 .000001 

off-diagonal matrices control records being: 

EFF = 6. 
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e t  r e s u l t  was 

4 - FCOV main 

4 - xcov ma u t i n e  I@. 

put  f i l e s  a r e  

d. 

DA - contains 

T.CV - contains 

DA - contains 

DA - contains ss sections. 

o binary  f i  

on covarian 

ovariance F i l  OV i s  execut 

vided. 

executed and t 
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The u t i l i t y  program GROUP need net 

problem since the  two output files, FLUXT.DA an SID.DA, are provided. 

would l i k e  t o  exercise the progra OUP, the ASCII i n p u t  

f i l e  E-GRID c a l l e d  G QUB.INP i s  a l s o  provided. 

generated using NF-1 and EflE=2. Th enerated us i n 

the i n p u t  ASCII f i l e s  RHlO3.DRK, IN11 

TI46,DRK, M@24.DRK, AL27.DRK, AL27.D U238.DRK. The order i n  which they 

have been given i s  t e one i n  which they ust be prseessed t o  carresp 

t o  the a c t i v a t i o n  f i l e  ACTIT.DA. 

The f i l e  GLUXT-D 

A copy o f  the te le t ype  p r i n t o u t  f o r  exec t i o n  of the pr 

FCOV, XCQV and ST Y'SL f o r  the sa l e  problem i s  given in Appendix A. 

Sample Run O u t p u t  

The f i l e  STAYSL.OUT i s  provide and i s  l i s t e d  i n  A p ~ ~ ~ ~ ~ x  B. 

I wish t o  thank G, L. Morgan for prov id ing  the subroutine PIVOT, 
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TELETYPE OUTPUT F 

EXECUTION OF PROGR 

.EX GROUP 1 
LINK: LOADIN 

FLUX OPTION: NF,EQE ? 1 2 *  1 
GROUP FLUX FILE ? FL 

M,REL.VAR,IOB ? J 
AVERAGED X-SECTIQ 
X-SECTION NO. 1 FILEN E ? RHlg3.DRK 
X-SECTION NO. 2 FILEN E ? IN11S.DRK 

OUTPUT FILE ? DOSID,DA ), 

NO. 3 FILEN E ? II47.DRK 
E ? NI58.DRK 

X-SECTION NO. 5 FIEEN 
X-SECTION NO. 6 FILENAME ? 
X-SECTION NO. 7 FILEM 
X-SECTION NO. 8 FILEN 
X-SECTION NO. 
X-SECTION NO. 10 FILENAME ? 3 

9 FILENAME ? U238.DRK J 

CPU TIME: 5.48 ELAPSED TIME: 2:36.8 
E X I T  
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EX FCOQ 

UTION 
3-42  ELAPSE 

E xcov 
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EXECUTION OF STAY'SL 

.EX STAYSL.F4 1 
FORTRAN: STAYSL 
MAIN. 
TITLE 
SCALE 
RESCAL 
PIVOT 
LINK: LOADING 
[LNKXCT STAYSL EXECUTION] 
ACTIVATION DATA ACTIT.DA 
ACTIVATION COY. ACTIT.CY ). 
FLUX DATA ELUXT.DA ) 
DOSI. X-SECTION DOSID.DA 3 
FLUX COVARIANCE FLUXT.CV 
X-SECTION COVARIANCES BOSID,CY J 

END OF EXECUTION 
CPU TIM&: 54.18 ELAPSED TIME: 2:4 
EXIT 

* 
Underlined quantities are typed in by the user. The symbol 3 means 
a carriage return. 



LIS v 

2 0 1000 
3 0 1000 
4 0 0 100 
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4 , 6 9  
5 9 0 1  
5 9 4 4  
5 .43  
5 3 7  
5 .  86 
7 . 8 0  
7 .34  
5.18 
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0. 
0 .  
0, 
0. 
0. 
0. 
0 "  
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0 .  
5 .  
2. 
6. 
2 ,  
1. 
3 .  
5 ,  
9 ,  
1. 
2 ,  
6 .  
1. 
2. 
2 ,  
3,  
4 .  
5 .  
ti, 
6 .  
7. 
7. 
8 .  
8 ,  
9. 
9, 
1, 
1. 
1. 
1. 
1, 

a. 

