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ABSTRACT 

This r e p o r t  d e s c r i b e s  a computer program t o  perform t h e  

l e a s t - s q u a r e s  r e f i n e m e n t  of c r y s t a l  s t r u c t u r e  pa rame te r s  

based on x-ray  or  n e u t r o n  d i f f r a c t i o n  measurements. The 

program is written most ly  i n  t h e  F o r t r a n  language t o  f a c i l i -  

t a t e  m o d i f i c a t i o n  and t o  pe rmi t  its use  on v a r i o u s  machines.  

De ta i l ed  i n s t r u c t i o n s  f o r  i ts u s e  are inc luded ,  and t h e  

r e q u i r e d  c a r d  decks  may be o b t a i n e d  from t h e  a u t h o r s .  
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INTRODUCTION 

T h i s  r e p o r t  descxribes a computer program t o  perform the 

l e a s t - s q u a r e s  r e f inemen t  of c r y s t a l  s t r u c t u r e  pa rame te r s  

based 09 x-ray o r  neu t ron  d i f f r a c t i o n  measurements. D e t a i l e d  

i n s t r u c t i o n s  f o r  i ts u s e  a re  inc luded ,  and t h e  r e q u i r e d  c a r d  

decks  may be o b t a i n e d  from the  a u t h o r s .  

T h e  program performs s u c c e s s i v e  cyc les  of r e f inemen t  

u s i n g  t h e  f u l l  mat r ix  of t h e  normal e q u a t i o n s .  The 

pa rame te r s  which may be a d j u s t e d  i n c l u d e  s e v e r a l  scale  

f a c t o r s  a n  o v e r - a l l  t empera tu re  f a c t o r  coef f icieiit , t h e  

n e u t r o n  s c a t t e r i n g  f a c t o r s ,  i n d i v i d u a l  atom m u l t i p l i e r s ,  

a tomic  c o o r d i n a t e s  , and i s o t r o p i c  or a n i s o t r o p i c  i n d i v i d u a l  

atom t empera tu re  f a c t o r  c o e f f i c i e n t s ,  The pa rame te r s  t o  be 

v a r i e d  m2y be  s p e c i f i e d  a r b i t r a r i l y ,  and s t r u c t u r e s  of any 

s y m m e t r y  may be accommodated. The r e f inemen t  may be based  

e i t h e r  on the s t r u c t u r e  f a c t o r s  o r  t h e i r  s q u a r e s ,  and t h e  

o b s e r v a t i o n s  may be weighted i n d i v i d u a l l y ,  o r  t h e  u s e  of u n i t  

w e i g h t s  may be s p e c i f i e d .  

The program is makhematical ly  s imi la r  t o  an ear l ie r  

v e r s i o n ,  OR XLS ( W .  R .  Busiiig a n d  11. A .  Levy, "A C r y s t a l l o -  

graphic Leask Squa res  Refinement, Program f o r  t h e  ICBM 704,'t 

OItNIL-CF 59-4 -37 ,  1 9 5 9 ) .  .A b a s i c  d i f f e r e n c e  is t h a t  t h e  

p r e s e n t  p ~ o g r a m  i s  no t  segmen$ed and does  n o t  u s e  magnet ic  

tape for i a t e r m e d i a x e  storage. T h i s  i m p l i e s  t h a t  a 32k c o r e  

xmemory w i l l  be required f o r  most problems.  A means of 

expanding %he s torage  c a p a c i t y  w i t h  magnet ic  t a p e  is 
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mentioned b r i e f l y  i n  a l a te r  s e c t i o n .  P r o v i s i o n  is made t o  

t r a n s f e r  pa rame te r s  from one j o b  t o  t h e  n e x t  by means of 

magnet ic  t a p e  or punched c a r d s .  

The p r e s e n t  program is: d e r i v e d  from a g e n e r a l  l eas t -  

s q u a r e s  program (W. R .  Busing and H. A .  Levy, ''OR GLS, A 

Genera l  F o r t r a n  Least Squares  Program, It BRNL-TM-271, 1 9 6 2 )  , 
and programmers con templa t ing  e x t e n s i v e  changes shou ld  con- 

s i d e r  s t a r t i n g  w i t h  t h a t  b a s i c  program, 

In o r d e r  t o  f a c i l i t a t e  m o d i f i c a t i o n  of t h e  program and. 

t o  pe rmi t  its u s e  on v a r i o u s  machines,  OR FLS has been 

w r i t t e n  i n  t h e  For t ran  language e x c e p t  fsr t h e  matrix 

i n v e r t e r  which is i n  PAP s u i t a b l e  for  t h e  IBM 7 0 4 ,  7 0 9 ,  o r  

7 0 9 0 .  A t e s t  problem is provi.ded Lo s e r v e  as an example and 

t o  a i d  i n  checking  t h e  program a t  o t h e r  i n s t a l l a t i o n s .  

GENERAL DESCRIPTION 

It is expec ted  t h a t  t h e  F o r t r a n  l i s t i n g  and the 

g l o s s a r y  of symbols which a r e  p rov ided  w i l l  s e r v e  as a com- 

p l e t e  d e s c r i p t i o n  of t h e  program. The form of t h e  i n p u t  is 

d e s c r i b e d  i n  d e t a i l  i n  a s e p a r a t e  s e c t i o n ,  and an example of 

s u c h  i n p u t ,  t o g e t h e r  w i t h  t h e  co r re spond ing  o u t p u t ,  is a l s o  

g i v e n .  T h i s  s e c t i o n ,  thel-efQl-@, is intended to s e r v e  o n l y  

as a. summary s f  t h e  method. 

Because t h e  p r e s e n t  r o u t i n e  is a m o d i f i c a t i o n  of the 

genera l  l e a s t - s q u a r e s  prsgram, OR GES, i d ;  w a s  convenient t o  

divide it i n t o  s e v e r a l  subprograms. T h e  main program p e r -  

f c o s m s  the basic opera$ ions  a s s o c i a t e d  w i t h  %he l e a s t - s q u a r e s  



r e f i n e m e n t ,  w h i l e  s u b r o u t i n e  PRELIM s e r v e s  t o  r e a d  t h e  con- 

t r o l  i n fo rma t ion  and pa rame te r s  which clef i n e  t h e  t r i a l  

c r y s t a l  s t r u c t u r e .  S u b r o u t i n e  CALC computes t h e  scaled 

s t r u c t u r e  f a c t o r s  or t h e i r  s q u a r e s  and t h e  d e r i v a t i v e s  of 

khesc q u a n t i t i e s  w i t h  respec% t o  t h e  t r i a l  pa rame te r s ,  and 

s u b r o u t i n e  TEST de te rmines  whether the a d j u s t e d  t empera tu re  

f a c t o r  c o e f f i c i e n t s  a re  p o s i t i v e - d e f i n i t e ,  

In t h e  c a l c u l a t i o n  of t h e  s t r u c t u r e  f a c t o r s  and t h e i r  

d e r i v a t i v e s  it is u s e f u l  t o  d i s t i n g u i s h  t h e  d i f f e r e n t  t y p e s  

of pa rame te r s  such  as sca le  f a c t o r s ,  c o o r d i n a t e s ,  and ternper- 

a t u r e  f a c t o r  c o e f f i c i e n t s  and to  s t o r e  them i n  s e p a r a t e  

a r r a y s .  For t h e  l e a s t - s q u a r e s  ad jus tmen t  p rocedure ,  however, 

it is more conven ien t  t o  s t o r e  a l l  t h e  pa rame te r s  i n  a s i n g l e  

a r r a y .  T o  a c h i e v e  bo th  of t h e s e  o b j e c t i v e s  t h e  program u s e s  

d u p l i c a t e  s t o r a g e  a r r ays  f o r  t h e  c r y s t a l  s t r u c t u r e  pa rame te r s ,  

atid s u b r o u t i n e  PTBSB is provided  t o  copy them from t h e  a r r ay  

P t o  t h e  various; s t o r a g e  l o c a t i o n s  SC,  TO, SF, A I ,  XYZ,  and 

BETA. S u b r o u t j  ne SBTOP performs t h e  r e v e r s e  in fo rma t ion  

transfer and is also used  t o  e x e c u t e  an ana logous  o p e r a t i o n  

w i t h  the c a l c u l a t e d  d e r i v a t i v e s .  

The sequence of o p e r a t i o w  beg ins  w i t h  t h e  r e a d i n g  of 

a l l  the i n p u t  da ta .  T h i s  is perfornied p a r t l y  by t h e  main 

program and  p a r t l y  by s u b r o u t i n e  PRELIM. Most of t h e  i t e m s  

read a ~ e  i m m e d i a t e l y  p u t  o u t  by the program t o  a i d  i n  

d i agnos ing  d i f f i c u l t i e s ,  

If the con t ro l  card i n d i c a t e s  t h a t  i s o t r o p i c  t empera tu re  



f a c t o r  c o e f f i c i e n t s ,  T i ,  are t o  be conve r t ed  t o  a n i s o t r o p i c  

f o r m ,  s u b r o u t i n e  PRELIM computes f o r  each  atom 

Here t h e  p ' s  are *,he a n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i -  

c i e n t s  d e f i n e d  i n  t h e  next s e c t i o n ,  and a*, b*, . . . , y* are 

t h e  r e c i p r o c a l  c e l l  pa rame te r s .  The program t h e n  proceeds  

as though a n i s o t r o p i c  c o e f f i c i e n t s  had been r e a d .  

For each  cyc le  t h e  m a t r i x  and v e c t o r  of t h e  normal 

e q u a t i o n s  a r e  s t o r e d  by computing t h e  c o n t r i b u t i o n s  of one 

o b s e r v a t i o n  a t  a t i m e .  For t h i s  purpose  s u b r o u t i n e  CALC is 

e n t e r e d  once f o r  each  r e f l e c t i o n  $0 o b t a i n  YC, t h e  c a l c u l a t e d  

a b s o l u t e  v a l u e  of t h e  s c a l e d  s t r u c t u r e  f a c t o r  o r  i ts s q u a r e .  

CALC a l s o  s t o r e s  i n  t h e  a r r a y  DC t h e  d e r i v a t i v e s  of YC w i t h  

r e s p e c t  to a l l  p a r a m e t e r s ,  P, whether  t h e y  are t o  be  v a r i e d  

o r  30%. The e x p r e s s i o n s  €or t h e s e  q u a n t i t i e s  are summarized 

i n  the f o l l o w i n g  t a b l a ,  i n  which  F is t h e  magnitude of t h e  

s t r u c t u r e  f a c t o r ,  s 

t e m p e r a t u r e  f a c t o r  c o e f f i c i e n t ,  p is s i n 2 0 / A z j  A and B a r e  

t h e  r e a l  and imaginary compo;ients of t h e  s t r u c t u r e  f a c t o r ,  

and p is any  i n d i v i d u a l  atom pa rame te r .  

is t h e  s c a l e  factor, To is t h e  o v e r - a l l  
4 



Centrosymmetric 
w i t h  o r i g i n  a t  
symmet ry  c e n t e r  

The e x p r e s s i o n s  for A and 13 and t h e i r  d e r i v a t i v e s  are 

summarized i n  t h e  f o l l o w i n g  table. Her=@ t h e  s u b s c r i p t s  i 

and j r e f e r  t o  t h e  v a r i o u s  atoms i n  t h e  asymmetric u n i t  and 

t o  khe d i f f e r e n t  e q u i v a l e n t  p o s i t i o n s ,  r e s p e c t i v e l y .  T i ,  f i ,  

and ai  are t h e  i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i c i e n t  

s c a t t e r i n g  f a c t o r ,  ar,d s c a t t e r i n g  f a c t o r  m u l t i p l i e r ,  

r e s p e c t i v e l y ,  f o r  atom i. The terms cos i j9  s i n . .  and expi j  

are  thc t r i g o n o m e t r i c  c o n t r i b u t i o n s  and t h e  a n i s o t r o p i c  

t empera tu re  f a c t o r  of atom i i n  e q u i v a l e n t  p o s i t i o n  j .  The 

13 ’ 

e x p r e s s i o n s  h a n d  (Zhk) are  r e p r e s e n t a t i v e  of the t r a n s -  

formed indices and index p r o d u c f , ~ .  T h e s e  t e r m s  are  d i s c u s s e d  

j j 

i n  detail i n  the next sect. iom. 
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I s o t r o p i c  
t empera tu re  

f a c t o r  

f ; f . a . e x P G T i p )  2320s.. 
1 1 1  j 1J 

Ef . a . exp( -T ip )  Z s i n i j  
j 

i l l  

aiexp ( -Tip .z;S i n i  
J 

- 2?rf i" i@xp -T ip> Th . s i n i  
3 J  

----- 

Anisotropic 
temper a t u r e  

f a c t o r  

Zf i 1 .a .Zexpi jcos  1' 
i j  J 

Ef.a.I=exp sin 
i j  i j  

i l j  

a .Zexp cos 
i j  i j  

j 
1 

a .  ?expi s i n  
=J i j  

fiXexp cos j i j  ij 

f . Z e x p  s i n  
l j  i j  i j  

-2r f  1 . a . ? ; h . e x p i j s i n i j  13 J 

2 n f .  a .  a. exp i j cos i j  
1 J-j J 

-f . a .&(2hk)  . e x p .  . c o s i j  
'J J 1J 

The  program does  t h e  computa t ion  f o r  each  r e f l e c t i o n  i n  

three s teps .  F i r s t  t h e  sums o v e r  j are accumulated.  These 

a r e  &hen conver t ed  t o  t h e  d e r i v a t i v e s  of A and B with r e s p e c t  

to the a tomic  parameters, and A and B are o b t a i n e d .  F i n a l l y ,  

the scaled s-b;ructure f a c t o r  o r  its s q u a r e  and t h e  d e r i v a t i v e s  

of t h i s  q u a n t i t y  are computed. 
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R e f i n i n g  on IP I 

Upon r e t u r n  from s u b r o u t i n e  CALC, a l i n e  of o u t p u t  com- 

p a r i n g  t h e  o b s e r v a t i o n  w i t h  its c a l c u l a t e d  v a l u e  is p u t  o u t .  

The t e r m  (SQRTW*DV(J>)*(SQRTW*DV(K)) is t h e n  added t o  AM(JK) , 
t h e  J,Kth element  of t h e  m a t r i x ,  w h e r e  SQRTW is t h e  s q u a r e  

roo% of t h e  weight  of t h e  o b s e r v a t i o n .  The c o n t r i b u t i o n  to 

t h e  v e c t o r  e lement  V ( 9 )  is (S$RTW*DV(J) )*(SQRTW*(YO-YC)), 

and t h a t  t o  t h e  agreement f a c t o r  SIC; is (sQRTw*(Yo-Yc))**~. 

Here YO is used as an a b b r e v i a t i o n  f o r  YO(I), t h e  I t h  

observed va lue  of IF [  or P * .  

The sums involved  i n  t h e  f o l l o w i n g  unweighted and 

weighted R factors are accumulated bo th  f o r  a l l  o b s e r v a t i o n s  

and f o r  non-zero o b s e r v a t i o n s .  

I_- 

R e f i n i n g  on F2 

Weighted 
R 

_ll_.____ 

T h e  c a l c u l a t i o n  of YC and its d e r i v a t i v e s  is r e p e a t e d  

u n t i l  t h e  c o n t r i b u t i o n s  from a l l  t h e  o b s e r v a t i o n s  have been 

obtained. A t  t h i s  p o i n t  an  agreement f a c t o r ,  t h e  s t a n d a r d  

error of a n  o b s e r v a t i o n  of u n i t  w e i g h t ,  SQRTF(SIG/(NO-NV) 1, 

is computed and p u t  o u t  t o g e t h e r  w i t h  She R f a c t o r s .  

The s t o r a g e  scheme used f o r  t h e  m a t r i x  AM is d e s c r i b e d  

i n  t h e  g l o s s a r y .  T o  make e f f i c i e n t  use of memory space ,  
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o n l y  t h e  upper t r i a n g u l a r  p a r t  of t h i s  s y m m e t r i c  m a t r i x  is 

s tored.  Fur thermore ,  t o  conform t o  t h e  r equ i r emen t s  of t h e  

e x i s t i n g  m a t r i x  i n v e r t e r ,  SMI, t h e  m a t r i x  is s%ored forward 

i n  core or backward i n  t h e  normal F o r t r a n  index ing  system. 

Before t h e  matrix is i n v e r t e d  it is t e s t e d  f o r  zero 

diagonal. e l emen t s  which would i n d i c a t e  a s i n g u l a r  matrix w i t h  

one or more zero r o w - c o k u m n s .  T h i s  would be the r e s u l t  i f  t h e  

d e r i v a t i v e s  w i t h  r e s p e c t  to t h e  co r re spond ing  pa rame te r s  w e r e  

z e r o  for all1 o b s e r v a t i o n s .  A s i n g u l a r  matrix due t o  t h e  

a t t e m p t  to vary  sets of pa rame te r s  w i t h  one or more redundan- 

c ies  w i l l  be  found i n  t h e  c o u r s e  of t h e  i n v e r s i o n .  I n  case 

of e i t h e r  t y p e  of s i n g u l a r i t y ,  t h e  job is t e r m i n a t e d  w i t h  the 

a p p r s p r i a t e  comment. 

T h e  m a t r i x  i n v e r s i o n  p rocedure  is d e s c r i b e d  i n  d e t a i l  

e l s ewhere  (W. R .  Busing and H .  A .  Levy, "A Procedure  f o r  

I n v e r t i n g  Large  Symmetric Matrices," Comma ACM (Aug. 1962)  - 5 

445-446).  I t  i n v o l v e s  $he d i a g o n a l i z a t i o n  of t h e  m a t r i x  by a 

series of congruent  t r a n s f o r m a t i o n s ,  i n v e r s i o n  by t a k i n g  

reciprocals sf the d i a g o n a l  elements, and a sequence of r e v e r s e  

t r a n s f o r m a t i o n s .  Upon comple t ion  of t h e  p r o c e s s  t h e  inve r se  

matrix h a s  r e p l a c e d  t h e  o r i g i n a l  one i n  t h e  a r r a y  AM. 

The v e c t o r  is then m u l t i p l i e d  by t h e  i n v e r s e  m a t r i x  t o  

o b t a i n  t h e  parameter changes ,  PD. Ana e s t i m a t e d  n e w  v a l u e  of 

t h e  agreenrent factor SXG is o b t a i n e d  by s u b t r a c t i n g  from it 

PD(I)*V(I] summed over  the w v a r i a b l e s ,  and a r e v i s e d  

SQRTF(SPG/(NB-NV)) i s  camputed. The e n t i r e  l ist of parameters 

is t h e n  p u t  ou t  showing t h e  changes which were made and t h e  



est imated s t a n d a r d  e r r o r s  a s s o c i a t e d  w i t h  t h e s e  v a r i a b l e s .  

The l a t t e r  are computed as S Q R T F ( D I A G ( J ) * S I G / ( N o - N V ) ) ,  where 

DIAG is an a r r ay  of t h e  d i a g o n a l  e l emen t s  of t h e  i n v e r s e  

m a t r i x .  I t  shou ld  be noted  t h a t  t h e s e  estimates a re  approxi -  

m a t e l y  e o r r e c t  i f  t h e  r e f inemen t  is converg ing  b u t  may be 

g r o s s l y  i n c o r r e c t  i f  t h e  c a l c u l a t i o n  is d i v e r g i n g .  

The program t h e n  c a l l s  s u b r o u t i n e  TEST t o  examine t h e  

new t empera tu re  f a c t o r  c o e f f i c i e n t s .  If  t h e  o v e r - a l l  temper- 

a t u r e  f a c t o r  To is n o t  z e r o ,  i t  is added t o  t h e  i n d i v i d u a l  

atom t empera tu re  f a c t o r s  S O  t h a t  T i  = Ti  + To f o r  i s o t r o p i c  

t empera tu re  f a c t o r s  o r  

p i 1  = P I 1  + To a*‘/4, 

P L  = P l Z  + To a*b*cos y*/4, 

e tc .  

f o r  a n i s o t r o p i c  t empera tu re  f a c t o r s .  To is t h e n  s e t  t o  z e r o .  

These o p e r a t i o n s  are performed s o  t h a t  t h e  t empera tu re  f a c t o r  

c o e f f i c i e n t s  may be t e s t e d  f o r  p o s i t i v e - d e f i n i t e  form i n  t h e  

f o l l o w i n g  way. For i s o t r o p i c  t empera tu re  f a c t o r s :  

T i  3 0 .  

P l a  >/ 09 P 2 2  20 ’  P 3 3  30’ 

For a n i s o t r o p i c  t empera tu re  f a c t o r s :  

P Z Z  (323 P11 P a s  0 1 1  P l 2  
> o  > o  >/ 0 ,  1 P z s  P 3 3  I ’ ’ I P I ,  P 3 3  I ’ ’ I P I 2  P z z  I 
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F a i l u r e  of One of t h e s e  t es t s  means t h a t  t h e  c o e f f i c i e n t s  do 

n o t  r e p r e s e n t  p h y s i c a l  r e a l i t y .  I n  t h i s  case an i n d i c a t o r  

is se t  to t e r m i n a t e  t h e  j o b ,  and a s t a t e m e n t  is p u t  o u t  

d e s c r i b i n g  the e r r o r  

Upon r e t u r n  from. TEST, i f  %he c o n t r o l  i n t e g e r  I T  # 0 ,  

t h e  new paramete r s  are p u t  o u t  on a n  a u x i l i a r y  magnet ic  t a p e  

i n  the same format as  t h e  parameter  i n p u t .  T h i s  t a p e  may be 

used  t o  punch c a r d s  %or i n p u t  t o  f u t u r e  jobs, or t h e  t a p e  

i t s e l f  may s e r v e  as t h i s  i:-nput. 

