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ABSTRACT 

A PDP-10 FORTRAN I V  computer program STAY'SL, which solves the 

dosimetry unfolding problem by the method o f  l e a s t  squares, i s  described. 

The so lu t ion  ( the output spectrum and i t s  covariance mat r i x )  i s  ca lcu la ted 

by minimizing chi-square based on the input  data ( the  ac t i va t i on  data, 

the inpu t  spectrum, the dosimetry cross sections and t h e i r  uncer ta in t ies  

given by covariance matr ices). The so lu t ion  r e f  1 ects therefore  the 

uncer ta in t ies  i n  a l l  o f  the inpu t  data and t h e i r  cor re la t ions.  The 

cor re la t ions  among the various dosimetry cross sections are taken i n t o  

account; however, the ac t i va t i on  data, input  spectrum and cross sections 

' a s  classes are assumed t o  be uncorrelated w i t h  each other.  

The code and sample problem are ava i lab le  from the Radiat ion Shield- 

ing  Information Center (RSIC) a t  Oak Ridge National Laboratory. 



I. Introduction 

The computer program STAY'SL provides a solution to the dosimetry 

problem by the method of least squares. The output spectrum and its 

covariance matrix are obtained by minimizing chi-square based upon the 

activation data, the dosimetry cross sections, the input spectrum and 

their uncertainties characterized by non-diagonal covariance matrices. 

Therefore, the solution is the most likely value given the uncertainties 

in the input data and the important correlations in those uncertainties. 

We make the important simplification that the three different classes of 

input quantities (the activation data, the dosimetry cross sections, and 

input flux) have uncorrel ated uncertainties. However, arbitrary corre- 

lations may exist among all of the activation cross sections. 

Details of the formalism and the relationship of STAY'SL to other 

unfolding codes are given elsewhere. 1 9 2  In Section I1 we provide an 

outline of the formalism and notation to assist in the understanding of 

the program solution. In Section I11 the method of computation is 

outlined to facilitate conversion of STAY'SL to other computers. 

Section IV describes the input to the code. Section V provides some 

comments on the output of the code. Section VI describes three utility 

programs which were developed in conjunction with the code and may prove 

useful to others, at least in the.early stages of applications of STAY'SL. 

Finally, in Section VII we give a sample problem. 



11. The Mathematical Formalism 

A. Notat ion 

We use cap i t a l  l e t t e r s  t o  denote vectors and matrices w i t h  lower case 

1  e t t e r s  bearing ind ices t o  denote the elements. o f  these vectors and matr ices. 

Le t  V be a  vector, we have: 

o r  we may w r i t e  V v .  S im i l a r l y  f o r  a  matr ix  H we have: 

o r  M - {m. . I w  
1 J 

The transpose o f  a  vector V o r  a  matr ix  M i s  denoted by vt and M+. 
'L 

We denote by V the diagonal matr ix  b u i l t  from the vector V where: 

and 
. '-b 

'i j = 0 for i f j .  

Mat r i x  mu l t i p l i ca t i ons  are denoted as fo l lows: 

A = B W C  

where 



We i n d i c a t e  the  p a r t i t i o n  o f  a vec tor  A i n t o  say the  vectors B 

and ,C by: 

where, i f  B. has the  dimension k, 

ai = bi f o r  i < k  , - 
and 

- 
ak+i - Ci . 

. . 

S i m i l a r l y ,  we i n d i c a t e  the  p a r t i t i o n  o f  m a t r i x  M i n t o  submatrices by: 

where MI, M2, M3 and Mq a re  matr ices o f  appropr ia te  dimensions. When 

p a r t i t i o n i n g  vectors 'and matr ices o f t e n  some subvectors o r  submatrices a r e  

n u l l ,  i .e .  a l l  elements a re  zero, and we i n d i c a t e  t h i s  by t h e  symbol 0. 

B. D e f i n i t i o n s  

Let  A0 represent  the  measured sa tura ted a c t i v i t i e s  a:, A0 {a:}. 

L e t  MA. represent  the  r e l a t i v e  covariance m a t r i x  o f  AO. Therefore, 

the  covariance m a t r i x  o f  A', NAo3 i s  g iven by: 

L e t  6 represent  the  "group f lux , "  i .e. @ = (4.  1 ,  where the  +.Is are  
J ., J 

the  group f l u x e s  over an appropr ia te  neutron energy group s t r u c t u r e  fo r  

the  problem. We o f t e n , l o o s e l y  r e f e r  t o . @  as the  sp,ectrum. 



Let  M, be the  r e l a t i v e  covariance matr ix  o f  @ and i t s  covariance 

matr ix ,  NQ, i s  g iven by: 

i Let  zi represent the cross sections o fo r  the ac t i va t i on  ai, 
j 

Zi u ! ,  where we have: 
J 

The o! I s  are  therefore  the average cross sect ion fo r  ac t i va t i on  i over 
,I 

the energy group j. 

We def ine the  cross sect ion vector  C as: 

Note t h a t  we use a superscr ip t  t o  i d e n t i f y  the various react ions and 

t h a t  Z i s  a vector  and no t  a matr ix, i .e. Z I {oil. I f  we have k energy 

groups, then: 

'2 k+i = 0; , '  e t c . . . ,  where i 5 k. 

Let  M, be the r e l a t i v e  covariance mat r i x  o f  Z which we may consider 

as p a r t i t i o n e d  i n t o  the submatrices M as fo l lows: 
,ij 



where M i s  the  r e l a t i v e  covariance m a t r i x  o f  Ci and o f  C j .  The 
cij 

covariance .matr ix  of !  C, NC, i s  g iven by: 

We d e f i n e  t h e  parameter vec tor  P  as: 

and i t s  covariance mat r i x  Np i s  the re fo re  g iven by: 

Note t h a t  we assume there  a re  no c o r r e l a t i o n s  o f  @ and C s ince we have 

the  " o f f  diagonal" submatrices o f  Np equal t o  zero. 

We de f ine  t h e  s e n s i t i v i . t y  m a t r i x  G as the  m a t r i x  which transforms 

the  changes i n  the  parameters pi, i . e .  t he  vec tor  AP, i n t o  the  changes 

i n  the  ca l cu la ted  a c t i v i t i e s  ai, i .e.  t he  vec tor  M, we have: 

More s p e c i f i c a l l y  t he  s e n s i t i v i t y  m a t r i x  G i s  g iven by: 

The covariance m a t r i x  o f  the  ca l cu la ted  a c t i v i t i e s  A, NA, i s  

t he re fo re  g iven by: 



Since the covariance matr ix  Np i s  diagonal i n  the space o f  @ and a, 

the covariance ma t r i x  NA i s  made up of two contr ibut ions,  one from N, and 

@ C one from Nz. We w r i t e  than as NA and NA and: 

where 

and 

C. The Least-Squares Solu t ion 

With the above de f i n i t i ons  the x2-function. appl icable t o  the dosimetry 

problem i s :  ' 

where P and Np a re  ca lcu la ted from the inpu t  values o f  @,x and M,,M, 

respec t i ve ly  and A i s  ca lcu la ted from 'V. Note t h a t  i n  our expression f o r  

the X2-funct ion we have assumed t h a t  P and A" were not  correlated, 

The value o f  7 which minimizes the. x2-funct ion i s  P '  and i s  given 

(see, f o r  instance, reference 3) by: 

The covariance mat r i x  o f  P '  i s  a lso given by: 



The minimum value o f  x2 i s  given by: . . 

' . I  

and has nA degrees o f  freedom where nA i s  the number o f  a c t i v a t i o n  

measurements. 
I ' 

The mat r i x  (NA + N~,)" i s  o f t en  ca l l ed  W the weight mat r i x  and a  

so l u t i on  can on ly  be found i f  NA + NAo i s  nonsingular. 

Through the use o f  AA E G AP we essen t i a l l y  have the c a p a b i l i t i e s  

o f  doing a  nonl inear l e a s t  squares. However, the code STAY 'SL was w r i t t e n  

i n  such a  way t h a t  i t e r a t i o n s  should no t  be done w i t h  the so1ut ion. l  



111. Method o f  Computation 

The program STAY'SL solves only f o r  the 0' and N,, components o f  

P '  and Npl t o  solve the "dosimetry unfo ld ing problem." The program 

TRYISL, soon t o  be released, solves a lso f o r  the 2 '  and Nzl components 

o f  P '  and Npl. 

Although the  mathematical formalism ou t l i ned  above i s  w r i t t e n  i n  

terms o f  matr ices whose dimensions may be very large,  i .e. Np, an analysis 

o f  the computational steps involved ind icates t ha t  they may be handled 

one row a t  a time. Furthermore, as we have indicated,  through proper 

p a r t i t i o n i n g  o f  the la rge  matrices, one need never handle more than one 

row a t . a  t ime o f  the submatrices which have the dimensions o f  the number 

o f  groups i n  the f l u x  @. 
We s h a l l  now ind ica te  .the f low o f  computation i n  STAY'SL: 

1. The vector  A0 and i t s  r e l a t i v e  covariance mat r i x  MA. are read 

i n .  The covariance mat r i x  NAo i s  computed from: 

2.. The inpu t  assumed spectrum, i n  "group form," i s  read i n .  

3 .  The dos imetrycross sections zi are read i n  one a t  a time and the 

"C-matrix" i s  computed where: 

4. The r e l a t i v e  covariance matr ix  M, i s  read i n  one row a t  a t ime 

and the "U-matrix" i s  computed where: 

and 1 means summation over R. 
R 



5. The vector  A i s  computed where: 

0 6 .  The covariance mat r i x  NA i s  computed where: 

7. The r e l a t i v e  covariance matr ices M . .  are  r e a d . i n  one row a t  
-1.3 
A -. 

a time. It i s  conveni.ent t o  labe l  the element o f  the kth .row and II t h  

column o f  the mat r i x  M ij by MCij,kII. The covariance mat r i x  N: i s  
C 

computed where: 

@ 8. The.W mat r i x  i s  computed by i n v e r t i n g  the mat r i x  N: + NA + N A m  

9 .  . The minimum value, o f  x2 ,  xi i s  computed from: 

10. The output  group f l uxes  9 '  are computed from: 
j 

11. The output  r e l a t i v e  covariance mat r i x  Ma, i s  computed where: 

Coding: The code 1 i s t e d  i n  Appendix C consi.sts o f :  

1. A main program. 

2. A subroutine TITLE t o  read i n  the names o f  the inpu t  f i l e s .  

It i s  through TITLE t h a t  the PDP-10 program i s  i n t e rac t i ve .  



@ C 
3. A subroutine SCALE t o  scale each row o f  the matr ix  NA + NA + NAo 

p r i o r  t o  inversion.  