O Q O E * O l  
O O O E - D 1  
OOOE-01, 
O O O E - D l  
O O O E - O l  
O Q  DE -0 1 
0 0 0 E - 0 1  
00  OE -0 1 
O O O E - 0 1  
00 OE-0 1 
O O O E  -01 
O O O E - O l  
OOOE-01 
O O D E - 0 1  
OOOE-0% 
a0 aE -0 i 
D O O E - 0 1  
00 DE -0 1 
00 O E - 0 1  
00 OE -0 i 
o a  OE-o i 
0 0 0 E - 0 1  
O D O E - O i  
00 OE -0 1 
00 OE-0 1 
00 OE-0 1 
0 0 0 E - 0 1  
1 3  5E-0 6 
5 6 X  -05 
212E-Ofj 
l o a f - 0 4  

363E-04 
805E-0 4 
882E-04 
71 3E -0 3 
Q79E-03 
755E-03 
407E-02 
176E-02 
953E-02 
73 4E -0 2 
5 0 3 E - 0 2  
255E -a  2 
99 6E -0  2 
68 PE - 0 2  
355E-0 2 
95 3E -02 
42% -0  2 
878E-02 
31 6E - 0  2 
74 7E -0 2 
Q45E-01 
1 5 0 E - 0 1  
267E-01 
38 3E -0 i 
4 9 4 E - 0 1  

9 1 5 ~  -a 4 
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5 , 9 4 6 E - 0 1  1 . 6 0  OE-01 1 . 1 3 9 F - 0 1  
5,954E-01 1.70?5E-Oi 1 . 2 1 5 E - 0 1  

5 . 8 9 2 E - 0 1  1 . 9 6 7 E - 0 1  1 . 2 3 7 E - 0 1  
5 .838E-01 2 . 1 2 3 E - 0 1  1 . 2 9 9 F - 0 1  
5 , 7 1 7 E - 0 1  2 . 3 2 2 E - 0 1  1 . 5 0 0 F - 0 1  

5 . 2 6 2 E - 0 1  2 . 7 O l E - 0 1  1 . 6 3 4 F - O t  
4,925E-Oi 2 . 8 9 1 E - 0 1  1 . 8 5 6 F - 0 1  
4 . 6 2 0 E - 0 1  2 . 9 9 7 E - 0 1  1 . 9 6 9 F - O t  
4 . 3 4 7 € * 0 1  3 . 0 0 0 E - 0 1  2.023F-01 
4 , 1 0 0 E - 0 1  3.OOOE-01 2 . 0 2 l E - 0 1  
3 . 6 7 6 E - 0 1  3 . 0 0 0 E - 0 1  1 . 9 5 4 € - 0 1  
3 . 6 7 3 E - 0 1  3 . 0 0 0 E ~ O i  1.85AF-01 
3 . 4 6 8 E - 0 1  3.OOOE-01 1 .752F-OS 
3,216E-01 3 . 0 0 0 E - 0 1  l . 5 8 9 E - 0 1  
2 . 7 8 4 E - 0 1  3.OOOE-01 1 . 3 6 3 F - 0 1  
3 . 2 9 0 E - 0 1  3.OOOE-01 1.19OF-Oq 

s, 9 2 5 ~ ~ 0 1  1. 8 2 8 ~ - 0 1  1 . 2 2 5 ~ ~ 0  t 

5 . 5 2 4 ~  -0  i 2 . 5 2 6 ~  -0 i i. 5 7  OF -n 1 



GRBUP FLUXES ItvPUT Ne 

7 ,  

7 .  
6, 
5,  

4 ,  
5 .  
4 ,  
4 ,  
3 ,  
4 ,  
3, 
4 ,  
4 ,  
3, 
1. 
4 ,  
4 ,  
3 .  
3 .  
3 ,  
2 ,  
2 .  
2* 
2, 
2, 
2. 
2, 
1, 
I. 
1, 
1. 
I. 
1. 
1, 
1. 
3 ,  
2. 
1, 
1% 
1. 
1. 
I* 
9 .  
8 .  
7 .  
6 ,  
5 .  
4 ,  
4 ,  
3 ,  
5 ,  
4 ,  
3 ,  