Un les s  t h e  j o b  is ended by TEST o r  u n l e s s  a s i n g u l a r  

ma.trix has been found,  t h e  l e a s t - s q u a r e s  p rocedure  w i l l  be 

r e p e a t e d  f o r  t h e  s p e c i f i e d  number of cyc les ,  and t h e n  a f i n a l  

c a l c u l a t i o n  and o u t p u t  of s p o r  ( sqFIZ  w i l l  be  made. 
q 

I f  a s i n g u l a r  matrix has n o t  been found,  t h e  program 

compu%es t h e  c o r r e l a t i o n  matrix by d i v i d i n g  each  i n v e r s e  

m a t r i x  e lement  AM(IJ) by s Q ~ ~ F ( D I A G ( I > * D I A e ( J ) )  when t h e  

r e f i n e m e n t  is t e r m i n a t e d .  Only t h e  upper  t r i a n g u l a r  p a r t  of 

t h i s  symmetr ic  m a t r i x  is r e p o r t e d ,  and t h e  o t h e r  e l emen t s  

appear  as  zero i n  t h e  l i s t i n g ,  

At t h e  end  sf t h e  j o b ,  i f  t h e  c o n t r o l  i n t e g e r  I X F E  = 1, 

and i f  t h e  m a t r i x  is not  s i n g u l a r ,  a t a p e  is w r i t t e n  f o r  u s e  

K. 0. M a r t i n ,  and H., A .  Levy,  "OR FFE, A F o r t r a n  C r y s t a l l o -  

graphic :  Funcr$ion and Er ro r  Prcgram," ORNL-TM-306, 1 9 6 2 ) .  

T h i s  t a p s  i n c l u d e s  t h e  final paramete r s ,  t h e  v a r i a n c e -  

sova r i ance  matr ix ,  and other q u a n t i t i e s  needed f o r  t h e  

c a l c u l a t i o n  cmif intera$omic d is?~ ,ances ,  a n g l e s ,  p r i n c i p a l  
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t he rma l  d i sp l acemen t s ,  e t c . ,  and t h e  s t a n d a r d  e r r o r s  of t h e s e  

q u a n t i t i e s  e 

SYMMETRY CONSIDERATIONS 

and 
I n  t h e  express i ,ons  f o r  A and B ,  t h e  t e r m s  c o s i j  

a r e  t h e  t r i g o n o m e t r i c  c o n t r i b u t i o n s  o f  t h e  i t h  atom Lrans- 

formed t o  t h e  j t h  e q u i v a l e n t  p o s i t i o n ,  and expij  is t h e  a n i s o -  

t r o p i c  t empera tu re  f a c t o r  f o r  t h i s  atom. OR FLS sets  e i t h e r  

exp(-Tip) Or exp i j  t o  u n i t y ,  depending on t h e  k i n d  of temper- 

a t u r e  f a c t o r  t o  be used .  

The t r i g o n o m e t r i c  c o n t r i b u t i o n  cos i j  cou ld  be computed 

as 

COS = COS 2 n ( h x . .  + kYij + i z i j > .  
i j  1J 

Here h ,  k, and 1 are t h e  i n d i c e s  and x i j ,  y i j ,  and z i j  a r e  

t h e  c o o r d i n a t e s  of the i t h  atom i n  t h e  a s y m m e t r i c  u n i t  t r a n s -  

formed t o  t h e  j t h  e q u i v a l e n t  p o s i t i o n .  OR FLS does  n o t  do 

t h i s ,  however. I n s t e a d  of t r a n s f o r m i n g  t h e  c o o r d i n a t e s ,  t h e  

i n d i c e s  h 9  k ,  and 1 are t r ans fo rmed  i n  a way which makes t h e  

result i d e n t i c a l  w i t h  t h e  above: 

C O S  = cos 2n(ka.x c k . y  -I- p j z i  + t.), 
i j  J i  J i  J 

H e r e  x i ,  yi9 and zi are t h e  (unt ransformed)  c o o r d i n a t e s  f o r  

t h e  i t h  atom i n  t h e  a s y m m e t r i c  u n i t ;  11 k and j! are  t h e  

t r ans fo rmed  i n d i c e s ;  and t .  is a t r a n s l a t i o n a l  t e r m .  A s  an 

example, w e  w i l l  i l l u s t r a t e  the t r a n s f o r m a t i o n s  used for t h e  

j’ j ’  j 

J 

g e n e r a l  positions o f  s p a c e  group p3 ,2 .  S u b s t i t u t i o n  of t h e s e  

quantities i n  t h e  two e x p r e s s i o n s  foi- c o s  w i l l  g i v e  i d e n t i c a l  

r e s u l t s .  The e x p r e s s i o n  f o r  sin is o b t a i n e d  i n  a n  ana logous  

way.  

i .j 

i j  
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1 

2 

3 

a 

5 

6 

X Y z 

X-Y -Y -z 

Y-x -X 1/3 -f- z 

-X Y -X 1/3 - z 

-Y x-Y 2 /3  4- z 

Y X 2 / 3  - z 

h .  k .  i .  t .  
.I J 

h k Q 0 

h -h-k -Q 0 

-b-k h Q 1163 

-h-k k -Q Q/3 

k -h-k 1 2Q/3 

k h -P 2Q/3 

OR FLS p e r m i t s  any d e s i r e d  symmetry t o  be i n t r o d u c e d  b y  

means of symmet ry  c a r d s  i n c l u d e d  as i n p u t  d a t a .  There is one 

such  card f o r  each  j v a l u e ,  and it c o n s i s t s  of a s ta tement .  o f  

%be c o o r d i n a t e  t r a n s f o r m a t i o n s  (as i n  t h e  l e f t  h a l f  of the 

above t a b l e ) .  The program a u t o m a t i c a l l y  t r a n s f o r m s  t h e  

i n d i c e s  i n  ways which  a r e  e q u i v a l e n t  t o  t h e  c o o r d i n a t e  trans- 

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

The a n i s o t r o p i c  t empera tu re  f a c t o r  expiqj is handled  

s i m i l a r l y .  The fundamental  e x p r e s s i o n  is 

where PI et@. I a r e  t h e  s i x  t empera tu re  f a c t o r  c o e f f i c i e n t s  

f o r  t h e  ith atom of the asymmetric u n i t  t r ans fo rmed  to the J t h  

equ iva len t  p o s i t i o n .  Again t h e  program makes the compuka t i sa  

by t r ans fo rming  t h e  index  p r o d u c t s  ra ther  than  %he c o e f -  

f i c i e n t s  themselves  so %hat  

i j  



14 

H e r e  (ha”) e tc . ,  are t h e  t ransformed index p r o d u c t s  which 

nmke t h e  two e x p r e s s i o n s  idesa t i ca l .  

J ’  

Rules  f o r  o b t a i n i n g  the t ransformed c o e f f i c i e n t s  PI. 

e t c . ,  f o r  any space  group have been g i v e n  by H .  A .  Levy (Acta  _- 

. - - ~  C r y s t .  (1956) - 9 ,  6 7 9 ) .  From these r u l e s  it may be deduced 

1J 

that &or atoms i n  general  p o s i t i o n s  ( h z >  = ( h j 1 2 ,  e t c . ,  SO 
j 

t h a t  the t r ans fo rmed  index p r o d u c t s  are s imply  t h e  p r o d u c t s  

Of t h e  t r ans fo rmed  i n d i c e s .  T h i s  is n o t  n e c e s s a r i l y  t r u e  for 

atoms i n  s p e c i a l  p o s i t i o n s ,  however. OR FLS computes t h e  

p r o d u c t s  of t r ans fo rmed  i n d i c e s  and assumes t h a t  (hz) = ( h j 1 2 ,  

e t c  arid t h e r e f  o r e  t h e  computed a n i s o t r o p i c  t empera tu re  f a c t o r  

J 

may n o t  be v a l i d  f o r  atoms --- i n  s p e c i a l  p o s i t i o n s .  

C e l l s  w i t h  t r a n s l a t i o n a l  symmet ry  ( c e n t e r i n g )  

-_I- 

T h e  s p e c i f i c a t i o n  of s y m m e t r y  i n  t h e  case o f  face- 

c e n t e r e d ,  end-centered ,  o r  body-centered c e l l s  can  be s i m p l i -  

f i e d  (and t h e  computing t i m e  reduced)  p rov ided  t h a t  t h e  

r e f l e c t i o n s  which are e x t i n g u i s h e d  by c e n t e r i n g  are  n o t  

computed. S i m i l a r  c o n s i d e r a t i o n s  apply  t o  a rhombohedral 

c e l l  d e s c r i b e d  by hexagonal  c o o r d i n a t e s .  In t h e s e  cases, 

s y m m e t r y  cards need be s u p p l i e d  on ly  for p o s i t i o n s  no t  re la ted 

by t r a n s l a t i o n .  The atom m u l t i p l i e r s  should t h e n  be i n c r e a s e d  

by the a p p r o p r i a t e  f a c t o r  e 
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S p e c i a l  p o s i t i o n s  

The w a y s  of per forming  t h e  computat ion when atoms are 

i n  s p e c i a l  p o s i t i o n s  w i l l  now be c o n s i d e r e d .  The impor t an t  

e f f e c t s  of atoms be ing  i n  s p e c i a l  p o s i t i o n s  are (a) t h a t  t h e  

number of t h e s e  atoms is smaller t h a n  i f  t h e y  were i n  g e n e r a l  

p o s i t i o n s ,  (b) that t h e r e  are  c e r t a i n  r e s t r i c t i o n s  on t h e  

p o s i t i o n  pa rame te r s ,  and (el  that there  may be  some 

r e s t r i c t i s n s  on t h e  a n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i -  

c i e n t s .  No r e s t r i c t i o n s  on i s o t r o p i c  t e m p e r a t u r e  factors 

a r e  i n t r o d u c e d ,  however ., 

The ways of t r e a t i n g  s p e c i a l  p o s i t i o n s  w i t h  OR FLS 

depend on s e v e r a l  f a c t o r s :  (1)  whether  a l l  t h e  atoms are  

i n  t h e  same k i n d  of s p e c i a l  p o s i t i o n ,  (2 )  w h e t h e r  t h e  p o s i t i o n  

pa rame te r s  have a f i x e d  v a l u e  o r  whether t h e r e  is a r e l a%ion-  

s h i p  among t w o  o r  more c o o r d i n a t e s ,  ( 3 )  whether  a n i s o t r o p i c  

t e m p e r a t u r e  f a c t o r s  a r e  used o r  n o t ,  and (4) i f  t h e y  are used ,  

whether  t h e r e  are (a> no r e s t r i c t i o n s  on t h e  c o e f f i c i e n t s ,  

( h )  c e r t a i n  c o e f f i c i e n t s  f i x e d  a t  a e r o ,  o r  ( c )  a r e l a t i o n s h i p  

between t w o  o r  more c o e f f i c i e n t s .  H .  A .  Levy ( l o c .  c i t . )  has  

g i v e n  a r u l e  f o r  de t e rmin ing  the r e s t r i c t i o n s  on t h e  a n i s o -  

t r o p i c  t e m p e r a t u r e  f a c t o r  c o e f f i c i e n t s  of atoms i n  s p e c i a l  

p o s i t  i o n s .  

F ixed  p a r a m e t e r s .  When c o o r d i n a t e s  o r  t empera tu re  f a c t o r  

c o e f f i c i e n t s  have f i x e d  v a l u e s ,  these v a l u e s  may be p u t  i n t o  

t h e  l i s t  of t r i a l  p a r a m e t e r s ,  and t h e  parameter  s e l e c t i o n  

cards are p r e p a r e d  so t h a t  t h e s e  pa rame te r s  are no% v a r i e d .  
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Symmetry c a r d s  f o r  t h e  g e n e r a l  p o s i t i o n s  are used  so t h a t  

a n i s o t r o p i c  t empera tu re  f a c t o r s  are c o r r e c t l y  computed. 

Syinmetry c a r d s  f o r  s p e c i a l  p o s i t i o n s .  I f  a l l  atoms are  i n  

t h e  same k i n d  a f  s p e c i a l  p o s i t i o n ,  and i f  a n i s o t r o p i c  temper- 

a t u r e  f a c t o r s  are no t  used ,  then  t h e  c o r r e c t  r e s u l t  w i l l  be 

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

For  exawple,  t h e  s p a c e  group P 3 , 2  mentioned above h a s  s p e c i a l  

p o s i t i o n s  f o r  y = x, z = 1/3 w i t h  t h e  t r a n s f o r m a t i o n s :  

X X 1/3 

T h i s  i n f o r m a t i o n  can  be i n t r o d u c e d  w i t h  t h r e e  symiiietry c a r d s  

i n s t e a d  of u s i n g  six f o r  the g e n e r a l  pos i t i o i z s .  A l l  c o o r d i -  

n a t e s  y and z i n  the p a r a m e k r  i n p u t  are t h e n  i r r e l e v a n t ,  and 

no a t t e m p t  may be made t o  vary  them. 

Wr i t ing  a spec ia l .  s u b r o u t i n e ,  9% is p o s s i b l e  t o  t r e a t  any 

symmetry s i t u a t i o n  which can  a r i s e  by u s i n g  s y m m e t r y  c a r d s  

f o r  the g e n e r a l  p o s i t i o n s ,  a l lowing  t h e  program t o  compute 

t h e  t ransformed i n d i c e s  and t h e  index  p r o d u c t s  which would 

be v a l i d  f o r  these general p o s i t i o n s ,  and t h e n  c a u s i n g  t h e  

program to modify these t ransformed i n d i c e s  a p p r o p r i a t e l y  

by means of a specially prepa red  s u b r o u t i n e .  Cons ide r ,  for 



example, t h e  s p e c i a l  p o s i t i o n s  mentioned above. The b a s i c  

program alone would produce t h e  t r i g o n o m e t r i c  argument 

If xi is assumed t o  be t h e  independent  v a r i a b l e ,  t h e n  y i  =-: xi 

and z i  = 183. S u b s t i t u t i n g  these i n  t h e  argument y i e l d s  

h.x. c k . x .  4 P.83 + t.. 
J 1  J I  J J 

T h e  program w i l l  produce this r e s u l t  if a s u b r o u t i n e  is pra- 

v ided  t o  r e p l a c e  h .  by hj = h .  + k k .  by k !  = 0 ,  Q j  by 
J J J 9  J J 

0 ,  and t by + ' = t . + P j / 3  The pa rame te r s  y and z w i l l  -OJ = j "J J 

a g a i n  be i r r e l e v a n t  and must n o t  be v a r i e d .  

T h e  r e s t r i c t i o n s  on t h e  a n i s o t r o p i c  t e m p e r a t u r e  fac tor  

c o e f f i c i e n t s  may be handled  i n  a s i m i l a r  way. For t h e  atoms 

i n  t h e  above example, Levy's  r u l e  shows t h a t  P z 2  = P l a  

formations t o  be performed by t h e  s u b r o u t i n e  a r e :  

(2ka>;  = 0 ,  

I n  t h i s  case p Z z  and /323 are i r r e l e v a n t  and must n o t  be v a r i e d .  

One s u b r o u t i n e  named PATCH may be p r e p a r e d  by t h e  u s e r  

to t r a n s f o r m  both t h e  indices and the index  p r o d u c t s .  Speci-  

f i c a t i o n s  f o r  t h i s  subprogram a r e  g i v e n  below. 

Although the parameters y p  p z z ,  and P E 3  i n  t h e  above 
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example a re  i r r e l e v a n t ,  it may be d e s i r a b l e  t o  reset  y = x,  

f i z z  = f i l a ,  and f i z 3  = - P l 3  a t  t h e  end of each  c y c l e .  I n  t h e  

case of t h e  a n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i c i e n t s ,  

this is necessary i f  t h e  t e s t  f o r  p o s i t i v e - d e f i n i t e  form is 

t o  be v a l i d .  To p r o v i d e  f o r  such  r e s e t t i n g ,  t h e  program 

c a l l s  t w o  s u b r o u t i n e s  named RESETX and RESETB which may be 

p repa red  by t h e  u s e r  acco rd ing  t o  s p e c i f i c a t i o n s  g i v e n  below. 

There is no r e a s o n  why a combina t ion  o f  t h e  f i x e d  

parameter  and s p e c i a l  s u b r o u t i n e  methods may n o t  be used .  

I n  t h e  above example t h e  z paramete r s  cou ld  be f i x e d  a t  1 / 3  

w h i l e  t h e  s u b r o u t i n e  p r o v i d e s  f o r  t h e  r e s t r i c t i o n ,  y = x .  

1% may a l s o  be p o s s i b l e  t o  choose a c o o r d i n a t e  s y s t e m  which 

s i rnpl i f  i es  t h e  r e s t r i c t i o n s  on t h e  pa rame te r s .  

C o r r e c t i n g  t h e  number of akoiiis. The program as w r i t t e n  

always sums over  a l l  t h e  e q u i v a l e n t  p o s i t i o n s  s p e c i f i e d  by 

t h e  symmetry cards .  Thus the e f f e c t i v e  number of t i m e s  an  

atom is inc luded  is  equal t o  t h e  number of symmetry c a r d s  

fop non-centrosymmetric s t r u c t u r e s  and t w i c e  t h a t  number f o r  

cent rosymmetr ic  s t r u c t u r e s .  If the s y m m e t r y  c a r d s  d e s c r i b e  

t h e  g e n e r a l  positions, t h e n  atoms i n  s p e c i a l  p o s i t i o n s  may 

be p u t  i n  c o r r e c t l y  by u s i n g  t h e  a p p r o p r i a t e  atom m u l t i p l i e r .  

When t h e  s y m m e t r y  c a r d s  are  w r i t t e n  f o r  t h e  s p e c i a l  p o s i t i o n s  

directly9 an  atom m u l t i p l i e r  ~f u n i t y  w i l l  u s u a l l y  be c o r r e c t .  



SPECIFICATIONS FOR SUIBROUTINES 

T h i s  s e c t i o n  w i l l  g i v e  t h e  s p e c i f i c a t i o n s  for the three 

s u b r o u t i n e s  which may be needed when a t o m  are i n  s p e c i a l  

p o s i t i o n s .  The purpose  of these subprograms has been d i s -  

cussed i n  the p r e v i o u s  s e c t i o n ,  and examples of such rnu t ine r j  

are i n c l u d e d  i n  %he test problem which is provided, This 

problem is a h y p o t h e t i c a l  one based on alpha quar tz  w i t h  

s p a c e  group P3,2, and %he general  and s p e c i a l  p o s i t i o n s  used 

as examples earlier cor re spond  ta t h e  positions of oxygen 

and s i l i c o n  atoms, r e s p e c t i v e l y .  

PATCH ( I TJ I HJ HHJ 1 
I n  t h e  c a l c u l a t i o n  O S  one s t r u c t u r e  f a c t o r ,  t h i s  r o u t i n e  

will be c a l l e d  NA t i m e s  f o r  each of t h e  N S  s y m m e t r y  p o s i t i o n s .  

On  each  e n t r y  t h e  argument I d e f i n e s  t h e  atom which is being 

c o n s i d e r e d  so % h a t  1 =: 1 , 2 ,  . . . ,  MA on s u c c e s s i v e  e n t r i e s  f o r  

a g i v e n  symmetry p o s i t i o n ,  

The remain ing  argumentas r e p r e s e n t  the transformed i n d i c e s  

and index  p r o d u c t s  as described i n  the g l o s s a r y .  O n  t h e  first 

e n t r y  for each symmetry positism, % h a t  i s ,  % o r  P = 1, t h e s e  

arguments  w i l l 1  have been set by the program according t c s  the 

i n f o r m a t i o n  on one s y m m e t ~ y  card. It is t h e  task sf t h i s  

s u b r o u t i n e  t o  modify these q u a n x i t i e s  a p p r o p r i a t e l y  L( On 

s u c c e s s i v e  entries f o r  t h e  same symmetry p a s i t i o n  these 

arguments w i l l  r e t a i n  the values se t  previcausly by t h e  sub- 

r o u t i n e .  The main p r o g l - ~ ~  dses n o t  reset them u n t i l  it 

advances t o  a new symmet~y  p o s i t i o n .  
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The a r r ay  HHJ is i r r e l e v a n t  when i s o t r o p i c  t empera tu re  

f a c t o r s  a r e  used ,  so  t h a t  no d i f f i c u l t y  w i l l  be  i n c u r r e d  by 

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

an  i s o t r o p i c  re€ inement, e 

The statements r e q u i r e d  may be o u t l i n e d  as f o l l o w s :  

Interrogate X with one or more I F  s t a t e m e n t s  t o  

determine whether t h e  v a l u e s  of t h e  arguments are  

t o  be modi f ied  e 

S e t  t h e  v a l u e s  of t h e  arguments a p p r o p r i a t e l y .  

The s u b r o u t i n e  shou ld  be compiled and s u b s t i t u t e d  f o r  

thc dummy program which is inc luded  w i t h  t h e  card deck 

p rov ided .  

