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1. .. f ÑÅ§?Ö9Ñf§  
This document describes the kernel operation of TOPAS-Academic including its macro lan-
guage. ÑőĲШťĲƖŰĲũШŔƚШƽƖŔƣƣĲŰШŔŰШ ÉIШĦҼҼШƽŔƣőШŔŰƣĲƖŰċũШĬċƣċШƚƣƖƨĦƣƨƖĲƚШĦŸůƓƖŔƚŔŰŊШċШƣƖĲĲШƚŔůŔũċƖр
ƣŸШċŰШñ~xШƖĲƓƖĲƚĲŰƣċƣŔŸŰЮШfŰĬŔƻŔĬƨċũШƣƖĲĲШŰŸĬĲƚШĦŸƖƖĲƚƓŸŰĬШƣŸШĦҼҼШŸĤŢĲĦƣƚбШƨŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШ
ŔŰƣĲƖŰċũШƚƣƖƨĦƣƨƖĲƚШŉċĦŔũŔƣċƣĲƚШƓƖŸŊƖċůШŸƓĲƖċƣŔŸŰЮШfŰƓƨƣШŔƚШƣőƖŸƨŊőШċŰШŔŰƓƨƣШŉŔũĲШыйЮf ÂьШĦŸůƓƖŔƚр
ŔŰŊШƖĲċĬċĤũĲШťĲǃƽŸƖĬƚШċŰĬШůċĦƖŸƚЯШƣőĲШũċƣƣĲƖШĤĲŔŰŊШŊƖŸƨƓŔŰŊƚШŸŉШťĲǃƽŸƖĬƚЮШÑőĲШťĲƖŰĲũШƓƖĲрƓƖŸр
ĦĲƚƚĲƚШƣőĲШf ÂШŉŔũĲШĲǂƓċŰĬŔŰŊШůċĦƖŸƚШċƚШƖĲƕƨŔƖĲĬбШƣőĲШƖĲƚƨũƣŔŰŊШƓƖĲрƓƖŸĦĲƚƚĲĬШŉŔũĲШыƽƖŔƣƣĲŰШƣŸШ
Ñ§Â ÉЮx§]ьШĦŸůƓƖŔƚĲƚШťĲǃƽŸƖĬƚШƣőċƣШċƖĲШŸƓĲƖċƣĲĬШŸŰШĤǃШƣőĲШťĲƖŰĲũЮШ§ŰШƓċƖƚŔŰŊШƣőĲШf ÂШŉŔũĲШƣőĲШ
ťĲƖŰĲũШĦƖĲċƣĲƚШŔƣƚШŔŰƣĲƖŰċũШĬċƣċШƚƣƖƨĦƣƨƖĲƚЮШÑőĲШůċŔŰШƣƖĲĲрŰŸĬĲШŸĤŢĲĦƣƚШċƖĲа 

xdd... 
bkg 
str... 
xo_Is... 
d_Is... 
hkl_Is... 
fit_obj... 

 
аШ7ċĦťŊƖŸƨŰĬЮ 
: Structure information for Rietveld refinement. 
: 2q-I values for single line or whole powder pattern fitting. 
: d-I values for single line or whole powder pattern fitting. 
: Lattice information for Le Bail or Pawley fitting. 
: User defined fit models. 

strЯШxo_IsЯШd_IsШċŰĬШhkl_IsШċƖĲШƖĲŉĲƖƖĲĬШƣŸШċƚШѢƓőċƚĲƚѢШċŰĬШƣőĲШƓĲċťƚШŸŉШƣőĲƚĲШѢƓőċƚĲШƓĲċťƚѢЮШШ
ũŔƚƣŔŰŊШŸŉШƣőĲШĬċƣċШƚƣƖƨĦƣƨƖĲƚШŔƚШŊŔƻĲŰШŔŰШƚĲĦƣŔŸŰШ21.1Ю 

1.1 ..... ÅƨŰŰŔŰŊШÑ§Â ÉШŔŰШőŔŊőШƓƖŔŸƖŔƣǃШůŸĬĲ 

Windows is becoming more guarded with the compiler not producing EXE files that run in a 
high priority mode.  This slows down TOPAS appreciably when running large refinements, es-
pecially when accompanied by large memory usage. The solution is to run the program in high-
priority-mode. Below shows a factor of 10+ difference in running-time when running ñÅ?р9Ñр
ΝЮf Â using Ñ9ЮEñE. 
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When not running in high priority mode, time per iteration slows downs appreciably after iter-
ation 16.  

1.1.1 ......... ÅƨŰŰŔŰŊШÑ ЮEñEШŔŰШőŔŊőШƓƖŔŸƖŔƣǃШůŸĬĲШыÑ§Â ÉcЮ7 Ñь 

Run the following from the command line: 

start "" /high "ta" 

Or, run the batch file Ñ§Â Éрcf]cрÂÅf§ÅfÑòЮ7 Ñ orШÑ cЮ7 ÑЮ 

1.1.2 ......... ÅƨŰŰŔŰŊШÑ9ЮEñEШŔŰШőŔŊőШƓƖŔŸƖŔƣǃШůŸĬĲ 

From the command prompt, use the following to start the command prompt: 

start /high "cmd" 

§ƖЯШƖƨŰШƣőĲШĦŸůůċŰĬШċƚШċŰШċĬůŔŰŔƚƣƖċƣŸƖШŉƖŸůШƣőĲШƚƣċƖƣШůĲŰƨШĤǃШƣǃƓŔŰŊШћĦŸůůċŰĬќШċŰĬШƣőĲŰШ
ĦőŸŸƚĲШƣőĲШљÅƨŰШċƚШċĬůŔŰŔƚƣƖċƣŸƖњЮ 

1.2 ..... 9ŸŰƻĲŰƣŔŸŰƚ 

¶ Keywords look like thisЮ 
¶ Macros look like thisЮ 
¶ uĲǃƽŸƖĬƚШĲŰĦũŸƚĲĬШŔŰШƚƕƨċƖĲШĤƖċĦťĲƣƚШяШѐШċƖĲШŸƓƣŔŸŰċũЮ 
¶ uĲǃƽŸƖĬƚШĲŰĬŔŰŊШŔŰШЮЮЮ ŔŰĬŔĦċƣĲШƣőċƣШůƨũƣŔƓũĲШťĲǃƽŸƖĬƚШŸŉШƣőċƣШƣǃƓĲШċƖĲШċũũŸƽĲĬЮ 
¶ ÑĲǂƣШĤĲŊŔŰŰŔŰŊШƽŔƣőШƣőĲШĦőċƖċĦƣĲƖШмШĦŸƖƖĲƚƓŸŰĬƚШƣŸШċШŰƨůĤĲƖЮ 
¶ ÑĲǂƣШĤĲŊŔŰŰŔŰŊШƽŔƣőШƣőĲШĦőċƖċĦƣĲƖШҘШĦŸƖƖĲƚƓŸŰĬƚШƣŸШċШƚƣƖŔŰŊЮ 
¶ EШċŉƣĲƖШťĲǃƽŸƖĬаШĦŸƖƖĲƚƓŸŰĬƚШƣŸШċn equation (i.e. = a+b;) or constant (i.e. 1.245) or a param-

eter name with a value (i.e. lp 5.4013) that can be refined. 
¶ !E ċŉƣĲƖШťĲǃƽŸƖĬ: ĦŸƖƖĲƚƓŸŰĬƚШƣŸШċn equation or constant or a parameter name with a value 

that cannot be refined. 

ÑŸШċƻŸŔĬШŔŰƓƨƣШĲƖƖŸƖƚЯШŔƣШŔƚШƨƚĲŉƨũШƣŸШĬŔŉŉĲƖĲŰƣŔċƣĲШĤĲƣƽĲĲŰШťĲǃƽŸƖĬƚЯШůċĦƖŸƚЯШƓċƖċůĲƣĲƖШŰċůĲƚЯШ
ċŰĬШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚЮШÑőĲШĦŸŰƻĲŰƣŔŸŰƚШŉŸũũŸƽĲĬШċƖĲа 

uĲǃƽŸƖĬƚШа 
ÂċƖċůĲƣĲƖШŰċůĲƚШа 
~ċĦƖŸШŰċůĲƚШа 

ÅĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚШа 

ċũũШũŸƽĲƖШĦċƚĲ 
ŉŔƖƚƣШũĲƣƣĲƖШŔŰШũŸƽĲƖШĦċƚĲ 
ŉŔƖƚƣШũĲƣƣĲƖШŔŰШƨƓƓĲƖШĦċƚĲ 
ŉŔƖƚƣШũĲƣƣĲƖШŔŰШƨƓƓĲƖШĦċƚĲ 

1.3 ..... fŰƓƨƣШŉŔũĲШĲǂċůƓũĲШыf ÂШŉŸƖůċƣь 

ÑőĲШŉŸũũŸƽŔŰŊШŔƚШċŰШĲǂċůƓũĲШŔŰƓƨƣШŉŔũĲШŉŸƖШÅŔĲƣƻĲũĬШƖĲŉŔŰĲůĲŰƣШŸŉШĦŸƖƨŰĬƨůШċŰĬШŉũƨŸƖŔƣĲа 
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ª Rietveld  refinement  comprising  two  phases  
xdd  File _Name.xy  

CuKa5(0.001)                            ª Emission  profile  
Radius(217.5)                           ª Diffractometer  radius  
LP_Factor(26.4)                         ª Lorentz  polarization  
Slit _Width(0.1)                         ª Receiving  slit  width  
Divergence(1)                           ª Equatorial  divergence  
Full _Axial _Model(12,  15,  12,  2.3,  2.3)  ª Axial  divergence  
Zero _Error(@,  0)                
bkg  @ 0 0 0 0 0 0 
STR(R- 3C,  "Corundum  Al2O3")  

Trigonal(@  4.759,  @ 12.992)  
site  Al  x 0         y 0  z @ 0.3521   occ  Al+3  1  beq  @ 0.3  
site  O  x @ 0.3062   y 0  z   0.25     occ  O- 2  1  beq  @ 0.3  
scale  @ 0.001  
CS_L(@,  100)  
r _bragg  0 

STR(Fm- 3m,  Fluorite)  
Cubic(@  5.464)  
site  Ca    x 0      y 0     z 0      occ  Ca 1   beq  @ 0.5  
site  F     x 0.25    y 0.25   z 0.25    occ  F  1   beq  @ 0.5  
scale  @ 0.001  
CS_L(@,  100)  
r _bragg  0 

The format is case sensitive. Optional indentation can be used to show tree dependencies. 
Placement of keywords within a tree level is not important.  For example, the keyword str sig-
nifies that all information (pertaining to str) occurring between this keyword and the next level 
of the same type (in this case str) applies to the first strЮШũũШŔŰƓƨƣШƣĲǂƣШƚƣƖĲċůƚШĦċŰШőċƻĲШũŔŰĲШ
ċŰĬоŸƖШĤũŸĦťШĦŸůůĲŰƣƚЮШШũŔŰĲШĦŸůůĲŰƣШŔƚШŔŰĬŔĦċƣĲĬШĤǃШƣőĲШĦőċƖċĦƣĲƖШѣШċŰĬШċШĤũŸĦťШĦŸůůĲŰƣШ
ĤǃШċŰШŸƓĲŰŔŰŊШойШċŰĬШĦũŸƚŔŰŊШйоЮШÑĲǂƣШŉƖŸůШƣőĲШũŔŰĲШĦŸůůĲŰƣШĦőċƖċĦƣĲƖШƣŸШƣőĲШĲŰĬШŸŉШƣőĲШũŔŰĲШŔƚШ
ŔŊŰŸƖĲĬЮШÑĲǂƣШƽŔƣőŔŰШĤũŸĦťШĦŸůůĲŰƣƚШŔƚШŔŊŰŸƖĲĬбШĤũŸĦťШĦŸůůĲŰƣƚШĦċŰШĤĲШŰĲƚƣĲĬЮШcĲƖĲШċƖĲШ
ƚŸůĲШĲǂċůƓũĲƚа 

ª This  is  a line  comment 
space _group  C2/c  ª This  is  also  a line  comment 
/*  This  is  a block  comment.  

A block  comment can  comprise  any  number  of  lines.  */  

§ŰШƣĲƖůŔŰċƣŔŸŰШŸŉШƖĲŉŔŰĲůĲŰƣШċŰШŸƨƣƓƨƣШŉŔũĲШыйЮ§ÖÑьШƚŔůŔũċƖрƣŸШƣőĲШŔŰƓƨƣШŉŔũĲШŔƚШĦƖĲċƣĲĬШƽŔƣőШƖĲр
ŉŔŰĲĬШƻċũƨĲƚШƨƓĬċƣĲĬЮ 

1.4 ..... ÑĲƚƣШĲǂċůƓũĲƚ 

ÑőĲШdirectory ÑEÉÑхEñ ~ÂxEÉШcontainШĲǂċůƓũĲƚШƣőċƣШĦċŰШċĦƣШċƚШƣĲůƓũċƣĲƚШŉŸƖШĦƖĲċƣŔŰŊШf ÂШ
ŉŔũĲƚЮШfŰШċĬĬŔƣŔŸŰЯШĦőċƖŊĲрŉũŔƓƓŔŰŊШĲǂċůƓũĲƚШċƖĲШŉŸƨŰĬШŔŰШƣőĲШ9[ШĬŔƖĲĦƣŸƖǃШċŰĬШŔŰĬĲǂŔŰŊШĲǂċůƓũĲƚШ
ŔŰШƣőĲШf ?Eñf ]ШĬŔƖĲĦƣŸƖǃЮ 

1.5 ..... Ñ9рf ÂÉЮ7 ÑШċŰĬШƣőĲШċċĦҘШůċĦƖŸ 

The batch file Ñ9рf ÂÉЮ7 Ñ runs over 180 test examples in a few minutes. These examples play 
an important role in program testing. Arguments passed via the command line to the test 
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examples can contain the aac$ macro. If defined, aac$ is expanded at the bottom of the INP 
file. For example, to terminate refinement after 100 iterations the following could be used:  

tc test_examples\pdf\alvo4\rigid "macro aac$ { iters 100 verbose 0 }" 

1.6 ..... Ñ§Â ÉШŔƚШΣΠШĤŔƣ 

The command line Ñ9ЮEñE and the GUI Ñ ЮEñE both run on the Windows 64-bit operating sys-
tem.  
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2. .. Â Å ~EÑEÅÉ 

2.1 ..... ìőĲŰШŔƚШċШƓċƖċůĲƣĲƖШƖĲŉŔŰĲĬ 

ШƓċƖċůĲƣĲƖШŔƚШŉũċŊŊĲĬШŉŸƖШƖĲŉŔŰĲůĲŰƣШĤǃШŊŔƻŔŰŊШŔƣШċШŰċůĲЮШÑőĲШŉŔƖƚƣШĦőċƖċĦƣĲƖШĦċŰШĤĲШċŰШƨƓƓĲƖШ
ŸƖШũŸƽĲƖрĦċƚĲШũĲƣƣĲƖЮШÉƨĤƚĲƕƨĲŰƣШĦőċƖċĦƣĲƖƚШĦċŰШŔŰĦũƨĬĲШƣőĲШƨŰĬĲƖƚĦŸƖĲШĦőċƖċĦƣĲƖШѣхѣШċŰĬШƣőĲШ
ŰƨůĤĲƖƚШΜШƣőƖŸƨŊőШΦЮШ[ŸƖШĲǂċůƓũĲа 

site  Zr  x 0 y 0 z 0 occ  Zr+4  1 beq  b1 0.5  

Here b1 is the name given to the beqШƓċƖċůĲƣĲƖЮШ ŸШƖĲƚƣƖŔĦƣŔŸŰƚШċƖĲШƓũċĦĲĬШŸŰШƣőĲШũĲŰŊƣőШŸŉШ
ƓċƖċůĲƣĲƖШŰċůĲƚЮШÑőĲШĦőċƖċĦƣĲƖШгШƓũċĦĲĬШĤĲŉŸƖĲШĤΝЯШċƚШŔŰШгĤΝЯШƚŔŊŰċũƚШƣőċƣШĤΝШŔƚШŰŸƣШƣŸШĤĲШƖĲр
ŉŔŰĲĬЯШŉŸƖШĲǂċůƓũĲа 

site  Zr  x 0 y 0 z 0 occ  Zr+4  1 beq  !b1  0.5  

ШƓċƖċůĲƣĲƖШĦċŰШċũƚŸШĤĲШŉũċŊŊĲĬШŉŸƖШƖĲŉŔŰĲůĲŰƣШĤǃШƓũċĦŔŰŊШƣőĲШѻШĦőċƖċĦƣĲƖШċƣШƣőĲШƚƣċƖƣШŸŉШŔƣƚШ
ŰċůĲЮШfŰƣĲƖŰċũũǃШƣőĲШƓċƖċůĲƣĲƖШŔƚШŊŔƻĲŰШċШƨŰŔƕƨĲШŰċůĲШċŰĬШƣƖĲċƣĲĬШċƚШċŰШŔŰĬĲƓĲŰĬĲŰƣШƓċƖċůр
ĲƣĲƖЮШÑőĲШĤΝШƣĲǂƣШŔŰШƣőĲШŉŸũũŸƽŔŰŊШŔƚШŔŊŰŸƖĲĬа 

site  Zr  x 0 y 0 z 0 occ  Zr+4  1 beq  @ 0.5  
or,  site  Zr  x 0 y 0 z 0 occ  Zr+4  1 beq  @b1 0.5  

2.2 ..... ÖƚĲƖШĬĲŉŔŰĲĬШƓċƖċůĲƣĲƖƚШрШƣőĲШƓƖůоũŸĦċũШťĲǃƽŸƖĬƚ 

The [prm l҇ocal E] keywords defines a new parameter. For example: 

prm b1 0.2  ª b1 is  the  name given  to  this  parameter   
           ª 0.2  is  the  initial  value   
site  Zr  x 0 y 0 z 0 occ  Zr+4  0.5   beq  = 0.5  + b1;  
                    occ  Ti+4  0.5   beq  = 0.3  + b1;  

Here b1 is a new parameter that will be refined; this example demonstrates adding a constant 
to a set of beq'ƚЮШ ŸƣĲШƣőĲШƨƚĲШŸŉШƣőĲШѣӀѣШƚŔŊŰШċŉƣĲƖШƣőĲШbeq keyword; this indicates that the pa-
rameter is in the form of an equation. In the following example, b1 is used but not refined: 

prm !b1  0.2  
site  Zr  x 0 y 0 z 0 occ  Zr+4  0.5   beq  = 0.5  + b1;  
                    occ  Ti+4  0.5   beq  = 0.3  + b1;  

2.3 ..... ÂċƖċůĲƣĲƖШċƣƣƖŔĤƨƣĲƚ 

ÑőĲШŉŸũũŸƽŔŰŊШŸƓƣŔŸŰċũШƓċƖċůĲƣĲƖШċƣƣƖŔĤƨƣĲƚШĦċŰШĤĲШċƚƚŔŊŰĲĬШƣŸШċШƓċƖċůĲƣĲƖа 

[min !E]  [max !E]  [del !E]  [update !E]  [stop_when !E]  [val_on_continue !E] [_rem !E] 

_rem is described in section 15.6. Attributes are equations and cannot have a parameter 
name; they can however be a function of other parameter names. The min and max ŀǘǘǊƛōǳǘŜǎ 
can be used to limit  parameter values during refinement, for example: 
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prm a 0. 1 min  0 max = 10;  
prm b 0.2  min  = a;  max = 10;  

Here b is constrained to within the range 0.1 and 10. Limits are effective in refinement stabili-
zation. del is used for calculating numerical derivatives with respect to the calculated pattern; 
typically, internal default del values are adequate in most circumstances. Parameter values 
are updated at the end of an iteration as follows: 

new_Val = old_Val + Change 

When update is defined then the following is used: 

new_Val = љƨƓĬċƣĲ ĲƕƨċƣŔŸŰњ 

update can additionally be a function of the reserved parameter names Change and ValΦ The 
use of update does not negate min and maxΦ stop_when is a conditional  statement used as a 
stopping criterion. In this case convergence is determined when stop_when evaluates to a 
non-zero value for all defined stop_when attributes, as defined for independent parameters, 
and when the chi2_convergence_criteria condition has been met. val_on_continue is evalu-
ated when continue_after_convergence is defined. It provides a means of changing parameter 
values after refinement convergence where: 

new_Val = val_on_continue 

Here are example attribute  equations as applied to the x parameter: 

x @ 0.1234   
min        = Val  -  0.2;  
max       = Val  + 0.2;  
update     = Val  + Rand(0,  1)  Change;  
stop _when = Abs( Change)  < 0.000001;  

2.4 ..... ÂċƖċůĲƣĲƖШĦŸŰƚƣƖċŔŰƣƚ 

EƕƨċƣŔŸŰƚШĦċŰШĤĲШċШŉƨŰĦƣŔŸŰШŸŉШƓċƖċůĲƣĲƖШŰċůĲƚбШƣőŔƚШƓƖŸƻŔĬĲƚШċШůĲĦőċŰŔƚůШŉŸƖШŔŰƣƖŸĬƨĦŔŰŊШ
ũŔŰĲċƖШċŰĬШŰŸŰрũŔŰĲċƖШĦŸŰƚƣƖċŔŰƣƚЯШŉŸƖШĲǂċůƓũĲа 

site  Zr  x 0 y 0 z 0 occ  Zr+4  zr  1    beq  0.5  
                    occ  Ti+4  = 1- zr;  beq  0.3  

cĲƖĲШƣőĲШǍƖШƓċƖċůĲƣĲƖШŔƚШƨƚĲĬШŔŰШƣőĲШĲƕƨċƣŔŸŰШѢӀШΝрǍƖбѢбШƣőŔƚШĲƕƨċƣŔŸŰШĬĲŉŔŰĲƚШƣőĲШÑŔҼΠШƚŔƣĲШŸĦр
ĦƨƓċŰĦǃЮШ ŸƣĲЯШĲƕƨċƣŔŸŰƚШƚƣċƖƣШƽŔƣőШċŰШĲƕƨċũШƚŔŊŰШċŰĬШĲŰĬШŔŰШċШƚĲůŔĦŸũŸŰЮШxŔůŔƣŔŰŊШǍƖШƽŔƣőШ
minоmax can be performed as follows: 

site  Zr  x 0 y 0 z 0 occ  Zr+4  zr  1 min  0 max 1  beq  0.5  
                    occ  Ti+4  = 1 -  zr;          beq  0.3  

Here zr will  be constrained to within 0 and 1. ŰШĲǂċůƓũĲШĦŸŰƚƣƖċŔŰŔŰŊШƣőĲШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚШ
a, b, c to the same value as required for a cubic lattice  is as follows: 
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a lp  5.4031  b lp  5.4031  c lp  5.4031  

Parameters with names that are the same must have the same value. An exception is thrown 
if the above lp parameters were defined with values that were all not the same. Another means 
of constraining the three lattice  parameters to the same value is by using equations with the 
parameter lp defined once, or,  

a lp  5.4031   b = lp;   c = lp;  

~ŸƖĲШŊĲŰĲƖċũШċŊċŔŰШŔƚШƣőĲШƨƚĲШŸŉШƣőĲШ]ĲƣШŉƨŰĦƣŔŸŰШċƚШƨƚĲĬШŔŰШƣőĲШCubicШůċĦƖŸа 

a @ 5.4031   b = Get( a);   c = Get( a);  

Here the constraints are formulated without the need for a parameter name. 

2.5 ..... ÑőĲШũŸĦċũШťĲǃƽŸƖĬ 

The local keyword is used for defining parameters as local to the top, xdd or phase level; local 
can simplify complex INP files. The following code fragment: 

xdd   local  a 1 
xdd   local  a 2 

has two 'a' parameters; one dependent on the first xdd and the other dependent on the second 
xddЮШfŰƣĲƖŰċũũǃШƣƽŸШŔŰĬĲƓĲŰĬĲŰƣШƓċƖċůĲƣĲƖƚШċƖĲШŊĲŰĲƖċƣĲĬЯШŸŰĲШŉŸƖШĲċĦőШŸŉШƣőĲШѣċѣШƓċƖċůĲƣĲƖƚбШ
ƣőŔƚШŔƚШŰĲĦĲƚƚċƖǃШċƚШƣőĲШƓċƖċůĲƣĲƖƚШƖĲƕƨŔƖĲШƚĲƓċƖċƣĲШƓŸƚŔƣŔŸŰƚШŔŰШƣőĲШШůċƣƖŔǂШŉŸƖШůŔŰŔůŔǍċƣŔŸŰЯШ
ĦŸƖƖĲũċƣŔŸŰШůċƣƖŔǂЯШĲƖƖŸƖƚШĲƣĦЮЮЮ fŰШƣőĲШĦŸĬĲШŉƖċŊůĲŰƣа 

local  a 1              ª top  level  
xdd  gauss _fwhm = a;     ª 1st  xdd  
xdd  gauss _fwhm = a;     ª 2nd xdd  
      local  a 2        ª xdd  level  

the 1st xdd is convoluted with a Gaussian with a FWHM of 1 and the 2nd with a Gaussian with a 
FWHM of 2. In other words, the 1st gauss_fwhm equation uses the ћċќ parameter from the top 
level and the second gauss_fwhm equation uses the ћċќ parameter defined in the 2nd xddΦ This 
is analogous, for example, to the scoping rules found in the c programming languageΦ ÑőĲШŉŸũр
ũŸƽŔŰŊШŔƚШŰŸƣШƻċũŔĬШċƚШĤΝШŔƚШĬĲŉŔŰĲĬШƣƽŔĦĲШĤƨƣШŔŰШċШĬŔŉŉĲƖĲŰƣШůċŰŰĲƖЮШ 

xdd   local  a 1 prm b1 = a;  
xdd   local  a 2 prm b1 = a;  

ÑőĲШŉŸũũŸƽŔŰŊШĦŸůƓƖŔƚĲƚШΠШƚĲƓċƖċƣĲШƓċƖċůĲƣĲƖƚШċŰĬШŔƚШƻċũŔĬа 

xdd   local  a 1 local  b1 = a;  
xdd   local  a 2 local  b1 = a;  
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2.6 ..... ?ĲŉŔŰŔŰŊШũŸĦċũШƓċƖċůĲƣĲƖƚШƨƚŔŰŊШҘ 

ÑőĲШҘШĦőċƖċĦƣĲƖШĦċŰШċũƚŸШĤĲШƨƚĲĬШƣŸШƚŔŊŰċũШƣőċƣШċШƓċƖċůĲƣĲƖШŔƚШlocalЮШÑőĲШŉŸũũŸƽŔŰŊШƣƽŸШũŔŰĲƚШċƖĲШ
ƚŔůŔũċƖШĤƨƣШŰŸƣШĲŰƣŔƖĲũǃШĲƕƨŔƻċũĲŰƣа 

xdd ¡ local sc 0.01 min 1e- 10 scale = sc;  
xdd ¡ scale $sc 0.01  

ÑőĲШĤĲŰĲŉŔƣШŸŉШƨƚŔŰŊШҘШŔƚШƣőċƣШƣőĲШĬĲŉċƨũƣШƚĦċũĲШƓċƖċůĲƣĲƖШċƣƣƖŔĤƨƣĲƚШŸŉШůŔŰЯШůċǂШċŰĬШĬĲũШċƖĲШ
ƖĲƣċŔŰĲĬЮШÑőĲШҘШĦőċƖċĦƣĲƖШĦċŰШċũƚŸШĤĲШƨƚĲĬШƽŔƣőШƣőĲШprmШťĲǃƽŸƖĬШƖĲƚƨũƣŔŰŊШŔŰШƣőĲШƓċƖċůĲƣĲƖШ
ĤĲŔŰŊШĬĲŉŔŰĲĬШċƚШlocalЮШÑőĲШŉŸũũŸƽŔŰŊШƣƽŸШũŔŰĲƚШċƖĲШĲƕƨŔƻċũĲŰƣа 

prm $cs 100  
local cs 100  

ÖƚĲШŸŉШҘШċũƚŸШƚŔůƓũŔŉŔĲƚШƣőĲШƽƖŔƣŔŰŊШŸŉШůċĦƖŸƚШƽőĲŰШƨƚŔŰŊШљŉŸƖШэШюњШũŸŸƓƚЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШŉŸũр
ũŸƽŔŰŊа 

for strs { CS_L(@, 100) }  

ĲǂƓċŰĬƚШƣŸа 

for strs {  
prm m67cff550_1 100 min .3 max = Min(Val 2 + .3, 10000);    
lor_fwhm = 0.1 57.2957795130823 Lam / (Cos(Th) (m67cff550_1));  

}  

cĲƖĲЯШƣőĲƖĲќƚШŸŰũǃШŸŰĲШ9ÉхxШparameter, named m67cff550_1, for all strs within the loop. If on 
the other hand the intention was to have one unique CS_L for each str then the following can 
be used. 

for strs { CS_L($cs, 100) }  

ƽőŔĦőШĲǂƓċŰĬƚШƣŸа 

for strs {  
prm $cs 100 min .3 max = Min(Val 2 + .3, 10000);    
lor_fwhm = 0.1 57.2957795130823 Lam / (Cos(Th) ($cs));  

}  

fŰШƣőĲШċĤŸƻĲШĲċĦőШstrШőċƚШŸŰĲШƨŰŔƕƨĲШĦƚШƓċƖċůĲƣĲƖШĬƨĲШƣŸШƣőĲШƨƚĲШŸŉШƣőĲШҘШĦőċƖċĦƣĲƖЮШÑőĲШƓƖŸĤр
ũĲůШƽŔƣőШũŸĦċũШƓċƖċůĲƣĲƖƚШƽŔƣőŔŰШƣőĲШforШũŸŸƓЯШŔƚШƣőċƣШŸŰũǃШŸŰĲШĦƚШƓċƖċůĲƣĲƖƚШŔƚШƨƓĬċƣĲĬШŔŰШƣőĲШ
§ÖÑШŉŔũĲШƽŔƣőШƣőĲШĦƚШƓċƖċůĲƣĲƖƚШĤĲŔŰŊШũŸƚƣЮШÑőŔƚШƚŔƣƨċƣŔŸŰШĦċŰШĤĲШƖĲůĲĬŔĲĬШĤǃШƨƚŔŰŊШƣőĲШťĲǃƽŸƖĬШ
load_save_locals. 

2.7 ..... ÅĲƓŸƖƣŔŰŊШŸŰШĲƕƨċƣŔŸŰШƻċũƨĲƚ 

ÑőĲШƻċũƨĲШŸŉШƣőĲШĲƕƨċƣŔŸŰШĦċŰШĤĲШŸĤƣċŔŰĲĬШĤǃШƓũċĦŔŰŊШѢШаШΜѢШċŉƣĲƖШƣőĲШĲƕƨċƣŔŸŰЯШŉŸƖШĲǂċůƓũĲа 

occ  Ti+4  = 1- zr;  :  0 
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After refinement, the '0' is replaced by the value of the equation. The associated error is also 
reported when do_errors is defined. 

2.8 .....  ċůŔŰŊШŸŉШĲƕƨċƣŔŸŰƚ 

EƕƨċƣŔŸŰƚШĦċŰШĤĲШŊŔƻĲŰШċШƓċƖċůĲƣĲƖШŰċůĲЯШŉŸƖШĲǂċůƓũĲаШ 

prm !a1  = a2 + a3/2;  :  0 

cĲƖĲШƣőĲШċΝШƓċƖċůĲƣĲƖШƖĲƓƖĲƚĲŰƣƚШƣőĲШĲƕƨċƣŔŸŰШљċΞШҼШċΟоΞњЮШfŉШƣőĲШƻċũƨĲШŸŉШƣőĲШĲƕƨċƣŔŸŰШĲƻċũƨр
ċƣĲƚШƣŸШċШĦŸŰƚƣċŰƣЯШƣőĲŰШċΝШƽŸƨũĬШĤĲШċŰШŔŰĬĲƓĲŰĬĲŰƣШƓċƖċůĲƣĲƖЯШŸƣőĲƖƽŔƚĲШċΝШŔƚШƣƖĲċƣĲĬШċƚШċШ
ĬĲƓĲŰĬĲŰƣШƓċƖċůĲƣĲƖЮШfŉШƣőĲШĲƕƨċƣŔŸŰШĲƻċũƨċƣĲƚШƣŸШċШĦŸŰƚƣċŰƣЯШƣőĲŰШċΝШƽŔũũШĤĲШƖĲŉŔŰĲĬШŔŉШƣőĲШ
ĦőċƖċĦƣĲƖШћгќШŔƚШŰŸƣШƨƚĲĬЮШÑőĲШŉŸũũŸƽŔŰŊШĲƕƨċƣŔŸŰШŔƚШƻċũŔĬШĲƻĲŰШƣőŸƨŊőШŔƣШĬŸĲƚŰќƣШőċƻĲШċШƓċƖċůĲƣĲƖШ
ŰċůĲбШŔƣƚШƻċũƨĲШċŰĬШĲƖƖŸƖШċƖĲШċũƚŸШƖĲƓŸƖƣĲĬШŸŰШƣĲƖůŔŰċƣŔŸŰШŸŉШƖĲŉŔŰĲůĲŰƣЮШ 

prm = 2 a1^2  + 3;  :  0 

EƕƨċƣŔŸŰƚШŔŰШŊĲŰĲƖċũШċƖĲШŰŸƣШĲƻċũƨċƣĲĬШƚĲƕƨĲŰƣŔċũũǃЯШƣőĲШŉŸũũŸƽŔŰŊа 

prm a2 = 2 a1;  :  0 
prm a1 = 3;  

ŊŔƻĲƚШŸŰШƣĲƖůŔŰċƣŔŸŰШŸŉШƖĲŉŔŰĲůĲŰƣа 

prm a2 = 2 a1;  :  6 
prm a1 = 3;  

ÂċƖċůĲƣĲƖƚШƽŔƣőШƣőĲШƚċůĲШŰċůĲШůƨƚƣШőċƻĲШŔĬĲŰƣŔĦċũШƻċũƨĲƚШŸƖШĲƕƨċƣŔŸŰƚЮШÑőŔƚШċũũŸƽƚШŉŸƖШŰŸŰр
ƚĲƕƨĲŰƣŔċũШĲƻċũƨċƣŔŸŰШŸŉШƓċƖċůĲƣĲƖƚЮШÑőĲШŉŸũũŸƽŔŰŊШũĲċĬƚШƣŸШƖĲĬĲŉŔŰŔƣŔŸŰШĲƖƖŸƖƚа 

prm a1 = 2;      prm a1 = 3;   ª redefinition  error  
prm b1 = 2 b3;   prm b1 = b3;  ª redefinition  error  

2.9 ..... ĲǂŔƚƣŔŰŊхƓƖů 

[existing_prm E]...  

EƻċũƨċƣĲĬШƚĲƕƨĲŰƣŔċũũǃШċŰĬ allows for the modification  of an existing prm/local parameters, 
see for example the macro K_Factor_WP in Ñ§Â ÉЮf 9. The following: 

local  a 1 
existing _prm a += 1;  
existing _prm a /=  2;  
existing _prm a = 3 (a  + 1);  
prm = a;  :  0 

givesа 

prm = a;  :  6.00000  
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Allowed operators for existing_prm are +=, -=, *-, /= and ̂ =. 

2.10 ... ШÉƣƖŔŰŊЯШ9ŸŰĦċƣЯШÑŸхÉƣƖŔŰŊШċŰĬШÑŸхÂƖůШŉƨŰĦƣŔŸŰƚ 

String assigns a string attribute to text that would otherwise be a parameter. To_String evalu-
ates a parameter and converts the result to a string. To_Prm converts a string to a parameter 
name. Together these macros provide flexibility in the creation of INP files. 9ŸŰĦċƣыċЯШĤЯШĦЯШвьШ
concatenates strings. Concat and To_Prm arguments can be parameters or strings. If an argu-
ment is a parameter, then the value of the parameter is converted to a string. For example, the 
following are all equivalent: 

prm abc = 7;  
prm  = To_Prm(a, b, c); :  7   
prm  = To_Prm(a, "b", "c"); :  7   
prm  = To_Prm(Concat( ­a®, "b", "c")); :  7  
prm  = To_Prm(Concat(a, "b", "c")); :  7   
prm  = To_Prm(String(abc)); :  7   
prm  = To_Prm("abc"); :  7    

2.11 ... ÉƣċƖƣŔŰŊШċШƓċƖċůĲƣĲƖШƽŔƣőШċШƖċŰĬŸůШŰƨůĤĲƖ 

The pre-processor #out command (see section 22.1.2) can be used to start parameters at 
random values, for example: 

#prm a_start = Rand(5.4, 5.6);  
a @ #out a_start  

This is pre-processed to (as seen in Ñ§Â ÉЮx§]): 

a @ 5.58537511  

2.12 ... ÖƚŔŰŊШƣőĲШӖШĲƕƨċƣŔŸŰШĦőċƖċĦƣĲƖШƣŸШĬĲŉŔŰĲШċШƓċƖċůĲƣĲƖШŰċůĲ 

ШƓċƖċůĲƣĲƖШŰċůĲШĦċŰШĤĲШĬĲŉŔŰĲĬШƨƚŔŰŊШċШӖШĲƕƨċƣŔŸŰШċƚШƚĲĲŰШŔŰШƣőĲШŉŸũũŸƽŔŰŊа 

Create_XDDs(3)  
prm i 1  
for xdds {  

xdd_file = Concat("ceo2 - ", i, ".xdd")  
¡ 
str  

site  Ce1                       occ  Ce+4  1 beq %Concat("bCe", i); 0.2  
site  O1  x 0.25 y 0.25 z 0.25  occ  O- 2   1 beq %Concat("bO", i);  0.4  
existing_prm i += 1;  
¡ 

}  

ÑőĲШċĤŸƻĲШũŸċĬƚШƣőƖĲĲШxddƚШĦĲŸΞрΝЮǂĬĬЯШĦĲŸΞрΞЮǂĬĬШċŰĬШĦĲŸΞрΟЮǂĬĬЮШEċĦőШőċƚШċШƚƣƖƨĦƣƨƖĲШƽŔƣőШ
ƣƽŸШbeqШƓċƖċůĲƣĲƖƚШĦƖĲċƣĲĬШƨƚŔŰŊШƣőĲШӖ9ŸŰĦċƣШƚĲƕƨĲŰĦĲбШƣőĲШŰċůĲƚШĦƖĲċƣĲĬШċƖĲШĤ9ĲΝЯШĤ§ΝЯШ
Ĥ9ĲΞЯШĤ§ΞЯШĤ9ĲΟШċŰĬШĤ§ΟЮШÑőĲƚĲШĦċŰШĤĲШƨƚĲĬШŔŰШĲƕƨċƣŔŸŰƚШċƚШŰŸƖůċũЮШfŉШƣőĲШĤ9ĲхШƓċƖċůĲƣĲƖƚШ
ƽĲƖĲШƣőĲШƚċůĲШċƚШƣőĲШĤ§хШƓċƖċůĲƣĲƖƚШƣőĲŰШƣőĲШŉŸũũŸƽŔŰŊШĦŸƨũĬШĤĲШƨƚĲĬа 
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      site  Ce1                       occ  Ce+4  1 beq %Concat("b1", i); 0.2  
      site  O1  x 0.25 y 0.25 z 0.25  occ  O- 2   1 beq %Concat("b1", i); 0.2  

ŸƖЯШƨƚŔŰŊШÑŸхÂƖůа 

      site  Ce1                       occ  Ce+4  1 beq %Concat("b1", i); 0.2  
      site  O1  x 0.25 y 0.25 z 0.25  occ  O- 2   1 beq = To_Prm(Concat("b1", i));  

2.13 ... ĬƨůůǃШċŰĬШĬƨůůǃхƓƖůШťĲǃƽŸƖĬƚ 

The dummy keyword reads a word from the input stream. dummy_prm is similar except it 
reads parameter dependent text. For example, the following purple text is loaded by 
dummy_prm and is ignored by the Kernel. 

load  xo  dummy_prm I   
   {   
      10   = 1/Max(0.00023,  0.0001);  min  10 max = Val  2;  @ 100  
      ...  

2.14 ... ÂċƖċůĲƣĲƖШĲƖƖŸƖƚШċŰĬШĦŸƖƖĲũċƣŔŸŰШůċƣƖŔǂ 

When do_errors is defined, parameter errors and the correlation matrix are generated at the 
end of refinement, see also section 4.9Φ Errors are appended to parameter values as follows: 

a lp  5.4031 _0.0012   

Here the error in lp is 0.0012. The correlation matrix is identified by C_matrix_normalized; it is 
appended to the OUT file if it does not already exist, or updated if it does exist. 

2.15 ... ?ĲŉċƨũƣШƓċƖċůĲƣĲƖШũŔůŔƣƚШċŰĬШxf~fÑх~f ШоШxf~fÑх~ ñ 

Parameters with internal default min/max attributes are shown in Table 2-1. These limit s avoid 
invalid numerical operations and equally important  they stabilize refinement by directing the 
minimization process towards lower …ШƻċũƨĲƚЮШcċƖĬШũŔůŔƣƚШċƖĲШċƻŸŔĬĲĬШƽőĲƖĲШƓŸƚƚŔĤũĲШċŰĬШ
ŔŰƚƣĲċĬШƓċƖċůĲƣĲƖШƻċũƨĲƚШůŸƻĲШƽŔƣőŔŰШċШƖċŰŊĲШĬƨƖŔŰŊШċШƖĲŉŔŰĲůĲŰƣШŔƣĲƖċƣŔŸŰЮШUser defined 
minоmax limit s override default limit s. Parameters defined using prmоlocalШƚőŸƨũĬШĤĲШĬĲŉŔŰĲĬШ
ƽŔƣőШƨƚĲƖШĬĲŉŔŰĲĬШminоmax limit sЮШ[ƨŰĦƣŔŸŰċũŔƣǃШŔƚШŸŉƣĲŰШƖĲċũŔǍĲĬШƣőƖŸƨŊőШƣőĲШƚƣċŰĬċƖĬШůċĦƖŸƚШ
ĬĲŉŔŰĲĬШŔŰШÑ§ÂÉЮf 9бШƣőŔƚШŔƚШċŰШŔůƓŸƖƣċŰƣШŉŔũĲШƣŸШƻŔĲƽЮШũůŸƚƣШċũũШprmќƚ defined within this file 
have minоmax limit s. For example, the CS_L macro defines a crystallite  size parameter with a 
minоmax ŸŉШΜЮΟШċŰĬШΝΜΜΜΜШŰůШƖĲƚƓĲĦƣŔƻĲũǃЮШ§ŰШƣĲƖůŔŰċƣŔŸŰШŸŉШƖĲŉŔŰĲůĲŰƣЯШŔŰĬĲƓĲŰĬĲŰƣШƓċƖċůр
ĲƣĲƖƚШƣőċƣШƖĲŉŔŰĲĬШĦũŸƚĲШƣŸШƣőĲŔƖШũŔůŔƣƚШċƖĲШŔĬĲŰƣŔŉŔĲĬШĤǃШƣőĲШƣĲǂƣШѢхxf~fÑх~f хмѢШŸƖШ
Ѣхxf~fÑх~ ñхмѢШċƓƓĲŰĬĲĬШƣŸШƣőĲШƓċƖċůĲƣĲƖШƻċũƨĲЮШÑőĲШѣмѣШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШũŔůŔƣŔŰŊШƻċũƨĲЮШ
ÑőĲƚĲШƽċƖŰŔŰŊƚШĦċŰШĤĲШƚƨƓƓƖĲƚƚĲĬШƨƚŔŰŊШno_LIMIT_warningsЮ 

ÑċĤũĲШΞрΝЮШШ?ĲŉċƨũƣШƓċƖċůĲƣĲƖШũŔůŔƣƚЮ 

ÂċƖċůĲƣĲƖ ůŔŰ ůċǂ 

la ΝĲрΡ ΞШValШҼШΜЮΝ 
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lo ~ċǂыΜЮΜΝЯШValȤΜЮΜΝь ~ŔŰыΝΜΜЯШValҼΜЮΜΝь 

lhЯ lg ΜЮΜΜΝ Ρ 

aЯ bЯ c ~ċǂыΝЮΡЯШΜЮΦΦΡШValШрШΜЮΜΡь ΝЮΜΜΡШValШҼШΜЮΜΡ 

alЯ beЯ ga ~ċǂыΝЮΡЯШValШрШΜЮΞь ValШҼШΜЮΞ 

scale ΝĲрΝΝ  

sh_Cij_prm рΞШĤƚыValьШрШΜЮΝ ΞШĤƚыValьШҼШΜЮΝ 

occ Μ ΞШValШҼШΝ 

beq ~ċǂырΝΜЯШValрΝΜь ~ŔŰыΞΜЯШValҼΝΜь 

pv_fwhmЯ h1Я h2Я 
spv_h1Я spv_h2 

ΝĲрΣ 2 Val + 20 Peak_Calcula-
tion_Step 

pv_lorЯ spv_l1Я spv_l2 Μ Ν 

m1Я m2 ΜЮΤΡ ΟΜ 

d ΝĲрΣ  

xo ~ċǂыX1ЯШValШрШΠΜШPeak_Calcula-
tion_Stepь 

~ŔŰыX2ЯШValШҼШΠΜШPeak_Calcu-
lation_Stepь 

I ΝĲрΝΝ  

z_matrix ĬŔƚƣċŰĦĲ ~ċǂыΜЮΡЯШValШЮΡь ΞШVal 

z_matrix ċŰŊũĲƚ ValШтШΦΜ ValШҼШΦΜ 

rotate ValШтШΝΥΜ ValШҼШΝΥΜ 

xЯ taЯ qaЯ ua ValШрШΝо]Ĳƣыċь ValШҼШΝо]Ĳƣыċь 

yЯ tbЯ qbЯШub ValШрШΝо]ĲƣыĤь ValШҼШΝо]ĲƣыĤь 

zЯ tcЯ qcЯ uc ValШрШΝо]ĲƣыĦь ValШҼШΝо]ĲƣыĦь 

u11Я u22Я u33 ValШfŉыValШӃШΜЯШΞЯШΜЮΡьШрШΜЮΜΡ ValШfŉыValШӃШΜЯΜЮΡЯΞьШҼШΜЮΜΡ 

u12Я u13Я u23 ValШfŉыValШӃШΜЯШΞЯШΜЮΡьШрШΜЮΜΞΡ ValШfŉыValШӃШΜЯΜЮΡЯΞьШҼШΜЮΜΞΡ 

filament_length ΜЮΜΜΜΝ ΞШValШҼШΝ 

sample_lengthЯ receiving_slit_lengthЯ primary_soller_angleЯ secondary_soller_angle 

2.16 ... ÅĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚ 

Table 2-2 and Table 2-4 lists reserved parameter names that are internally updated when 
needed. Table 2-3 details dependences for certain reserved parameter names. An exception 
is thrown when a reserved parameter name is used for a User defined parameter name. An 
example for weighting using the reserved parameter names of Yobs, Ycalc and X is as follows: 

weighting  = Abs( Yobs- Ycalc )  /  (Max( Yobs+Ycalc ,1)  Max( Yobs,1)  Sin( X Deg /  2));  

 

ÑċĤũĲШΞрΞЮШÅĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚЮ 

 ċůĲ ?ĲƚĦƖŔƓƣŔŸŰ 

A_star, B_star, C_star 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШũĲŰŊƣőƚШŸŉШƣőĲШƖĲĦŔƓƖŸĦċũШũċƣƣŔĦĲШƻĲĦƣŸƖƚЮ 
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Change Returns the change in a parameter at the end of a refinement it-
eration. Change can only appear in the equations update and 
stop_when. 