4. A subroutine PIVOT t o  i n v e r t  the scaled matr ix .  

5. A subroutine, RESCAL t o  scale the inver ted mat r i x  and obtain W. 

L im i ta t ions :  STAY'SL i s  cu r ren t l y  dimensioned t o  accommodate 20 

a c t i v a t i o n  measurements and 200 group fluxes $j. 

a' C Computation i n  PIVOT w i l l  s t o p  i f  the mat r i x  NA + NA + NA. 
. . 

approaches s i ngu la r i t y .  The program types out  the matr ix  before 

terminat ing prematurely the computation. 

As i n  a1 1 l e a s t  squares procedures, STAY 'SL i s  capable o f  producing 

a so lu t i on  even when the i npu t  data are h igh ly  un l i ke ly .  However, as i n  

a l l  l e a s t  squares procedures, there i s  a way t o  t e s t  the s t a t i s t i c a l  

consistency o f  the  i npu t  data through the minimum value o f  x2. Although 

the ca l cu la t i on  w i l l  proceed regardless o f  how u n l i k e l y  are  the. input  data, 

a warning w i l l  be given on the output when x2 per degrees of freedom i s  

less  than 0.3 o r  greater  than 2 where the output  should be vfewed w i t h  

great  caution. 



I V .  I n p u t  Desc r ip t i on  

The i n p u t  t o  STAY'SL i s  i n  s i x  f i l e s  which are  read sequen t ia l l y .  

The subrout ine TITLE i s  used t o  prov ide  a t  execut ion t ime t h e  names o f  

these f i l e s .  The names o f  t he  f i l e s  w i t h  t h e i r  extension a re  read i n  

an A1 0.-format. 

A: A c t i v a t i o n  Data F i l e  

The d e s c r i p t i o n  o f  t he  i n p u t  f i l e s  w i l l  be g iven by s t a t i n g  the  

FORTRAN l i s t  o f  t h e  read statement and the  format f o r  ASCII f i l e s .  

The a c t i v a t i o n  data f i l e  i s  an ASCII f i l e .  

a. l i s t :  KA 

format: I 

KA i s  t h e  number o f  a c t i v a t i o n  measurements. 

b. l i s t :  (AO(I),I=l;KA) 

format: 10F 

AO(1) i s  the  s a t u r a t i o n  a c t i v i t y  f o r  t he  r e a c t i o n  i n  u n i t s  o f  

DPSItarget atom x lo2'+. 

Note: No p r o v i s i o n  i s  made i n  STAY'SL f o r  cover f o i l s .  

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

The a c t i v a t i o n  covariance f i l e  i s  an ASCII f i l e .  

1 L i s t :  (AOM(I,J),J=I,KA) 

. fo rmat :  10F 

AOM(1,J) i s  t h e  r e l a t i v e  covariance o f  t he  ith and b f  the  J~~ a c t i v i t y .  

Note:. A standard dev ia t i on  o f  1% corresponds' to a r e l a t i v e  variance of: 

0.0001. 



C. ' F lux Data F i l e  

The f l u x  .data f i l e  i s  an A S C I I  f i l e .  

a. l i s t :  KG, AK, VAK, NOR 

format: 1,'.2F, I 

KG i s  the number o f  group f luxes.  

AK ' i s  an opt iona l  normal izat ion constant. 

When the group f luxes  i n  the f i l e  are t o  be considered as 

proper ly  normalized, AK = 1. 

AK i s  a convenience f a c i l i t y  i n  case t h e  group f l u x e s  i n  t h i s  

f i l e  need t o  be renormalized p r i o r  t o  execution i n  STAY'SL. 

STAY'SL considers the inpu t  f l u x  t o  the l e a s t  squares t o  be 

the renormal ized f 1 ux. 

VAK i s  an.optiona1 r e l a t i v e  variance constant. 

When the . r e l a t i ve  covariance matr ix  o f  the f luxes i s  t o  be 

considered as " incorporating the component descr ib ing the 

r e l a t i v e  uncer ta in ty  i n  the absolute normal izat ion o f ,  the 

group f luxes,  VAK = 0. 

VAK i s  a convenience f a c i l i t y  i n  case the r e l a t i v e  covariance 

I I I ~  t r l x  u f  the f l u x e s  In the f l u x  covariance f l  l e  d l d  not Inc lude 

the cbmponent due t o  the r e l a t i v e  uncer ta in ty  i n  the absolute 

, normalizat ion. VAK i s  added t o  every element o f  the f l u x  

covariance mat r i x  read from the f i l e  p r i o r  t o  inpu t  t o  the 

1 east squares. 

NOR i s  an op t ion  on normal izat ion o f  the inpu t  group f luxes when 

AK = 0. I f  AK # 0, NOR i s  ignored. When AK = 0, the group 

f luxes w i l l  be renormalized p r i o r  t o  the l e a s t  squares; The 

method o f  normal izat ion depends upon the value o f  NOR. 



NOR = 0 the inpu t  f l u x  i s  normalized t o  minimize the 

sum o f  the square o f  the r e l a t i v e  d i f fe rence  

i n  the measured and computed a c t i v i t i e s  calcu- 

l a t e d  w i t h  the group f luxes read i n .  ' 

NOR # 0 the inpu t  f l u x  i s  normalized t o  minimize the 

. sum of the square o f  the d i f fe rence  between 

the measured and computed a c t i v i t i e s  ca lcu la ted 

w i t h  the group f l uxes  read in .  

Note: W' emphasize t h a t  STAY 'SL works k i t h  absolute group f l uxes  and ' 

w i l l  produce a normalized output  f l u x  consistent  w i t h  a1 1 of the inpu t  

data. AK, VAK and NOR are merely convenience features which were incor -  

porated i n  the code t o  avoid regenerat ing the i npu t  group f l u x  f i l e  and 

covariance mat r i x  f i l e  i f  these had been generated on the basis o f  some 

a r b i t r a r y  normalizat ion. 

b. l i s t :  (F( I ) , I=1 ,KG) 

format: 10F 

F(1) i s  the group f l u x  i n  group I. F(1) i s  i n  neutrons se~- 'cm'~.  

c. l i s t :  (EL( I ) , I= l  ,KG) 

format: 1OF' 

EL(1) i s  the lower energy o f  the boundary o f .  group I. 

Note: EL(1) i s  no t  used by the code i n  any ca lcu la t ion,  bu t  merely used 

t o  make the output  l i s t i n g  more readable. 



D. Dosimetry Cross Section F i l e  

The dosimetry cross sect ion f i l e  i s  an ASCII f i l e .  

D@ 1 I=l,KA 

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

format: 10F ' 

S(I,,J) i s  the  dosimetry cross sect ion f o r  react ion I i n  group J. 

The S(1,J)'s are  i n  un i t s  o f  barns. 

Note:: The cross sect ions are  average cross sections. The con t r i bu t i on  - .  

t o  the a c t i v i t y  A(1) o f  neutrons i n  group J i s  given by F(J)*S(I ,J) .  

E . F l  ux Covariance .Fi 1 e 

The f l u x  covariance f i l e  i s  a b inary  f i l e .  

DO I ' I=I,KG. 

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

FM(1 ,J) i s  the r e l a t i v e  covariance. o f  group f l u x  I and group f l u x  J. 

F. Cross Section Covariance F i l e  

The cross sect ion covariance f i l e  i s  a binary  f i l e .  

The r e l a t i v e  covariance matr ix  o f  the cross sections Mx i s  pa r t i t i oned  

i n  the  f i l e  i n t o  the matr ices Mzij. Each element o f  the mat r i x  ME i n  the 

f i l e  has associated w i t h  i t  fou r  ind ices - I and J t o  denote the react ions 

and K and L t o  denote the groups. 

The r e l a t i v e  covariance matr ix  i s  read 35: 

Dp, 2 I=l,KA 

Dp, 2 , J=I,KA 

l i s t :  FC 

IF(FC.NE.I.) GO TO 2 

DO 1 K=l,KG ' . 

1 1 i s t :  (SM(1 ,J,K,L) ,L=1 ,KG) 

2 CONTINUE. 



FC i s  a  f l ag .  

FC=1 when i t  precedes a  f u l l  covariance matr ix  i n  the f i l e .  

FC#1 ind icates a  " f l a t ' :  covariance .matr ix, i .e. one where a1 1  

the elements are equal t o  FC, i n  which case the matr ix  i s  

not  e x p l i c i t l y  w r i t t e n  i n  the f i l e .  

SM(I,J,K,L) i s  the r e l a t i v e  covariance o f  the cross sect ion f o r  

the react ion I i n  group K and of the cross sect ion fo r  the 

react ion J i n  group L. 



V. Code Output 

During execution o f  the cohe two scratch f i l e s ,  u n i t s  3 and 4 are 

used as storage f o r  intermediate quan t i t i e s  (matr ix  elements o f  a KG by KG 

mat r i x ) .  

STAY' SL generates two .output f i l e s ;  

A.  STAYSL.CAL i s  a b inary  f i l e  which may be used by the FORTRAN 

coding: 

READ KG 

READ (F(T), I= l  ,KG) 

Ma 1 1=1 ,KG 
1 READ (FM(I,J),J=I,KG) 

READ (FP(I) , I= l  ,KG) 

Do  2 I=1 ,KG 

2 READ (FMP(I,J),J=I,KG) 

KG i s  the number o f  groups. 

F(1) i s  the normalized inpu t  group f l u x  i n  group I. 

FM(1,J) i s  the r e l a t i v e  covariance mat r i x  o f  the inpu t  group 

f l u x  I and i npu t  group f l u x  J. 

FP(1) i s  the output  group f lux  i n  group. I .  

FMP(1,J) i s  the r e l a t i v e  covariance matr ix  o f  the output  group 

f l u x  I and output group f l ux  J. 

B. STAYSL.OUT i s  an A S C I I  f i l e  which i s  the anotated l i s t a b l e  

output8 o f  the code STAY 'SL. We sha l l  111dke a few comments an 

the output o f  the code. The contents o f  f i v e  inpu t  f i l e s  

are  given i n  STAYSL.OUT, although o f t en  not  i n  t he . i npu t  format. 



The covariance matr ices o f  t he  a c t i v a t i o n  data and the  i n p u t  

group f l u x e s  a re  g iven i n  terms of t h e  standard dev ia t ions  and 

c o r r e l a t i o n  matr ices. The content  o f  t he  cross sec t i on  covariance 

f i l e  i s  n o t  reproduced. 

i s  given. As an a s s i s t  i n  understanding t h e  var ious Page 1. xm 

con t r i bu t i ons  t o  i t  a q u a n t i t y  CHI, associated w i t h  each a c t i v a t i o n ,  i s  

p r i n ted .  The computation o f  xi involves  a double summation (see Sect ion 

111.9. ) ,  The values o f  CHI a r e  the  terms c o n t r i b u t i n g  t o  the  second 

summation. Since t h e  W m a t r i x  i s  nondiagonal,  xi cannot be broken down 

i n t o  components which are  un ique ly  associated w i t h  each dosimetry data. 