RESETX (XYZ) 

T h i s  s u b r o u t i n e  is c a l l e d  once n e a r  the end of each  

c y c l e  of l ea s t  s q u a r e s .  It is e n t e r e d  a f t e r  t h e  m a i n  o u t p u t  

o f  t h e  a d j u s t e d  pa rame te r s  but, b e f o r e  t h e  a u x i l i a r y  o u t p u t  

on c a r d s  or t ape .  

The  a r r a y  XYZ c o n t a i n s  t h e  a tomic  c o o r d i n a t e s  as 

described in t h e  glossary. T h e  s t a t e m e n t s  t o  be inc luded  

may be summarized as  f s l l o w s :  



SUBROUTINE RESETX(XYZ) 

DIMENSION XYZ(3,20) 

S e t  t h e  v a l u e s  of t h e  c o n s t r a i n e d  c o o r d i n a t e s  e q u a l  

t o  t h e  a p p r o p r i a t e  f u n c t i o n s  of t h e  pa rame te r s  which 

have been a d j u s t e d .  

T h e  s u b r o u t i n e  shou ld  be compiled arrd s u b s t i t u t e d  f o r  %be 

dummy program which is i n c l u d e d  w i t h  t h e  c a r d  deck p r o v i d e d .  

RESETB (BETA) 

T h i s  s u b r o u t i n e  is c a l l e d  once nea r  t h e  end o f  each  

cyc le  e x c e p t  t h a t  it is n o t  c a l l e d  when i s o t r o p i c  tempera- 

t u r e  factors are used .  I S  is en te red  a f t e r  t h e  main o u t p u t  

of t h e  a d j u s t e d  pa rame te r s  b u t  b e f o r e  t h e  tes ts  f o r  p o s i t i v e -  

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

t a p e  

The a r r a y  BETA c o n t a i n s  the a n i s o t r o p i c  t e m p e r a t u r e  

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

s t a t e m e n t s  t o  be i n c l u d e d  may be summarized as f o l l o w s :  

SUBROUTINE RESETB (BETA) 

DIMENSION BETA(6,20) 

S e t  t h e  v a l u e s  of t h e  c o n s t r a i n e d  c o e f f i c i e n t s  equal  

t o  the a p p r o p r i a t e  f u n c t i o n s  of t h o s e  which have been 

a d j u s t e d  Y 
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RETURN 

END 

T h e  s u b r o u t i n e  shou ld  be compiled and s u b s t i t u t e d  €o r  t h e  

dummy program which is incliaded w i t h  t h e  c a r d  deck p rov ided .  

POSSIBLE CAUSES OF A SINGULAR MATRIX 

A s i n g u l a r  matrix may be the r e s u l t  of one of several. 

k i n d s  of e r r o r s  i n  the i n p u t  da t a .  When one or more zero 

d i a g o n a l  elements a re  found i n  t h e  o r i g i n a l  m a t r i x ,  t h e  

f o l l o w i n g  s o u r c e s  o f  er.1-or shou ld  be cons ide red :  

1 )  Attempting t o  vary  soine undetermined pa rame te r ,  for 

example, a z - c o o r d i n a t e ,  when on ly  hkQ d a t a  are  used .  

2 )  Attempting to vary  a parameter  which shou ld  be f i x e d  

because an  atom is i n  a s p e c i a l  p o s i t i o n .  

A s i n g u l a r  ma t r ix  w i t h  no zero d i a g o n a l  e l emen t s  may be 

t h e  r e s u l t  CPP one of the  f o l l o w i n g   error"^: 

3 )  At ten ip t ing  Lo vary  more pa rame te r s  t h a n  t h e r e  a re  

a b s e r v a k i o n s .  An e r r o r  i n  we igh t ing  cou ld  cause  t h i s  

d i f f i c u l t y .  

4) Attempting t o  v a r y  redundant  pa rame te r s  such  as  t h e  

over-all t empera tu re  fac$or and a l l  t h e  i n d i v i d u a l  atom 

tcaipera-hrare f a c t o r s ,  o r  t h e  c o o r d i n a t e s  of a l l  atoms when t h e  

o r i g i n  is n c t  fixed b y  the s y m m e t r y .  

The s i n g u l a r i t y  without zero diagonal e lemen t s  is more 

d i f f i c u l t  t o  d i agnose ,  I f  other approaches  f a i l ,  t h e  

redundant parameters c a n  a l w a y s  bc i d c n t i f i e d  by t r y i n g  

refinements with various parameters h e l d  c o n s t a n t .  
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Maximum 
Values 

I n  e i t h e r  c a s e ,  t h e  o u t p u t  of t h e  t r i a l  pa rame te r s  and 

parameter  s e l e c t i o n  i n t e g e r s  shou ld  be checked,  as t h e  d i f f i -  

c u l t y  may s imply  be t h e  r e s u l t  of a mis t ake  on t h e s e  i n p u t  

cards. 

S t o r a g e  Used 

CAPACITY AND ARRAY DIMENSIONS 

The u s e r  may wish t o  r ecompi l e  t h e  program w i t h  modi f ied  

DIMENSION s t a t e m e n t s  i n  order t o  a l l o c a t e  starage f o r  a 

p a r t i c u l a r  problem. T h e  f o l l o w i n g  t a b l e  i l l u s t r a t e s  t h e  way 

i n  which t h e  s t o r a g e  used by t h e  arrays depends on t h e  

d i f f e r e n t  v a r i a b l e s .  The f i g u r e s  i n c l u d e d  cor respond t o  t h e  

dimensions i n  t h e  program a s  d i s t r i b u t e d .  

Nv 1 0 0  

NP 2 3 0  

NO 2 5 0 0  

MA 2 0  

NQ 9 

m 1 0  

5*MV -I- MV*(NV +- 3 ) / 2  5 6 5 0  

3 *NP 6 9 0  

6*NO 1 5 0 0 0  

45*NA 9 0 0  

2*NQ 1 8  

32*NF 3 2 0  1 
9*NS 2 16  

T o t a l  2 2 7 9 4  

T h e  number of l o c a t i s n s  occupied  by t h e  complete  program 

w i t h  temporary s t o r a g e  no t  l i s t e d  above is  about  6 5 0 0 ,  This 
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l e a v e s  approximate ly  3400  l o c a t i o n s  for u s e  by the monitor 

system, f o r  s u b r o u t i n e s  added by the u s e r ,  o r  f o r  expansion 

of t h e  c a p a c i t y  of t h e  program. 

F a r  l a rge  problems a s imple  m o d i f i c a t i o n  may be made 

w h i c h  w i l l  remove all. r e s t r i c t i o n s  f r o m  NO and allow NV to 

i n c r e a s e  Lo about  2 0 0 ,  Sirice t h e  o b s e r v a t i o n s  are used one 

a t  a time, the v a l u e s  of X ,  YO, and SIGyO may be written on 

magnet ic  t ape  a k  i n p u t  t i m e ,  one o b s e r v a t i o n  t o  a r e c o r d ,  and 

r e a d  back for u s e  d u r i n g  t h e  loop through t h e  o b s e r v a t i o n s .  

Ano the r  approach t o  large problems would be t o  vary  

d i f f e r e n t  b l o c k s  of pa rame te r s  s u c c e s s i v e l y .  For  t h i s  purpose  

t h e  u s e r  may wish t o  iiiodify t h e  program t o  read parameter 

s e l e c t i o n  cards at t h e  beginning  of each  c y c l e .  

DATA INPUT 

T h e  1 i rn i t a . t i ons  niayked w i t h  an a s t e r i s k  ("1 depend on ly  
on t h e  dimensions w i t h  which t h e  program is compiled.  

1. T i t l e  card, 
C'o lumws  
1 - 7 2  

2 .  C o n t r o l  cards. 
F i r s t  card 
C o  luanns 
1-3 

4-6 

FORMAT ( 1 2 A 6  1 

T i t l e  c o n s i s t i n g  s f  any  desired H o l l e r i t h  
in fo rma t i an .  T h i s  w i l l  be p u t  o u t  as  a 
heading on each seca,ion o f  o u t p u t .  

M@, % h e  xiamber of cyc le s  to be r u n  on t h i s  
Job .  Calculated values of YC, the s c a l e d  
s t r u c t u s - e  fact.,or or i ts  s q u a r e ,  w i l l  be 
l i s t e d  NC -F 1 timcse If NC = 0 ,  one l ist  
of YC w i l l  be  p u t  o u t ,  b u t  no r e f inemen t  
w i l l  be made. 

NV, b h r  number of pa rame te r s  t o  be v a r i e d .  
16% MC = 0, then NV i s  i r r e l e v a n t .  
a. < MV < l o o * *  



Columns 
7-9 

10-12  

13-15 

16-18 

Second card 
Columns 
1-3 

4 -6 

7-9 

10-12 

IW9 t h e  weight  i n d i c a t o r .  1W = 0 i n d i -  
cates  t h a t  i n d i v i d u a l  s t a n d a r d  e r r o r s  w i l l  
be supplied by the user f a r  each obser- 
v a t i o n .  IW = 1. i n d i c a t e s  that t h e  program 
is t o  w e i g h t  each  o b s e r v a t i o n  a t  u n i t y .  

IP, t h e  parameter  i n p u t  i n d i c a t o r ,  If 
PP = 0 ,  t h e  trial paramete r s  P are Lo be 
read as i n p u t  da t a .  I f  TP 3 0, t h e n  the  
paramekers are t o  be t a k e n  from the  
magneRic tape o u t p u t  of c y c l e  IP of a 
p r e v i o u s  j o b  0 

I T ,  the parameter  ou tpu t  indicator, I f  
IT = 8 ,  paramete r s  are n o t  t o  be w r i t t e n  
on  t a p e  f o r  use as  i n p u t  l o  later Ileast- 
s q u a r e s  cycles: .  1% 1'6" = B, t h e y  are t o  be 
written on a p r i v a t e  tape. If I T  = 2 ,  
t h e y  are w r i t t e n  on t h e  moni tor  auxiliary 
t a p e  in such  a way as  -to y i e l d  punched 
c a r d s .  The p r i v a t e  t a p e  is i n i t i a l l y  
rewound and is terminated by a n  end-of- 
file while t h e  a u x i l i a r y  t ape  is not. 

IXFE, the  f u n c t i o n  and e r r o r  o u t p u t  indi- 
c a t o r .  Ib f  IXFE = 1, i n f o r m a t i o n  i n c l u d i n g  
t h e  pa rame te r s  and. t h e  va r i ance -csva r  iance 
m a t r i x  w i l l  be w r i t t e n  on  a p r i v a t e  t a p e  
f o r  use by OR PEE. If IXFE = 0 ,  no such  
~ u t p u t  w i l l  be made. 

SFSQ, t h e  F2 i n d i c a t c r .  If IFSQ = l 9  t h e  
program c a l c u l a t e s  6 P .  If IFSQ = 2 ,  the 
program c a l c u l a t e s  ( s  F ) Z .  

ITF, t h e  t empera tu re  f a c t o r  i n d i c a t o r  e 

PTF = l for i s o t r o p i c  t empera tu re  f a c t o r s .  
ITF = 2 f o r  a n i s o t r o p i c  t empera tu re  
f a c t o r s ,  If 13°F = Z s  the program conver t s  
i s o t r o p i c  temperature factor c o e f f i c i e n t s  
t o  a n i s o t r o p i c  form b e f o r e  r e f i n i n g .  

il 

NP, t h e  number of d i f f e r e n t  x-ray form 
f a c t o r  tables t o  be used.  For neutron 
diffraction N F  = 0 ,  0 ?;IF ,$ LO.* 

??A9 t h e  number of atoms i n  t h e  a s y m m e t r i c  
u n i t ; .  I.& N A <  2 Q * *  
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Columns 
13-15 

16-15 

1 9 - 2 1  

PCENT, t h e  symmetry i n d i c a t o r .  ICENT = 1 
i n d i c a t e s  a cent rosymmetr ic  s t ruc- t ;ure  w i t h  
t h e  o r i g i n  a t  a symmetry c e n t e r .  ICENT = 
2 i n d i c a t e s  a non-centrosymmetric 
s t r u c t u r e .  

NS, the number of symmetry c a r d s .  For 
non-centrosymmetric s t r u c t u r e s  NS is eq 
t o  t h e  number s f  e q u i v a l e n t  p o s i t i o n s ,  
For cent rosymmetr ic  s t r u c t u r e s  NS is eq 
t o  one-half  t h e  number of e q u i v a l e n t  
p o s i t i o n s .  14 NS\( 24 . *  

NQ, the number of scale f a e t o r s  i n  t h e  
parameter  l i s t .  14 NQ 4 9 . *  

tal 

La1 

3 ,  S c a t t e r i n g  f a c t o r  t a b l e s .  PORMAT(8P9.3) 
Four c a r d s  are t o  be provided  for each  of NT t a b l e s ,  For 
n e u t r o n  d i f f r a c t i o n  problems NF = 0 ,  and t h e s e  c a r d s  a re  
o m i t t e d .  E n t r i e s  beyond t h e  r ange  needed f o r  l i n e a r  
i n t e r p o l a t i o n  may be l e f t  b l ank .  

First c a r d  
Columns 
1-9 

10-18 

64-72  

Second c a r d  
C o  L umns 
1-9 

T h i r d  c a r d  
Columns 
1-9 

F o u r t h  c a r d  
Columns 
1-9 

64-72  

S c a t t e r i n g  f a c - t o r  f o r  s i n o / h  = 0 . 0 0  

S c a t t e r i n g  f a c t o r  f o r  s ine/X = 0 . 0 5  

S c a t t e r i n g  f a c t o r  f o r  s i n @ / h  = 0 . 3 5  

S c a t t e r i n g  f a c t o r  for sinQ/h = 0.40 

Scattering f a c t o r  f o r  s i n Q / h  = 0.80 

S c a t t e r i n g  f a c t o r  f o r  s i n e / h  = 1 . 2 0  
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4. Symmetry c a r d s .  F Q R ~ T ~ F P ~ . ~ , ~ I ~ , F ~ L . ~ , ~ I ~ ~ F ~ ~ . ~ , ~ I ~ ~  
Each of t h e s e  NS c a r d s  d e s c r i b e s  one symmetry  t r a n s f o r -  
mat ion j of t h e  a tomic  c o o r d i n a t e s .  For non-centro- 
s y m m e t r i c  s t r u c t u r e s ,  N S  is t h e  number of e q u i v a l e n t  
p o s i t i o n s .  For cent rosymmetr ic  s t r u c t u r e s  (wi th  t h e  
o r i g i n  a t  a c e n t e r ) ,  MS is h a l f  t h e  number of e q u i v a l e n t  
p o s i t i o n s ,  and on ly  one p o s i t i o n  of each cenl rssymmetr i -  
c a l l y  r e l a t e d  p a i r  is used .  The b a s i c  p o s i t i o n  x, y, z 
must be inc luded  i n  t h e s e  cards. See t h e  sample problem 
f o r  an example of t h i s  i n p u t .  

Columns 
1-11 T r a n s l a t i o n a l  part of x or b lank .  

j 
12-13  

14-15 

16-26 

27-30 

31-41 

42-45 

1, 2, 3 ,  -1, -2 ,  -3, or blank  f o r  x ,  y p  
z ,  -x, - y ,  - z ,  or  b l ank ,  r e s p e c t i v e l y ,  
a s  used i n  t h e  e x p r e s s i o n  f o r  t h e  trans- 
formed x ., 

1, 2 ,  3 ,  -1, -2 ,  -3 ,  or  blank for x, y ,  
z, -x, -y ,  - z j  or b l a n k ,  r e s p e c t i v e l y ,  
as used i n  t h e  e x p r e s s i o n  f o r  t h e  t r a n s -  
formed x j .  
exac t ly  e q u i v a l e n t  t o  1 4  and 1 5 .  Also, 
n o t e  t h a t  an e x p r e s s i o n  such as  xj =,2x  
must be t r e a t e d  as x = x c x.) 

T r a n s l a t i o n a l  p a r t  of y or b lank .  

Integers r e p r e s e n t i n g  p l u s  or minus x9 y ,  
o r  z i n  t h e  e x p r e s s i o n  f o r  t h e  t r a n s -  
formed y a s  d e s c r i b e d  above. 

T r a n s l a t i o n a l  p a r t  of z .  o r  b l ank .  

I n t e g e r s  r e p r e s e n t i n g  p l u s  CSP minus x, y p  
o r  z i n  t h e  e x p r e s s i o n  for t h e  t r a n s -  
formed z .  

j 

(Columns 1.2 and 1 3  are 

J 

j 

J 

a 

J '  

5 .  R e c i p r o c a l  c e l l  d a t a  c a r d a  FORMAT(~FO .&I 

Columns 
1-9 a* i n  r e c i p r o c a l  Angstroms 

10-18 b* i n  r e c i p r o c a l  Angstroms 

19-27 c* i n  r e c i p r o c a l  Angstroms 

28-36 CBSCY* 

37-45 @OSP* 

46-54 cosy* 
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6 .  T r i a l  parameter  c a r d s ,  
T h e s e  c a r d s  are i nc luded  o n l y  i f  IP = 0 .  Otherwise  t h e  
t r i a l  pa rame te r s  ( i n  e x a c t l y  t h e  same format )  w i l l  be 
r e a d  from t h e  magnet ic  t a p e  o u t p u t  of cyc le  IP of a 
prev ious  job .  

A .  Scale f a c t o r  cas.ds, FBRhlAF g IF 9 . 6 3 

10-18 

64-72 

Second scale  f a c t o r ,  s t .  

Eigh th  scale  f a c t o r ,  s 8 .  

The scale f a c t o r s  are con t inued  on a d d i t i o n a l  cards  i f  
there are more than eight of them. 

B. Over -a l l  t empera tu re  f a c t o r  c a r d .  FORMAT(F9.6) 

Columns 
1-9 To, t h e  c o e f f i c i e n t  € o r  t h e  o v e r - a l l  

t empera tu re  f a c t o r  exp ( - ~ , s i n 2  O / A ~  1 . 
@. Atom parameter  c a r d s .  

TWQ c a r d s  are  needed for each atom i i n  t h e  asymmetr ic :  
u n i t ,  where i = 1 2 2 9 0 . 0 ,  NA. 

F i r s t  card PORMAT(A4,3X, 5F9 6 )  
eo lurnns 
1-6 Any 6 H o l l e r i t h  c h a r a c t c r s  i d e n t i f y i n g  

atom i. These w i l l  be p r i n t e d  w i t h  t h e  
parameter  o u t p u t .  

7 - 9  Blank  

10-1,8 X-ray  s c a t t e r i n g  factor i d e n t i f i e r  or 
neut ron  s c a t t e r i n g  factor For x-ray 
problems (NF # 0 )  t h i s  is ar! i n t e g e r  
from one t o  NP which i d e n t i f i e s  t h e  
s c a t b e r i n g  f a c t o r  t a b l e  t o  be used f o r  
a-k.csrn i. The s c a t t e r i n g  factor tables 
are  numbered i n  t h e  o r d e r  i n  which t h e y  
were read.  I n c l u d e  a dec imal  p o i n t  a f t e r  
this number 9 

For. n e u t r o n  problems (NF = 0 )  t h i s  is t h e  
n e u t r o n  s c a t t e r i n g  f a c t o r  i t s e l f  
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Columns 
19-27 A m u l t i p l i e r ,  a i ,  a p p l i e d  t o  t h e  scatter- 

i n g  f a c t o r  of atom i. T h i s  number w i l l  
u s u a l l y  be 1 . 0  u n l e s s  s y m m e t r y  c o n s i d e r -  
a t i o n s  d i c t a t e  o t h e r w i s e .  

2 8 - 3 4  

37-45 

4 4 - 5 4  

Second c a r d  FORMAT(6F9.6) 

The c o o r d i n a t e  xi  for atom i. 

The c o o r d i n a t e  y i  f o r  atom i. 

T h e  c o o r d i n a t e  zi  f o r  atom i. 

For i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  (or f o r  i s o t r o p i c  
t e m p e r a t u r e  f a c t o r s  conve r t ed  t o  a n i s o t r o p i c  form b e f o r e  
r e f i n i n g )  : 

Columns 
1-9 T i ,  t h e  c o e f f i c i e n t  for t h e  i s o t r o p i c  

t e m p e r a t u r e  f a c t o r  for atom i, 
exp(-Tis in2@/X2)  

For a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s :  

Columns 
1-9 P l a i ,  a c o e f f i c i e n t  i n  t h e  e x p r e s s i o n  f o r  

t h e  a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r  f o r  
atom i, e x p [ - ( p l l i h z  f- FZEik2 f p33iB2 + 
ZPlZihk + 2/3,3ihL + 74P23kL)]* 

10-18 P Z Z ~  

19-27 6 3 3  i 

2 8 - 3 4  PI. 2 i 

37-45 61.3 i 

46-54 P 2 3  i 

7 .  R e f l e c t i o n  d a t a  c a r d s .  FORMAT ( I 1 F 8 . 0 5F9 . 0 1 
One card is needed f o r  each  r e f l e c t i o n  observed  or f o r  
each  s t r u c t u r e  f a c t o r  t o  be  computed. 
14 NQ 4 2499.* 

Columns 
1 Blank 

2-9 T h e  index  h. N o  decimal p o i n t  is needed. 

10-18 The index k .  N o  deciinaY p o i n t  is needed, 
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co lurnns 
1 9 - 2 7  

2 8 - 3 6  

37-45 

46-54 

The index P. N o  dec imal  p o i n t  is needed. 