D_spacing 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШĬрƚƓċĦŔŰŊШŸŉШƓőċƚĲШƓĲċťƚШŔŰШ2Ю 

HЯШKЯШLЯШM őťũШċŰĬШůƨũƣŔƓũŔĦŔƣǃШŸŉШƓőċƚĲШƓĲċťƚЮ 

IterЯШCycleЯШCycle_Iter ÅĲƣƨƖŰƚШƣőĲШĦƨƖƖĲŰƣШŔƣĲƖċƣŔŸŰЯШƣőĲШĦƨƖƖĲŰƣШĦǃĦũĲШċŰĬШƣőĲШĦƨƖƖĲŰƣШ
ŔƣĲƖċƣŔŸŰШƽŔƣőŔŰШƣőĲШĦƨƖƖĲŰƣШĦǃĦũĲШƖĲƚƓĲĦƣŔƻĲũǃЮШ9ċŰШĤĲШƨƚĲĬШŔŰШċũũШ
ĲƕƨċƣŔŸŰƚЮ 

Lam 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШƽċƻĲũĲŰŊƣőШloШŸŉШƣőĲШĲůŔƚƚŔŸŰШƓƖŸŉŔũĲШũŔŰĲШ
ƽŔƣőШƣőĲШũċƖŊĲƚƣШlaШƻċũƨĲЮ 

LpaЯШLpbЯШLpc 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШaЯШbШċŰĬШcШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚШƖĲƚƓĲĦƣŔƻĲũǃЮ 

Mi ŰШŔƣĲƖċƣŸƖШƨƚĲĬШŉŸƖШůƨũƣŔƓũŔĦŔƣŔĲƚЮШÉĲĲШƣőĲШPOШůċĦƖŸШŸŉШ
Ñ§Â ÉЮf 9ШŉŸƖШċŰШĲǂċůƓũĲШŸŉШŔƣƚШƨƚĲЮ 

Peak_Calculation_Step ÅĲƣƨƖŰШƣőĲШĦċũĦƨũċƣŔŸŰШƚƣĲƓШŉŸƖШƓőċƚĲШƓĲċťƚЯШƚĲĲШx_calcula-
tion_stepЮ 

QR_RemovedЯШ 

QR_Num_Times_Consecutively_Small 

9ċŰШĤĲШƨƚĲĬШŔŰШƣőĲШquick_refine_removeШĲƕƨċр
ƣŔŸŰЮ 

RЯШRi ÑőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣƽŸШƚŔƣĲƚШRШċŰĬШċŰШŔƣĲƖċƣŸƖШRiЮШÖƚĲĬШŔŰШƣőĲШ
ĲƕƨċƣŔŸŰШƓċƖƣШŸŉШatomic_interactionЯШbox_interactionШċŰĬШgrs_in-
teractionЮ 

RpЯШRs ÂƖŔůċƖǃШċŰĬШƚĲĦŸŰĬċƖǃШĬŔŉŉƖċĦƣŸůĲƣĲƖШƖċĬŔƨƚШƖĲƚƓĲĦƣŔƻĲũǃЮ 

T 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШĦƨƖƖĲŰƣШƣĲůƓĲƖċƣƨƖĲЯШĦċŰШĤĲШƨƚĲĬШŔŰШċũũШĲƕƨċр
ƣŔŸŰƚЮ 

Th 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШ7ƖċŊŊШċŰŊũĲШыŔŰШƖċĬŔċŰƚьШŸŉШőťũШƓĲċťƚЮШ 

XЯШX1ЯШX2 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШůĲċƚƨƖĲĬШǂрċǂŔƚЯШƣőĲШƚƣċƖƣШċŰĬШƣőĲШĲŰĬШŸŉШƣőĲШ
ǂрċǂŔƚШƖĲƚƓĲĦƣŔƻĲũǃЮШXШŔƚШƨƚĲĬШŔŰШfit_objѣƚШĲƕƨċƣŔŸŰƚШċŰĬШƣőĲШ
ƽĲŔŊőƣŔŰŊШĲƕƨċƣŔŸŰЮШX1ШċŰĬШX2ШĦċŰШĤĲШƨƚĲĬШŔŰШċũũШxddШĬĲƓĲŰĬĲŰƣШ
ĲƕƨċƣŔŸŰЮ 

Xo 9ŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШĦƨƖƖĲŰƣШƓĲċťШƓŸƚŔƣŔŸŰбШƣőŔƚШĦŸƖƖĲƚƓŸŰĬƚШƣŸШ
ΞÑőШĬĲŊƖĲĲƚШŉŸƖШǂрƖċǃШĬċƣċЮ 

Val ÅĲƣƨƖŰƚШƣőĲШƻċũƨĲШŸŉШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƓċƖċůĲƣĲƖЮШ 

YobsЯШYcalcЯШSigmaYobs §ĤƚĲƖƻĲĬЯШ9ċũĦƨũċƣĲĬШċŰĬШĲƚƣŔůċƣĲĬШƚƣċŰĬċƖĬШĬĲƻŔċƣŔŸŰШŔŰШYobsбШ
ĦċŰШĤĲШƨƚĲĬШŔŰШƣőĲШƽĲŔŊőƣŔŰŊШĲƕƨċƣŔŸŰЮ 

 

ÑċĤũĲШΞрΟЮ ÂċƖċůĲƣĲƖƚШƣőċƣШŸƓĲƖċƣĲШŸŰШƓőċƚĲШƓĲċťƚбШĬĲƓĲŰĬĲŰĦŔĲƚШċƖĲШŰŸƣШƚőŸƽŰЮ 

Keywords that can be a function of H, K, L, M, Xo, Th and D_spacing.  

lor_fwhm 
gauss_fwhm 

user_defined_convolution 
th2_offset 

phase_out, phase_out_X 
scale_top_peak 
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hat 
one_on_x_conv 
exp_conv_const 
circles_conv 
stacked_hats_conv 

scale_pks 
h1, h2, m1, m2 
spv_h1, spv_h2, spv_l1, spv_l2 
pv_lorЯ pv_fwhm 
pk_xo 

set_top_peak_area 

ymin_on_ymax 
laЯ loЯ lhЯ lg 
modify_peak_eqn 
current_peak_min_x 
current_peak_max_x 

 

ÑċĤũĲШΞрΠЮ ÂőċƚĲШŔŰƣĲŰƚŔƣǃШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚЮ 

 ċůĲ ?ĲƚĦƖŔƓƣŔŸŰ 

A01ЯШA11ЯШB01ЯШB11 ÖƚĲĬШŉŸƖШƖĲƓŸƖƣŔŰŊШƚƣƖƨĦƣƨƖĲШŉċĦƣŸƖШĬĲƣċŔũƚШċƚШĬĲŉŔŰĲĬШŔŰШĲƕƨċƣŔŸŰƚШ
ы20-5ċьШċŰĬШы20-5ĤьЯШƚĲĲШƣőĲШůċĦƖŸƚШOut_F2_DetailsШċŰĬШ
Out_A01_A11_B01_B11ЮШ 

Iobs_no_scale_pks 

Iobs_no_scale_pks_err 

ÅĲƣƨƖŰƚШƣőĲШŸĤƚĲƖƻĲĬШŔŰƣĲŊƖċƣĲĬШŔŰƣĲŰƚŔƣǃШŸŉШċШƓőċƚĲШƓĲċťШċŰĬШŔƣƚШ
ċƚƚŸĦŔċƣĲĬШ ĲƖƖŸƖШ ƽŔƣőŸƨƣШ ċŰǃШ scale_pksШ ċƓƓũŔĲĬЮШ
Iobs_no_scale_pksШŉŸƖШƓőċƚĲШƓĲċťШƓШŔƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШƣőĲШ
ÅŔĲƣƻĲũĬШĬĲĦŸůƓŸƚŔƣŔŸŰШŉŸƖůƨũċĲЯШŸƖЯ 

ΝIobs_no_scale_pksШӀШ]ĲƣыscaleьШ
В ȟ ȟ

ȟ
Ш 

ƽőĲƖĲШÂǂеƓШŔƚШƣőĲШƓőċƚĲШƓĲċťШƓШĦċũĦƨũċƣĲĬШċƣШƣőĲШǂрċǂŔƚШƓŸƚŔƣŔŸŰШǂЮШ
ÑőĲШƚƨůůċƣŔŸŰШSǂШĲǂƣĲŰĬƚШŸƻĲƖШƣőĲШǂрċǂŔƚШĲǂƣĲŰƣШŸŉШƣőĲШƓĲċťШƓЮШШ
ŊŸŸĬШŉŔƣШƣŸШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƖĲƚƨũƣƚШŔŰШċŰШIobs_no_scale_pksШĤĲŔŰŊШ
ċƓƓƖŸǂŔůċƣĲũǃШĲƕƨċũШƣŸШI_no_scale_pksЮ 

I_no_scale_pks ÑőĲШfŰƣĲŊƖċƣĲĬШŔŰƣĲŰƚŔƣǃШƽŔƣőŸƨƣШscale_pksШĲƕƨċƣŔŸŰƚЯШŸƖЯШ 
ΝI_no_scale_pksШӀШ]ĲƣыscaleьШI 

I_after_scale_pks ÑőĲШfŰƣĲŊƖċƣĲĬШŔŰƣĲŰƚŔƣǃШƽŔƣőШscale_pksШĲƕƨċƣŔŸŰƚШċƓƓũŔĲĬЮ 

ΝI_after_scale_pksШШӀШ]ĲƣыscaleьШI ]Ĳƣыall_scale_pksь 

ƖĲƣƨƖŰƚШƣőĲШĦƨůƨũċƣŔƻĲШƻċũƨĲШŸŉШċũũШscale_pksШĲƕƨċƣŔŸŰƚШċƓƓũŔĲĬШƣŸШ
ċШƓőċƚĲЮШ 

ΝьШIШĦŸƖƖĲƚƓŸŰĬƚШƣŸШIШŸŉШhkl_IsЯШxo_IsШċŰĬШd_IsШƓőċƚĲƚШŸƖШыMШ[ŸĤƚΞьШŉŸƖШstrШƓőċƚĲƚЮ 

2.17 ... éċũШċŰĬШ9őċŰŊĲШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚ 

ValШŔƚШċШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШŰƨůĲƖŔĦШƻċũƨĲШŸŉШċШƓċƖċůĲƣĲƖШĬƨƖŔŰŊШ
ƖĲŉŔŰĲůĲŰƣЮШChangeШŔƚШċШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШĦőċŰŊĲШŸŉШċШƓċƖċůĲƣĲƖШ
ċƣШƣőĲШĲŰĬШŸŉШċŰШŔƣĲƖċƣŔŸŰШċƚШĬĲƣĲƖůŔŰĲĬШĤǃШŰŸŰрũŔŰĲċƖШũĲċƚƣШƚƕƨċƖĲƚЮШVal can only be used in 
the attribute equations min, max, del, update, stop_when and val_on_continue. Change can 
only be used in the attribute equations update and stop_whenЮШHere are some examples: 

min  0.0001  
max = 100;  
max = 2 Val  + 0.1;  
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del  = Val  0.1  + 0.1;  
update  = Val  + Rand(0,1)  Change;  
stop _when = Abs( Change)  < 0.000001;  
val _on_continue  = Val  + Rand( - Pi,  Pi);  
x @ 0.1234  update  = Val  + 0.1  ArcTan( Change 10);  min =Val - .2;  max=Val +.2;  

2.17.1 ....... ÑőĲШѢũŸċĬШэШюѢШťĲǃƽŸƖĬШċŰĬШċƣƣƖŔĤƨƣĲШĲƕƨċƣŔŸŰƚ 

"load { }" allows for loading keywords of the same type by typing the keywords once, for exam-
ple, exclude in the following input segment: 

xdd    exclude  20 22   exclude  32 35   exclude  45 47  

can be rewritten using "load { }" as follows: 

xdd    load  exclude  { 20 22 32 35 45 47 }  

fŰШƚŸůĲШĦċƚĲƚЯШċƣƣƖŔĤƨƣĲШĲƕƨċƣŔŸŰƚШċƖĲШũŸċĬĲĬШĤǃШƣőĲШƓċƖċůĲƣĲƖШŔƣƚĲũŉЮШ[ŸƖШĲǂċůƓũĲЯШŔŰШƣőĲШŉŸũр
ũŸƽŔŰŊа 

prm t 0.01  val_on_continue  = Rand( - Pi, Pi); min  0.4 max 0.5  

the prm will load the attribute. In the following, however, loadШƽŔũũШũŸċĬШƣőĲШminоmaxШċƣƣƖŔĤƨƣĲƚ: 

load  sh_Cij_prm  {  
   y00  !sh_c00 1  
   y20   sh_c20 0.26202642  min  0 max 1 
   y40   sh_c40 0.06823548  
   ...  
}  

In this case load does not contain minоmax and the parameter will load its attributes.  

2.17.2 ....... ÑőĲШѢůŸƻĲхƣŸШҘťĲǃƽŸƖĬѢШťĲǃƽŸƖĬ 

move_to provides a means of entering parameter attributes without having to first load the 
parameter, see Keep_Atom_Within_Box macro. The site dependent ADPs_Keep_PD macro, 
defines minоmax limits; here's part of that macro: 

move_to  u12  
min  = - Sqrt(Get( u11) Get( u22));  
max =  Sqrt(Get( u11) Get( u22));  

$keyword of move_to can be any object in the internal data tree.  

2.18 ... ƨƣŸůċƣŔĦċũũǃШƚċƻŔŰŊШċŰĬШũŸċĬŔŰŊШƓċƖċůĲƣĲƖƚШрШload_save_localsШ 

[load_save_locals] Examples 

ÑEÉÑхEñ ~ÂxEÉпx§ ?рÉ éEрx§9 xÉШпxÉxЮf Â 
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ÂċƖċůĲƣĲƖƚШŊŔƻĲŰШƨŰŔƕƨĲШŰċůĲƚШƨƚŔŰŊШƣőĲШlocalШťĲǃƽŸƖĬШĬĲŉŔŰĲĬШƽŔƣőŔŰШљforШэюњШũŸŸƓƚШĦċŰШĤĲШ
ċƨƣŸůċƣŔĦċũũǃШƚċƻĲĬШċŰĬШƖĲũŸċĬĲĬШŉŸƖШƚƨĤƚĲƕƨĲŰƣШƖĲŉŔŰĲůĲŰƣƚШƨƚŔŰŊШƣőĲШload_save_localsШťĲǃр
ƽŸƖĬЮШ[ŸƖШĲǂċůƓũĲЯ 

load_save_locals  
xdd¡ 

str ¡ phase_name p1 
str ¡  phase_name p2 
for strs {  

site Ca1 x  o;9TP S}TUV ¡ 
}  

fŰШƣőĲШċĤŸƻĲЯШƣőĲƖĲШċƖĲШƣƽŸШstrќƚШċŰĬШƣƽŸШũŸĦċũШxШĦŸŸƖĬŔŰċƣĲШƓċƖċůĲƣĲƖƚШĬĲŉŔŰĲĬШƨƚŔŰŊШƣőĲШҘШ
ĦőċƖċĦƣĲƖЮШcŸƽĲƻĲƖЯШŸŰũǃШŸŰĲШƻċũƨĲШŔƚШĬĲŉŔŰĲĬШċŰĬШƣőƨƚШŸŰũǃШŸŰĲШƻċũƨĲШŔƚШƚċƻĲĬШƣŸШƣőĲШ§ÖÑШŉŔũĲЮШ
load_save_localsШĦċŰШĤĲШƨƚĲĬШƣŸШƚċƻĲШĤŸƣőШƻċũƨĲƚШƣŸШċШŉŔũĲШĦċũũĲĬШf Âх[fxEЮ§ÖÑхÉxбШŰŸƣŔĦĲШƣőĲШ
§ÖÑхÉxШŉŔũĲШĲǂƣĲŰƚŔŸŰЮШ§ŰШƖĲƖƨŰŰŔŰŊШƣőĲШf ÂШŉŔũĲЯШċШĦőĲĦťШŔƚШůċĬĲШŉŸƖШƣőĲШĲǂŔƚƣĲŰĦĲШŸŉШċШŉŔũĲШ
ĦċũũĲĬШf Âх[fxEЮÉxЯШand if the file exists then pċƖċůĲƣĲƖШƻċũƨĲƚШċƖĲШƖĲċĬШŉƖŸůШƣőĲШŉŔũĲШŔŉЮШШÑőĲШ]ÖfШ
ĦŸƓŔĲƚШf Âх[fxEЮ§ÖÑхÉxШƣŸШf Âх[fxEЮÉx when parameter values are kept after refinementЮШÂċр
ƖċůĲƣĲƖƚШċƖĲШŔĬĲŰƣŔŉŔĲĬШĤǃШƣőĲШxddШŉŔũĲШŰċůĲШċŰĬШƣőĲШƓőċƚĲШŰċůĲЮШfŉШƣőĲШŉŔũĲШŔƚШċШÅ ìШŉŔũĲЯШƣőĲŰШ
ƣőĲШrangeШŰƨůĤĲƖШŔƚШċũƚŸШƚċƻĲĬШƣŸШf Âх[fxEЮÉxЮШ ũƣĲƖŰċƣŔƻĲũǃЯШƣőĲШxddШĬĲƓĲŰĬĲŰƣШťĲǃƽŸƖĬШ
xdd_tagШĦċŰШĤĲШƨƚĲĬШƣŸШŔĬĲŰƣŔŉǃШƣőĲШƓċƖċůĲƣĲƖШinstead of the xdd file name/range numberЮШÑőŔƚШ
ŔƚШƨƚĲŉƨũШƽőĲŰШxddШŉŔũĲШŰċůĲƚШċƖĲШƣőĲШƚċůĲШċƚШŔŰШƣőĲШŉŸũũŸƽŔŰŊа 

XDD(.. \ ceo2) finish_X XS ¡ 
XDD(.. \ ceo2) start_X   XS ¡ª 19E= >AD= F9E= 9K >AJKL P<<| F==< LG MK= P<<¤L9? 
prm i 0  
for xdds {  

xdd_tag = Load_Eval(i);  
existing_prm i += 1;  
¡ 

}  

ÂőċƚĲШŰċůĲƚШƽŔƣőŔŰШċШƓċƖƣŔĦƨũċƖШxddШŰĲĲĬƚШƣŸШĤĲШƨŰŔƕƨĲЮШÑőĲШxŸċĬхEƻċũШŉƨŰĦƣŔŸŰШĲƻċũƨċƣĲƚШƣőĲШ
ƓċƖċůĲƣĲƖШŔШƽőĲŰШũŸċĬŔŰŊШċŰĬШƓũċĦĲƚШƣőĲШƻċũƨĲШŔŰƣŸШƣőĲШxddШĬĲƓĲŰĬĲŰƣШxdd_tagЮШ ШůŸƖĲШĦŸůр
ƓũĲƣĲШĲǂċůƓũĲЯШx§ ?рÉ éEрx§9 xÉШпxÉxЮf Â, defines all refined values as local and is as fol-
lows: 
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load_save_locals  
do_errors  
XDD(.. \ ceo2) finish_X 50 str phase_name p1 str phase_name p2 
XDD(.. \ ceo2) start_X  50 str phase_name p3 str phase_name p4 
prm i 0  
for xdds {  

xdd_tag = Load_Eval(Concat("tag", i)); ª #N9DM9L= GF DG9< 
existing_prm i += 1;  
CuKa2(0.0001)  
Radius(173)  
LP_Factor(17)  
Full_Axial_Model(12, 20, 12, 5.1, $sl 5)  
Divergence(1)  
Slit_Width(0.1)  
Zero_Error( $ze, 0)  
bkg $bkg  0 0 0 0 0  
One_on_X( $onex, 0) ª 2@AK AK 9 >AL¤G:B H@9K= O@A;@ GOFK L@= ALK DG;9DK 
for strs {  

space_group FM3M 
scale  $sc 0.001  
Cubic( $a 5.4102)  
site  Ce1                       occ Ce+4  1 beq $b1  0.5  
site  O1  x 0.25 y 0.25 z 0.25  occ O- 2   1 beq $b1  0.5  
CS_L( $cs, 100)  

}  
}  

The above is the simplest way of refining on many similar xdds. 

2.19 ... ÖƚŔŰŊШũŸĦċũШƣŸШċƚƚŔƚƣШŔŰШƨƚŔŰŊШљŉŸƖШЮЮЮШэюњШũŸŸƓƚ 

The following parameters have global scope: 

march_dollase  $Name 
spherical_harmonics_hkl  $Name 
sites_geometry  $Name 
sites_distance  $Name 
sites_angle  $Name 
sites_flatten  $Name 

The march_dollase parameter, as used in the PO macro, can be constrained to the same value 
across two or more structures by giving them the same name. To have two different parame-
ters, the $ can be used to make the parameter local to the str, see Â§р9§ ÉÑÅ f E?р9ÅEр
ÑEЮf Â and Â§р[§ÅЮf Â in the ÑEÉÑхEñ ~ÂxEÉпÂ§р9§ ÉÑÅ f E? directory, for example: 

str ¡ str ¡ 
for strs { P O( $po1, 0.8, , 1 0 4)  }  

The $Name in spherical_harmonics_hkl is local but the spherical harmonics coefficients are 
global. In the following: 

 PO_Spherical_ Harmonics(sh2, 8 load  sh_Cij_prm  {  
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  k00    !sh2_c00  1.0000  
  k41    sh2_c41   0.1000  
  k61    sh2_c61  - 0.2000  
  k62    sh2_c62   0.3000  
  k81    sh2_c81  - 0.4000  

} )  

the sh2 parameter is local to the str and the coefficients k00, k41 etc... are global. This allows 
the constraining of coefficients across different structures within ћfor strsќ; see Â§Écр9§ р
ÉÑÅ f E?р9ÅE ÑEЮf Â and Â§Écр[§ÅЮf Â in the ÑEÉÑхEñ ~ÂxEÉпÂ§р9§ ÉÑÅ f E? directory. 

2.20 ... ŸƨƣхĬĲƓĲŰĬĲŰĦĲƚШċŰĬШŸƨƣхĬĲƓĲŰĬĲŰĦĲƚхŉŸƖ 

[out_dependences $user_string] 
[out_dependences_for $user_string $object_name] 

out_dependences outputs dependences for the most previously defined prm or local. For ex-
ample, the following: 

iters  1 

prm d 1 prm e 1 prm f  1 
prm c = e + f;  
prm b = d + e;  
prm a = b + c;  
out _dependences  a_tag  
penalty  = a^2;  

produces on refinement termination the following in standard output: 

out _dependences  a_tag  prm_10 
Object  name followed  by  prm name 

prm_10   e 
prm_10   f  
prm_10   d 

out_dependents_for is similar except that it names an object that is not a parameter, for ex-
ample, the following lists independent refined parameters associated with the most recently 
defined rigid body: 

rigid  ...  out _dependents _for  tag _1 rigid  

Many $object_nameќs can be tagged, these include x, y, z, occ, beq, u11, u22, u33, u12, u13, 
u23, a, b, c, al, be, ga, etc. In addition, non-parameters can be tagged, these include site, rigid, 
sites_restrain, lat_prms, gauss_conv, lor_conv, all_scale_pks, th2_offset_eqn etc. 
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2.21 ... ÑőĲШŰƨůхƖƨŰƚШťĲǃƽŸƖĬШċŰĬШƓƖĲƓƖŸĦĲƚƚŸƖШƚƓĲĦŔŉŔĦƚ 
 

[num_runs #] 
[out_file = $E] 
[system_before_save_OUT { $system_commands } ѐв 
[system_after_save_OUT { $system_commands } ѐв 

Typically, an INP file is run once; num_runs changeќs this behaviour where the refinement is 
restarted and performed again until  it is performed num_runs times. Information from one run 
to the next can be exchanged via the out keyword and the #include directive. The INP file is 
read each Run but not updated when both num_runs > 1 and out_file is empty. Equations could 
simplify to a constant during a run, or indeed, the Constant function can be used such that a 
parameter is not refined. From ÑЮEñE and Launch mode the Rwp graphical plot is appended 
such that it looks like continue_after_convergence. The following INP segment: 

num_runs  10  
yobs _eqn  aac##Run _Number##.xy  = Gauss(Run _Number,  1 + Run_Number);   

min  - 2 max 20 del  0.01  

produces on execution the following: 

 

out_file determines the name of the output file updated on refinement termination. The OUT 
file comprises the INP file but with parameter values updated. out_file defaults to the name of 
the INP file but with an OUT extension. If num_runs is greater than 1, and out_file is not defined, 
then no OUT file is saved. This can speed up refinements when an OUT file is not needed. 
out_file is an equation that needs to evaluate to a string; here are some examples: 

out _file    aac.out   ª This  will  throw  an exception  
out _file  = aac.out;  ª This  will  throw  an exception  
out _file  = "aac.out";  
out _file  = String(aac.out);  
out _file  = If(Get(r _wp)  < 10,  "aac.out",  "");  
out _file  = If(Get(r _wp)  < 10,  Concat(String(INP _File),  ".OUT"),  "");  
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The standard macro Save_Best uses out_file as follows: 

macro  Save_Best  {  
      #if  (Run _Number == 0)  
         prm Best _Rwp_ = 9999;  
      #else  
         prm Best _Rwp_ = #include  Best _Rwp_.txt;  
      #endif  
      out  Best _Rwp_.txt  Out(If(Get(r _wp)  < Best _Rwp_,  Get(r _wp),  Best _Rwp_))  
      out _file  = If(Get(r _wp)  < Best _Rwp_,  Concat(String(INP _File),".OUT"),  "");  

}  

system_before_save_OUT executes system commands defined in $system_commands string 
just before the *.OUT file is updated. The system commands are executed from the directory 
of the INP file. $system_commands can comprise any operating system commands. The 
macro Backup_INP uses system_before_save_OUT; it is defined in Ñ§Â ÉЮf 9 as: 

macro  Backup _INP {  
   system _before _save _OUT {   
      copy  INP_File##.inp  INP_File##.backup  
   }  
}   

system_after_save_OUT executes the system commands defined in $system_commands 
string just after the *.OUT file is updated. 

2.21.1 ....... ÅĲƚĲƖƻĲĬШůċĦƖŸШŰċůĲƚ 

The following are internally generated macros that can be used in INP files. 

ROOT : Returns the root directory of the program. 
INP_File : Returns current INP file name without a path or extension. 
Run_Number : Returns the current run number. 
File_Can_Open($file) : Returns 1 if $file can be opened or 0 of it can't be opened. 

Running an INP file called 9Юf Â from Ñ9ЮEñE where 9Юf Â comprises: 

ROOT INP_File  Run_Number File _Can_Open(aac.xy)  

and 9Юñò exists will  produce in Ñ9Юx§] the following: 

c: \ topas - 6\  aac  0 1 

2.21.2 ....... ÑőĲШмũŔƚƣШĬŔƖĲĦƣŔƻĲШтШĦƖĲċƣŔŰŊШċƖƖċǃƚШŸŉШůċĦƖŸƚ 

#list creates arrays of macros than can be expanded depending on the value of an implied ar-
gument. For example, the following creates three arrays of macros called File_Name, Temper-
ature and Time. 
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#list  File _Name & Temperature(,  & la)  Time  {  
   File0001.xy  300  0.0  
   {  File0002  .xy  }  320  10.2      ª Line  with  curly  brackets  
   File0003.xy  340  21.0  
   File0017.xy  {  360  + la  }  28.9  ª Line  with  curly  brackets  
   File0107.xy  380  101.2  }  

The actual macro invoked depends on the first argument of the macro. The first argument is 
implied in the case of File_Name and Time. In the case of Temperature, the first argument is 
the implied argument. When the macro is invoked the first argument is a #type equation that 
must equate to an integer; hereќs an example for File_Name: 

xdd  File _Name(Run_Number)  

Curly brackets, as seen in the above #list, can be used as delimiters; the following: 

File _Name(1)  
Temperature(1,)  
Temperature(3,  Get(la)  + 0.01)  

produces on expansionа 

File0002  .xy  
(320)  
(360  + (Get(la)  + 0.01))  

Using curly brackets as delimiters allow for curly brackets themselves to be part of the macro 
body.  

2.21.3 ....... ]ĲƣƣŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШŔƣĲůƚШŔŰШċШмũŔƚƣШƨƚŔŰŊШмũŔƚƣхŰ 

During the pre-processor phase of loading INP files, #list_n returns the number of items in a 
#list; for example: 

#list Files { file1.xdd file2.xdd file3.xdd }  
Create_XDDs(#list_n Files)  

2.21.4 ....... ÑőĲШ[ŔũĲхéċƖŔċĤũĲШċŰĬШ[ŔũĲхéċƖŔċĤũĲƚШůċĦƖŸ 

The File_Variable macro can be used to run a series of runs with initial parameters values 
changing in a user defined manner between runs; the macro is defined in Ñ§Â ÉЮf 9 as fol-
lows: 
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macro  File _Variable(c,  x_start,  dx)  {  
   #if  (Run _Number == 0)  
      #prm c = x_start;   
   #else  
      #prm c = #include  c##.txt;   
   #endif  
   #prm c## _next  = c + dx;  
   out  c##.txt  Out( #out  c## _next)  
}  

Using File_Variable as followsа 

File _Variable(occ,  0,  0.1)  

will  generate a file called §99ЮÑñÑ for each Run with values ranging from 0.1 to 1 in steps of 
0.1. A #prm is defined each run with the corresponding values. #out can be used to place the 
#prm in the INP file, for example, the following: 

iters  0 
num_runs  11 
File _Variable(occ,  0,  0.1)  
macro  Out _File  {  Occ##Run_Number##.Out  }  
out _file  
system _after _save _OUT {  
   #if  (Run _Number)  
      type  Out _File  >> aac.out  
   #else  
      type  Out _File  > aac.out  
   #endif  
}  
yobs _eqn  !aac.xy  = 1;  
   min  10 max 50 del  0.01  
   CuKa1(0.0001)  
   Out _X_Ycalc (  occ##Run _Number##.xy  )  
   STR(F_M_3_M) 
      scale  @ 0.0014503208  
      Cubic(5.41)  
      site   Ce1                       occ  Ce+4 = #out  occ;  beq   0.2028   
      site   O1  x 0.25  y 0.25  z 0.25   occ  O- 2  1           beq   0.5959   

results in eleven *.XY files each generated with a different occupancy for the Ce1 site as de-
termined by the occ #prm. The names of the files would be §99ΜЮñò to §99ΝΜЮñò. Additionally, 
using system_after_save_OUT the file 9Ю§ÖÑ will  contain a concatenation of all the *.OUT 
files. To iterate over two variables, pa and pb say, then the File_Variables macro, defined in 
Ñ§Â ÉЮf 9 as: 
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macro  File _Variables(a,  a1,  a2,  da,  b,  b1,  b2,  db)  {  
   #if  (Run _Number == 0)  
      #prm a = a1;   
      #prm b = b1;   
   #else  
      #prm a = #include  a##.txt;   
      #prm b = #include  b##.txt;   
   #endif  
   #prm a##_next  = If(b  >= b2,  a + da,  a);  
   #prm b##_next  = If(b  >= b2,  b1,  b + db);  
   out  a##.txt  Out( #out  a##_next)  
   out  b##.txt  Out( #out  b##_next)  
}  

can be used as follows: 

iters  0 
num_runs  36 
File _Variables(pa,  0,  1,  0.2,  pb,  0,  1,  0.2)  
prm !pa  = #out  pa;  prm !pb  = #out  pb;  
out  papb.txt  append   
   out _record  out _eqn  = pa;  out _fmt  "(%.1f,  "  
   out _record  out _eqn  = pb;  out _fmt  "%.1f)  "  
   #if  (pb  == 1)  Out _String(" \ n")  #endif  

On running the above the Â Â7ЮÑñÑШFile contains: 

(0.0,  0.0)  (0.0,  0.2)  (0.0,  0.4)  (0.0,  0.6)  (0.0,  0.8)  (0.0,  1.0)   
(0.2,  0.0)  (0.2,  0.2)  (0.2,  0.4)  (0.2,  0.6)  (0.2,  0.8)  (0.2,  1.0)   
(0.4,  0.0)  (0.4,  0.2)  (0.4,  0.4)  (0.4,  0.6)  (0.4,  0.8)  (0.4,  1.0)   
(0.6,  0.0)  (0.6,  0.2)  (0.6,  0.4)  (0.6,  0.6)  (0.6,  0.8)  (0.6,  1.0)   
(0.8,  0.0)  (0.8,  0.2)  (0.8,  0.4)  (0.8,  0.6)  (0.8,  0.8)  (0.8,  1.0)   
(1.0,  0.0)  (1.0,  0.2)  (1.0,  0.4)  (1.0,  0.6)  (1.0,  0.8)  (1.0,  1.0)  

2.22 ... fŰŊĲƚƣŔŰŊШŉŔũĲƚШŔŰƣŸШċŰШf ÂШŉŔũĲШƨƚŔŰŊШмŔŰŊĲƚƣ 

[#ingestШ$file]  

#ingestШŔƚШċШƓƖĲрƓƖŸĦĲƚƚŸƖШĦŸůůċŰĬШƣőċŰШĦŸƓŔĲƚШċШŉŔũĲШŔŰƣŸШċŰШf ÂШŉŔũĲЯШŉŸƖШĲǂċůƓũĲа 

xdd¡ 
    str ¡ 

#ingest  common_str.txt  

ÑőĲШŸƨƣƓƨƣШŉŔũĲШƽŔũũШĦŸŰƣċŔŰШƣőĲШŔŰŊĲƚƣĲĬШƣĲǂƣШƽŔƣőШƖĲŉŔŰĲĬШƓċƖċůĲƣĲƖƚШƨƓĬċƣĲĬЮШfŰШŸƣőĲƖШƽŸƖĬƚЯШ
ŔŰŊĲƚƣĲĬШŉŔũĲƚШċƖĲШƣƖĲċƣĲĬШċƚШƓċƖƣШŸŉШƣőĲШŸƖŔŊŔŰċũШf ÂШŉŔũĲЮШfŰŊĲƚƣĲĬШŉŔũĲƚШĦċŰШĤĲШŰĲƚƣĲĬЮШҘŉŔũĲШĦċŰШ
ĤĲШċШŉƨŰĦƣŔŸŰШŸŉШůċĦƖŸƚЮ 

2.23 ... мĲǂƣĲƖŰċũхf ÂШрШƨƚŔŰŊШĲǂƣĲƖŰċũШf ÂШŉŔũĲƚ 

[#external_INP $file] Examples 

ÑEÉÑхEñ ~ÂxEÉпEñÑEÅ  xхf ÂпEñÑхf ÂЮf Â 
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#external_INP ŔƚШċШƓƖĲрƓƖŸĦĲƚƚŸƖШĦŸůůċŰĬШƣőċŰШŔŰĦũƨĬĲƚШƣőĲШŉŔũĲШҘŉŔũĲШċƚШƓċƖƣШŸŉШƣőĲШƖĲŉŔŰĲůĲŰƣШ
ƽŔƣőŸƨƣШŔŰŊĲƚƣŔŰŊШƣőĲШƣĲǂƣШŔŰƣŸШƣőĲШf ÂШŉŔũĲЮШ§ŰШƖĲŉŔŰĲůĲŰƣШĲŰĬЯШƣőĲШĲǂƣĲŰƚŔŸŰШŸŉШҘŉŔũĲШŔƚШĦőċŰŊĲĬШ
ƣŸШ§ÖÑШċŰĬШƣőĲШĦŸŰƣĲŰƣƚШŸŉШƣőŔƚШ§ÖÑШŉŔũĲШƨƓĬċƣĲĬШƽŔƣőШƖĲŉŔŰĲĬШƓċƖċůĲƣĲƖШƻċũƨĲƚЮШEǂċůƓũĲШƨƚċŊĲШ
ŔƚШċƚШŉŸũũŸƽƚа 

xdd¡ 
 #external_INP  instrument.inp  
 #external_INP str.inp  

#external_INPШĦċĤШŰĲШŰĲƚƣĲĬШы#external_INPШŉŔũĲШĦċŰШĦŸŰƣċŔŰШ#external_INPШĦŸůůċŰĬƚьЮШҘŉŔũĲШ
ĦċŰШĤĲШċШŉƨŰĦƣŔŸŰШŸŉШůċĦƖŸƚЮШìőĲŰШƖƨŰŰŔŰŊШxċƨŰĦőШůŸĬĲШŉƖŸůШƣőĲШ]ÖfШыÑ ЮEñEьЯШċũũШ#exter-
nal_INPШ§ÖÑШŉŔũĲƚШċƖĲШƖĲŰċůĲĬШƣŸШf ÂƚШŔŉШƣőĲШƕƨĲƚƣŔŸŰШŸŰШƖĲŉŔŰĲůĲŰƣШƣĲƖůŔŰċƣŔŸŰШŔƚШċŰƚƽĲƖĲĬШ
ŔŰШƣőĲШċŉŉŔƖůċƣŔƻĲЮ 
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3. .. EÄÖ Ñf§ Ш§ÂEÅ Ñ§ÅÉШ ?Ш[Ö 9Ñf§ É 
 

ÑċĤũĲШΟрΝЮШ§ƓĲƖċƣŸƖƚШċŰĬШŉƨŰĦƣŔŸŰƚШƚƨƓƓŸƖƣĲĬШŔŰШĲƕƨċƣŔŸŰƚШыĦċƚĲШƚĲŰƚŔƣŔƻĲьЮШfŰШċĬĬŔƣŔŸŰЯШ
ĲƕƨċƣŔŸŰƚШĦċŰШĤĲШċШŉƨŰĦƣŔŸŰШŸŉШÖƚĲƖШĬĲŉŔŰĲĬШƓċƖċůĲƣĲƖШŰċůĲƚЮ 

Arithmetic  

ҼЯШрЯШйЯШо ÂũƨƚЯШ~ŔŰƨƚЯШ~ƨũƣŔƓũǃЯШ?ŔƻŔĬĲЮШ~ƨũƣŔƓũǃШŔƚШŸƓƣŔŸŰċũЯШǂйǃШӀШǂШǃ 

ӊ ǂӊǃЯШ9ċũĦƨũċƣĲƚШǂШƣŸШƣőĲШƓŸƽĲƖШŸŉШǃЮШÂƖĲĦĲĬĲŰĦĲаШШШ 
ǂӊǃӊǍШӀШыǂӊǃьӊǍЯШШШШШǂӊǃйǍШӀШыǂӊǃьйǍЯШШШШШǂӊǃоǍШӀШыǂӊǃьоǍ 

Conditional  

ċШӀӀШĤ ÅĲƣƨƖŰƚШΝШŔŉШċШӀШĤ 

ċШӃШĤШ ÅĲƣƨƖŰƚШΝШŔŉШċШӃШĤ 

ċШӃӀШĤ ÅĲƣƨƖŰƚШΝШŔŉШċШӅШĤ 

ċШӂШĤ ÅĲƣƨƖŰƚШΝШŔŉШċШӂШĤ 

ċШӂӀШĤ ÅĲƣƨƖŰƚШΝШŔŉШċШӄШĤ 

ŰĬыċЯШĤЯШвь ÅĲƣƨƖŰƚШΝШŔŉШċũũШċƖŊƨůĲŰƣƚШċƖĲШŰŸŰрǍĲƖŸ 

§ƖыċЯШĤЯШв)  ÅĲƣƨƖŰƚШΝШŔŉШŸŰĲШŸƖШůŸƖĲШċƖŊƨůĲŰƣШŔƚШŰŸŰрǍĲƖŸ 

Mathematical  

ƖĦ9Ÿƚыǂь ÅĲƣƨƖŰƚШƣőĲШċƖĦШĦŸƚШŸŉШǂШырΝШӃӀШǂШӃӀШΝь 

ƖĦÉŔŰыǂь ÅĲƣƨƖŰƚШƣőĲШċƖĦШƚŔŰĲШŸŉШǂШырΝШӃӀШǂШӃӀШΝь 

ƖĦÑċŰыǂь ÅĲƣƨƖŰƚШƣőĲШċƖĦШƣċŰŊĲŰƣШŸŉШǂ 

ƖĦÑċŰΞыǃЯǂь Returns arc tangent of y/x 

9Ÿƚыǂь ÅĲƣƨƖŰƚШƣőĲШĦŸƚŔŰĲШŸŉШǂ 

9Ÿƚőыǂь Hyperbolic cosine 

EƖŉхƓƓƖŸǂыǂь EƖƖŸƖШŉƨŰĦƣŔŸŰ 

Erfc_Approx  Complementary error function 

EǂƓыǂь ÅĲƣƨƖŰƚШƣőĲШĲǂƓŸŰĲŰƣŔċũШĲШƣŸШƣőĲШǂ 

Gamma_Approx(x) ÅĲƣƨƖŰШƣőĲШ]ċůůċШŸŉШǂ 

Gamma_Ln_Approx(x) Returns the natural logarithm of the gamma function 

]ċůůċхÂыċЯШǂь Returns the incomplete Gamma function P(a, x) 

]ċůůċхÄыċЯШǂь Returns the incomplete Gamma function Q(a, x) = 1-P(a,x) 

xŰыǂь ÅĲƣƨƖŰƚШƣőĲШŰċƣƨƖċũШũŸŊċƖŔƣőůШŸŉШǂ 

ÉŔŰыǂь ÅĲƣƨƖŰƚШƣőĲШƚŔŰĲШŸŉШǂ 

ÉŔŰőыǂь Hyperbolic sine 

ÉƕƖƣыǂь ÅĲƣƨƖŰƚШƣőĲШƓŸƚŔƣŔƻĲШƚƕƨċƖĲШƖŸŸƣ 

ÑċŰыǂь ÅĲƣƨƖŰƚШƣőĲШƣċŰŊĲŰƣШŸŉШǂ 

ÑċŰőыǂь Hyperbolic tangent 

Special  

[ŸƖыMiШӀШΜЯШMiШӃШMЯШMiШӀШMiҼΝШЯШвь 

]ĲƣыҘťĲǃƽŸƖĬь ]ĲƣƚШƣőĲШƓċƖċůĲƣĲƖШċƚƚŸĦŔċƣĲĬШƽŔƣőШҘťĲǃƽŸƖĬ 
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fŉыĦŸŰĬŔƣŔŸŰċũхƣĲƚƣЯШƖĲƣƨƖŰШƣƖƨĲхĲƕŰЯШƖĲƣƨƖŰШŉċũƚĲхĲƕŰь 

ÉƨůыƖĲƣƨƖŰƚШƚƨůůċƣŔŸŰхĲƕŰЯШŔŰŔƣŔċũŔǍĲƖЯШĦŸŰĬŔƣŔŸŰċũхƣĲƚƣЯШŔŰĦƖĲůĲŰƣхĲƕŰь 

Miscellaneous  

Ĥƚыǂь ÅĲƣƨƖŰƚШƣőĲШċĤƚŸũƨƣĲШƻċũƨĲШŸŉШǂ 

7ƖĲċť 9ċŰШĤĲШƨƚĲĬШƣŸШƣĲƖůŔŰċƣĲШũŸŸƓƚШŔůƓũŔĲĬШĤǃШƣőĲШĲƕƨċƣŔŸŰƚШ
atomic_interactionЯШbox_interactionШċŰĬШgrs_interactionЮ 

7ƖĲċťх9ǃĦũĲ 9ċŰШĤĲШƨƚĲĬШƣŸШƣĲƖůŔŰċƣĲШċШrefinement cycleЮШ[ŸƖШĲǂċůƓũĲЯШċШƖĲр
ŉŔŰĲůĲŰƣШĦǃĦũĲШĦċŰШĤĲШƣĲƖůŔŰċƣĲĬШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƻċũƨĲШŸŉШċШ
ƓĲŰċũƣǃШċƚШŉŸũũŸƽƚа 

atomic _interaction  ai  = ( R -  1.3)^2;   
penalty  = If(ai  > 5,  Break _Cycle ,  0);  

9ŸŰĦċƣыċЯШĤЯШĦЯШвь Concatenates strings; the arguments can be parameters or 
strings. If an argument, then the value of the parameter is con-
verted to a string.  

EƖƖŸƖыƓь ÅĲƣƨƖŰƚШċƚƚŸĦŔċƣĲĬШĲƖƖŸƖШŸŉШƓċƖċůĲƣĲƖШƓЮ 

ċШӀШxŸċĬхEƻċũыĤь EƻċũƨċƣĲƚШĤШŸŰШũŸċĬŔŰŊШċŰĬШƓũċĦĲƚШƣőĲШƖĲƚƨũƣШŔŰШċЮ 

~ċǂыċЯĤЯĦШ¡ь ÅĲƣƨƖŰƚШƣőĲШůċǂШŸŉШċũũШċƖŊƨůĲŰƣƚЮ 

~ŔŰыċЯĤЯĦШ¡ь ÅĲƣƨƖŰƚШƣőĲШůŔŰШŸŉШċũũШċƖŊƨůĲŰƣƚЮ 

~ŸĬыǂЯШǃь ÅĲƣƨƖŰƚШƣőĲШůŸĬƨũƨƚШŸŉШǂоǃЮШ~ŸĬыǂЯШΜьШƖĲƣƨƖŰƚШΜЮ 

Obj_There(a) ÅĲƣƨƖŰƚШΝШŔŉШŸĤŢĲĦƣШћċќШĲǂŔƚƣƚШƽŔƣőŔŰШƣőĲШĦƨƖƖĲŰƣШƚĦŸƓĲЮ 

Prm_There(a) ÅĲƣƨƖŰƚШΝШŔŉШƓƖůоũŸĦċũШћċќШĲǂŔƚƣƚЮ 

ÅċŰĬыċЯШĤь ÅĲƣƨƖŰƚШċШƨŰŔŉŸƖůШĬĲƻŔċƣĲШƖċŰĬŸůШŰƨůĤĲƖШĤĲƣƽĲĲŰШċШѼШĤЮ 

ÅċŰĬх ŸƖůċũыůĲċŰЯƚƣĬь Returns a random number with a normal distribution with a 
ůĲċŰШŸŉШћůĲċŰќШċnĬШƚƣċŰĬċƖĬШĬĲƻŔċƣŔŸŰШŸŉШћƚƣĬќ. 

Round(x) Examples: prm = Round(.1);   :  0.00000  
prm = Round(.5);   :  0.00000  
prm = Round(1.6);  :  2.00000  
prm = Round( - .1);  :  0.00000  
prm = Round( - .5);  :  0.00000  
prm = Round( - 1.6); : - 2.00000  

ÑŸхÂƖůыċЯШĤЯШĦЯШвь Concatenates the arguments to form a parameter name and re-
turns the corresponding parameter. If an argument is a parame-
ter name, then the value of the parameter is converted to a 
string. 

ÑŸхÉƣƖŔŰŊыċь EƻċũƨċƣĲƚШƣőĲШƓċƖċůĲƣĲƖШћċќШċŰĬШĦŸŰƻĲƖƣƚШƣőĲШƖĲƚƨũƣШƣŸШċШƚƣƖŔŰŊЮ 

ÉŔŊŰыǂь ÅĲƣƨƖŰƚШƣőĲШƚŔŊŰШŸŉШǂЯШŸƖШǍĲƖŸШŔŉШǂШӀШΜ 

fŰШċĬĬŔƣŔŸŰЯШƣőĲШŉŸũũŸƽŔŰŊШŉƨŰĦƣŔŸŰƚШċƖĲШŔůƓũĲůĲŰƣĲĬа 

AB_Cyl_Corr(mR), AL_Cyl_Corr(mR) 

ÅĲƣƨƖŰƚШ7ШċŰĬШxШŉŸƖШĦǃũŔŰĬƖŔĦċũШƚċůƓũĲШŔŰƣĲŰƚŔƣǃШĦŸƖƖĲĦƣŔŸŰШыÉċĤŔŰĲШĲƣЮċũЮЯШΝΦΦΥьЮШÑőĲƚĲШ
ŉƨŰĦƣŔŸŰƚШ ċƖĲШ ƨƚĲĬШ ŔŰШ ƣőĲШ ůċĦƖŸƚШ Cylindrical_I_CorrectionШ ċŰĬШ
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Cylindrical_2Th_CorrectionЮШEǂċůƓũĲШ9òx9§ÅÅЮf ÂШĬĲůŸŰƚƣƖċƣĲƚШƨƚċŊĲЮШ[ŸƖШċШůŸƖĲШċĦр
ĦƨƖċƣĲШċũƣĲƖŰċƣŔƻĲШƣŸШƣőĲШÉċĤŔŰĲШĦŸƖƖĲĦƣŔŸŰƚШƚĲĲШƣőĲШcapillary_diameter_mm convolutionЮ 

Bkg_at(x) 

ÅĲƣƨƖŰƚШƣőĲШƻċũƨĲШŸŉШƣőĲШ9őƨĤǃĦőĲƻШƓŸũǃŰŸůŔċũЯШĬĲŉŔŰĲĬШĤǃШbkgЯШċƣШƣőĲШƻċũƨĲШǂЮ 

Constant (expression) 

EƻċũƨċƣĲƚШћĲǂƓƖĲƚƚŔŸŰќШŸŰĦĲШċŰĬШƣőĲŰШƖĲƓũċĦĲs ћConstant(expressionьќШƽŔƣőШƣőĲШĦŸƖƖĲр
ƚƓŸŰĬŔŰŊШŰƨůĲƖŔĦШƻċũƨĲЮШéĲƖǃШƨƚĲŉƨũШƽőĲŰШƣőĲШĲǂƓĲĦƣĲĬШĦőċŰŊĲШŔŰШċШƓċƖċůĲƣĲƖШŔŰƚŔŊŰŔŉŔр
ĦċŰƣũǃШċŉŉĲĦƣƚШƣőĲШƻċũƨĲШŸŉШċШĬĲƓĲŰĬĲŰƣШĲƕƨċƣŔŸŰЯШƚĲĲШŉŸƖШĲǂċůƓũĲШƣőĲШTOF_ExponentialШ
ůċĦƖŸЮ 

Ln_Normal _x_at_CD(u, s, v, toll) 

Returns x value of a Ln normal distribution such that x is at the Cumulative Distribution 
value of ћcdќ where u and s are the mean and standard deviation of the variableќs natural 
logarithm. x is calculated with a tolerance in 'cd' of 'toll';  see ÑEÉÑхEñ ~ÂxEÉпìÂÂ~пx р
 §Å~ xрΝЮf ÂЮ 

PV_Lor_from _GL(gauss_FWHM, lorentzian_FWHM) 

ÅĲƣƨƖŰƚШƣőĲШxŸƖĲŰƣǍŔċŰШĦŸŰƣƖŔĤƨƣŔŸŰШŸŉШċШƓƚĲƨĬŸрéŸŔŊƣШċƓƓƖŸǂŔůċƣŔŸŰШƣŸШƣőĲШéŸŔŊƣШƽőĲƖĲШ
Ŋċƨƚƚх[ìc~ШċŰĬШũŸƖĲŰƣǍŔċŰх[ìc~ШċƖĲШƣőĲШ[ìc~ƚШŸŉШƣőĲШ]ċƨƚƚŔċŰШċŰĬШxŸƖĲŰƣǍŔċŰШĦŸŰр
ƻŸũƨƣĲĬШƣŸШŉŸƖůШƣőĲШéŸŔŊƣЮ 

Sites_Geometry_Distance($Name) 
Sites_Geometry_Angle($Name) 
Sites_Geometry_Dihedral_Angle($Name)  

Value_at_X(object, x) : Returns the value of object at X = x. object could be a parameter or a 
user_y object. For example, to ensure background is close to the high angle end of a pat-
tern during PDF-generation, the following could be implemented:  

user_y u capillary.xy  
fit_obj = (p0 + p1 X) u;  
bkg  @ 0 0 0  
penalty  = 1000 (Bkg_at(X2) + (p0 + p1 X2) Value_at_X(u, X2) -  Yobs_at(X2))^2;  

 
Voigt_Integral _Breadth_GL(gauss_FWHM, lorentzian_FWHM)  

ÅĲƣƨƖŰƚШƣőĲШŔŰƣĲŊƖċũШĤƖĲċĬƣőШƖĲƚƨũƣŔŰŊШŉƖŸůШƣőĲШĦŸŰƻŸũƨƣŔŸŰШŸŉШċШ]ċƨƚƚŔċŰШƽŔƣőШċШxŸƖĲŰƣǍŔċŰШ
ƽŔƣőШ[ìc~ƚШŸŉШŊċƨƚƚх[ìc~ШċŰĬШxŸƖĲŰƣǍŔċŰх[ìc~ШƖĲƚƓĲĦƣŔƻĲũǃЮ 

Voigt_FWHM_GL(gauss_FWHM, lorentzian_FWHM) 

ÅĲƣƨƖŰƚШƣőĲШéŸŔŊƣШ[ìc~ШƖĲƚƨũƣŔŰŊШŉƖŸůШƣőĲШĦŸŰƻŸũƨƣŔŸŰШŸŉШċШ]ċƨƚƚŔċŰШƽŔƣőШċШxŸƖĲŰƣǍŔċŰШ
ƽŔƣőШ[ìc~ƚШŸŉШŊċƨƚƚх[ìc~ШċŰĬШxŸƖĲŰƣǍŔċŰх[ìc~ШƖĲƚƓĲĦƣŔƻĲũǃЮ 

Yobs_Avg(x1, x2) 
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Returns the average value of Yobs between  x1 and x2. x1 and x2 is first set to the closest 
x-axis data point. 

Ycalc_at(x) 

Returns the value of Ycalc at x. Zero is returned if x < X1 or x > X2.  

Yobs_at(#x) 

ÅĲƣƨƖŰƚШƣőĲШYobsШƻċũƨĲШċƣШƣőĲШǂрċǂŔƚШƓŸƚŔƣŔŸŰШмǂбШĦċŰШĤĲШƨƚĲĬШŔŰШċũũШƚƨĤШxddШĬĲƓĲŰĬĲŰƣШĲƕƨċр
ƣŔŸŰƚЮ 

Yobs_dx_at(#x): 

ÅĲƣƨƖŰƚШƣőĲШƚƣĲƓШƚŔǍĲШŸŉШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШċƣШƣőĲШǂрċǂŔƚШƓŸƚŔƣŔŸŰШмǂбШĦċŰШĤĲШƨƚĲĬШŔŰШċũũШƚƨĤШ
xddШĬĲƓĲŰĬĲŰƣШĲƕƨċƣŔŸŰƚЮШfŉШƣőĲШƚƣĲƓШƚŔǍĲШŔŰШƣőĲШǂрċǂŔƚШŔƚШĲƕƨŔĬŔƚƣċŰƣШƣőĲŰШYobs_dx_atШŔƚШ
ĦŸŰƻĲƖƣĲĬШƣŸШċШĦŸŰƚƣċŰƣШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШƚƣĲƓШƚŔǍĲШŔŰШƣőĲШĬċƣċЮ 

Yobs_Min(x1, x2) 

Returns the minimum value of Yobs between x1 and x2. 