1, 

R A T I B I  

0 . 9 9 9  
8,990 
0,987 
0.984 
0.982 
0 , 9 8 4  
O e  9 8 6  
0 . 9 8 5  
0 . 9 8 9  
0 , 9 9 2  
0.992 
0 , 9 9 1  
0 1  991 
8 , 9 8 8  
Q I  9 9 4  
9 , 0 0 4  
11.008 
1 , 0 3 9  
1, 064 
l e  oat3 
I.. 059  
1, 026 
0 , 9 8 3  
0 , 9 ? 2  
o *  971 
0 , 9 7 4  
0,981 
9,989 
0 . 9 9 7  
l.QO? 
1.013 
1aq14 
i. 8 2 4  
1 L 052  
1.083 
f 1 0 5  
I* Il.1 
i , 276 
1 . 1 3 3  
0 , 9 5 0  
0,930 
0 . 9 7 2  
0 . 9 6 7  
0,9156 
0,945 
0 , 9 4 1  
0 1  943 
0,947 
0.931 
0,952 
0 . 9 5 2  
0 953 
0.910 
0,988 
0 , 9 7 2  
0,978 
19Q13 



5 0  
5 9  
6 0  
6 1  
6 2  
6 3  
64  
6 5  
66  
6 7  
68 
6 9  
7 0  

7 2  
7 3  
74  
7 5  

7 1  

~ . 0 0 0 € * 0 0  
8 . 400E*00  
8 , 8 0 O E + 0 0  

9 , 6 0 0 € + 0 0  
1 . 0 0 0 € + 0 1  
1 , 0 ~ 0 ~ 4 0 1  
1 . 1 0 0 E * O l  
1 , 1 5 0 € + 0 1  
l a  2 0 0 € * 0 1  
l a 2 5 0 E + O l  
1 a 30 OE+O1 
l a 3 5 0 E * 0 1  
1 * 4 0 0 E * O l  

1 . 5 0  OE *0 1 

1. 7 0 0 b O l  

9.  20 OE * O  0 

l m 4 5 0 E + 0 1  

1 , 6 0 0 € * 0 1  

1 . 3 3 2 E - 0 3  
9 . 579E-04 
6 , 9 2 2 E - 0 4  
5 .  036E-04 
3 , 6 7 9 E - 0 4  
3 . 2 2 6 6 2 0 4  
2 . 162E-04 
1 . 4 4 6 E - 0 4  
9 . 661E-05 
4 , 4 2 8 6 - 0 5  
4 .264E-05  
2 822E-05 
1 , W E - 0 5  
1 . 2 2 9 E - 0 5  
8 .082E-06  
8 ,  5 9 E - 0 6  
3 ,6866-06  
1. § 7 2 € - 0 6  

1 . 0 2 9  
0 . 9 9 8  

0 , 9 8 4  
0 . 9 9 0  
0 . 9 9 1  
0 . 9 9 3  
0 , 9 9 6  
0 .997  
0 . 9 9 8  
0 1 9 9 8  
0 , 9 9 9  
0 . 9 9 6  
0 . 9 9 9  
0 . 9 9 9  
0 , 9 9 9  
8 . 9 9 9  

2 1 . 9 5  2 4 . 1 9  0 . 9 0 8  
2 2 . 2 6  2 4 . 1 9  0.920 
2 2 - 1 8  2 4 . 1 8  0 . 9 1 7  
22,51 2 4 . 1 9  0.931 
23,07 2 4 . 1 9  11.954 
2 3 , 2 9  2 4 . 1 9  0 . 9 6 3  
2 3 . 5 9  2 4 . 1 9  0 . 9 7 5  
2 3 s 8 0  2 4 . 1 9  0 . 9 8 4  
2 3 . 9 6  2 9 - 1 9  0 . 9 9 8  
2 4 . 0 2  2 4 . 1 9  0 . 9 9 3  
2 4 . 0 6  2 4 . 1 9  0 , 9 9 5  
2 4 . 0 8  2 4 . 1 9  0 . 9 9 5  
2 4 . 0 9  2 4 . 1 9  0 . 9 9 6  
2 4 . 0 9  2 4 . 1 9  0 . 9 9 6  

2 4 . 1 0  2 4 . 1 9  0 . 9 9 6  
24 , I .O  2 4 . 1 9  0 . 8 9 6  
2 4 . 1 0  2 4 . 1 9  0 . 9 9 6  

2 4 . 1 0  2 4 . 1 9  0 . 9 9 6  



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

ATIPIN M A T R I X  ( R Y  

15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 1s 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 1s 15 15 15 15 15 15 
15 15 25 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 1 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 14 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 1 15 1s 15 15 
15 15 15 1 15 15 15 15 