The observed  v a l u e  of IF /  or F* ,  which- 
e v e r  is be ing  r e f i n e d .  For s t r u c t u r e  
f a c t o r  c a l c u l a t i o n s  t h i s  f i e l d  may be l e f t  
b lank  ,, 

T h e  s t a n d a r d  error of t h i s  o b s e r v a t i o n .  
If PW = 1 on t h e  c o n t r o l  c a r d ,  t h i s  f i e l d  
is i r r e l e v a n t  ., 

q ,  where 1 .\( q 6 NQ and s4 is t h e  scale  
f a c t o r  t o  be used  i n  computing t h i s  
r e f l e c t i o n .  N o  dec imal  p o i n t  is needed. 

8 .  Obse rva t ion  t e r m i n a t i o n  c a r d .  FORMAT ( 11) 

Column 
1 1 as a s e n t i n e l  f o r  t h e  end of t h e  

o b s e r v a t i o n  deck ,  

9 ., Parameter  s e l e c t i o n  c a r d s  FORMAT ( 7 2 11) 
These c a r d s  s p e c i f y  the NV paramete r s  t o  be v a r i e d .  Con- 
s i d e r  t h e  t r i a l  pa rame te r s  t o  be s t o r e d  i n  t h e  a r r ay  P i n  
t h e  f o l l o w i n g  o r d e r :  t h e  NQ s ca l e  f a c t o r s ,  t h e  o v e r - a l l  
t empera tu re  f a c t o r  c o e f f i c i e n t ,  t h e  s i x  or e l e v e n  
pa rame te r s  for t h e  f irst  atom, t h o s e  for t h e  second atom, 
e t c .  The pa rame te r s  f o r  each  atom are t h e  s c a t t e r i n g  
f a c t o r ,  t h e  m u l t i p l i e r ,  t h e  t h r e e  c o o r d i n a t e s ,  and t h e  one 
or s i x  t empera tu re  f a c t o r  c o e f f i c i e n t s  I) Each column of 
t h e  parameter  s e l e c t i o n  c a r d  c o n t a i n s  an  i n t e g e r  KI(1) s o  
t h a t  i f  KI(I) = 0 ,  t h e n  P ( 1 )  w i l l  be h e l d  c o n s t a n t .  If 
K I ( I )  = 1, t h e n  P ( I )  will be a d j u s t e d .  

S i x  t empera tu re  f a c t o r  c o e f f i c i e n t s  per  atom shou ld  be 
assumed if a n i s o t r o p i c  t empera tu re  f a c t o r s  are  s p e c i f i e d  
or if i s o t r o p i c  t empera tu re  f a c t o r s  are  t o  be conve r t ed  
t o  a n i s o t r o p i c  form b e f o r e  r e f i n i n g .  For i s o t r o p i c  
r e f i n e m e n t s  t h e r e  i s  o n l y  one t e m p e r a t u r e  f a c t o r  p e r  atom. 

Note t h a t  f o r  b o t h  x-ray and neu t ron  problems t h e  sca t te r -  
i n g  f a c t o r  is c o n s i d e r e d  to be a pa rame te r .  The n e u t r o n  
s c a t t e r i n g  f a c t o r  may be a d j u s t e d  by l ea s t  s q u a r e s ,  b u t  
va ry ing  an  x-ray s c a t t e r i n g  f a c t o r  m u s t  n o t  be a t t empted .  

F i r s t  c a r d  
C o  l u m r r  
1 RI(1)  

2 

7 2  



Second c a r d  
Column 
1 KI(73> 

'TABES REQUIRED 

L i s t e d  h e r e  are t h e  moni tor  t a p e  c o n t r o l  c a r d s  r e q u i r e d  

for o p e r a t i o n  at the O a k  R,idge C e n t r a l  Data  P r o c e s s i n g  

F a c i l i t y .  A$ o t h e r  instalfatisns t h e  n e c e s s a r y  t a p e s  shou ld  

be s p e c i f i e d  a p p r o p r i a t e l y .  

*TAPE(3 POOL, SAVE) 

T h i s  is r e q u i r e d  o n l y  i f  ImE = I, i n d i c a t i n g  t h a t  d a t a  

f o r  t h e  Func t ion  and E r r o r  Program, OR FFE, are t o  be 

saved an tape a f t e r  t h e  f i n a l  cycle sf r e f i n e m e n t .  This 

tape is i n i t i a l l y  rewound and an e n d - o f - f i l e  is w r i t t e n  

upon completicm of t h e  j o b .  

*TAPE(.$, R e e l  numberg SAW) 

T h i s  is r e q u i r e d  o n l y  i f  IP > 0, i n d i c a t i n g  t h a t  t h e  

i n i t i a l  values of t h e  t r i a l  pa rame te r s  are t o  be Laken 

from this t a p e ,  which w a s  w r i t t e n  on a p rev ious  job .  

*TAPE g 5 POOL SAVE) 

This is r e q u i r e d  only if I T  = 1, i n d i c a t i n g  t h a t  t h e  

ad*justed pa rame te r s  are to be w r i t t e n  on t h i s  t a p e  

a$-ter each  cyclea T h i s  t ape  is i n i t i a l l y  rewound and 

a n  end-of-file is w r i t t e n  upan comple t ion  of t h e  job .  

T h i s  is required o n l y  if IT = 2 ,  indicating that t h e  

adjus$ed parameters m e  $0 be w r i t t e n  on this t a p e  
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*TAPE(6 ,AhnrOUT> Continued 

a f t e r  each cyc1,e. Cards s u i t a b l e  f o r  i n p u t  t o  ano the r  

j o b  will t h e n  be punched o f f - l i n e .  T h i s  t a p e  is no t  

rewound and no e n d - o f - f i l e  is w r i t t e n  on i t  by t h e  

T h i s  is &he monitor  o u t p u t  t ape  t o  be  listed. 

*TAPE(lO, I N P U T >  

T h i s  is t h e  monitor  i n p u t  t a p e  p repa red  from c a r d s ,  

CARD DECKS PROVIDED 

S u bp 1- o g r am 

C a l l i n g  program 

PRELIM 

CAkC 

TEST 

PTOSB 

SBTOP 

SMI 

PATCH (dummy) 

BESETX i dummy > 
RESETB (dumrny) 

-- Type 

F o r t r a n  

F o r t r a n  

F o r t r a n  

For  t r a n  

P or t,r a n 

For  tr an 

FAP 

F0rtx.X-I 

F o I t, I" a n  

F 0 1" t, r an 

Symbolic 
c a r d  

numbers 

Column 
b i n a r y  c a r d  

numbers 

1 - 474 

475 - 629 

630 - 929 

930 - 1018 
1019 - 11058 

1059 - 1098 
1099 - 1351 

1352 - 1358 

1 3 5 9  - 1365 
1366 - 1 3 7 2  

* 1' 
1472 - 1560 , 
1561 - 1590* 
1591 - 1636* 

1633 - 1649* 

1 6 5 0  - 1658 

16.59 - 1667 

1668 - 1681 
1682 - 1683 

1684 - 1685 
1686 - 1687 

* T h e  column b i n a r y  c a r d s  p rov ided  w e r e  compiled and assembled 
o n  a n  BBM 9 0 9 0 .  The c a l l i n g  program, PRELIM, CALC, and TEST 
s h s u l d  be recompiled i f  t h e y  are t o  be used on a n  PBM 7 0 4 ,  
b u t  khe remaining subprograms shou ld  work s a t i s f a c t o r i l y  on 
either machine 0 

TCaPd N o .  14'72 is ;I c o n t r o l  c a r d  f o r  t h e  Oak Ridge Monitor 
S y s t e m .  1% may n o t  be a p p r o p r i a t e  a t  o t h e r  i n s t a l l a t i o n s .  
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Symbolic Column 
card binary c a r d  

- Subprogram Type  numbers numbers 

L i b r a r y  r o u t i n e s  SQRT? SIN, COS, EXP, and E X I T  (which termi- 
n a t e s  t h e  job)  s h o u l d  be i n s e r t e d  here i f  t h e y  a re  nod 
suppEied by the monitor  system. 

PATCH (example) For t r an  

RESETX (example) For%i;ran 

RESETB (example3 F s r t r a n  

~agansfela card 

Permanent d a t a  cards 

Data  for t?XalTlple 

?These cards must be present an 

1688 - 1 4 9 2  1 3 7 3  - 1389 

1390 - 1398 1 6 9 3  - 1695 

1399 - 1408 2696 - 1698 

14Q9 

1418 - al l -aq 

1413 - 14-71 

all problems. 

GLOSSARY OF SYMBOLS 

Arrays are represented by s y m b s l s  followed by t h e i r  
minimum a l l o w a b l e  d imens ions .  A B 1  o t h e r  symbols refer to 
s i n g l e  s t o r a g e  v a r i a b l e s .  Those marked w i t h  an asterisk (*I 
are read as i n p u t  data. 

A ~ e a l  component of the s t r u c t u r e  f a c t o r .  

* A P ~ N . A )  Atom multipliers, ai" 

AM g 0 -w* I w+ 3 1 .I 2 ,I Matrix of $he nchrmal equa-fLions. T h i s  
area is a l s o  used f o r  t h e  i n v e r s e  

used  f o r  t h e  mahrix, b u t  NV more are 

right t r i a n g l e  of t h e  ma t r ix  is s t o r e d ,  
and t h i s  is s to red  forward  i n  the 
memory - i . e . ,  backward i n  t h e  F o r t r a n  
indexing s y s t e m .  

matrix element, t h e n  a f P  is at 
AM((W*&MVcl~)/Z) an E is at 
A M ( W V * ( N T T + ~ ~ > / ~ - % ~ ~  e -b ;~ . ,  .azz is at 
. A M U N Y * W + I ~ ~ / ~ - W L  ana axV,MV is at 

storage is as illustrated; 

matrix. Qinsy <NV*(NVcl))/Z words are 

used by the i n v e r t e r .  Only the upper  

I f  aij r e p r e s e n t s  a 

AM(1). Poly example,  if NV = 4, the 
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B 

*BETA(6,NA? 

CA 

CB 

COSIJ 

DADA I ( NA) 

DADB(6 NA) 

DADFI(NA) 

'I----+ 

Alphanumeric name of each atom r e a d  i n  w i t h  
t h e  pa rame te r s  o f  %ha.-& atom and used i n  t h e  
outpu% as  a heading  f o r  t h o s e  pa rame te r s .  

Imaginary component of t h e  s t r u c t u r e  f a c t o r .  

A n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i c i e n t s  

f o r  the NA atoms. If i s o t r o p i c  t empera tu re  
f a c t o r s  are  used, t h e n  BETA(l,1) is t h e  me€-  
f i c i e n t  f o r  atom 1. 

P r  9 5 B 2 Z  ? P p g  J P I  a: 9 P I  3.9 6 2 3  (in t h a t  oi-der) 

C o e f f i c i e n t  of a A / a p  i n  t h e  e x p r e s s i o n  for 
a(s P)/ap o r  a ( s q W / a p .  

(4 
C o e f f i c i e n t  of as /*ap i n  t h o  e x p r e s s i o n  f o r  
a 0 s q ~ > / a p  01- a $ S q 2 P h p .  

COS I J* EXPI: J e 

Tr igonomet r i c  c o n t r i b u t i o n  of atom I i n  
s y m m e t r y  p o s i t i o n  J .  A l s o  used f o r  

aA/aai - T h i s  a r r a y  is a l s o  used  f o r  

a A / a P l 1  i, e t c .  - T h i s  a r r a y  is a l s o  used f o r  

Xh."OS exp. ' 9  e t c .  
j .I i J  1.1 

a A / a f i  - T h i s  array is a l s o  used f o r  

Ccosijexpij  0 

j 
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DBDAI(NA1 

DBDPPSNA) 

DBDX(3 NA) 

DC(NP) 

DFDAI (NA) 

DIAGQW) 

a A / a x i l  aA/ayi’ and aA/az i  - T h i s  a r r ay  is a l so  

used f o r  Zh. sin. .expij et@ 
j J 1J 

a3/aai - T h i s  a r r a y  is a l s o  used  for 

3 f i s i n i j e x p i j  e 

J 

aB/ap,  ,, i 4  e t c  L1 - T h i s  a r r a y  is also used  fo r  

Z h . 2 s i n i j e x p i j  e tc .  
j J  

a B / a f i  - T h i s  a r r a y  is also used  for 

Zs in i j exp i j  
3 
aB/ax i9  aB/aYiP and a B / a z i  - T h i s  a r r a y  is a l so  

used  for Fh .cos i j exp i j ,  e t @ .  
J J  

C a l c u l a t e d  d e r i v a t i v e s  of YC w i t h  r e s p e c t  t o  
a l l  p a r a m e t e r s  p a  

a (sqF) /aa i  o r  a(sqZF2)/aai - Later c o p i e d  t o  

a r ray  DC. 

a(sqp>/ag,,,, e tc . ,  or a b  2 F z ) / a P l p i ,  e tc .  

L a t e r  cop ied  $0 DC. When i s o t r o p i c  tempera- 
% u r e  f a c t o r s  are specified, DFDB(1,I) is used  
f o r  a(s,F)/aTi o r  +3CsqZFZ)/aTi. 

91 

a(sqF)/dsq or 3 ( s q z F 2 ) ) / a s q e  

a r ray  DC.  

Later cop ied  t o  

Diagonal e l e m e n t s  of t h e  i n v e r s e  m a t r i x .  These  
are used f o r  c a l c u l a t i n g  the s t a n d a r d  e r r o r s  of 
t h e  paramelkers which were varied. 

D e r i v a t i v e s  of t h o s e  p a r a m e t e r s  which are t o  be 
v a r i e d ,  m u l t i p l i e d  by t h e  s q u a r e  roo% of t h e  
weight  - 



3 6  

DY 

EXPIJ 

F 

F I  

FRACP" 

FTA 

FTACOS 

FTASIN 

HHB 

HHJ(~) 

H J ( 3 )  

HOLD 

HX 

IC 

YO( I) -Y@ 0 

A n i s o t r o p i c  t empera tu re  factor for atom I i.n 
s y m m e t r y  p o s i t i o n  J .  

s F o r  s zF2. F is t h e n  copied  t o  'TIC. 

Atomic scattering f a c t o r ,  fi. Also used f o r  

q q 

fiexPQ-Tip] and fol* -fi"xp(-Tip) 

Fractionxi1 p a r t  of PT. 

a .  f for a n i s o t r o p i c  t empera tu re  f a c t o r s ,  o r  

aif iexp(-Tip) f o r  i s o t r o p i c  t empera tu re  

f a c t o r s  e 

a i  

aif iexp ( - ~ , p >  zcosij 
J 

S c a t t e r i n g  f a c t o r  t a b l e s .  

Untransformed i n d i c e s  h ,  k ,  and Q, and t h e  
scale f a c t o r  s p e c i f i c a t i o n ,  q .  H is t h e  same 
as column I ox" a r r a y  X .  

Exponen t i a l  argument.  

Transformed index  p r o d u c t s  (h2) (k2) ( 1 2 ) j ,  

(2hk)j, (2hl)j, and (2ka) 
j '  

i n  tha t  o r d e r .  
j 

Transformed i n d i c e s  1 k .  and 1 . 
j' J '  j 

Temporary loca t ion  used i n  r e v e r s i n g  t h e  order  
o f  e lements  of m a t r i x  AM. 

Tr igonometr ic  argument,  h .x. + k .  y +- Q . z .  + -& . 
J 1  J i  J 1  J 

I d e n t i f y i n g  iiurnber of a p a r t i c u l a r  c y c l e  i n  t h e  
j o b .  

Symmetry i n d i c a t o r .  $CENT = 1 for c e n t r o -  
s y m m e t r i c  s t r u c t u r e s .  ZCENT = 2 f o r  non-ccptro-  
s y m m e t r i c  s tx -uc tu res  

F2 i n d i c a t o r ,  If IFSQ --I 1 t h e  r e f inemen t  is 
based on the s c a l e d  s t r u c t u r e  f a c t o r s .  I f  
IFSQ =: 2 t h e  s q u a r e s  O S  these q u a n t i t i e s  are 
used D 
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IHKL(4) 

I1 

I ID 

IJ 

I J D  

* PP 

IPT 

I& 

* ISENT 

ISING 

The array X(4,NO) conver t ed  t o  f i x e d  p o i n t  
numbers f o r  o u t p u t  pu rposes .  

Index used so t h a t  AM(IC1) is d i a g o n a l  e lement  
a .  ii 

Increment  s u b t r a c t e d  from TI to s t e p  down 
d i a g o n a l  s f  matrix AM(1I) ., 

Increment  s u b t r a c t e d  from IJ t o  s t e p  down a 
column of m a t r i x  AM~IJ). 

Parameter  i n p u t  i n d i c a t o r .  I f  I P  = 0 t h e  t r i a l  
pa rame te r s  p a r e  to be r e a d  as i n p u t  data. I f  
IP > 0 ,  t h e  pa rame te r s  are t o  be t a k e n  from $he 
magnet ic  t a p e  o u t p u t  of cyc le  I P  of a p r e v i o u s  
j ob .  

I n t e g r a l  p a r t  of PT. 

Independent  v a r i a b l e ,  q, s p e c i f y i n g  t h e  scale 
f a c t o r ,  s a s s o c i a t e d  with a g i v e n  reflection. 

S e n t i n e l  se t  a t  1 3 0  end t h e  o b s e r v a t i o n  deck.  

q9 

S i n g u l a r i t y  i n d i c a t o r  set a t  1 if a z e r o  
diagona.1 e l emen t  is found i n  &he o r i g i n a l  
m a t r i x  o r  i f  a d i a g o n a l  e l e m e n t  becomes z e r o  
o r  n e g a t i v e  d u r i n g  i n v e r s i o n  by SMX. Otherwise  
ISING = 0 .  

* IS ( 2 J 3 , NS 1 Integers representing the  n o n - t r a n s l a t i o n a l  
p a r t  of t h e  symmetry i n f o r m a t i o n .  For example, 
i f  t h e  J t h  symmet ry  transformatian is y-x, -x2 
163 + z ,  this i n f o r m a t i o n  would be s t o r e d  as 
fO12SWS: 

ISTQF Stop  i n d i c a t o r  se t  a t  L by s u b r o u t i n e  TEST t o  
i n d i c a t e  $ha t  no f u r t h e r  cycles are t o  be r u n  
0 n  t h i s  j o b .  O-kherwise ISTOP = 0 .  
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* IT 

* ITF 

*IW 

* IXFE 

Parameter o u t p u t  i n d i c a t o r ,  If IT = 0 ,  
p a r a m e t e r s  a re  not  t o  be w r i t k e n  o n  t a p e  foi- 
u s e  as  i n p u t  t o  later l e a s t - s q u a r e s  cyc les .  If 
I T  = 1, they  a r e  t o  be w r i t % e : I  on  a p r i v a t e  
t a p e .  If IT = 2, t h e y  are written on the 
m o n i t o r  a u x i l i a r y  tape  i n  s u c h  a way as t o  
y i e l d  punched cards .  Tho p r i v a t e  tape is 
i q i t i a l l y  rewound and is t e r m i n a t e d  by a n  end- 
o f - f i l e  wkile t h e  a u x i l i a r y  tape is n o t .  

Temperataure fac tc r  i n d i c a t o r .  ~ T F  =; l for 
i s c t r o p i c  temperature f a c t o r s .  ITF -- 2 f o r  
a n i s o t r o p i c  t c m p e r a z u r e  f ac to r s .  If ETF = 3 ,  
t h e  program c o n v e r t s  i s o t r o p i c  t e m p e r a t u r e  
i ac to r  c o e f f i c i e n t s  t o  a n i s o t r o p i c  form before 
r e f i n i n g .  

Func t ion  and e r r o r  o u t p u t  indicator. If 
IXFE --- 1 i n f  o m a t i o n  i n e l u d i n g  t h e  parameters 
and t h e  v a r i a n c e - c o v a r i a n c e  matrix w i l l  be 
written on a p r i v a t e  tape f o r  u s e  by OR PFE. 
If IXFE = 0 ,  no such  cautpuk w i l l  bc made. 

jk' JK Index used s o  that AMgJK)  is a 

*KI(NP) Parameter  selection i n t e g e r s .  KH(I) =. 1 i f  
P ($ )  is $0 be var ied ,  O t h e r w i s e  KI(I1 1= 0 .  

*LABEL( 2 14) Alphanumeric labels read i n  at the  start of t h e  
problem and  US^ t o  label each parameter a t  
t h e  time o f  &he o u t p u t  of t h e  old and new 
parameteins  

* NA 

QNC 

NCY 

* N F  

Number of atoms i n  the a s y m m e t r i c  u n i t ,  

Number of c y c l e s  o f  refiaerncnt t o  bs performed 
i n  t h e  j o b .  T h e  program p u t s  out, YC, t h e  
c a l c u l a t e d  valli~es of t h e  scaled s t r u c t u r e  
f a c t o r  o r  i t s  square,  NC +- 1 times. I f  NC = 0 ,  
YC is c a l c u l a t d  and p u t  o u t ,  but no r e f i n e m e n t  
O@CUr"S I 

NC +- 1, t h e  number of c y c l e s  p l u s  one .  This 
is &he number of t i m e s  the l ist  of YC will be 
p u t  o u t .  