3.1 ..... ѣfŉѣШċŰĬШŰĲƚƣĲĬШѣfŉѣШƚƣċƣĲůĲŰƣƚ 

ѣfŉѣШƚƣċƣĲůĲŰƣƚШĦċŰШĤĲШƨƚĲĬШŔŰШƓċƖċůĲƣĲƖШĲƕƨċƣŔŸŰƚЯШŉŸƖШĲǂċůƓũĲа 

prm a 0.1  prm b 0.1  
lor _fwhm = If(Mod( H,  2)  == 0,  a Tan( Th),  b Tan( Th));  

ѣfŉѣШĦċŰШċũƚŸШĤĲШŰĲƚƣĲĬа 

prm cs  200  update  = If( Val  < 10,  10,  If( Val  > 10000,  10000,  Val ));  

[ŸƖШƣőŸƚĲШƽőŸШċƖĲШŉċůŔũŔċƖШƽŔƣőШŔŉоĲũƚĲШƚƣċƣĲůĲŰƣƚЯШƣőĲШIF THEN ELSE ENDIFШůċĦƖŸƚЯШċƚШĬĲŉŔŰĲĬШ
ŔŰШÑ§ÂÉЮf 9ЯШĦċŰШĤĲШƨƚĲĬа 

IF  a > b THEN 
a ª return  expression  value  

ELSE 
b ª return  expression  value  

ENDIF 

~ŔŰШċŰĬШ~ċǂШŉƨŰĦƣŔŸŰƚШĦċŰШĤĲШƨƚĲĬШŔŰШĲƕƨċƣŔŸŰƚЯШŉŸƖШĲǂċůƓũĲа 

prm a 0.1  prm b 0.3  
th2 _offset  = Mi n(Max(a,  b,  - 0.2),  0.2);  

3.2 ..... [ũŸċƣŔŰŊШƓŸŔŰƣШĲǂĦĲƓƣŔŸŰƚ 

ŰШĲǂĦĲƓƣŔŸŰШŔƚШƣőƖŸƽŰШƽőĲŰШċŰШŔŰƻċũŔĬШŉũŸċƣŔŰŊрƓŸŔŰƣШŸƓĲƖċƣŔŸŰШŔƚШĲŰĦŸƨŰƣĲƖĲĬЯШŔЮĲЮ 
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?ŔƻŔĬĲШĤǃШǍĲƖŸ 

ÉƕƖƣыǂьШŉŸƖШǂШӃШΜ 

xŰыǂьШŉŸƖШǂШӅШΜ 

ƖĦ9ŸƚыǂьШŉŸƖШǂШӃШрΝШŸƖШǂ ӂШΝ 

EǂƓыǂьШƓƖŸĬƨĦĲƚШċŰШŸƻĲƖŉũŸƽШŉŸƖШǂШӈ>ШΤΜΜ 

ырǂьӊǃШŉŸƖШǂШШӂШΜШċŰĬШǃШŰŸƣШċŰШŔŰƣĲŊĲƖ 

ÑċŰыǂьШĲƻċũƨċƣĲƚШƣŸШfŰŉŔŰŔƣǃШŉŸƖШǂШӀШŰШÂŔоΞЯШĤƚыŰьШӀШΝЯШΟЯШΡЯШ¡ 

min/max equations, Min/Max functions or ћIŉќ functions can be used to avoid invalid floating-
point operations. Equations can also be manipulated to yield valid floating-point operations, 
for example, Exp(-1000) can be used in place of 1/Exp(1000).  
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4. .. ÑcEШ~f f~fü Ñf§ ШÅ§ÖÑf EÉ 
 

TMinimization 
[line_min] [use_extrapolation] [no_normal_equations] [use_LU] 
яapproximate_Aѐ 

[A_matrix_memory_allowed_in_Mbytes !E] 
[A_matrix_elements_tollerance !E] 
[A_matrix_report_on] 

[approximate_A_check_for_must_be_zero #n] 
[chi2 !E] 
[chi2_convergence_criteria !E] 
[continue_after_convergence] 
[bootstrap_errors !Ecycles] 

[fraction_of_yobs_to_resample !E] 
[determine_values_from_samples] 
[resample_from_current_ycalc] 

яdo_errorsѐ 
[do_errors_include_restraints] 
[do_errors_include_penalties] 
яonly_penaltiesѐ 
яpercent_zeros_before_sparse_AШмѐ 
яpenaltyШгEѐЮЮЮШ 
яpenalties_weighting_K1ШгEѐ 
[pen_weight !E] 
[quick_refine !E [quick_refine_remove !E] ] 
яrandomize_on_errorsѐ 
яrestraintШгEѐ 
[save_best_chi2] 
[use_LU_for_errors] 

Get(number_independent_parameters) 

The Newton-Raphson non-linear least squares method is used by default with the Marquardt 
method (1963) included for stability.  The objective function … is written as: 

… … … …  ыΠрΝь 

ύὬὩὶὩ    … ὑ ύ  ὣȟ ὣȟ  ыΠрΞь 

… ὑὑὑ ὖ … ὑὑὑ Ὑ  
ὑ

ρ

В ύ ὣȟ
 ыΠрΟь 

ƻ̧ΣƳ and ̧ŎΣƳ are the observed and calculated data respectively at data point Ƴ, a the number 
of data points, ǿƳ the weighting given to data point Ƴ which for counting statistics is given by 
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ǿƳҐмκsό̧ƻΣƳύнШwhere sό̧ƻΣƳύ is the error in ̧ƻΣƳΣ tǇ are penalty functions, defined using penaltyΣ 
and bǇ the number of penalty functions. wǊ are restraints, defined using restraintΣ and bw the 
number of restraints. Yt and Yw are weights applied to the penalty functions and restraints re-
spectively. Yм corresponds to the user defined penalties_weighting_K1 (default value of 1), typ-
ical values range from 0.1 to 2. Penalty functions and Restraints are minimized when observed 
data ̧ ƻ is absent; see exampleШ§ xòÂE  Юf ÂЮ 

ÑőĲШůċƣƖŔǂШĲƕƨċƣŔŸŰƚШċƖĲШŊĲŰĲƖċƣĲĬШĤǃШƣőĲШƨƚƨċũШĲǂƓċŰƚŔŸŰШŸŉШòĦеůШƣŸШċШŉŔƖƚƣШŸƖĬĲƖШÑċǃũŸƖШƚĲƖŔĲƚШ
ċƖŸƨŰĬШƣőĲШƓċƖċůĲƣĲƖШƻĲĦƣŸƖШƓ. The size of Ɠ corresponds to the number of independent pa-
rameters N. The penalty functions are expanded to a second order Taylor series around the 
parameter vector Ɠ. The restraints are expanded ƣŸШċШŉŔƖƚƣШŸƖĬĲƖШÑċǃũŸƖШƚĲƖŔĲƚШċƖŸƨŰĬШƣőĲШƓċр
ƖċůĲƣĲƖШƻĲĦƣŸƖШƓЮШThe resulting matrix equations are: 

ШDƓШӀШò ыΠрΠь 

ƽőĲƖĲШШШШӀШΜШҼШÂШҼШÅ 

ċŰĬШШШШШШòШӀШòΜШҼШòÂШҼШòÅ 

 

ὃ ύ
‬ὣȟ
‬ὴ

‬ὣȟ
‬ὴ

 

ὃȟ
ὑ

ς

‬ὖ

‬ὴ‬ὴ
 

ὃȟ ὑ
‬Ὑȟ
‬ὴ

‬Ὑȟ

‬ὴ
 

ὣȟ ύ ὣȟ ὣȟ
‬ὣȟ
‬ὴ

 

ὣȟ
ὑ

ς

‬ὖ

‬ὴ
 

ὣȟ ὑ Ὑ
‬Ὑ

‬ὴ
 

ыΠрΡь 

The Taylor coefficients DƓ corresponds to changes in the parameters p. Eq. (4-4ь represents a 
linear set of equations in DƓ that are solved for each iteration of refinement. Off diagonal terms 
in t are not calculated and are instead set to zero. uÅШċŰĬШuÂШċƖĲШĤŸƣőШƚĲƣШƣŸШΝШŔŰШƣőĲШċĤƚĲŰĦĲШ
ŸŉШ…Ȣ7ÈÅÎ …ШĬŸĲƚШĲǂŔƚƣШƣőĲŰШKÂШŔƚШƨƚĲĬШƣŸШŊŔƻĲШċƓƓƖŸǂŔůċƣĲШĲƕƨċũШƽĲŔŊőƣƚШƣŸШƣőĲШƚƨůШŸŉШƣőĲШ
ŔŰƻĲƖƚĲШĲƖƖŸƖШƣĲƖůƚШŔŰШƣőĲШƓċƖċůĲƣĲƖƚЯШs0(Ɠi)2 and sP(Ɠi)2, calculated from … ÁÎÄ …Шrespec-
tively. Neglecting the off-diagonal terms results in sÂ(Ɠi)2=1/AΜЯŔŔ and sP(Ɠi)2=1/AP,ii; however, to 
avoid numerical stabilitie s KP is written as shown in Eq. (4-6). 

ὑ ὍὪὣȟ ρπ ὃȟ ȟπȟ
ρȢπυὃȟ

ὃȟ ὃȟ ὓὭὲὣȟ ὣȟϳ ȟπȢπυ
 

ыΠрΣь 

ťШĦŸƖƖĲƚƓŸŰĬƚШƣŸШŔŰĬĲƓĲŰĬĲŰƣШƓċƖċůĲƣĲƖƚШƣőċƣШċƖĲШċШŉƨŰĦƣŔŸŰШŸŉШ…ЮШÉŔůŔũċƖũǃЯШŉŸƖШuÅШƽĲШőċƻĲа 

ὑ ὍὪὣȟ ρπ ὃȟ ȟπȟ
ρȢπυὃȟ

ὃȟ ὃȟ ὓὭὲὣȟ ὣȟϳ ȟπȢπυ
 

ыΠрΤь 
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uÅШċŰĬШuÂШĦċŰШĤĲШůŸĬŔŉŔĲĬШƨƚŔŰŊШpen_weightШċŰĬШƣőĲШůċĦƖŸШPen_WtЮШPen_WtШĦċũũƚШƣőĲШƨƚĲƖШĬĲр
ŉŔŰĲĬШůċĦƖŸШWrite_Pen_WtбШċШĬĲŉŔŰŔƣŔŸŰШƣőċƣШůŔůŔĦƚШƣőĲШĬĲŉċƨũƣШŔƚа 

macro  Write _Pen_Wt(Aii,  Ai,  Pii,  Pi)  {  
pen_weight  = If(Pii  < 1e- 14 Aii,0,1.05  Aii/(Pii+Aii  Mi n(Pi/Ai,  0.05)));  

}  

ŔŔШċŰĬШŔШĦŸƖƖĲƚƓŸŰĬƚШƣŸШΜеŔŔШċŰĬШòΜеŔШƖĲƚƓĲĦƣŔƻĲũǃЮШ[ŸƖШuÂШƣőĲŰШÂŔŔШċŰĬШÂŔШĦŸƖƖĲƚƓŸŰĬƚШƣŸШÂеŔŔШċŰĬШ
òÂеŔЮШ[ŸƖШuÅШƣőĲŰШÂŔŔШċŰĬШÂŔШĦŸƖƖĲƚƓŸŰĬƚШƣŸШÅеŔŔШċŰĬШòÂеŔЮШÉőĲũñШƣǃƓĲШƖĲƚƣƖċŔŰƣƚШĦċŰШĤĲШŉŸƖůƨũċƣĲĬШċƚШ
ŉŸũũŸƽƚа 

pen_weight  = 1;  
penalties _weighting _K1 = (Get(r _wp)  /  Get(r _exp))^2;   
do_errors _include _restraints  
save _best _chi2  
restraint  = Sqrt(w)  (yt  -  y);  

where Sqrt(w) is simply the square root of the restraint weight used by ShelX.  

4.1 ..... ÑőĲШ9ŸŰŢƨŊċƣĲШ]ƖċĬŔĲŰƣШÉŸũƨƣŔŸŰШůĲƣőŸĬ 

The Bounds Constrained Conjugate Gradient (BCCG) method (Coelho, 2005) incorporating 
minκmax limit s is used for solving the normal equations; it assists in convergence of the non-
linear least squares process. min/max limit s are dynamically recalculated and used to during 
the solution process. For example, to constrain site occupancies on three sites to full  occu-
pancy with three atomic species, each with occupancy of 1, then the following could be de-
fined (see ÑEÉÑхEñ ~ÂxEÉп§99р9§ ÉÑÅ f Юf Â): 

site  Ni  x 0.11  y 0.22  z 0.33  ШШocc  Ni  ni1   0.20000  min  0 max  1 
 occ  Zr  zr1   0.30000  min  0 max = 1 -  ni1;  
 occ  Ca ca1  = 1 -  ni1  -  zr1;  :   0.50000  

 
site  Zr  x 0.21  y 0.32  z 0.43   occ  Ni  ni2   0.40000  min  0 max = 1 -  ni1;  

 occ  Zr  zr2   0.50000  min  0 max = 1 -  ni2;  
 occ  Ca ca2  = 1 -  ni2  -  zr2;  :   0.10000  

 
site  Ca x 0.31  y 0.42  z 0.53   occ  Ni  ni3  = 1 -  ni1  -  ni2;  :   0.40000  

 occ  Zr  zr3  = 1 -  zr1  -  zr2;  :   0.20000  
 occ  Ca ca3  = 1 -  ca1  -  ca2;  :   0.40000  

 
ª Occupancy  on sites  add  up to  1  
prm = ni1  + zr1  + ca1;  :   1.00000   
prm = ni2  + zr2  + ca2;  :   1.00000   
prm = ni3  + zr3  + ca3;  :   1.00000   
 
ª Individual  species  add  up to  1  
prm = ni1  + ni2  + ni3;  :   1.00000  
prm = zr1  + zr2  + zr3;  :   1.00000  
prm = ca1  + ca2  + ca3;  :   1.00000  

fŉШƣőĲШШůċƣƖŔǂШŔƚШŰŸƣШƚƓċƖƚĲШƣőĲŰШuse_LUШĦċŰШĤĲШƨƚĲĬШƣŸШŔŰƻŸťĲШxÖрĬĲĦŸůƓŸƚŔƣŔŸŰШŔŰƚƣĲċĬШŸŉШ
ƣőĲШ799]ШƖŸƨƣŔŰĲЮШxÖрĬĲĦŸůƓŸƚŔƣŔŸŰШĬŸĲƚШŰŸƣШƨƚĲШminоmaxШũŔůŔƣƚШĬƨƖŔŰŊШƣőĲШƚŸũƨƣŔŸŰШƓƖŸĦĲƚƚШ
ċŰĬШŔŰШċĬĬŔƣŔŸŰШŔƣШƖĲƕƨŔƖĲƚШƣőĲШŉƨũũШШůċƣƖŔǂШƽőŔĦőЯШŉŸƖШƓƖŸĤũĲůƚШƽŔƣőШƣőŸƨƚċŰĬƚШŸŉШƓċƖċůĲƣĲƖƚЯШ
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ůċǃШĤĲШůĲůŸƖǃШŔŰƣĲŰƚŔƻĲЮШxÖрĬĲĦŸůƓŸƚŔƣŔŸŰШĦċŰШċũƚŸШĤĲШƚũŸƽШƽőĲŰШƣőĲШŰƨůĤĲƖШŸŉШƓċƖċůĲр
ƣĲƖƚШŔƚШŊƖĲċƣĲƖШƣőċŰШċĤŸƨƣШŸŰĲШƣőŸƨƚċŰĬЮШpercent_zeros_before_sparse_AШĬĲŉŔŰĲƚШƣőĲШƓĲƖĦĲŰƣр
ċŊĲШŸŉШƣőĲШШůċƣƖŔǂШƣőċƣШĦċŰШĤĲШǍĲƖŸШĤĲŉŸƖĲШƚƓċƖƚĲШůċƣƖŔǂШůĲƣőŸĬƚШċƖĲШŔŰƻŸťĲĬЮШÑőĲШĬĲŉċƨũƣШ
ƻċũƨĲШŔƚШΣΜӖЮШ 

4.2 ..... ÑőĲШ~ċƖƕƨċƖĬƣШůĲƣőŸĬ 

The Marquardt (1963) method applies a scaling factor h, called the Marquardt constant, to the 
diagonal elements of the  matrix when the solution to the normal equations of Eq. (5-4) fails 
to reduce …ȟÏÒȟ 

ŔŔеƚĦċũĲĬШӀШŔŔШыΝШҼШhь  

After applying the Marquardt constant, the normal equations are again solved and …Шrecalcu-
lated. If …ШŔŰĦƖĲċƚĲƚЯШƣőĲŰШh is increased and the scaling process repeated. Repeated failure 
results in a very large Marquardt constant; taken to the limit  the off-diagonal terms can be ig-
nored and the solution to the normal equations can be approximated as:  

DƓŔШӀШòŔШоШыŔŔШыΝШҼШhьь ыΠрΥь 

Improvements to the determination of the Levenberg-Marquardt constant (cCoelho, 2018) has 
been made. This is especially the case for objective functions that are far from quadratic and 
when the BFGS method is used.  

4.3 ..... ƓƓƖŸǂŔůċƣŔŰŊШƣőĲШШůċƣƖŔǂШрШƣőĲШ7[]ÉШůĲƣőŸĬ 

approximate_AШĦċŰШĤĲШƨƚĲĬШƣŸШċƓƓƖŸǂŔůċƣĲШƣőĲШШůċƣƖŔǂЯШEƕЮШы4-4ьЯШƽŔƣőŸƨƣШƣőĲШŰĲĲĬШƣŸШĦċũĦƨр
ũċƣĲШƣőĲШШůċƣƖŔǂШĬŸƣШƓƖŸĬƨĦƣƚбШƣőĲШċƓƓƖŸǂŔůċƣŔŸŰШŔƚШĤċƚĲĬШŸŰШƣőĲШ7[]ÉШůĲƣőŸĬШы7ƖŸǃĬĲŰЯШ
ΝΦΤΜбШ[ũĲƣĦőĲƖЯШΝΦΤΜбШ]ŸũĬŉċƖĤЯШΝΦΤΜбШÉőċŰŰŸЯШΝΦΤΜьЮШApproximating A is useful when the cal-
culation of the  matrix dot products is proving expensiveΦ approximate_AШůċǃШċũƚŸШŔůƓƖŸƻĲШ
ĦŸŰƻĲƖŊĲŰĦĲ ŦƻǊ ǘƘŜ ŎŀǎŜ ǿƘŜǊŜ ƓĲŰċũƣŔĲƚШĬŸůŔŰċƣĲШƣőĲШƖĲŉŔŰĲůĲŰƣЮШapproximate_A cannot be 
used with line_min or use_extrapolationΦ The single crystal refinement examples of EΝΠр Âр
ÂÅ§ñр Юf Â and EΝр ÂÂÅ§ñр Юf Â are cases where the use of approximate_A achieves con-
vergence in less time than with the fully calculated A matrix. When using approximate_A,Шthe 
! matrix can be made sparse by defining A_matrix_memory_allowed_in_Mbytes and/or A_ma-
trix_elements_tollerance. This allows for refinements with large numbers of independent pa-
rameters. A_matrix_memory_allowed_in_Mbytes limit s the memory used by the  matrix. 
A_matrix_elements_tollerance #tol removes elements in the  matrix with values less than 
#tol. The comparison is made againts normalized elements of  such that Aii=1. Typical values 
for #tol range from 0.0001 to 0.01. A_matrix_memory_allowed_in_Mbytes and A_matrix_ele-
ments_tollerance can be used simultanuously. A_matrix_report_on displays the percentage 
of non-zero elements in the  matrix. 

4.4 ..... ÉĲƣƣŔŰŊШрůċƣƖŔǂШĲũĲůĲŰƣƚШƣőċƣШůƨƚƣрĤĲрǍĲƖŸШƣŸШǍĲƖŸ 

[approximate_A_check_for_must_be_zero #n] 
 

Example 

ÑEÉÑхEñ ~ÂxEÉпñÅ?р9ÑпñÅ?р9ÑрΝЮf Â 
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In using approximate_A, A-matrix elements that must-be-zero can still comprise non-zero val-
ues during the BFGS method. Aij elements that must-be-zero include cases where parameter 
pi and parameter pj are from different xdd patterns. The keyword approxi-
mate_A_check_for_must_be_zero test for zero A matrix elements and sets them to zero. This 
improves convergence in large problems comprising 1000s of xdds. Importantly, sparse matrix 
methods are invoked and only non-zero A-matrix elements are stored reducing memory usage. 
In cases where there are 1000s of xdds, use of approximate_A_check_for_must_be_zero often 
negates the need for A_matrix_memory_allowed_in_Mbytes. 

Checking for zero A-matrix elements requires a modest amount of computational effort; to 
minimize this, the check is only performed up to the nth iteration of a refinement cycle where n 
is the number defined after the approximate_A_check_for_must_be_zero keyword. After the 
nth iteration, Aij elements that must-be-zero are set to those that were zero at the nth iteration. 
Example use is as follows: 

approximate_A_check_must_be_zero  = Cycle_Iter < 4;  

4.5 ..... xŔŰĲШůŔŰŔůŔǍċƣŔŸŰШċŰĬШÂċƖċůĲƣĲƖШĲǂƣƖċƓŸũċƣŔŸŰ 

Line minimization, also known as the steepest decent method, is invoked using line_minЮШfƣ 
uses a direction in parameter space given by DǇƛҐ̧ƛκ!ƛƛ to minimize on … ὴ lDὴ by adjust-
ing lΦ ÂċƖċůĲƣĲƖШEǂƣƖċƓŸũċƣŔŸŰЯШuse_extrapolationЯШƨƚĲƚШƓċƖċĤŸũŔĦШĲǂƣƖċƓŸũċƣŔŸŰШŸŉШƣőĲШƓċƖċůр
ĲƣĲƖƚШċƚШċШŉƨŰĦƣŔŸŰШŸŉШŔƣĲƖċƣŔŸŰЯШŸƖЯШlШŔƚШċĬŢƨƚƣĲĬШƚƨĦőШƣőċƣШ… Ἡl Ἢl ἫШŔƚШůŔŰŔůŔǍĲĬШ
ƽőĲƖĲШŉŸƖШċШƓċƖƣŔĦƨũċƖШƓċƖċůĲƣĲƖШƓŔШċƣШŔƣĲƖċƣŔŸŰШťШƽĲШőċƻĲШċŔӀыǃΤцΞǃΥҼǃΦьоΞЯШĤŔӀыǃΦцǃΤьоΞШċŰĬШĦŔӀǃΥШ
ƽőĲƖĲШǃΤӀыƓŔеťрΡҼƓŔеťрΠьоΞЯШǃΥӀыƓŔеťрΟҼƓŔеťрΞьоΞШċŰĬШǃΦӀыƓŔеťрΝҼƓŔеťрΜьоΞЮШÂċƖċůĲƣĲƖШEǂƣƖċƓŸũċƣŔŸŰШĲŰĦŸůр
ƓċƚƚĲƚШƣőĲШũċƚƣШƚŔǂШƚĲƣƚШŸŉШƓċƖċůĲƣĲƖШƻċũƨĲƚЮШfŰШĦċƚĲƚШƽőĲƖĲШĤŸƣőШĲǂŔƚƣƚШƣőĲŰШÂċƖċůĲƣĲƖШEǂƣƖċƓр
ŸũċƣŔŸŰШƖĲĬƨĦĲƚШƓŸƚƚŔĤũĲШŸƚĦŔũũċƣŸƖǃШĤĲőċƻŔŸƨƖШŔŰШ… ÁÎÄ …ЮШÂċƖċůĲƣĲƖШĲǂƣƖċƓŸũċƣŔŸŰШƽőĲŰШ
ƨƚĲĬШƽŔƣőШxŔŰĲШ~ŔŰŔůŔǍċƣŔŸŰШĦċŰШŔŰĦƖĲċƚĲШƣőĲШƖċƣĲШŸŉШĦŸŰƻĲƖŊĲŰĦĲШƽőĲŰШƖĲŉŔŰŔŰŊШŸŰШƓĲŰċũƣŔĲƚШ
ŸŰũǃЮШxŔŰĲШůŔŰŔůŔǍċƣŔŸŰШċŰĬШÂċƖċůĲƣĲƖШEǂƣƖċƓŸũċƣŔŸŰШőċƻĲШƖĲũċƣŔƻĲũǃШƚůċũũШůĲůŸƖǃШŉŸŸƣƓƖŔŰƣƚШ
ċŰĬШƣőƨƚШĦċŰШĤĲШƨƚĲŉƨũШƽőĲŰШƣőĲШШůċƣƖŔǂШĦŸŰƚƨůĲƚШƣŸŸШůƨĦőШůĲůŸƖǃЮШũƣĲƖŰċƣŔƻĲũǃЯШapprox-
imate_AШĦċŰШĤĲШƨƚĲĬЮШxŔŰĲШůŔŰŔůŔǍċƣŔŸŰШƽŔƣőШƣőĲШŉƨũũШШůċƣƖŔǂШĦċũĦƨũċƣŔŸŰШыapproximate_AШŰŸƣШ
ĬĲŉŔŰĲĬьШĦċŰШŔŰĦƖĲċƚĲШƣőĲШƖċƣĲШŸŉШĦŸŰƻĲƖŊĲŰĦĲШŸŰШƓƖŸĤũĲůƚШũŔťĲШÂċƽũĲǃШƖĲŉŔŰĲůĲŰƣЮШno_nor-
mal_equations ƓƖĲƻĲŰƣƚШƣőĲШƨƚĲШof normal equations in the minimization routineЮ 

4.6 ..... ÅĲƚƣƖċŔŰƣƚШċŰĬШÂĲŰċũƣŔĲƚ 

penaltyШĬĲŉŔŰĲƚШċШƓĲŰċũƣǃШŉƨŰĦƣŔŸŰШƣőċƣШĦċŰШĤĲШċШŉƨŰĦƣŔŸŰШŸŉШƓċƖċůĲƣĲƖƚЮШÂĲŰċũƣŔĲƚЯШƚƨĦőШċƚШ
ĤŸŰĬрũĲŰŊƣőШƖĲƚƣƖċŔŰƣƚЯШċƖĲШƨƚĲŉƨũШŉŸƖШƚƣċĤŔũŔǍŔŰŊШƖĲŉŔŰĲůĲŰƣƚЮШEǂċůƓũĲШc§9uЮf ÂШƨƚĲƚШƓĲŰċũр
ƣŔĲƚШƣŸШůŔŰŔůŔǍĲШŸŰШƣőĲШcŸĦťШċŰĬШÉĦőŔƣƣťŸƽƚťŔШƓƖŸĤũĲůШŰƨůĤĲƖШΣΡа 

prm x1  1 min  - 4.5  max 4.5   val _on_continue  = Rand( - 4.5,  4.5);  del  0.01  
prm x2  1 min  - 4.5  max 4.5   val _on_continue  = Rand( - 4.5,  4.5);  del  0.01  
prm x3  1 min  - 5.0  max 5.0   val _on_continue  = Rand( - 5.0,  5.0);  del  0.01  
 
ª Hock  and  Schittkowski  problem  number  65 function  
penalty  = (x1  -  x2)^2  + (1/9)  (x1  + x2  -  10)^2  + (x3  -  5)^2;  :  0 
 
prm contraint _1 = x1^2  + x2^2  + x3^2;  
penalty  = If(contraint _1 < 48,  0,  (contraint _1 -  48)^2);  :  0 
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ÑŸШċƓƓũǃШċШƓĲŰċũƣǃШŉƨŰĦƣŔŸŰШƣŸШũċƣƣŔĦĲШċŰĬШĦƖǃƚƣċũũŔƣĲШƚŔǍĲШƓċƖċůĲƣĲƖƚЯШƽőŔĦőШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĤĲШ
ΡЮΠΝΜΝΝШ2ШċŰĬШΞΜΜШŰůШƖĲƚƓĲĦƣŔƻĲũǃЯШƣőĲШŉŸũũŸƽŔŰŊШĦċŰШĤĲШƨƚĲĬа 

str  
Cubic(lp _ceo2  5.41011)  
CS_L(cs _l,  200)  
penalty  = (lp _ceo2  -  5.41011)^2;  
penalty  = (cs _l  -  200)^2;  

penalties_weighting_K1ШĬĲŉŔŰĲƚШƣőĲШƽĲŔŊőƣŔŰŊШuΤШŔŰШEƕЮШы4-3ьбШƣőĲШĬĲŉċƨũƣШƻċũƨĲШŔƚШΝЮШA restraint 
can be reformulated into a penalty by squaring the restraint, for example: 

restraint  = a (x  -  b);   

This is equivalent to:  

penalty  = a^2  (x  -  b)^2;  

In the case of the restraint, the off-diagonal terms AR,ij are calculated when approximate_A (the 
BFGS method) is not defined. In the case of the penalty the off-diagonal terms AP,ij is set to 
zero. Restraints often converge in less iterations than equivalent penalties due to the use of 
the off-diagonal terms (compare Å§ÉE 7Å§9uрΝΜЮf Â with Å§ÉE 7Å§9uрΝΜрÅEÉÑÅ f ÑЮf Â). 
However, the time to convergence may be greater due to calculation  of the off-diagonal re-
straint terms in the  matrix. Penalties are useful for functions that are not to be squared; these 
include negative functions such as the GRS series atomic interaction (see xé§Πр]ÅÉр
ÖÑ§Юf Â). For efficiency the Å matrix is treated as a sparse matrix which is combined with 0 

(if it exists) where 0 could be either sparse or dense. When approximate_A is used then the 
off-diagonal elements of ΜЯШÂЯШċŰĬШÅШċƖĲШŰŸƣШĦċũĦƨũċƣĲĬбШŔŰƚƣĲċĬЯШƣőĲǃШċƖĲШċƓƓƖŸǂŔůċƣĲĬШĤǃШ
ƣőĲШ7[]ÉШůĲƣőŸĬЮШapproximate_A when used with ƓĲŰċũƣŔĲƚШċŰĬШƖĲƚƣƖċŔŰƣƚЯШĲŉŉĲĦƣŔƻĲũǃЯШůĲċŰƚШ
ƣőċƣШƣőĲШƖĲƚƣƖċŔŰƣƚШċƖĲШƣƖĲċƣĲĬШċƚШƓĲŰċũƣŔĲƚЮШÑőĲШŉŸũũŸƽŔŰŊШƣƽŸШĦċƚĲƚШwill  have similar but not 
identical convergence. 

ª Case 1 

approximate _A 
prm p1 1 prm r1  1 
penalty  !P1  = 5^2  (p1  -  7)^2;  
penalty  !P2  = 6^2  (p1  -  8)^2;  
restraint  !R1  = 7 (r1  -  9);  
restraint  !R2  = 8 (r1  -  10);  

ª Case 2 

prm p1 1 prm r1  1 
penalty  !P1  = 5^2  (p1  -  7)^2;  
penalty  !P2  = 6^2  (p1  -  8)^2;  
penalty  !P3  = 7^2  (r1  -  9)^2;  
penalty  !P4  = 8^2  (r1  -  10)^2;  

Diagonal element s of the A matri x 

APЯƓΝƓΝ = (½)µ2(P1+P2)/µp12 

ARЯƖΝƖΝ = (µR1/µr1)2 + (µR2/µr1)2 

APЯƓΝƓΝ = (½)µ2(P1+P2)/µp12 

APЯƖΝƖΝ = (½) µ2(R12+R22)/µr12 

The difference in behaviour between penalties and restraints can be seen by comparing Å§Éр
E 7Å§9uрΝΜЮf Â to Å§ÉE 7Å§9uрΝΜрÅEÉÑÅ f ÑЮf Â. In 500,000 iterations, the former results 
in 71 iterations on average to convergence and the latter 47 iterations on average to conver-
gence. The restraints case converges faster as AR,ij elements are calculated.  Approximating 
AR,ij, by defining approximate_A in Å§ÉE 7Å§9uрΝΜрÅEÉÑÅ f ÑЮf ÂЯ results in fastest 
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convergence, time wise, with 71 iterations on average to convergence. Many penalties how-
ever cannot be formulated as a restraint, ÅÉÑÅ]f Юf Â for example, and in these cases, pen-
alties are necessary. 

4.7 ..... ~ŔŰŔůŔǍŔŰŊШŸŰШƓĲŰċũƣŔĲƚШŸŰũǃ 

When there are no observed data or when only_penalties is defined then by default the BFGS 
method is used, see examples Å§ÉE 7Å§9uрΝΜЮf ÂШċŰĬШc§9uЮf Âб ƣőŔƚШĤĲőċƻŔŸƨƖШĦċŰШĤĲШ
ŸƻĲƖƖŔĬĬĲŰШƽŔƣőШƣőĲШƨƚĲШŸŉШline_min. FŸƖШћƓĲŰċũƣŔĲƚШŸŰũǃќШƣhe BFGS method typically converges 
faster than line_min/use_extrapolationΦ 

4.8 ..... ÉċƻĲĬШƖĲŉŔŰĲĬШƻċũƨĲƚШċŰĬШƚċƻĲхĤĲƚƣхĦőŔΞ 

Values saved on termination of refinement are determined as follows: 

¶ If continue_after_convergence is NOT defined and save_best_chi2 is NOT defined then val-
ues saved corresponds to those of the last iteration.Ш 

¶ If continue_after_convergence is NOT defined and save_best_chi2 is defined then values 
saved corresponds to those that gave the best ….Ш 

¶ If continue_after_convergence is defined and save_best_chi2 is NOT defined then values 
saved corresponds to those that gave the best Rwp.Ш 

¶ If continue_after_convergence and save_best_chi2 is defined then values saved corre-
sponds to those that gave the best …ЮШ 

When there are no penalties or restraints then the best … corresponds to the best Rwp.Ш 

4.9 ..... EƖƖŸƖШĦċũĦƨũċƣŔŸŰ 

Estimated standard deviations for refined independent parameters are calculated at the end 
of refinement. The correlation matrix, if defined using C_matrix_normalized, is updated. Oth-
erwise, the correlation matrix is created and appended to the OUT file.  

do_errors: Errors calculated; penalties and restraints NOT included in the  matrix. 

do_errors_include_restraints: Errors calculated; restraints included in the  matrix. 

do_errors_include_penalties: Errors calculated; penalties included in the  matrix. 

4.10 ... EƖƖŸƖШĬĲƣĲƖůŔŰċƣŔŸŰШƨƚŔŰŊШÉé?ШċŰĬШĤŸŸƣƚƣƖċƓШĲƖƖŸƖƚ 

Singular Value Decomposition (SVD) is used for errors determination. These errors closely re-
semble those obtained by the boot strap method. bootstrap_errors are potentially more accu-
rate as parameter limit s are considered; for example, the fact that intensities are positive is 
not considered by matrix inversion. use_LU_for_errors forces the use of LU decomposition; 
LU-decomposition results in very large errors for intensities that are 100% correlated. The 
three means of determining errors are demonstrated in a Pawley refinement of Y2O3 in the 
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examples òΞ§ΟрxÖЮf ÂЯШòΞ§ΟрÉé?Юf Â and òΞ§Οр7§§ÑЮf Â found in the directory ÑEÉÑхEñр
~ÂxEÉпÉé?рEÅÅ§ÅÉ. 

bootstrap_errors use the bootstrap method of error determination (Efron & Tibshirani 1986, 
DiCiccio & Efron 1996, Chernick 1999). Bootstrapping comprises a series of refinements each 
with a fraction of Yobs modified to obtain a new bootstrap sample. The standard deviations of 
the refined values then become the bootstrap errors. !Ecycles corresponds to the number of 
refinement cycles to perform for bootstrapping, the default is 200. The resulting bootstrapping 
errors are written to the OUT file. fraction_of_yobs_to_resample corresponds to the fraction of 
the observed data that is to be replaced each refinement cycle, it defaults to 0.37. Replace-
ment data is, by default, obtained randomly from Ycalc as determined in the first refinement 
cycle. If resample_from_current_ycalc is defined, then replacement data are obtained from 
the currently completed refinement cycle. The updated Yobs data is additionally modified 
such that the change in Rwp is unchanged with respect to the current Ycalc. Parameter values 
used at the start of each refinement cycle are obtained from the end of the first refinement 
cycle. val_on_continue can additionlly be used to change parameter values at the start of a 
cycle. If determine_values_from_samples is defined, then parameter values at the end of 
bootstrapping are updated with values determined from the bootstrapping refinement cycles. 
Parameter values obtained at the end of each bootstrap refinement cycle is written to disk in 
binary format. These values are then read and processed at the end of the bootstrap process 
without storing the values in memory; the bootstrap process therefore has a small memory 
footprint.  

4.11 ... EƖƖŸƖШÂƖŸƓċŊċƣŔŸŰШƨƚŔŰŊШƓƖůхƽŔƣőхĲƖƖŸƖ 

Parameter errors determined outside of refinement can be included and propagated to de-
pendent parameters using prm_with_error. For example, consider the INP snippet (see 
ÑEÉÑхEñ ~ÂxEÉпÂÅ~рìfÑcрEÅÅ§ÅЮf Â): 

xo _Is  
   xo  0 I  = 10 t  i;  
   prm i   9.99999` _0.00065  min  1e- 6 
   prm_with _error  !t   1_0.33  
   prm t _squared  = t^2;  :  1.00000` _0.66000  

Here t is defined using prm_with_error and with an error of 0.33; this error is used in determin-
ing errors for dependent parameters, such as t_squared, that are a function of t. 

4.12 ... ǂĬĬхƚƨůШċŰĬШǂĬĬхċƖƖċǃ 

[xdd_array !E] ... 
[xdd_sum !E] ...  

EǂċůƓũĲ 
ÑEÉÑхEñ ~ÂxEÉпÂ?[п]E EÅ ÑEпfΝΡр?E9§ Юf Â 

xdd_array calculates and stores an array of values which can then be used in equations which 
can in turn be a function of the reserved parameter names of X, Yobs, Ycalc and SigmaYobs. 
For example, applying the Si atomic scattering factor correction to an xo_Is phase can be per-
formed as follows: 
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PG¤'K ¡ 
xdd_array  si_f0 =   

2 ( ª 9LGEA; K;9LL=JAF? <9L9 >JGE 9LEK;9L};HH 
5.275329 Exp( - 2.631338  (Sin(X Pi/360)/Lam)^2 ) +  
3.191038 Exp( - 33.730728 (Sin(X Pi/360)/Lam)^2 ) +  
1.511514 Exp( - 0.081119  (Sin(X Pi/360)/Lam)^2 ) +  
1.356849 Exp( - 86.288643 (Sin(X Pi/360)/Lam)^2 ) +  
2.519114 Exp( - 1.170087  (Sin(X Pi/360)/Lam)^2 ) +  
0.145073);  

scale_phase_X = si_f0; ª 9HHDQ L@= 9LGEA; K;9LL=J >9;LGJ 

The above will give the same result if xdd_array is replaced by prm. The latter does not store 
the array and therefore the equation is calculated every time si_f0 is used. Because xdd_array 
is an equation, the program automatically keeps track of its dependencies; this means xdd_ar-
ray array is recalculated only when the equation changes; changes can happen, for example, 
if the equation is a function of a refinable parameter and the refined parameter changes. This 
recalculation only occurs when the array is being referenced; it does not occur at the instance 
of a dependency change. Use of xdd_array therefore produces fast and efficient INP files. 

xdd_sum is similar to xdd_array except an array is not stored; instead, the sum of the values of 
the array are calculated and stored. Similar to xdd_array, the summed value of xdd_sum is only 
recalculated when necessary. xdd_sum can be nested, for example, to normalize the intensi-
ties between Yobs and Ycalc the following is possible: 

xdd_sum sum_yobs  = Yobs;  
xdd_sum sum_ycalc = Ycalc;  
xdd_sum = (Yobs ¦ Ycalc sum_yobs / sum_ycalc)^2;  
xdd_sum num_data_points = 1;: 0  ª S AK J=HD9;= :Q L@= FME:=J G> <9L9 HGAFLK 

4.13 ... ÅĲŉŔŰŔŰŊШŸŰШċŰШċƖĤŔƣƖċƖǃШ9őŔΞ 

chi2 allows for the minimization of a User definedШ…Φ It can be a function of the reserved pa-
rameter names X, Yobs, Ycalc and SigmaYobs. In addition, xdd_sum can also be a function of 
these reserved parameter names. For example, the following can be used to define a normal 
least squares refinement: 

xdd  ...  
xdd _sum denominator  = Yobs;  
xdd _sum numerator  = ( Yobs -  Ycalc )^2  /  Max( Yobs,  1);  
chi2  = 100  Sqrt(numerator  /  denominator);  

In refining on an arbitrary chi2, the first and second derivatives of chi2 with respect to each 
independent parameter are required. To do this fast, Ycalc within chi2 is approximated with a 
first order Taylor approximation around the parameter vector Ɠ. This approximation, for vari-
ous formulations of chi2, has yielded good convergence even for non-linear parameters. To 
summarize: 

¶ chi2 is treated as a penalty.Ш 

¶ For each independent parameter, a definite minimum in chi2 is bracketed; inverse para-
bolic interpolation is then used to determine the minima of chi2 with respect to that 
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parameter. In the calculation  of chi2, Ycalc is replaced with its first order Taylor approxi-
mation and thus the full  Ycalc is only calculated once per refinement iteration and not 100s 
of times.  

¶ Finding the minima and the curvature of chi2 with respect to each parameter yields 1st and 
2nd order derivatives of chi2 with respect to each parameter.Ш 

¶ The BFGS method (approximate_A) is then used to solve the resulting linear equations with 
off diagonal terms approximated according to the BFGS method.Ш 

¶ The BCCG method incorporating the Marquardt method with automatic Marquardt con-
stant determination is used to solve the matrix equations.Ш 

The Rietveld refinement example of ÑEÉÑхEñ ~ÂxEÉп9cfΞр9E§ΞЮf Â demonstrates various 
scenarios: 

Case 1) Hereќs output when NOT using chi2.  

  0  Time    0.05   Rwp   26.630     0.000  MC   0.00  0 
  1  Time    0.06   Rwp   16.651    - 9.979  MC   0.06  1 
  2  Time    0.06   Rwp    7.510    - 9.141  MC   0.02  1 
  3  Time    0.08   Rwp    6.955    - 0.556  MC   0.01  1 
  4  Time    0.08   Rwp    6.943    - 0.011  MC   0.00  1 
  5  Time    0.08   Rwp    6.923    - 0.020  MC   0.00  1 
  6  Time    0.09   Rwp    6.923    - 0.000  MC   0.18  1 
---  0.094  seconds  ---  

Case 2) Hereќs output when NOT using chi2 but using approximate_A. 

  0  Time    0.05   Rwp   26.630     0.000  MC   0.00  0 
  1  Time    0.06   Rwp   16.883    - 9.747  MC   0.00  0 
  ...  
 16  Time    0.13   Rwp    6.950    - 0.002  MC   0.04  1 
 17  Time    0.14   Rwp    6.949    - 0.002  MC   0.09  1 
 18  Time    0.14   Rwp    6.949    - 0.000  MC   0.29  1 
---  0.14  seconds  ---  

Case 3) Hereќs output using chi2 defined for normal least squares. 

  0  Time    0.03   Rwp   26.630     0.000  MC   0.00  0 P   26.63020  
  1  Time    0.06   Rwp   15.897   - 10.733  MC   0.00  0 P   15.89696  
 ...  
 13  Time    0.33   Rwp    6.974    - 0.021  MC   0.00  1 P    6.97366  
 14  Time    0.34   Rwp    6.958    - 0.016  MC   0.00  1 P    6.95755  
 15  Time    0.38   Rwp    6.951    - 0.006  MC   0.00  1 P    6.95122  

The chi2 case (3) looks similar-to case (2); however, the path towards the minima is different 
as the chi2 procedure is very different to normal least squares refinement. 

4.14 ... ÅĲƓŸƖƣŔŰŊШŸŰШƨŰƖĲŉŔŰĲĬШƓċƖċůĲƣĲƖƚ 

Parameters that do not take part in refinement are reported, for example, the following, where 
a and b are not used in any equations: 

prm a 1 prm b 1 

will  result in the output: 
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Number of  independent  parameters  not  taking  part  in  refinement:  2 
prm_10:   a 
prm_10:   b 

The val_on_continue attribute of unrefined parameters are executed at the end of conver-
gence. It can be useful, for example, 

prm a 1 val _on_continue  = b = 2;  ª this  sets  the  b parameter  to  2 

4.15 ... ÉƨůůċƖǃЯШfƣĲƖċƣŔŸŰШċŰĬШÅĲŉŔŰĲůĲŰƣШ9ǃĦũĲ 

Table 4-1 shows various keyword usages for typical refinement problems. The term љƖĲŉŔŰĲр
ment cycleњ is used to describe a single convergeŰĦĲЮШÑőĲШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШCycleШƖĲƣƨƖŰƚШ
ƣőĲШĦƨƖƖĲŰƣШƖĲŉŔŰĲůĲŰƣШĦǃĦũĲШƽŔƣőШĦŸƨŰƣŔŰŊШƚƣċƖƣŔŰŊШċƣШǍĲƖŸЮ ÑőĲШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШCycle_IterШ
ƖĲƣƨƖŰƚШƣőĲШĦƨƖƖĲŰƣШŔƣĲƖċƣŔŸŰШƽŔƣőŔŰШƣőĲШĦƨƖƖĲŰƣШCycleШƽŔƣőШĦŸƨŰƣŔŰŊШƚƣċƖƣŔŰŊШċƣШǍĲƖŸЮ  

ÑċĤũĲШΠрΝЮ uĲǃƽŸƖĬШƚĲƕƨĲŰĦĲƚШŉŸƖШƻċƖŔŸƨƚШƖĲŉŔŰĲůĲŰƣШƣǃƓĲƚЮ 

Refinement  type Keywords  to use Comments  

Rietveld refinement. 
No penalties. 

 Marquardt refinement. 
 matrix calculation.  

Rietveld refinement with a 
moderate number of penal-
ties. 

line_min 
(Maybe) 

Line minimization used if 
line_min. 
Marquardt refinement. 

 matrix calculation.  

Rietveld refinement domi-
nated by penalties. 

approximate_A BFGS method of refinement. 
 matrix approximation. 

Pawley refinement. line_min Line minimization. 
Marquardt refinement. 

 matrix calculation.  

Penalties only.  BFGS method of refinement. 
 matrix approximation. 

Refinements with a large 
number of parameters and 
a few xdds. 

approximate_A BFGS method of refinement. 
 matrix approximation. 

Refinements with a large 
number of xdds and param-
eters. 

approxi-
mate_A_check_for_must

_be_zero 

BFGS method of refinement. 
 matrix approximation. 

4.16 ... ƕƨŔĦťхƖĲŉŔŰĲШċŰĬШĦŸůƓƨƣċƣŔŸŰċũШŔƚƚƨĲƚ 

The computationally  dominant factor of Eq. (4-5) is problem dependent. For Rietveld refine-
ment with a moderate number of parameters, the calculation  of the peak parameter deriva-
tives may well be the most expensive item. On the other hand, for Rietveld refinement with 
many structural  parameters and data points then the calculation  of the !мΣƛƧ dot products would 
be the dominant factor, where the number of operations scale by -ό.ςϹ.ύȾς. Before the 
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development of the BCCG routine (Coelho, 2005), the solution to the normal equations, Eq. 
(4-4ьЯШƽċƚШċũƚŸШƻĲƖǃШĲǂƓĲŰƚŔƻĲЮ [ŸƖШƚƣƖƨĦƣƨƖĲШƚŸũƨƣŔŸŰШŉƖŸůШƓŸƽĬĲƖШĬċƣċШĤǃШƚŔůƨũċƣĲĬШċŰŰĲċũр
ŔŰŊЯШyobs_to_xo_posn_yobsШĦċŰШĤĲШƨƚĲĬШƣŸШƖĲĬƨĦĲШƣőĲШŰƨůĤĲƖШŸŉШĬċƣċШƓŸŔŰƣƚШ-ШƽőŔĦőШƖĲĬƨĦĲƚШ
ƣőĲШŰƨůĤĲƖШŸŉШŸƓĲƖċƣŔŸŰƚШŔŰШƣőĲШΤеŔŢШĬŸƣШƓƖŸĬƨĦƣƚЯШƚĲĲШƣőĲШDecomposeШůċĦƖŸШŔŰШĲǂċůƓũĲШ9f~Eр
?E9§~Â§ÉEЮf ÂЮШquick_refine removes parameters during a refinement cycle thus shrinking 
the size of the  matrix by reducing N and hence speeding up refinement iterations. Parame-
ters are removed if the condition defined in Eq. (4-9) is met for three consecutive iterations. 