A l a rge  value o f  CHI f o r  a g iven a c t i v a t i o n  i nd i ca tes  some l e v e l  o f  

i m p r o b a b i l i t y  associated w i t h  t h e  a c t i v a t i o n  i n  quest ion. 

When xi per degree o f  freedom i s  l e s s  than 0.3 o r  more than 2, a 

message i s  p r i n t e d  ou t  as a word o f  caut ion  s ince t h i s  should be on 

u n l i k e l y  s t a t i s t i c a l  occurrence. 

Under the  heading o f  Dosimetry A c t i v i t i e s  i s  presented the  measured 

i n p u t  values and t h e i r  standard deviat ions.  The next  column gives the  

ca l cu la ted  a c t i v i t i e s  from the  i n p u t  group f l u x e s  and dosimetry cross 

sect ions.  The "d i f f e rence"  column ind i ca tes  the  percentage dev ia t ions  

o f  these ca lcu la ted  numbers w i t h  the  measured a c t i v i t i e s .  

The " a f t e r "  column i s  a very p e c u l i a r  q u a n t i t y  s ince i t  represents 

the  ca l cu la ted  a c t i v i t i e s  on the  basis o f  t h e  output  group f luxes, bu t  

t he  i n p u t  dosimetry cross sect ions! !  Th is  q u a n t i t y  has no r e a l  meaning 

i n  t h e  contex t  of t h e  l e a s t  squares procedure unless the .c ross  sect ions 

were so w e l l  known t h a t  t h e i r  ou tput  values a re  e s s e n t i a l l y  the  same as 

the  i n p u t  values. This occurs when a l l  o f  t he  covariance m a t r i x  elements 



C @ o f  NA are  small compared t o  those of N A B  I n  suchcircumstances then 

most ly the  group f luxes  have been adjusted and very l i t t l e  change was 

made i n  the  parameters C. The "di f ference" column ind icates the 

percentage dev ia t ion .of these values from the measured ones. The 

meaning o f  the CHI  column has been explained above. 
C a Page 2. The covariance matr ix  NA + NA i s  f i r s t  given i n  the form 

o f  standard deviat ions and co r re l a t i on  matr ix .  The ind iv idua l  covariance 

(r C matr ices NA and NA are a lso  given. It i s  always i n s t r u c t i v e  t o  compare 

the three covariance matr ices NA,, given i n  the f i r s t  page, and the two 

a C covariance matr ices NA and NA since these provide i n  a nu tshe l l  the c lue  

t o  the who1.e "dosimetry unfolding problem" and what has been, learned from 

the dosimetry measurement. l" . 

Page 3. The i npu t  dosimetry cross sections are l i s t e d .  

Page 4. The i npu t  and output group f luxes are p r i n ted  as wel l .  as 

t h e i r  standard deviat ions,  fo l lowed by the i n teg ra l s  of the spectra w i t h  

t h e i r  standard deviat ions.  

Paye 5. The correlation matr ix  o f  the inpu t  group fluxes i s  l i s t e d .  

Page 6. The co r re l a t i on  matr ix  o f  the output group f luxes i s  l i s t e d .  

Note: A l l  co r re l a t i on  matr ices on the output have t h e i r  elements 

m u l t i p l i e d  by 1000. 



V I .  U t i l i t y  Programs 

Three u t i l i t y  programs are  released w i t h  the  code STAY'SL -'one t o  

prepare average cross sect ions and two t o  prepare covariance f i l e s .  

Preparat ion o f  t h e - i n p u t  f i l e s  f o r  t he  a c t i v a t i o n  data, group f l uxes  

and dosimetry cross sect ions should present no p a r t i c u l a r  problems t o  users 

of STAY'SL f a m i l i a r  w i t h  o the r  dosimetry un fo ld ing  codes s ince the  same 

in format ion  i s  requ i red  i n  very s i m i l a r  format. It i s  the re fo re  assumed 

t h a t  t h e i r  c u r r e n t  u t i l i t y  programs. t o  prepare such i n p u t  may be e a s i l y  

adapted t o  c reate  t h e  i n p u t  t o  STAY'SL. The u t i l i t y  program GROUP i s  

nevertheless provided t o  a s s i s t  i n  running the  sample problem, though i t  

may n o t  be too  genera l ly  usefu l .  

Preparat ion o f  t he  i n p u t  covariance f i l e s  f o r  STAY'SL may be more 

d i f f i c u l t  s ince o the r  un fo ld ing  codes do n o t  r e q u i r e  such s p e c i f i c  input .  

The two u t i l  i'ty programs FCOV and XCOV, which generate group f l u x e s  and 

dosimetry cross sec t i on  covariance f i l e s ,  a re  ihtended t o  f i l l  a gap i n  

the  e a r l y  stages o f  use o f  STAY'SL s ince such in fo rmat ion  i s  o f t e n  n o t  

r e a d i l y  avai l ab le .  These progra'ms create  r e l a t i v e l y  crude covariance 

ma,trices which nevertheless should be usefu l  t o  communicate t o  STAY'SL t h e  

major fea tures  o f  t he  covariance matr ices i n  the  absence o f  a d e t a i l e d  

analys is .  U l t i m a t e l y  dosimetry cross sec t i on  evaluators should provide 

the  covariance in format ion  as an i n t e g r a l  p a r t  o f . t h e  evaluat ions as i s  

now poss ib le  i n  ENDF/B. This in format ion  should then be processed t o  

ob ta in  t h e  covariance f i l e s  needed by STAY'SL. The c rea t ion  o f  group 

f l u x  covariance matr ices should be s p e c i f i c  t o  the  problems being solved 

and in fo rmat ion  based on s e n s i t i v i t y  ana lys i s  and/or o ther  i n f o r m a t i  on 

... ... about the  f l u x  analyzed t o  ob ta in  a c r e d i b l e  covariance mat r i x .  



A. The Program GROUP 

1.. General Descr ip t ion 

The i n t e r a c t i v e  PDP-10 FORTRAN I V  program GROUP was pr imar i  l y  w r i t t e n  

t o  average cross sect ions which were tabulated over a ce r t a i n  energy mesh 

and var ied  1 i nea r l y  as a func t ion  o f  energy between tabulated values. The 

output  energy mesh was a subset o f  the i npu t  tabulated mesh. A group f l u x  

f i l e  op t ion  was added t o  generate group f luxes based upon a f i s s i o n  spectrum 

o r  a 1/E p lus  f i s s i o n  spectrum above an inpu t  energy. 

The inpu t  t o  the program i s  mostly i n  an energy g r i d  f i l e  which 

spec i f i es  the i npu t  and output  energy mesh s t ruc tu re  and i n  f i l e s  which 

conta in  the  tabulated i nd i v i dua l  dosimetry cross sections. The output i s  

i n  two f i l e s  - the' group f l u x  f i l e ,  i f  the f l u x  opt ion i s  used, and a cross 

sect ion f i l e .  Both o f  t h e s e ' f i l e s  may be read d i r e c t l y  by STAY'SL. 

.The i n t e r a c t i v e  p a r t  o f  the program consists mostly o f  prov id ing t o  

the code, a t  execution time, names of i npu t  and output f i l e s  as wel l  as 

whether t o  generate the group f l u x  f i l e  and when i t  does the "normalizat ion 

data option." 

2. Input  . 

a. The E-GRID F i l e  

The E-GRID f i l e  provides the descr ip t ion  o f  the i npu t  and output  energy 

mesh Structure.  It i s  read as fo l lows: 

i )  l i s t :  NGS,NGU 

format: 21 

NGS i s  the number o f  energies where the inpu t  cross secti'ons are 

tabulated. 

NGS - < 611 



NGU i s  the  number o f  energy i n t e r v a l s  f o r  t he  .output averaged cross 

sect ions. 

NGU - < 200 

i i )  l i s t :  (E(I),I=l,NGS) 

format: 10F 
. , 

E(1) i s  the  energy i n  MeV a t  which, the cross sec t i on  i s  g iven i n  

t h e  i n p u t .  f i l e s .  

The l a s t  po in t ,  i.e.. E(NGS), must be 18 MeV. 

i i i )  l i s t :  ( I D ( I ) , I = l  ,NGU) 

format: 101 

ID(1)  i s  t he  number o f  energy i n t e r v a l s ,  de f ined by the  i n p u t  energy 
. I 

mesh, which are used t o  prov ide  the  averaged output  cross 

sect ion.  The sum o f  the  ID (1 ) ' s  must equal NGS. 

b, The Flux Option 

A f t e r  t h e  E-GRID , f i l e  i s  read, the  code t r i e s  t o  exerc ise  the  f l u x  

op t ion  before  processing. t h e  dosimetry cross sect ions.  * The code types: 

FLUX OPTION: NF,EvE ' 

I t  then wa i t s  f o r  NF and. EgE t o  be g iven ( format:  1 , )  . I f :  

NF = 0, the  . f l u x  op t ion  i s  n o t  exercised. 

# 0, a group f l u x  f i l e ,  t o  be used as i n p u t  t o  STAY'SL, w i l l  .be 

based upon a normal i zed FRY E spectrum c a l  c i l  a ted 

a t  t h e  n i idpoint  o f  t he  ou'tput energy g r i d  t imes t h e  w id th  

o f  t h e  group i n '  MeV. . . 

EgE, a matching energy i n  MeV belowwhich the  FRYE spectrum i s  

replaced by a 1/E spectrum. The ' l /~ component i s  normalized 

t o  t h e  FRYE spectrum a t  t h e  energy EgE,. 



I f  the  group f l u x  f i l e  opt ion i s  exercised, a f i l e  name must be 

provided a t  the query, GROUP FLUX FILE?, i n  A10 format. The normalizat ion 

data requ i red by STAY'SL are  typed i n  a t  the query, ANORM, REL.VAR, IflP?, 

i n  2F,I format. 

c. The -Cross Section Processing 

The code requests a f i l e  name f o r  the output cross sect ion f i l e  t o  

be used as inpu t  t o  STAY'SL. It i s  provided a f t e r  the query, AVERAGED 

X-SECTION flUTPUT FILE?, i n  A10 format. Then the code requests the names 

o f  the  i nd i v i dua l  i npu t  cross sect ion f i l e s  which must be provided i n  

A10 format. The i npu t  cross sect ion f i l e s  are read i n  the format 10F. 