Number of different x-ray form f a c t o r  t ab l e s  
t o  be used .  For n e u t r o n  d i f f r a c t i o n  N F  = 0 .  
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NM 

NO 

NP 

NPCD 

* NQ 

*NS 

NT 

*Nv 

Nx 

PD I 

PD(NV) 

PIFI  

P(NP) 

POLD 

PRCP ( 6 ) 

KT 

R 

(NV*(NV f 1 ) ) / 2 ,  t h e  number of e l emen t s  i n  t h e  
matr ix  AM. 

Number of o b s e r v a t i o n s .  

T o t a l  number of pa rame te r s  i n c l u d i n g  t h o s e  t o  
be v a r i e d  as well as  t h o s e  t o  be h e l d  c o n s t a n t .  

S m a l l e s t  m u l t i p l e  of 8 greater t h a n  o r  e q u a l  t o  
NQ. Used f o r  punching scale  f a c t o r s  8 t o  a 
c a r d .  

Number of s ca l e  f a c t o r s  i n  t h e  parameter  l ist .  

Number of s y m m e t r y  c a r d s .  For non-centro- 
s y m m e t r i c  s t r u c t u r e s ,  NS is e q u a l  t o  t h e  
number of e q u i v a l e n t  p o s i t i o n s .  For c e n t r o -  
s y m m e t r i c  s t r u c t u r e s ,  NS is h a l f  t h e  number of 
e q u i v a l e n t  p o s i t i o n s .  

Number of p r i v a t e  or  a u x i l i a r y  t a p e  used f o r  
o u t p u t  of pa rame te r s  t o  be  saved .  

Number of pa rame te r s  t o  be v a r i e d .  I f  NC = 0 ,  
t h e n  NV is i r r e l e v a n t .  

Number of independent  v a r i a b l e s  a s s o c i a t e d  w i t h  
each  o b s e r v a t i o n .  NX is f i x e d  a t  4 i n  t h i s  
program. 

PD(I). 

C a l c u l a t e d  parameter  changes f o r  t h o s e  
pa rame te r s  which were v a r i e d .  

-2naifiexP(-Tip) o r  2.na.f . e x p ( - ~ . p ) .  1 1 1  

L i s t  of NP paramete r s ,  some of which w i l l  be 
v a r i e d .  These are cop ied  f r o m  v a r i o u s  a r r a y s  
by t h e  s u b r o u t i n e  SBTOP, a d j u s t e d ,  and t h e n  
r e s t o r e d  t o  t h e  a r rays  by s u b r o u t i n e  KTOSB. 

Parameter  b e f o r e  c o r r e c t i o n  is added. 

P r o d u c t s  of t h e  r e c i p r o c a l  c e l l  pa rame te r s ,  
a*2/4, b*2/4, c*2/4, a*b*cosy*/4, a*c*cosp*/4, 
b*c*cosa*/4, i n  t h a t  o r d e r .  

1 . 0  +- ( s ine /X) / .05 .  T h e  l o c a t i o n  of PI i n  t h e  
s c a t t e r i n g  f a c t o r  t ab l e ,  FX. 

R f a c t o r  i n  which t h e  summatioils are made over  
a l l  non-zero o b s e r v a t i o n s .  



40 

*RCP(6) 

RHO 

RNlJM 

ROW(WI 

RZ 

SIG 

SIGP 

*SIGYO(NO) 

SINIJ 

SIIWHL 

SQRTAB 

SQBTW 

SQS IG 0 2 1 

SQTO 

TI? 1 

*T PTLE ( 12) 

R e c i p r o c a l  c e l l  pa rame te r s ,  a*, b*,  c*,  COSQ*, 

cos@*, cosy*9 i n  that o r d e r ,  

p = ( s ~ Q / X > ~  f o r  each r e f l e c t i o n .  

Numerator of R .  

A row of t h e  c o r r e l a t i o n  m a t r i x  ready f o r  
o u t p u t  . 
R f ac to r  i r ~  which the  sumanaltions a re  made over  
a l l  obse rva t ions ,  i n c l u d i n g  z e r o  o b s e r v a t i o n s .  

Denominator of b a t h  R and RZ. 

Numerator of R Z .  

XQ scale  f a c t o r s ,  

For  n e u t r o n  problems, S F ( f 1  is t h e  s c a t t e r i n g  
f a c t o r  f i  far atom I. For x-ray problems,  i t  
is a3 i n t e g e r  ( i n  f l o a t i n g  p o i n t  form) which 
d e f i n e s  ",be s c a t t e r i n g  f a c t o r  t a b l e  t o  be used .  

S t anda rd  error" of a parameter a 

SZandard" e r ~ o r s  of t h e  NO observed s t r u c t u r e  
f a c t o r s  or t h e i r  squares. 

Xr igonomztr ic  ca3tr i b u t i o n  of atom 1 i n  
positio-? 9. A l s o  used f o r  SBNIJ*EXPIJ. 

Square root of t h e  weight  f o r  each o b s e r v a t i o n .  

SQSIGgl) is t h e  error a1 f i t ,  SQRTFQSBGJ 
PLOATS(NO-NV~>. SQSleG(2) is SQSIG(1) saved  
from the p r e v i o u s  cyc le  of t h i s  j o b .  SQSIG(2) 
w i l l  be set  t o  zero f o r  t h e  f irst  c y c l e  of 
each  j o b .  

Isotropic temperature f a c t o r ,  exp(-Tip) 

Alphanumeric t i t l e  read at; start of problem 
and t r a n s c r i b e d  to t h e  o u t p u t .  
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TJ 

VAR I 

v(Nv) 

WDY 

WR 

WRNUM 

WRZ 

WRZDEN 

WRZNW 

*X ( 4 ,  NO) 

*XYZ ( 3 I NA) 

YC 

T r a n s l a t i o n a l  term, t for t h e  t r i g o n o m e t r i c  
argument,  H X ,  j’ 

O v e r - a l l  t empera tu re  f a c t o r  c o e f f i c i e n t ,  To. 

T r a n s l a t i o n a l  p a r t  of s y m m e t r y  i n fo rma t ion .  
(See  1% f o r  an  example,)  

SQSIG(1)**2, t h e  c o n s t a n t  used  t o  c o n v e r t  t h e  
i n v e r s e  matrix t o  t h e  va r i ance -cova r i ance  
m a t r i x  

Vector  of t h e  normal e q u a t i o n s .  

Weighted R f a c t o r  i n  which t h e  summations are 
made ove r  a l l  non-zero o b s e r v a t i o n s .  

Numerator of WR. 

Weighted R f a c t o r  i n  which t h e  summations 
are made ove r  a l l  o b s e r v a t i o n s ,  i n c l u d i n g  
zero o b s e r v a t i o n s  

Denominator of bo th  WR and WRZ. 

Numerator of WRZ, 

Four independent  v a r i a b l e s  f o r  each  of NO 
o b s e r v a t i o n s .  These  are t h e  i n d i c e s  h ,  k, 
and 1 and q ,  t h e  number s p e c i f y i n g  t h e  sca le  
f a c t o r .  The l a t t e r  w i l l  be moved t o  I&. 

Atomic c o o r d i n a t e s  x, y ,  and z f o r  t h e  NA 
atoms 

C a l c u l a t e d  v a l u e  of t h e  s c a l e d  s t r u c t u r e  
f a c t o r  o r  i t s  s q u a r e  s t o r e d  by  s u b r o u t i n e  
CALC e 

NO observed  s t r u c t u r e  f a c t o r s  o r  t h e i r  
squares. 
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r c s  

rp 
w 

. .  
F L S  123 
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F L S  1 2 4  
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2 E r l l N i :  3 F L S  126 
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F L S  I I I  
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C 

0 1 3 C 1  

C 
C: 16C'I 

C 

E 1 6 5 3  

C 

C 

0 ! 8 5 1  

3 I 8 5 2  

0;9i17 

C 
C 2 C C '  

F L S  1.5R 

F L S  l 4 f l  
F L S  1 4 1  
F L $  142 
F L S  I 4 3  
F L 5  I 4 4  
F L S  1 4 5  
F L S  1'14 
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F L q  157 
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F L S  i 5 9  
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F L S  i h l  
F L S  162 
F L S  l h 3  
F L S  164  
F L S  I 6 5  
F L S  166 
F L 5  167  
F L S  I68  
F L S  169 
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F L S  171 

r L S  1 3 9  

F L S  I 7 2  
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F L S  1 7 4  
F L S  1 7 5  
F L S  I 7 4  
F L S  177 
F L S  I78  
F L S  I 7 9  
F L S  187 



% R I T E  OUTPUT TAP: ?,C3ff73 

C START L C C P  THROUGH NC O e S E R V d T L O X S  
0 2 2 0 1  C O  05101 I#I,XO 

C E h T E R  S U @ H C U T I h E  C A L C  T O  CGMPUTE Y l C A L C l  ANS C E R I Y A T L V E S  
C A L L  C A L C l X 1 I r I ) , Y C + P , C C )  

C O H r A l N  I I E l G H t  CIYC C 4 L C L L A T E  O'.,AYTITIES FROM Y l C B S ) - Y ( C A L C l  
lFlIk~C26U1~C2501.326Cl 

02501 S P R l U ! # I . O / S I G Y C ! I l  
SO TO 021CI 

0 2 6 0 1  

C2 752 

C 
o z n t  I 

0 2 8 C 2  

C 

C 
0 3DO I 

02701 G Y # Y O (  1)-YC 
WCYhSCRTh*OY 
5 I L #  S 1 G t  hllY * h C Y  
R Z N U M # ~ Z N U ~ + n H S F I C Y j  
RZCCNSRZEEY+ABSFI  YO{ I 1 )  
dRZNUYXWRZUUM+WDY**2 
n H Z O t h # ~ R Z C E L + ! S Q R T ~ t Y O ( l )  I * * ?  
lFIY0l11132752,02~01,C27~2 

R N L P # R ? L P t A E S f I D Y )  
h RhUM ff n R 'iUX t h C  Y *2 

PUT OIJT Y I C A L C I  AhD OTPFR I Q F O R Y A T I O N  FOR OUE O B S E R V A T I O N  
30 02802 K # l , 4  

I H K L I K I C X I  Y ,  I I 

 RITE a u w u t  r w F  ~ , C ~ C ~ ~ , ~ ~ H K L ~ K ~ , K ~ ~ . ~ ~ , Y C I I I , Y C . A . ~ . ~ Y ,  
I S I G Y O I ! I , ~ D Y , I H K L I C I  

BY-P4SS C E K I V A T L V E  Ah0 P A T R I X  SET-UP CEr F f h A L  CALC OF Y 
I F I IC-  hC Y ) 0 30 L I t C 5 I C 1 , C 5 i 1; I 

START LCOP T O  S T O R E  A N  A K R A Y  O F  'YV C E R I V A T I V C S  
J# I 
OC G 4 l C I  K ' f I I Y P  

S F I K I I K 1 1 0 4 1 U l r C 4 1 C I ~ C ~ 3 C I  

033G1 

D 4 @ G  I 
0 4 1 C I  
C 

C 
C 

G J I J ) X S B R T W * C C ( K I  

J#J+I  
C C h T l N U E  
ElvD LCOP T C  O B T A I Q  C E R I V A T I V E S  

S T P R T  LCGP T C  S T O R E  P A T R I X  AND VECTOR. SEE GLOSS4RY FUR 
STORAGE S C H E V F  

F L S  I 8 1  
F L S  1 8 2  
FLS 1113 
F L S  18b 
F L S  135 
F L S  1 8 6  
F L S  187  
F L S  isa 
F L S  l a 9  
F L S  193 
F L S  191 
F L S  192 
F L S  I 9 1  
F L S  1 9 4  
F L S  195 
F L S  I 9 6  
F L S  I 9 7  
F L S  198 
F L S  199 
F L S  2110 
F L S  2131 
F L S  E 0 2  
F L S  2U3 
F L S  2 3 4  
F L S  205 
F L S  206 
F L S  2 0 7  
F L S  2 3 8  
F L S  Z O V  
FLS 2 1 0  
F L 5  211 
F L S  212 
F L S  2 1 5  
F L S  21k 
F L S  215 
F L S  216 
F L S  2 1 7  
F L S  218 
F L S  2 1 1  
F L S  2?0  
F L S  2 2 1  
F L S  2 2 2  
F L S  2 2 3  
F L S  2 2 k  
T i s  2 2 5  
F L S  2 2 6  
F L S  227  
F L S  22G 
F L S  220 
F L S  230  
F L S  251  
F L S  2 3 2  
F L S  2 5 3  
F L S  2 3 4  
F L S  23s 
F L S  256 
F L S  237 
F L S  238 
F L S  2.39 
F L S  249 

P 
cn 



0 4 3 @ l  

C 
0440 :  

045 i l l  

U 4 8 0 1  

0S:cI 
C 

C 

L 

C 
C54CI 

05601 

057Ci  

0 5 E C  I 
C 

C 

0 6 C C l  

I S I N G H I  
i r K I l E  I : I I iP l !T  l A P i  9,Ci;C2!,I 

I i # I  1-1 i D  
I ; c # ! I D - I  

C 0 IU T i NU E 
t1'1T: i C O P  T O  T E S T  F C K  ( F h O  D : A G C X A L  ELEECFNT 

T i K M I h A T E  
1 F I I S I l r ; G I I  

I t -  Z E R O  
I , C C . C i j l  I 

C I A G C '4 A L E L  E ME 4 T 
I15CI 

k A S  FCLND 

F L S  
F L S  
F LS 

F L S  
F L S  
F L S  
F L S  

F L S  
F L S  
F L S  
F L S  
i L S  
F L S  
F L 5  
F L S  
F L S  
F L S  
F L S  
F L S  
F L 5  
F L S  
F L S  
F L S  
F LS 
F L S  

F i s  

F L S  
F L S  
F L 5  
F L S  
i 1. 5 

C Y C L C  F L S  
F L S  
F L S  
F i S  
F i S  
C L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F i S  
T L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
K L S  

r i s  

rLs 

r L S  

r L s  

2 4  I 
2 4 2  
2 4 3  
2 4 4  
2 4 5  
2 4 6  
2 4 7  
24H 
24') 
2 5Cl 
251 
2 52 
253 
2 5 4 

2 5 6  
2 5 7  
2 58  
2 5 ' )  
2611 
2 6  1 
2 6 2  
2 6 4  
2 0 4  
2 6 5  
2 6 6  
26 I 
2 6 8  
2 6 9  
7 7 0  
2 1 1  
2 7 2  
2 7 5 
2 71r 
2 7 5  
2 76 

2 I R  
2 7 7  
2 ~ l J  
2 n  I 
262 
7 3 3  
2<!4 
2.85 
2.86 
2 8 7  
2 8 8  
2d19 
2 9 3  
2 7 1  
2 9 2  
275  
2 '9 4 
2 7 s  
2 9 6  
2 ? 7  

25: 

2 7 1  

2 v n  
2 9 9  
5lJJ 



C 
C6201 

C 
C 
06301 

06?C1 

C 
C 6 B C  I 

C b P O I  
07CCl 

07201 
C 

C 

C 

C 

C 

07452 

07454 

0745h 

a7457 

0745') 

TERMIWATE JC9 I F  S I k G U L A R  H A T R I X  H 4 S  FCLND 
A R I T E  O U l P U T  T A P E  9,CCgRS 
GO TO I I S i l l  

S T A R T  LOCP FOR EldTRIX VECTOR f l b L T l P L 1 C A T I O N  F O R  
P AR AEl il TFR C HA !.IC E S 

00 07201 I # l , Y V  

PI: 1 ri 0. I:: 
IJ#NY-It1 
I JD#NV- I  
C O  07CCl Jfi1,hV 

P C I # P G I + A M ( I J l * V f J )  
IFIJ-IlC67Ci .CdHClrC6FUI 

I J #  I J - I J O  
I J C #  1 JO- I 
GC T O  C7CCI 

S A V E  DIAGC' iAL ELEWCYTS GF I N V E R S E  P A T R i X  
D I b G (  [ I MAP(  L J I  

L J  # I J- I 
C C h T  I N t  C 

P C I  I I X P C I  
F [ G H S I b - P O ! * V l I l  
CChTIhUi 
t h U  LCOF' FOY W A l R I X  V E C T G R  V i . J L r I I ' L I C A T I O i Y  

R E C O V P L T E  A G R E E H E W  F B C T C K  L S I V G  t!GECII~IEO SIG 
S Q S  I S ( I 1 d W R  TF I S I G / f - L C A T  F I N  D-i:V ) ) 

PUT OUT C A P l I C N  FOR L I S T  C F  C O R R E C T E D  P B R h H C T E K S  
. K I T E  C U T t ' L l  T A P E  9~11C052~11IlLEfII1I#IrlZ~ 
w k I T E  CUTPLT T A P E  ?.C1lOc(C,IC 

START LGCt' TO C O R R E C T  AkC P L T  O L T  PARAMilTEKS 
Jli I 
hi# 1 
CO O A O ? I  I# I ,NP 

SEl -  K TO SELECT A P P R C P R I A T E  L A F E L  
I F (  I-hU-1 ) C i 4 5 2 , i i 7 Y S i l , C ? ~ j b  

K # I  
G O  TU 075111 

IF(ITF-IlL7451~C7457~C7Y6l 

K # XVGD F I 1-IvQ-2 I h I t 3 
LFiK-eiO7462,07459,C7459 

K # I  4 
GO TO C75111 

F L S  3 U 1  
F L S  502 

F L S  304 
r L s  3 0 3  

F L S  305 

F L S  307 
F L S  308 
F L S  309 
F L S  51C 
F L S  3 1 1  
F L S  312 
F L S  3 1 3  
F L S  514 
F L S  315 
F L S  316 
f L S  517 
F L S  5 1 8  
F L S  319 
F L S  520 
F L S  321  
F L S  322 
F L S  3 2 3  
F L S  5 2 4  
F L S  325 
F L S  526 
F L S  327 
F L S  324 
F L S  329 

FLS 5 1  
F L S  332 
F L S  533 
F C S  554 
F L S  355 
F L S  536 
FLS 3S7 
F L S  3.58 
F1.S 3 3 1  
F L S  340 
F L S  3 4 1  
FL!; 34: 
F L S  543 
F L S  34U 
F L S  3 4 5  
F L 5  546 
F L S  547 
F L S  348 
T L S  349 
F L S  550 
F L S  3 5 1  
F L S  352 
F L S  3 5 3  
F L S  $54 
F L S  3s5 
F L S  356 
FLS 357 
I'LS 3se 
F L S  359 
FLS 5 6 0  

F L b  3@6 

F L S  330 P 
4 



0 7 4 6 1  

07462 

0 7 4 6 3  

C 
3 7 5 0 1  

0 7 6 3 1  
I 

377171 

O R C C l  
C 

C 

C 

I 
08209 

C 
083C I 

084C I 

085? I 
C 

F L S  3 6 1  
F L S  Z62 
F L S  363  

I F L K - 3 I C 7 5 C 1 1 i l 7 4 5 3 , ~ 7 5 0 1  F L S  564 
F i S  365 

W K I r F  O U T P U T  TAPE 9 , 0 0 0 7 8 , A T O M I N I  F L S  366 
kt!Y+i F L S  3 6 1  

F L S  363 
TEST K E Y  I N l E C t 3 S  F L S  3 6 9  
I F i K i ~ I l 1 C 7 6 C 1 ~ 3 / 6 0 1 ~ C ~ I C i  F L S  373 

F L S  371 
W R I T E  C U T P U T  l A P E  F . O C U B B ~ i L A H E L I L , K l , L # l , 2 1 ,  F L S  372 

P ( I ) , P i I )  F L S  3 7 3  
GO .ro OROCI f L S  3 7 4  

F L S  3 7 5  
P O L D # P I  1 i F L S  3 7 6  
P I  I l # P O L D t P D l  J I  F L S  3 1 7  
S I G P H S ( 3 R T F l ~ I A C i J I ) r S I ) S I G L I  I F L S  57R 
h R I T E  O d T P L T  :APE F , C C l ~ ~ 9 , l L A S F L ( L I K ) , L # l  - 2 1 ,  F L S  579 

P O i O t ? S I J ) ~ J i I i ~ S l G P  F L S  380 
J C J t l  F L S  381 

F L S  382 
C C N T l N L I E  F L S  3 8 5  
EIUD LCOI' r o  C O K K E C ~  A ~ D  PUT O U T  I P A X A V E T C R S  F L S  384 

F L 5  385 
PUT OUT E S T I M A I E C  A G K C E M E W  FACTORS F L S  3 8 6  
W R I T E  O U I i ' L f  l A P E  Y .C i :CH l , i L ,S IG ,SOSIG i  I I FLS 3 8 7  

F L S  5 H R  
E N T C R  S U R H O b T I k E  T C  T E 5 T  P A R A M E T E R S  F L S  383 
I s i n p # n  F L S  3 9 0  
C A L L  T E S T  F L S  3 9 1  

F L 5  392 
w R l l E  CCKRFC.TCD P A K A b ' E r t R S  C'? A I I X 1 L : A K Y  T A P E  1 F  F L S  5 9 3  

D T S I : < t O  F L S  594  
I F  j 1 T l C H 2 U 2 . n H 3 C  I ,CP21 IZ  F L S  195 

F L S  3 9 6  
Y T # I T t 4  F L S  5 9 7  
N P C O # B + I i Y O - I 1 / 3 + I I  F L S  398  
W X I S F  O b T P U T  T A P F  : . I I , C i ? C S I ,  : S C i I  I I # l  , Y P C O l  F i S  599  
I * X I i E  O L T P I J I  I A P E  ' i T , C E U 5 ? r T G  F L S  
00 C H 2 0 7  : # l , ' V A  F L S  4 3 1  