Ўὴ πȢπρ ÑÕÉÃËÒͅÅÆÉÎÅὑ ὔ ὣϳ  ыΠрΦь 

Alternatively, parameters can be removed or reinstated during a refinement cycle using 
quick_refine_removeΦ This keyword provides a means of performing block refining. If quick_re-
fine_remove is not defined, then all parameters are reinstated at the start of refinement cycles. 
ÖƚĲШŸŉШquick_refineШƚƓĲĲĬƚШƨƓШƚŔůƨũċƣĲĬШċŰŰĲċũŔŰŊЯШƚĲĲШŉŸƖШĲǂċůƓũĲШƣőĲШAuto_TШůċĦƖŸШƽőŔĦőШ
ŔƚШƨƚĲĬШŔŰШĲǂċůƓũĲШEΝр ÖÑ§Юf ÂЮШũũШƖĲŉŔŰĲĬШƓċƖċůĲƣĲƖƚШċƖĲШƖĲŔŰƚƣċƣĲĬШŉŸƖШƖĲŉŔŰĲůĲŰƣШċƣШƣőĲШ
ƚƣċƖƣШŸŉШƚƨĤƚĲƕƨĲŰƣШĦǃĦũĲƚЮШxċƖŊĲШquick_refine ƻċũƨĲƚШċŊŊƖĲƚƚŔƻĲũǃШƖĲůŸƻĲƚШƓċƖċůĲƣĲƖƚШċŰĬШ
ĦŸŰƻĲƖŊĲŰĦĲШƣŸШũŸƽШ…ШůċǃĤĲШőŔŰĬĲƖĲĬЮШШƻċũƨĲШŸŉШΜЮΝШƽŸƖťƚШƽĲũũЮШquick_refine őċƚШƣőĲШŉŸũũŸƽр
ŔŰŊШĦŸŰƚĲƕƨĲŰĦĲƚа 

¶ fŉШƓċƖċůĲƣĲƖƚШċƖĲШŰŸƣШƖĲŔŰƚƣċƣĲĬШƨƚŔŰŊШquick_refine_removeШƣőĲŰШ…ШĬŸĲƚШŰŸƣШŊĲƣШƣŸШŔƣƚШũŸƽр
ĲƚƣШƓŸƚƚŔĤũĲШƻċũƨĲШŉŸƖШċШƓċƖƣŔĦƨũċƖШƖĲŉŔŰĲůĲŰƣШĦǃĦũĲЮ 

¶ ÑőĲШĬĲŊƖĲĲШŸŉШƓċƖċůĲƣĲƖШƖċŰĬŸůŔǍċƣŔŸŰШŔŰĦƖĲċƚĲƚШƽŔƣőШŔŰĦƖĲċƚŔŰŊШƻċũƨĲƚШŸŉШquick_refineЮШ
ÅċŰĬŸůŔǍċƣŔŸŰШƚőŸƨũĬШƣőĲƖĲŉŸƖĲШĤĲШƖĲĬƨĦĲĬШċƚШquick_refineШŔŰĦƖĲċƚĲƚЮШũƣĲƖŰċƣŔƻĲũǃШran-
domize_on_errrosШĦċŰШĤĲШƨƚĲĬШƽőŔĦőШċƨƣŸůċƣŔĦċũũǃШĬĲƣĲƖůŔŰĲƚШƣőĲШċůŸƨŰƣШċШƓċƖċůĲƣĲƖШŔƚШ
ƖċŰĬŸůŔǍĲĬЮШ 

fŉШquick_refine_removeШĲƻċũƨċƣĲƚШƣŸШċШŰŸŰрǍĲƖŸШƻċũƨĲШƣőĲŰШƣőĲШċƚƚŸĦŔċƣĲĬШƓċƖċůĲƣĲƖШŔƚШƖĲр
ůŸƻĲĬШŉƖŸůШƖĲŉŔŰĲůĲŰƣЯШƚŔůŔũċƖũǃШƓċƖċůĲƣĲƖƚШċƖĲШƖĲŔŰƚƣċƣĲĬШŔŉШquick_refine_removeШĲƻċũƨċƣĲƚШ
ƣŸШǍĲƖŸЮШquick_refine_removeШĦċŰШĤĲШċШŉƨŰĦƣŔŸŰШŸŉШƣőĲШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖƚШQR_RemovedШŸƖШ
QR_Num_Times_Consecutively_SmallШċŰĬШċĬĬŔƣŔŸŰċũũǃШŊũŸĤċũШƖĲƚĲƖƻĲĬШƓċƖċůĲƣĲƖШŰċůĲƚШ
ƚƨĦőШċƚШCycle_IterЯШCycleШċŰĬШTЮШfŉШquick_refine_removeШŔƚШŰŸƣШĬĲŉŔŰĲĬЯШƣőĲŰШƣőĲШƖĲůŸƻċũШ
ƚĦőĲůĲШŸŉШEq. (4-9) ŔƚШƨƚĲĬШċŰĬШƓċƖċůĲƣĲƖƚШċƖĲШŰŸƣШƖĲŔŰƚƣċƣĲĬШƨŰƣŔũШƣőĲШŰĲǂƣШƖĲŉŔŰĲůĲŰƣШcycle. 
In most refinements the following will  produce close to the lowestШ…ШċŰĬШŔŰШċШƚőŸƖƣШƣŔůĲШыƚĲĲШ
ŉŸƖШĲǂċůƓũĲШÂ ìxEòΝЮf ÂьЮ 

quick _refine  0.1  
   quick _refine _remove  = 
      IF  QR_Removed THEN 
         0 ª reinstate  the  parameter  
      ELSE 
         IF  QR_Num_Times _Consecutively _Small  > 2 THEN 
            1 ª remove  the  parameter  
         ELSE 
            0 ª dont  remove  the  parameter  
         ENDIF 
      ENDIF;  
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4.17 ... ÉŔůƨũċƣĲĬШċŰŰĲċũŔŰŊШċŰĬШƨƣŸхÑШ 

ÅĲŉŔŰĲůĲŰƣШŔƚШĦŸŰƣŔŰƨĲĬШċŉƣĲƖШĦŸŰƻĲƖŊĲŰĦĲШƽőĲŰШcontinue_after_convergence is definedЮШ7Ĳр
ŉŸƖĲШĦŸŰƣŔŰƨŔŰŊШƣőĲШŉŸũũŸƽŔŰŊШċĦƣŔŸŰƚШċƖĲШƓĲƖŉŸƖůĲĬа 

¶ val_on_continueШĲƕƨċƣŔŸŰƚШŉŸƖШŔŰĬĲƓĲŰĬĲŰƣШƓċƖċůĲƣĲƖƚШċƖĲШĲƻċũƨċƣĲĬЮШ 

¶ randomize_on_errorsШƓƖŸĦĲƚƚĲƚШċƖĲШƓĲƖŉŸƖůĲĬЮШ 

¶ rand_xyzШƓƖŸĦĲƚƚĲƚШċƖĲШƓĲƖŉŸƖůĲĬЮШ 

ìőĲŰШval_on_continueШŔƚШĬĲŉŔŰĲĬЯШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƓċƖċůĲƣĲƖШŔƚШŰŸƣШƖċŰĬŸůŔǍĲĬШċĦĦŸƖĬŔŰŊШ
ƣŸШrandomize_on_errorsЮШSimulated annealing is invoked using continue_after_convergence. It 
is sometimes difficult  to formulate optimum val_on_continue functions; this is especially true 
in structure solution using rigid bodies where optimum randomization of the rigid body param-
eters can be difficult  to ascertain. randomize_on_errors is a means of automatically random-
izing parameters based on the approximate errors in the parameters as given in Eq. (4-10), 
where T is the current temperature and K is as defined in Eq. (4-3). 

Ўὴ ὗ ὛὭὫὲὙὥὲὨρȟρ πȢπς Ὕ ὑ ὃϳ  ыΠрΝΜь 

v is a scaling factor determined such that convergence to a previous parameter configuration 
occurs 7.5% of the time on average. When randomize_on_errors is used, relative variation in 
temperatureыƚьШċƖĲ significant and not absolute values.ШÑőĲШAuto_TШůċĦƖŸШŔŰĦũƨĬĲƚШquick_re-
fine, randomize_on_errorsШċŰĬШċШtemperatureШƖĲŊŔůĲЮШfƣШőċƚШƚőŸƽŰШƣŸШĤĲШċĬĲƕƨċƣĲШŉŸƖШċШƽŔĬĲШ
ƖċŰŊĲШŸŉШƚŔůƨũċƣĲĬШċŰŰĲċũŔŰŊШĲǂċůƓũĲƚЯШƚĲĲШĲǂċůƓũĲШ9f~Eрüр ÖÑ§Юf ÂЮШ 

4.18 ... ĬċƓƣŔƻĲШƚƣĲƓШƚŔǍĲШƨƚŔŰŊШƖċŰĬŸůŔǍĲхŸŰхĲƖƖŸƖƚ 

Use of randomize_on_errors result in an adaptive-step-size determination during simulated 
annealing; in many cases the complex temperature regime found in the Auto_T macro can be 
replaced with a single temperature. The example 9f~Eрüр ÖÑ§Юf Â demonstrates random-
ize_on_errors by using a very incorrect starting temperature of 0.1; the program quickly modi-
fies the temperature to a more appropriate value. Output  lines such as:Ш 

Breaking  -  randomize  on errors  revisit  

indicate that a parameter configuration has been revisited and the temperature will  be inter-
nally adjusted. Note, with randomize_on_errors, relative temperature values are pertinent and 
not absolute values.Ш 

4.19 ... 9ƖŔƣĲƖŔċШŸŉШŉŔƣ 

Trwp 
[r_p #] [r_wp #] [r_exp #] [gof #] [r_p_dash #] [r_wp_dash #] [r_exp_dash #] 
[weighted_Durbin_Watson #] 

]ũŸĤċũШċŰĬШxddШĬĲƓĲŰĬĲŰƣШƖĲŉŔŰĲůĲŰƣШŔŰĬŔĦċƣŸƖƚЮШuĲǃƽŸƖĬƚШĲŰĬŔŰŊШŔŰШљхĬċƚőњШĦŸƖƖĲƚƓŸŰĬШƣŸШ
ĤċĦťŊƖŸƨŰĬШƚƨĤƣƖċĦƣĲĬШƻċũƨĲƚЮ 
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ÑċĤũĲШΠрΞЮШ9ƖŔƣĲƖŔċШŸŉШŉŔƣШыòŸƨŰŊШЯШΝΦΦΟьЮШòŸеůШċŰĬШòĦеůШċƖĲШƣőĲШŸĤƚĲƖƻĲĬШċŰĬШĦċũĦƨũċƣĲĬШĬċƣċШ
ƖĲƚƓĲĦƣŔƻĲũǃШċƣШĬċƣċШƓŸŔŰƣШůбШ7ťŊůШƣőĲШĤċĦťŊƖŸƨŰĬЯШ~ШƣőĲШŰƨůĤĲƖШŸŉШĬċƣċШƓŸŔŰƣƚЯШ ШƣőĲШŰƨůр
ĤĲƖШŸŉШƓċƖċůĲƣĲƖƚЯШƽůШƣőĲШƽĲŔŊőƣŔŰŊШŊŔƻĲŰШƣŸШĬċƣċШƓŸŔŰƣШůбШŉŸƖШĦŸƨŰƣŔŰŊШƚƣċƣŔƚƣŔĦƚШ
ƽůӀΝоsыòŸеůьΞШƽőĲƖĲШsыòŸеůьШŔƚШƣőĲШĲƖƖŸƖШŔŰШòŸеůЮШŰĬШfŸеťШċŰĬШfĦеťШƣőĲШŸĤƚĲƖƻĲĬШċŰĬШĦċũĦƨũċƣĲĬШ
ŔŰƣĲŰƚŔƣŔĲƚШŸŉШƣőĲШťƣőШƖĲŉũĲĦƣŔŸŰЮШΝьШĤċĦťŊƖŸƨŰĬШĦŸƖƖĲĦƣĲĬЮ 

ÅрƓċƣƣĲƖŰЯШÅƓѣ 
Ὑ

Вὣȟ ὣȟ
Вὣȟ

 Ὑ
Вὣȟ ὣȟ

Вὣȟ ὄὯὫ
 

ÅрƽĲŔŊőƣĲĬШƓċƣƣĲƖŰЯШ
ÅƽƓЯШΝÅƽƓѣ Ὑ

Вύ ὣȟ ὣȟ
Вύ ὣȟ

 Ὑ
Вύ ὣȟ ὣȟ

Вύ ὣȟ ὄὯὫ
 

ÅрĲǂƓĲĦƣĲĬЯШΝÅĲǂƓќ 
Ὑ

ὓ ὔ

Вύ ὣȟ
 Ὑ

ὓ ὔ

Вύ ὣȟ ὄὯὫ
 

]ŸŸĬŰĲƚƚШŸŉШŉŔƣЯШ
]§[ ὋὕὊὧὬὭ

Ὑ

Ὑ

Вύ ὣȟ ὣȟ
ὓ ὔ

 

Åр7ƖċŊŊ 
Ὑ

ВὍȟ Ὅȟ
ВὍȟ

 

?ƨƖĤŔŰрìċƣƚŸŰЯШĬЯШ
ΝΦΤΝбШcŔũũШѼШ[ũċĦťЯШ
ΝΦΥΤ 

Ὠ
В ῳὣ ῳὣ

В ῳὣ
 Ƞ       ɝὣ ὣȟ ὣȟ  
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5. .. ÂE uШ]E EÅ Ñf§ Ш  ?ШѢÂE uхÑòÂEѢ 
9ŸŰƻŸũƨƣŔŸŰШŔůƓũŔĲƚШŔŰƣĲŊƖċƣŔŸŰбШċШŉƨŰĦƣŔŸŰШċŰċũǃƣŔĦċũũǃШŔŰƣĲŊƖċƣĲĬШŔƚШĲǂċĦƣШƽőĲƖĲċƚШŰƨůĲƖŔĦċũШ
ŔŰƣĲŊƖċƣŔŸŰШŔƚШċŰШċƓƓƖŸǂŔůċƣŔŸŰШƽŔƣőШċŰШċĦĦƨƖċĦǃШĬĲƓĲŰĬĲŰƣШŸŰШƣőĲШƚƣĲƓШƚŔǍĲШƨƚĲĬШŉŸƖШŔŰƣĲŊƖċр
ƣŔŸŰЮШĦĦƨƖċƣĲШŰƨůĲƖŔĦċũШĦŸŰƻŸũƨƣŔŸŰШŔƚШƨƚĲĬШƽőĲŰШċŰċũǃƣŔĦċũШĦŸŰƻŸũƨƣŔŸŰШŔƚШŰŸƣШƓŸƚƚŔĤũĲбШƣőŔƚШ
ůċťĲƚШŔƣШƓŸƚƚŔĤũĲШƣŸШŔŰĦũƨĬĲШĦŸůƓũĲǂШŉƨŰĦƣŔŸŰƚШŔŰШƣőĲШŊĲŰĲƖċƣŔŸŰШŸŉШƓĲċťШƚőċƓĲƚЮШxċĤŸƖċƣŸƖǃШ
ŔŰƚƣƖƨůĲŰƣШċĤĲƖƖċƣŔŸŰШŉƨŰĦƣŔŸŰƚШůŸƚƣũǃШƖĲƕƨŔƖĲШŰƨůĲƖŔĦċũШĦŸŰƻŸũƨƣŔŸŰЮШÑőŔƚШƓƖŸĦĲƚƚШŸŉШĦŸŰƻŸр
ũƨƣŔŸŰЯШŉƖŸůШċШŉƨŰĬċůĲŰƣċũрƓċƖċůĲƣĲƖƚШƓĲƖƚƓĲĦƣŔƻĲШы9őĲċƖǃШѼШ9ŸĲũőŸЯШΝΦΦΞбШ9őĲċƖǃШĲƣЮċũЮЯШ
ΞΜΜΠьЯШŔƚШċŰШċƓƓƖŸǂŔůċƣŔŸŰбШƚĲĦŸŰĬШŸƖĬĲƖШĲŉŉĲĦƣƚШċŰĬШőŔŊőĲƖШċƖĲШƣǃƓŔĦċũũǃШŰĲŊũĲĦƣĲĬЮШÑőĲƚĲШċƓр
ƓƖŸǂŔůċƣŔŸŰƚШċƖĲШƻċũŔĬШĲǂĦĲƓƣШŉŸƖШĲǂƣƖĲůĲШĦċƚĲƚШƣőċƣШċƖĲШƨŰũŔťĲũǃШƣŸШĲǂŔƚƣШŔŰШƓƖċĦƣŔĦĲЯШŉŸƖШĲǂċůр
ƓũĲЯШċǂŔċũШĬŔƻĲƖŊĲŰĦĲШƽŔƣőШÉŸũũĲƖШƚũŔƣƚШċĦĦĲƓƣċŰĦĲШċŰŊũĲƚШƣőċƣШċƖĲШŊƖĲċƣĲƖШƣőċŰШċĤŸƨƣШΝΞШĬĲŊƖĲĲƚЮШ 

5.1 ..... ÉŸƨƖĦĲШĲůŔƚƚŔŸŰШƓƖŸŉŔũĲƚ 

Generation of the emission profile is the first step in peak generation. It comprises EM linesΣ 
9aƪΣ each of which is a Voigt comprising the parameters la, lo, lh and lgЮШÑőĲШƖĲƚĲƖƻĲĬШƓċƖċůр
ĲƣĲƖШŰċůĲШLamШŔƚШċƚƚŔŊŰĲĬШƣőĲШlo value of the EMť line with the largest laШƻċũƨĲЯШƣőŔƚШE~ťШƽŔũũШĤĲШ
ĦċũũĲĬШE~ÅE[ЮШfƣШŔƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШĬрƚƓċĦŔŰŊƚЮШÑőĲШŔŰƣĲƖƓƖĲƣċƣŔŸŰШŸŉШE~ШĬċƣċШŔƚШĬĲƓĲŰĬĲŰƣШ
ŸŰШpeak_type. For all peak types, the position 2qË calculated for an emission line for a Bragg 
position of 2q is determined as: 

ς— ὃὶὧὛὭὲ
ὉὓὯȟὰέ

ςὨ

σφπ

“
 ШШШШƽőĲƖĲ ςὨ

ὉὓὙὉὊὰέ

ὛὭὲ—
 

2q for xo_Is phases corresponds to the xo parameter. 2q for d_Is phases is given by the Bragg 
equation 2q = ArcSin(Lam/(2 d)) 360/Pi where d corresponds to the value of the d parameter. 
2q values for str and hkl_IsШƓőċƚĲƚШċƖĲШĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚЮШÑőĲШ[ìcìťШŔŰШ
Ξ҄q for an EMť line is determined from the relations provided in Table 5-1. ìőĲŰШno_th_depend-

enceШŔƚШĬĲŉŔŰĲĬШƣőĲŰШƣőĲШĦċũĦƨũċƣŔŸŰШŸŉШΞqťШŔƚШĬĲƣĲƖůŔŰĲĬШŉƖŸů 

ΞqťШӀШΞqШҼШE~ыloЯЮŔь 

The macro No_Th_Dependence can be used when refining on non-X-ray data or fitting to nega-
tive 2q values (see example  E]ñЮf Â). ÑőĲШǂрċǂŔƚШĲǂƣĲŰƣШыǂΝЯШǂΞьШƣŸШƽőŔĦőШċŰШE~ШũŔŰĲШŔƚШĦċũĦƨр
ũċƣĲĬШŔƚШĬĲƣĲƖůŔŰĲĬШĤǃа 

ὍὲὸὩὲίὭὸώ έὪ ὉὓὭȟὼ ὼρ ὼς

ὍὲὸὩὲίὭὸώ έὪ ὉὓὙὉὊὼ π
ώάὭὲͅέὲͅώάὥὼ 

The default value for ymin_on_ymaxШŔƚШΜЮΜΜΝЮШEůŔƚƚŔŸŰШƓƖŸŉŔũĲШĬċƣċШőċƻĲШĤĲĲŰШƣċťĲŰШŉƖŸůШ
cƁũǍĲƖШĲƣЮċũЮШыΝΦΦΤьШċŰĬШċƖĲШƚƣŸƖĲĬШŔŰШйЮx ~ШŉŔũĲƚШŔŰШƣőĲШx ~ШĬŔƖĲĦƣŸƖǃЮ 

ÑċĤũĲШΡрΝЮШ[ìcìťШŔŰШΞ҄qШŉŸƖШċŰШE~ťШũŔŰĲШŉŸƖШƣőĲШĬŔŉŉĲƖĲŰƣШƓĲċťШƣǃƓĲƚЮ 

[ÂШƓĲċťШƣǃƓĲ ὊὡὌὓ
ὉὓὯȟὰὬ

ὒὃὓ

Ὕὥὲ—σφπ

“
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ÂéШƓĲċťШƣǃƓĲ ὊὡὌὓ
ÐÖͅÆ×ÈÍὉὓὯȟὰὬ

ὉὓὙὉὊὰὬ
 

ÉÂéffШƓĲċťШƣǃƓĲ ὊὡὌὓ
 Ὤ Ὤ ὉὓὯȟὰὬ

ὉὓὙὉὊὰὬ
 

ÉÂéШƓĲċťШƣǃƓĲ ὊὡὌὓ
 ίὴὺ ίὴὺ ὉὓὯȟὰὬ

ὉὓὙὉὊὰὬ
 

5.2 ..... ÂĲċťШŊĲŰĲƖċƣŔŸŰШċŰĬШƓĲċťШƣǃƓĲƚ 

ÂőċƚĲШƓĲċťƚШÂШċƖĲШŊĲŰĲƖċƣĲĬШċƚШŉŸũũŸƽƚа 

ÂШӀШ]ĲƣыscaleьШ]ĲƣыċũũхƚĦċũĲхƓťƚьШE~ыpeak_typeьШÃШ9ŸŰƻŸũƨƣŔŸŰƚ ыΡрΝь 

where the emission profile (EM) is generated first with emission profile lines of type peak_type; 
the symbol Ã denotes convolution. Peaks are then convoluted with any defined convolutions, 
multiplied by the scale parameter, multiplied by any defined scale_pks, and then multiplied 
by an intensity parameter. For xo_Is, d_Is and hkl_Is phases the intensity is given by the I pa-
rameter. For str phases it corresponds to the square of the structure factor F2(hkl). Convolu-
tions are normalized and ĬŸШŰŸƣШĦőċŰŊĲШƣőĲШċƖĲċШƨŰĬĲƖШċШƓĲċťШĲǂĦĲƓƣШŉŸƖШthe capillary_diame-
ter_mm and lpsd_th2_angular_range_degrees convolutionsЮШÑőĲШċƖĲċШƨŰĬĲƖШƣőĲШĲůŔƚƚŔŸŰШƓƖŸр
ŉŔũĲШŔƚШĬĲƣĲƖůŔŰĲĬШĤǃШƣőĲШƚƨůШŸŉШƣőĲШlaШƓċƖċůĲƣĲƖƚбШƣǃƓŔĦċũũǃЯШƣőĲǃШċĬĬШƨƓШƣŸШΝЮШÑőĲШĬĲŉŔŰŔƣŔŸŰƚШ
ŸŉШƣőĲШƓƚĲƨĬŸрéŸŔŊƣШċŰĬШÂĲċƖƚŸŰéffШŉƨŰĦƣŔŸŰƚШċƖĲШƓƖŸƻŔĬĲĬШŔŰШTable 5-2ЮШ 

ÑċĤũĲШΡрΞЮ ÖŰŔƣШċƖĲċШƓĲċťШƣǃƓĲƚЮШǂШĦŸƖƖĲƚƓŸŰĬƚШƣŸШ(2q-2qk) where 2qk is the position of the kth 
reflection. fwhm corresponds to the Full Width at Half Maximum. h is the PV mixing param-
eter. TőĲШћΝќШċŰĬШћΞќШƚƨĤƚĦƖŔƓƣƚШĦŸƖƖĲƚƓŸŰĬШƣŸШƣőĲШũĲŉƣШċŰĬШƖŔŊőƣШŸŉШƣőĲШƚƓũŔƣШŉƨŰĦƣŔŸŰƚЮ 

]ċƨƚƚŔċŰШ 

Ὃ ὼ
Ὣ

ὪύὬά
Ὁὼὴ

Ὣὼ

ὪύὬά
ȟ   Ὣ ς

ὒὲς

“
ȟ   Ὣ τὒὲς 

xŸƖĲŰƣǍŔċŰШ 

ὒ ὼ

ὰ
ὪύὬά

ρ
ὰὼ
ὪύὬά

ȟ ὰ
ς

ʌ
ȟ ὰ  τ 

ÂƚĲƨĬŸéŸŔŊƣ ὖὠ –ὒ ὼ ρ –Ὃ ὼ 
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ÉƓũŔƣШÂĲċƖƚŸŰéff 

ШÉÂéff 

ὛὖὠὍὍὖὠὍὍ ὖὠὍὍ 

ὖὠὍὍ ὥ ρ ὦὼ ȟ    ÆÏÒ Њ ὼ π 

ὖὠὍὍ ὥ ρ ὦὼ ȟ    ÆÏÒ π ὼ Њ  

ὥ ϵ ῲϵ
ῲά ϵ

ῲά ὦ

ῲά ϵ

ῲά ὦ
 

ὦ ς ρὬ ȟ    ὦ ς ρὬ  

ὪύὬά ς Ὤȟ   ὪύὬά ς Ὤȟ   ὪύὬά  Ὤ  Ὤ 

ÉƓũŔƣШÂƚĲƨĬŸéŸŔŊƣ 

ШÉÂé 
Ὓὖὠ

ςὖὠ ὥ ὖὠ

ρ ὥ
 

ὖὠ ὖὠὬȟ– ȟ       ÆÏÒ Њ ὼ π 

ὖὠ ὖὠὬȟ– ȟ      ÆÏÒ π ὼ Њ  

ὥ
ὖὠ ὼ π

ὖὠ ὼ π
 

ὪύὬά ς Ὤȟ   ὪύὬά ς Ὤȟ   ὪύὬά  Ὤ  Ὤ 

Lorentzian and Gaussian convolutions using lor_fwhm and gauss_fwhm equations are ċŰċũǃƣр
ŔĦċũũǃШĦŸŰƻŸũƨƣĲĬШƽŔƣőШ[ÂШċŰĬШÂéШƓĲċťШƣǃƓĲƚШċŰĬШŰƨůĲƖŔĦċũũǃШĦŸŰƻŸũƨƣĲĬШƽŔƣőШƣőĲШÉÂéffШċŰĬШ
ÉÂéШƓĲċťШƣǃƓĲƚЮШÑőĲƚĲШŰƨůĲƖŔĦċũШĦŸŰƻŸũƨƣŔŸŰƚШőċƻĲШċШőŔŊőШĬĲŊƖĲĲШŸŉШċĦĦƨƖċĦǃШċƚШƣőĲǃШĦŸůр
ƓƖŔƚĲШċŰċũǃƣŔĦċũШxŸƖĲŰƣǍŔċŰШċŰĬШ]ċƨƚƚŔċŰШŉƨŰĦƣŔŸŰƚШĦŸŰƻŸũƨƣĲĬШƽŔƣőШƚƣƖċŔŊőƣШũŔŰĲШƚĲŊůĲŰƣƚЮШ[ŸƖШ
[ÂШċŰĬШÂéШƓĲċťШƣǃƓĲƚЯШƣőĲШŉŔƖƚƣШĬĲŉŔŰĲĬШhatШĦŸŰƻŸũƨƣŔŸŰШŔƚШĦŸŰƻŸũƨƣĲĬШċŰċũǃƣŔĦċũũǃЮШĬĬŔƣŔŸŰċũШ
őċƣШconvolutions ŉŸƖШċũũШƓĲċťШƣǃƓĲƚШċƖĲШĦŸŰƻŸũƨƣĲĬШŰƨůĲƖŔĦċũũǃЮШ[ŸƖШĦũċƚƚŔĦШċŰċũǃƣŔĦċũШŉƨũũШƓċƣр
ƣĲƖŰШŉŔƣƣŔŰŊШƣőĲШůċĦƖŸƚШPV_Peak_TypeЯШPVII_Peak_TypeЯШTCHZ_Peak_TypeШĦċŰШĤĲШƨƚĲĬЮШÑőĲƚĲШ
ůċĦƖŸƚШƨƚĲШƣőĲШŉŸũũŸƽŔŰŊШƖĲũċƣŔŸŰƚőŔƓƚШƣŸШĬĲƚĦƖŔĤĲШƓƖŸŉŔũĲШƽŔĬƣőШċƚШċШŉƨŰĦƣŔŸŰШŸŉШΥqЮ 

PV_Peak_Type 

fwhm = ha + hb tan(q) + hc/cos(q) 

h = lora + lorb tan(q) + lorc/cos(q) 

where ha, hb, hc, lora, lorb, lorc are re-
fineable parametersΦ 

PVII_Peak_Type 

ŉƽőůΤЮӀШŉƽőůΥЮӀЮőċЮӂЮőĤЮƣċŰыq)ЮӂЮőĦоĦŸƚыq) 

ůΤЮӀЮůΥЮӀШΜЮΣШҼШůċЮҼЮůĤЮƣċŰыq)ЮҼЮůĦоĦŸƚыq) 

where őċ, őĤ, őĦ, ůċ, ůĤ, ůĦ are refineable pa-
rameters. 

TCHZ_Peak_TypeаШÑőĲШůŸĬŔŉŔĲĬШÑőŸůƓƚŸŰр9ŸǂрcċƚƣŔŰŊƚШƓƚĲƨĬŸрéŸŔŊƣШѢÑ9cüѢШŔƚШĬĲŉŔŰĲĬШċƚШ
ыĲЮŊЮШòŸƨŰŊЯШΝΦΦΟЯШƚĲĲШĲǂċůƓũĲШxé§ΠхÑ9cЮf Âьа 

hШӀШΝЮΟΣΣΜΟШƕШрШΜЮΠΤΤΝΦШƕΞШҼШΜЮΝΝΝΣШƕΟ 

ƽőĲƖĲ ƕШӀШGxШоШG 
GШӀШыG]ΡШҼШG]ΠGxШҼШ7G]ΟGxΞШҼШ9G]ΞGxΟШҼШ?G]GxΠШҼШGxΡьΜЮΞШӀШŉƽőů 
ШӀШΞЮΣΦΞΣΦЯШ7ШӀШΞЮΠΞΥΠΟЯШ9ШӀШΠЮΠΤΝΣΟЯШ?ШӀШΜЮΜΤΥΠΞ 
G]ШӀШыÖШƣċŰΞqШҼШéШƣċŰqШҼШìШҼШüШоШĦŸƚΞqьΜЮΡШ 
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GxШӀШñШƣċŰqШҼòШоШĦŸƚq 

ƽŔƣőШÖЯШéЯШìЯШñЯШòЯШüШċƚШƖĲŉŔŰĲĬШƓċƖċůĲƣĲƖƚЮ 

5.3 ..... 9ŸŰƻŸũƨƣŔŸŰШċŰĬШƣőĲШƓĲċťШŊĲŰĲƖċƣŔŸŰШƚƣċĦť 

ÑőĲШĲůŔƚƚŔŸŰШƓƖŸŉŔũĲШŸŉШċШƓĲċťШÂΜШŸŉШċШĦĲƖƣċŔŰШƓĲċťШƣǃƓĲШыŔЮĲЮШ[ÂЯШÂéШĲƣĦвьШŔƚШŉŔƖƚƣШĦċũĦƨũċƣĲĬШċŰĬШ
ƓũċĦĲĬШŸŰƣŸШċШћÂĲċťШĦċũĦƨũċƣŔŸŰШƚƣċĦťќЮШÂΜШċŰċũǃƣŔĦċũũǃШŔŰĦũƨĬĲƚ lor_fwhm and gauss_fwhm 

convolutions for FP and PV peak types and additionally one hat convolution if defined; the hat 
convolution is included analytically only if its corresponding num_hats has a value of 1 and if 
it does not take part in stack operations. Further defined convolutions are convoluted with the 
top member of the stack. The last convolution should leave the stack with one entry represent-
ing the final peak shape. The following keywords allow for manipulation of the Peak calculation 
stack: 

ώpush_peakϐΦΦΦ 

ώbring_2nd_peak_to_topϐΦΦΦ 

ώbring_n_peak_to_top Η9ϐΦΦΦ 

ώadd_pop_1st_2nd_peakϐΦΦΦ 

ώscale_top_peak 9ϐΦΦΦ 

ώset_top_peak_area 9ϐΦΦΦ 

push_peak duplicates the top of the stack; bring_2nd_peak_to_top brings the second entry to 
the top of the stack, bring_n_peak_to_topШĤƖŔŰŊƚШƣőĲШŰƣőШƓĲċťШƣŸШƣőĲШƣŸƓШыŰӀΜШĦŸƖƖĲƚƓŸŰĬƚШƣŸШ
ƣőĲШƣŸƓШŸŉШƣőĲШƚƣċĦťьШand add_pop_1st_2nd_peak adds the top entry to the second most recent 
entry and then pops the stack. scale_top_peak scales the peak at the top of the stack. As an 
example, consider the generation of back-to-back exponentials as required by GSAS time of 
flight peak shape 3: 

push_peak  
   prm a0  481.71904 del  = 0.05 Val + 2;  
   prm a1 - 241.87060 del  = 0.05 Val + 2;  
   exp_conv_const  = a0 + a1 / D_spacing;  
bring_2nd_peak_to_top  
   prm b0 - 3.62905 del  = 0.05 Val + 2;  
   prm b1  6.44536 del  = 0.05 Val + 2;  
   exp_conv_const  = b0 + b1 / D_spacing^4;  
add_pop_1st_2nd_peak  

The first statement push_peak pushes P0 onto the stack leaving two peaks on the stack:  

ÉƣċĦťШӀШÂΜЯШÂΜ 

The top member is then convoluted by the first exp_conv_const convolution, or,  

ÉƣċĦťШӀШÂΜЯШÂΜШÃШexp_conv_const 

where Ã denotes convolution. bring_2nd_peak_to_top results in the following:  

ÉƣċĦťШӀШÂΜШÃШexp_conv_constЯШÂΜ 
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ċŰĬШƣőĲШŰĲǂƣШĦŸŰƻŸũƨƣŔŸŰШƖĲƚƨũƣƚШŔŰаШ 

ÉƣċĦťШӀШÂΜШÃШexp_conv_constЯШÂΜШШÃШexp_conv_const 

Thus, the stack contains two peaks convoluted with exponentials. The last statement 
add_pop_1st_2nd_peak produces:  

ÉƣċĦťШӀШÂΜШÃШexp_conv_constШҼШÂΜШШÃШexp_conv_const 

Convolutions applied to peaks are normalized after convolution. Thus, the following, from WIF 
DċƻŔĬќƚШůċĦƖŸШwifd_mic_moderator, will give unintended peak shapes: 

push_peak                           ª >AJKL H=9C 
scale_top_peak = 1 -  storage  

bring_2nd_peak_to_top              ª K=;GF< H=9C 
exp_conv_const = - Ln(0.001) / (taus_0 + taus_1 / lam^2);  
scale_top_peak = storage;     

add_pop_1st_2nd_peak  

ƽőĲƖĲШƣőĲШƖċƣŔŸШŸŉШƣőĲШċƖĲċƚШŸŉШƣőĲШŉŔƖƚƣШƓĲċťШƣŸШƣőĲШƚĲĦŸŰĬШƓĲċťШƽŸŰќƣШĤĲШы1-storage)/storage. 
This can be remedied by normalizing the exp_conv_const aberration as follows: 

push_peak  
scale_top_peak = 1 -  storage;  

bring_2nd_peak_to_top  
exp_conv_const = - Ln(0.001) / (taus_0 + taus_1 / lam^2);  
scale_top_peak = storage Yobs_dx_at (Xo);     

add_pop_1st_2nd_peak  

However, not all aberrations are easily normalized; set_top_peak_area overcomes this prob-
lem by normalizing the area itself in situ. The INP segment can now be written as: 

push_peak  
set_top_peak_area = 1 -  storage;  

bring_2nd_peak_to_top  
exp_conv_const = - Ln(0.001) / (taus_0 + taus_1 / lam^2);  
set_top_peak_area = storage;     

add_pop_1st_2nd_peak  

5.4 ..... ÉƓĲĲĬШоШ ĦĦƨƖċĦǃШċŰĬШƓĲċťхĤƨŉŉĲƖхƚƣĲƓ 

[ŸƖШĦŸůƓƨƣċƣŔŸŰċũШĲŉŉŔĦŔĲŰĦǃЯШƓőċƚĲШƓĲċťƚШċƖĲШĦċũĦƨũċƣĲĬШċƣШƓƖĲĬĲŉŔŰĲĬШΞqШŔŰƣĲƖƻċũƚШŔŰШċШљƓĲċťƚШ
ĤƨŉŉĲƖњЮШfŰШĤĲƣƽĲĲŰШƓĲċťƚШċƖĲШĬĲƣĲƖůŔŰĲĬШĤǃШƚƣƖĲƣĦőŔŰŊШċŰĬШŔŰƣĲƖƓŸũċƣŔŰŊЮШÖƚĲШŸŉШƣőĲШƓĲċťƚШ
ĤƨŉŉĲƖШĬƖċůċƣŔĦċũũǃШƖĲĬƨĦĲƚШƣőĲШŰƨůĤĲƖШŸŉШƓĲċťƚШĦċũĦƨũċƣĲĬЮШÑǃƓŔĦċũũǃЯШŰŸШůŸƖĲШƣőċŰШΡΜШƣŸШΝΜΜШ
ƓĲċťƚШċƖĲШŰĲĦĲƚƚċƖǃШƣŸШċĦĦƨƖċƣĲũǃШĬĲƚĦƖŔĤĲШƓĲċťƚШċĦƖŸƚƚШċШƽőŸũĲШĬŔŉŉƖċĦƣŔŸŰШƓċƣƣĲƖŰЮШÑőĲШŉŸũр
ũŸƽŔŰŊШťĲǃƽŸƖĬƚШċŉŉĲĦƣШƣőĲШċĦĦƨƖċĦǃШŸŉШƓőċƚĲШƓĲċťƚа 

ώpeak_buffer_step Η9ϐ 
ώconvolution_step Імϐ 

ώymin_on_ymax Іϐ  

ώaberration_range_change_allowed Η9ϐ  
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?ĲŉċƨũƣШƻċũƨĲƚШfor these are typically adequate. peak_buffer_step determines the maximum x-
axis spacing between peaks in the peaks buffer, it has a default value of 500*Peak_Calcula-
tion_Step. A value of zero will force the calculation  of a new peak in the peaks buffer for each 
peak of the phase. Note that peaks are not calculated for x-axis regions that are void of phase 
peaks. convolution_step defines an integer corresponding to the number of calculated data 
points per measurement data point used to calculate the peaks in the peaks buffer, see x_cal-
culation_stepΦ Increasing the value for convolution_step improves accuracy for data with large 
step sizes or for peaks that have less than 7 data points across the FWHM. ymin_on_ymax de-
termines the x-axis extents of a peak (see also section 5.1). aberration_range_change_allowed 
describes the maximum allowed change in the x-axis extent of a convolution aberration before 
a new peak is calculated for the peaks buffer. For example, in the case of axial_conv the spac-
ing between peaks in the peaks buffer should be small at low angles and large at high angles. 
aberration_range_change_allowed is a dependent of the peak type parameters and convolu-
tions as shown in Table 5-3. ÉůċũũШƻċũƨĲƚШŉŸƖШaberration_range_change_allowedШƖĲĬƨĦĲƚШƣőĲШ
ƚƓċĦŔŰŊШĤĲƣƽĲĲŰШƓĲċťƚШŔŰШƣőĲШƓĲċťƚШĤƨŉŉĲƖШċŰĬШƚƨĤƚĲƕƨĲŰƣũǃШŔŰĦƖĲċƚĲШƣőĲШŰƨůĤĲƖШŸŉШƓĲċťƚШŔŰШ
ƣőĲШƓĲċťƚШĤƨŉŉĲƖЮ 

ÑċĤũĲШΡрΟЮШ?ĲŉċƨũƣШƻċũƨĲƚШŉŸƖШaberration_range_change_allowedЮ 

Parameter  Default  aberration_range_change_allowed 

m1Я m2 ΜЮΜΡ 

pv_lorЯ spv_l1Я spv_l2 ΜЮΜΝ 

h1Я h2Я pv_fwhmЯ spv_h1Я spv_h2 Peak_Calculation_Step 

hatЯ axial_convЯ whole_hatЯ half_hat Peak_Calculation_Step 

one_on_x_convЯ exp_conv_const, cir-
cles_conv 

Peak_Calculation_Step 

lor_fwhmЯ gauss_fwhm Peak_Calculation_Step 

5.5 ..... ÑőĲШƓĲċťƚШĤƨŉŉĲƖЯШƚƓĲĲĬШċŰĬШůĲůŸƖǃШĦŸŰƚŔĬĲƖċƣŔŸŰƚ 

Anisotropic peak shapes result in the peaks-buffer holding as many peaks as there are hkls. 
For problems with 100,000s of peaks the calculation time and storage of the peaks-buffer can 
be prohibitive. This situation can be mitigated using the phase dependent 
peak_buffer_based_on: 

[str | hkl_Is | xo_Is | d_Is] 
[peak_buffer_based_on !E [peak_buffer_based_on_tol !E] ]...  

When peak_buffer_based_on is defined, the usual means of determining the size of the peak 
buffer is over-ruled. Instead, peaks are grouped according to the peak_buffer_based_on crite-
rion. For example, to insert a peak into the peak buffer at x-axis intervals of 1 then the following 
can be used: 

peak_buffer_based_on  = Xo; peak_buffer_based_on_tol  1 
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Thus, peaks with similar XoќƚЯШċƚШĬĲŉŔŰĲĬШĤǃШpeak_buffer_based_on_tol, are grouped. Occa-
sionally peaks that are a function of hkls have groups of hkls that are of the same peak shape 
and at a similar x-axis position. The following demonstrates how to group these peaks such 
that a single peak shape is calculated. 

peak_buffer_based_on  = Xo; peak_buffer_based_on_tol  0.01  
peak_buffer_based_on  = sh; peak_buffer_based_on_tol  1e- 7 

where sh can be a spherical harmonics parameter or an equation describing hkl dependence 
or a march_dollase parameter. When more than one peak_buffer_based_on is defined then 
peak groups obey all of the peak_buffer_based_onћs. peak_buffer_based_on disables the peak 
stretching procedures and any defined aberration_range_change_allowedЮШ
peak_buffer_based_on can be a function of the reserved parameters H, K, L, M, D_spacing, X, 
Xo, Th. 

Depending on the problem, smaller values such as 1e-7 can significantly reduce the number 
of peaks stored in the peaks buffer (a factor of 15 at times) without significantly affecting Rwp. 
A negative value for peak_buffer_based_on_tol will force a calculation for each peak resulting 
in independent hkl peak shapes, for example: 

peak_buffer_based_on  1 peak_buffer_based_on_tol  - 1 

5.6 ..... ŰШ ĦĦƨƖċƣĲШéŸŔŊƣ 

[more_accurate_Voigt] can be used to override the default Pseudo-Voigt approximation to the 
Voigt. It decreases the error (Voigt_approx т Voigt_true) by a factor of ~100. Defining G as the 
FWHM of a Gaussian and L as the FWHM of a Lorentzian; the screen shots below show fits to 
a range of G convoluted with L, resulting in Voigts, with L varying from 0.01 to 0.09 and G+L=1. 
Fitting to the Voigts using pseudo-Voigts we get  

 

Fitting to the Voigts using the accurate calibration results in the small difference plots seen in 
the following: 
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The more_accurate_Voigt calibration is accurate and fast. It fits to each true Voigt the follow-
ing: 

fit_obj  = a1 (2 Sqrt(Ln(2) / Pi) / f1) Exp( - 4 Ln(2)(X / f1)^2);  
fit_obj  = a2 (2 Sqrt(Ln(2) / Pi) / f2) Exp( - 4 Ln(2)(X / f2)^2);  
fit_obj  = a3 (2 / (Pi f3)) / (1 + 4 (X / f3)^2);  
fit_obj  = a4 (4 / (Pi f4)) / (1 + 4 (X / f4)^2)^2;  

One thousand sets of a0, a1, a2, a3, f0, f1, f2, f3 parameters were determined by fitting to 1000 
true Voigts with L varying from 0 to 1 in steps of 0.001. 

numerical_lor_gauss_conv ĦƖĲċƣĲƚШċШћƣƖƨĲќШVoigt by numerically convoluting Gaussians with 
Lorentzians; the extents to which these aberrations are calculated can be defined using nu-
merical_lor_ymin_on_ymax (default of 0.0001). The 9ÅE ÑEЮf Â file in the ÑEÉÑхEñ ~р
ÂxEÉпé§f]Ñр ÂÂÅ§ñ directory uses numerical_lor_gauss_conv where the amount of Lo-
rentzian is entered as a number out of a 1000. A value of 500 would yield a Voigt with a Lo-
rentzian FWHM of 0.5 and a Gaussian FWHM of 0.5. The generated true Voigt is calculated by 
numerically convoluting a lor_fwhm with a gauss_fwhm. The generated true Voigt is saved to a 
file with the name é§f]Ñ    Юñò, where      corresponds to a number between 0 and 
1000. The file generated contains 100,000 data points. The step size used in the convolutions 
is as small as 0.0005 when using a convolution_step of 4.  

TOPAS uses an FFT to perform the double summation of the convolution. However, for lor > 
500, the convolution itself comprises an analytical Lorentzian with a Gaussian comprising 
straight line segments. For lor < 500 then an analytical Gaussian is convoluted with a Lo-
rentzian comprising straight line segments.  

¶ The file [fÑрÂéЮf Â fits a pseudo-Voigt to the generated true Voigt. 

¶ The file [fÑр~§ÅEЮf Â fits to the generated true Voigt using equivalent fit_objќƚЮШ 

¶ The file [fÑр§7sЮf Â fits fit_obj's to the generated true Voigt.Ш 

The difference plot from [fÑрÂéЮf Â is in the order of 500 to 1000 times larger than the difference 
plot from [fÑр~§ÅEЮf Â.  

5.7 ..... ÉƣƖĲƣĦőŔŰŊШƓĲċťƚ 

strв Examples 
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[stretch_pks E] ÉÑÅEÑ9cрÂuÉпÉÑÅEÑ9cрΝЮf Â 

Refining 1000s of phases, where each has a peaks buffer that needs recalculation each itera-
tion of the refinement, can be time consuming; as in XRT-CT refinements. In fact, many peak 
aberration parameters require the recalculation of the peaks buffer for each parameter deriv-
ative for each iteration of the refinement. The lor_fwhm and gauss_fwhm convolutions are two 
such parameters and typical usage is via the following macros:  

CS_G(@, 100)  
CS_L(@, 100)  

ìőĲŰШƣőĲШƻċũƨĲƚШŸŉШƣőĲШlor_fwhm and gauss_fwhm parameters are approximately known, then 
the shapes of the peaks can be approximated by stretchingЮШ[ŸƖШƚǃůůĲƣƖŔĦШƓĲċťƚШƣőĲШċƓƓƖŸǂр
ŔůċƣŔŸŰШŔƚШċũůŸƚƣШĲǂċĦƣбШċƚǃůůĲƣƖŔĦШƓĲċťƚЯШƓĲċťƚШƽŔƣőШċƚǃůůĲƣƖŔĦШĦŸŰƻŸũƨƣŔŸŰƚЯШċƖĲШŰŸƣШĲǂċĦƣШ
ĤƨƣШŔŉШƣőĲШƻċũƨĲƚШċƖĲŰќƣШƣŸŸШŉċƖШŸŉŉШŸƓƣŔůċũШƻċũƨĲƚШƣőĲŰШƣőĲШċƓƓƖŸǂŔůċƣŔŸŰШĦċŰШĤĲШŊŸŸĬЮШÑőĲШĤĲŰр
ĲŉŔƣШŸŉШƚƨĦőШċŰШċƓƓƖŸǂŔůċƣŔŸŰШŔƚШƚƓĲĲĬЯШƽőĲƖĲЯШƨƚŔŰŊШstretch_pksШŔŰШƣőĲШÉÑÅEÑ9cрΝЮf Â example 
speeds up refinement by a factor of 4.1. The usage of stretch_pks is as follows: 

CS_L(100) ª FGL J=>AF=< 
CS_G(100) ª FGL J=>AF=< 
stretch_pks  @ 1 min  0.001  max 10 

The limits of a stretched peak, x1_s and x2_s, in terms of the unstretched limits x1 and x2, and 
the peak position Xo are: 

x1_s = x0 т (Xo т x1) Get(stretch_pks) 
x2_s = x0 + (x2 т Xo) Get(stretch_pks) 

5.8 ..... ƣƖċŰƚŉŸƖůхǂШƽŔƣőŸƨƣШƖĲĦċũĦƨũċƣŔŰŊШƓċƣƣĲƖŰƚ 

[transform_x E] Examples 

ÑÅ  É[§Å~хñпÑÂñЮf Â 

The transform_x keyword stretches a calculated phase pattern to form a final phase calcu-
lated pattern without recalculating peaks or summing peaks to Ycalc. The following: 

prm tpx 0 transform_x = X + tpx Sin(X Pi / 360);  

is an approximation to: 

prm tpx 0 th2_ffset = tpx Sin(X Pi/ 360);  

This approximation is accurate when the change in transform_X is smooth and when its largest 
value is in the order of what is expected from XRD-CT data. For two common strs residing in 
different xdds, then if th2_offset were to be used then two th2_offsets would need to be de-
fined and the formation of the summation of the peaks to the calculated pattern performed 
twice. transform_X on the other hand allows for the reuse of a common calculated str pattern. 
A further description is given in section 6.  
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6. .. ÅEÖÉf ]Ш§7sE9ÑÉШf Шx Å]EШÅE[f E~E ÑÉ 
lat_prms ҘŰċůĲШэШвШю 
str_dets ҘŰċůĲШэШвШю 
phase_dets ҘŰċůĲШэШвШю 
use эШвШю 

Examples 

ÑEÉÑхEñ ~ÂxEÉпñÅ?р9ÑпñÅ?р9ÑрΜЮf Â 
ÑEÉÑхEñ ~ÂxEÉпñÅ?р9ÑпñÅ?р9ÑрΝЮf Â 

The keywords lat_prms, str_dets and phase_dets can be used to define a set of lattice param-
eters, structural details and phase details that can be used multiple times within phases with-
out recalculation of the corresponding item. The benefit is a reduction in memory usage and a 
speed up in refinement that is substantial when 100s of 1000s of phases are present. Similarly, 
derivatives of the common item are calculated once. 

For a common phase with similar lattice parameters, then it is possible to use a commons set 
of hkls. Similarly, if the structure factors of the two phases are the same but the lattice param-
eters are different (but similar) then it is also possible to use a common set of structure factors. 
Absent the above keywords, the program automatically searches for common items in a global 
manner but with restrictions. For example, strs with hkls that are not identical cannot use a 
common str. However, defining the structure details in a str_dets object allows for a common 
structure even when the normal set of hkls generated would be vastly different.  