15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 13 15 15 15 15 
15 15 15 if 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 14 15 
15 15 15 is 15 14 15 15 
15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 
15 15 15 1’5 15 15 15 15 
15 15 15 1s 
15 15 15 14 15 1’5 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 14 15 15 15 15 15 
15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 14 15 15 15 
15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 
15 15 15 15 
15 15 15 15 15 15 15 15 

14 15 15 i 15 15 15 15 

15 15 15 15 

1 5  
15 
15 

15 
17 

15 
15 

1 5  
15 

15 
1 4  

15 
15 

15 
1'5 

15 
15 

15 
1 5  

15 
45 

15 
.15 

1 5  
15 

15 
1 5  

1 5  
15 

15  
1 5  

1 5  
15  



15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 
15 15 15 15 15 15 

21 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 I5 
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 1 5  

2 2  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 16 15 15 15 
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 
15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 1 5  15 15 15 15 15 15 
15 15 15 

2 4  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 1 5  15 15 
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 
15 15 

25 1000 13 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 !5 15 15 
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

2 6  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 ¶ 5  15 15 15 15 
15 15 15 15 15 15 15 15 15 15 15 $5 15 15 15 15 15 15 15 15 15 15 15 15 15 

2 7  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

28 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 13 15 1'5 15 

29 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 1 5  1'5 15 15 15 

30 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

31 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

32 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 3 3  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

3 4  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

35 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

3 6  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 

2 3  1000 15 15 15 15 15 15 15 15 15 15 15 is 15 1 5  15 15 15 15 15 15 15 i 5  15 15 

15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 1 5  15 15 15 15 15 15 15 15 15 15 15  15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 ,15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

37 1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

3 8  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

3 9  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

4 0  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

41 1000 15 15 15 15 1 S  15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

4 2  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 
15 15 15 15 15 15 15 15 15 

4 3  1000 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 



13 
15 

15 

15 

15 

13 
15 
15 
15 

15 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
1s 
I 5  
15 
15 

15 

15 

15 

15 

15 

15 

15 
15 
15 
15 
1s 
15 
15 
is 
1% 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 

15 

15 

If 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 

15 

13 

15 

15 
15 
15 
15 
1% 
14 
15 
15 
15 
15 
15 

15 15 

15 15 

15 15 

15 15 

15 15 
15 15 
15 15 
15 15 
15 3.5 
15 15 
15 15 
15 15 
15 15 
15 

15 

15 

15 

15 

15 
15 
15 
15 
15 
15 
15 
15 

15 

15 

i s  

15 



BUTPUT FLUX C B R R E L A T I ~ N  M A T R I X  ( B Y  RdW FRBfl D I A G B N I L )  

i i o o o  7 7 6 6 6 6 6 6 6 5 4 3 0 - 1  0 4 - 2 - 1 - 1  o n o o n 
0 0 0 1 1  1 1  2 2 2 2 3 - 2 - 2 - 2 - 1 - 1  0 0 0 1 1  7 3 3 
3 4 0 1 - 1 - 2 - 1  0 - 1  o 1 2  3 4 5 6 7 7 8 A A R n n P 

2 1000 4 3 2 2 2 1 1 1 0 -2 -4 -12  -13 -12 -1 -13 -10 -8 -5 -3 -1 0 1 
2 2 2 2 2 2 2 2 2 2 2 - 2 - 2 - 1 - 1  0 0 0 0 1 1  2 7 7 3 
3 0 1 - 1 - 2 - 1  0 0 0 1 2  3 4 5 6 6 7 7 7 7 7 7 7 7 

3 1000 2 I 1 1 0 0 0 0 -4 -6  -15 -16 -19 -2 -16 -13 -10 -6 -3 -1 0 1 1 7  
2 2 2 2 2 2 2 2 2 2 - 2 - 2 - 1 - 1  0 0 0 0 1 1  1 7  7 7 3 

4 1000 0 0 0 -1 -1 -1 -2 -7 -9 r20 -22 -20 -4 -31 -16 -12 -9 -5 -7 n 1 7 7 3 
3 3 3 2 2 2 2 2 2 - 2 - 2 - 1  0 0 0 0 0 1 1  I 2  1 3  2 - 1  
1 - 1 - 1  0 0 0 0 1 2  2 4 4 5 6 6 6 6 7 7 7 7 7 

5 I 0 0 0  0 0 - 2  -2 -2 -3 -8  -11 -23 -25 -23 -6 -24 -19 -14 -10 -6 -2 n 1 2 3 3 3 
3 3 3 2 2 2 2 2 - 2 - 1 - 1  0 0 0 0 0 1 1  1 7  3 7 7 - 1  1 