F L S  4C2 
h i 9 I l F  OUTPUT 1 A P F  I \ T , ~ ~ ~ J 3 r A ~ l ~ ~ I I l , S ~ l I l t A l l i ~ t  F L S  4 C 3  

i X Y 7 I K t i l , K W l 1 3 1  F L S  4 0 4  
h K I T F  O I I T P U T  T A P E  ~ T ~ ~ [ 1 C 4 ~ l B F ~ A ~ K ~ I ) r K # l ~ 6 ~  F L S  4 0 5  

F L S  430 
T F H M I N A r E  JUB I F  I N f l I C A l E f l  l i Y  U S C i l S  S b E K O U I I k E  1 C C T  F L S  407 

F L S  428 
F L S  4 c 9  

k R i T z  OLTPU'! T A P t  9, l?Cd9C,ISTCP F L S  410  
GO TU L l P f C l i  F L S  411  

F L S  4 1 2  
C C Y ?  1NL:E  F L S  4 1 5  
E N D  L C O P  i H H C i J t H  V C  C Y C L E S  A M  F I N 4 L  C A L C  O F  Y F L S  4 1 4  

F L S  4 1 5  

K # X Y O O F 1 i - ~ Q - 2 r l l ) + 3  

F L S  b l h  
F L S  4 l T  
F l y  4 i 9  

C L A L C U L A T F  A h 0  P U T  O L T  C O R R E L A T I C h  Y A l R I X  F L S  419 
088CI *r911F OUTPUT T A P E  P , C 0 0 ~ 2 , l T I I L E ~ I ) 1 1 # 1 ~ 1 2 1  F L S  42L  



09101 

h R I T E  OUTPUT T A P E  V.CCS97 
C C  09101 I # l ~ i u V  

C ~ ~ G ' I ) # I . C / S O R T F l D I A G ( I ~ l  
C C N T I h ' U E  

I JllNM 
GO IC201 I # I , Y l f  

00 096CI  J # I * N J  

DC I C C U l  J # I , h V  

C ' d R i T E  DATA R E Q L I R E D  F O R  FkJYCTIC\  AhD ERROR PROGRAM 
105~11 I F ~ I X F E ) 1 0 6 0 1 ,  11501. ICOCl 

106Dl  I l R I T C  OUTPUT TAPE J , C C 3 5 3 r I T F , N C , h P  
h K I T E OUT ?U f 
i i R I T E  O U T P U T  TAPE 3 , C ~ C 7 C , l K I I I ) , I # I r ~ P )  
WRITE OUTPUT T A P E  3,C7!353,VV 

TAP E 3 9 C O O 7  I 9 i P I I I 9 I # I , UP 1 

VPR I #spS IG L 
CC 10703  I# 

IC7133 A V ( i l # A M  

K :I h ?, / 2 
LHkM 
c c  11201 1 I I I . K  

H C L O # b M l l )  
A M i I l # A M i L )  
A M  I L 1 N H O L  D 
L # L -  I 

I I 2 0 1  CGhT I NlJE 

W R I T E  GUTPUT TAPE 3 , C ~ 0 9 9 , i b ~ l l ) . f X l , h t ! ~  
ChC F I L E  3 

561 L F (  I T - l  ) I 17CI .  I IbO:, I 1 7 C l  

601 E h C  F I L E  5 

701 CALL E X I T  
€ M I :  

r T Y P E I F C Y T H A N )  
C OR F L S +  F O K l R A h  CRYSThLLOGRhPHIC L F A S T  S O V A K E S  
C R t A C  C R Y S T A L  S I K U C T t t R f  CATA ANG S T 0 9 C  P P 9 A M E T t R S  

F L S  421  
F L S  4 2 2  
F L S  1123 
F L S  424 
F L S  425 
P L S  426 
F L S  4 2 7  
F L S  4 2 8  
F L S  429 
F L S  IrTU 
F L S  431  
F L S  432 
F L 5  4 3 3  
F L S  4 3 4  
F L S  4 3 5  
F L S  I436 
F L S  4J7  
FLS 43R 
F L S  4 1 9  
F L S  4 4 R  
F L S  4 4 1  
F L S  4 4 2  
F L S  4 U 5  
F L S  4 4 4  

F L S  4 4 6  
F L S  4 4 7  
F L S  448  
F L S  4 4 9  
F L S  k511 
F L S  4 5 1  
F L S  4 1 2  
F L S  453 
F L S  4 5 4  
F L S  455 
F L S  456 
F L S  4 5 7  
F L S  45R 
F L S  4S9 
F L S  460 
FLC 4 0 l  
F L 5  4 0 2  
F L S  4 6 3  
F L S  4 6 4  
F L S  4 6 5  
F L S  466 
F L S  4 6 7  
F L S  4 6 8  
F L S  4b9 
F L S  k 7 0  
F L S  4 7 1  
F L S  4 7 2  
F L S  4 7 3  
F L S  4 7 4  

F L S  4 4 5  

F L S  4 7 5  
F L S  4 7 6  
F L S  4 7 7  



2 

4 
5 

7 
8 

? 

I I1 
I1 

I Z  
14 

I h 
i r  

19 
2c 

22 

I 

F LS 
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F i s  
I= L S  

R E A L  i R P U T  T A P E  I U r 2 ~ L F S O ~ I I F ~ C F ~ ~ C , I C E h T ~ ~ 5 ~ ~ Q  F L S  
F C H P A r  171.3) F L S  
i r  I I f s o -  I 1 4 ,4,7 

I . R I T E  CUTPUT T A P E  9.5 
F O R P A T  I I H Z I H A S E C  ON F l  
io r c  v 

W K i T E  O U T P U T  T A P E  9.e 
FORNAT iI9HCnASFC ON F SlJlJARFDl 

r L s  
F L S  
F L S  
F LS 
F L S  
F L S  
F L S  
F L 5  
F I  5 
F L S  
F L S  

I F  { I T F - 2 )  I O  9 1 3 ,  I 6  

U K i T F  OUTPUT TAPE 9 , I I  
F C K h A l  1 3 2 h Z I S C I K C P I C  I E Y P E K A T U S t  F A C T O K S I  
C O  T 2  I ?  

h R I l t  C I ITPUT T A P E  9 . 1 4  
FCRWAT i 3 2 H C A h I S C T K O P  :C T E M P F H A T I I R E  FAC i O R S l  
C C  ill 1 9  

i " R l T F  i l U l P U T  TAPE 9.17 
FLRMAT i 4 3 H U I S C T R C P I C  TLHPEKATURE FACTORS C O N V C k  

28H AZUISCIKOI'IC PEFCKE ~ F F L I V I N G I  

h i l l T F  CLJTPIJT TAPE 912U,I \F 
F O K C A T  I3HHZ'lLI,MtIFR O F  S i R T i E R I Y G  F A C T O K  TABLES I S  1 3 1  F L S  
v l R I i i l  OUTPIIT T A V E  9,22 , \A  F i S  
FORYAT I J H ~ C h U P R E K  (If- ATOMS iN ASYYMETRIC U h I l  I S  I f 1  F i S  
I F I  I C F ~ T - :  124,24,:7 F L S  

F L S  

F L S  
F L 5 
F !  S 
F i S  
F i S  
F L S  
F I  S 
F L S  
F L S  

: T E D  TC, F L S  
F L 5  
F L S  
F L S  

4 7 8  
4 79  
4 86 
4 d  j 
482 
4335 
4 8 4  
4AS 
486 
4 8 7  
48A 
487  
4 9 c  
4 9  I 
4 9 2  
4 9 5  
494 
415 
4 9 6  
rr 0 7 
4 9 H  
4 9 9  
5r!fl 
so I 
5C2 
5 c 3  
5 r 4  
5 [I 5 

507  
S D f l  
i d 0  
510 
51  I 
517 
515 
5 1 4  
5 I 5 
516  
51 7 
518  
5 1 9  
52fl  
52 I 
5 2 2  
52  3 
S 2 4  
575 
5 2 6  
5 2 7  
326 
5 2 9  
5 59 
S j !  
5 52 
5 3 3  
534 
5 55 
536 

j r i o  

2 4  N R I T C  :>!ITPUT TAPE 9 , 2 1  F L S  5 3 1  



26 FORMAT i I 6 H C C E N T R C S Y ~ M C T R 1 C l  
GO T O  2 9  

2 7  L R I T E  OUTPUT T A P E  9.28 
2 8 F C R F  A T I 2 OHG M CN- C E N  1 R 0 S Y MME 1 R LC 1 

2 9  W R I T E  C L T P U T  TAPE 9,301115 
30 F C R l r b T  i 2 d H C N U V B E R  O F  SYMMETRY CAUCS I S  1.31 

W H I T E  O U l P U T  TAPE 9,32,iUQ 

F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  

3 2  FORWAT 1 2 7 H C N U P O t R  OF SCALE FACTORS I S  I31 F L S  
F L S  

C HEAC ANC PUT OUT S C A T T E R I N G  FACTOR T A B L E S  F L S  
I F l N F 1 4 C 1 6 0 , 4 0  F L S  

F L S  
4 0  REAC I Y P U T  1 A P E  I C ~ 5 O ~ ~ ~ F X 1 I ~ J l , I # I ~ 3 2 ) ~ J # I r h F l  F L S  
50 FORMAT 18F9.3) F L S  

CO 56 J # l r N F  F L S  
F L S  

W R I T E  OUTPUT TAPE 9.55.J F L S  
5 5  FCRMAT I 2 4 H 0 6 C A T T E R I N G  FACTOR T A B L E 1 3 / l H  1 F L S  
5 6  W R I T E  OUTPLT TAPE 9 , 5 7 r ~ F X l I ~ J l ~ I # I ~ 3 2 )  F L S  
57 FCRMAT ! l H  AF12.3)  F L S  

F L S  
t RFAC A 4 C  P U T  O c l T  SYMPETRY T R A N 5 F O R M A l I O h S  F L S  

60 REAC I N P L T  TAPE l G ~ 7 C ~ I l T S l l r J ~ ~ l I ~ l K ~ i ~ J ~ ~ K ~ l ~ 7 ~ ~ I ~ l ~ 3 l ~ J # I , N S ~  F L S  
7@ FCRVAT ~FI1.6,2I2.F11.6,212,FI1.6,2121 F L S  

W R I T E  O b T P U T  TAPE 9 1 7 4  F L S  
7 4  FORYAT (Z IHOSYCMETRY I N F O P M A T I C U 1 6 7 H C  TRANSFORPEG X F L S  

ITRPhSFCRMEG Y TUANSFOKPED ziir  I F L S  
WRITC O b T P U T  T A P E  9 ~ 7 6 ~ l l T S l I ~ J l r ~ L S I K ~ I ~ J 1 r K # l ~ Z ~ ~ I # 1 ~ 3 ~ r J # I ~ N S I  F L S  

7 6  FCRPAT I I H  F13.6~?12rF20.6,212,F20.6,21?)  F L S  
F L  Z 

C REAC AhC P L T  OUT R E C I P R C C A L  C E L L  PARAMETER5 F L S  
HEAC I N P U T  TAPE I O I P C I ( R C P I K ) ~ K # I V ~ I  F L I  

9 U  F O R P A 1  16F9.6) F L S  
W R I T E  CUTPUT T A P E  9 , 9 4 r I K C P I K ) , K # l r 6 1  FLS 

9 4  FGKPAT l 2 9 H C K E C I P R G C A L  C E L L  PARAMETERS 6 F 1 1 . 6 1  F L S  
P R C P I I ) # R C P l l 1 ~ ~ 2 ~ . ? 5  F L S  
P K C P I 2 )  #RCP(  2 )  **2+.25 F L 5  
P K C P l 3 l # R C P l 3 l e ~ 2 ~ . 2 5  F L S  
P K C P ~ 4 ) # R C P I I ~ ~ R C P l 2 l * R C P l 6 ~ ~ . 2 5  F L S  
P R C P I I ) # R C ~ I I l x R C P l 3 l x R C P l 5 l ~ . P 5  F L S  
P K C P l h )  # R C P 1 2 1  *RCP i 3)*RCPI 4)*.25 F L S  

F L \  
C S T T  TAPE INIICBER FOR PARAMTTER I N P U T  F L S  

F L S  
F L S  

I F  I 11’) I 3C,140, I 3 C  

I5il h T H 4  
P E h I V C  4 
G O  TC I S 0  

1 4 0  N T U I C  
I P U I  

C START LCOP T O  H t A C  P 4 K A C E 1 E R S  U ‘ U T I L  C E b I R E O  S E T  
C r I A 5  8 E E i Y  K E A 0  

1 5 C  GC I90 J # l r I P  

READ I N P U T  TAPE Y T ~ I 7 0 r l S C ~ I 1 , I Y l r Y d l  
170 F O 9 M A l  1AF9.6) 

F L S  
FLS 
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
f LS 

5 38 
5 39 
540 
541 
542 
543 
544 
545 
546 
5 4 7  
5 4 8  
549 
550 
5 5 1  
5 5 2  
553 
5 5 4  
555 
5 56 
557 
558 
559 
5 6 0  
561 
562 
563 
564 
S 05 
566 
56 I 
5 b 8  
569 
5 rn 
57 I 
5 7 2  
5 7 3  
3 7 4  
5 15 
5 76 
5 17 
5TR 
5 79 
580 
5d1 
582 
5d3 
5H4 
585 
586 
5H7 
588 
589 
5 9 P  
5 9  I 
5 0 7 
59'5 
594 
5‘75 
516 
597 



190 
2 0 0  
Z I J  

C 

230 

26U 

2 7 3  

C 
2 8 3  

2FO 

310 

C 
3 2 0  

HEAC I N P I I T  I A P F  N T 1  170110 F L S  598  
CtI 198  I # l , U 4  i L S  s99 

F L S  bo l l  
HEAD I f r P l J f  T 4 P F  N T 7 2 0 C , A T O V I  1 1 ~ S ~ 1 ~ 1 ~ A I l 1 1 ~  ( X Y L I K s  I l ~ K # l t  5 1  F L S  6 i l l  
READ I N P L T  TAPE h T . 2  I C ,  I H E I P !  K t  I I t K # l  161 F L S  hG7 
FORYAT l A 6 , 3 X 1 5 F ? . h l  F i S  6L3 
FCKMAT 1 6 F 9 . 0 )  F L S  6C4 

F L S  5 0 5  
C C N V t R T  ISOrKOPIC Itb'PFK4TL;SE F A C I O K  TO A Y I S C T R O P I C  I F  S P E C I F I E D  F L S  S,J6 

i L j  6 J 7  I F  1 ::F-312R0,25G.?HC 

C O  26 '1  i f l : , N A  

? F I d B E l A l I r I 3  
110 ZbC' K # 1  , 6  

H E T A I K ,  I J X T F L * P Y C P ( K )  

t ? F l i 2  

COP'PIJlF T H E  T U T A L  N L C B E 3  O F  PARAHCTEHS 
:FIiTf-lj31G129C~jIL 

P ,  P I f  6 * Y A + k Q  t I 
GC T C  3 Z C  

N V # I I + N A + N C t I  

LCPY PARAMFTFHS I N T O  T t i  4 R d A Y  P 
C A L L  S H f O P I P , 5 C 1 T O r S F , C I . ~ Y Z ~ ~ E T A ~ I T F ~ N A , M Q , N P )  
RETL,XY 
E,\: 

F L S  63R 
F L S  6 0 9  
i L S  610 
F L S  611 
F L S  6 1 2  
F i S  6 1 3  
F L S  h i 4  
F L S  6 1 5  
F L S  616 
i L S  6 1 7  
F L S  618 
F i S  519 
FL\ 6 2 0  
F i S  5 2 1  
F L S  622 
F L S  623 
F L S  624 
F L S  6 2 5  
F L S  6 2 6  
F L S  677  
F L S  628 
F i  S 6 2 9  

F L S  63'! 
F L 5  611 
F L S  h4?  
F L S  6 5 s  
F L S  6 5 4  
F L S  635 
F i S  6 5 6  
F L S  6 5 7  
F L S  6 3 3  
F L S  6 3 9  
F L S  640  
F L S  6 4 :  

5 4 2  
6 4 1  
644  
6115 
h46 
6U7 
b4R 
6 4 9  
650 
651 
6 5 2  
655 
0 5 4  



DIMENSIOV D H C F 1 l 2 0 l ~ D A D A I ~ 2 L I , ~ M D A L l Z C ~ ~ O A D X ~ ~ ~ 2 O ~ ~ ~ ~ D X l 3 , 2 O ~  
DIPENSION DAOn16,2O),DRCRI6,2C),OFDSl 911DFDF1120~rCFDbI120) 
DIPENSION O f D X l 5 ~ 2 0 l , O F C B l 6 ~ 2 C ~ ~ T S l ~ ~ 2 4 J ~ ~ S l Z ~ 3 , 2 4 ~ ~ H J l 3 ~ ~ H l 4 ~  
DIVEYSION H ~ J l 6 ~ , R C ? l 6 ~ . F X l 3 2 ~ I @ l , ~ K C P I C ~  

C C O V P U T E  REOULRED S U N S  OVER NS S Y P M E I R Y  TRANSFDRMATI2YS 
c FOR EACH OF NA A T O M S  
C CLEAR S T O R A G E  ARRAYS 

DO 109 I # I , N A  

CACF I I I I #G.C 
CBCFI(I)#C.O 
CC I C 6  KBlr3 

CADXIK,I)#O.O 
1 C6 DRDX~K,IJ#O.O 

C O  IC9 K#1.6 

DADBIKII)#O+U 
IO? DECBIKtI)#O.O 

C S T A R T  LCOP THRCUGH THE h S  SYPMETRY TRANbFORPATIONS 
00 23iII J#l.NS 

C 

31 I 

312  

313 

314 

315 

31 6 

C 

S T C R E  TRANSFORMED INOICFS 
TJ#O.O 
PO 316 1#1 .3  

TJ#TJthlIl+TSlI,J) 
HJlIl#O.O 
DO 3 1 5  K#1,3 

KKKXK 
DO 3 1 4  LWIr2 

LLL#L 
M#ISIL,K+J) 
LFfH-I)312,311,312 

HJfI~#HJlIlthlKI 
G O  T O  3 1 4  

IFlNtIJ314,313.314 

I i J t  I )  #HJ ( 1)-H IK 1 

c m r  twt 

CChTIhUE 

CGNTIZUE 

C C V P U T E  PRCCUCTS O f  T R A N S F O R M E D  I h C I C E S  
PHJlII#HJlll**2 
kHJl2J#HJl21*+2 
bHJI 3)#HJI3)**2 
r H J ( 4 1 # 2 . C + ~ J I I ) r ~ J f 2 )  
~ H J I 5 ) # 2 . C . H J l l ) * ~ J l 3 )  
bHJl6)#2.C+HJl2j*rJI3) 

FLS 655 
FLS 656 
FLS 657 
FLS 658 
FLS 659 
FLS 6 6 0  
FLS 661 
FLS 662 
FLS 6 6 3  
FLS 66L  
FLS 665 
FLS 6h6 
FLS 667 
FLS 6 h 8  
FLS 669 
FLS 670 
FLS 671 
FLS 672 
FL5 6 7 3  
FLS 674 
FLS 675 
FLS 676 
FLS 6 7 7  
FLS 678 

FLS 6 R O  
FLS 681 
FLS 6d2 
FLS 683 
FLS 6 8 4  
FLS 685 
FLS 686 

FLS 688 
FLS 639 

FLS 691 
FLS hP2 
FLS 693 
FLS 694 
FLS 695 
FLS 696 
FLS A 9 7  
FLS 698 
FLS 699 
FLS 700 
FLS 701 
FLS 7 C 2  
FLS 705 
FLS 704 
FLS 7 0 5  
FLS 706 
FLS 707 
FLS 709 
FLS 709 
FLS 710 
FLS 7 1 1  
FLS 7 1 2  
FLS 7 1 3  
FLS 7 1 4  

FLS 679 

FLS ha7 

FLS 69n 
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C C C P P U I E  A A h 0  6 AN0 T H E I R  C E R I V A T I V E S  
A#C.i l  
8#C.O 
R H C X H ~ I ~ Q ~ ~ + P R C P ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ + P R C P ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ P R C P ~ ~ ~  

I t 2 . 0 * h l l ) ~ H ~ 2 ) t P R C P 1 4 ) + 2 . 0 * h f I ) ~ H l ~ ) + P R C ~ ~ 5 )  
2 + Z . C + r ( 2 ) f H 1 3 ) * V K C P 1 6 )  

I F l h F ) Z 7 C l r 2 @ 0 l . 2 7 C I  

2701 S I Y T H L # S C R T F I K H O I  
P T # S I h T H L / . C S i I . C  
I P T # P T  
F K A C P T # P T - F L C A T F  I I P T  1 