ñÅ?р9ÑрΜЮf Â is a two str and two xdd example that highlights the use of the above keywords. 
It looks like: 

' Change case_ to 0, 1  
#prm case _ = 1;  
iters 0 
lam la 1 lo ! lam 1 lg 0.3   ymin_on_ymax 0.001  
str_dets s0  {  
   space_group i41/amd:2  
   site Zr x  0 y =3/4;      z =1/8;      occ Zr+4 1 beq !b 1 1 
   site Si x 0 y =1/4;      z =3/8;      occ Si   1 beq !b 2 1 
   site O  x 0 y !y1 0.066  z !z1 0.1951 occ O- 2  1 beq !b 3 2 
}  
lat_prms l0 { Tetragonal( 6, 4) }  
lat_prms l1 { Tetragonal( 5, 7) }  
 
prm !lor_ = Constant(0.1 Rad lam) / Cos(Th);  
phase_dets pd0 { prm !cs0 140 min 10 max 500 lor_fwhm = lor_ / cs0; }  
phase_dets pd1 { prm !cs1 100 min 10 max 500 lor_fwhm = lor_ / cs1; }  
 
prm o10 0.01 min - 0.1 max 0.1  
prm o20 0.02 min - 0.1 max 0.1  
prm o11 0.03 min - 0.1 max 0.1  
prm o21 0.04 min - 0.1 max 0.1  
phase_dets ze0 { transform_X = o10 + o20 X + X; }  
phase_dets ze1 { transform_X = o11 + o21 X + X; }  
 
yobs_eqn aac1.xy = 1; min  30 m ax 60 del 0.01  
   out_sfn4_ycalc = "xrd - ct - 00.sfn4";  
   bkg  @ 100 - 20 10  
   #if case_ == 0;  
      str scale @ 1 load use  { l0 s0 pd0 ze0 }  
   #elseif case_ == 1;  
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      str scale @ 1 load use  { l0 s0 pd0 ze0 }  
   #endif              
 
yobs_eqn aac2.xy = 1;  min 10 max 60 d el 0.01  
   out_sfn4_ycalc = "xrd - ct - 01.sfn4";  
   bkg  @ 100 - 20 10  
   #if case_ == 0;  
      str scale @ 1 load use { l1 s0 pd1 ze1 }  
   #elseif case_ == 1;  
      str scale @ 1 load use { l1 s0 pd0 ze1 }  
   #endif  

In the above, there are two strs and two xdds . In a real-world example this could extended to 
100s of 1000s of xdds and strs resulting in an INP file comprising millions of lines. It is therefore 
efficient to define things once as is the case of lam. Modifying the preprocessor case_ #prm at 
the top of the file demonstrates capabilities. The case_=1 scenario is for the following: 

- Two xdds  each with one str 
- The two strs use a common str_dets resulting in only one set of hkls being generated 

and on set of structure factor. 
- The lattice parameters for the two strs are different and therefore two sets are used. 
- The zero errors (transform_X) are different and therefore two sets used. 
- The lor_fwhm peak shape convolutions (crystallite size) are different and therefore 

two sets are used. 

case_=1 is an unrealistic example where the lattice parameters and x-axis of the two xdds are 
vastly different. The power of reusing object becomes apparent in a real-world sense where 
lattice parameters, amongst similar structures, are expected to be more similar. Important 
output from refinement for case_=1 is as follows: 

Num data files: 2  
Num hkl - sets/unique: 2 1 
Num structure - factors - sets/unique: 2 1 
Num m4_d2_inv unique: 1 
Num peak buffers unique: 2  
Num xo_ds unique: 2  
Num bkg derivs unique: 2  
Num transform_X/unique: 2 2  
Num peak - shape - objects: 8  
Num hkl_pk_dets/unique: 2 2  
Num pk_sum_limits unique: 2  
 
*** Warning: Lattice parameters not similar  
    but using the same structure factors  
 
   a 6 and 5  
   b 6 and 5  
   c 4 and 7  
   al 90 and 90  
   be 90 and 90  
   ga 90 and 90  

The unique items are shown in Red. Notice the warning which is due to the vastly different lat-
tice parameters. case_=2 sets the peak shapes to be the same for the two phase and the out-
put now looks like: 
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Num hkl - sets/unique: 2 1 
Num peak buffers unique: 1 
Num m4_d2_inv unique: 1 
Num structure - factors - sets/unique: 2 1 

Here we see one common peak buffer and thus only one is generated, and only derivatives for 
its parameters are calculated. Also seen is that one set of hkls is generated. The mini-
mum/maximum x-axis values, used for the generation of the common hkls, corresponds to the 
minimum/maximum values of the the start_X/finish_X and extra_X_left/extra_X_right of all the 
common strs.  

The example ñÅ?р9ÑрΝЮf Â refines on simulated data comprising 150,000 strs and 163,150 in-
dependent parameters. 20 iterations are completed in ~60s on an 8-core laptop. A few points 
to note when running ñÅ?р9ÑрΝЮf Âа 

- Turn off animated fitting in the GUI, it cannot cope with 2000 xdd files and 150,000 strs.  

- ÅƨŰШŉŔƖƚƣШƽŔƣőШљмĬĲŉŔŰĲШ9ÅE ÑEхњШƣŸШĦƖĲċƣĲШƣőĲШƚŔůƨũċƣĲĬШĬċƣċЮШÑőĲШĬċƣċШŉŔũĲƚШċƖĲШĦƖĲċƣĲĬШ
using the out_sfn4_ycalc keyword. This keyword outputs binary format files with a SFN4 
extension. XY formats can also be outputted as well if desired.  

- ?ŸШċШŉŔƖƚƣШƖƨŰШƽŔƣőШљ#define SUBSET_њШƣŸШƚĲĲШőŸƽШƣőŔŰŊƚШũŸŸťШыċŰŔůċƣĲĬШŊƖċƓőŔĦƚШĦċŰШĤĲШ
turned on here). 

- Then remove the #define and turn off animated graphics. 

- 3.1 Gbytes of memory is used. 

Output from the refinement looks like: 

TOPAS- 64 Version 8.38 (c) 1992 - 2020 Alan A. Coelho  
   Maximum number of threads 8  
Time   0.25, INP file pre - processed  
approximate_A_check_must_be_zero On  
Loading xyz's for fm - 3m from file C: \ w\ sg \ fm- 3m.sg  
Num hkls generated for C: \ w\ sg \ fm- 3m.sg 50  
Loading xyz's for fm3m from file C: \ w\ sg \ fm3m.sg  
Num hkls generated for C: \ w\ sg \ fm3m.sg 55  
Loading xyz's for i41/amd:2 from file C: \ w\ sg \ i41oamdq2.sg  
Num hkls generated for C: \ w\ sg \ i41oamdq2.sg 313  
Num hkl - sets/unique: 150000  3 
Num peak buffers unique: 3  
Num independent parameters: 163150  
Num data files: 2000  
Num m4_d2_inv unique: 3  
Num xo_ds unique: 3000  
Num bkg derivs unique: 1  
Num transform_X/unique: 150000 75  
Num structure - factors - sets/unique: 150000 3  
Num peak - shape - objects: 600000  
Num stretch_pks/unique: 150000 3000  
Num hkl_pk_dets/unique: 150000 3000  
Num phase Ycalcs/unique (ignoring transform_X): 150000 3000  
Num phase Ycalcs/unique derivs (ignoring transform_X): 150000 3000  
Num pk_sum_limits unique: 3000  
Num equiv posns for centrosymmetric fm - 3m: 192  
Num equiv posns for centrosymmetric fm3m: 192  
Num equiv posns for centrosymmetric i41/amd:2: 32  
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  0  Time   5.37  Rwp   58.064    0.000 MC     0.00 0  
  1  Time   7.12  Rwp   50.740   - 7.325 MC     0.00 0  
  2  Time  11.90  Rwp   45.643   - 5.096 MC    11.10 3  
  3  Time  15.77  Rwp   45.507   - 0.137 MC   115.50 1  
  4  Time  19.61  Rwp   43.351   - 2.155 MC    30.34 1  
approximate_A_check_must_be_zero: non - zero Aij elements now static  
  5  Time  23.53  Rwp   25.599  - 17.752 MC     8.31 1  
  6  Time  26.62  Rwp   24.143   - 1.457 MC    30.92 2  
  7  Time  29.22  Rwp   14.654   - 9.488 MC     8.05 1  
  8  Time  32.26  Rwp   14.560   - 0.094 MC   269.97 2  
  9  Time  34.86  Rwp   14.480   - 0.080 MC    68.26 1  
 10  Time  37.48  Rwp   13.241   - 1.239 MC    17.30 1  
 11  Time  40.14  Rwp    5.025   - 8.216 MC     4.67 1  
 12  Time  43.23  Rwp    4.814   - 0.211 MC    19.50 2  
 13  Time  45.90  Rwp    4.097   - 0.718 MC     5.18 1  
 14  Time  48.98  Rwp    4.045   - 0.051 MC    18.59 2  
 15  Time  51.65  Rwp    3.783   - 0.262 MC     4.85 1  
 16  Time  54.30  Rwp    3.557   - 0.226 MC     1.72 1  
 17  Time  56.93  Rwp    3.512   - 0.044 MC     3.51 1  
 18  Time  59.62  Rwp    3.464   - 0.048 MC    14.20 1  
 19  Time  62.27  Rwp    3.374   - 0.090 MC     3.29 1  
---  62.270 seconds ---  
File C: \ w\ test_examples \ xrd - ct \ xrd - ct - 1.out updated  
    with parameters corresponding to best Rwp  

Note the numbers in red. This is a large refinement that would not be possible without reusing 
objects and without the keyword approximate_A_check_must_be_zero. This refinement can-
not be tested against Version 7 as the number of hkls alone, 62,700,000, would exhaust much 
of memory. 

Objects reused are: 

- hkls 
- lattice parameters 
- Ycalc 
- Peak buffers 
- Structure factors 
- th2_offset 
- transform_X 
- stretch_pks 
- gauss_fwhm 
- and many other common arrays such as (Sin(Th)/Lam)^2. 
- derivatives for common refined parameters. 
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7. .. ?E9§ é§xÖÑf§  
 

[A0_matrix_is_constant] 
[create_pks_name $a_name] 
[create_pks_fn $fn_name] 

Examples 
ÑEÉÑхEñ ~ÂxEÉп?E9§ é§xÖÑf§ п 
Â7É§Πр?E9§ Юf Â 

The deconvolution method of aCoelho (2018) has been implemented; it uses three macros 
found in Ñ§Â ÉЮf 9а Deconvolution_Init, Deconvolution_Bkg_Penalty and Deconvolution_In-
tensity_Penalty. The method refines on linear parameters only; these linear parameters are 
peak intensity and background parameters; their derivatives are unchanging and hence the 0 
matrix is unchanging.  The keyword A0_matrix_is_constant informs the program that only lin-
ear parameters are being refined and hence the 0 matrix is calculated only once. Attempts to 
use A0_matrix_is_constant with quick_refine, approximate_A, chi2 or with refinement of non-
linear parameters results in an exception being thrown. 

create_pks_name is a xo_Is dependent keyword that creates a peak at each step along the x-
axis with peak intensity parameter names starting with the string $a_name. Peaks are not cre-
ated if peaks already exist for the xo_Is phase. IŉШƣőĲШћҘќШĦőċƖċĦƣĲƖШŔƚШƓũċĦĲĬШŔůůĲĬŔċƣĲũǃШċŉƣĲƖШ
create_pks_name and if create_pks_name is within a macro then the output from cre-
ate_pks_name is placed after the macro. create_pks_fn additionally appends a penalty to 
each peak with the penalty being written in terms of a function called fn_name. The OUT file is 
updated with peaks which looks something like: 

xo  5.00 I  a25_ 0.00217` penalty  = dfn(5,a25_,a26_);  
xo  5.02 I  a26_ 0.00000` penalty  = dfn(5.02,a26_,a27_);  
xo  5.04 I  a27_ 0.00000` penalty  = dfn(5.04,a27_,a28_);  

The dfn function takes arguments of x-axis position of the peak and two intensity parameter 
names, one at the x-axis position and the other at the next x-axis position. These keywords and 
functions are used in macros in the following manner: 

Deconvolution_Init(0.5)  
xdd ¡ 

Deconvolution_Bkg_Penalty(0.5)  
xo_Is  

Deconvolution_Intensity_Penalty(a, afn)  

The deconvolution process comprises three separate refinement runs. 1) Fitting the peaks to 
the diffraction pattern with peak shapes fixed to expected peak shapes, 2) creating a calcu-
lated pattern with a chosen peak shape, typically a peak shape comprising specimen contri-
butions, and 3) a final run to produce a deconvoluted pattern with noise. The Â7É§Πр?Eр
9§ Юf Â example is ready to run, it can be used as a template for other deconvolution pro-
cesses, it is defined as: 

#define DO_REFINEMENT_      ' Step 1  
ªÕ<=>AF= "-¤1.#!'+#,¤-32¤ ¨ 1L=H U 
ªÕ<=>AF= "-¤$', *¤"#!-,¤ ¨ 1L=H V 
macro Data_File { Pbso4 }    
#ifdef DO_FINAL_DECON_ 
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 RAW(.. \ ##Data_File) ' load for comparison purposes  
 xdd Data_File## - decon - specimen.xy  
  x_calculation_step 0.025  
  user_y d1 Data_File## - decon - specimen.xy  
  user_y d2 Data_File## - diff.xy  
  fit_obj = d1 + d2;  
  Out_X_Ycalc(Data_File## - decon - final.xy) ª $AF9D <=;GFNGDML=< H9LL=JF 
#else  
 Deconvolution_Init(0.5)  
 RAW(.. \ ##Data_File)  
  start_X 15 
  bkg @ 0 0 0 0 0 0 0  
  Deconvolution_Bkg_Penalty(0.5)  
  ªLP_Factor(17)  ª "G FGL AF;DM<= O@=F <GAF? <=;GFNGDMLAGF 
  CS_L(262.73494)  
  Strain_L(0.03785)  
  #ifdef  DO_SPECIMEN_OUT_ 
   iters 0 
   CuKa1(0.0001)  
   Out_X_Ycalc(Data_File## - decon - specimen.xy)  
  #else ' DO_REFINEMENT_ 
   Out_X_Difference(Data_File## - diff.xy)  
   CuKa5(0.0001)  
   Radius(173)  
   Full_Axial_Model(10, 10, 10, 4.13679, 4.13679)  
   Divergence(1)  
   Slit_Width(0.2)  
  #endif  
  xo_Is  
   Deconvolution_Intensity _Penalty(a, dfn)  

 #endif  

Background should be less than all observed data and it should be graphically inspected dur-
ing step 1. Background can be reduced by decreasing the c parameter of the Deconvolu-
tion_Bkg_Penalty macro; this parameter can range from 0.05 to 1. If the bases of the peaks are 
not matching Yobs then the background is still too high. Step 1 and 2 produces output XY files 
which are then used in step 3. The exclusion of LP_Factor, and similar peak scaling parame-
ters, is important as peak intensities are used in a penalty inside the Deconvolution_Inten-
sity_Penalty macro. The deconvolution process can be used for all types of data including neu-
tron TOF; step (1) takes approximately 10 to 30 seconds on present laptops; steps (2) and (3) 
takes a trivial amount of time (< 1s). The deconvolution macros are as follows: 

macro Deconvolution_Init(c) {  
process_times  
A0_matrix_is_constant       ª DD H9J9E=L=JK 9J= DAF=9J 
penalties_weighting_K1 = c; ª N9DM= G> S}X K==EK KM>>A;A=FL 
save_best_chi2              ª 5= O9FL :=KL !@AU  FGL :=KL 0OH 
chi2_convergence_criteria 1e- 5 
continue_after_convergence  ª ÛTSS AL=J9LAGFK AK LQHA;9DDQ KM>>A;A=FL ²ÛUSK³ 
pen_weight 1                ª -N=JJA<= L@= <=>9MDL 

}  
macro Deconvolution_Intensity_Penalty(i_name, fn_name) {  

fn fn_name(x, a0, a1) = (a0 -  a1)^2 / ((a0 + a1) Yobs_at(x) + 1e - 6);  
default_I_attributes 1e- 6 min 0 val_on_continue = Val Rand(0.99, 1.01);  
create_pks_fn fn_name  
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create_pks_name $ i_name  
}  
macro Deconvolution_Bkg_Penalty(& c, & w_min) {  

xdd_sum #m_unique pen = (Yobs -  Get(bkg))^2 / Max(Get(bkg) Yobs, w_min^2);  
penalty  = pen c;  

}  
macro Deconvolution_Bkg_Penalty(& c) { Deconvolution_Bkg_Penalty(c, 1) }  

pen_weight over-rides the default; the default works but with slower convergence. Note, both 
the peak intensity and Bkg penalties are Yobs scale invariant where scaling of Yobs does not 
change the magnitude of the penalties relative toШ…Ю Yobs_at is a new function that returns 
the value of Yobs at x. w_min in the Deconvolution_Bkg_Penalty macro allows for the setting 
of the expected minimum of Yobs*Bkg; a value of 1 for counting statistics. For XYE files, where 
Yobs is small and where SigmaYobs is used (tof data for example), then w_min should be re-
duced. 

7.1 ..... ?ĲĦŸŰƻŸũƨƣŔŸŰШтШÉŔůƨũċƣĲĬШƓċƣƣĲƖŰ 

A simulated pattern was created with noise using Éf~р9ÅE ÑEЮf Â and the instrument contri-
bution deconvoluted using Éf~р?E9§ Юf Â; the latter INP file looks like: 

/*  Three runs to produce the deconvoluted pattern.  
 The name of the final deconvoluted pattern is:  
 
  pbso4 - decon - final.xy  
 
 Define one at a time in the following:  
 
  Õ<=>AF= "-¤0#$',#+#,2¤ ª 0MF T 
  Õ<=>AF= "-¤1.#!'+#,¤-32¤ ª 0MF U 
  Õ<=>AF= "-¤$', *¤"#!-,¤ ª 0MF V 
*/  
#define DO_REFINEMENT_   ' Step 1  
ªÕ<=>AF= "-¤1.#!'+#,¤-32¤ ' Step 2  
ªÕ<=>AF= "-¤$', *¤"#!-,¤ ' Step 3, Clear the GUI first  
 
macro Data_File { Sim }    
#ifdef DO_FINAL_DECON_ 
 xdd Data_File## - calc - rand.xy ' load for comparision purposes  
 xdd Data_File## - calc - narrow.xy  
  user_y d1 Data_File## - decon - specimen.xy  
  user_y d2 Data_File## - diff.xy  
  fit_obj = d1 + d2;  
  Out_X_Ycalc(Data_File## - decon - final.xy)  
#else        
 Deconvolution_Init(0.5)  
 xdd Data_File## - calc - rand.xy  
  bkg @  259.381081  89.8339877  31.6429117 - 34.4743462   
     34.3097757 - 55.7270435  30.631573  
  Deconvolution_Bkg_Penalty(0.1)  
 
  /* Specimen */  
  CS_L(300)  
  CS_G(300)  
  Strain_L(0.05)  
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  Strain_G(0.05)  
 
  #ifdef DO_SPECIMEN_OUT_ 
   iters 0 
   CuKa1(0.001)  
   Out_X_Ycalc(Data_File## - decon - specimen.xy)  
  #else ' DO_REFINEMENT_ 
   num_cycles 20  
   Out_X_Difference(Data_File## - diff.xy)  
 
   /* Instrument */  
   CuKa2(0.001)  
   Radius(217)  
   Full_Axial_Model(12, 12, 12, 2.3, 7)  
   Divergence(1)  
   Slit_Width(0.1)  
   Absorption(60)  
  #endif  
  xo_Is  
   Deconvolution_Intensity_Penalty(a, dfn)  
#endif  

The following figure is the deconvoluted pattern (green line, bottom plot) compared with the 
expected deconvoluted pattern (red line on top of green line). The top plot (blue line) is the 
original simulated pattern with noise and without noise (red line on top of blue line). 

 

 

 

 

(Counts)1/2 
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Parameter errors determined from refinement using the deconvoluted pattern are almost 
identical to errors produced using the original pattern, see aCoelho (2018). 

 

2q(̄) 
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8. .. Â?[р]E EÅ Ñf§  

[xdd...] 
[rebin_with_dx_of  !E] 
[pdf_generate { 

[dr  !E] 
[r_max  !E] 
[gr_sst_file  ӀШљ[ŔũĲњбѐ 
[hat !E [ num_hats !E] 
[gr_to_fq !E] 

}] 

Examples 
ÑEÉÑхEñ ~ÂxEÉпÂ?[п]E EÅ ÑEп 

[ÖxxEÅE Eп?E9§ Юf Â 
xf[EÂ§Πп?E9§ Юf Â 
Éfxf9§ п?E9§ Юf Â 
ÑÖ ]ÉÑE п?E9§ Юf Â 

PDF generation comprises an inverse Sine transform operating on an ideal diffraction pattern 
where background is absent, atomic scattering factors are constant, and 2q and peak shapes 
symmetric. The task therefore becomes one of correcting real data such that it matches an 
ideal pattern as closely as possible. The corrections include determining a background, 
atomic scattering factors (if X-ray data), removing Lorentz polarization and removing asym-
metry from peak shapes; for details see 9ŸĲũőŸШĲƣЮċũЮЯШΞΜΞΝ. To generate the PDF, a deconvo-
lution process similar-to that described in section 7 is used. It allows for corrections in recip-
rocal space of peak asymmetry, instrument and emission profile aberrations, Lorentz polari-
zation and atomic scattering factors corrections. The process comprises two operations de-
scribed in a single INP file; these operations are: 

¶ 0) Fit to the reciprocal space diffraction pattern - (Operation 0) 

¶ 1) Generate G(r) - (Operation 1) 

¶ 1.0) Generate ideal pattern Ideal (2q) from the parameters determined in step 0. 

¶ 1.1) Convert Ideal (2q) to Q space to form Ideal(Q). 

¶ 1.2) Fit a polynomial to Ideal(Q) and save F(Q) = Ideal(Q) ш Poly) 

¶ 1.3) Generate G(r) from F(Q) 

Each operation requires running the INP file once. Steps 1.0 to 1.3 of operation 1 is performed 
with num_runs set to 4. 

8.1 ..... Â?[р]ĲŰĲƖċƣŔŰŊШрШxŔ[ĲÂ§Π 

Fitting to the pattern, operation 0, follows the deconvolution process of aCoelho (2018). Lattice 
parameters are not required. A peak is laid down at each data point of the pattern together with 
a background and appropriate penalty functions. Approximate peak shapes from a preliminary 
ƓĲċťШŉŔƣƣŔŰŊШċŰċũǃƚŔƚЯШƨƚŔŰŊШċШћƚƣċŰĬċƖĬќШŉŸƖШĲǂċůƓũĲЯШŔƚШrecommended; once determined peak 
shapes are not refined. The data entry part of a typical INP file (see xf[EÂ§ΠпШ?E9§ Юf Â for 
example) is as follows: 

Include_PDF_Generate  
' ------------------------------------------------------  
'              START USER INPUT SECTION  
' ------------------------------------------------------  
macro Data_File         { LFP_0 - 8Kcap_AgFGM_2x4soll_Eiger1D_8h.xy }  
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macro Capillary_Scan    { capillary.xy }   
macro Capillary_Rebin   { 0.1 } ' Smooth the capillary scan. Zero means no smoothing.  
#prm operation = 0; ' Set to 0 to fit to reciprocal space data  
                    ' Set to 1 to generate F(Q) and G(r)  
                    ' Set to 2 to fit structure to G(r)  
#prm use_narrow_peak_shape  = 1; ' A 0 means use full peak shapes in generating G(r)  
' ------------------------------------------------------  
' Inputs for reciprocal space fit, operation = 0  
macro & Average_f           { f0_Li + f0_Fe + f0_P + 4 f0_O }  ' formula of unit cell  
#prm lab_no_monochromator   = 1; ' Set to 1 if using Laboratory instrument.  
#prm use_Xo_Is_phase        = 1; ' Set to 0 if not fitting peaks  
#prm use_bkg_penalty        = 1;  
#prm use_simple_bkg_penalty = 1; ' Set to 1 if counting statistics is not right,  
                                 ' or, maybe when there's Fluorescence.  
macro & Bkg_Weighting               { 1 }  
macro & Intensity_Penalty_Weighting { 1 }  
macro & Scale_Peaks   { 1 } ' Useful if capillary absorption is inhibiting fitting.  
macro & Scale_Yobs_By { 1 } ' Useful if data does not obey counting statistics.  
prm pc0  1   ª .GDQ¤!9HADD9JQ ;G=>>A;A=FLK  ;GEE=FL GML A> 
prm pc1  0   ' not using Capillary as background.  
inp_text fluorescence_bkg  
   {  
      bkg @ 3.49160163` - 0.96682842`  0.292687899`  
   }  
inp_text fit_extra  
   {  
      penalty  = 10000 (Bkg_at(X2) + (pc0 + pc1) Value_at_X(cap_, X2) -  Yobs_at(X2))^2;  
   }  
macro Start_X       { 2.4  }  
macro Finish_X      { 103  }  
macro Step_X        { 0.02 } ' Set to zero to use measured step size.  
                             ' Set to non - zero if scale_yobs_by is used .  
                             ' Set to non - zero if unequal x - axis steps.  
ª--------------------------------------------------------------  
' Inputs for generating F(Q), operation = 1  
#prm poly_fq = 7;  ' Number of parameters for Poly when fitting Poly to F(Q).  
                   ' View F(Q) plot, it needs to look right.  
macro & Qmin                  { 0.1 }  
macro & Qmax                  { 17.5 }  
macro & Soper_Lorch_Constant  { 0 } ' best not to use  
macro & Exp_Constant          { 0 } ' best not to use  
macro & Lorch_Constant        { 0 } ' best not to use  
inp_text fq_poly  
   {  
      bkg @  0 0 0 0 0 0 0 0  0  
   }  
macro FQ_Bkg_Penalty  
   {  
      weighting = If(X > (X2 -  1), 10, 1); ' Weigh the F(Q) data more at Qmax  
      penalty    = Bkg_at(X1)^2;            ' Restrain F(Q=0) to 0  
   }  
ª--------------------------------------------------------------  
' Inputs for generating G(r) from F(Q), operation = 1  
macro R_Max         { 100 }  
macro dR            { 0.01 }  
macro Num_Hats      { 3 } ' Best smoothing function for speed and accuracy  
macro & Hat_Size    { 4.4934 / Qmax }    
ª--------------------------------------------------------------  
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' Reciprocal space peak details, operation = 0  
macro Full_Emmision_Profile  
   {  
      lam ymin_on_ymax 0.001  
         la 1 lo 0.5609 lg 1e- 6 
         la 0.55150 lo 0.5649441 lg 1e- 6 
   }  
macro Deconvoluted_Emmision_Profile  
   {  
      lam ymin_on_ymax 0.0005 la 1 lo 0.5609 lg 1e- 6 
   }  
macro Full_Peak_Shape_Specimen  
   {  
      CS_G(, 70)  
      CS_L(, 45)  
      Strain_L(, 0.042)  
      Strain_G(, 0.42)  
   }  
macro Full_Peak_Shape  
   {  
      Full_Peak_Shape_Specimen  
      Full_Axial_Model(10,10,10, 2.3, 5.73430)  
   }  
macro Deconvoluted_Peak_Shape  
   {  
      Deconvoluted_Emmision_Profile  
      #if (use_Xo_Is_phase == 0)  
         ' Using (Yobs -  background); ie. no peak shape  
      #elseif (use_narrow_peak_shape)  
         ' Use Narrow peak shape  
         ZE(, - 0.00730929318) ª 1=L LG F=?9LAN= G> 0A=LN=D< >AL 
         gauss_fwhm 0.05  
      #else ª 3K= $MDD H=9C K@9H= KH=;AE=F 
         Full_Peak_Shape_Specimen  
         ZE(, - 0.00730929318) ª 1=L LG F=?9LAN= G> 0A=LN=D< >AL 
      #endif  
   }  
macro & LP_Factor_  
   {  
      #if (lab_no_monochromator)  
         (1 + Cos(X Pi/ 180)^2)  
      #endif  
      1 / (Sin(X Pi/360)^2 Cos(X Pi/360)) ' Lorentz factor  
   }  
' ------------------------------------------------------  
'              END USER INPUT SECTION  
' ------------------------------------------------------  
Include_PDF_Generate_Common  
' ------------------------------------------------------  
#if (And(use_Xo_Is_phase, Run_Number == 0, Or(fit_to_data, generate_fq_gr_from_fit)))  
   xo_Is  
      PDF_Generation_Intensity_Penalty(a,dfn, Intensity_Penalty_Weighting, Scale_Peaks)  
#endif  
' ------------------------------------------------------  

Input is required for ĬċƣċШƚƨĦőШċƚШƣőĲШŰċůĲШŸŉШƣőĲШĬċƣċШŉŔũĲƚШĲƣĦвШfƣШŔƚШĤĲƚƣШƣŸШĦƖĲċƣĲШċШŰĲƽШ
directory for each data file. The Â?[р]E EÅ ÑEЮf 9 file, included using the 
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Include_PDF_Generate macro,Шcontains PDF generation specific macros. Capillary_Scan is 
the name of the file corresponding to a scan of the empty capillary sample holder. Typically, 
the capillary scan is collected in a short time leading to poor counting statistics; Capillary_Re-
bin can therefore be used to smooth the capillary scan. Setting the #prm called operation to 1 
instructs the program to perform the fitting process. Setting use_narrow_peak_shape to 1 re-
sult in narrow peaks being used in the generation of the Ideal(2q) (operation 1.0); this removes 
peak broadening as a function of 2q. 

8.1.1 ......... §ƓĲƖċƣŔŸŰШΜШтШ[ŔƣƣŔŰŊШƓĲċťƚШƣŸШƣőĲШĬŔŉŉƖċĦƣŔŸŰШƓċƣƣĲƖŰ 

If use_Xo_Is_phase=0 then no peak fitting is performed and hence no deconvolution; the ideal 
pattern is created using (Yobs т Ycalc)/ (LP_Factor <f>), where Ycalc in this case is the back-
ground function. Also, use_simple_bkg_penalty should also be set to 1. When 
use_Xo_Is_phase=1, peaks are fitted. The program internally creates peaks and places them 
at the position of the xo_Is phase. lab_no_monochromator=1 instructs the program that the 
data is from a Laboratory instrument without a monochromator. Background is described as 
follows: 

Background = Poly_Capillary * Capillary_Scan + Poly_Fluorescence 

Poly_Capillary is a 1st order polynomial with coefficients defined by the pc0 and pc1 parame-
ters. Poly_Fluorescence is also a nth order Chebyshev polynomial with coefficients defined by 
the user at the inp_text fluorescence_bkg {} construct; set this construct to blank when not 
using. LiFePO4 fluoresces, and its best to use the smallest number of bkg parameters whilst 
producing a good background fit. In the case of LiFePO4, the high angle peaks seem to vanish. 
This means that the background should be almost equal to Yobs at the highest angle X2. Such 
a condition can be enforced using a penalty as shown in the inp_text called fit_extra. The pen-
alty describes the following: 

(Poly_Capillary(X2) * Capillary_Scan(X2) + Poly_Fluorescence(X2) ш Yobs_at(X2))2 

X2 is the reserved parameter name corresponding to the end of the diffraction pattern. 
Poly_Capillary at X2 is simply (pc0 + pc1), see the X0_ macro in Â?[р]E EÅ ÑEх9§~~§ Юf 9, 
and Poly_Fluorescence(X2) corresponds to Bkg_at(X2). The penalty therefore looks like: 

inp_text fit_extra  
   {  
      penalty  = 10000 (Bkg_at(X2) + (pc0 + pc1) Value_at_X(cap_, X2) -  Yobs_at(X2))^2;  
   }  

The fit for LiFePO4 looks like:  
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Notice the display of the background line as well as the small difference plot. When rerunning, 
operation=0, the peaks at the xo_Is phase is not recreated if already present. It may be neces-
sary, therefore, to delete the peaks at the xo_Is phase when rerunning operation=0. When 
use_simple_bkg_penalty=0, the full background penalty is used which relies on counting sta-
tistics. For data that does not obey counting statistics, the macros Scale_Yobs_By can be used 
to scale the observed diffraction pattern. This scaling is performed using the user_y keyword 
as follows: 

user_y data_file Data_File  
yobs_eqn data.sst = data_file Scale_Yobs_By;  

min = Start_X; max = Finish_X; del = Step_X;  

Note, user_y can also be a function of the reserved parameter X. The input created for the Ker-
nel can be viewed in Ñ§Â ÉЮx§]Ю  

8.1.2 ......... §ƓĲƖċƣŔŸŰШΝШтШ]ĲŰĲƖċƣŔŸŰШ]ыƖьШŉƖŸůШƣőĲШŉŔƣƣĲĬШƓĲċťƚ 

The Average_f macro is used to calculate the average atomic scattering factor <f> for operation 
1.0. For X-ray data, a rough estimate of the atomic species is helpful; for neutron data an esti-
mate is not required. Applying smoothing functions on F(Q) such as the Lorch and Soper-Lorch 
functions is not recommended. Instead, applying three hat convolutions directly to G(r) is 
faster and more accurate. At operation 1.1 the ideal pattern is converted to Q space. Operation 
1.2 generates F(Q) by fitting a polynomial to Ideal(Q) where: 

F(Q) = Ideal(Q) т Poly_FQ 

fq_poly describes Poly_FQ using the Chebyshev polynomial of bkg; the optimum number of 
coefficients is difficult to determine automatically. Its best to inspect the plots produced by 
operation 1; these are generated and loaded into the GUI and, using the GUI-Tiling option, 
looks like: 
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Changing fq_poly and rerunning operation 1 updates the four plots; this updating is achieved 
using the keyword gui_reload. Using the structure of LiFePO4, the generated G(r) can be fitted-
to by setting operation=2. With use_narrow_peak_shape=0 we get: 

 

The grey line at the center of the plot is a correction added to the calculated G(r) using: 

fit_obj  = a1 Cos(a2 X + a3) / X;  

If this grey line is significant in intensity, then the value of F(Q=0) is incorrect. Controlling the 
behaviour of F(Q) at the start and end of the Q range can be done from the FQ_Bkg_Penalty 
macro. For example, F(Q=0)=0 can be set using the following penalty: 
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penalty  = Bkg_at(X1)^2;  

For operation 1; intermediate pre-processed text fed to the kernel can be sent to Ñ§Â ÉЮx§] 
(or Ñ9Юx§]) for viewing by setting suspend_writing_to_log_file to 0. For the current example, 
Ñ§Â ÉЮx§] for the operation 1.0 part is as follows (comments added): 

iters 0 
yobs_eqn aac.sst = 1; min 0.01 max = 103; del 0.0025  
   gui_ignore  
   Out_XDD_SST(decon.sst) ª ,GL =PH9F<=< >GJ ;D9JALQ 
      ª Output Ycalc / (polarization * <f>)  
      = Ycalc / (( (1 + Cos(X 3.14159265358979/ 180)^2) 1 / (Sin(X 3.14159265358979/360)^2 

Cos(X 3.14159265358979/360))) (f0__( 
0.974637,0.158472,0.811855,0.262416,0.790108,0.002542,4.334946,0.342451,97.102966,201
.363831,1.409234 ) + f0__( 12.311098,1.8766 23,3.066177,2.070451,6.975185, -
0.304931,5.009415,0.014461,18.743040,82.767876,0.346506 ) + f0__( 
1.950541,4.146930,1.494560,1.522042,5.729711,0.155233,0.908139,27.044952,0.071280,67.
520187,1.981173 ) + 4 f0__( 
2.960427,2.508818,0.637853,0.722838,1.142756,0 .027014,14.182259,5.936858,0.112726,34.
958481,0.390240 ))^2);  

   lam ymin_on_ymax 0.0005 la 1 lo 0.5609 lg 1e- 6 
   th2_offset = ( - 0.00730929318);  
   gauss_fwhm  0.05 ª 3K= F9JJGO <=;GFNGDML=< H=9C 
   xo_Is  
      extra_X_ left = Max(X1 -  Max(X1 -  1, 0.1), 0);  
      extra_X_right = Max(Min(X2 + 1, 179.9) -  X2, 0);  
      fn dfn (x, a0, a1) = (a0 -  a1)^2 / Max(a0 + a1, 1e - 6);  
      default_I_ attributes 1e - 6 min 0 val_on_continue = Val Rand(0.5, 2) + 1e - 4;  
      create_pks_ fn dfn create_pks_name $ a  
      xo 1.40009871 I  a50_ 0.0178524321`  
      xo 1.42009871 I  a50_ 0.0178524321`  
      xo 1.44009871 I a50_ 0.0178524321`  
      ¡ 

The actual generation of G(r) occurs when Run_Number = 3; its INP text looks like: 

 iters 0 
 xdd fq.sst  
  gui_reload  
  lam ymin_on_ymax 0.0005 la 1 lo 0.5609 lg 1e- 6 
  rebin_with_dx_of 0.001  
  pdf_generate {  
   dr = 0.01;  
   r_max = 100;  
   gr_sst_file = "gr";  
   hat = 4.4934 / (17.5); num_hats = 3;  
  }  

8.1.3 ......... 9ŸƖƖĲĦƣŔŰŊШƣőĲШÂ?[ШĬƨĲШƣŸШċШǍĲƖŸШĲƖƖŸƖШŔŰШƖĲĦŔƓƖŸĦċũШƚƓċĦĲ 

A zero-error added to peak positions in reciprocal can be subtracted from the deconvoluted 
pattern of operation 1.0. Thus, a zero-error determined from fitting to a standard in reciprocal 
space needs to be subtracted from the deconvoluted pattern from within the Deconvo-
luted_Peak_Shape macro. 
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8.1.4 ......... ]ĲŰĲƖċƣŔŰŊШ[ыÄьШŉƖŸůШ]ыƖьШрШŊƖхƣŸхŉƕ 

The xf[EÂ§Πп]ÅрÑ§р[ÄЮf ÂШfileШcreates G(r) from an F(Q) file at Run_Number 0, then in 
Run_Number 1 it uses the newly created G(r) to reproduce the original F(Q) using gr_to_fq. The 
INP file is as follows: 

num_runs 3  
#if (Run_Number == 0)   
   xdd fq - original.sst  
      rebin_with_dx_of 0.005  
      lam ymin_on_ymax 0.0005 la 1 lo 0.5609 lg 1e- 6 
      pdf_generate {  
         dr = 0.01;  
         r_max = 300;  
         gr_sst_file = "gr - from - fq";  
      }  
#elseif (Run_Number == 1)   
   xdd gr - from - fq.sst  
      gui_ignore  
      lam ymin_on_ymax 0.0005 la 1 lo 0.5609 lg 1e - 6 
      pdf_generate {  
         dr  = 0.00125;  
         r_max = 17.5;  
         gr_sst_file = "fq - from - gr";  
         gr_to_fq 1 
      }  
#elseif (Run_Number == 2)   
   xdd fq.sst  
      rebin_with_dx_of 0.01  
      user_y fq_from_gr fq - from - gr.sst  
        
      prm a 1 min 1e- 6  
      fit_obj = fq_from_gr a;  
#endif  

Run_Number 3 fits the newly created F(Q) to the original F(Q); the result showing the repro-
duced F(Q) (in red) and the original F(Q) (in blue) has a small difference plot as seen in the 
following: 
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8.1.5 ......... Â?[р]ĲŰĲƖċƣŔŸŰШрШ[ƨũũĲƖĲŰĲ 

In this example G(r) from TOPAS is compared to G(r) from GudrunX for Fullerene. The INP file 
is: 

Include_PDF_Generate  
' ------------------------------------------------------  
'              START USER INPUT SECTION  
' ------------------------------------------------------  
macro Data_File        { i15 - 1- 20401_tth_det2_0.xy }  
macro Capillary_Scan   { i15 - 1- 20398_tth_det2_0.xy}  
macro Capillary_Rebin  { 0 } ' Smooth the capillary scan. Zero means no smoothing  
#prm operation = 1; ' Set to 0 to fit to reciprocal space data  
                    ' Set to 1 generate F(Q) and G(r)  
                    ' Set to 2 to fit structure to G(r)  
 
#prm use_narrow_peak_shape  = 1; ' Use narrow peak shapes in the generating G(r)  
' ------------------------------------------------------  
' Inputs for reciprocal space fit, operation == 0  
#prm lab_no_monochromator   = 0; ' Set to 1 if using Laboratory instrument  
#prm use_Xo_Is_phase        = 0; ' Set to 0 if not fitting peaks  
#prm use_bkg_penalty        = 1;  
#prm use_simple_bkg_penalty = 1; ' Set to 1 if counting statistics is not right  
                                 ' or maybe when there's Fluorescence  
macro & Bkg_Weighting               { 1 }  
macro & Intensity_Penalty_Weighting { 1 }  
macro & Scale_Peaks   { 1 } ' Useful if capillary absorption is inhibiting fitting.  
macro & Scale_Yobs_By { 1 } ' Useful if data does not obey counting statistics.  
 
prm pc0  1.09673044`     ª +MDLAHDA=K !9HADD9JQ :Q ²H;S º H;T PS³ 
prm pc1  0.146927936     ' Comment out if not using Capillary as background.  
inp_text fluorescence_bkg { }  
inp_text fit_extra  
   {  
      penalty  = 10000 (Bkg_at(X2) + (pc0 + pc1) Value_at_X(cap_, X2) -  Yobs_at(X2))^2;  
   }  
macro Start_X       { 0.6    }  
macro Finish_X      { 59.9   }  
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macro Step_X        { 0.02 } ' Set to 0 to use measured step size .  
                             ' Set to non - zero if scale_yobs_by is use.  
                             ' Set to non - zero if unequal x - axis.  
' ------------------------------------------------------  
' Input for generating F(Q) -  operation == 1  
macro & Average_f             { f0_C }  
macro & Qmin                  { 0.5 }  
macro & Qmax                  { 25  }  
macro & Soper_Lorch_Constant  { 1.1 } ' Used for comparison purposes  
macro & Exp_Constant          { 0 }     
macro & Lorch_Constant        { 0 }     
inp_text fq_poly  
   {  
      bkg @  0 0 0 0 0 0 0 0 0  
   }  
macro FQ_Bkg_Penalty  { }  
' ------------------------------------------------------  
' Inputs for generating G(r) from F(Q), operation == 1  
macro R_Max         { 50 }  
macro dR            { 0.01 }  
macro Num_Hats      { 0 } ' Best smoothing funcion for speed and accuracy  
macro & Hat_Size    { 4.4934 / Qmax }  
' ------------------------------------------------------  
' Reciprocal space peak details, operation == 0  
macro Full_Emmision_Profile  
   {  
      lam ymin_on_ymax 0.0005 la 1 lo 0.161669 lg 1e- 6 
   }  
macro Deconvoluted_Emmision_Profile  
   {  
      Full_Emmision_Profile  
   }  
macro Full_Peak_Shape_Specimen { }  
macro Full_Peak_Shape { }  
macro Deconvoluted_Peak_Shape  
   {  
      Deconvoluted_Emmision_Profile  
      #if (use_Xo_Is_phase == 0)  
         ' Using (Yobs -  background); ie. no peak shape  
      #elseif (use_narrow_peak_shape)  
         ' Use Narrow peak shape  
         gauss_fwhm 0.05  
      #else  
         ' Use Full peak shape  
         Full_Peak_Shape_Specimen  
      #endif  
   }  
macro & LP_Factor_  
   {  
      #if (lab_no_monochromator) (1 + Cos(X Pi/ 180)^2) #endif  
      1 / (Sin(X Pi/360)^2 Cos(X Pi/360)) ' Lorentz factor  
   }  
' ------------------------------------------------------  
'              END USER INPUT SECTION  
' ------------------------------------------------------  
Include_PDF_Generate_Common  
' ----------------------------------------------------  
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In this example, peaks are not fitted and as such use_Xo_Is_phase=0 and use_sim-
ple_bkg_penalty=1. fluorescence_bkg is left empty as fluorescence is not present. fit_extra is 
used where a penalty is applied equating the bkg_tot to the Yobs value at the end of the dif-
fraction pattern. Note, the use of the Value_at_X function. bkg_tot in this example comprises 
a fit_obj which corresponds to (pc0 + pc1 X)*Capillary. In this example the Soper_Lorch_Con-
stant was used to match GudrunX. G(r) generated for TOPAS (in red) and GudrunX (in Blue) is 
as follows:  
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9. .. Â?[ШÅE[f E~E Ñ 
 

[xdd]в 
[pdf_data] 
[scale_phase_X1 E]в 
[fit_obj1 E]в 
[start_X #] [finish_X #] 
[rebin_with_dx_of1 !E] 

[rebin_start_x_at !E] 
[weighting !E] 
[Tpdf_convolute]в 
[str]в 

[scale_phase_X1 E]в 
[scale E] 
[view_structure] 
[rigid]в 
[occ_merge ҘƚŔƣĲƚ]в 
[pdf_scale_simple] 
[pdf_zero1 E] 
[pdf_ymin_on_ymax 0.001] 
[pdf_info] 
[Tpdf_convolute]в 
[pdf_for_pairs $sites_1 $sites_2]в  

[pdf_only_eq_0] 
[pdf_gauss_fwhm1 E] 
[Tpdf_convolute]... 

 [pdf_partial_1 $sites] 
 [pdf_partial_2 $sites] 
 [pdf_partial_when !E1] 

Tpdf_convolute 
[pdf_convolute1 E]... 

[min_X !E] 
[max_X !E] 
[convolute_X_recal !E] 

Examples 

INP files  

ÑEÉÑхEñ ~ÂxEÉпÂ?[п 
7EÄрΞЮf Â 
7EÄрΞр9ÅE ÑEЮf Â 
7EÄрΟЮf Â 
7EÄрΟр9ÅE ÑEЮf Â 
Â?[рΝЮf Â 
Â?[рΞЮf Â 
xé§Πп 
ÉÑÅÖ9ÑÖÅEрÉ§xÖÑf§ р9ÅE ÑEЮf Â 
ÉÑÅÖ9ÑÖÅEрÉ§xÖÑf§ Юf Â 
Åf]f?Юf Â 

§99р~EÅ]EрÂ7É§Πп 
9ÅE ÑEЮf Â 
§99р~EÅ]EрÑEÉÑЮf Â 
§99р~EÅ]EЮf Â 

Data files  

ÑEÉÑхEñ ~ÂxEÉпÂ?[п 
7EÄрΞЮñò 
7EÄрΟЮñò 
xé§Πп xé§ΠЮñò 

§99р~EÅ]EрÂ7É§ΠпÂ7É§ΠЮñò 

1) Can be a function of the reserved parameter name X; X corresponds to r for PDF data. 

PDF refinement as implemented operates at speed (Coelho, 2015). PDF patterns are treated 
as an xdd where most xdd keywords can be used. PDF patterns can be refined simultaneously 
with other types of xdd patterns where the latter can comprise x-ray dependent or x-ray inde-
pendent phases. Penalties, restraints and keywords such as rigid, atomic_interaction, 
sites_geometry, sites_distance etc. can all be used. pdf_data tells the program that the data 
set is of G(r) type. Letќs write G(r) as: 

G(r) = s1 S(r) / r т s2 r 
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where r corresponds to the x-axis, s1 and s2 are constants and S(r) are the pairs. pdf_scale_sim-
ple tells the program to calculate S(r)/(Np r) only. pdf_ymin_on_ymax defines the min/max 
value for the PDF Gaussians in-regards-to the x-axis extents of the Gaussians; the default 
value of 0.001 in typically sufficient.  pdf_for_pairs can be used to select site pairs using the 
site name, for example: 

pdf _for _pairs  "V*  Al*  !O2"  *  

The ћгќ character excludes the O2 sequence from the wild card string, see section 20.26. Mul-
tiple pdf_for_pairs can be defined. pdf_only_eq_0 informs the parent pdf_for_pairs that only 
equivalent position 0 is to be considered. pdf_gauss_fwhm is used to write the width equation 
for the pairs selected by pdf_for_pairs. If all pairs are described by pdf_for_pairs then the as-
sociated beqќs are not used; the user is informed of unused beqќs. Consider the following ab-
breviated INP segment: 

site  Al1  ...  beq  1 
site  O1  ...  beq  1 
pdf _for _pairs  Al1  Al1  pdf _only _eq_0 pdf _gauss _fwhm 0.1  ª Line  A 
pdf _for _pairs  Al1  O1  pdf _only _eq_0 pdf _gauss _fwhm 0.2  ª Line  B 
pdf _for _pairs  Al1  O1                pdf _gauss _fwhm 0.3  ª Line  C 

The FWHMs of the interactions are as follows: 

Al1-O1  : Interactions for equivalent-position-0 described using Line B. 

Al1-O1  : Interactions excluding equivalent-position-0 described using Line C. 

O1-O1   : Interactions described using beqќs. 

pdf_info displays the interactions in matrix form; for the above INP segment we have: 

pdf _info  
{  

-  = No pdf _for _pairs  defined  hence  :=I«K used  
0 = pdf _for _pairs  defined  with  pdf _only _eq_0 
1 = pdf _for _pairs  defined  without  pdf _only _eq_0 
2 = two  pdf _for _pairs  defined,  one  with  and  one  without  pdf _only _eq_0 
 
   Al1     - 2 
   O1     2-  

}  

The matrix is in purple. pdf_for_pairs together with beq defaults offer great flexibility in describ-
ing peak widths. See Â?[рΝЮf Â, Â?[рΞЮf Â, 7EÄрΟЮf Â. scale_phase_X can be used to describe 
Gaussian dampening, for example: 

prm damp_fwhm 50 min  1e- 6 max 200  
prm damp = Gauss(0,  damp_fwhm);  
scale _phase _X = damp;  
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9.1 ..... ?ŔƚƓũċǃŔŰŊШƓċƖƣŔċũШÂ?[ƚ 

Partial PDFs can be dynamically displayed each iteration of refinement or at the end of refine-
ment. A dummy structure mechanism is used as follows: 

KLJ¡ 
ª E9AF ."$ H@9K= 

 dummy_str  
  phase_name "Al1 Al2 O1 O2 O3"  
  pdf_partial_1 "Al1 Al2 O1 O2 O3"  
  pdf_partial_2 "Al1 Al2 O1 O2 O3"  

pdf_partial_when  0 ' Only at end of refinement  
 dummy_str  
  phase_name "V1 O4"  
  pdf_partial_1 "V1 O4"  

 pdf_partial_2 "V1 O4"        
pdf_partial_when  = Mod(Cycle_Iter, 2);   

pdf_partial_1 and pdf_partial_2 are site identifying strings (see section 20.27) which can in-
ĦũƨĬĲШƣőĲШћйќШwild card character and the negation character  ћ!ќ. pdf_partial_when determines 
when to do the partial pdf calculation; the default value is non-zero which means the calcula-
tion is performed each iteration. A value of zero results in the calculation being performed at 
the end of refinement. The 7EÄрΞЮf Â example demonstrates this with the resulting GUI plot 
looking like: 

 

9.2 ..... ƓĬŉхŸŰũǃхĲƕхΜШ 

Consider the space group P-1 with two equivalent positions, E0 and E1: 

E0)  x, y, z 
E1)  -x, -y, -z 

The PDF comprises interactions between all atomic pairs. From symmetry, only interactions 
between E0 and the rest of the atoms are calculated.  For a two-atom structure in P-1, with 
atoms A and B, the PDF comprises unique interactions between the following pairs: 

Partical PDFs   (BEQ-2.INP)
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A0-A0, A0-A1, A0-B0, A0-B1, B0-B0, B0-B1, B0-A1 

Each interaction can be defined separately using a combination of beq and pdf_for_pairs. If 
the following is defined: 

site  A beq  = a;  
site  B beq  = b;  
pdf _for _pairs  A B                 pdf _gauss _fwhm = ab;  
pdf _for _pairs  B B pdf _only _eq_0   pdf _gauss _fwhm = b0b0;   

then the 7 types of interactions would have broadening as follows: 

Pair Gauss FWHM 

A0- A0 Sqrt(a  2 Ln(2)  /  Pi^2)  

A0- A1 Sqrt(a  2 Ln(2)  /  Pi^2)  

A0- B0 ab 

A0- B1 ab 

B0- B0 b0b0  

B0- B1 Sqrt(b  2 Ln(2)  /  Pi^2)  

B0- A1 ab 

For equivalent-position-0 and for distances within 10 ) then the following is required: 

pdf _for _pairs  *  *  pdf _only _eq_0 
pdf _gauss _fwhm = If( X < 10,  something,  0);  

pdf_info can be useful for specifying what is being used. Consider three sites A, B, C. For three 
sites there are (N^2+N)/2=6 types of atom-atom interactions: 

A-A, A-B, A-C, B-B, B-C, C-C 

Each of these can have broadening defined in three different ways, take A-A for example: 

1)  site  A ...  beq   
2)  pdf _for _pairs  A A  
3)  pdf _for _pairs  A A pdf _only _eq_0 

Use of pdf_only_eq_0 results in three types of A-A interactions: 

i) interaction where none are equivalent position zero. 

ii) interaction where both are equivalent position zero. 

iii) interaction where one is equivalent position zero and the other not. 

If case (2) is used then (i), (ii) and (iii) all use case (2); for example: 

site  A ...  beq  ...  pdf _for _pairs  A A ...  