6 1000 0 -2 -1 - 2  -3 -8 -11 -22 -24 -22 -6 -23 -19 -15 -10 -6 -2 0 i 2 3 S 3 S 
3 2 2 2 2 2 2 - 2 - 1 - 1  0 0 0 0 0 1 1  1 2  3 3 7 - 1  1 - 1  

2 2 2 2 2 2 - 2 - 1 4  0 0 0 0 0 1 1  1 2  1 7  7 - 1  1 - 1 - 1  
0 0 0 0 1 2 2 3 4 5 5 6 5 6 6 6 6 6 7  

8 ~ Q O O  4 -4 -5 -11 -14 -28 - 3 0  -28 -8 -30  - 2 5  -2n -14 ,8 -3 o 1 2 3 3 4 s 3 7 
2 2 1 1  1 - 2 - 1 - 1  0 0 0 0 0 1 1  1 1  2 2 9 - 1  1 - 1 - 1  n 

1 1  1 1 1 2 - 1 - 1  0 0 0 0 0 1 1  1 1  2 2 2 n 1 0 - 1  n P 

1 1  1 - 2 - 1 - 1  0 0 0 0 0 1 1  1 1  2 2 2 o I 0 - 1  n o n 

1 1 - 2 - 1 - 1  0 o o o 0 1 1  I 1 1  i 2 o I O - i  n n n n 
0 2 2 3 4 4 5 5 5 5 5 5 5 5 5  

12 1 0 0 0  -28 -18 a52 -49 -53 - 4 6  = Y Q  -29 117 -8 -2 0 2 4 5 5 4 3 2 1 1 o n  
0 - 1 - 1 - 1  0 0 1 1  0 1 0  0 o 0 1 1  0 1 o n o n n o n 
1 1 2 3 3 4 4 4 4 4 4 4 4 4  

13 1000 -58 -63 -59 -24 964 -56 - 4 9  -36 -21 -10 -3 0 3 5 6 6 5 4 2 1 0 0 0 n 
- i ~ o o i i i i o o o o o o n o o o n n n ~ n n i  
1 2 2 3 3 3 3 3 3 3 3 3 3  

14 1000-102 -97 -42-104 e91 -78  - 5 9  - 3 5  -17 -6 0 4 7 8 8 7 5 3 1 0 -1 -1 -1 n 
o o 1 2  2 1 i o o o 0 - 1 - 1 - 1 - 1  o i i n o o o n n n 
0 0 0 0 0 0 0 0 0 0 0 0  

0 1 3  3 2 1 o o 0 - 1 - 1 - 1 - 1  rl o i 1 o n o n o n o n 
0 0 0 0 0 0 0 0 0 0 0  

16 1000 -45-110 -98 -86  -67 * 4 2  -22 -11 -4 0 3 5 6 5 3 1 0 -1 -1 -1 n 1 1 n 
1 3  3 2 i 0 o 0 - 1 - 1 - 1 - 1  n n 1 1  o o o o o n 0 0 o 
0 0 0 0 0 0 0 0 0 0  

17 ~ O O O  -51 -46 -41 -32 -20 -11 -5 - 2  o i 2 2 2 i o o o o o i n n -1 o 
l l i o 1 0 l l l l t O l o 0 0 0 o 0 n i i 7 3 3  
4 4 4 4 4 4 4 4 4  

ig 1000-116-105 -89 -54 -31 -18 -11 a -1 i 2 1 o -1 -2 -3 -3 -2 -I 2 i n 2 4 
3 2 i o 0 - 1 - 1 - 2 - 2 - 1  i i 3 2 o o o o o n o n n - i - i  

19 1000-103 -84 -57 -35  -24 -17 -11 -7 -4 -1 -1 -1 -3 -3 -4 -3 -2 -1 o o n 3 3 3 
2 1 o o 0 - i - i - i - i  2 2 3 2 0 - 1  o o o o o o n n n o 

-1 1 - 1 - 1  0 0 0 0 1 2  3 4 5 5 6 6 7 7 7 7 7 7 7 

- 1 - 1  0 0 0 0 1 2  2 3 4 5 6 6 6 6 6 6 6 6 7 

- 1 9 0 0 0 1 2 2 3 4 5 6 6 6 6 6 6 6 7 9  
7 1000 1.2 -1 -2 -3 *8 -11 -22 -24 -22 -6 -24 m i 9  -15 -11 -6 -2 0 I ? 3 3 3 3 