C S T A R T  L C C P  THRCUGH hP D T O F i S  
2 8 C l  D C  5201 l # l r f i A  

C C R T A I N  S C A T T E R I h G  FPCTCR 
I F l k F ) 3 1 C 1 , 3 C C 1 , 3 1 2 1  

3cr I F l # S F I  I 1  
G C  TO 32C' I  

3101 L # S F I  I I 
F I # F X ( I P T ~ L ) i ( F X l I P T i l ~ L ~ - F X l ~ P T ~ L ) ) . F K P C P T  

C CCTP\:TE I S G T R C P I C  TFYPERATURE F A C T O R  
3 2 C I  I F i I T F - l ) 3 4 3 1 ~ J 4 C I , ? ~ C I  

T F 1 g I . C  
GC 1 G  3 5 C I  

T F I I E k P F ( - R E T A (  I r I I * R H C J  

3 3 C I  

3 4 0 1  

C CCKPI ITF b AND i l S  $ € R I V A T l V F T  
35Li F T P # F  I + T F  I* A I ( I 1 

F L S  775 
F L S  776  
F L S  777 
F L S  77P 
F L S  7 7 9  
F L S  760 
F L S  7H1 
F L S  782 
FLS 7 8 5  
F L S  784 
F L S  7 b 5  
F L S  786 
F L S  7d7 
F L S  788 
F L S  7 8 9  
F L S  790 
T L S  ( V I  
F L S  792 
F L S  7 9 3  
F L S  794 
F L S  7 9 5  
F L S  796 
F L S  7 9 7  
f L 5  798 
FLS 799 

F L S  B f l l  
f L $  HU? 
FLS P O 3  
F L S  BOl t  
F L S  tin5 
F L S  tic6 
F L I  P O 7  
F L F  RCR 

F L 5  d l f l  
F L S  till 
FLS 817  
F L S  d l 4  
F L S  0 1 4  
F L S  815 
F L S  H l h  
F L S  8 1 1  
FLS H I 8  
F L S  HI9 
F L S  R3f 
F L S  B P I  
F L S  827 
F L S  8 2 5  
F L S  824 
F L S  825  

F L F  8 2 7  
F L S  R 7 R  
F L S  b29 

F L S  t i 4 1  
F L S  8 3 2  
F L S  H $ 3  
F L S  d54 

F L S  RCU 

F L S  609 

F L S  ti26 

F L S  ~ 3 r  

ui 
ui 



5
6

 



F L S  Fly3 
F L S  R94 
FLS 895 
F L S  '396 
F L S  897 
F L S  8 9 8  
F L S  899 

F L S  '101 
F L S  902 
F L S  904 
FL S 904 
F L S  9E5 
F L S  900 
F L S  907 
FCS TOE 
F L S  909 
F L S  9 l i i  
FLS 911  
F L S  912 
FLS 91.5 
F L S  9111 
FLS 915 
F L S  9 t h  
F L S  Y 1 7  
F L Z  9IH 
F L S  J1'7 
F L S  921i 
F L 6  9 2 1  
F L S  9 2 2  
FLS 1 2 3  
F L S  92L 
F L S  9 2 s  
F L S  9 2 t >  
F L S  927 
F L S  9 2 0  
F L S  92') 

FLS 920 

F L S  Y 3 C  
F L S  Y 5 1  
FLS Y 3 i  
F L S  9-55 
F L S  954 
f L 5  0 3 5  
F L S  9 3 0  
F L S  937 
F c S  9 5 8  
F L S  1933 
F L S  959 
F L S  94; 



8 2  

C 
9 0  

I C I 1  

C 
I I C  

I 2 9  

L 

i 3 C  

147 
1 4 5  

I 5 3  

I hi' 

I 7 0  

1 ti0 

2 
3 

C 
I S T  
20u 

I 

9 9 9  
9 1 n  
9 5  i 
9 5 2  
9 5 z  
9 5 4  
755 
9 5 6  
9 5 7  
9 5 8  
9 5 9  
9 6 U  
9 6 1  
9 0 2  
9 6 3  
164 
9 65  
9 6 6  
7 6 7  
9 h P  
7 6 9  

9 7 1  
9 12 

7 7n 

F L S  9 7 3  
F L S  9 7 4  
f L S  9:5 

TEST FCS 9 7 6  
F L S  9 7 1  
F L S  97R 
F L S  9 7 9  
F L S  V O f l  
F L S  P A :  

F L S  9 0 3  
F L S  9H4 
F L S  9 8 5  
F L S  9116 
F L S  987 
F L S  9 c 9  
F L S  9 6 9  
F L S  9 9 0  
F L S  9 7 1  
FLS 9 9 7  
F L S  9 9 3  
f L S  994  
F L 5  9 9 5  
F L S  9 9 6  
F L S  987 
F L S  9 9 8  
F L S  9 9 9  
F L S  13LlC 
F L S  IXIi 
F L S  I2L2  
F L S  I C ' C 5  

F I ~ S  1025 
F L 5  lOC l6  
F L 5  1[11;7 

F L S  9 n z  

F L S  i n c u  

F L S  i o n 9  



220 CCkTINUE 
C E W  LCOP 1HROlIGH N A  ATOMS 

1L' IC.C 

C COPY P A R A M E T E R S  1 4 7 0  TEE ARRAY P 
C A L L  S 8 1  CPL P t  SC, TO, SF, A I . X Y L  ,BETA, I T F I N A ~ N ' J ~ N P )  
R E T b R h  
Ekt! 

+ T Y P E ( F C R T P A N l  
C CQ fLS, kORIRAh C R Y S T A L L O G R A P H I C  L E A S T  (WIJAIIES 
C C C P Y  P I K A M E T E R S  FRCY ARRAY P TO A R R A Y S  L S E O  P Y  SUPRCbTIhES 

S U A R O U T I W  P T O S B I P t S C , T C . ~ F , A L . X Y Z ~ ~ E T A , I T F , N A , N ~ , ~ P ~  
C I I " C N 5 I L N  P l 2 3 0 ) , S C I  9 1 ~ S T 1 2 C ) ~ A L 1 2 C J t X Y Z 1 3 ~ 2 0 ) , ~ E ~ ~ ~ 6 , 2 0 J  

I 0  L i i l  
20 EO 40 J k l r N f  

3CI S C I J ) # P ( I )  
4G I Y I t l  

5c T C 1 I P I I t  
6C L f f I t l  
7C. OG 22C J41 ,NA 

HC S F l J l # P I I l  
90 A L ( J ) 4 P l I + I )  

I C @  1#I+2 
I l i l  C U  1 3 C  K f f 1 ~ 3  

t 20 X Y  Z (  K,J PP ( I 1  
I30 I f l l + l  

140 I F ~ I T F - ~ ~ ~ ~ O ~ ~ ~ C I I ~ C  

159 e E T A l l . J I # P I I )  
160 I # l + l  
I73 G O  TO 22C 

190 O C  21C K#I,b 

2c0 @ E T A ( k , J ) # P ( L I  
210 I t l I * l  

220 C C ~ T I N U E  

I I F T \ ' f i h  
E h C 

+ T Y P F l F C R T R A h l  
C OR F L S ,  F f l K I I t A F !  CRYSTALLOGRAPII IC L F A S T  ( Q U A K E S  
C CCPY P A i < A Y f l F K S  FRCM ARRAYS U b E C  R V  SLUHOUTINES TO 4 R R A Y  P 

F L S  I O D ?  
F L S  l 3 l O  
F L S  1011 
F L S  Id12 
F L S  1015 
F C S  IC314 
F L 5  I C 1 5  
F L S  1316 
F L S  1017 
F L S  l U l S  

F L S  1311 
F L T  I0i'C: 
F L S  1021 
F L S  IG22 
F L S  1023 
F L S  I024  
F L S  I025  
F L S  I C 2 6  
FLS 1037 
F L 5  1028 
F L L  1029 
F L S  l O C  
F L 5  1351 
F C S  1032 
F L S  1053 
F L S  1034 
F L S  1055 
F L S  1036 

F L S  1058 
F L S  l U 5 V  
F L S  1040 
F L S  1041  
F L S  I042 
F L S  IC45 
F L S  I C 4 4  
F L S  1045 
F L S  IC46 
F L S  1C47 
F L S  I 0 4 8  
F L S  JU49 
F L S  1030 
F L S  1U51 
F L S  IO52 
F L S  1353 
F L S  1054 
F L S  1055 
F L S  1056 

F L S  l e 3 7  

F L S  I C 5 7  
F L S  1058 

F L S  13S9 
FLS 1000 
F L S  1361 
FLS 1362 



I' , sc 
sc ( 

.! 
9 1  2 5 1  

5 0  PillYTO 

7 C  D C  2.?C JI l l  ,hA 

t 9  P I I I I l S F ( J 1  
90  P I I t I l B A i l J 1  

I C C  i#I+2 
i 1 0  CO 1 3 0  < f f i , 3  

6 0  I l i i t l  

120  
130 I # i + l  

I 4 0  

I 5 0  P ( I I U P E T A ( 1 . J )  
1 6 C  ! U I + I  

P ( i 1 # X Y I  (Kv .13  

IF( I I F - I  1 l 5 C ,  IS;, 19C 

I 7 0  G C  r o  z z c  
I 9 0  C C  21: K # I 1 6  

2C3 
2 i O  I # I t i  

229 C C N l - I N U E  

P I I I # R E T A I K , J I  

RETCIRN 
Ehi! 

b T Y P E ! F A P l  

S M I  

Y :  

CCUNT 23C 
RFh' S Y M M E T R I C  M A T R I X  INVERSE. S E E  GLOSSARY FOR S T O R A G E  S C d E P f .  
REM FOR U S E  O h  704, 7 C 9 ,  OR T C P G .  
R E P  I * R I T T C N  I N  F A P  FOR ASSEMBLY ON 7C9 OR 7C9C. 
FNTRY S M I  
S X C  T 1 1 3 t l  
S X C  T I 4 9 2  
L F T M  
T Z C  *+I  
CAL l r 4  
COP 
PAX 0,2 
T X I  at1,Z.I 
C L A  2.4 
S,TA Y 1  
CLA 5,4 
S T A  Y2A 
S l A  S I N G 1  
CLA 0 
P O X  3.1 

OVERFLOW TOGGLES 

ADD S E T  

F L S  I l l 6 5  
FLS l U h 4  

FLS I L h h  

F L S  1068 
F L S  i n 6 9  
F L S  : 0 7 0  
FLS I O ( !  

F L 5  Jr373 
F L S  1 3 7 4  
FLS 1375 
F L S  1 0 7 6  
F L S  1077 
F L S  1 3 7 8  
F L S  I C 7 9  
F L S  1033 
F:S I C i H l  
F L S  I U H 2  

F L S  1984 

FLS 1086 
FLS I O 8 7  

F L S  1 c 6 5  

F L S  i r 0 7  

F L S  1 0 7 2  

r L s  i i l ~ 3  

F L S  i n t i 5  

F L S  i n w  
F L S  1 0 8 9  
F L S  i i l 9 0  
FLS l 0 9 i  
F L S  1 3 9 2  
F L S  I C 9 3  
FLS 1 0 9 4  
F L S  I C 9 5  
FLS 1096 
F L S  1 0 9 7  
FLS 109A 

FLS 1 0 9 9  
F L S  1 : O O  
F L S  1101 
FLS I102 
F L S  1103 
F L S  1 I G 4  
F L S  1105 
F L S  1106 
F L S  I1117 
F L S  IIOA 
FLS 1 1 0 9  
F L S  i l l 0  
F L S  1 1  I 1  
i L S  I l l ?  
F L S  1 1 1 3  
F L S  Ill4 
F L S  1 1 1 5  
F L S  1116 
F L S  1 I 1 7  
F L S  I 1  18 
F L S  I119 



Y2 

Y 4  

Y 7  

Y 8  

Y I O  

Y I S  
Y 1 6  

S T C  Y 2 1  
S X C  11.4 
SXG Y 2 5 , l  
S X C  T2,I 
S X C  T 3 r 2  
S T Z  T 4  
STZ 1 5 ,  
LXC T 4 . 4  
S X C  Y 7 , l  
CLA 0,2 
S S P  
FSP T 4  
T Y I  Y7 
CLA 0.2 
SSP 
S T L  TI, 
S X C  T5 .4  
T I X  Y8.2,O 
HlR Y8 
TNX YlC.1~1 
T X I  Y4.4.1 
CAL T3 
A C C  T 2  

C C P  T 5  
S T C  0 1 4  
T S X  X I 9 4  

LXO T3.2 
CLA 0 1 2  
T Z t  SIhG 
T M I  SING 
C L h  FLONE 
FOP 0 9 2  
STQ 0 9 2  
CLS 0 , z  
S T O  Tb 
CLA * C Y  

A R S  18 
5 T d  YlhA 
STA Y 1 9  
CLA PCN 
sue  t 3  
A C C  T 2  
A R S  18 
S T A  Y l 6  
S T A  Y 1 9 A  
LXG 72.1 
LXC T2 .2  
CLA 1 3  
ZUB T2 
PCX 0.4 
TNX Y 1 7 , l . l  
L C Q  011 
FPP 16 
TNC Y 1 b A  
S X C  T 1 Z r 4  
T S X  CFL.4 

POX Ll,4 

SUE r 3  

LXC T 1 2 , 4  
Y I 6 A  S T O  O b 1  

Y 2  

Y3 

Y 4  
v s  

Y b  

Y 7  GEC SET Y 4 e D E L T A  

Y 8  
Y9 
l l i l  

Y 1 1  
Y12 

Y 1 3  

Y 1 4  

S E T S  A C G R E S S E S  
A 1  V 

SETS BEDRESSES 
A T  Hth 

Y I S  
Y 1 6  ACE SET Y14,M+N 

ACC SET Y I 4 , H  

F L S  1120 
F L S  1121 
F L S  1122 
FLS 1 1 2 3  
F L S  1 t 2 b  
F L S  1125 
F L S  1126 
F L S  1127  
F L S  1128 
F L S  1129 
F L S  1130  
F L S  1 1 5 1  
F L S  1132 
F L S  1 1 5 3  
F L S  1 1 3 4  
F L S  1135 
F L 5  1136 
F L S  I I57 
f L S  1138 
F L S  1139 
F L S  I 1 4 0  
F L S  1141 
F L S  1142 
F L S  1 1 4 3  
F L S  I I44 
F L S  114s 
F L S  1146 
F L S  1 I 4 7  
F L S  1 1 4 8  
F L S  I 1 4 9  

F L S  115) 
F L S  I152 
F L S  1153  
F L S  1154  
F L S  1155 
F L S  1150 
F L S  1157 
F L S  1158 
F L S  1159 
FCS 1160 
F L S  1161 
F L S  1 1 6 2  
F L S  1163 
F L S  I l h 4  
F L S  1165 
F L S  I I O h  
F L S  1167 
F L S  1168 
FLS 1169 
F L S  I i 7 0  
F L S  1 I 7 1  
F L S  1172  
F L S  1173 
F L S  I I l 4  
F L S  1 1 7 5  
F L S  1176 
F L S  1177 
F L S  I178 
F L S  I I 7 9  

FLS 1150 
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Y 3rc 

Y35 

Y 3 6  

Y3bA 

Y37  
Y 38 

Y 388 

Y 3at  

Y 3 9  
Y 3 V h  

Y3V8 

Y39C 

LIT12 
S LhG 

CLA T 3  
SUB T 2  
P C X  0.4 
PXC n , 2  
P C X  0 , l  

FMP 0,4 
TND Y 3 6  
S X D  T 1 2 , 4  
T S X  O F L 1 4  
LXD T 1 2 ~ 4  
FAC 0 , l  
7 N O  Y 3 o A  
S X C  T I 2 , i c  
T S X  OFL.4  
LXO T12,4 
S T O  0, I  
T X I  Y 3 7 ~ 4 , - I  
TkK Y39*l,I 
LCQ 3 , l  
FMP 0,4 
T k O  Y 3 8 8  
S X C  T12,4 
T S X  O F L 9 4  
LXC T12.4 
FAD 092 
TNC Y 3 8 C  
S X C  T12 .4  
T S X  C F L t 4  
L X D  T I 2 1 4  

T N X  Y35.0 .C 
LCQ 0.2 
FMP C,2 
T N O  Y3YR 

f S X  OFL.4  
L X D  T I 2 9 4  
FAC C 
TNO Y39C 

T S X  CFL.4  
C X C  T12.4 
S T C  U 
T I X  Y 3 4 . 2 , I  
CAL 7 3  
ACC T 2  
PCX 0,4 
C h L  0 ~ 4  
S L h  T5 
T S X  X I  , I +  

LXC T 2 , I  

P X C  0 .2  
LXO T I 3 1 1  
LXC T14.2 
LXC T l . 4  

L C O  n , z  

sTa 0.2 

S X D  r 1 2 , k  

S X D  r 1 2 , b  

L X C  r 3 . 2  

TNX ~26,n,o 

CLA ONE 
SING1 STO 0 

Y 3 4  

Y35 ADD SET Y 3 0 , M  

Y36 ACC S E T  Y3O.W+N 

A00 SET Y 3 0 r M + N  

Y 3 7  
Y38 AOC SET Y 3 0 t M  

ACD SET Y 3 f l e M t N  

AGD SET Y 3 0 + M + N  

Y39 AOD S E T  Y3f l .M  
AGO S E T  Y?;O.M+M 

l l C C  S E T  Y30.M 
Y Y O  GO r o  Y ~ C  
Y50 

Y51 
Y52  

CEC FOR T I 2  
S I N G U L A R I T Y  RETtiRN 

BOD S E T  

FLS 1240 
F L S  1241 
F L S  1 2 4 2  
F L S  1 2 4 3  
F L S  1 2 4 4  
F L S  1245 
FCS l 2 k 6  
F L S  1247 
F L S  1248 
F L S  1 2 4 9  
F L S  1250 
F L S  1251  
F L S  1252 
F L S  1 2 5 3  
F L S  1244 
F L S  1255 
F L S  I 2 5 6  
F L S  1 2 5 7  
F L S  1258 
F L S  1259 
F L S  1260 
F L S  1 2 6 1  
F L 5  1 2 6 2  
F L S  1 2 6 3  
F L S  1264 
F L S  1 2 6 5  
F L S  1266 
F L S  1267 
F L S  1268 
F L S  I269 

F L S  1271 
F L S  1 2 7 2  
F L S  1273 
F L S  I274 
F L S  I 2 7 5  
F L S  1 2 7 6  
F L S  1 2 7 7  

F L S  1 2 7 9  
F L S  l P R 0  
FCS 1 2 8 1  
F L S  1 2 8 2  
F L S  1283 
F L S  1284 
F L S  12d5 
F L S  1286 

F L S  1288 
F L S  1 2 8 9  
F L S  1 2 9 0  
F L S  1 2 9 1  
FLS 12T2 
F L S  1295 
F L S  1 2 9 4  
F L S  1295 
F L S  1296 
F L S  1297 
F L S  12TA 
6 L S  1 2 9 9  

F L S  i?rn 

FLS 1 2 7 ~  

F L S  1 2 ~ 7  

6 
w 



E F T V  
T R A  4 1 4  E R R O R  RETURV 

U C L  A 9 5  I C V E R F L O C - d U D E  RF L CW 
PET 

0713 TNX UFL+5,010 3EC FJR J 1 3 , C I I : i  
P X D  c.0.0 
T R A  1.4 
PXD 0.4 
S 5 P  

CLA 15 X I  
C T I b  TNX S l I I G + i r C . 3  D E C  FOR 1 1 4 . C I K 2 )  
X I  

x3  

Xb 

X6 

X E A  
x 9  

.~ 
I Z E  1.4 
SX5 112 ,4  x 2  
LXC '12.1 
LXO T 3 r 2  
GAL T 3  
SUB 1 5  
J U X  014 
STC Xb 
GAL C,? 
LDhl c,4 
SLri 0,4 
s r c  0,2 
TNX Y . 9 t i r l  
s x c  X8,I 
( X k I  X8,2.0 
C A L  CNE 
SI3 X R  
T i X  X 8 A v 4 r 2  
HIR 0 
T X I  X3r2.-1 
LXU T3,2 
LX0 X6,4 
CAL 0.2 
L C Q  c.4 
S L K  0.4 
S T O  0 1 2  
LXD T12.4 
T R A  1 - 4  

FLCNE DEC 1.3 
ONE P Z E  0.0.1 

PON PCN c.o.0 
1 2  PZE fl,c,o 
7 3  P Z E  0,u.o 
T h  P Z E  0,U,D 
T5 PZE 010~0 
T 1  SYN U T 1  
76  SYN 14 
112 SYN CTlZ 
T i 3  S Y h  0 1 1 3  
T l 4  S Y N  3 1 1 4  

EN0 0 

X3 

x 4  
x 5  
Xh DEC S E T  X2 
x 7  

X8 CEC S E T  X5,X7 

x 9  

X I 0  

UNE 
FLOhE 
LGNO 
T2r  N 
15,-W 
T4.X T h , - B I I  
T 5 r  J 
G {  1 4 )  
- E 1  I 
CII41 FOR SR 
C 1 I 1 1  
C I  I21 

*TYPE ( F O R l R A I U )  
OR FLSr  FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES 

c OIJPPY SUBROU~IM T O  B E  REPLACED BY USER I F  N E C E S S A R Y  

SUBROUTINE P A ? t H I l r T J c H J ~ H k l J J  

F L S  i m n  
FLS 13C i  
FLS 1302 
FLS 13C3 
'LS 1304 
F L S  1305 
FLY 1356 
FLS 13a7 
FLS I 3 G R  
FLS 1509 
F L S  1310  
FLS 1511 
FLS 1312 
F L S  1313  
FLS i > l 4  
F L S  1315  
F L S  1516 
F L S  1317  
FLS 1 3 1 8  
F L S  1519 

FLS 1321 
f L S  1322 
FLS I 3 2 3  
FLS 1324  
FLS 1325  
GLS 1326  
FLS 1327 
FLS 1528  
F L S  1379  
FLS 1530  
FLS 1331 
FLS I 3 3 2  
FLS 1333  
FLS 1334  
FLS 1335  
FLS 1 3 3 6  
F L S  1 3 3 7  
FLS 1 5 3 8  
FLS 1339  
FLS 134'1 
FLS 1341  
FLS 1342  
FLS 1343  
FLS 1344  
FLS 1345  
FLS 1346 
FLS 1347 
FLS l3&8 
FLS 1349  
FLS 1350  
FLS 1351 

F L S  1 3 2 0  

FLS 1352 
FLS 1353 
FLS 1354 
FLS 1355 
FLS I356 



RETURN 
EM0 

FLS 1357 
FLS 1358 

VTYPEIFORTRANI 
t OR FLSr  FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES 
C OUYPY SUBROUTiNE T O  BE REPLACEC BY USER I F  NECESSARY 

SUBROUTINE RESETXIXYZ) 
RETURN 
END 

4TYPEf FORTRAN I 
C OR FLS. FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES 
C OUIJMY SUBROUTINE TO BE REPLACED BY USER I F  NECESSARY 

SUBROUTINE RESETB(BETA1 
RETURN 
ENC 

SUBROUTINES FOR EXAMPLE 
cTYPE1FORTRAN) 
K EXbMPLE. HYPUTHETICAL PROBLEM PkSED Clu ALPHA BUARTZ. 