If case (3) is used, then beq is used for (i) and (iii) and case (3) is used for (ii); for example:  

site  A ...  beq  ...  pdf _for _pairs  A A pdf _only _eq_0...  
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If both case (2) and (3) are used then beq is ignored and case (2) is used (i) and (iii), and case 
(3) for (ii); for example:  

site  A ...  beq  ...   
pdf _for _pairs  A A...                ª (i)  and  (iii)  
pdf _for _pairs  A A pdf _only _eq_0...  ª (ii)  

9.3 ..... fŰƣĲƖШċŰĬШfŰƣƖċШůŸũĲĦƨũĲШ[ìc~ƚ 

pdf_for_pairs can be used to assign different interaction types between molecules. For exam-
ple, to set the bond lengths for the atom Al1 of AlVO4 (see Â?[рΞЮf Â) for equivalent-position-
0 only, the following could be used: 

prm intra _molec  0.01  min  1e- 6 
pdf _for _pairs  Al1  "O1 O2 O3 O4 O5 O6" pdf _only _eq_0  

pdf _gauss _fwhm = intra _molec;  

The calculated pattern from Â?[рΞЮf Â therefore becomes: 

 

Notice the 6 spikes; they correspond to the Al1 bonds with narrow FWHMs. If we wanted Al1 
bonds that are not equivalent-position-0 to be different to the beqќs then we could use: 

prm inter _molec  0.1   min  1e- 6 
prm intra _molec  0.01  min  1e- 6 
pdf _for _pairs  Al1  "O1 O2 O3 O4 O5 O6" pdf _only _eq_0  

pdf _gauss _fwhm = intra _molec;  
pdf _for _pairs  Al1  "O1 O2 O3 O4 O5 O6" 

pdf _gauss _fwhm = inter _molec;  

This gives the following calculated pattern where we see the various Al1 bonds. 

Calculated G(r) with a molecule with narrow FWHMs

r (Angstroms)

76543210

G
(r

) 
(a

.u
.)

600

500

400

300

200

100

0

-100

-200



PDF refinement 85 

 

85  PDF refinement 

 

 

The corresponding output from pdf_info becomes: 

pdf _info  
{  
-  = No pdf _for _pairs  defined  
0 = pdf _for _pairs  defined  with  pdf _only _eq_0 
1 = pdf _for _pairs  defined  without  pdf _only _eq_0 
2 = two  pdf _for _pairs  defined,  one  with  pdf _only _eq_0 and  one  without  pdf _only _eq_0 
 
   Al1     ------ 222222 ------  
   Al2     ------------------  
   Al3     ------------------  
   V1     ------------------  
   V2     ------------------  
   V3     ------------------  
   O1     2-----------------  
   O2     2-----------------  
   O3     2-----------------  
   O4     2-----------------  
   O5     2-----------------  
   O6     2-----------------  
   O7     ------------------  
   O8     ------------------  
   O9     ------------------  
   O10    ------------------  
   O11    ------------------  
   O12    ------------------  
}  

An exception is thrown if the same interaction is referenced in more than one pdf_for_pairs, 
for example, the following will throw an exception as Al1-O1 is referenced twice: 

pdf _for _pairs  Al1  "O1 O2 O3 O4 O5 O6" pdf _only _eq_0 ...  
pdf _for _pairs  Al1  O1 pdf _only _eq_0 ...  

The following will not throw an exception: 

pdf _for _pairs  Al1  "O1 O2 O3 O4 O5 O6" pdf _only _eq_0 ...  
pdf _for _pairs  Al1  O1 ...  

Calculated G(r) with a molecule with narrow FWHMs

r (Angstroms)

76543210

G
(r

) 
(a

.u
.)

600

500

400

300

200

100

0

-100

-200



PDF refinement 86 

 

86  PDF refinement 

 

9.4 ..... fŰƚƣƖƨůĲŰƣШÉŔŰĦШŉƨŰĦƣŔŸŰШƚŔŰĦрΝЮŔŰƓ 

In Éf 9рΝЮf Â, pdf_convolute is used at the xdd level to convolute a Sinc function into phases: 

pdf _convolute  = Sin(Qmax  X+q3)/If(Abs( X)  < 0.5  Step _Size,  If( X < 0, - q2,q2), X);  
   min _X = - conv _max;  
   max_X =  conv _max;  

Éf 9рΝЮf Â also uses an xo_Is phase defined as: 

xo _Is  
   NoThDependence(0.0001)  
   xo  10 I  @ 100  
   peak _type  pv  
      pv _lor  0.5  
      pv _fwhm 2 

pdf_convolute operates on PDF type phases only; the xo_Is phase is untouched. Note the 
phase dependent use of an emission profile as defined in the NoThDependence macro. Multi-
ple pdf_convoluteќs can be described at the global, xdd, str and pdf_for_pairs levels. Use of 
pdf_convolute as a dependent of pdf_for_pairs is slower than at the other levels; thus where 
possible use pdf_convolute outside of pdf_for_pairs. 

9.5 ..... ìĲŔŊőƣŔŰŊШŸŉШÂ?[ШċŰĬШΞрÑőĲƣċШƣǃƓĲШĬċƣċ 

PDF and 2q data can be of very different intensities; xdd_sum can be used to modifying the 
weighing of these data to give approximately similar weights to the patterns. For example: 

xdd  file1.xy  
   xdd _sum !sum1  = Abs( Yobs);  
   weighting  = 1 /  sum1;  
xdd  file2.xy  
   xdd _sum !sum2  = Abs( Yobs);  
   weighting  = 1 /  sum2;  
   pdf _data  

9.6 ..... ÑĲƚƣхĲǂċůƓũĲƚпƓĬŉпĤĲƕрΞЮŔŰƓ 

7EÄрΞр9ÅE ÑEЮf Â generates a simulated pattern for 7EÄрΞЮf Â which: 

¶ comprises the structure of AlVO4,Ш 

¶ 3 types of beq parameters,Ш 

¶ beq is a function of X (ie. X = r) and hence peak widths are a function of X,Ш 

¶ demonstrates the use of pdf_zero,Ш 

¶ demonstrates the use of rebin_with_dx_of and rebin_start_x_at.Ш 

9.7 ..... ÑĲƚƣхĲǂċůƓũĲƚпƓĬŉпĤĲƕрΟЮŔŰƓ 

7EÄрΟр9ÅE ÑEЮf Â generates a simulated pattern for 7EÄрΟЮf ÂбШit demonstrates the use of 
pdf_for_pairs. 
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9.8 ..... ÉƓĲĲĬŔŰŊШƨƓШƖĲŉŔŰĲůĲŰƣШƽŔƣőШƖĲĤŔŰхƽŔƣőхĬǂхŸŉ 

Increasing the x-axis step size of PDF data can speed up refinements; see 7EÄрΞЮf Â. The step 
size must be of equal size and the start of the x-axis needs to be an integral multiple  of the step 
size. Data can therefore be rebinned to increase step size as follows: 

macro  Rebin _Step   {  0.015  }  
rebin _with _dx _of  Rebin _Step  rebin _start _x_at  Rebin _Step  

Rebinning is akin to collecting the data at a larger step size. All data is included; counts after 
rebinning is equal to counts before rebinning. esdќs associated with the data are also re-
binned. rebin_start_x_at can be used to place the start of the data at an integral multiple  of the 
step size. In 7EÄрΞЮf Â parameters such as scale are written in terms of the rebin step size to 
reflect the fact that the scaling of the data is changed due to rebinning. 

9.9 ..... ÅĲŉŔŰŔŰŊШŸŰШĤĲƕШƓċƖċůĲƣĲƖƚ 

Modify the BB macro so that its empty as in the following: 

macro  BB {  } ' Enter ! to not refine, beq including low angle fwhm sharpening  

This results in refinement of four independent beq parameters including the low angle sharp-
ening parameter of erf_a as seen in the following:  

macro Beq(c, v)  
{  

#m_argu c 
If_Prm_Eqn_Rpt(c, v, min 1e- 6 max 10 val_on_continue = Rand(.1, 2); )  
beq = CeV(c, v) Erf_Approx( erf_a X);  

}  

The Rwp plot is: 

 

This type of convergence is indicative of correct derivative calculat ion. Convergence for coor-
dinates, occupancies, lattice  parameters and pdf_zero are similar. 
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9.10 ... ÅĲŉŔŰŔŰŊШŸŰШ ?ÂƚШŔŰШÂ?[ШƖĲŉŔŰĲůĲŰƣШтШÖŔŢШƓċƖċůĲƣĲƖƚ 

siteв occ Zr 1 u11 @ .01  u22 @ .01  u33 @ .01  u12 @ 0  u13 @ 0  u23 @ 0 
adps_scale @ 1 

ADPs can now be used and refined in PDF refinement. The syntax is similar to reciprocal space 
refinement where the apds keyword, when used, generates the ADP parameters, for example, 
the following: 

site Zr1  x # y # z # o cc  Zr 1 apds  

becomes: 

site Zr1 x #  y # z # occ  Zr 1 ADPs { u11  # u22  # u33 # u12  # u13 # u23  # }  

This implementation is similar to PDFGui (Farrow et al., 2007) where peaks are Gaussian even at 

low-r. ADP parameters will therefore correct for peak width but not asymmetry. Asymmetry does 

occur however and is noticeable when atomic displacement geometry is extreme. 

adps_scale allows for the scaling of the Uij parameters and it can be a function of X where X 
corresponds to the distance between atoms. 

prm !delt1 0.75 min 1e- 6 max 5 
prm !delt2 0 min 1e- 5 max 1   
prm !Qb  0.05 min 1e- 6 max 1 
prm aa 1 min 1 _v = Rand(0.5, 1.5);  
adps_scale = 2 aa (Abs(1 -  delt1 / X -  delt2 / X^2 + (Qb^2) X^2));  

 
The FWHM of a PDF peak for atom i and j is given by:  

 

FWHM ij = Sqrt(adp_scalei Ucart,i + adp_scalej Ucart,j) 

where Ucart is Uij in cartesian coordinates. _v is an alternative to val_on_continue. 

9.11 ... ~ƨũƣŔċƣŸůШċƓƓƖŸċĦőШƣŸШ ?ÂƚШŔŰШÂ?[ШƖĲŉŔŰĲůĲŰƣ 

macro ADP_5 and ADP_7  
ÉĲĲШŉŔũĲШÂ?[р ?ÂÉЮf 9 
 

Examples 

ÑEÉÑхEñ ~ÂxEÉпÂ?[р ?ÂÉп 
ÂÂÅ§ñрΝЮf Â 

[fÑхÑ§х]ÅЮf Â 

In many cases, anisotropic displacement parameters in PDF refinement can be described us-
ing 5 or 7 beq type sites, we will call these descriptions ADP_5 and ADP_7. ADP_5 comprises 
7 parameters instead of the normal 6 unn parameters. These ADP_5 parameters can be trans-
formed to unn parameters by fitting unn parameters to a pattern created from the ADP_5 pa-
rameters. The fit is reasonable considering the unn model has only 6 parameters. Some main 
points when using ADP_5 in PDF refinement: 

¶ Number of ADP parameters become 7 instead of 6. 
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¶ Broadening due to ADPs in G(r) is implied. 
¶ Asymmetry at low r is implied. 
¶ This approach works in Version 7 (albeit slower) 

Asymmetry seen at low r is typically difficult to model; the ADP_n approach however implicitly 
contains asymmetry. The computational effort increases as there are 7 atoms per ADP site; 
this is offset by the very fast calculation of PDF patterns using beq type sites. The file Â?[р
?ÂÉЮf 9 contains the macros necessary for describing ADPs-7. ÂÂÅ§ñрΝЮf Â demonstrates 

the ability of the ADPs-7 approach to describe unn models in reciprocal space. It has three 
modes of operation: 

1) CREATE_USING_unns: creates a simulated single crystal pattern from normal unn param-
eters for one atom. neutron_data is used the effects of atomic scattering factors.  

2) FIT_USING_ADPs_5: fits to the simulated pattern using the ADPs-7 approach. This refine-
ment then saves the calculated ADPs-7 pattern created to a file called Éf~рΞЮcux. 

3) DETERMINE_unns_FROM_ADPs_5: fits normal unn parameters to Éf~рΞЮcux.  

ADP_5 sites are described in the ADP_5 macro, and it looks like: 

macro  ADP_5_0(s, &x0, &y0, &z0, atom, &o, &x1, &y1, &z1, &x2, &y2, &z2, &bo)  
{  
site s x = x0;  y = y0;  z = z0;  occ atom = 0.2 o; beq  = bo;  
local #m_unique ns = Get(num_posns);  
site s##_1p x = x0+x1; y = y0+y1; z = z0+z1; occ atom = 0.2 (ns / Get(num_posns)) o; beq  = bo;  
site s##_2p x = x0+x2; y = y0+y2; z = z0+z2; occ atom = 0.2 (ns / Get(num_posns)) o; beq  = bo;  
site s##_1m x = x0 - x1; y = y0 - y1; z = z0 - z1; occ atom = 0.2 (ns / Get(num_posns)) o; beq  = bo;  
site s##_2m x = x0 - x2;  y = y0 - y2; z = z0 - z2; occ  atom = 0.2 (ns / Get(num_posns)) o; beq = bo;  
}  

Two extreme cases have been performed; results for the first case, the refined and original  Uij 
parameters are: 

   ADPs {  0.39524 0.39690  0.40143 - 0.18277 - 0.19009 - 0.19268  } ' refined  
   ADPs {  0.4     0.4      0.4     - 0.19    - 0.19     - 0.19 }   ' original  

The refined values, from the DETERMINE_unns_FROM_ADPs_7 operation, shows good agree-
ment with the original values. The FIT_USING_ADPs_7 operation produces a fit that looks like: 

 

A further extreme example is: 

u11 .1 u22 0.2 u33 0.3 u12 0.03 u13 0.02 u23 0.01
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   ADPs {  0.39524 0.39690  0.40143 - 0.18277 - 0.19009 - 0.19268  } ' refined  
   ADPs {  0.4     0.4      0.4     - 0.19    - 0.19     - 0.19 }   ' original  

The FIT_USING_ADPs_5 operation produces a fit that looks like: 

 

9.11.1.1....... ~ƨũƣŔċƣŸůШċƓƓƖŸċĦőШƣŸШ ?ÂƚШтШŉŔƣƣŔŰŊШƣŸШ]ыƖьШƓċƣƣĲƖŰƚ 

This section generates describes the a reciprocal space pattern using unn parameters, then 
generates a G(r) pattern from the simulated data. Then fits to the G(r) pattern using either 
ADP_5 or Uij parameters. Additionally, a reciprocal space patterns can then be simulated us-
ing the fitted ADP_5  parameters and then finally the loop is complete with a unns fit to the 
reciprocal space pattern. The final unn parameters should match the original unn parameters 
reasonably well. The control parameters are as follows: 

#prm generate_recip_space_pattern = 1;  
#prm generate_Gr_created_ from_ sine_transform = 0;  
#prm generate_Gr_calc_using_Uij = 0;  
#prm ADP_5_fit_to_Gr_calc_using_Uij = 0;  
#prm ADPs_fit_to_Gr_calc_using_Uij = 0;  
#prm ADP_5_fit_to_Gr_created_ from_ sine_transform = 0;  
#prm ADPs_fit_to_Gr_created_ from_ sine_transform = 0;  
#prm create_recip_ADP_5_fit_to_Gr_calc_using_Uij = 0;  
#prm create_recip_ADP_5_fit_to_Gr_created_ from_ sine_transform = 0;  
#prm Fit_create_recip_ADP_5_fit_to_Gr_calc_using_Uij = 0;  
#prm Fit_create_recip_ADP_5_fit_to_Gr_created_ from_ sine_transform = 0;  
macro  Append_to_File_Name { 1 }  ª 9FQL@AF? @=J= LG A<=FLA>Q GMLHML >AD=K ;J=9L=< 
#prm include_resolution_broadening  = 1;  

These need to be executed one at a time and in sequence; they should be self-explanatory. 
The main point is that the sine transform pattern created using generate_Gr_cre-
ated_from_sine_transform comprises asymmetry whereas the calculated G(r) created using 
ŊĲŰĲƖċƣĲх]ƖхĦċũĦхƨƚŔŰŊхÖŔŢШĬŸĲƚШŰŸƣЮШÑőĲШŉŸƖůĲƖШĦċŰШĤĲШĦŸŰƚŔĬĲƖĲĬШƣőĲШћƣƖƨĲќШ]ыƖьШƓċƣƣĲƖŰЮШ
Also of importance is that the pattern created using generate_Gr_created_from_sine_trans-
form is generally better fitted using ADP_5 (or ADP_7) using than when using 
ADPs_fit_to_Gr_created_from_sine_transform. The reason is that the latter does not include 
asymmetry. 
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9.12 ... ÉƣƖƨĦƣƨƖĲШÉŸũƨƣŔŸŰЯШÉŔůƨũċƣĲĬШŰŰĲċũŔŰŊ 

Â?[п xé§ΠпÉÑÅÖ9ÑÖÅEрÉ§xÖÑf§ р9ÅE ÑEЮf Â creates a simulated pattern for ÉÑÅÖ9ÑÖÅEр
É§xÖÑf§ Юf Â. Itќs a simulated annealing refinement with all coordinates starting at zero and 
with anti-bump penalties applied using: 

AI _Anti _Bump(O* ,  O* ,  2.4,  1,  5)  
AI _Anti _Bump(Al*,  O* ,  1.6,  1,  5)  
AI _Anti _Bump(Al*,  Al*,  2.8,  1,  5)  

The correct solution is found as seen in the following: 

 

The range of convergence for atomic coordinates are smaller than with reciprocal space as in 
normal Rietveld refinement. This is because the coordinates, in the PDF case, changes peak 
positions rather that peak intensities; with the former having a narrow range of convergence. 
It may be possible to increase the range of convergence for the PDF case by increasing the 
peak widths; this however comes at the expense of resolution and may also result in an even 
smaller range of convergence. 

9.13 ... ÅŔŊŔĬШĤŸĬŔĲƚШƽŔƣőШÂ?[ШĬċƣċ 

Â?[п xé§ΠпÅf]f?Юf Â operates on simulated data created by ÉÑÅÖ9ÑÖÅEрÉ§xÖÑf§ р9ÅEр
ÑEЮf Â. It demonstrates the use of rigid bodies with PDF data. 

9.14 ... §ĦĦƨƓċŰĦǃШůĲƖŊŔŰŊШƽŔƣőШÂ?[ШĬċƣċ 

Â?[п§99р~EÅ]EрÂ7É§Πп§99р~EÅ]EЮf Â operates on simulated data created by 9ÅEр
ÑEЮf Â. It demonstrates the use of occ_merge with PDF data. 

9.15 ... EƕƨŔƻċũĲŰĦĲШŸŉШƓĬŉхŊċƨƚƚхŉƽőůШċŰĬШĤĲƕШŉŸƖШŸŰĲШċƣŸůШƣǃƓĲ 

Â?[пÉfΝЮf Â comprises an option to use beq or pdf_gauss_fwhm. For the beq case we have: 



PDF refinement 92 

 

92  PDF refinement 

 

beq  = width;  

and for pdf_gauss_fwhm we have: 

pdf _gauss _fwhm = Sqrt(width  2 Ln(2)  /  Pi^2);  

The above cases are equivalent when all atoms are of the same type. 
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10. ÉÑ 9uf ]Ш[ ÖxÑÉ 
 

[site $name]...  
[layer $layer]  

[stack $layer]...  
[sx E] [sy E] [sz E]  
[generate_these $sites]  

[generate_name_append $append_to_site_name] 

The super cell approach to stacking faults has been implemented. layer identifies a site as 
belonging to a layer called $layer; stack applies a stacking vector { sx, sy, sz } to the named 
layer. Structures factors are generated in the usual manner with a shift applied corresponding 
to the stacking vector. stack operates in any space group. Sites that do not belong to a layer 
are treated as un-stacked and their structure factors are generated in the usual manner. gen-
erate_these generates the sites found in $sites for the stack with coordinates that reflect orig-
inal $sites positions plus the stacking vector. generate_name_append appends $ap-
pend_to_site_name to the generated site. The generated sites have occupancies set to zero 
which signals a dummy site. Dummy sites do not take part in structure factor calculations and 
hence speed is not hindered. The dummy sites allow for graphical display of the layers, i.e. 

 

Importantly, penalties can operate on dummy sites which allow for restraints such as Dis-
tance_Restrain. The following rules govern the behaviour of sites marked with layer: 

¶ A site marked with layer cannot take part in restraints. 

¶ A site marked with layer is not displayed graphically. 

¶ A site generated using generate_these can take part in restraints. 

¶ A site not marked with layer can take part in restraints. 

For example:  

space _group  P1 
site  O1 ...  layer  A 
site  O2 ...  layer  A 
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stack  A 
sx  ...  
generate _these  O1 

generate _name_append  _1 
append _fractional  

in _str _format  

will  output for append_fractional the following:  

site  O1 ...  
site  O2 ...  
site  O1_1 ...  occ  O 0 

The ÑEÉÑхEñ ~ÂxEÉпÉÑ 9uf ]р[ ÖxÑÉпu §xf fÑEЮf Â shows how to simplify the setting up of 
layers with the use of simple macros. Speed of calculation  for structure factors are very fast 
and the derivatives of the stacking vectors { sx, sy, sz } are very fast. The main bottle  neck in 
speed is summing the peaks to Ycalc. The switch љ#define Speedњ in u §xf fÑEЮf Â shows 
keywords that can speed things up in the early stages of determining the stacking vectors. 

10.1 ... [ŔƣƣŔŰŊШƣŸШċШ?ĲĤǃĲрŉŸƖůƨũċĲШƓċƣƣĲƖŰШƨƚŔŰŊШћƚƣċĦťќ 

A test pattern was generated using the Debye scattering equation. The structure comprised a 
single atom in an Orthorhombic unit cell with 40 layers (40x40x40 unit cells) in the a-b plane 
shifted according to {Round(Rand(0,2))/3, Round(Rand(0,2))/3, 0}. The blue line in the follow-
ing is the generated pattern comprising the average of 30 runs of the Debye scattering equa-
tion. The red line corresponds to a Rietveld fit of 6 super cell structures (1x1x40) showing that 
the super cell approach is a good approximation to the Debye formulae for this example. 

 

The example ÉÑ 9uf ]р[ ÖxÑÉп?E7òEр EìЮf Â corresponds to the Rietveld fit using the layer 
and stack keywords. The ?E7òEр§x?Юf Â file corresponds to the same Rietveld fit but without 
the layer and stack keywords; instead, layers are explicitly defined using site in an enlarged 
unit cell.  

There are two time-consuming bottle necks dealt with: 
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1) Summing peaks to Ycalc 

2) Calculating structure factors for the stacked layers 

The phase dependent [del_approx #] groups peaks from the peaks buffer whilst summing 
peaks to Ycalc; the peaks are grouped such that their 2Th positions all lie within: 

(тdel_approx  Peak_Calculation_Step) <  2 Th <  (del_approx Peak_Calculation_Step) 

Once the group is found then only the two peaks with the smallest and largest 2Th is kept. The 
in-between peaks have their intensities appropriated to the kept peaks. The peak buffer 
stretching routines have also been optimized for both accuracy and speed. The following 
points should be noted when working with large super cells 

¶ The layer and stack keywords increase computational  speed and reduce memory usage. 

¶ del_approx increase computation speed at a relatively small cost to accuracy; a value be-
tween 1 and 3, dependent on Peak_Calculation_Step, is typically acceptable. 

¶ The graphical display of 10s of 1000s of hkl ticks ыƣőĲƖĲќs 51584 hkls in each phase of the 
?E7òEр EìЮf Â) is time consuming; turning the graphical hkl-ticks option Off is worth-
while. 

10.2 ... [ŔƣƣŔŰŊШƣŸШuċŸũŔŰŔƣĲШĬċƣċ 

ÉÑ 9uf ]р[ ÖxÑÉпu §xf fÑEЮf Â demonstrates the application of stack and layer with the fol-
lowing fit:  

 

In this example the stacking vectors are refined in a simulated annealing process. 
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10.3 ... ÉƣċĦťŔŰŊШŉċƨũƣƚШċŰĬШŊĲŰĲƖċƣŔŰŊШƚĲƕƨĲŰĦĲƚШŸŉШũċǃĲƖƚ 
 

[generate_stack_sequences] { 
[number_of_sequences !E] 
[number_of_stacks_per_sequence !E] 
[save_sequences $file] 
[save_sequences_as_strs $file] 
[user_defined_starting_transition $tran-

sition_name] 
[layers_tol !#0.5] 
[n_avg !E] 
[num_unique_vx_vy !N] 
[match_transition_matrix_stats {...}] 
[transition $transition_name]... 

[use_layer $layer] 
[height E] 
[n !N] 
[to $to_transition_name !E]... 

[ta E] [tb E] [tz E] 
[a_add E] [b_add E] [z_add E] 

} 
' Get(generated_c) 

Examples 

ÑEÉÑхEñ ~ÂxEÉпÉÑ 9uf ]х[ ÖxÑÉп 
[fÑрΝЮf Â 
[fÑрΞЮf Â 
[fÑрΟЮf Â 
ÅfEÑéEx?р]E EÅ ÑEп 
9ÅE ÑEрÉEÄÖE 9EÉЮf Â 
ÅfEÑéEx?р]E EÅ ÑEЮf Â 
[fÑрÑ§рÅfEÑéEx?р]E EÅ ÑE?Юf Â 
ÅfEÑéEx?р]E EÅ ÑE?рΞΜΜрΞΜΜΜЮñò 
ÉÑÅÉрΞΜΜрΞΜΜΜЮÑñÑ 

Stacking fault generation and refinement can now be performed at speeds that make routine 
analysis possible (Coelho et al., 2016). generate_stack_sequences generates sequences of 
stacks from the transition matrix described by the transition keyword. The opening and closing 
braces of { ... } corresponds to a block where keywords local to generate_stack_sequences 
can be used. Outside of the braces the generate_stack_sequences canќt be used. After gener-
ation of the sequences, Get(generated_c) is updated with the average thickness of the gener-
ated sequences. It can be used to set the c lattice  parameter. 

On termination of refinement, num_unique_vx_vy reports on the number of unique { sx, sy } 
stacking vector coordinates for all layer types. transition defines a ћfromќ transition with the 
name $transition_name. The transition uses the layer defined in use_layer. to defines the to-
transition. $to_transition_name must be a defined $transition_name. n returns the number of 
transitions generated for the corresponding to to-transition. height: can be used instead of 
z_add keywords. ta, tb: defines the stacking vector x and y coordinates in terms of the crystal-
lographic ċ and Ĥ axes. a_add, b_add: defines the stacking vector x and y coordinates relative 
to the previous stacking vector in terms of the crystallographic ċ and Ĥ axes. tz: defines stack-
ing vector z coordinate along the crystallographic Ħ axis in Å. add_z: defines stacking vector z 
coordinate along the crystallographic Ħ axis in Å relative to the previous stacking vector. 

user_defined_starting_transition: if used, stacking begins at the transition with the name of 
$transition_name. Otherwise, stacking begins at the transition with the greatest probability 
according to the probability density matrix. layer_tol corresponds to q of Fig. 1 in the paper 
(Coelho, 2016); it describes the termination condition when generating the stacking sequence.  
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10.3.1 ....... ]ĲŰĲƖċƣŔŰŊШƣőĲШƚċůĲШƚƣċĦťŔŰŊШƚĲƕƨĲŰĦĲƚШĲċĦőШƖƨŰ 

The random number generator can be seeded with a constant seed using seed to generate the 
same set of stacking sequences each run, for example: 

seed  #number  

#number is a constant integer. Each #number generates its own unique set of random num-
bers. Generating identical sets of stacking sequences is useful when changes in Rwp, that ex-
cludes stacking sequence variation, is required. 

10.3.2 ....... ÑőĲШÉ[хÉůŸŸƣőШůċĦƖŸ 

Stacking faulted calculated patterns can contain ripples when the peak shapes are small or 
when there are too few layers stacked. The SF_Smooth macro, defined in Ñ§Â ÉЮf 9 smooths 
these ripples such that small supercells can approximate large supercells; this increases 
computation  speed and reduces memory usage. All stacking fault examples use SF_Smooth; 
typical usage is: 

SF_smooth(@,  1,  1)  

The refined parameter adjusts the width of a Gaussian convolution that is dependent on hkls 
and the intensities of the reflections. The last argument s (the ћ1ќ) can be used to adjust the 
tolerance of peak_buffer_based_on used in the SF_Smooth macro; the definition of the latter 
is: 

peak _buffer _based _on = idl;   
peak _buffer _based _on_tol  = Max(0.01  idl,  Peak_Calculation _Step  0.5  s);  

Reducing s increases the number of peaks in the peaks buffer and increases the accuracy of 
the calculated pattern. s=1 is typically sufficient.  

10.3.3 ....... [ŔƣƣŔŰŊШƣŸШ?f[[ċñШƣĲƚƣШĬŔċůŸŰĬШĬċƣċ 

[fÑрΝЮf Â uses generate_stack_sequences to fit to data generated from the DIFFaX suite 
(Treacy, 1991); the INP segment that generates the sequences looks like: 

   generate _stack _sequences  {  
      number _of _sequences  Nseqs  200  
      number _of _stacks _per _sequence  Nv 200  
      num_unique _vx _vy   6 
      Transition(1,  lpc)  
         to  1 = pa;      a_add  = 2/3;   b_add  = 1/3;    n !n1   349984  
         to  2 = 1- pa;    a_add  = 0;     b_add  = 0;      n !n2   149781  
      Transition(2,  lpc)  
         to  1 = 1- pa;    a_add  = 0;     b_add  = 0;      n !n3   149781  
         to  2 = pa;      a_add  = - 2/3;  b_add  = - 1/3;   n !n4   350254  
   }  

The generated probability parameter pa can be determined using the n values as follows: 
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prm !pa _gen  = (n1+n3)/(n1+n2+n3+n4);  :  0.699974874  

The fit  to the DIFFaX data looks like: 

 

10.3.4 ....... ÉƣċĦťŔŰŊШŉċƨũƣƚШŉƖŸůШũċǃĲƖƚШŸŉШĬŔŉŉĲƖĲŰƣШũċǃĲƖШőĲŔŊőƣƚ 

Layers of different thicknesses can be accurately modelled and with fast refinement. HĲƖĲќs a 
fit  to simulated data ([fÑрΞЮf Â) for two different layer heights of 5 and 6Å. 

 

10.3.5 ....... ÅŔĲƣƻĲũĬр]ĲŰĲƖċƣĲĬШĲǂċůƓũĲ 

The files in the ÅfEÑéEx?р]E EÅ ÑE directory can be used to create a stacking faulted test pat-
tern using Rietveld refinement; the test pattern can then be refined against. 9ÅE ÑEрÉEр
ÄÖE 9EÉЮf Â creates the INP format stacking sequences and places the result in the file 
ÉÑÅÉрΞΜΜрΞΜΜΜЮÑñÑ. The file ÅfEÑéEx?р]E EÅ ÑEЮf Â can be used to create the test pattern 
ÅfEÑéEx?р]E EÅ ÑE?рΞΜΜрΞΜΜΜЮñò. This test pattern can be fitted-to using [fÑрÑ§рÅfEÑéEx?р
]E EÅ ÑE?Юf Â; this INP file uses generate_stack_sequences and it demonstrates the 
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Fit-2.INP, Fitting to test data created with different layer heights
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accuracy and speed of the stacking fault averaging procedure. The fit to the Rietveld generated 
stacking faulted pattern looks like: 

 

10.3.6 ....... ÅĲŉŔŰŔŰŊШŸŰШũċǃĲƖШőĲŔŊőƣƚ 

Layer heights can be refined by refining on parameters that are a function of the add_z or height 
keywords. The [fÑрΟЮf Â example refines on 3 height parameters as well as the z fractional 
atomic coordinates of the sites that comprise the layers. It also lists six types of transitions 
which operate on three unique layer types. The transitions points to the unique layer types us-
ing use_layer. The c lattice  parameter is defined and refined using the following: 

prm qq 0 c = Get(generated _c)  + 0.0001  qq;  :  1828.085117  

Get(generated_c) is also used to initialize the z fractional coordinates of the sites as follows: 

prm height _Se01 7.49691   
prm !zSe01  = height _Se01 /  Get(generated _c);  
site  Se01 x 0.5  y 0 z = zSe01;  occ  Se 1 beq  !bval  1 layer  cd00  

The fit  to the test data looks like:  
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Fit-3.INP, Refining on stacking vector and structural parameters
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11. ÄÖ  ÑfÑ ÑféEШ  xòÉfÉ 
 

[xdd]... 
[mixture_MAC #] 
[mixture_density_g_on_cm3 #] 
[weight_percent_amorphous !E] 
[elemental_composition] 
[element_weight_percent $atom $Name #]... 
[element_weight_percent_known $atom #]... 
[prm = Get(sum_smvs)...] 
[prm = Get(mixture_MAC)в ]  
[prm = Get(mixture_density_g_on_cm3) в ] 
[Mixture_LAC_1_on_cm(0)] 
[str]... 

[cell_mass !E] [cell_volume !E] [weight_percent !E]  
[spiked_phase_measured_weight_percent !E] [corrected_weight_percent !E] 

[phase_MAC !E] 
[prm = Get(sum_smvs)... ] 
[prm = Get(smv)... ] 
[prm = Get(sum_smvs_minus_this)... ] 
[prm = Get_Element_Weight(atom)... ] 
[Phase_LAC_1_on_cm(0)] 
[Phase_Density_g_on_cm3(0)] 

Examples in ÑEÉÑхEñ ~ÂxEÉпÄÖ  Ñ 

11.1 ... ÉƨůůċƖǃШŸŉШÄƨċŰƣШĲǂċůƓũĲƚ 

¶ ÄÖ  ÑрΝЮf Â: shows the use of element_weight_percent_known etc.  

¶ ÄÖ  ÑрΞЮf Â: uses the Known_Weight_Percent macro 

¶ ÄÖ  ÑрΟЮf Â: uses elemental constraint using Get_Element_Weight 

¶ ÄÖ  ÑрΠЮf Â: uses Known_Weight_Percent on a hkl_Is phase. 

¶ ÄÖ  ÑрΡЮf Â: uses a dummy_str to describe an amorphous phase 

¶ ÄÖ  ÑрΣЮf Â: uses a hkl_Is phase; links a dummy_str to the hkl_Is phase.  

¶ ÄÖ  ÑрΤЮf Â: uses a fit_obj that is a function of a user_y object to describe a phase; links 
a dummy_str to a fit_obj to get QUANT info.  

QUANT implementation , to a large extent, is written internally using the TOPAS Symbolic sys-
tem; this allows great flexibility. Dependencies are determined automatically  and unneces-
sary recalculations kept to a minimum. ÄÖ  ÑрΝЮf Â uses many of the above keywords and 
additionally writes equivalent terms in the form of equations, for example: 
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prm = 100  Get(smv)  /  Get(sum _smvs);  :  0 ª This  is  weight _percent  
 
prm q = spiked _phase _measured _weight _percent  /   
        spiked _phase _measured _weight _percent _wt;  :  0 
 
prm = q Get( weight _percent );  :  0   ª This  is  corrected _weight _percent  
prm = 100  (1  -  q);  :  0             ª This  is  weight _percent _amorphous  

11.2 ... EũĲůĲŰƣċũШƽĲŔŊőƣШƓĲƖĦĲŰƣШĦŸŰƚƣƖċŔŰƣ 

If an elemental weight percent was known, and three phases of the mixture comprised this 
element then Get_Element_Weight can be used to get the weight of the element as a function 
of the structure, i.e. 

str  ...  
prm z1  = Get _Element _Weight(Zr);   
MVW(!m1 0,  !v1  0,0)   

str  ...  
scale  s2  0.001  
prm z2  = Get _Element _Weight(Zr);   
MVW(0, !v2  0,0)   

str  ...  
scale  s3  0.001  
prm z3  = Get _Element _Weight(Zr);   
MVW(0, !v3  0,0)   

Rearranging the formulae for element weight percent, the scale parameter of one of the 
phases, say the first one, can be written as: 

scale  = (0.01  known_Zr  Get(sum _smvs_minus _this)  -  s2  v2  z2  -  s3  v3  z3)   
        /  (v1  (z1  -  0.01  known_Zr  m1));   

Get(sum_smvs_minus_this) returns the sum of SMVs minus the phase where it is defined. 
ÄÖ  ÑрΟЮf Â demonstrates this constraint with good convergence. It comprises 4 phases with 
three comprising Zr atoms. ÄÖ ÑрΞЮf Â demonstrates constraining a weight percent to a 
known value using the macro: 

macro  Known_Weight _Percent(&  w)   
{  

scale  = (w  /  (100  -  w))  Get(sum _smvs_minus _this)  /  (Get(cell _mass)  Get(cell _volume));  
}  

11.3 ... EũĲůĲŰƣċũШĦŸůƓŸƚŔƣŔŸŰШċŰĬШÅĲƚƣƖċŔŰƣƚ 

The xdd dependent elemental_composition reports on the elemental composition of atoms 
within the structures of the xdd, for example: 
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ª Before  refinement  
xdd  ...  

elemental _composition  

ª After  refinement  
xdd  ...  

elemental _composition   
{  
                     Rietveld  
   AL             0.875` _0.021  
   O             26.135` _0.009  
   SI              0.090` _0.003  
   Y              6.289` _0.012  
   ZR            66.612` _0.029  
}  

The xdd dependent elemental_weight_percent returns the weight percent of an element within 
the corresponding strќs of the xdd. ExampleШusageа 

ª Before  refinement  
penalties _weighting _K1 0.1  
xdd  ...  

element _weight _percent  Zr+4  zr   0 
restraint  = (zr  -  65);  :  0 

ª After  refinement  
penalties _weighting _K1 0.1  
xdd  ...  

element _weight _percent  Zr+4  zr  65.027  
restraint  = (zr  -  65);  :  0.027525  

In this example, zr is the name given to the element Zr+4, the restraint shows a known value of 
65 (set for example by XRF results). The refinement obeys the restraint according to the value 
set for penalties_weighting_K1. A weight percent can be restrained using: 

xdd  ...  
penalties _weighting _K1 0.2  
restraint  = (Cubic _Zirconia _wt _percent  -  36);  :  0 
str  ...  

MVW(0,0,  !Cubic _Zirconia _wt _percent  0)  

Note the name ћCubic_Zirconia_wt_ƓĲƖĦĲŰƣќ which is given to weight_percent. 

11.4 ... ůŸƖƓőŸƨƚШƓőċƚĲШĦŸůƓŸƚŔƣŔŸŰ 

If spiked_phase_measured_weight_percent is defined then elemental_composition will report 
on Rietveld values, Corrected values, and values from the original un-spiked sample. If ele-
ment_weight_percent_known keywords are defined then elemental_composition will  addi-
tionally report on the elemental contents of the amorphous phase, for example, from ÄÖ  Ñр
ΝЮf Â we have: 

elemental _composition  
{  

             Rietveld         Corrected          Original            Other  
AL        1.176` _0.042      1.059` _0.000      0.000` _0.000     0.000` _0.000  
O        26.271` _0.017     23.640` _0.832     23.162` _0.849     0.838` _0.849  
SI         0.104` _0.004      0.094` _0.005      0.096` _0.005     0.000` _0.000  
Y         6.182` _0.013      5.563` _0.204      5.676` _0.209     0.000` _0.000  
ZR       66.267` _0.055     59.631` _2.185     60.847` _2.229     2.153` _2.229  
Other      0.000` _0.000     10.015` _3.224     10.219` _3.290     7.228` _0.212  

}  
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The ћRŔĲƣƻĲũĬќ and ћCŸƖƖĲĦƣĲĬќ columns corresponds to elemental weight-percents as deter-
mined for the spiked phase; the ћOƖŔŊŔŰċũќ and ћOƣőĲƖќ columns correspond to elemental 
weight-percents of the original phase. The ћRietveldќ, ћCorrectedќ and ћOriginalќ columns sum 
to 100%. The last row of the ћCŸƖƖĲĦƣĲĬќ column (purple number) corresponds to 
Get(weight_percent_amorphous). The last row of the ћOƣőĲƖќ column (red number) is the 
amount of sample that is undefined; it comprises the number in Green minus the elements of 
the ћOtherќ column. Note the zeros for Al (blue number); this is due to the spiked phase 
(dummy test data) being the only phase containing Al. 

11.5 ... ÖƚŔŰŊШċШĬƨůůǃхƚƣƖШƓőċƚĲШƣŸШĬĲƚĦƖŔĤĲШċůŸƖƓőŸƨƚШĦŸŰƣĲŰƣ 

If it is known that the amorphous content (purple number) in the above table comprises a 
known composition, say TiO2, then a dummy_str can be used to describe the amorphous con-
tent, or: 

dummy_str  
phase _name "Amorphous"  
a 5 b 5 c 5 
space _group  1 
site  Ti  occ  Ti  1 
site  O occ  O 2 
Known_Weight _Percent(10.0148)  
MVW(0, 0 ,0)  

dummy_strќs that are void of MVW takes no part in Quantitative analysis. However, if its lattice 
parameters and chemistry correspond to a real structure then Mixture_LAC_1_on_cm and 
phase_LAC can be correctly calculated. In the case of using the Brindley correction these 
changed values will change the quantitative results. The space group entry can be different to 
P1 so long as the chemistry is correct. Inclusion of the dummy_str produces: 

elemental _composition  
{  

                  Rietveld          Corrected           Original  
AL             1.059` _0.038       1.059` _0.000       0.000` _0.000  
O             27.652` _0.015      27.652` _0.975      27.256` _0.995  
SI              0.094` _0.003       0.094` _0.005       0.096` _0.005  
TI              6.002` _0.000       6.002` _0.215       6.125` _0.219  
Y              5.563` _0.012       5.563` _0.204       5.676` _0.209  
ZR            59.631` _0.050      59.631` _2.185      60.847` _2.229  
Other           0.000` _0.000       0.000` _3.583       0.000` _3.656  

}  

Note that the ћOƣőĲƖќ row becomes zero as the amorphous content is assigned to the 
dummy_str. The changes in mixture values are: 

Without dummy_str: 

Mi xture _LAC_1_on_cm(  557.47740` _0.58665)  
mixture _density _g_on_cm3  5.26713308` _0.00292681843  
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With dummy_str: 

Mi xture _LAC_1_on_cm(  608.85143` _0.76954)  
mixture _density _g_on_cm3  5.86601008` _0.00407998952  

If XRF results were entered for element_weight_percent_known, for example: 

element _weight _percent _known Zr  63 
element _weight _percent _known O  24 

then we get: 

elemental _composition  
{  

             Rietveld         Corrected          Original            Other  
AL       1.059` _0.038      1.059` _0.000      0.000` _0.000     0.000` _0.000  
O       27.652` _0.015     27.652` _0.975     27.256` _0.995    - 3.256` _0.995  
SI        0.094` _0.003      0.094` _0.005      0.096` _0.005     0.000` _0.000  
TI        6.002` _0.000      6.002` _0.215      6.125` _0.219     0.000` _0.000  
Y        5.563` _0.012      5.563` _0.204      5.676` _0.209     0.000` _0.000  
ZR      59.631` _0.050     59.631` _2.185     60.847` _2.229     2.153` _2.229  
Other     0.000` _0.000      0.000` _3.583      0.000` _3.656     1.103` _0.431  

}  

The negative element weight percent for O for the amorphous content reflects the fact that the 
measured XRF value for O is lower than the ƖĲŉŔŰĲůĲŰƣќs value (this example is used for testing; 
XRF values here are fictitiou s).  

11.6 ... ÄƨċŰƣШƨƚŔŰŊШőťũхfƚШŸƖШŸƣőĲƖШŰŸŰрƚƣƖШƓőċƚĲƚ 

dummy_strќs can be used to represent the quantitative results arising from non-str phases. 
For example, consider a phase where the structure is not known but the chemistry is known. 
If a calibration constant has been determined relating the hkl_Is intensities to the scale pa-
rameter of the hkl_Is phase, then a dummy_str can be written as follows (see ÄÖ  ÑрΣЮf Â): 

dummy_str  
phase _name " Linked  Cubic  Zirconia"  
Cubic(5.137866)  
space _group  F_M_- 3_M 
site  Zr  x 0     y 0     z 0      occ   Zr   0.85  
                                 occ   Y   0.15  
site  O  x 0.25   y 0.25   z 0.25    occ   O   0.96  
scale  = hkl _scale;  
Phase _LAC_1_on_cm(0)  
Phase _Density _g_on_cm3(0)  
MVW(0, 0 ,0)  

Note, in this case a space group has been entered with structural  parameters that looks like a 
known structure;  this could, for example, occur where the structure is known in an ordered 
state, but the diffraction pattern comprises a disordered state. In other cases, the P1 space 
group may suffice with site occupancies corresponding to the appropriate chemistry. The 
dummy_str is linked to the hkl_Is phase by assigning the scale parameter of the dummy_str to 
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the scale parameters of the hkl_Is phase. ÄÖ ÑрΤЮf Â is a similar except that a fit_obj is linked 
to a dummy_str. Graphically the linked dummy_str is plotted with the calculated pattern of the 
hkl_Is phase or fit_obj, for example, ÄÖ ÑрΤЮf Â produces: 

 

Here the blue line corresponds to the dummy_str which plots the calculated pattern of the 
linked fit_obj which in turn comprises a user_y object. The weight percent value determined by 
the dummy_str is also displayed. 

11.7 ... EǂƣĲƖŰċũШƚƣċŰĬċƖĬШůĲƣőŸĬ 

The method of OќConnor and Raven (1988) has been implemented in both GUI and Launch 
modes using the macros (see ÑEÉÑхEñ ~ÂxEÉпuр[ 9Ñ§Å):  

macro  K_Factor _MAC_K(mac,  k,  tot)  {  
 move_to  xdd  
 local  !k _factor _mac_local _ mac 
 local  !k _factor _k_local _ k 
 local  !k _factor _sum_wps_ = 0;  :  tot  

}  
macro  K_Factor _WP(result)  {  

local  k_factor _wp_ = 1.6605402  Get(smv)  k_factor _mac_local _  
 /  k_factor _k_local _;  :  result  

if  Prm_There(k _factor _sum_wps_)  {  
existing _prm k_factor _sum_wps_ += k_factor _wp_;  

}  
}  

11.8 ... ÄÖ  ÑШuĲǃƽŸƖĬƚ 

яcell_mass гEѐШяcell_volume гEѐШяweight_percent гEѐШ 
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яspiked_phase_measured_weight_percentШгEѐШяcorrected_weight_percentШгEѐ 

cell_massЯ cell_volumeШċŰĬШweight_percentШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШƨŰŔƣШĦĲũũШůċƚƚЯШƻŸũƨůĲЯШ
ċŰĬШƽĲŔŊőƣШƓĲƖĦĲŰƣШŸŉШƣőĲШƓőċƚĲШƽŔƣőŔŰШƣőĲШůŔǂƣƨƖĲЮШspiked_phase_measured_weight_per-
centШĬĲŉŔŰĲƚШƣőĲШƽĲŔŊőƣШƓĲƖĦĲŰƣШŸŉШċШƚƓŔťĲĬШƓőċƚĲЮШfƣШŔƚШƨƚĲĬШĤǃШƣőĲШxddШĬĲƓĲŰĬĲŰƣШ
weight_percent_amorphousШƣŸШĬĲƣĲƖůŔŰĲШċůŸƖƓőŸƨƚШƽĲŔŊőƣШƓĲƖĦĲŰƣЮШ§ŰũǃШŸŰĲШƓőċƚĲШƓĲƖШ
xddШ ŔƚШ ċũũŸƽĲĬШ ƣŸШ ĦŸŰƣċŔŰШ spiked_phase_measured_weight_percentЮШ cor-
rected_weight_percentШŔƚШƣőĲШƽĲŔŊőƣШƓĲƖĦĲŰƣШċŉƣĲƖШĦŸŰƚŔĬĲƖŔŰŊШċůŸƖƓőŸƨƚШĦŸŰƣĲŰƣШċƚШĬĲр
ƣĲƖůŔŰĲĬШĤǃШweight_percent_amorphousЮШÑőĲШƽĲŔŊőƣШŉƖċĦƣŔŸŰШƽƓШŉŸƖШƓőċƚĲШƓШŔƚШĦċũĦƨũċƣĲĬШ
ċƚШŉŸũũŸƽƚа 

ύ
ὗ

В ὗ
 

ƽőĲƖĲШШ ƓШӀШ ƨůĤĲƖШŸŉШƓőċƚĲƚЮ 

ÄƓШӀШÉƓ~ƓéƓо7Ɠ 
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ÑőĲШ7ƖŔŰĬũĲǃШĦŸƖƖĲĦƣŔŸŰШŔƚШċШŉƨŰĦƣŔŸŰШŸŉШbrindley_spherical_r_cmШċŰĬШƣőĲШƓőċƚĲШċŰĬШůŔǂƣƨƖĲШ
ũŔŰĲċƖШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣƚбШƣőĲШũċƣƣĲƖШƣƽŸШċƖĲШŔŰШƣƨƖŰШŉƨŰĦƣŔŸŰƚШŸŉШphase_MACШċŰĬШmix-
ture_MACШƖĲƚƓĲĦƣŔƻĲũǃЯШŸƖЯ 

7ƓШŔƚШŉƨŰĦƣŔŸŰШŸŉШаШШыx 9ƓőċƚĲ-~ 9ůŔǂƣƨƖĲьШbrindley_spherical_r_cm 

x 9ƓőċƚĲШ ӀШũŔŰĲċƖШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣШŸŉШƓőċƚĲШƓЯШƓċĦťŔŰŊШĬĲŰƚŔƣǃӀΝЮ 

~ 9ůŔǂƣƨƖĲӀШũŔŰĲċƖШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣШŸŉШƣőĲШůŔǂƣƨƖĲЯШƓċĦťŔŰŊШĬĲŰƚŔƣǃӀΝЮ 

ÑőŔƚШůċťĲƚШ7ƓШċШŉƨŰĦƣŔŸŰШŸŉШƣőĲШƽĲŔŊőƣШŉƖċĦƣŔŸŰƚШƽƓШŸŉШċũũШƓőċƚĲƚШċŰĬШƣőƨƚШƽƓШċƚШƽƖŔƣƣĲŰШ
ċĤŸƻĲШĦċŰŰŸƣШĤĲШƚŸũƻĲĬШċŰċũǃƣŔĦċũũǃЮШÉƨĤƚĲƕƨĲŰƣũǃШƽƓШŔƚШƚŸũƻĲĬШŰƨůĲƖŔĦċũũǃШƨƚŔŰŊШċŰШŔƣĲƖċр
ƣŔƻĲШƓƖŸĦĲĬƨƖĲЮШ 

яmixture_density_g_on_cm3Шмѐ 

9ċũĦƨũċƣĲƚШƣőĲШĬĲŰƚŔƣǃШŸŉШƣőĲШůŔǂƣƨƖĲШċƚƚƨůŔŰŊШċШƓċĦťŔŰŊШĬĲŰƚŔƣǃШŸŉШΝЯШƚĲĲШċũƚŸШmix-
ture_MACЮ 

яmixture_MACШмѐ 

9ċũĦƨũċƣĲƚШƣőĲШůċƚƚШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣШŔŰШĦůΞоŊШŉŸƖШċШůŔǂƣƨƖĲШċƚШŉŸũũŸƽƚа 

‘

”

‘

”
 ύ 

ƽőĲƖĲШƽŔШċŰĬШыm оrьŔШŔƚШƣőĲШƽĲŔŊőƣШƓĲƖĦĲŰƣШċŰĬШphase_MACШŸŉШƓőċƚĲШŔШƖĲƚƓĲĦƣŔƻĲũǃЮШEƖƖŸƖƚШċƖĲШ
ƖĲƓŸƖƣĲĬШŉŸƖШphase_MACШċŰĬШmixture_MACЮШÑőĲШŉŸũũŸƽŔŰŊШĲǂċůƓũĲШĦċũĦƨũċƣĲƚШƓőċƚĲШċŰĬШ
ůŔǂƣƨƖĲШůċƚƚШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣƚЮ 

xdd  ...  
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mixture _MAC 0 
str  ...  

phase _MAC 0 

ÑőĲШůċĦƖŸƚШMixture_LAC_1_on_cmЯШPhase_LAC_1_on_cmШċŰĬШPhase_Density_g_on_cm3Ш
ĦċũĦƨũċƣĲƚШƣőĲШůŔǂƣƨƖĲШċŰĬШƓőċƚĲШũŔŰĲċƖШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣƚШыŉŸƖШċШƓċĦťŔŰŊШĬĲŰƚŔƣǃШŸŉШΝьШ
ċŰĬШƓőċƚĲШĬĲŰƚŔƣǃЯШŉŸƖШĲǂċůƓũĲа 

xdd  ...  
Mi xture _LAC_1_on_cm(0)  
str  ...  