0 0 0 1 2 2 3 4 5 5 5 6 6 6 6 6 6 6  
9 $000 -3 -5 - 1 0  -14 -27 -29 - 2 7  “8 -29 -25  - 2 0  -15  -8 -4 -1 0 2 3 3 3 3 3 2 7 

0 0 1 2 2 3 4 5 5 5 6 6 6 6 6 6 6  
10 1 0 0 0  05 “11 -15 - 2 8  - 3 0  - 2 9  -9 -31 -27 922 -16  -10 *4 -1 0 2 3 3 3 3 3 7 2 I 

0 1 2 2 3 4 5 5 5 6 6 6 1 5 6 6 6  
11 1000 -14 -18 -33 -36 -34 -11 -37 -32 -26 -20 -12 -5 -1 0 2 3 3 4 3 3 2 7 i 1 

15 1000-104 -47-113-100 e86 -66  - 4 0  020 - 8  -1 3 6 6 8 7 4 2 fl 0 -1 -1 - 1  0 

-1 -1 -1 -1 -1 -1 -1 -1 



2 6  81 
-2 

1 
67 

51 

0 0 0  

-1 0 1 
0 0 0  

4 6 17 
O Q O  

9 22 1 4  
0 0 0  

21 13 7 
1 0 0  

10 3 2 
0 0 0  

-1 0 2 
0 0 0  

-5 0 3 
n o 0  
0 3 6  
0 0 0  
3 7 10 

8 12 1 4  
0 0 1  

13 16 16 
9 1 1  
16 17 17 
1 1 1  

17 58 18 
i l l  

16 18 17 
3 2 2  

I V  17 16 
3 2  

16 15 19 
a 

13 13 21 

o o a  

13 30 20 

-7 -2  1 

-12 -5  0 

-9  -1 21 

-2  14 17 

I 6  19 1 2  

2 1  13 7 

1 4  7 3 

7 3 2  

3 2 4  



52 

2 

2 

2 

2 

2 
-2 
6 
-2 
-4 
-2 
0 

-1 

2 

3 

2 

2 

3 
-1 
4 
-2 
-4 
-1 
0 

7 

3 

3 

3 

3 
-1 
3 
-2 
-2 
-1 

7 2 7 3 7 9  

3 3 3 3 1 1  

3 3 3 3 3 3  

3 3 3 3 3 3  

3 3 3 3 4  

3 2 1  
n o n n  

-1 -1 
-7 



53 

c 



4 

31 

5 

6 

7 

32 

5 6  

? 



94  

T I T L E C A T  
AT ( '  X-S  ES ' , $ I  

6 I= 1 , K A  
6 J--IIKA 
I J > = 0 *  

( 1 )  FC 

7 Js1,KA 
> r A S M ( I , J > /  
I NIJ E 
9 I=I ,KA 
9 J=T,KA 
J >  = A0 M( I 

SCALE ( A  
9 I > = A N ( I ,  

0 I=l,KA 

19 

li; J=I,KA 
412i , J > = A N ( I , J >  

A 

T R I X ' )  

A T  C l P 2 0 E l  



56 

3 4  

21 

22 

2 3 

2 4  

25 

2 6  

2 7  

3c7 

5 "7 
5 8  

2 8  



57 



58 

2 9  
315 

3 1 6  
5 9  
61 

3 1 7  

62 
GQ 
3 1 8  

3 c5 

DO 29 I - 1 , K G  
WRITE ( 1 , 3  1 5 1  I t  E L ( I > ,  ( C ( K ,  I )  ,K= 1 , K N  
FORMAT ( l Y , 1 3 9 1 P l  1 E l 0 , 3 >  
G O  T O  60 

DO 6 1  I = l , K G  
' JF i ITE ( 1 , 3  1 5 )  I b  E L ( P >  ( C C K ,  
WRITE ( 1 , 3 1 4 )  
WRITE ( 1 , 3 1 7 )  KA 
FORMAT ( 1 H 0 , 5 0 X ,  ' 1  1 T H H O U G )  

I )  , K =  1 , l e >  

' , 13) 

WRITE ( 2 Q )  KG 



59 

IJ TI NE TI T 
E PRECIS1 
T l , A  



60 

1 

45 7 

47B 
4 75 

50E 

510 
515 

520 
53 E 

54c 

5 7% 
5 75 