Inpu t  t o  the  code i s  terminated by a blank f i l e  name. 

B. The Program FCOV . 

1. General ~ e s c r i p t i o n  

The i n t e r a c t i v e  PDP-10 FORTRAN I V  program FCOV may be used t o  provide 

a group f l u x  covariance mat r i x  f i l e  as inpu t  t o  STAY'SL. FCOV was w r i t t e n  

as a convenience t o  users o f  STAY'SL i n  the absence o f  a de ta i led  analysis 

based on s e n s i t i v i t y  studies and/or other informat ion concerning the 

spectrum being analyzed which would provide a more c red ib le  and rea l  i s t i c  

r e l a t i v e  covariance matr ix .  

FCOV may generate covariance matr ices having three features: 

1. A diagonal component, wi-~iclr therefore al lows a statement €6 be 

made o f  how wel l  the i nd i v i dua l  i npu t  group f luxes are known. 

2. Ful l y  co r re la ted  components which span severa.1 groups. A s ta te-  

ment can therefore  be made about co r re l a t i ons  of g,roup f luxes 'over a 

va r iab le  energy range. A serious l i m i t a t i o n  o f  FCOV as released i s  t ha t  



. 2 3  

a p a r t i c u l a r  group may o n l y  l i e  w i t h i n  one o f  these energy ranges and the  

var ious groups i n  t h e  d d f f e r e n t  energy ranges a're uncorre l  ated. 

3. A long-range component which spans t h e  f u l l  energy range a l l ow ing  

a statement t o  be 'made about how we1 1 t h e  ov6fa ' l l  normal i z a t i o n  ' i s  known. 

I n  ENDF/B-V language FCOV can p resen t l y  process o n l y  3 , ~ ~ = 1  type 

sub-subsections o f  f i l e  MF=33. 

B. Inpu t  . . 

The program FCOV i s  i n t e r a c t i v e  on ly  i n  the  sense t h a t  t he  subrout ine 

I 0  i s  used t o  o b t a i n  the  names o f  . t h e  i n p u t  and output  f i l e s  which are 

read i n  A10 format. 
. . 

The i n p u t  f i l e  i s  read as fo l lows:  

a. The Contro l  Record 

l i s t :  KG,KD,KB,F "' 

format: 31,F 

KG i s  the  number o f  groups (KG - < 200) 

KD i s  a f l a g  which c o n t r o l s  t h e  i n p u t  f o r  t he  diagonal components. 

(KD < 100) 

KD < 0: there. i s  no diagonal component t o  the  r e l a t i v e  covariance 

mat r ix .  

KD=O. The diagonal components are  s p e c i f i e d  f o r  every group and 

w i l l  be read i n .  

KD > 0. A " sho r t  formii w i l l  be used t o  spec i f y  the  diagonal 

component t o  be read. 

KB i s  a f l a g  which c o n t r o l s  t h e  i n p u t  f o r  t h e  broad,range component. 

(KB < 100) 



KB - < 0 there are  no broad range components t o  the r e l a t i v e  

covariance matr ix .  

KB > 0  spec i f i es  the number o f  broad range components which span 

the f u l l  energy range. 

. F  i s  the f l a t  covariance matr ix  component o f  the r e l a t i v e  covariance 

matr ix .  

Note: i ) Each component g iven by KD, KB and F i s  added t o  obtaip the - 
r e l a t i v e  covariance matr ix. 

i i )  A value of F=0.01 means a standard dev ia t ion f o r  the ove ra l l  

normal izat ion o f  10% since 0.01=(0.1)2. 

b. The Diagonal Component 

I f  KD' - > 0, the con t ro l  record i s  fo l lowed by a  spec i f i ca t i on  of the 

diagonal component.. The format w i l l  be a  func t ion  o f  the value o f  KD. 

KD = 0  FCOV. w i  1  1  read : 

l i s t :  (D(1) ,I=1 ,KG) 

format: 10F 

D(1) i s  the r e l a t i v e  standard dev ia t ion f o r  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. 

KD > 0  a  "shor t  form" w i l l  be used t o  read the diagonal component 

s ince many consecutive groups have the same r e l a t i v e  standard' deviat ion.  . 

FCOV w i l l  read: 

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

format: 101 

l i s t :  (DS(1) ,I=1 ,KD) 

format: 10F 



ILD(1) i s  t he  .lowest group index having the  r e l a t i v e  standard 
. . 

dev ia t i on  DS(1). 

Note: The "sho r t  form" s p e c i f i c a t i o n  i s  usefu l  when many successive grou'ps 

a re  assigned t h e  same r e l a t i v e  standard dev ia t i on  f o r  the  diagonal component. 

FCOV w i l l  ass ign t o  the  groups ILD(1) t o  ILD(I+1)-1 the  value DS(1). 

Therefore t h e  value o f  ILD(1) i s  always 1 and., t he  l a s t  value .of ILD(KD) i s  

l e s s  than KG. The code assumes t h a t  ILD(KD+l) which i s  n o t  read i n  i s  

KG+1. Example o f  l i s t  ILD and DS w i t h  a KG=200 and KD=3: 

ILD l i s t :  1 2 0 4 0 

DS l i s t :  .10 '-15 . '  . 2 0 .  

Groups 1 through 19 have a 10% standard dev ia t ion .  

20 through 39 have a 15% standard dev ia t ion .  

40 through 200 have a 20% standard dev ia t ion .  
. . 

c. The Broad Range' Componen't 

I f  KB > 0, KB s p e c i f i e s  the  number o f  broad range components which 

w i l l  be read a f t e r  t he  diagonal components. FCOV w i l l  read: 

l i s t :  ( ILB(1)  ,I=1 ,KB). 

format: 101 

1 i s t :  (B(1) ,I=! ,KB) 

format: 10F 

ILB(1)  i s  t he  lowest group index co r re la ted  w i t h  the  broad range 

component having r e l a t i v e  standard dev ia t i on  B(1). 

Note: The component B(1) spans the  groups ILB(1) t o  ILB(I+1)-1. The 

f i r s t  va lue o f  ILB, i , e ,  ILB(1) ,  i s  1. The l a s t  value o f  ILB, ILB(KB), i s  

< KG. FCOV assumes t h a t  ILB(KB+l), which i s  n o t  read, i s  KG+1. Example .. 

of ILB and B l i s t  f o r  KB=4 and KG=200: 



ILB l i s t :  1 2 0 30 51 

B l i s t :  0. 0.05 0.1 0. 

Groups 1 through 19 have no broad range component since B(1)=0. 

Groups 20 through 29 are f u l l y  cor re la ted by a component 'having 5% 

standard deviat ion.  

Groups 30 through 50 a re  f u l l y  cor re la ted by a component having' 10% 

standard deviat ion.  

Groups 51 through 200 have no broad range component since B(4) i s  0. 

Caution: The diagonal and broad range components are spec i f ied by r e l a t i v e  

standard deviat ions, bu t  the f l a t  background i s  denoted by the variance, i .e. 

the square o f  the r e l a t i v e  standard deviat ion.  

d. Output 

The output o f  FCOV i s  a b inary  f i l e  contain ing KG records being the 

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

read by STAY 'SL as. created. 

C. The Program XCOV 

1.. General Descr ip t ion 

The I n t e r a c t i v e  PDP-10 FORTRAN IV program XCOV ma.y be used t a  generate 

a dosimetry cross sect ion r e l a t i v e  covariance f i l e  as inpu t  t o  STAY'SL. 

XCOV was w r i t t e n  as a convenience t o  users o f  STAY'SL pending the ava i l -  

ab i  1 i t y  o f  evaluated cross sect ion covariance f i l e s  which could be processed 

t o  ob ta in  c red ib le  and rea l  i s t i c  covariance matrices. Since STAY 'SL on ly  

solves f o r  the group f luxes,  the dosimetry cross sect ion covariances are 

on ly  requ i red t o  es tab l i sh  the  weight mat r i x  through computation o f  what 

C C was def ined i n  the descr ip t ion  as NA. Since NA i s  added t o  NA. t o  obta in  



t he  weight m a t r i x  W ,  the  important  p o i n t  f o r  t he  s o l u t i o n  o f  STAY 'SL i s  

C t h a t  t h e  sum of NA and NA. be approximately co r rec t .  However, i n  p r a c t i c e  

C i t  may be d i f f i c u l t '  t o  est imate d i r e c t l y  the  m a t r i x  elements o f  NA w i thou t  

us ing the  covardance matr ices , o f  t he  cross sect ions.  

The,users o f  XCOV should r e a l i z e . , t h a t  the  covar.iance inatr ices w i l l  

C on l y  be used t o  generate NA. The program TRY 'SL, which a1 so so l  ves fo r  

the  cross sect ions, has much more s t r i n g e n t  requirements upon the  

dosimetry cross sec t ion  covariance matr ices. 

Given KA react ions,  XCOV must generate KA(KA+1)/2 covariance sub- 

matr ices.  I f  we w r i t e  symbol ica l ly  XM(1,J) as the  covariance m a t r i x  o f  

t he  average cross sect ions o f  reac t i on  I and those o f  reac t i on  J, ' these 

covariance matr ices must be described i n  the  f i l e  i n  the  order  g iven by 

the  simple FORTRAN program 

Do 1 I=1  ,KA 

1 l i s t :  (XM(I,J),J=I,KA) 

XCOV i s  pat terned a f t e r  FCOV t o  generate the  "diagonal covariance 

matr ices"  XM(1 ,I). However, f o r  t he  " o f f  diagonal matrices," i .e. XM(1,J) 
. . 

w i t h  I f J ,  on l y  f u l l y  co r re la ted  matr ices are  produced. It i s  therefore 

necessary f o r  t h e  user t o  t h i n k  o f  them as " e f f e c t i v e  covariance matr ices. ' '  

I t  would have been eas ie r  t o  code XCOV.to generate a l l  covariance matr ices,  

diagonal and o f f  diagonal, i n  the  same manner and seemingly provide g rea te r  

c a p a b i l i t i e s .  However, t he  burden on the  user t o  prepare. t he  i n p u t  such 
. . 

t h a t  nonphysical covariance m a t r i x  elements a re  n o t  generated was judged 

too  great .  Even w i t h  " e f f e c t i v e  o f f  d iagonal"  covariance matr ices the  user 

must be c a r e f u l  s ince he may generate nonphysical covariance matr ices.  The 

most important  f a c t o r  here i s  n o t  t o  make sure t h a t  a l l  elements o f  the  



matr ices XM(1 ,J) are  phys i ca l l y  possible, bu t  t h a t  the covariance matr ix  

C NA i s  phys ica l l y  possible, i .e. has p o s i t i v e  eigenvalues. As a conse- 

C quence, a l l  elements o f  the co r re l a t i on  matr ix  o f  NA must be between 21, 

bu t  t h i s  i s  no t  s u f f i c i e n t .  XCOV cannot perform t h i s  check since the 

concept o f  " e f f ec t i ve  covariance matr ix "  has meaning on ly  i n  the context 

o f  generating N: which r e i u i r e s  the group f luxes which are no t  ava i lab le  

t o  XCOV. 