Phase _Density _g_on_cm3(0)  
Phase _LAC_1_on_cm(0)  

EƖƖŸƖƚШŉŸƖШƣőĲƚĲШƕƨċŰƣŔƣŔĲƚШċƖĲШċũƚŸШĦċũĦƨũċƣĲĬЮШ~ċƚƚШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣƚШŸĤƣċŔŰĲĬШŉƖŸůШ
 fÉÑШċƣШhttp://phy sics.nist.gov/PhysRefData/XrayMassCoefШċƖĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШmix-
ture_MACШċŰĬШphase_MACЮШ 

Шяphase_MACШгEѐ 

9ċũĦƨũċƣĲƚШƣőĲШůċƚƚШċĤƚŸƖƓƣŔŸŰШĦŸĲŉŉŔĦŔĲŰƣШŔŰШĦůΞоŊШŉŸƖШƣőĲШĦƨƖƖĲŰƣШƓőċƚĲЮШÉĲĲШĬĲƚĦƖŔƓƣŔŸŰШ
ŉŸƖШmixture_MACЮ 

яweight_percent_amorphousШгEѐ 

?ĲƣĲƖůŔŰĲƚШƣőĲШċůŸƖƓőŸƨƚШĦŸŰƣĲŰƣШŔŰШċШƚċůƓũĲЮШÑőĲШƓőċƚĲШĬĲƓĲŰĬĲŰƣШ
spiked_phase_measured_weight_percentШŰĲĲĬƚШƣŸШĤĲШĬĲŉŔŰĲĬШŉŸƖШweight_percent_amor-
phousШƣŸШĤĲШĦċũĦƨũċƣĲĬЮ 

http://physics.nist.gov/PhysRefData/XrayMassCoef
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12. ~ ] EÑf9ШÉÑÅÖ9ÑÖÅEШÅE[f E~E Ñ 
 

[str]... 
 [mag_only_for_mag_sites] 
 [mag_space_group $symbol] 
 [site]... 
  [mlx E] [mly E] [mlz E] [mg E] 
  [mag_only] 
  ' Site dependent macros 
  MM_CrystalAxis_Display(mxc, myc, mzc) 
  MM_CrystalAxis_Refine(mxc, mxv, myc, myv, mzc, mzv, mlx_v, mly_v, mlz_v) 
  MM_Cartesian_Display(mxc, myc, mzc) 
  MM_Cartesian_Refine(mxc, mxv, myc, myv, mzc, mzv, mlx_v, mly_v, mlz_v) 

Thanks to Branton Campbell and John Evans for expert assistance during the implementation 
of magnetic structure refinement. Magnetic refinement is implemented using the keywords 
mlx, mly, mlz, mg and mag_space_group. See examples in the ÑEÉÑхEñ ~ÂxEÉп~ ] directory 
as well as the tutorial  by John Evans at: 

őƣƣƓаооƽƽƽЮĬƨƖЮċĦЮƨťоŢŸőŰЮĲƻċŰƚоƣŸƓċƚхƽŸƖťƚőŸƓоƣƨƣŸƖŔċũхũċůŰŸΟхůċŊŰĲƣŔĦЮőƣů 

The Magnetic intensity is given by (йШdenotes conjugate gradient): 

Magnetic intensity = [ůċŊĦƓĲƖƓ Ю [ůċŊĦƓĲƖƓй = |[ůċŊĦƓĲƖƓ| 

[ůċŊĦƓĲƖƓ = [ůċŊĦ - ([ůċŊĦШ. Äőċƣ) Äőċƣ 

Or in words, [ůċŊĦƓĲƖƓ is the component of the magnetic vector in the direction perpendic-
ular to the scattering vector Ä, where: 

Ä = (x-1)T * ő 

ÄőċƣШӀШÄШоШ|Ä| 

x is the Cartesian lattice  parameters in 3x3 matrix form 

ő is the Miller indices in vector form 

* denotes matrix multiplication  

Superscript -1 denotes matrix inverse 

Superscript T denotes matrix transpose 

(x-1)T = reciprocal lattice parameters 

[ůċŊĦ in terms of the Cartesian lattice parameters is:  

[ůċŊĦ = x * [ůċŊ 

[ůċŊ for the plane ő for a single site is:  

[ůċŊ = ӑj (7j * ů) Exp(2  ͗i Uj)  

http://www.dur.ac.uk/john.evans/topas_workshop/tutorial_lamno3_magnetic.htm
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where the summation is over the equivalent positions j and: 

Uj = ő.Åj ǂ + ő.ƣjШ 

ǂШ=Ш{ x, y, z } = site fractional coordinates 

ůШ=Ш{ mlx, mly, mlz } = magnetic moment 

Åj = rotation part of space group operator 

ƣj = translational part of space group operator 

dj = sj determinant(Åj) = sj det(Åj)  

7j = sj det(Åj)  Åj = magnetic transformation matrix 

The file ~ ]? Ñ Ю? Ñ (a GSAS file - permission for use granted by Robert Von Dreele, author 
of GSAS) comprises data for calculating magnetic form factors. The Lande splitting factor can 
be refined using the site dependent parameter mg; defaults for mg are obtained from ~ ]р
? Ñ Ю? Ñ. Shubnikov groups are obtained from the file ÉcÖ7 fu§é]Å§ÖÂÉЮÑñÑ. When 
mag_only is defined, the non-magnetic component to intensity for the site in question is ig-
nored. When mag_only_for_mag_sites is defined then the non-magnetic component to inten-
sity for all magnetic sites for the str in question is ignored.  

12.1 ... ~ċŊŰĲƣŔĦШƖĲŉŔŰĲůĲŰƣШƽċƖŰŔŰŊƚоĲǂĦĲƓƣŔŸŰƚ 

The following two messages: 

1) Warning: Magnetic moment mlx of site Fe has no contribution  to Fmag 

2) Magnetic moment mlx of site Fe cannot be refined as it has no derivative 

arise when for each group of equivalent positions of a special position, the first row of the ma-
trix ӑj7j*ů is zero where the jќs sum over the equivalent positions of a special position group. 
Similar messages for mly and mlz are given. Note, even though mlx, mly, mlz may not be re-
fined, the warnring of (1) is still given dependening on associated constraints. Refinement ter-
minates in the case of message (2) when mlx is being refined. 

12.2 ... ?ŔƚƓũċǃŔŰŊШ~ċŊŰĲƣŔĦШůŸůĲŰƣƚ 

Magnetic moments (Occupancy 7j*ů) are dis-
played graphically when view_structure is de-
fined. For the case where the atom balls are 
masking the display of the magnetic moment 
arrows, the љAtom sizeњ can be varied as shown 
in the following:  

 

12.3 ... ћ?ĲĦŸůƓŸƚŔŰŊќШ[ůċŊШŉŸƖШƚƓĲĲĬ 

When using magnetic space groups, equivalent positions for groups other than 1.1 are written 
in terms of other equivalent positions.  
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Let Cj = cos(Uj),  

Sj = sin(Uj) 

Exp( i U) = Cj + i Sj = Euler's formulae 

For two equivalent positions of a special position, we have: 

U1 = U2 = U 

[ůċŊ1 + 
[ůċŊ2 

= s1 det(Å1)  Å1 ů Exp(i U) + s2 det(Å2)  Å2 ů Exp(i U) 

= (s1 det(Å1) Å1 + s2 det(Å2) Å2) ů Exp(i U) 

= Ħ ů Exp(i U) 

Ħ is independent of ǂ.ШNote, a particular special position could have many equivalent po-
sitions. 

If for two equivalent positions Å1  = -Å2 and ƣ1  = -ƣ2 then: 

U1 = -U2 = U 

[ůċŊ1 + [ůċŊ2 = 

Now, 

or, 

For s1 = s2, 

For s1 = -s2, 

s1 det(Å) Å ů Exp(i U) + s2 det(-Å) (-Å) ů Exp(-i U) 

det(Å) Å = det(-Å) (-Å) 

[ůċŊ1 + [ůċŊ2 = det(Å) Å ů (s1 Exp(i U) + s2 Exp(-i U)) 

[ůċŊ1 + [ůċŊ2 = s1 det(Å) Å ů 2 C 

[ůċŊ1 + [ůċŊ2 = s1 det(Å) Å ů (2 i S) 

If for two equivalent positionsШÅ1 = Å2, then: 

[ůċŊ1 + [ůċŊ2  = s1 det(Å) Å ů Exp(i ő. Å ǂ) Exp(i ő.ƣ1) +  

s2 det(Å) Å ů Exp(i ő. Å ǂ) Exp(i ő.ƣ2) 

= det(Å) Å ů (s1 Exp(i ő.ƣ1) + s2 Exp(i ő.ƣ2)) Exp(i ő. Å ǂ)  

= Ħ Exp(i ő. Å ǂ)  

Ħ is independent of ǂ and is calculated only once. Many Å's can be the same for a particular 
space group with only the ƣ's changing. 

Calculating C and S: 

Exp(i (ő . Å ǂ + ő. ƣ)) = Exp(i ő . Å ǂь Exp( i őШ. ƣ) 

Exp(i őШ. ƣ) is constant for a particular ő and is calculated only once. 

Only unique Exp(i ő . Å ǂ) are calculated.  

Trigonometric recurrence is used to calculate sines and cosines resulting in three cosine 
and three sine operations per unique equivalent r. In other words, a sin and cos are not 
calculated for each h; also a sin or cos function is equivalent to approximately 40 to 60 
multiplie s. 
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13. Åf]f?Ш7§?fEÉ 
 

[rigid]... 
[point_for_site $site [ux | ua E] [uy | ub E] [uz | uc E] ]... 

[in_cartesian] [in_FC] 
[z_matrix atom_1 [atom_2 E] [atom_3 E] [atom_4 E] ]... 
[rotate E [qx | qa E] [qy | qb E] [qz | qc E] ]... 

[operate_on_points $sites] 
[in_cartesian] [in_FC] 

[translate [tx | ta E] [ty | tb E] [tz | tc E] ]...  
[operate_on_points $sites] 
[in_cartesian] [in_FC] 
[rand_xyz !E] 
[start_values_from_site $unique_site_name] 

ÅŔĲƣƻĲũĬШŸƖШÂċŔƖШ?ŔƚƣƖŔĤƨƣŔŸŰШ[ƨŰĦƣŔŸŰШƖĲŉŔŰĲůĲŰƣШĦċŰШĦŸůƓƖŔƚĲШƖŔŊŔĬШĤŸĬŔĲƚЮШRigid bodies com-
prise points in space defined using z_matrix or point_for_site keywords or both simultane-
ously. Operations can be performed on these points using rotate and translateЮШÅŔŊŔĬШĤŸĬǃШŸƓр
ĲƖċƣŔŸŰƚШŔŰĦũƨĬĲаШ 

¶ ÑƖċŰƚũċƣŔŰŊШċШƖŔŊŔĬШĤŸĬǃШŸƖШƓċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃЮШ 

¶ ÅŸƣċƣŔŰŊШċШƖŔŊŔĬШĤŸĬǃШŸƖШƓċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃШċƖŸƨŰĬШċШƓŸŔŰƣЮШ 

¶ ÅŸƣċƣŔŰŊШċШƖŔŊŔĬШĤŸĬǃШŸƖШƓċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃШċƖŸƨŰĬШċШũŔŰĲЮШ 

uaЯШubЯШucЯШtaЯШtbЯШtcЯШqaЯШqbЯШqcШċŰĬШƣőĲШƓċƖċůĲƣĲƖƚШŸŉШz_matrixШċƖĲШċũũШƖĲŉŔŰċĤũĲШƓċƖċůĲƣĲƖƚШ
ƽőŔĦőШĦċŰШĦŸůƓƖŔƚĲШƓċƖċůĲƣĲƖШċƣƣƖŔĤƨƣĲƚШƚƨĦőШċƚШminоmaxЮШÑőĲШĬŔƖĲĦƣŸƖǃШÅf]f?ШĦŸŰƣċŔŰƚШƖŔŊŔĬШ
ĤŸĬǃШĲǂċůƓũĲƚШŔŰШйЮÅ]?ШŉŔũĲƚЮШÑőĲƚĲШŉŔũĲƚШĦċŰШĤĲШƻŔĲƽĲĬШċŰĬШůŸĬŔŉŔĲĬШƨƚŔŰŊШƣőĲШÅŔŊŔĬр7ŸĬǃр
EĬŔƣŸƖШŸŉШƣőĲШ]ÖfЮШ 

rigidШĬĲŉŔŰĲƚШƣőĲШƚƣċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃЮШpoint_for_siteШĬĲŉŔŰĲƚШċШƓŸŔŰƣШŔŰШƚƓċĦĲШƽŔƣőШ9ċƖƣĲƚŔċŰШĦŸр
ŸƖĬŔŰċƣĲƚШŊŔƻĲŰШĤǃШƣőĲШƓċƖċůĲƣĲƖƚШuxЯ uy uzЮШ[ƖċĦƣŔŸŰċũШĲƕƨŔƻċũĲŰƣƚШĦċŰШĤĲШĬĲŉŔŰĲĬШƨƚŔŰŊШuaЯШ
ubШċŰĬШucЮШҘƚŔƣĲШŔƚШƣőĲШsiteШƣőċƣШƣőĲШpoint_for_siteШƖĲƓƖĲƚĲŰƣƚЮШz_matrixШĬĲŉŔŰĲƚШċШƓŸŔŰƣШŔŰШƚƓċĦĲШ
ƽŔƣőШĦŸŸƖĬŔŰċƣĲƚШŊŔƻĲŰШŔŰШüрůċƣƖŔǂШŉŸƖůċƣШċƚШŉŸũũŸƽƚа 

¶ EШĦċŰШĤĲШċŰШĲƕƨċƣŔŸŰЯШĦŸŰƚƣċŰƣШŸƖШċШƓċƖċůĲƣĲƖШŰċůĲШƽŔƣőШċШƻċũƨĲЮ 

¶ ċƣŸůхΝШƚƓĲĦŔŉŔĲƚШƣőĲШƚŔƣĲШƣőċƣШƣőĲШŰĲƽШüрůċƣƖŔǂШƓŸŔŰƣШƖĲƓƖĲƚĲŰƣƚЮ 

¶ ÑőĲШEШċŉƣĲƖШċƣŸůхΞШƚƓĲĦŔŉŔĲƚШƣőĲШĬŔƚƣċŰĦĲШŔŰШ2ШĤĲƣƽĲĲŰШċƣŸůхΞШċŰĬШċƣŸůхΝЮШċƣŸůхΞШůƨƚƣШ
ĲǂŔƚƣШŔŉШċƣŸůхΝШŔƚШƓƖĲĦĲĬĲĬШĤǃШċƣШũĲċƚƣШŸŰĲШƓŸŔŰƣЮ 

¶ ÑőĲШEШafter atom_3 specifies the angle in degrees between atom_3, atom_2 and atom_1ЮШ
ċƣŸůхΟШůƨƚƣШĲǂŔƚƣШŔŉШċƣŸůхΝШŔƚШƓƖĲĦĲĬĲĬШĤǃШċƣШũĲċƚƣШƣƽŸШƓŸŔŰƣƚЮ 

¶ ÑőĲШEШċƣŸůхΠШƚƓĲĦŔŉŔĲƚШƣőĲШĬŔőĲĬƖċũШċŰŊũĲШŔŰШĬĲŊƖĲĲƚШĤĲƣƽĲĲŰШƣőĲШƓũċŰĲШŉŸƖůĲĬШĤǃШċƣŸůхΟр
ċƣŸůхΞрċƣŸůхΝШċŰĬШƣőĲШƓũċŰĲШŉŸƖůĲĬШĤǃШċƣŸůхΠрċƣŸůхΟрċƣŸůхΞЮШÑőŔƚШċŰŊũĲШŔƚШĬƖċƽŰШƨƚр
ŔŰŊШƣőĲШƖŔŊőƣőċŰĬШƖƨũĲШƽŔƣőШƣőĲШƣőƨůĤШƓŸŔŰƣŔŰŊШŔŰШƣőĲШĬŔƖĲĦƣŔŸŰШċƣŸůхΟШƣŸШċƣŸůхΞЮШċƣŸůхΠШ
ůƨƚƣШĲǂŔƚƣШŔŉШċƣŸůхΝШŔƚШƓƖĲĦĲĬĲĬШĤǃШċƣШũĲċƚƣШƣőƖĲĲШƚŔƣĲƚШŸŉШƣőĲШƖŔŊŔĬШĤŸĬǃЮ 

¶ fŉШċƣŸůхΝШŔƚШƣőĲШŉŔƖƚƣШƓŸŔŰƣШŸŉШƣőĲШƖŔŊŔĬШĤŸĬǃШƣőĲŰШŔƣШŔƚШƓũċĦĲĬШċƣШ9ċƖƣĲƚŔċŰШыΜЯШΜЯШΜьЮШfŉШċƣŸůхΝШ
ŔƚШƣőĲШƚĲĦŸŰĬШƓŸŔŰƣШŸŉШƣőĲШƖŔŊŔĬШĤŸĬǃШƣőĲŰШŔƣШŔƚШƓũċĦĲĬШŸŰШƣőĲШƓŸƚŔƣŔƻĲШǍрċǂŔƚШċƣШ9ċƖƣĲƚŔċŰШыΜЯШ
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ΜЯШEьШƽőĲƖĲШEШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШEШŔŰШяċƣŸůхΞШEѐЮШfŉШҘċƣŸůхΝШŔƚШƣőĲШƣőŔƖĬШƓŸŔŰƣШŸŉШƣőĲШƖŔŊŔĬр
ĤŸĬǃШƣőĲŰШŔƣШŔƚШƓũċĦĲĬШŔŰШƣőĲШǂрǃШƓũċŰĲЮШ 

rotateШƖŸƣċƣĲƚШpoint_for_siteќƚШċŰШċůŸƨŰƣШċƚШĬĲŉŔŰĲĬШĤǃШƣőĲШrotateШEШĲƕƨċƣŔŸŰШċƖŸƨŰĬШƣőĲШƻĲĦƣŸƖШ
ĬĲŉŔŰĲĬШĤǃШƣőĲШ9ċƖƣĲsŔċŰШƻĲĦƣŸƖШqxЯШqyЯШqzЮШÑőĲШƻĲĦƣŸƖШĦċŰШŔŰƚƣĲċĬШĤĲШĬĲŉŔŰĲĬШŔŰШŉƖċĦƣŔŸŰċũШĦŸр
ŸƖĬŔŰċƣĲƚШƨƚŔŰŊШqaЯШqbШċŰĬШqcЮШtranslateШƓĲƖŉŸƖůƚШċШƣƖċŰƚũċƣŔŸŰШŸŉШpoint_for_siteќƚШċŰШċůŸƨŰƣШ
ŔŰШ9ċƖƣĲƚŔċŰШĦŸŸƖĬŔŰċƣĲƚШĲƕƨċũШƣŸШtxЯШtyЯШtzЮШÑőĲШċůŸƨŰƣШĦċŰШŔŰƚƣĲċĬШĤĲШĬĲŉŔŰĲĬШŔŰШŉƖċĦƣŔŸŰċũШ
ĦŸŸƖĬŔŰċƣĲƚШƨƚŔŰŊШtaЯШtbШċŰĬШtcЮШrotateШċŰĬШtranslateШŸƓĲƖċƣĲƚШŸŰШċŰǃШƓƖĲƻŔŸƨƚũǃШĬĲŉŔŰĲĬШ
point_for_siteќƚбШċũƣĲƖŰċƣŔƻĲũǃЯШpoint_for_siteќƚШŸƓĲƖċƣĲĬрŸŰШĦċŰШĤĲШŔĬĲŰƣŔŉŔĲĬШƨƚŔŰŊШoper-
ate_on_points.Шoperate_on_pointsШůƨƚƣШƖĲŉĲƖШƣŸШƓƖĲƻŔŸƨƚũǃШĬĲŉŔŰĲĬШpoint_for_siteќƚШыƚĲĲШƚĲĦр
ƣŔŸŰ 20.26ШŉŸƖШċШĬĲƚĦƖŔƓƣŔŸŰШŸŉШőŸƽШƣŸШŔĬĲŰƣŔŉǃШƚŔƣĲƚьЮШin_cartesian ŸƖШin_FCШĦċŰШĤĲШƨƚĲĬШƣŸШƚŔŊŰċũШ
ĦŸŸƖĬŔŰċƣĲƚШċƖĲШŔŰШ9ċƖƣĲƚŔċŰШŸƖШŉƖċĦƣŔŸŰċũШċƣŸůŔĦШĦŸŸƖĬŔŰċƣĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШìőĲŰШcontinue_af-
ter_convergenceШŔƚШĬĲŉŔŰĲĬЯШrand_xyzШƓƖŸĦĲƚƚĲƚШċƖĲШŔŰŔƣŔċƣĲĬШċŉƣĲƖШĦŸŰƻĲƖŊĲŰĦĲЮШfƣШŔŰƣƖŸĬƨĦĲƚШ
ċШƖċŰĬŸůШĬŔƚƓũċĦĲůĲŰƣШƣŸШƣőĲШƣƖċŰƚũċƣĲШŉƖċĦƣŔŸŰċũШĦŸŸƖĬŔŰċƣĲƚШыtxЯШtyЯШtzьШƣőċƣШċƖĲШŔŰĬĲƓĲŰĬĲŰƣШ
ƓċƖċůĲƣĲƖƚЮШÑőĲШƚŔǍĲШŸŉШƣőĲШƖċŰĬŸůШĬŔƚƓũċĦĲůĲŰƣШŔƚШŊŔƻĲŰШĤǃШƣőĲШĦƨƖƖĲŰƣШtemperatureШůƨũƣŔр
ƓũŔĲĬШĤǃШмĬŔƚƓũċĦĲůĲŰƣШƽőĲƖĲШмĬŔƚƓũċĦĲůĲŰƣШŔƚШŔŰШ2ЮШstart_values_from_siteШŔŰŔƣŔċũŔǍĲƚШƣőĲШƻċũр
ƨĲƚШtaЯШtbЯШtcШƽŔƣőШĦŸƖƖĲƚƓŸŰĬŔŰŊШƻċũƨĲƚШƣċťĲŰШŉƖŸůШƣőĲШƚŔƣĲШŰċůĲĬШҘƨŰŔƕƨĲхƚŔƣĲхŰċůĲЮ 

13.1 ... [ƖċĦƣŔŸŰċũЯШ9ċƖƣĲƚŔċŰШċŰĬШüрůċƣƖŔǂШĦŸŸƖĬŔŰċƣĲƚ 

ÅŔŊŔĬШĤŸĬŔĲƚШĦċŰШĤĲШŉŸƖůƨũċƣĲĬШƨƚŔŰŊШŉƖċĦƣŔŸŰċũШŸƖШ9ċƖƣĲƚŔċŰШĦŸŸƖĬŔŰċƣĲƚЮШШ7ĲŰǍĲŰĲШƖŔŰŊШƽŔƣőр
ŸƨƣШcǃĬƖŸŊĲŰƚШĦċŰШĤĲШŉŸƖůƨũċƣĲĬШċƚШŉŸũũŸƽƚа 

prm a 1.3  min  1.2  max 1.4  

rigid  
   point _for _site  C1 ux  =  a Sqrt(3)  .5;  uy  =  a .5;  
   point _for _site  C2 ux  =  a Sqrt(3)  .5;  uy  = - a .5;  
   point _for _site  C3 ux  = - a Sqrt(3)  .5;  uy  =  a .5;  
   point _for _site  C4 ux  = - a Sqrt(3)  .5;  uy  = - a .5;  
   point _for _site  C5 uy  =  a;  
   point _for _site  C6 uy  = - a;  
   Rotate _about _axies(@  0,  @ 0,  @ 0)  ª rotate  previously  defined  points  
   Translate(@  0.1,  @ 0.2,  @ 0.3)     ª translate  previously  defined  points  

ÑőĲШũċƚƣШƣƽŸШƚƣċƣĲůĲŰƣƚШƖŸƣċƣĲШċŰĬШƣƖċŰƚũċƣĲƚШƣőĲШƖŔŊŔĬШĤŸĬǃШċƚШċШƽőŸũĲбШƣőĲŔƖШŔŰĦũƨƚŔŸŰШŔƚШŔůр
ƓũŔĲĬШŔŉШċĤƚĲŰƣЮШШŉŸƖůƨũċƣŔŸŰШŸŉШċŰǃШĦŸůƓũĲǂŔƣǃШĦċŰШĤĲШŸĤƣċŔŰĲĬШŉƖŸůШċьШĬċƣċĤċƚĲƚШŸŉШĲǂŔƚƣŔŰŊШ
ƚƣƖƨĦƣƨƖĲƚШƨƚŔŰŊШŉƖċĦƣŔŸŰċũШŸƖШ9ċƖƣĲƚŔċŰШĦŸŸƖĬŔŰċƣĲƚШŸŉШƚƣƖƨĦƣƨƖĲШŉƖċŊůĲŰƣƚШŸƖШĤьШŉƖŸůШƚťĲƣĦőШ
ƓƖŸŊƖċůƚШŉŸƖШĬƖċƽŔŰŊШĦőĲůŔĦċũШƚƣƖƨĦƣƨƖĲƚЮШШüрůċƣƖŔǂШƖĲƓƖĲƚĲŰƣċƣŔŸŰШŸŉШċШƖŔŊŔĬШĤŸĬǃШĲǂƓũŔĦŔƣũǃШ
ĬĲŉŔŰĲƚШƣőĲШƖŔŊŔĬШĤŸĬǃШŔŰШƣĲƖůƚШŸŉШĤŸŰĬШũĲŰŊƣőƚШċŰĬШċŰŊũĲƚЮШШ7ĲŰǍĲŰĲШƖŔŰŊШŔƚШƣǃƓŔĦċũũǃШŉŸƖůƨр
ũċƣĲĬШƨƚŔŰŊШƣƽŸШĬƨůůǃШċƣŸůƚШX1ШċŰĬШX2ШċƚШŉŸũũŸƽƚа 
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str  ...  
site  X1 ...  occ  C 0 
site  X2 ...  occ  C 0 
rigid  

load  z_matrix  {  
X1 
X2   X1  1.0  
C1   X2  1.3    X1  90 
C2   X2  1.3    X1  90  C1  60 
C3   X2  1.3    X1  90  C2  60 
C4   X2  1.3    X1  90  C3  60 
C5   X2  1.3    X1  90  C4  60 
C6   X2  1.3    X1  90  C5  60  

}  

Atoms with occupancies fixed to zero are dummy atoms and do not take part in structure fac-
tor calculations. Importantly however dummy atoms take part in penalties. The mixing of 
point_for_site and z_matrix keywords is possible as follows: 

rigid  
point _for _site  X1 
load  z_matrix  {  

X2   X1  1.0  
C1   X2  1.3    X1  90 ...  

}  

üрůċƣƖŔǂШƓċƖċůĲƣĲrs are like any other parameter; they can be equations and parameter attrib-
utes can be assigned. For eǂċůƓũĲЯШƣőĲШΝЮΟШĤŸŰĬШĬŔƚƣċŰĦĲШĦċŰШĤĲШƖĲŉŔŰĲĬШċƚШŉŸũũŸƽƚа 

rigid  
point _for _site  X1 
load  z_matrix  {  

X2   X1  1.0  
C1   X2  c1c2  1.3  min  1.2  max 1.4   X1  90 
C2   X2  = c1c2;    X1  90  C1  60 
C3   X2  = c1c2;    X1  90  C2  60 
C4   X2  = c1c2;    X1  90  C3  60 
C5   X2  = c1c2;    X1  90  C4  60 
C6   X2  = c1c2;    X1  90  C5  60   

}  

ÑőŔƚШċĤŔũŔƣǃШƣŸШĦŸŰƚƣƖċŔŰШüрůċƣƖŔǂШƓċƖċůĲƣĲƖƚШƨƚŔŰŊШĲƕƨċƣŔŸŰƚШċũũŸƽШŉŸƖШŊƖĲċƣШŉũĲǂŔĤŔũŔƣǃЮШ[ŸƖШĲǂр
ċůƓũĲЯШüрůċƣƖŔǂШĤŸŰĬШũĲŰŊƣőШƓċƖċůĲƣĲƖШĦŸƨũĬШĤĲШƽƖŔƣƣĲŰШŔŰШƣĲƖůƚШŸŉШŸƣőĲƖШĤŸŰĬШũĲŰŊƣőШƓċƖċůр
ĲƣĲƖƚШƽőĲƖĲĤǃШƣőĲШċƻĲƖċŊĲШĤŸŰĬШũĲŰŊƣőШŔƚШůċŔŰƣċŔŰĲĬЮШ§ƖЯШŔŰШĦċƚĲƚШƽőĲƖĲШċШĤŸŰĬШũĲŰŊƣőШŔƚШĲǂр
ƓĲĦƣĲĬШƣŸШĦőċŰŊĲШċƚШċШŉƨŰĦƣŔŸŰШŸŉШċШƚŔƣĲШŸĦĦƨƓċŰĦǃЯШċŰШĲƕƨċƣŔŸŰШƖĲũċƣŔŰŊШƣőĲШĤŸŰĬШũĲŰŊƣőШċƚШċШ
ŉƨŰĦƣŔŸŰШŸŉШƣőĲШƚŔƣĲШŸĦĦƨƓċŰĦǃШƓċƖċůĲƣĲƖШĦċŰШĤĲШŉŸƖůƨũċƣĲĬЮ 

13.2 ... ÑƖċŰƚũċƣŔŰŊШƓċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃ 

Once a starting rigid body model is defined, further translate ŀƴŘ rotate statements can be 
included to represent deviations from the starting model. For example, if the C1 and C2 atoms 
are expected to shift by up to 0.1Å and as a unit then the following could be used: 
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rigid  
   load  z_matrix  {  
      X1 
      X2   X1  1.0  
      C1   X2  1.3    X1  90 
      C2   X2  1.3    X1  90  C1  60 
      C3   X2  1.3    X1  90  C2  60 
      C4   X2  1.3    X1  90  C3  60 
      C5   X2  1.3    X1  90  C4  60 
      C6   X2  1.3    X1  90  C5  60 
   }  
   translate  
      tx  @ 0 min  - 0.1  max 0.1  
      ty  @ 0 min  - 0.1  max 0.1  
      tz  @ 0 min  - 0.1  max 0.1  
      operate _on_points  "C1  C2"  

where the additional statements are in purple. The Cartesian coordinate representation allows 
an additional means of shifting the C1 and C2 atoms by refining on the uxΣ uy and uz coordi-
nates directly, or,  

prm a 1.3  min  1.2  max 1.4  
prm t1  0 min  - 0.1  max 0.1  
prm t2  0 min  - 0.1  max 0.1  
prm t3  0 min  - 0.1  max 0.1  
rigid  
   point _for _site  C1 ux  = a Sqrt(3)  0.5  + t1 ;  uy  =  a 0.5  + t2 ;  uz  = t3;  
   point _for _site  C2 ux  = a Sqrt(3)  0.5  + t1 ;  uy  = - a 0.5  + t2 ;  uz  = t3;  
   point _for _site  C3 ux  =- a Sqrt(3)  0.5;       uy  =  a 0.5;  
   point _for _site  C4 ux  =- a Sqrt(3)  0.5;       uy  = - a 0.5;  
   point _for _site  C5                          uy  =  a;  
   point _for _site  C6                          uy  = - a;  

13.3 ... ÅŸƣċƣŔŰŊШƓċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃШċƖŸƨŰĬШċШƓŸŔŰƣ 

Many situations require the rotation of part of a rigid body around a point. An octahedra (Fig. 
13-1), for example, typically rotates around the central atom with three degrees of freedom. 
To implement such a rotation requires setting the origin at the central atom before rotation and 
then resetting the origin after rotation. This is achieved using the Translate_point_amount 
macro as follows: 

prm r  2 min  1.8  max 2.2  
rigid  

point _for _site  A0 
point _for _site  A1 ux  =  r;  
point _for _site  A2 ux  = - r;  
point _for _site  A3 uy  =  r;  
point _for _site  A4 uy  = - r;  
point _for _site  A5 uz  =  r;  
point _for _site  A6 uz  = - r;   
Translate _point _amount(A0,  - )  operate _on_points  "A*  !A0"  
rotate  @ 0 qa 1 operate _on_points  "A*  !A0"  
rotate  @ 0 qb 1 operate _on_points  "A*  !A0"  
rotate  @ 0 qc  1 operate _on_points  "A*  !A0"  
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Translate _point _amount(A0,  +)  operate _on_points  "A*  !A0"  

The point_for_site keywords could just as well be z_matrix keywords with the appropriate Z-
matrix parameters. The first Translate_point_amount statement translates the specified 
points (A1 to A6) an amount equivalent to the negative position of A0. This sets the origin for 
these points to A0. The second resets the origin back to A0. If the A0 atom happens to be at 
Cartesian (0, 0, 0) then there would be no need for the Translate_point_amount statements.  

 

 

 

 

[ŔŊЮШΝΟрΝШШ~ŸĬĲũШŸŉШċŰШŔĬĲċũШŸĦƣċőĲĬƖŸŰЮ 

[ƨƖƣőĲƖШĬŔƚƣŸƖƣŔŸŰƚШċƖĲШƓŸƚƚŔĤũĲШĤǃШƖĲŉŔŰŔŰŊШŸŰШĬŔŉŉĲƖĲŰƣШĤŸŰĬрũĲŰŊƣőƚШĤĲƣƽĲĲŰШƣőĲШĦĲŰƣƖċũШċƣŸůШ
ċŰĬШƚĲũĲĦƣĲĬШŸƨƣĲƖШċƣŸůƚЮШ[ŸƖШĲǂċůƓũĲЯШƣőĲШŉŸũũŸƽŔŰŊШůċĦƖŸШĬĲƚĦƖŔĤĲƚШċŰШŸƖƣőŸƖőŸůĤŔĦШĤŔƓǃƖр
ċůŔĬа 

macro  Orthorhombic _Bipyramide(s0,  s1,  s2,  s3,  s4,  s5,  s6,  r1,  r2)  {  
   point _for _site  s0  
   point _for _site  s1  ux    r1  
   point _for _site  s2  ux   ¦r1  
   point _for _site  s3  uy    r1  
   point _for _site  s4  uy   ¦r1  
   point _for _site  s5  uz    r2  
   point _for _site  s6  uz   ¦r2  
}  

 ŸƣĲШƣőĲШƣƽŸШĬŔŉŉĲƖĲŰƣШũĲŰŊƣőƚШƖΝШċŰĬШƖΞбШƽŔƣőШƖΝШӀШƖΞШƣőŔƚШůċĦƖŸШƽŸƨũĬШĬĲƚĦƖŔĤĲШċШƖĲŊƨũċƖШŸĦƣċр
őĲĬƖŸŰЮ 

13.4 ... ÅŸƣċƣŔŰŊШƓċƖƣШŸŉШċШƖŔŊŔĬШĤŸĬǃШċƖŸƨŰĬШċШũŔŰĲ 

Instead of explicitly entering fractional or Cartesian coordinates, rigid bodies can be created 
using the rotate and translate keywords. For example, two connected Benzene rings, a sche-
matic without Hydrogens is shown in Fig. 13-2, can be formulated as follows:  

prm r  1.3  min  1.2  max 1.4  
rigid  
   point _for _site  C1 ux  = r;  
   load  point _for _site  ux  rotate  qz  operate _on_points  {  
      C2 =r;  60  1 C2 
      C3 =r;  120  1 C3 
      C4 =r;  180  1 C4 
      C5 =r;  240  1 C5 
      C6 =r;  300  1 C6 

A3 

A2 A1 

A4 

A5 

A6 

A0 

Y 

X 
Z 
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   }  
   point _for _site  C7 ux  = r;  
   load  point _for _site  ux  rotate  qz  operate _on_points  {  
      C8  =r;  60  1 C8 
      C9  =r;  120  1 C9 
      C10 =r;  300  1 C10 
   }  
   translate  tx  = 1.5  r;  ty  = r  Sin(60  Deg);  
      operate _on_points  "C7  C8 C9 C10"  

ÑőĲШƓŸŔŰƣƚШŸŉШƣőĲШƚĲĦŸŰĬШƖŔŰŊШĦċŰШĤĲШƖŸƣċƣĲĬШċƖŸƨŰĬШƣőĲШũŔŰĲШĦŸŰŰĲĦƣŔŰŊШ9ΝШƣŸШ9ΞШƽŔƣőШƣőĲШŉŸũр
ũŸƽŔŰŊа 

Rotate _about _points(@  50 min  - 60 max 60,  C1,  C2,  "C7  C8 C9 C10")  

The min/max ƚƣċƣĲůĲŰƣƚШũŔůŔƣШƣőĲШƖŸƣċƣŔŸŰƚШƣŸШ°ΟΜШĬĲŊƖĲĲƚЮШ9ΡШĦċŰШĤĲШƖŸƣċƣĲĬШċƖŸƨŰĬШƣőĲШũŔŰĲШ
ĦŸŰŰĲĦƣŔŰŊШ9ΠШċŰĬШ9ΣШƽŔƣőШƣőĲШŉŸũũŸƽŔŰŊа 

Rotate _about _points(@  40 min  - 50 max 50,  C4,  C6,  C5)  

ÉŔůŔũċƖШRotate_about_pointsШƚƣċƣĲůĲŰƣƚШŉŸƖШĲċĦőШċƣŸůШƽŸƨũĬШċũũŸƽШŉŸƖШĬŔƚƣŸƖƣŔŸŰƚШŸŉШƣőĲШ7ĲŰр
ǍĲŰĲШƖŔŰŊƚШƽŔƣőŸƨƣШĦőċŰŊŔŰŊШĤŸŰĬШĬŔƚƣċŰĦĲƚЮШ 

 

 

[ŔŊЮШΝΟрΞЮШ~ŸĬĲũШŸŉШƣƽŸШĦŸŰŰĲĦƣĲĬШ
7ĲŰǍĲŰĲШƖŔŰŊƚ 

Another means of generating Fig. 13-2 and the one that requires the least thought is by using 
the Duplicate_Point and Duplicate_rotate_z macros as follows: 

prm r  1.3  min  1.2  max 1.4  
rigid  

point _for _site  C1 ux  = r;  
Duplicate _rotate _z(C2,  C1,  60)  
Duplicate _rotate _z(C3,  C2,  60)  
Duplicate _rotate _z(C4,  C3,  60)  
Duplicate _rotate _z(C5,  C4,  60)  
Duplicate _rotate _z(C6,  C5,  60)  
Duplicate _Point(C7,   C3)  
Duplicate _Point(C8,   C4)  
Duplicate _Point(C9,   C5)  
Duplicate _Point(C10,  C6)  
Rotate _about _points(180,  C1,  C2,  "C7  C8 C9 C10")  

C7 

C4 C8 C2 

C1 C5 

C3 C9 

C6 C10 
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13.4.1 ....... ÖƚŔŰŊШüрůċƣƖŔǂШƣŸŊĲƣőĲƖШƽŔƣőШƖŸƣċƣĲШċŰĬШƣƖċŰƚũċƣĲ 

Cyclopentadienyl (C5H5) is a well-defined molecular fragment which shows slight deviations 
from a perfect five-fold ring (Fig. 13-3). The rigid body definition using point_for_site keywords 
is as follows: 

prm r1  1.19  
prm r2  2.24  
rigid  

load  point _for _site  ux  {  C1 =r1;  C2 =r1;  C3 =r1;  C4 =r1;  C5 =r1;  }  
load  point _for _site  ux  {  H1 =r2;  H2 =r2;  H3 =r2;  H4 =r2;  H5 =r2;  }  
load  rotate  qz  operate _on_points  {  72 1 C2  144  1 C3 216  1 C4 288  1 C5 }  
load  rotate  qz  operate _on_points  {  72 1 H2  144  1 H3 216  1 H4 288  1 H5 }  

ċŰĬШƨƚŔŰŊШċШƣǃƓŔĦċũШüрůċƣƖŔǂШƖĲƓƖĲƚĲŰƣċƣŔŸŰа 

rigid  
load  z_matrix  {  

X1 
X2   X1 1 
C1   X2 1.19    X1  90 
C2   X2 1.19    X1  90   C1  72 
C3   X2 1.19    X1  90   C2  72 
C4   X2 1.19    X1  90   C3  72 
C5   X2 1.19    X1  90   C4  72 
X3   C1 1      X2  90   X1   0 
H1   C1 1.05    X3  90   X2 180  
H2   C2 1.05    C1 126    X2 180  
H3   C3 1.05    C2 126    X2 180  
H4   C4 1.05    C3 126    X2 180  
H5   C5 1.05    C4 126    X2 180  

}  

ÑőŔƚШüрůċƣƖŔǂШƖĲƓƖĲƚĲŰƣċƣŔŸŰШŔƚШƣǃƓŔĦċũũǃШƨƚĲĬШŉŸƖШ9ǃĦũŸƓĲŰƣċĬŔĲŰǃũбШŔƣШċũũŸƽƚШŉŸƖШƻċƖŔŸƨƚШƣŸƖƚŔŸŰШ
ċŰŊũĲƚШĤƨƣШĬŸĲƚШŰŸƣШċũũŸƽШŉŸƖШċũũШƓŸƚƚŔĤŔũŔƣŔĲƚЮШ[ŸƖШĲǂċůƓũĲЯШŰŸШċĬŢƨƚƣůĲŰƣШŸŉШċШƚŔŰŊũĲШüрůċƣƖŔǂШ
ƓċƖċůĲƣĲƖШċũũŸƽƚШŉŸƖШĬŔƚƓũċĦĲůĲŰƣШŸŉШƣőĲШ9ΝШċƣŸůШƽŔƣőŸƨƣШĦőċŰŊŔŰŊШƣőĲШ9Νр9ΞШċŰĬШ9Νр9ΟШ
ĤŸŰĬШĬŔƚƣċŰĦĲƚЮШÑőĲШĬĲƚŔƖĲĬШƖĲƚƨũƣШőŸƽĲƻĲƖШŔƚШƓŸƚƚŔĤũĲШƨƚŔŰŊШƣőĲШRotate_about_pointsШůċĦƖŸа 

Rotate _about _points(@  0,  C2,  C3,  "C1  H1")  

Thus, the ability to include rotate and translate together with z_matrix gives great flexibility in 
defining rigid bodies. 
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[ŔŊЮШΝΟрΟЮШ~ŸĬĲũШŸŉШƣőĲШŔĬĲċũŔǍĲĬШĦǃĦũŸƓĲŰр
ƣċĬŔĲŰǃũШċŰŔŸŰШы9ΡcΡьЮШ 

13.5 ... ÑőĲШƚŔůƓũĲƚƣШŸŉШƖŔŊŔĬШĤŸĬŔĲƚ 

ÑőĲШƚŔůƓũĲƚƣШƖŔŊŔĬШĤŸĬǃШĦŸůƓƖŔƚĲƚШċŰШċƣŸůШĦŸŰƚƣƖċŔŰĲĬШƣŸШůŸƻĲШƽŔƣőŔŰШċШƚƓőĲƖĲбШŉŸƖШċШƖċĬŔƨƚШ
ŸŉШΝЯШƣőŔƚШĦċŰШĤĲШċĦőŔĲƻĲĬШċƚШŉŸũũŸƽƚа 

rigid  
point _for _site  Ca uz  @ 0 min  - 1 max 1 
rotate  r1  10 qx  1 
rotate  r2  10 qx  = Sin(Deg  r1);  qy  = - Cos(Deg  r1);  

ÑőĲШĦŸŸƖĬŔŰċƣĲƚШċƖĲШŔŰШŉċĦƣШƚƓőĲƖŔĦċũШĦŸŸƖĬŔŰċƣĲƚШƽőĲƖĲШƣőĲШƖŸƣċƣŔŸŰШƓċƖċůĲƣĲƖƚШƖΝШċŰĬШƖΞШċƖĲШ
ĦŸůůƨŰŔĦċƣŔƻĲЮШìőĲŰШċŰШċƣŸůŔĦШƓŸƚŔƣŔŸŰШŔƚШċƓƓƖŸǂŔůċƣĲũǃШťŰŸƽŰШƣőĲŰШĦŸŰƚƣƖċŔŰŔŰŊШƣőĲШċƣŸůШ
ƣŸШƽŔƣőŔŰШċШƚƓőĲƖĲШŔƚШƨƚĲŉƨũЮШÉĲƣƣŔŰŊШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣƽŸШƚŔƣĲƚЯШŸƖШƣƽŸШƚŔƣĲƚШШċŰĬШ7ШċШĬŔƚр
ƣċŰĦĲШΞ2ШċƓċƖƣШĦċŰШĤĲШŉŸƖůƨũċƣĲĬШċƚа 

fŰШüрůċƣƖŔǂШŉŸƖůа rigid  
z_matrix  A                             ª line  1 
z_matrix  B A 2                         ª line  2 
rotate  @ 20 qa 1                       ª line  3 
rotate  @ 20 qb 1                       ª line  4 
translate  ta  @ 0.1  tb  @ 0.2  tc  @ 0.3    ª line  5 

 

fŰШ9ċƖƣĲƚŔċŰШŉŸƖůа r igid  
point _for _site  A                      ª line  1 
point _for _site  B uz  2                 ª line  2 
rotate  @ 20 qa 1                      ª line  3 
rotate  @ 20 qb 1                      ª line  4 
translate  ta  @ 0.1  tb  @ 0.2  tc  @ 0.3   ª line  5 

Lines 1 and 2 defines the two points (note ux, uy and uz defaults to 0), line 3 and 4 rotates the 
two points around the a and then the b lattice vectors. Line 5 translates the two points to a 
position in fractional atomic coordinates of (0.1, 0.2, 0.3). Lines 3 to 5 contain the five param-
eters associated with this rigid body. The Set_Length macro can instead be used to set the 
distance between the two sites as follows: 

Set _Length(A,  B,  2,  @, @, @, @ 30,  @ 30)  

H3 H2 

H4 H5 

C3 C2 

C4 C5 
l 
1 

l 
2 

H1 

C1 

Y 

X 

g 
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where A and B are the site names, 2 is the distance in Å between the sites, arguments 4 to 6 
the names given to the translation parameters, and arguments 7 and 8 are the rotational pa-
rameters. Set_Length is not supplied with the translate starting values; these are obtained 
from the A site with the use of start_values_from_site located in the Set_Length macro. 
min/max can be used to constrain the distance between the two sites, for example: 

Set _Length(A,  B,  @ 2 min  1.9  max 2.1,  @, @, @, @ 30,  @ 30)  

 ŸƣĲЯШƣőŔƚШůċĦƖŸШĬĲŉŔŰĲƚШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШƣƽŸШƚŔƣĲƚШċƚШċШƓċƖċůĲƣĲƖШƣőċƣШĦċŰШĤĲШƖĲр
ŉŔŰĲĬЮ 

13.6 ... ]ĲŰĲƖċƣŔŸŰШŸŉШƖŔŊŔĬШĤŸĬŔĲƚ 

A rigid body is constructed by the sequential processing of z_matrix, point_for_site, rotate and 
translateШŸƓĲƖċƣŔŸŰƚЮШÑőĲШĤŸĬǃШŔƚШƣőĲŰШĦŸŰƻĲƖƣĲĬШƣŸШŉƖċĦƣŔŸŰċũШċƣŸůŔĦШĦŸŸƖĬŔŰċƣĲƚШċŰĬШƣőĲŰШƣőĲШ
ƚǃůůĲƣƖǃШŸƓĲƖċƣŔŸŰƚШŸŉШƣőĲШƚƓċĦĲШŊƖŸƨƓШċƓƓũŔĲĬЮШÑőĲШĦŸŰƻĲƖƚŔŸŰШŸŉШüрůċƣƖŔǂШĦŸŸƖĬŔŰċƣĲƚШƣŸШ
9ċƖƣĲƚŔċŰШŔƚШċƚШŉŸũũŸƽƚа 

¶ ÑőĲШŉŔƖƚƣШċƣŸůШŔƚШƓċĦĲĬШċƣШƣőĲШŸƖŔŊŔŰЮ 

¶ ÑőĲШƚĲĦŸŰĬШċƣŸůЯШŔŉШĬĲŉŔŰĲĬЯШŔƚШƓũċĦĲĬШŸŰШƣőĲШƓŸƚŔƣŔƻĲШǍрċǂŔƚЮ 

¶ ÑőĲШƣőŔƖĬШċƣŸůЯШŔŉШĬĲŉŔŰĲĬЯШŔƚШƓũċĦĲĬШŔŰШƣőĲШǂрǍШƓũċŰĲЮ 

[ŸƖШ9ċƖƣĲƚŔċŰШƣŸШŉƖċĦƣŔŸŰċũШĦŸŸƖĬŔŰċƣĲƚЯШŔŰШƣĲƖůƚШŸŉШƣőĲШũċƣƣŔĦĲШƻĲĦƣŸƖƚЯШƽĲШőċƻĲа 

¶ ǂрċǂŔƚШŔŰШƣőĲШƚċůĲШĬŔƖĲĦƣŔŸŰШċƚШƣőĲШċШũċƣƣŔĦĲШƻĲĦƣŸƖЮ 

¶ ǃрċǂŔƚШŔŰШƣőĲШċрĤШƓũċŰĲЮ 

¶ ǍрċǂŔƚШŔŰШƣőĲШĬŔƖĲĦƣŔŸŰШĬĲŉŔŰĲĬШĤǃШƣőĲШĦƖŸƚƚШƓƖŸĬƨĦƣШŸŉШċШċŰĬШĤЮШ 

ÅŸƣċƣŔŸŰШŸƓĲƖċƣŔŸŰƚШċƖĲШŰŸƣШĦŸůůƨƣċƣŔƻĲбШƣőĲШƖŸƣċƣŔŸŰШŸŉШƓŸŔŰƣШШċĤŸƨƣШƣőĲШƻĲĦƣŸƖШ7р9ШċŰĬШƣőĲŰШ
ċĤŸƨƣШ?рEШŔƚШŰŸƣШƣőĲШƚċůĲШċƚШƣőĲШƖŸƣċƣŔŸŰШŸŉШШċĤŸƨƣШ?рEШċŰĬШƣőĲŰШċĤŸƨƣШ7р9ЮШ7ǃШĬĲŉċƨũƣЯШrotate 
and translate operate on all previously defined point_for_siteќs. Alternatively point_for_siteќs 
can be explicitly defined using operate_on_points. operate_on_points must refer to previously 
defined point_for_siteќs and it can refer to many sites at once by enclosing the site names in 
quotes and using the wild card character ћйќ or the negation character ћгќ (see section 20.26), 
for example: 

operate _on_points  "Si*  O* !O2"  

13.7 ... ÅŔŊŔĬШĤŸĬǃШƓċƖċůĲƣĲƖШĲƖƖŸƖƚШƓƖŸƓċŊċƣĲĬШƣŸШŉƖċĦƣŔŸŰċũШĦŸŸƖĬŔŰċƣĲƚ 

Errors for fractional coordinates for sites defined as part of a rigid body are propagated to the 
site fractional coordinates. The example Åf]f?рEÅÅ§ÅÉп  fxf EхfхΝΜΜuхñЮf ÂШ(by Simon Par-
sons) demonstrates the equivalence of two refinements 1) using a rigid body and 2) hand cod-
ing the fractional coordinates in terms of rigid body parameters but not in fact using a rigid 
body. Errors and convergence behaviour in both cases are identical.  Case (2), which has many 
computer algebra equations, takes approximately the same time per iteration as case (1); this 
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demonstrates that computer algebra often does not noticeably affect computational  speed 
even in cases where its use is plentiful.  