SU@ROUTINE PATCHl l rTJs?JJ ,HHJ)  
0I ) rENSION H J I 3 l r N H J l 6 )  

C BY-PASS MOOIFICATION FOR F I R 5 7  A T O M  
I F I L - l ) 2 t 2 r l  

1 H J (  i l # H J (  I ) + H J I 2 1  
HJl2)IO.C 
H H J I I I # h H J 4 I ) + H H J I Z I  
I - H J ( Z ) # G . C  
h H J I S f # P H J I S I - H H J I 6 )  
HHJI6)CO.U 

2 RETURN 
tND 

~TYPEIFOWIRAN)  
C EXAPPLE. HYPOTHETICAL PROBLEM BASED CN ALPHA QUAR72. 

WBRGUTINE RESETXIXYZ! 
DIMENSIGN X Y L L 3 . 2 3  

X Y Z 1 2 r 2 ) b X Y Z ( l r 2 )  

RETURN 
ERC 

*TYPE(FORlRAN) 
C EXAPPLE.  HYPUTl.El1CAL PROBLEM PASED CN ALPHA QUARTZ. 

SUBKGUT INE RE Sf T B I BET A ) 

F L S  I 3 5 9  
FLS 1360 
FLS 1361 
FLS 1362 
FLS 1363 
FLS 1364 
FLS I365 

FLS 1366 
FLS 1367 
F L S  1368  
FLS 1369  
FLS 1370  
FLS 1 3 7 1  
FLS 1372 

FLS 1 3 7 3  
F L S  1374  
FLS 1375 
FLS 1376 
FLS 1 3 7 7  

FLS 1379  
FLS 1380  
FLS 1361 
FLS 1382 
F L S  1385 
FLS 1384 
FLS 1385 
FLS 1366 
FLS 1 3 8 7  
FLS 1388  
FLS 1389  

FLS 1378 

FLS 1390  
FLS I 3 9 1  
FLS 1.592 
FLS 1393  
FLS I 5 9 4  
FLS 1395  
FLS 1396  
FLS 1397  
FLS t 3 9 8  

F L S  1,399 
FLS 1400 
FLS 1401 



R i T LI R bl 
t h C  

e C A T A  
SCPLF FAC1090VFRALL I? 
2 R E W I  I, 1 )  
B E T A J Z , 3 )  A T C . ’ I l C  8 
i X A V P L t . C Y  1’0 i H E T 7 C A L 

2 1 5  I n c c 
2 3 2 7 2 6  

I @ . C C C  9.551 
2.9 i6  2.568 
i .5-;4 : - 5  I S 
1.22;1 1.179 

7.31 b.7P 
3.71 3.42 
2.06 1.96 

1c.n~ 9.95 

I 
1-2 
2- I 

-I 
-2 

2 
0.23504 0.23504 

I .C 
0 

0.3R 

0.43 

I 
6 1 
5 3 
4 0 
3 I 
3 2 
4 4 
3 I 
5 2 
2 c 
6 i 
5 ? 
1 0 
5 I 
3 2 
3 0 

G I .  

S I  2. 

1 n 

2 2 
3 c 
h I 

6 2 
6 a 

DATA FQR EXAMPLE 

F G R C  FACTOR P U L i I P L I F R  X 
@ E l D i Z r 2 3  F I E 7 A 1 3 ~ 3 )  BETAi1 .21  

P R G e i E C  B A 5 E C  C h  ALPHA O I J A R T Z .  

1 
R.475 7.159 5.9G8 4.t?57 
2.287 2 . I C 6  1.929 1.8:2 
1.469 1.425 1.381 1.339 
1.143 1 . I C 5  I.C6R 1.033 

9 . 7 9  9.54 7.20 8.79 
6.26 5.77 5.3P 4.85 
3.13 2.90 2.68 2.50 
1 . e 6  D 0 0 

2 2 

-2 -3 
- 1  0.33333335+5 

2-1 0.33333353-3 
1-2 0 .66666667+3  
1 0.66666667-5 

C .  18524 

1 .c 
0.5 

a 
C 
C 
c 
i 
I 
I 
1 

- 1  
- I  
2 
2 
2 

- 2  
- 2  
- 2  

3 
3 

-3  
-3  
4 
4 

0 0 

U.4ISO G.27CO 

3.5200 0.5200 . 
234.6 
317.5 

76.0 
27.9 

308.2 
56.5 
I .5 
6.7 

199.8 
145.6 

18.7 
11.5 
58.0 
8C.j 

9.0 
74.1 

212.0 
12.5 

231.3 
b4.4 
32.0 

45.a 

0.50000 

C.IPCC 

,3333333 

I 
I 
! 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 

FLS : 4 0 2  
F L S  I 4 0 3  
F L S  I4Ci4 
FLS I 4 0 5  
FLS I406 
FLS 1407 
FLS 1438 

FLS 
Y FLS 
B E T A (  I FLS 

F L S  
F LS 
SLS 
F L S  

4.028 3 . 5 9 4 i L S  
1.714 l . 637FLS 
1.299 1.259FLS 
0.997 0.966FLS 
8.33 7 . 8 3 F ~ S  
4.42 4.06FLS 
2.33 2 . I9FLS 

c OFLS 
FLS 
FLS 
F L S  
FLS 
F i S  
F L S  

1409 
1410 
141  I 
1412  
1513 
1 4 1 4  
1b15 
1416 
1417 
1418 
11419 
1420  
1421 
1422 
1423 
1 4 2 4  
1425 
1426 
1427  
1428 
1429 

F L S  I 4 3 0  
FLS I431 

FLS FLS 1 4 Z 3  I 4 3 2  
FLS I 4 3 4  
F L S  1 4 3 5  
FLS I 4 3 6  
FLS 1437 
FLS I 4 3 8  
FLS 1439  
FLS 1 4 4 0  
FLS I441  
FLS 1442 
FLS I 4 4 3  
FLS I 4 4 4  
FLS 1445 
FLS 1446 
FLS 1 4 4 7  
FLS l 4 4 R  
FLS 1449  
F L S  1450 
F L S  1451  
FLS 1 4 5 2  
FLS 1453  
FLS 1 4 5 4  
FLS 1 4 5 5  
FLS 1456  
FLS 1457 
F L S  1 4 5 8  



5 C - 4  18C.2 
4 2 - 4  33.3 
I 1 5 162.5 
3 c - 5  8.2 
2 2 6 85.9 
4 0 -6  110.5 
4 I r 1c.6 
I 1 -7 ~ R . O  

2 1 - a  37.2 
3 C 8 134.9 

2 c -9 1C.B 
I 
100011111111ICGIOCICIIIO 

1 
I 
I 
1 
1 
1 
I 
I 
1 
I 
1 

FLS 1459 
FLS 1460 
F L S  1461 
F L S  1462 
FLS 1463 
F L S  I464 
FCS 1465 
F L S  146.6 
FLS 1467 
F L S  1468 
F L S  1469 

FLS 1471 
FLS 147a 



%ROGRAI$ OrnPtrS FOR E X A Z D U  
E X A P P L E .  h Y ? U T H f J b C A L  PYOBLFf’ f l A S E C  .?N A L P P A  P U A % T Z .  

h J ’ 3 f R  O F  C Y C L E S  i N  THIS JO6 i S  2 

h U * B E R  CF P A R A M E T E R S  TO @ E  V B R I E 2  : S  : 5  

U A I T  d E l G h T S  T O  BE S E T  B Y  P R C G R 4 P  

P B R A C E I E R S  T C  B E  R E A C  A S  I N P L T  OATA 

CORPECTEC P b R A N E T E R S  NOT T O  B E  S A V E D  FOR LA’IER USE 

: N P U f  C P i A  F C f t  OR-FORIRPE,  F U h C T l C h  PhC ERRCR PROGRAM NCI TO B E  S P V E O  

E A S E C  O r  F SCUAREO 

1S:TROPIC T E M P E R f l l U S E  F A C T J R S  C C N V E R T E D  T C  dh!SOT3OPIC, B E F J R E  REF1N:NG 

hLPBER CF S C A T T E R l h G  F A C 7 Q R  I A B L E S  I S  2 

l L U C B E R  CF d T O P S  I11 A S Y M H E Y R I C  U N I T  I S  2 

N C h - C E N T R C S Y P P E T R I C  

EIUVBES OF SYMMETRY CAAC‘S 15 6 

h U P 3 E R  C F  S C A L E  FACTORS IS 

SCdTTERKhG F A C l O R  T d B L E  1 

I0.COC 9.551 
2.916 2.568 
3 -574 1.515 
1.220 1.179 

S C P T T i i l l h C  F A C T O R  T B B L E  2 

JC.OOC 9 . 9 5 c  
7.316 6.78C 
3.710 3.42C 
2.060 J.96C 

S Y C H E T R Y  I N F O R M A T I O N  

TRAhSFCRHED X 

-0. $-a 
-0. 1-2 
-0. 2- I 
-0.  -1-0 
-0. -2-0 
-0. 2- 0 

R E C I P R O C A L  C E L L  P P R A M E T f R S  

1 

8.475 7 . 1 5 9  
2.287 2.106 
i -469 J -1125 
3 . 3 4 3  1.105 

9 -790 9.5UO 
6.26C 5.770 
3.13C 2.900 
i.86C 0. 

TRdhSFORNED V 

-0. 2- 0 
-0. -2-0 
-C. -I-C 
-0. 2- B 
-0. I- 2 
-0. 1-0 

6.235CbC E.235040 

5.908 4.857 
1.929 1.812 
1.381 1 . 3 3 9  
1 .C68 1.033 

9.200 0.79C 
5.280 4.85C; 
2 . 6 ~  2.500 
C. 0. 

T R P h S F O R M E D  Z 

-0. 3-3 
-0. -3-0 
0.333333 3-0 
0.333333-3-c 
0.6t6667 3-C 
0,666667-3-0 

4-028 
1.714 
1.299 
11.997 

8.330 
4.b20 
2.330 
0. 

3.394 
1.637 
1.259 
0.966 

7.830 

2.190 
0. 

4.~60 

o.soonoa 
f v U Y B E R  OF P b R A H E T E R S  R E n D  IS 24 

k U C B E R  O f  O B S E R V A T I C Y S  R E A D  IS 33  

IPIPUT D P T A  



6
9

 



Q
 

..................................... 



EXAWPLE. H V P O T H E T I C A L  PRO8LEM BASED ON ALPHA QUARTZ. 

PAR*lrETERS AFTER L E A S T  SQUARES CYCLE 1 

P I R A H E T E R  

SCALE FACTOR 

OVERALL e 
0 

F O R 8  FACTOR 

PULT I P L  IIR 

x 
Y 

L 

B E l A ( l v ? )  

BETA(2.21 

BETA (3,31 

BETA I 1, 2 )  

B E T A t l 1 3 )  

BETA(2r 3 I 

5 1  

FCRP F A C I O R  

M U L T I P L I E R  

x 
Y 

z 
BETA(  I r  I )  

B E l A ( 2 ~ 2 1  

BETA (31  3) 

BETA(  1 e 2 1  

B E T A t I  131 

BEfA12.31 

OLD 

1.0000000 

0. 

I .cooocoo 
I .cooo0co 
0.41 O O O O t  

0.27000cc 

0. f200GCO 

O.CO52482 

0.0052482 

0.0032~2a 

0.0026241 

0. 

0. 

2 . coc~coc  
0. SOOOGGC 

0.5200ccc 

0.5200ccc 

0.3333333 

0.00593a7 

0.0059387 

o .003~ao 8 

0 - (10296 9 3 

0. 

0. 

CHANGE 

O.GOO5857 

O.CO53155 

-0.0023085 

-0.C025466 

-0.CC26719 

-0.001 9391 

-0 .ows46a 

-0,CC28966 

- 0 cco 9 I 10 

o.oco3(ra2 

0. c oa e 59 7 

0.0033190 

O.CCJ343CO 

O.CO41426 

[I. c cn 4 6 4 9 

NE Y 

t .ooos8sr 
0. 

f .ooooooo 
8 .000C000 

0.4153155 

0.2676915 

0.4 174534 

0.0025762 

0.0033091 

0.0027C60 

-0.OOC2725 

-0.0009170 

0.0003482 

2 . ~ O C C E C O  

0. SOOCOOO 

0.5286597 

0.520CCOO 

0.3333333 

0.0092577 

0.0059387 

O.CO41 I O 8  

G.0071120 

0 .0004649 

0. 

ERROR 

C .0064983 

C .OOO6499 

C.0008087 

C.0006581 

c.oo231ra3 

C .OD22263 

C.0007256 

C.0016950 

G.001C200 

0.0008362 

C.0003916 

E.0006799 

C.0003421 

C.0011583 

C.0004607 

E S T I R A T E O  AGREEMENT FAGTORS BASED ON PARAMETERS AFTER CYCLE I 

S U l r ( H + ( G - C l + * 2 )  IS 0.307CE C3 

S P R T F ( S U F t W + ( O - - C l * ~ ~ l / I # ~ - N V ~ ~  IS 6.t300 
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EXAMPLE. HYPOTHETlClL PRO8tEH BASED ON ALPHA QUARTZ. 

PARAPETERS AFTER LEAST SGUARES CYCLE 2 

PARAMETER 

SCALE FACTOR 

CYERALL B 

O 

FORM FACTOR 

PULTIPLIER 

X 

Y 

L 

@ETA( I r  I )  

BETA (2.2) 

B E T A l 3 t 3 1  

B E T A ( l r 2 )  

EETAI 1.3) 

BETA I 2 9  31 

SI 

FOR8 FACTOR 

PULT IPL IER 

X 

Y 

2 

8ETAi 1. i 1 

BETA12.23 

8 E T A l 3 r 3 l  

BETA1 1.25 

EETAl1.31 

8ETAl2.31 

OLO 

l.CCC5857 

0. 

I .oocoocC 
8 .cococcc 
0.4153155 

0.26769 15  

0.1174534 

O.CO25762 

C.CO33C9I 

0.0027C6C 

-O.COC2725 

-0.EO09l7C 

0.0003482 

z.cococcc 
0. SOOOCCC 

0.5288597 

0.52ee597 

0.3333333 

C.CO92577 

O.CR92577 

0.004l Ice 
0.0071 120 

C.CCO4649 

-0.CO04649 

CkANGE 

-E.CCC23C6 

O.GCO2572 

-0.OCOC361 

O.CC05404 

0.001 3601, 

0 . ~ ~ 1 2 0 0 8  

O.CCCC222 

O.CC22977 

0. OCOF 445 

-0.COO1149 

O.GGO6168 

-0.CC25950 

-O.CGCC992 

-O.C036@85 

-0.CCO2781 

NE U 

1.0003550 

0. 

I .0oococo 

1 .OOOOCOO 

0.41 55727 

0.2676554 

C. I I 7 9 9 9 8  

0.0039366 

0.0045C99 

0.0027282 

0 .OC20252 

O.OOOC276 

0.0002333 

2 . 0 0 0 c c 0 ~  

0.5OOOOOO 

0.5294765 

0.5288597 

0.3333333 

C. 0066626 

0.0092577 

C.OO4C I 1 6  

0.0034235 

0.0001868 

-0.00011649 

ERROR 

O.OO3C9I4 

C.0002937 

c.cno37~ 7 

C.00031 k 6  

C.0009567 

C.0009366 

C. COO357h 

C.0007473 

C.0004045 

C.0003J95 

c.oooie49 

C.0003353 

C.0001728 

C.0005466 

C.0001929 

ESTIPATEG AGREEMENT FACTORS BASE0 ON PARAPETERS AFTER CYCLE 2 

S U P ~ ~ + I O - C ~ + * Z J  IS 0 . 6 4 2 ~  t 2  
S C R T F l S U ~ ~ Y + I O - C ~ + + 2 ~ I ( # O - N V l ~  IS 1.@@9C 

-3 
w 



- i .  I 11-r I 
- 2 . 3 : 3 9  
C .2 379 

-C - 3  7 80 
- 1 . 5 c Q 6  

AGREEMENT FACTORS E A S E D  Shi 24RANiTERS 6EF3RE C!CLE 3 

SUP1h*iO-C1**2> IS 0.635eE C2 

S Q R " F I S L l l ( k * 1 0 - C I . 4 2 ~ ~ ~ N O - ~ ~ ~ ~  IS 1.6795 

NUMERATOR OEMOMINB!OR R 

R FdC70R I N C L U O I N G  Z E R O S  37.504 3C95.2CD 0.Cl12 

R F A C T O R  OMITTING ZEROS 57.504 3CQ5.200 0.012 

U f l G W T E D  R SACTOR INCFJOING ZEMOS 7 . 9 Z Q  91r2.UKT 0.08 S 

kEIGHlEC R FACTOR OPITTING ZEROS 1 .974  742.C77 C.Ol9 



EXAHPLE. HYBOlHETICAL PROBLEM BASE0 ON ALPHA QUARTZ. 

CORRELATIOM W l T R I X  

I l.COO0 -0.2333 -0.456C 0.3507 0.3961 0.1185 0.1093 0.2206 0.3441 
0.3054 0.1460 0.038C -0.1757 -0.O327 

2 0. 1.0000 0.6823 -0,3275 -0.1391 
-0.1213 0.0795 0.3163 0.3530 -0.1876 

3 0, 0. I .0CCO 4.4928 0.0294 
- 0 - ) 7 3 f  -0.0925 0.3310 0.2453 -0.C533 

4 0. e. 0. 1.c0c0 -0.2308 
0-36fi C-02S4 -0.2946 -0-30129 -0.i763 

5 0. 0. 0. 0. t .c1300 

6 0. 0. 0. 0. 0. 

- e m 3 7  0.15a2 0.2053 0.1425 -0.C606 

0.1512 -C.1385 0.1851 C.065t  0.C631 

7 0. 0. e. 0. 0. 
0*248I -0.C295 -0.6210 -0.2146 -0.0209 

8 0. 0. 0. 0. 0. 
-0.1230 0.2205 0.3056 0.3943 -0.0921 

9 

IO 0. 0. e. 0. C m  

I I  a*  0. 0. 0. 0. 

I2 c. C, 0. a. 0. 

13 8. 0. Q. G. 0. 

I 4  0. 0. 0. 0. 0. 

15 0. 0. 0. 0. 0. 

-aao8 i6  0.0905 - 0 . ~ 4 7 8  0 . ~ 5 1 4  0.1900 

1.COOO -0.3190 -0.1875 -0,4356 -0.1760 

a. i.oooo -0.ic99 0.8212 -0.2014 

a. 0. 1.euco c . 1 ~ ~  -0.0327 

0. 0 .  G. i.occ0 -0.2221 

0. 0. 0. 0. I .EO00 

0.2778 

0.0029 

-0.0646 

-0.3b91 

I .ocee 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

-0.0905 

-0.0474 

0.2524 

-0.1624 

-0.1 i I4 

I .0000 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.3230 

0.2678 

-0.3675 

0.4986 

0.4683 

-0.1634 

I .oom 

n. 

0. 

0. 

0. 

0. 

0. 

0. 

-0.2142 

-0.3841 

n.5313 

0.C317 

-0. I232 

0.1826 

-0.1179 

t .con0 

0. 

0 ,  

0. 

0. 

0. 

0. 

-o.o88o 

-0.0365 

-0.1 187 

0.1ba2 

-0.31 I ?  

0.2852 

0.0746 

-0.COPI 

0.1294 

I .oooa 

0. 

0. 

0. 

0. 

C. 
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4-6.  

7 - 9 .  

10-11. 

12 0 

1 3 - 2 7 .  

2 8 .  

29 0 

3 0 - 3 0 0 .  
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