B. Input  . . 

The program XCOV i s  i n t e r a c t i v e  only i n  the sense t h a t  the subroutine 

I@ i s  used t o  ob ta jn  the names o f  the inpu t  and output  f i l e s  which are read 

i n  A10 fo'rmat. 

The i npu t  f i l e  i s  read as fo l lows: 

a )  The Master Control Record 

l i s t :  KA,KG 

format: 21 

KA i s  the number o f  react ions.  

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

b)  Covariance Matr ices Control Record 

Fol lowing the master con t ro l  record XCOV requires informat ion t o  

generate each o f  the XM(1 ,J) matrices. These must be provided i n  the order 

given by the above simple FORTRAN program since they w i l l  be w r i t t e n  

sequent ia l ly .  i n  the f i l e .  More spec i f i ca l l y ,  the order i s :  XM(l , I ) ,  

XM(1,2), . . . . ,XM(1 ,KA) ,XM(2,2) ,XM(2,3), . . . . ,XM(2,KA) ,XM'(3,3) ;XM(3,4). . . . etc.  

The covariance matr ices con t ro l  records are o f  two types: those f o r  
s 

the of f -d iagonal  matrices, XM(1 ,J) , and those f o r  the diagonal matrices, XM(1, I ) .  



i ) Off-Diagonal Matrices Control Record 

The off-diagonal effective matrices 'are generated by reading in the 

effective relative covariance of the cross sections as a control record: 

list: EFF 

format: F 

i i ) Diagonal Matrices Control Records 

The diagonal matrices are generated in the same fashion as done in 

the program FCOV. The input is therefore identical to the one of FCOV 

except that since KG, the number of groups, has been read in from the 

master control record it is not read again from the diagonal matrices 

control record. See the description of FCOV for detailed explanations 

of th'e symbols: 

list: KD,KB,F 

format: 21,F 

KD is a flag which controls the input of the diagonal components 

(KD < 100) 

KD < 0 there are no diagonal components to the relative covariance 

matrix. 

KD = 0 the diagonal components are specified for every group and 

will be read in. 

KD > 0 a "short form'' will be used to specify the diagonal 

components. 

KB is a flag which controls the input of the broad range component 

(KB.< 100) 

KB - < 0 there are no broad range components to the, relative 

covariance matrix. 



KB > 0 spec i f i es  the  number o f  broad range components t o  the 

re1 a t i v e  covariance matr ix  which spans the f u l l  enerqy range. 

F i s  the f l a t  component t o  the r e l a t i v e  covariance matr ix .  

Note: 1. Each component w i l l  be added t o  obta in  the r e l a t i v e  covariance 

mat r i x  o f  the averaged cross sections over the groups. 

2. A value o f  F=O. 01 means a standard dev ia t ion f o r  the overa l l  

normal izat ion o f  10% since 0.01 = (0.1)2. 

c )  Diagonal and Droad R m g t  Components 

For diagonal matr ices i f  the con t ro l  record has KD 2 0 and/or KB > O 

the diagonal components and/or broad range components must be speci f ied.  

If needed the diagonal components are spec i f i ed  f i r s t  and then i f  needed 

the broad range components are  speci f ied.  

i )  The Diagonal Components 

I f  KD=O, XCOV w i l l  read a f t e r  the.contro1 record: 

l i s t :  (D( I ) , I= l  ,KG) 

fnrmat: 10F 

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

of the average cross scct ion i n  group I. 

I T  KD > 0, XCOV w i l l  read a "shor t  form" t o  descrlbe the diagonal 

components: 

' l i s t :  (ILD(I),I=I ,KD) 

f o n ~ ~ a t :  101 

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

format: 10F 

ILD(1) i s  the lowest group index having the standard, dev ia t ion DS(1). 

Note: See FCOV descr ip t ion  f o r  more complete explanation and example. - 



i i )  The Broad Range Components 

I f  KB > 0, fo l l ow ing  the diagonal mat r ix  cont ro l  record i f  KD < 0  
. . 

o r  a f t e r  the diagonal components when KD 2 0, XCOV w i l l  read the broad 
, . 

range components: 

l i s t :  (ILB(I),I=l,KB) 

format: 101 

l i s t :  (B ( I ) , I= l  ,KB) 

format: . 10F 

ILB(I)' i s  the lowest group index o  the average cross sect ion 

cor re la ted w i t h  the broad range component having the r e l a t i v e  

standard dev ia t ion B(1). 

Note: See FCOV descr ip t ion f o r  more complete explanation and example. 

C. Output 

The output o f  XCOV.is a  binary f i l e  contain ing the descr ip t ion o f  

the r e l a t i v e  covariance matr ices o f  the averaged cross sections f o r  the 

. . d i f f e ren t .  reactions. 



V I I .  Sample Problem 

The program STAY'SL sample problem i s  patterned a f t e r  problem No. 1 

o f  the "unfolding code subgroup" of the "Euratom Working Group on Reactor 

Dosimetry. 11 4 

The ASCII f i l e s  t o  run the sample problem and the output f i l e  are 

ava i l ab le  w i t h  the  deck from RSIC. The two binary f i l e s ,  the group f l u x  

and dosimetry cross sect ion covariance f i l e s ,  must be generated using the 

u t i l i t y  programs FCOV and XCOV. We sha l l  b r i e f l y  d iscuss ' the statement o f  

the problem by descr ib ing the inpu t  f i l e s  and how they were generated. 

A. Ac t i va t i on  Data F i l e  

These are t t ie a c t i v a t i o n  data from the' core o f  the reactor '  f o r  the react ions 

Rhl03, 1n115~, ~ i ~ ~ ,  N i S 8 ,  FeS4, Ti46, Mg2*, A127 and Uns8, respect ively.  

B .  Activat i .on Covariance F i l e  

Since the request was t o  f i t every a c t i v i t y  t o  I % ,  the r e l a t i v e  

variance was se t  t o  0.0001 f o r  each a c t i v i t y  measured and a l l  of f -d iagonal  

elements s e t  t o  zero: 

AOM(1,I) = 0.0001 f o r  1=1 through 9, 

AOM(1,J) = 0 f o r  I#J .  

This i s  a somewhat u n r e a l i s t i c  covariance matr ix  f o r  an actual  se t  of 

measurements. r 

C. F1u.x Data F i l e  

The f l u x  data f i l e  was generated using the f l u x  opt ion o f  the u t i l i t y  

program GROUP using a 1/E + FRYE spectrum w i t h  a matching energy o f  2 MeV. 



This 'was n o t  t h e  o r i g i n a l l y  s p e c i f i e d  input :  spectrum, b u t  t h e  one used by 

every p a r t i c i p a n t  i n  the repor ted  s e t  o f  r e s u l t s .  A  group s t r u c t u r e  w i t h  

75 groups was use'd t o  span t h e  energy range 0.1275 t o  18 MeV and consisted 

of a ,subset  of t h e  l .ast  211 p o i n t s  o f  t he  SAND-I1 energy mesh. The'E-GRID 

f i l e  f o r  i n p u t  t o  GROUP has: 

NGSz211, NGU=75 

(E(I),I=1,211) = the  l a s t  211 energy po in ts  o f  the  SAND-11 s t ruc tu re .  
. . 

( ID(1)  ,I=1,75) = 

ANORM = O., REL.VAR = ,0009, I 0 P  = 0. 

D. Dosimetry Cross Section F l l e  

The dosimetry. cross sec t i on  . f i l e  was generated using t h e  program' 

GROUP and t h e  E-grid. f i l e  above as i n p u t  f o r  t h e  code. The var ious  

dosimetry cross sect ions used as i n p u t  consisted o f  t he  l a s t . 2 1 1  p o i n t s  

provided by the  Unfold ing Code Subgroup over the  SAND-I1 energy mesh. 

E. F lux  Covariance F i l e  

The f l u x  covariance f i l e  must be generated using the  u t i  1  i ty  program 

FCOV. No in fo rmat ion  was provided by the  Subgroup concerning t h i s  input ,  



and our choice was a r b i t r a r y .  Since a 3% normal izat ion uncer ta in ty  was 

provided from the  f l u x  f i l e ,  i .e.  REL.VAR = .0009, no prov is ion was made 

f o r  a f l a t  background. A pure ly  uniform diagonal component w i t h  a r e l a t i v e  

standard d e v i a t i o n . o f  24% i.n every group was a r b i t r a r i l y  chosen. The 

s t rong ly  diagonal r e l a t i v e  covariance matr ix  therefore  generated may 

approximate the algor i thms o f  other codes used i n  the comparison. 

  he' i npu t  t o  FCOV was: 

KG = 75, K n  = I ,  'KR = n, F ='n.  

ILD(I) = 1 

D ( l )  = .24. 

F. Cross Section Covariance F i l e  

Uncer ta in t ies  i n  the dosimetry cross sections provided by the 

"Unfolding Code Subgroup" were no t  spec i f i ed  since these 'data are not  
' 

used by the o ther  unfo ld ing code tested. Again, t o  approximate the resu l t s  

o f  o ther  codes, a r t i f i c i a l l y  small r e l a t i v e  covariance matr ix  elements 

were used.. I n  order t o  minimize i npu t  t o  the code XCOV, used t o  generate 

the cross sect ion covariance f i l e ,  the .dec is ion  was made t o  ca lcu la te  

completely f l a t  matr ices. The diagonal submatrices are given a covariance 

component o f  0.000001, corresponding t o  an overa l l  normal izat ion o f  0.1%, 

the of f -d iagonal  submatrices are se t  t o  zero. 

The inpu t  t o  the code XCOV was: 

I ( , , =  9 ,  KG = 75. 

Following t h i s  master con t ro l  record, the covariance matr ices 

con t ro l  records were placed w i t h  diagonal matr ices con.tro1 records being: 

KD = -1, KB = 0, F = 1000001 

of f -d iagonal  matr ices con t ro l  records being: 

EFF = 0. 



The ne t  r e s u l t  was the generat ion o f  a b inary  f i l e  having 45 records 

each having a s ing le  number .being e i t h e r  0.000001 o r  0. 

Summary 

Proqrams 

The f o l l  owing A S C I I  f i 1 es are provided which contain FORTRAN programs : 

STAYSL.F4 - STAY'SL main program w i t h  subroutines: TITLE, SCALE, 

RESCAL and PIVOT. . . 

GROUP.F4 - group main program - no subroutines needed. 

FCOV. F4 - FCOV main program and subroutine 19. 

XCOV. F4. - XC0.V main program and subroutine 10. 

Sample Problem f o r  STAY 'SL 

S ix  inpu t  f i l e s  are required t o  run STAY'SL. The fou r  A S C I I  f i l e s  

are provided. 

ACTIT.DA - contains the ac t i va t i on  data 

ACTIT.CV - contains the ac t i va t i on  covariances 

FLUXT.DA - contains the f l u x  data 

DPSID.DA - contains the dosimetry.cross sect ions. 

The two b inary  f i l e s :  the f l u x  covariance f i l e  and the dosimetry 

cross sect ion covariance f i l e ,  must be generated using FCOV and XCOV. 

F lux Covariance F i l e :  the program FCOV i s  executed w i t h  the A S C I I  

i npu t  f i l e  FCOV.INP which i s  provided. 

Dosimetry Cross' Section Covariance F i l e :  the program XCOV i s  

executed and the A S C I I  i npu t  f i l e  XCOV;INP i s  provided. 
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U t i  1 i ty  Program GROUP 

The u t i l i t y  program GROUP need no t  be run t o  execute the sample 

problem since the two output  f i l e s ,  FLUXT.DA and DOSID.DA, are provided. 

For users who would l i k e  t o  exercise the program GROUP, the A S C I I  i npu t  

f i l e  E-GRID ca l l ed  GROUP.INP i s  a lso provided. The f i l e  FLUXT.DA may be 

generated using NF=1 and EflE=2. The f i l e  DOSID.DA may be generated using 

the i n p u t  ASCII f i l e s  RH103.DRK, IN115.DRK, TI47.DRK, NI58.DRK, FE54.DRK, 

TI46.DRK, MG24.DRK, AL27.DRK, AL27.DRK, U238.DRK. The order i n  which they 

have been given i s  the one i n  which they must be processed t o  correspond 

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

A copy o f  the  te le type  p r i n t o u t  f o r  execution o f  the programs, GROUP, 

FCOV, XCOV and STAY 'SL f o r  the  sample problem i s  given i n  Appendix A. 

Sample Run Output 

The f i l e  STAYSL.OUT i s  provided and i s  l i s t e d  i n  Appendix B. 
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APPENDIX A 

TELETYPE OUTPUT FOR SAMPLE PROBLEM EXECUTION 

EXECUTION OF PROGRAM GROUP* 

.EX GROUP ) 
L INK:  . LOADING 

[LNKXCT GROUP EXECUTION] 

PROGRAM GROUP E-GRID F I L E  ? GROUP. I N P  & 
FLUX OPTION: NF,EOE ? 3 2.  ) 
GROUP FLUX F I L E  ? FLUXT.DA > 
ANORM,REL.VAR, I O P  ? 0. .0009 0 ) 
AVERAGED X-SECTION OUTPUT F I L E  ? DOSID.DA ) 
X-SECTION. NO. 1 FI.LENAME ? RH103.DRK $ 
X-SECTION NO. 2 FILENAME ? I N 1  15.DRK ) 
X-SECTION NO. 3 FILENAME ? TI47.DRK ) 
X-SECTION NO. 4 FILENAME ? NI58.DRK ) 
.X-SECTION NO. 5 FILENAME ? FE54.DRK 3 
X-SECTION NO. 6 FILENAME ? TI46.DRK ) 
X-SECTION NO. 7 FILENAME ? MG24.DRK ) 
X-SECTION NO. 8 FILENAME ? AL27.DRK $ 
X-SECTION NO. 9 FILENAME ? U238.DRK $ 
X-SECTION NO. 10 FILENAME ? J 

END OF EXECUTION 

CPU TIME: 5 .48  ELAPSED TIME: 2 :36.80 

E X I T  
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EXECUTION OF PROGRAM FCOV 

.EX FCOV ) 
FORTRAN: FCOV 

MAIN. 

I 0  

LINK:  LOADING 

[LNKXCT FCOV EXECUTION] 

INPUT F I L E  FCOV. I N P  ) 
OUTPUT F I L E  FLUXT.CV ) 

END OF EXECUTION 

CPU TIME: 3.42 ELAPSED TIME: 29.92 

E X I T  

EXECUTION OF PROGRAM XCOV 

.EX XCOV 

FORTRAN : XCOV 

MAIN. 

I 0  

LINK:  LOADING 

[LNKXCT XCOV EXECUTION] 

INPUT F I L E  XCOV.INP $ 
OUTPUT F I L E  DOSID.CV 3 

END OF EXECUTION . . . 

CPU TIME: 0 .42  ELAPSED TIME: 22.65 

E X I T  



EXECUTION OF STAY'SL 

:EX STAY SL . F4 ) 
FORTRAN : STAYSL 

MAIN. 

T ITLE  

SCALE 

RESCAL 

PIVOT 

LINK: LOADING 

[LNKXCT STAYSL EXECUTION] 

ACTIVATION DATA ACT I T .  DA ) 
ACTIVATION COV. ACTIT.CV j. 
FLUX DATA FLUXT.DA > 
DOSI. X-SECTION DOSID.DA ) 
FLUX COVARIANCE FLUXT.CV J 
X-SECTION COVARIANCES DOSID.CV $ 

END OF EXECUTION 

CPU TIME: 54.18 ELAPSED TIME: 2:48.28 

EX IT  
I 

* 
Under1  i n e d  q u a n t i t i e s  a r e  t y p e d  i n  b y  t h e  . u s e r .  The symbol ,) means 
a c a r r i a g e  r e t u r n . '  . :  



APPENDIX B 

L I S T I N G  OF SAMPLE PROBLEM OUTPUT 

I N P U T  F L U X  ~ V ~ R M A L I Z E D  B Y  0 , 9 2 9 0  C H I - S Q U A R E  . 1 2 , 9 5 3 6  

D B S I M E T R Y  A C T I V I T I E S  

M E A S U R E D  *BR- % B E F 0 R E  ! ? I F F ,  X A F T E R  D I F F X  C H I  



C B N T R I S U T I ~ ~ ~ ~ ~  DUE T B  I N P U T  X-SEC. CBV. MATRIX 

X C0RRELAT I0N YATR 1X 



INPUT DBSIMETRY X-SECTIONS (ENDF/B  L A Y  1) 

G ENERGY X - S E C T I U N S  

0 . 0 0 0 E ' - 0 1  
0 . O o o E - n 1  
0 . 0 0 n E - 0 1  
o . o n o ~ - n l  
n.. OOOF-01 
0 . O n o F - n l  
n . o O 0 E - 0 1  
0 . 0 0 0 ~ - n i  
n . 0 0 0 ~ - n i  
O.0OOE-n1 
o . o o n ~ - n r  
o .OoO€-n1  
0 .OOnE-Ol  
0 . 0 0 0 E - n l  





G ENERGY NEW BL D R A T 1 0  S T 0  DEV X NEW ~ L D  



NEW SPECTRUM *, 1 . 5 9 2 E + 0 0  .BRq 3.636 Y 









B U T P U T  F L U X  C B R R E L ~ T I ~ N  M 4 T R I X  ( B Y  RBW FRBM D I A G B N A L I  

- - -  

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

1 4  1 0 0 0 - 1 0 2 - 9 7  -42-104 - p i  -78 -59 -35 -17 -6 o 4 7 8 8 7 5 3 i o .I -1 -1 n 
o o i 2 2  1 i o o o o i l -  o 1 I n o o n  o o 
0 0 0 0 0 0 0 0 0 0 0 0  

'15 1000'104 -47-113-100 -86 -66 -40 -20 -8 -1 3 6 9 8 7 4 2 fl 0 -1 -1 -i O fl 
0 1 3 3 2 1 0  O O - 1 - 1 - l i l O l 1 O f l O O O ~ , O ~  



0 0 0 0 0 0 0 0 3 2 3 2 0 - 1 o 0 0 0 0 o 0 o n a n  
0 0 0 0 0 0  

2 1  1 0 0 0  -68  -60  -56  - 5 2  -46  -39 - 3 1  - 2 3  -16  - 1 2  -8 -6 -3 -1 0 1 8 5 2 2 3 7 1 0 
~ ~ ~ o . ~ . ~ ~ i ~ ~ i ~ n o ~ o o o o n n o n n n n  
0 U 0 0 0  

2 2  1 0 0 0  -87  '90 -88  -83  - 7 2  -59  - 4 5  - 3 2  - 2 1  -13  -7 - 2  1 4  6 1 7  11 5  4 4 3 1 0 0 
- 1 - I - I - 1 - 1 - 1 - 2 - 1 0 0  1 1  1 1  o 0 0  0 0  n o o n  o n  

n o o n  
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APPENDIX C 

STAY ' SL SOURCE PROGRAM L I S T I N G  

c P R O G R A N  STAYSAIL  
DINENSI.ON: A0(20),ABM(2@,2Q) ,F(2B0) ,C(20,200) ,A(20) DA(201, 

1 U(20,200> ,TS(20) ,TB(200> ,AFM(20,20> ,ASM(2@,20) ,AN(2E1,20), 
2W(20,2@),Y(20),DF(200),AP(20),SC(20),BS(2P1),EL(20@>, ' . 

3PF(200), FP(2001, TC(208), TD(288) ,PFP(200), IC(200) 
DO[-IBLE PRECIS1 ON DW(20.23) , A T (  6) 

200 FORMAT ( * O R N L  F.G.PER'EY STAYSAIL ' R U N  OUTPUT '1 
TYPE 99 

99 , FORMAT ( * A C T 1  VAT1 OtJ  D A T A  *, $1 
C A L L  TITLE(A.T(l)) 
R E A D  ( 1 , 1 ; 6 @ )  K A  

100 FORMAT (I .2F. I )  
R E A D  ( 1 , 1 0 l ) ~ ( A C ( I )  , I=l ,KA> 

181 FORMAT ( l 0 F )  
TYPE 98 

98 FORMAT ( '  ACTIVATION C O V ,  * , $ I  
CLOSE (UNIT=l> 
CALL TITLE(AT(2)) 
DO 1 I=l,KA 
R E A D  ( l , l @ l >  (A@M(I,J) ,J=I,KA) 

1 CONTI NUE 
D O  2 I=l,KA 
DO 2 J=I,KA 
A0M(I,J>=A0M(I,J)*A@(I)*A0(J> 

2 A @ M ( J ,  I)=ABM(I,J) 
CLOSE (UNIT= 1 ) 
TYPE 97 

9 7  FORMAT ( *  FLUX D A T A  $ 1  
C A L L  TITLE(AT<~> ) 
R E A D  (1,100) K G , A K ~ ,  V A K ,  NOR 
A K =  A K  I 
R E A D  ( 1 ,  101) (F(.I> , I =  I,KG) 
R E A D  (1,101) ( E L ( I ) , I =  1 , K G )  
CLOSE ( UNIT= I )  
TYPE 96  

96  , FORMAT ( * DOSI. X-SECTION *,$I  
C A L L .  TITLE(AT(4) 
DO 3  I=l,KA ; 

' R E A D  (1,101) ( C ( I , J >  ,J= 1 , K C )  . . 

A ( I > = 0 .  
DO 3 J= 1 , K G  
C ( I , J ) = C ( I , J > * F ( J )  

3  A ( I ) = A ( I ) + c ( I , J )  



IF '(AK.NE.0.) GO TO 31 
C1=0. 
C 2 =  P): 

DO 4 I=l,KA 
IF (NOR.EQ.0) C3=Afd(I)*AB(I) 
Cl=Cl+AE(I>*A(I.>/C3 
CZ=CZ+A(I)*A(I) /CS 
AK=Cl/CZ 
CONTINUE 
DO 5 I=l,KA 
A(I>=A(I>*AK 
DA(I)=AB(I>-A(1) 
TS(I>=DA(I) /AB(I> 
DO 5 J=l,KG 
C(I,J)=C( I,J)*AK 
DO 8 I = l , K G  
F(I)=F(I)*AK 
CLOSE (UNIT=l) 
TYPE Y5 
FORMAT ( ' FLLJX COVARIANCE ',El 
.CALL TI TLE(AT(5)) 
DO 7 I= 1,KA 
DO 7 J=l,KG 
U(IIJ>=Oe 
KP=1 
s=e. . . 

. . ,  SV=0. . . 
DO 8 J=I,KG 
S=S+F(J) 
READ (1) (TB(L>,L=I,KG> 
DO32L=l,KG . 
Ti3( L)= TB( L)+ VAK 
DO 56 L=l,KG 
s \ i = s \ i + ' P B (  L)*F(J)*F(LI 
PF(J>=SQRT(TB(KP)> 
WRITE (3) (TB(L),L=KP,KG) 
KP=KP+ 1 
DO 8 I=l,k'A 
DO 8 L=l,KG 
U(I,J)=U(I,d)+.TB(L)*C( I, 1) 
-CLOSE (UNIT=3) 
OPEN(UNIT=3, FILE= 'FOR03, DAT') 



DO I0 I= l ,KA 
DO 10 J=I ,KA 
AFM(I ,J)=0.  
DO 9 L=l,KG 

9 AFM(I,J)=AFM(I,J)+C(I,L)*U(J,'L) 
i e  AFM(J, I>=AFM(I , J>  

DO 12 I=l ,KA 
DO 1 1  J=I,KA 

I 1  TS(J>=AFM(I,J>/(A(I)*A(J)> 
12 CONTINUE 

CLOSE (UNIT=l>  
TYPE 94 

94  FORMAT ( '  >(I-SECTION COVARIANCES ' ,$ I  
CALL TITLE(AT( 6) > 
DO 16 I= l ,KA 
DO 16 J=I,KA 
ASM(I ,J)=0.  
READ ( 1 )  FC 
I F  (FC.EQ.0.) G O  TO 15 
I F  (FC.NE.1.) GO T O  608 
DO 14 K = I , K G  
READ ( 1 )  (TB(L>,L=l , l (G> 
C1=0. 
DO 13 L=l,KG 

13 Cl=Cl+TB(L>*C(J ,L> 
14 ASM(I,J>=ASM(I,J)+Cl*C(I.,K) 

G0 T O  15 
r ; e ~  A S M ( I , J ) =  FC*A(I)*A(  J )  
15 CONTINUE 
16  ASM(J, I>=ASM(I ,J> 

DO 15 I=I,KA 
DO 17 J=I ,KA 

17  TS(J)=ASM(I,J)/(A(I)*A(J)) 
18 CONTINUE 

DO 19 I=I,KA 
DO 19 J=I ,KA 
AN(I,J)=ABM(I,J)+AFM(I,J)+ASF~(I,J> 

19 A N C J ,  I ) = A N ( I , J >  
C A L L  SCALE (AN,BS,KA> 
DO 40 I=I,KA 
DO' 48 J= l ,KA 

40 DW(I,J)=AN(I,J)  
K D = K A  
C A L L  PIVOT ( D W , K D )  
I F  (KD.NE.0) GO T O  34 
TYPE 180U 

1000 FORMAT ( '  R U N  ABORTED ! 1 N-MATRIX') 
DO 33 I =  1,KA. 

33 TYPE I00 I ,  ( A N ( 1 ,  J )  ,J= I,KA> 
1001 FORMAT (1P20E12.3) 

CALL EXIT 



C O N T I  N U E  
D O 2 1 I = l , K A  . 
D O  2 . 1  J= 1 , K A  
W(I ,J)=UW(I ,J)  
C A L L -  R E S C A L  ( W , B S , K A )  
DO 22 I = I , K A  . . 

Y ( I ) = 0 .  
DO 22 J = l , K A  
Y ( I ) = Y ( I ) + W ( I , J ) * D A ( J >  
D O  23 L = l , K G  
D F ( L > = 0  
D O  23 I=  1 , K A  
D F ( L ) = D F ( L ) + Y ( I ) * U ( I , L >  
CHI=8. 
DO 2 4  I = l , K A  
S C ( I ) = D A ( I ) * Y ( I >  
C H I = C H I + S C ( I >  
D O  25 I = l , K G  
T B ( I ) = l  . + D F ( I )  
F P ( I > = T B ( I ) * F ( I )  
DO 26 I = l , K A  
A P ( I ) = 0 .  
D O  26 J = l , K G  
AP(I>=AP(I>+C(I,J)*TB(J> 
S P = 8 .  
s v P = e .  
DO 28 K = l , K G  
SP=SP+ F P ( K 1  
DO 27  L = K , K G  
T B (  L ) = 0  . . . , 

DO 27  I = l , K A  
DO 2 7  J = l , K A  
T B (  L ) = T B (  L ) - W ( I , . J  ) * U ( I , K ) * U ( J , L )  
HEAD ( 3 )  ( l ' C ( K P ) , K f ' = K , K t i )  
DO 30 M = K , K G  
T D (  MI = T C (  r l )+  TB( M) 
S V P = S V P +  T D ( K ) * F P ( K > * F P ( K >  . j. 

I F  (F.EQ.KG) G O  T O  58 
DO 57  M = K + l , K G  
S V P = S V P + T D ( M ) * F P ( K ) * F P (  H I  
C O N T I N U E  
P F P ( K )  = S B R T ( T D ( K > )  
W R I T E  ( 4 )  ( T D ( K P >  , K P = K , K G )  
C O N T I N U E  
C L O S E (  U N I T = 4 >  
O P E N ( U N I T = 4 , F I L E =  ' F O R 0 4 . D A T W )  
C L O S E ( U N I T = l )  
o p E N ( U N I T =  1 ,  F I L E =  ' S T A Y S L .  O U T ' )  



W R I T E  ( 1 , 2 0 8 )  
W R I T E  ( 1 , 3 0 Q >  

3 C E  F O R M A T (  1 H @ ,  ' I N P U T  F I L E S ' )  
Y R I T E  ( 1 , 3 @ 1 )  A T c . 1 )  , A T ( 2 >  , A T ( 3 ) , A ' T ( 5 >  , A T ( 4 )  , A T ( 6 >  

3 E I  F O R M A T  ( I X , A 1 0 , 5 X , A I B )  
W R I T E  ( 1 , 3 1 0 )  A K I , V A K , N O R  

3 1 0  F O R M A T  ( 1 . H a o  ' I N P U T  N O R M A L I Z A T I O N  D A T A m /  
I I X ,  : A K I =  * , ~ i a . 4 ,  * V A K =  : , ~ i 0 . 5 ,  ':'NORM= ' ,12) 

W R I T E  ( 1 , 3 8 2 1  A ' K , C H I  
,3d2 FORI.1AT ( I H C ,  ' I N P U T  F L U X  N O R M A L I Z E D  B Y  ' , F 1 1 2 ~ . 4 ,  

1 3 X ,  ' C H I - S Q U A R E s , F I B . 4 )  
W R I T E  (1,3(63> 

3 @ 3  F O R M A T  ( I H Q ,  ' D O S I I . I E T R Y  A C T 1  V I T I E S w / ,  
1 1 H 0 , 5 X ,  ' M E A S U R E D  + O R -  . Z e , 7 X ,  ' B E F O R E  D I F F  Z ' , 8 X ,  
2 ' A F T E R  D I F F Z ' , 5 X , * C H I * / >  

DO 50  I = I , K A  
C l = ( A 0 ( I > - A ( I >  > / A @ ( I >  
C 2 = ( A @ ( I > - A P ( I >  > / A @ ( I )  
T S ( I >  = S Q R T ( A @ M ( I ,  I >  1 
C 3 = T S ( I > / A B ( I >  

53 t J R I T E (  1 , 3 E 4 >  I , A E ( I ) , C 3 , A ( I > , C I  , A P ( I 1  , C 2 , S C ( I >  
3 f l 4  F O R M A T  (13, l P E 1 2 . 3 , 2 P F 8 . 2 ' ,  1PE14.3,2PF8.2,1PE14.3,2P'F8.2,0PF8.3> 

C I = C H I / K A  
I F  ( C 1  . L T o . 3 . 0 R . C l o G T o 2 ; >  W R I T E  ( ' 1 , 3 1 8 1 ,  
W I T E  ( 1 , 3 1 9 1  

3 1 9  F O R l l A T  ( I H E ,  ' D O S I M E T R Y  D A T A  ' I N P U T  C O R R E L A T I O N  M A T R I X m , / )  
DO 64 I = I , K A  
DO 63  J=  I.,  I 

63 I C ( J ) =  l000.*A@M(I,J>/(TS.(I)*TS(J>>+.5 
64 ' . d R I T E  ( 1 , 3 2 4 )  I , ( I C ( J ) , J = l , I )  
324  F O R M A T  ( 2 1 1 5 )  

W R I T E  ( 1 , 3 2 3 1  
323 F O R I I A T  ( l a l ,  ' R E L A T I V E  C O ' J .  M A T R I X  O F  A C T I V I T I E S m / ,  

1 1 H 0 , 9 X ,  'Z', 1 0 X ,  ' C O R R E L A T I O N  M A T R I X m / )  
DO 65 I = l , K A  

65 T S (  I )  = S Q R T ( A F M (  I ,  I ) + A S M ( I ,  I )  1 . . 

DO 67 I = I , K A  
Y ( I > = T S ( I ) A A ( I >  
DO 66 J = l , I  

66 IC(J~=~~B~.*(AFM(I,J)+ASM(I,J>>/(TS(I)*TS(J))+.~ 
67 W R I T E  ( 1 , 3 2 0 )  I , Y (  I ) ,  ( I C ( J >  , J= I  , I >  
320 F O R M A T  ( 1 3 , 2 P F 8 . 2 , 4 X , 2 0 1 5 )  . 

! J R I T E  ( 1 , 3 2 1 )  
, 3 2 1  F O R M A T  (/1)(0, ' C O N T R I B U T I O N  D U E  T O  I . N P U T  F L l J X  C O V .  M A T R I X v / ,  

1 l H 0 ,  9 X ,  'Z ', l ax ,  ' C O R R E L A T I O N  M A T R I X * / )  
DO 68 I =  1 , K A  

68 T S ( I ) = S Q R T ( A F M ( I , I ) )  



DO 70 I = ' I , K A  
Y ( I ) = T S ( I > / A ( I )  ' 

DO 69' , I=  1 ,  I 
69 IC(J)=l@0Qm*AFM(I,J)/(TS(1)*TS(J))+.S 
70 W R I T E  ( 1 , 3 2 E )  I , Y ( I )  , ( I C ( J ) , J =  1 , I )  

W R I T E  ( 1 , 3 2 2 )  
322 F O R M A T  ( / 1 H 0 ,  ' C O N T R I B U T I O N  D U E  T O  I N P U T  X - S E C .  COV.  M A T R I X ' / , '  

1  l H E , g X ,  ' %  ', l a x ,  ' C O R R E L A T I O N  M A T R I X v / )  
DO 7 1  I =  1 , K A  

7 1  T S (  1) = S Q R  T ( A S N (  I ,  I )  
DO 73 I = I , K A  
Y ( I ) = T S ( I > / A ( I )  

20 C J ) = C ( I  J ) / F ( J I -  d i t E  ( 1 , 3 1 4 )  
3 1 4  F O R M A T  ( 1 H 1 ,  ' I N P U T  D O S I M E T R Y  X - S E C T I O N S  ( E N D F / B  L A N  1 )  ', 

E N E R G Y ' ,  l a x ,  ' X - S E C T I O I J S  '.,/) 1 / 1 H 0 , '  G  
I F  ( K A . G T .  1 B )  GO T O  59 
DO 29 I = l , K G  

29  W R I T E  ( 1 , 3 1 5 )  I , E L ( I ) , ( C ( K , I ) , K =  1 , K A )  
3 1 5  F O R M A T  ( l X , I 3 , 1 P l  1 E 1 0 . 3 )  

GO T O  60 
! R I T E  ( 1 , 3 1 6 )  

3 1  6 FORI.1AT ( 1 H 0 ,  5 0 X ,  ' 1  T H R O U G H  1 U  '1 
59 DO 6 1  I =  1 , K G  
6 1  ' + R I T E  ( 1 , 3 1 5 )  I , E L ( I ) , ( C ( K , I )  ,K= 1 ,  1 0 )  

W R I T E  ( 1 , 3 1 4 )  
W R I T E  C 1 , . 3 1 7 2  KA 

3 1  7 F O R M A T  ( I H 0 , 5 0 X ,  ' 1  1  T H R O U G H ' , I J )  
DO 62 I =  1 , K G  

63 W R I T E  ( 1 , 3 1 5 )  I ,  E L ( I ) ,  ( . C ( K , I )  , K =  1 1  , K A ) .  
GO C O N T I  NIIE 
3 1 8  F O R M A T  ( / 1 H 0 , 2 0 X , '  C H E C K  I N P U T  I T  IS R A T H E R  U N L I K E L Y  I !  1 '1, 

llH@!,20X, '%%%%t* BEWARE OF O U T P U T  1 I ! ! ! ! !  I !  +*4** ' , / )  

' J R I T F  ( 1 , 3 0 5 1  AK 
,305 F O R M A T  ( 1 H 1 ,  ' G R O U P  F L U X E S  I N P U T  N O R M A L I Z E D  BY ' 9 F l E . 4 /  

1 1 1 1 0 ,  ' G 9 , 6 X ,  ' E N E R G Y ' , l  l X ,  'NEW', 1  I)!, ' O L D ' , 3 X ,  ' R A T I O ' ,  
2 2 X ,  ' S T D  D E V  Z NEW O L D '  , 3 X ,  ' R A T 1  0 ' / I  

O P E N  ( I J N I  T = 2 0 ,  F I L E =  ' S T A Y S L . C A L ' )  
W R I T E  (201 K G  
[ J R I T E  (20) ( F ( I ) , I = l , K G )  



DO 5 1  I= l ,KG 
C I = F P ( I )  / F ( I >  
C2=PFP(I ) ' /PF( I )  

5 1  !JnITE( 1 ,306)  I , E L ( I )  , F P ( I >  ,F(I>,Cl,PFP(I>,PF(I>,C2 
3 C G  FORMAT (14 ,1PE12 .3 iZE14~3 ,  0PF8.3,leX,2PF5e2,3X,2PF5o2,@PF8o3) 

% CI=SGRT(SV>/S 
ClP=SQRT(SVP> /SP 
SJRITE (1.31 1 )  S,CI ,SP,CIP 

31 1 F9RMAT ( I t M ,  'INTEGRALS OF SPECTRAo/ 
1 1 H @ ,  * O L D  SPECTRUM *, 1PE12.3, +OR- *,2PF7.3,  * Z ' /  
21HE, * NEW SPECTRUM *, lPE12.3,  * +OR- *,2PF7.3, * Z * )  

~.dRI TE ( 1,3071 
387 FORMAT ( l ) l l , ' INPUT FLUX CORRELATION MATRIX*, 

1 , '  ( B Y  R O W  FROM DIAGONAL) * , / I  
CLOSE (UNIT=3> 
DO 5 3  I = I . K G  

!dRITE (1 ,309)  
F O R ~ I A T  ( 1 x 1 ,  * O I J T P U T  FLUX C O R R E L A T I O N  M A T R I X  * ,  

1 * C R Y  R O W  FROM DIAGONAL) * , / I  
WITE (23 )  ( F P ( I > ,  I =  l,KG> 
D O  55 I= I ,KG 
READ ' ( 4 )  (TR(L>,L=I ,KG) 
'URITE ( 2 0 )  ( T D ( L ) ,  L= I,KG> 
DO 5 4  J=I,l!G 
I C ( J ) =  l@BO.*TB(J> / ( P F P ( I ) * q F P ( J ) ) + . S  
WRI'TE (1 ,3081  I ,  ( IC(L> ,L=I ,KG> 
C A L L  D(IT 
END 
SUDROUTI NE TI T L E ( A >  
D0UBL.E PRECISION A 
ACCEPT ! , A  
FORMAT (A101 
OPEN( UfJI T= 1 ,  FILE= A >  
R ET.IIR fJ 
END 
SUBROUTI tJC SCALE ( A , R , K A )  
DIPlENSIOtJ A(20,20)  ,B (20 )  
D O  I I = l , K A  
B ( I > = A ( I ,  I ) '  
DO 1 ,I;Z,KA 
I F  (B( I> .GT.A( I , J ) )  GO T O  I 
B ( I > = A ( I , J )  . . 

CONTI NlJE 
D O  2  I=I ,KA 
DO 2  J= 1,KA 
A ( I , J > = A ( I , J ) / B ( I )  
R E T U R N  
END 



'SUBROUTINE RESCAL (A,B,  K A )  
DIN.ENSION A(20,20> ,B(20) 
DO 1 I-1,KA 
DO I J=l,KA 
A ( I , J ) = A ' ( I , J ) / B ( J )  
R ETUR N 
E N D  

SUBROUTI NE PIVOT (S, N )  
DINENSIOtJ NC(201, NR(20) 
3CIUBLE PRECIS1 O N '  S ( 2 0 , 2 0 >  BIG; A1 JI  TEMP 
D0.457 I  = 1 ,  N 
NC(I> = 0 
NR(I> = 0 
D O  600 KEEP = 1 ,  IJ 
BIG = 8.OBB 
D O  500 NS = 1 ,  N 
I F  ( N R (  NS)) 5E0, 460, 500 
AIJ - o.BD@ 
EJX = 1 
D O  480 K = 1 ,  N 
I F  (DABS(S( NS,K>) - AIJ) 480, 480, 470 
I F  ( N C ( K > >  480,475, .'480 
AIJ = DABS(S(NS,K>) 
MX = K 
CONTI RUE 
I F  (AIJ - BIG 1 50B, 500, 496 
BIG = AIJ 
I  = NS 
J =' NX 
C ONTI N U E  
I F  (BIG - 1.0D-8) 710, 710, 518 . 
L = 0  
L s  L t  1 
I F  ( L  -J)  520, 515, 520 
I F  ( L  - N >  530, 530, 540 
S(1.L) = - S ( I , L > / S ( I , J )  
G O  T O  515 
COIJTI NUE 
S ( I , ' J )  = 1.0DQ/S(I ,J> 
K - 0  
K = ) c + l  

.. 
I F  (K - I )  555, 550, 555 
1.F (K - N >  5 6 @ ,  5 6 0 ,  590 
L =  rz 

. L =  L + . l  
I F  ( L  - J )  578, 565;570 
I F  ( L  - N )  575, 575, 580 
S(K,L> = S(K,L> + S(I,L)*S(K,J> 
G O  T O  565 
C O N T I  NUE 



S(K . J )  - S(K, J>*S( I , J>  
GO To r 5 e  
CO.!JTI RUE 
'MR(I> = J 
N C ( J >  = I  
CONTI NUE 
D O  '660 NY = 1 ,  N 
D O  66iZ K = 1 ,  N 
I F  ( N Y  - N R ( K )  630, 610, 630 
P J R ( K >  = NR( NY) 
NR( NY) = :W 
D O  620 N V  = 1 ,  N 
TEMP = S(IJY, N V )  
S( NY, I JV)  = So(, N V )  
S(K,NV> = TEMP 
CONTI NUE 
I F  ( I J Y  - N C ( K ) >  660, 640, 660 
N C C K )  = NC( NY) 
NC( NY) = NY 
D O  65C: N V  = 1 ,  fJ 
TEMP = S(NV,NY) 
S(  NV, FJY) = S( tJV,K ) 
S( N V , K >  = TERP 
CONTI N U E  
G O  TO ?80 
h ' =  0 
C ONTI NUE 
R E T U R N  
END 
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