13.8 ... üрůċƣƖŔǂШĦŸũũŔŰĲċƖШĲƖƖŸƖШŔŰŉŸƖůċƣŔŸŰ 

The Z-matrix collinear points exception can be deciphered using information displayed on de-
tection of the error. The collinear error is due to three atoms on a z-matrix line which are col-
linear. The information displayed includes a snapshot of the rigid body operations pertaining 
to the error. The following is an example of the information displayed: 

DB_x_CB Zero  dot  product  -  Z- matrix  possible  collinear  points  at  atoms  
O10 
C16 8.91631604e - 016  1.0912987e - 014  5.2  
C15 3.72315026e - 016  1.0912987e - 014  3.9  
C11 0 0 0 

Partial  z- matrix  in  error:  
rigid  

z_matrix  C11 
z_matrix  C12 C11 1.3  
z_matrix  C13 C12 1.3  C11 120  
z_matrix  C14 C13 1.3  C12 120  C11 180  
z_matrix  C15 C14 1.3  C13 120  C11 0 
z_matrix  C16 C15 1.3  C14 120  C11 180  
z_matrix  O10 C16 1   C15 108  C11 120  

The rigid body fragment can be copied to the Rigid-body editor to investigate why the error oc-
curs, i.e. 

 

The O10 line is commented out as it is the line causing the error. Looking at the O10 line (using 
the OpenGL window), we see that atoms C16, C15, C11 lie on a straight line; this is invalid as 
it becomes impossible to form a dihedral angle in a non-degenerate manner. The best way to 
think about a z-matrix line with 4 atoms A, B, C, D, i.e. 

z_matrix  A B # C # D # 

is to think of two triangles ABC and DBC hinged along the line BC. The angle between the tri-
angles is the dihedral angle. If B,C,D are collinear then thereќs no triangle and the dihedral an-
gle cannot be formed. Thus, for z-matrices both A,B,C and B,C,D must not be collinear. The 
program tests for a zero dot-product numerically with a tolerance of 10-15. 
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13.9 ... [ƨŰĦƣŔŸŰƚШċũũŸƽŔŰŊШċĦĦĲƚƚШƣŸШƖŔŊŔĬрĤŸĬǃШŉƖċĦƣŔŸŰċũШĦŸŸƖĬŔŰċƣĲƚ 

The standard macro Point(site_name, rx), see Ñ§Â ÉЮf 9, returns the x Cartesian coordinate 
of the point called site_name; y and z Cartesian coordinates are returned by ry and rz objects 
respectively. These functions can only to be used in equations of the rigid body which en-
compass the keywords and their dependents of point_for_site, z_matrix, translate and rotate. 
The actual value returned by Point depends on where it is used in the rigid-body, for example, 
in the following: 

rigid  
point_for_site O1  
translate tx 1  
point_for_site O2 ux = Point(O1, rx); ª .GAFL @=J= J=LMJFK T 
translate  tx 2  
point_for_site O3 ux = Point(O1, rx); ª .GAFL @=J= J=LMJFK V 

the final x Cartesian coordinate of site O3 becomes 3. To instead return fractional coordinates 
of points, the functions Point_rx_ua, Point_rx_ub and and Point_rx_ua can be used. These 
functions are passed the address of the point in question using the Point macro with one ar-
gument. Accompanying macros simplifying the call, as defined in Ñ§Â ÉЮf 9, are: 

macro Point_ua(site_name) { Point_rx_to_ua(Point(site_name)) }  
macro Point_ub(site_name) { Point_ry_to_ub(Point(site_name)) }  
macro Point_uc(site_name) { Point_rz_to_uc(Point(site_name)) }  

These macros can return many different values for the same point in question depending on 
when they are called during the rigid body calculation. 

13.10 . ?ĲƣĲƖůŔŰŔŰŊШƣőĲШŸƖŔĲŰƣċƣŔŸŰШŸŉШċШťŰŸƽŰШŉƖċŊůĲŰƣШ 

ÑEÉÑхEñ ~ÂxEÉпÅf]f?п~ Ñ9cЮf Â determines rotation and translation parameters for a 
known fragment. The known fragment is in fractional coordinates. To do the same for a frag-
ment in Cartesian coordinates then change the lattice angles to 90 degrees and adjust the lat-
tice parameter lengths. Also, see: 

http://topas.dur.ac.uk/topaswiki/doku.php?id=rigid_body_-_matching_to_a_known_fragment 

13.11 . ÅŔŊŔĬШĤŸĬǃШůċĦƖŸƚ 

Set_Length(s0, s1, r, xc, yc, zc, cva, cvb) 

[ŔǂĲƚШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣƽŸШƚŔƣĲƚЮ 

яƚΜЯШƚΝѐаШSite names. 

яƖѐаШ?ŔƚƣċŰĦĲШŔŰ Å. 

яǂĦЯШǃĦЯШǍĦѐаШÑőĲШƓċƖċůĲƣĲƖШŰċůĲƚШŉŸƖШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŸŉШƚΜЮ 

яĦƻċЯШĦƻĤѐаШÂċƖċůĲƣĲƖШŰċůĲƚШċŰĬШƻċũƨĲƚШŉŸƖШƖŸƣċƣŔŸŰƚШċĤŸƨƣШƣőĲШǂШċŰĬШǃШċǂĲƚ 

http://topas.dur.ac.uk/topaswiki/doku.php?id=rigid_body_-_matching_to_a_known_fragment
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Set_Lengths(s0, s1, s2, r, xc, yc, zc, cva1, cvb1, cva2, cvb2) 
Set_Lengths(s0, s1, s2, s3, r, xcv, ycv, zcv, cva1, cvb1, cva2, cvb2, cva3, cvb3) 

ÉĲƣƚШƣőĲШĬŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣƽŸШċŰĬШƣőƖĲĲШƚŔƣĲƚЯШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШƣƽŸШƚŔƣĲƚШĦċƚĲШŔƚШĬĲŉŔŰĲĬШ
ċƚа 

macro  Set _Lengths(s0,  s1,  s2,  r,  xc,  yc,  zc,cva1,  cvb1,  cva2,  cvb2)  
{  
   Set _Length(s0,  s1,  r,  xc,  yc,  zc,  cva1,  cvb1)  
   Set _Length(s0,  s2,  r,  xc,  yc,  zc,  cva2,  cvb2)  
}  

Triangle(s1, s2, s3, r) 
Triangle(s0, s1, s2, s3, r) 
Triangle(s0, s1, s2, s3, r, xc, yc, zc, cva, cvb, cvc) 

?ĲŉŔŰĲƚШċШƖĲŊƨũċƖШƣƖŔċŰŊũĲШƽŔƣőŸƨƣШċŰĬШƽŔƣőШċШĦĲŰƣƖċũШċƣŸůШыƚΜьЮ 

яƚΜЯШƚΝЯШƚΞЯШƚΟѐаШÉŔƣĲШŰċůĲƚЮШƚΜШŔƚШƣőĲШĦĲŰƣƖċũШċƣŸůШŸŉШƣőĲШƣƖŔċŰŊũĲЮ 

яƖѐаШ?ŔƚƣċŰĦĲШŔŰ Å. 

яǂĦЯШǃĦЯШǍĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШŉŸƖШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŉŸƖШƣőĲШĦĲŰƣƖċũШċƣŸůЮ 

яĦƻċЯШĦƻĤЯШĦƻĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШċŰĬШƻċũƨĲƚШŉŸƖШƖŸƣċƣŔŸŰƚШċĤŸƨƣШƣőĲШǂЯШǃШċŰĬШǍШċǂĲƚЮ 

Tetrahedra(s0, s1, s2, s3, s4, r, xc, yc, zc, cva, cvb, cvc) 

?ĲŉŔŰĲƚШċШƣĲƣƖċőĲĬƖċШƽŔƣőШċШĦĲŰƣƖċũШċƣŸůЮ 

яƚΜЯШƚΝЯШƚΞЯШƚΟЯШƚΠѐаШÉŔƣĲШŰċůĲƚЮШƚΜШŔƚШƣőĲШĦĲŰƣƖċũШċƣŸůШŸŉШƣőĲШƣĲƣƖċőĲĬƖċЮ 

яƖѐаШ?ŔƚƣċŰĦĲШŔŰ Å. 

яǂĦЯШǃĦЯШǍĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШŉŸƖШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŉŸƖШƣőĲШĦĲŰƣƖċũШċƣŸůЮ 

яĦƻċЯШĦƻĤЯШĦƻĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШċŰĬШƻċũƨĲƚШŉŸƖШƖŸƣċƣŔŸŰƚШċĤŸƨƣШƣőĲШǂЯШǃШċŰĬШǍШċǂĲƚЮ 

Octahedra(s0, s1, s2, s3, s4, s5, s6, r) 
Octahedra(s0, s1, s2, s3, s4, s5, s6, r, xc, yc, zc, cva, cvb, cvc) 

?ĲŉŔŰĲƚШċŰШŸĦƣċőĲĬƖċШƽŔƣőШċШĦĲŰƣƖċũШċƣŸůЮ 

яƚΜЯШƚΝЯШƚΞЯШƚΟЯШƚΠЯШƚΡЯШƚΣѐаШÉŔƣĲШŰċůĲƚЮШƚΜШŔƚШƣőĲШĦĲŰƣƖċũШċƣŸůШŸŉШƣőĲШŸĦƣċőĲĬƖċЮ 

яƖѐаШ?ŔƚƣċŰĦĲШŔŰ Å. 

яǂĦЯШǃĦЯШǍĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШŉŸƖШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŉŸƖШƣőĲШĦĲŰƣƖċũШċƣŸůЮ 

яĦƻċЯШĦƻĤЯШĦƻĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШċŰĬШƻċũƨĲƚШŉŸƖШƖŸƣċƣŔŸŰƚШċĤŸƨƣШƣőĲШǂЯШǃШċŰĬШǍШċǂĲƚЮ 

Hexagon_sitting_on_point_in_xy_plane(s1, s2, s3, s4, s5, s6, a) 
Hexagon_sitting_on_side_in_xy_plane(s1, s2, s3, s4, s5, s6, a) 

?ĲŉŔŰĲƚШċШƖĲŊƨũċƖШőĲǂċŊŸŰЯШƽőĲƖĲШƣőĲШőĲǂċŊŸŰШŔƚШƚŔƣƣŔŰŊШŸŰШċШƓŸŔŰƣШŸƖШŸŰШċШƚŔĬĲШŔŰШƣőĲШǂрǃШ
ƓũċŰĲЯШƖĲƚƓĲĦƣŔƻĲũǃЮ 

яƚΝЯШƚΞЯШƚΟЯШƚΠЯШƚΡЯШƚΣѐаШÉŔƣĲШŰċůĲƚЮ 

яċѐаШ?ŔƚƣċŰĦĲШŔŰ Å. 
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Translate(acv, bcv, ccv)  
Translate(acv, bcv, ccv, ops) 

ÂĲƖŉŸƖůƚШċШƣƖċŰƚũċƣŔŸŰШŸŉШƣőĲШƖŔŊŔĬШĤŸĬǃЮШ 

яċĦƻЯШĤĦƻЯШĦĦƻѐаШůŸƨŰƣШŸŉШƣőĲШƣƖċŰƚũċƣŔŸŰШŔŰШŉƖċĦƣŔŸŰċũШĦŸŸƖĬŔŰċƣĲƚЮ 

яŸƓƚѐаШ§ƓĲƖċƣĲƚШŸŰШƓƖĲƻŔŸƨƚũǃШĬĲŉŔŰĲĬШƚŔƣĲƚШŔŰШљŸƓƚњЮ 

Translate_with_site_start_values(s0, xc, yc, zc) 

ÂĲƖŉŸƖůƚШċШƣƖċŰƚũċƣŔŸŰШƨƚŔŰŊШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŸŉШƚΜШċƚШƚƣċƖƣШƻċũƨĲƚЮ 

яƚΜѐаШÉŔƣĲШŰċůĲЮ 

яǂĦЯШǃĦЯШǍĦѐаШÂċƖċůĲƣĲƖШŰċůĲƚШŉŸƖШƣőĲШĦŸŸƖĬŔŰċƣĲƚШŸŉШƚΜЮ 

Rotate_about_points(cv, a, b) 
Rotate_about_points(cv, a, b, pts) 

ÂĲƖŉŸƖůƚШċШƖŸƣċƣŔŸŰШċĤŸƨƣШċШƖŸƣċƣŔŸŰШƻĲĦƣŸƖШƚƓĲĦŔŉŔĲĬШĤǃШƣƽŸШƚŔƣĲƚЮШ 

яĦƻѐаШůŸƨŰƣШƣőĲШƖŔŊŔĬШĤŸĬǃШŔƚШƖŸƣċƣĲĬШċĤŸƨƣШƣőĲШƚƓĲĦŔŉŔĲĬШƖŸƣċƣŔŸŰШƻĲĦƣŸƖШŔŰШĬĲŊƖĲĲƚЮ 

яċЯШĤѐаШÅŸƣċƣŔŸŰШƻĲĦƣŸƖШĬĲŉŔŰĲĬШĤǃШƣőĲШƚŔƣĲƚШċШċŰĬШĤЮ 

яƓƣƚѐаШ§ƓĲƖċƣĲƚШŸŰШƓƖĲƻŔŸƨƚũǃШĬĲŉŔŰĲĬШpoint_for_siteыƚьЮ 

 ŸƣĲаШ?ŸШŰŸƣШŔŰĦũƨĬĲШƓŸŔŰƣƚШƖŸƣċƣĲĬШċĤŸƨƣШŔŰШƣőĲШљŸƓĲƖċƣĲШŸŰШƓŸŔŰƣƚњШũŔƚƣШŸŉШƣőĲШRo-
tate_about_pointsШůċĦƖŸЮШ[ŸƖШĲǂċůƓũĲЯШŔŰ 

Rotate _about _points(@  1 0,  C1,  C2,  "  C3 C4 C5 C6 ")  

ƣőĲШƓŸŔŰƣƚШ9ΝШċŰĬШ9ΞШċƖĲШŰŸƣШŔŰĦũƨĬĲĬШŔŰШƣőĲШљƓŸŔŰƣƚШŸƓĲƖċƣĲĬШŸŰњШũŔƚƣЮШ ŸƣĲШċũƚŸШƣőċƣШRo-
tate_about_pointsШƽŔƣőŸƨƣШċШљƓŸŔŰƣƚШŸƓĲƖċƣĲĬШŸŰњШũŔƚƣШƽŔũũШŸƓĲƖċƣĲШŸŰШċũũШƓƖĲƻŔŸƨƚũǃШĬĲŉŔŰĲĬШ
point_for_siteыƚьЮШÑőĲƖĲŉŸƖĲЯШƽőĲŰШċŰШљŸƓĲƖċƣĲШŸŰШƓŸŔŰƣƚњШũŔƚƣШŔƚШŰŸƣШĬĲŉŔŰĲĬШƣőĲŰШŔƣШŔƚШŰĲĦĲƚр
ƚċƖǃШƣŸШƓũċĦĲШƣőĲШљƓŸŔŰƣƚШƖŸƣċƣĲĬШċĤŸƨƣњШċŉƣĲƖШƣőĲШRotate_about_pointsШůċĦƖŸЮШfƣШŔƚШĤĲƚƣШƣŸШ
ƚƓĲĦŔŉǃШċŰШљŸƓĲƖċƣĲШŸŰШƓŸŔŰƣƚњШũŔƚƣШƽőĲŰШŔŰШĬŸƨĤƣЮ 

Rotate_about_these_points(cv, a, b, ops) 

ÂĲƖŉŸƖůƚШċШƖŸƣċƣŔŸŰШċĤŸƨƣШċШƖŸƣċƣŔŸŰШƻĲĦƣŸƖШƚƓĲĦŔŉŔĲĬШĤǃШƣƽŸШƚŔƣĲƚЮШ 

яĦƻѐаШůŸƨŰƣШƣőĲШƖŔŊŔĬШĤŸĬǃШŔƚШƖŸƣċƣĲĬШċĤŸƨƣШƣőĲШƚƓĲĦŔŉŔĲĬШƖŸƣċƣŔŸŰШƻĲĦƣŸƖШŔŰШĬĲŊƖĲĲƚЮ 

яċЯШĤѐаШÅŸƣċƣŔŸŰШƻĲĦƣŸƖШĬĲŉŔŰĲĬШĤǃШƣőĲШƚŔƣĲƚШċШċŰĬШĤЮ 

яŸƓƚѐаШ§ƓĲƖċƣĲƚШŸŰШƓƖĲƻŔŸƨƚũǃШĬĲŉŔŰĲĬШƓŸŔŰƣхŉŸƖхƚŔƣĲыƚьЮ 

Rotate_about_axies(cva, cvb) 
Rotate_about_axies(cva, cvb, cvc) 

ÂĲƖŉŸƖůƚШċШƖŸƣċƣŔŸŰШċĤŸƨƣШƣőĲШċǂĲƚЮ 
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14. f ?Eñf ] 
ÑőĲШŉŸũũŸƽŔŰŊШċũŊŸƖŔƣőůШŔƚШĤċƚĲĬШŸŰШƣőĲШŔƣĲƖċƣŔƻĲШůĲƣőŸĬШŸŉШ9ŸĲũőŸШыΞΜΜΟьЮШÖŰũŔťĲШlp_serachШŔƣШ
ƖĲƕƨŔƖĲƚШƣőĲШĲǂƣƖċĦƣŔŸŰШŸŉШĬрƚƓċĦŔŰŊƚЮШÑőĲШf ?Eñf ]ШĬŔƖĲĦƣŸƖǃШĦŸŰƣċŔŰƚШĲǂċůƓũĲШf ÂШŉŔũĲƚЯШĲǂр
ċůƓũĲШƨƚċŊĲШŔƚШċƚШŉŸũũŸƽƚа 

index_zero_error  
try_space_groups  "2 75"  
load  index_d  {  
   8.912  
   7.126  
   4.296  
   ...  
}  

fŰĬŔƻŔĬƨċũШƚƓċĦĲШŊƖŸƨƓƚШĦċŰШĤĲШƣƖŔĲĬШŸƖШŉŸƖШƚŔůƓũŔĦŔƣǃШċũũШ7ƖċƻċŔƚШũċƣƣŔĦĲƚШĦċŰШĤĲШƣƖŔĲĬШƨƚŔŰŊШ
ƚƣċŰĬċƖĬШůċĦƖŸƚШċƚШŉŸũũŸƽƚа 

Bravais_Cubic_sgs  
Bravais_Trigonal_Hexagonal_sgs  
Bravais_Tetragonal_sgs  
Bravais_Orthorhombic_sgs  
Bravais_Monoclinic_sgs  
Bravais_Triclinic_sgs  

ÑŸШƣƖǃШċũũШƨŰŔƕƨĲШĲǂƣŔŰĦƣŔŸŰШƚƨĤŊƖŸƨƓШƚƓċĦĲрŊƖŸƨƓƚЯШċШůŸƖĲШĲǂőċƨƚƣŔƻĲШċƓƓƖŸċĦőЯШƣőĲŰШƣőĲШŉŸũр
ũŸƽŔŰŊШůċĦƖŸƚШĦċŰШĤĲШƨƚĲĬа 

Unique_Cubic_sgs  
Unique_Trigonal_Hexagonal_sgs  
Unique_Tetragonal_sgs  
Unique_Orthorhombic_sgs  
Unique_Monoclinic_sgs  
Unique_Triclinic_sgs  

§ŰШƣĲƖůŔŰċƣŔŸŰШŸŉШfŰĬĲǂŔŰŊШċШйЮ ?ñШŉŔũĲШŔƚШĦƖĲċƣĲĬЯШƽŔƣőШċШŰċůĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШŰċůĲШŸŉШ
ƣőĲШf ÂШŉŔũĲШċŰĬШƓũċĦĲĬШŔŰШƣőĲШƚċůĲШĬŔƖĲĦƣŸƖǃШċƚШƣőĲШf ÂШŉŔũĲЮШÑőĲШйЮ ?ñШŉŔũĲШĦŸŰƣċŔŰƚШƚŸũƨƣŔŸŰƚШ
ċƚШƽĲũũШċƚШċШĬĲƣċŔũĲĬШƚƨůůċƖǃШŸŉШƣőĲШĤĲƚƣШΞΜШƚŸũƨƣŔŸŰƚЮШcĲƖĲќƚШċŰШĲǂċůƓũĲШŸŉШċŰШ ?ñШŉŔũĲа 

ª 'F<=PAF? E=L@G<-  Alan Coelho (2003), J. Appl. Cryst. 36, 86 - 95 
ª 2AE=~ U}STX K=;GF<K 
     ª1? 1L9LMK 3,' 4GD %G> 8=JG *HK }}} 
Indexing_Solutions_With_Zero_Error_2 {  
   0) P42/nmc    3   0    1187.321    38.82   0.0000    11.1924  ...  
   1) P42/nmc    3   0    1187.057    38.64   0.0000    11.1896  ...  
   2) P42/nmc    3   0    1187.458    38.61   0.0000    11.1914  ...  

...  
}  
/*  
======================================================================  
   0) P - 1         0     985.652    30.80   0.0111     7.0877  ...    
 
   h   k   l       dc       do    do - dc     2Thc     2Tho   2Tho - 2Thc  
   0   0   1   15.857   15.830   - 0.027    5.569    5.578    0.009  
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   0   1   0    8.765    8.750   - 0.015   10.084   10.101    0.017  
...  

*/  

14.1 ... [ŔŊƨƖĲШŸŉШůĲƖŔƣШ 

The figure of merit M used in indexing is as follows: 

ὓ ρ ὔ Ὠȟ
ὔ

ὔ
Ὠȟ Ὠȟὗ  

×ÈÅÒÅ    ὗ ύὔ Вύϳ    

ыΝΠрΝь 

Where do and dc are the observed and calculated d-spacings, No and Nc the number of ob-
served and calculated lines used, Nuni the number of unindexed lines and the summations are 
over the used observed indexing lines. Qi is a weighting that assists in the determination of 
extinction subgroups where wi could for example be the inverse of the error in the peak posi-
tions from a Pawley refinement (see f ?Eñf ]п~]fÅпf ?EñЮf Â). index_I correspond to wi. The 
formulation of Qi is such that with or without Qi the figure of merit M is of the same order of 
magnitude. The reciprocal-space lattice relationship solved during the indexing process (Coe-
lho, 2000) includes Q as follows: 

 ὢ Ὤ ὢ Ὧ ὢὰ ὢ Ὤ Ὧ ὢ Ὤ ὰ ὢ Ὧ ὰ
τ “ὤ

σφπ‗
ίὭὲς— ὡ

ὡ

Ὠ
 

×ÈÅÒÅ    ὡ ὗ Ὠ ȿῳς— ȿ 

ыΝΠрΞь 

14.2 ... EǂƣŔŰĦƣŔŸŰШƚƨĤŊƖŸƨƓШĬĲƣĲƖůŔŰċƣŔŸŰ 

At the end of an indexing run further indexing runs are internally performed across extinction 
subgroups (see section 14.8) to determine the most likely subgroup. These internal runs are 
seeded with already determined lattice parameters and in most cases the correct extinction 
subgroup is obtained without the need for Qi in Eq. (ΝΠрΝь. Extinction subgroups can be explic-
itly searched using the macros defined Ñ§Â ÉЮf 9, see for example Unique_Orthorhom-
bic_sgs. 

14.3 ... ÅĲƓƖŸĦĲƚƚŔŰŊШƚŸũƨƣŔŸŰƚШрШ?EÑШŉŔũĲƚ 

?ĲƣċŔũƚШŸŉШƚŸũƨƣŔŸŰƚШĦċŰШĤĲШŸĤƣċŔŰĲĬШċƣШċШũċƣĲƖШƚƣċŊĲШĤǃШŔŰĦũƨĬŔŰŊШƚŸũƨƣŔŸŰШũŔŰĲƚЯШŉŸƨŰĬШŔŰШƣőĲШ
 ?ñШŉŔũĲЯШŔŰШƣőĲШf ÂШŉŔũĲЮШ[ŸƖШĲǂċůƓũĲЯШƚƨƓƓŸƚŔŰŊШĬĲƣċŔũƚШŸŉШƚŸũƨƣŔŸŰƚШΡΜШċŰĬШΡΝШƽĲƖĲШƚŸƨŊőƣШƣőĲŰШ
ƣőĲШŉŸũũŸƽŔŰŊШыƚĲĲШĲǂċůƓũĲШf ?Eñf ]пEñΝΜЮf ÂьШĦŸƨũĬШĤĲШƨƚĲĬа 
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index_lam  1.540596  
index_zero_error        
try_space_group s 2  
Indexing_Solutions_With_Zero_Error_2 {  
  50) P - 1        1   0    2064.788     9.74   0.0000   ...  
  51) P - 1        3   0    3128.349     9.61   0.0115   ...  
}  
load  index_d  {  
   15.83 good  
    8.75  
    7.91  
    ...  
}  

ŉƣĲƖШƖƨŰŰŔŰŊШƣőŔƚШf ÂШŉŔũĲЯШċШйЮ?EÑШŉŔũĲШŔƚШĦƖĲċƣĲĬШĦŸŰƣċŔŰŔŰŊШĬĲƣċŔũƚШŸŉШƣőĲШƚƨƓƓũŔĲĬШƚŸũƨƣŔŸŰƚЮ 

14.4 ... uĲǃƽŸƖĬƚШċŰĬШĬċƣċШƚƣƖƨĦƣƨƖĲƚ 

 

ÑŔŰĬĲǂŔŰŊ 
яindex_lam  гEΝЮΡΠΜΡΦΣѐ 
яindex_min_lp гEΞѐ  яindex_max_lp гEѐ 
яindex_max_Nc_on_No гEΡѐ 
яindex_max_number_of_solutions мΟΜΜΜѐ 
яindex_max_th2_error гEΜЮΜΡѐ 
яindex_max_zero_error мΜЮΞѐ 
яindex_th2  гE | index_d гEѐЮЮЮ 
яindex_IШШEΝШяgoodѐШѐ 

яindex_x0 гEѐ 
яindex_zero_errorѐ 
яno_extinction_subgroup_searchѐ 
яseed ямѐѐ 
яtry_space_groups $ѐЮЮЮ 
яx_angle_scalerШмΜЮΝѐ 
яx_scalerШмѐ 

Values for most keywords are automatically determined or have defaults (appearing as num-
bers to the right) adequate for difficult indexing problems. In the following example from UPPW 
(service provided by Armel Le Bail to the SDPD mailing list at http://sdpd.univ -
lemans.fr/uppw/ ), oŰũǃШċШŉĲƽШťĲǃƽŸƖĬƚШċƖĲШŰĲĦĲƚƚċƖǃЮШũƚŸШŰŸƣĲШƣőĲШƨƚĲШŸŉШdummyбШƣőŔƚШċũũŸƽƚШ
ŉŸƖШƣőĲШĲǂĦũƨƚŔŸŰШŸŉШΞqШċŰĬШfШƻċũƨĲƚШƽŔƣőŸƨƣШőċƻŔŰŊШƣŸШĲĬŔƣШƣőĲШĦŸũƨůŰƚШŸŉШĬċƣċЮ 

http://sdpd.univ-lemans.fr/uppw/
http://sdpd.univ-lemans.fr/uppw/
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seed  
index_lam   0.79776  
index_zero_error      
index_max_Nc_on_No  6 
try_space_groups  3 
load  index_th2  dummy dummy index_I  dummy  {  

ª d (A)   2Theta      Height       Area      FWHM 
1.724  26.50645    2758.3   23303.7    0.0450  
2.646  17.27733  150393.8  747063.6    0.0250  
3.235  14.13204   98668.8  493153.7    0.0250  
3.417  13.37776   11102.6   53185.0    0.0250  
5.190   8.80955     782.7    3910.9    0.0250  
...  

}  

14.5 ... uĲǃƽŸƖĬƚШŔŰШĬĲƣċŔũ 

яindex_lamШШгEΝЮΡΠΜΡΦΣѐ 

?ĲŉŔŰĲƚШƣőĲШƽċƻĲũĲŰŊƣőШŔŰШ2Ю 

яindex_min_lpШгEΞЮΡѐШяindex_max_lpШгEѐ 

?ĲŉŔŰĲƚШƣőĲШůŔŰŔůƨůШċŰĬШůċǂŔůƨůШċũũŸƽĲĬШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚЮШÑőĲШůċǂŔůƨůШŔƚШƣǃƓŔĦċũũǃШ
ċƨƣŸůċƣŔĦċũũǃШĬĲƣĲƖůŔŰĲĬЮ 

яindex_max_Nc_on_NoШгEΡѐ 

?ĲƣĲƖůŔŰĲƚШƣőĲШůċǂŔůƨůШƖċƣŔŸШŸŉШƣőĲШŰƨůĤĲƖШŸŉШĦċũĦƨũċƣĲĬШƣŸШŸĤƚĲƖƻĲĬШũŔŰĲƚЮШÑőĲШƻċũƨĲШŸŉШ
ΣШċũũŸƽƚШŉŸƖШƨƓШƣŸШΥΟӖШŸŉШůŔƚƚŔŰŊШũŔŰĲƚЮ 

яindex_max_number_of_solutions мΝΜΜΜѐ 

ÑőĲШŰƨůĤĲƖШŸŉШĤĲƚƣШƚŸũƨƣŔŸŰƚШƣŸШťĲĲƓЮ 

яindex_max_th2_errorШгEΜЮΜΡѐ 

Used for determining impurity lines (un-indexed lines UNI in *.NDX). Large values, 1 for ex-
ample, forces the consideration of more observed input lines. For example, if it is known 
that there are none or maybe just one impurity line then a large value forШindex_max_th2_er-
rorШwill speed up the indexing procedure. 

яindex_max_zero_errorШгEΜЮΞѐ 

EǂĦũƨĬĲƚШƚŸũƨƣŔŸŰƚШƽŔƣőШǍĲƖŸШĲƖƖŸƖƚШŊƖĲċƣĲƖШƣőċŰШindex_max_zero_error. 

яindex_th2ШШгEШ҇Шindex_dШгEѐЮЮЮ 
яindex_IШШEΝШяgoodѐѐ 

index_th2 ŸƖ index_d ĬĲŉŔŰĲƚШċШƖĲŉũĲĦƣŔŸŰШĲŰƣƖǃШŔŰШΞqШĬĲŊƖĲĲƚШŸƖШĬрƚƓċĦŔŰŊШŔŰШ2ЮШindex_IШŔƚШ
ƣǃƓŔĦċũũǃШƚĲƣШƣŸШƣőĲШċƖĲċШƨŰĬĲƖШƣőĲШƓĲċťбШŔƣШŔƚШƨƚĲĬШƣŸШƽĲŔŊőƣШƣőĲШƖĲŉũĲĦƣŔŸŰЮШgoodШsignals that 
the corresponding d-spacing is not an impurity line. A single use ofШgood on a large d-
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spacing decreases the number of possible solutions and hence speeds up the indexingШ
process (see exampleШf ?Eñf ]пEñΝΜЮf Â).Ш 

яindex_x0ШгEѐ 

DefinesШñőőШin the reciprocal lattice equation of (ΝΠрΝьЮШfŰШċШƣƖŔĦũŔŰŔĦШũċƣƣŔĦĲШƣőĲШũċƖŊĲƚƣШĬр
ƚƓċĦŔŰŊШĦċŰШƓƖŸĤċĤũǃШĤĲШŔŰĬĲǂĲĬШċƚШΝΜΜШŸƖШΞΜΜШĲƣĦЮШÑőƨƚ 

index_x0  = 1/(d max)^2;  

speeds up the indexing process (if, in this case, the first line can be indexed as 100) and 
additionally the chance of finding the correct solution is enhanced, seeШEñΝΟЮf Â. Note, if 
the data is in 2Th degrees then the following can be used: 

index_x0  = (2 Sin(2Th min Pi/360 ) / wavelength))^2;  

The two macrosШIndex_x0_from_dШċŰĬШIndex_x0_from_th2Шsimplify the use ofШindex_x0Ю 

яindex_zero_errorѐ 

fŰĦũƨĬĲƚШċШǍĲƖŸШĲƖƖŸƖЮ 

яno_extinction_subgroup_searchѐ 

7ǃШĬĲŉċƨũƣЯШEǂƣŔŰĦƣŔŸŰШƚƨĤŊƖŸƨƓШĬĲƣĲƖůŔŰċƣŔŸŰШŔƚШƓĲƖŉŸƖůĲĬШċƣШƣőĲШĲŰĬШŸŉШċŰШŔŰĬĲǂŔŰŊШƖƨŰбШ
ƣőŔƚШĦċŰШĤĲШŰĲŊċƣĲĬШĤǃШĬĲŉŔŰŔŰŊШno_extinction_subgroup_searchЮ 

яseed ямѐѐ 

ÉĲĲĬƚШƣőĲШƖċŰĬŸůШŰƨůĤĲƖШŊĲŰĲƖċƣŸƖЮШ 

яtry_space_groupsШҘѐЮЮЮ 
яx_angle_scalerШмΜЮΝѐ 
яx_scalerШмѐ 

?ĲŉŔŰĲƚШƣőĲШƚƓċĦĲШŊƖŸƨƓƚШƣŸШĤĲШƚĲċƖĦőĲĬЮШÑőĲШůċĦƖŸƚШBravais_Cubic_sgsШĲƣĦ... ыƚĲĲШ
Ñ§Â ÉЮf 9ьШĬĲŉŔŰĲƚШũŸƽĲƚƣШƚǃůůĲƣƖǃШ7ƖċƻċŔƚШƚƓċĦĲШŊƖŸƨƓƚЮШfƣШŔƚШƣǃƓŔĦċũũǃШƚƨŉŉŔĦŔĲŰƣШƣŸШƨƚĲШ
ŸŰũǃШƣőĲƚĲЮШcŔŊőĲƖШƚǃůůĲƣƖǃШƚƓċĦĲШŊƖŸƨƓƚШŉŸƖШƣőĲШ7ƖċƻċŔƚШũċƣƣŔĦĲƚШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШΝΜШ
ĤĲƚƣШƚŸũƨƣŔŸŰƚШŔƚШċƨƣŸůċƣŔĦċũũǃШƚĲċƖĦőĲĬШċƣШƣőĲШĲŰĬШŸŉШċŰШŔŰĬĲǂŔŰŊШƖƨŰЮШcĲƖĲШċƖĲШƚŸůĲШĲǂр
ċůƓũĲƚШŸŉШƨƚŔŰŊ try_space_groupsЮ 

Search  Use 

ÂƖŔůŔƣŔƻĲШůŸŰŸĦũŔŰŔĦ try_space_groups  3 

~ŸŰŸĦũŔŰŔĦШ7ƖċƻċŔƚШũċƣƣŔĦĲƚШŸŉШũŸƽĲƚƣШƚǃůůĲƣƖǃ Bravais_Monoclinic_sgs  

9рĦĲŰƣĲƖĲĬШůŸŰŸĦũŔŰŔĦШŸŉШũŸƽĲƚƣШƚǃůůĲƣƖǃ try_space_groups  5 

ũũШŸƖƣőŸƖőŸůĤŔĦШƚƓċĦĲШŊƖŸƨƓƚШŔŰĬŔƻŔĬƨċũũǃШ Unique_Orthorhombic_sgs  
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x_scaler ŔƚШċШƚĦċũŔŰŊШŉċĦƣŸƖШƨƚĲĬШŉŸƖШĬĲƣĲƖůŔŰŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШƚƣĲƓƚШƣŸШƚĲċƖĦőШŔŰШƓċƖċůĲƣĲƖШ
ƚƓċĦĲЮШx_scalerШŰĲĲĬƚШƣŸШĤĲШũĲƚƚШƣőċŰШΝЮШfŰĦƖĲċƚŔŰŊШx_scalerШƚĲċƖĦőĲƚШƓċƖċůĲƣĲƖШƚƓċĦĲШŔŰШ
ŉŔŰĲƖШĬĲƣċŔũЮШ?ĲŉċƨũƣШƻċũƨĲƚШċƖĲШċƚШŉŸũũŸƽƚа 

9ƨĤŔĦШ      ШΜЮΦΦ 
cĲǂċŊŸŰċũоÑƖŔŊŸŰċũ  ШΜЮΦΡ 
ÑĲƣƖċŊŸŰċũШ    ШΜЮΦΡ 

§ƖƣőŸƖőŸůĤŔĦШ  ΜЮΥΦ 
~ŸŰŸĦũŔŰŔĦШ  ΜЮΥΡ 
ÑƖŔĦũŔŰŔĦШ   ΜЮΤΞ 

x_angle_scalerШis a scaling factor for determining the number of angular steps for mono-
clinic and triclinic space groups. Small values, 0.05 for example, increases the number of 
angular steps. The default value of 0.1 is usually adequate.Ш 

14.6 ... fĬĲŰƣŔŉǃŔŰŊШĬŸůŔŰċŰƣШǍŸŰĲƚ 

cĲƖĲШċƖĲШƣƽŸШĲǂċůƓũĲШŸƨƣƓƨƣШũŔŰĲƚШŉƖŸůШċŰШ ?ñШŉŔũĲЮ 

S³ .WUÇFE; V S TT[Z}TUW V[}[U S}SSS TT}T\SW TT}T\SW \}WZ\\ \S}SS \S}SS \S}SS ª ¿¿¿ UW T\ 
6) P -WUT; V S TT[Z}TUW VX}YZ S}SSS TT}T\SW TT}T\SW \}WZ\\ \S}SS \S}SS \S}SS ª ¿¿¿ UW T\ 

- ÑőĲШΝƚƣШĦŸũƨůŰШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШƖċŰťШŸŉШƣőĲШƚŸũƨƣŔŸŰЮ 

- ÑőĲШΞŰĬШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШƚƓċĦĲШŊƖŸƨƓЮШ 

- ÑőĲШΟƖĬШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШÉƣċƣƨƚШŸŉШƣőĲШƚŸũƨƣŔŸŰШċƚШŉŸũũŸƽƚа 

 Status 1: Weighting applied as defined in Coelho (2003). 

 Status 2: Zero error attempt applied. 

 Status 3: Zero error attempt successful and impurity lines removal successful. 

 Status 4: Impurity line(s) removed. 

- ÑőĲШΠƣőШĦŸũƨůŰШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШŰƨůĤĲƖШŸŉШƨŰрŔŰĬĲǂĲĬШũŔŰĲƚЮШ 

- ÑőĲШΡƣőШĦŸũƨůŰШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШƻŸũƨůĲШŸŉШƣőĲШũċƣƣŔĦĲЮ 

- ÑőĲШΣƣőШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШŊŸŸĬŰĲƚƚШŸŉШŉŔƣШƻċũƨĲЮШ 

- ÑőĲШΤƣőШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШǍĲƖŸШĲƖƖŸƖШŔŉШindex_zero_errorШŔƚШŔŰĦũƨĬĲĬЮ 

- 9ŸũƨůŰƚШΥШƣŸШΝΟШĦŸŰƣċŔŰƚШƣőĲШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚЮ 

ÑőĲШũċƚƣШƣƽŸШĦŸũƨůŰƚЯШũĲƣШĦċũũШƣőĲůШĦŸũƨůŰШÄΝШċŰĬШÄΞЯШĦŸŰƣċŔŰШƣőĲШŰƨůĤĲƖШŸŉШŰŸŰрǍĲƖŸШыőΞШҼШťΞШ
ҼШőШťьШċŰĬШũΞШƻċũƨĲƚЯШƖĲƚƓĲĦƣŔƻĲũǃЯШƨƚĲĬШŔŰШƣőĲШŔŰĬĲǂĲĬШũŔŰĲƚЮШÄΝШċŰĬШÄΞШƖĲƓƖĲƚĲŰƣШƣőĲШőťũШĦŸĲŉŉŔр
ĦŔĲŰƣШŉŸƖШñΜШċŰĬШñΝШƖĲƚƓĲĦƣŔƻĲũǃШŉŸƖШÑƖŔŊŸŰċũоcĲǂċŊŸŰċũШƚǃƚƣĲůƚЮШìőĲŰШÄΝӀрΦΦΦШŸƖШÄΞӀрΦΦΦШ
ƣőĲŰШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚШċƖĲШŰŸƣШƖĲƓƖĲƚĲŰƣĲĬЮШÑőŔƚШŉċĦŔũŔƣǃШŔƚШƨƚĲŉƨũШŉŸƖШŔĬĲŰр
ƣŔŉǃŔŰŊШĬŸůŔŰċŰƣШǍŸŰĲƚЮШ[ŸƖШĲǂċůƓũĲЯШŔŉШƣőĲШƚůċũũĲƚƣШũċƣƣŔĦĲШƓċƖċůĲƣĲƖШŔƚШΟ2Шand the smallest 
d-spacings is 4Å then it is impossible to determine the small lattice parameter. In such cases 
values of т999 will be obtained. The following table gives the hkl coefficients corresponding to 
the Xnn reciprocal lattice parameters for the 7 crystal systems. 

 X0 X1 X2 X3 X4 X5 

Cubic h2+k2+l2      

Hexagonal, Trigonal h2+k2+h k l2     
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Tetragonal h2+k2 l2     

Orhtorhombic h2 k2 l2    

Monoclinic  h2 k2 l2 h l   

Triclinic  h2 k2 l2 h k h l k l 

14.7 ... йййШÂƖŸĤċĤũĲШĦċƨƚĲƚШŸŉШ[ċŔũƨƖĲШййй 

ÑőĲШůŸƚƣШƓƖŸĤċĤũĲШĦċƨƚĲШŸŉШŉċŔũƨƖĲШŔƚШƣőĲШŔŰĦũƨƚŔŸŰШŸŉШƣŸŸШůċŰǃШĬрƚƓċĦŔŰŊƚЮШfŉШŔƣШŔƚШċƚƚƨůĲĬШƣőċƣШ
ƣőĲШƚůċũũĲƚƣШũċƣƣŔĦĲШƓċƖċůĲƣĲƖШŔƚШŊƖĲċƣĲƖШƣőċŰШΟ2ШƣőĲŰШŔƣШŔƚШƓƖŸĤũĲůċƣŔĦШƣŸШŔŰĦũƨĬĲШĬрƚƓċĦŔŰŊƚШ
ƽŔƣőШƻċũƨĲƚШũĲƚƚШƣőċŰШċĤŸƨƣШΞЮΡ2ШƽőĲŰШƣőĲƖĲШċƖĲШċũƖĲċĬǃШΟΜШƣŸШΠΜШƖĲŉũĲĦƣŔŸŰƚШƽŔƣőШĬШƻċũƨĲƚШ
ŊƖĲċƣĲƖШƣőċŰШΞЮΡ2ЮШÉŸůĲШŸŉШƣőĲШƓƖŸĤũĲůƚШĦċƨƚĲĬШĤǃШƻĲƖǃШũŸƽШĬрƚƓċĦŔŰŊƚШċƖĲа 

¶ The number of calculated lines increases dramatically and thusШindex_max_Nc_on_NoШƽŔũũШ
ŰĲĲĬШƣŸШĤĲШŔŰĦƖĲċƚĲĬЮ 

¶ The low d-spacings are probably inaccurate due to peak overlap.Ш 

ШƚŔƣƨċƣŔŸŰШƽőĲƖĲШŔƣШŔƚШŰĲĦĲƚƚċƖǃШƣŸШŔŰĦũƨĬĲШũŸƽШĬрƚƓċĦŔŰŊƚШŔƚШƽőĲŰШƣőĲƖĲШċƖĲШŸŰũǃШċШŉĲƽШĬрƚƓċĦр
ŔŰŊƚШċƻċŔũċĤũĲШċƚШŔŰШőŔŊőĲƖШƚǃůůĲƣƖǃШũċƣƣŔĦĲƚЮ 

14.8 ... ÉƓċĦĲШŊƖŸƨƓƚШƽŔƣőШŔĬĲŰƣŔĦċũШċĤƚĲŰĦĲƚШтШEǂƣŔŰĦƣŔŸŰШƚƨĤŊƖŸƨƓƚ 

The following table lists spaces groups than have identical hkls. Typically, an indexing run will 
identify one space-group from the extinction group.  

Space group numbers with 

identical hkls 

Space group symbols with 

identical hkls 

Triclinic 

м н tм tπм 

Monoclinic 

ф мр /Ŏ /нκŎ 

р у мн /н /Ƴ /нκƳ 

мп tнмκŎ 

т мо tŎ tнκŎ 

п мм tнм tнмκƳ 

о с мл tн tƳ tнκƳ 

Orthorhombic 

тл CŘŘŘ 

по CŘŘн 

нн пн сф Cннн CƳƳн CƳƳƳ 

су /ŎŎŀ 

то LōŎŀ 

от сс /ŎŎн /ŎŎƳ 

пр тн Lōŀн LōŀƳ  

пм сп !ōŀн /ƳŎŀ  
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пс тп LƳŀн LƳƳŀ  

ос пл со /ƳŎнм !Ƴŀн /ƳŎƳ  

оф ст !ōƳн /ƳƳŀ  

нл /нннм  

но нп пп тм Lннн Lнмнмнм LƳƳн LƳƳƳ  

нм ор оу ср /ннн /ƳƳн !ƳƳн /ƳƳƳ  

рн tƴƴŀ  

рс tŎŎƴ  

сл tōŎƴ  

см tōŎŀ  

пу tƴƴƴ  

рп tŎŎŀ  

рл tōŀƴ  

оо сн tƴŀнм tƴƳŀ  

оп ру tƴƴн tƴƴƳ  

он рр tōŀн tōŀƳ  

ол ро tƴŎн tƳƴŀ  

нф рт tŎŀнм tōŎƳ  

нт пф tŎŎн tŎŎƳ  

ом рф tƳƴнм tƳƳƴ  

нс ну рм tƳŎнм tƳŀн tƳƳŀ  

мф tнмнмнм  

му tнмнмн  

мт tнннм  

мс нр пт   tннн tƳƳн tƳƳƳ 

Tetragonal 

мпн LпмκŀŎŘ 

ммл LпмŎŘ 

мпм LпмκŀƳŘ 

млф мнн LпмƳŘ LπпнŘ 

млу мнл мпл LпŎƳ LπпŎн LпκƳŎƳ 

уу Lпмκŀ 

ул фу Lпм Lпмнн 

тф ун ут фт млт ммф мнм моф   Lп Lπп LпκƳ Lпнн LпƳƳ LπпƳн LπпнƳ LпκƳƳƳ 

мол tпκƴŎŎ 

мнс tпκƴƴŎ 

моо tпнκƴōŎ 

мло мнп tпŎŎ t пκƳŎŎ 

млп мну tпƴŎ t пκƳƴŎ 

млс мор tпнōŎ t пнκƳōŎ 

мот tпнκƴƳŎ 

моу tпнκƴŎƳ 

моп tпнκƴƴƳ 

мнр tпκƴōƳ 

ммп tπпнмŎ 

млр ммн мом tпнƳŎ tπпнŎ tпнκƳƳŎ 
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млн мму мос tпнƴƳ tπпƴн tпнκƳƴƳ 

млм ммс мон tпнŎƳ tπпŎн tпнκƳŎƳ 

млл ммт мнт tпōƳ tπпōн tпκƳōƳ 

ус tпнκƴ 

ур мнф tпκƴ tпκƴƳƳ 

фн фс tпмнмн tпонмн 

фп tпннмн 

тс ту фм фр tпм tпо tпмнн tпонн 

тт уп фо tпн t пнκƳ tпннн 

фл ммо tпнмн tπпнмƳ 

тр ум уо уф фф ммм ммр мно    tп tπп tпκƳ tпнн tпƳƳ tπпнƳ tπпƳн tпκƳƳƳ 

Trigonal & Hexagonal 

мсм мст wоŎ wπоŎ 

мпс мпу мрр мсл мсс wо wπо wон wоƳ wπоƳ 

муп мфн tсŎŎ tсκƳŎŎ 

мрф мсо мус мфл мфп tомŎ tπомŎ tсоƳŎ tπснŎ tсоκƳƳŎ 

мру мср мур муу мфо tоŎм tπоŎм tсоŎƳ tπсŎн tсоκƳŎƳ 

мсф мтл мту мтф tсм tср tсмнн tсрнн 

мпп мпр мрм мрн мро мрп мтм мтн мул мум tом tон tоммн tомнм tонмн tоннм tсн tсп tсннн tспнн 

мто мтс мун tсо tсоκƳ tсонн 

мпо мпт мпф мрл мрс мрт мсн мсп мсу мтп мтр 

мтт муо мут муф мфм 

tо tπо tомн tонм tоƳм tомƳ tπомƳ tπоƳм tс tπс tсκƳ 

tснн tсƳƳ tπсƳн tπснƳ tсκƳƳƳ 

Cubic 

нну CŘπоŎ 

нмф ннс CπпоŎ CƳπоŎ 

нло ннт CŘπо CŘπоƳ 

нмл Cпмон 

мфс нлн нлф нмс ннр     Cно CƳπо Cпон CπпоƳ CƳπоƳ 

нол LŀπоŘ 

ннл LπпоŘ 

нлс Lŀπо 

нмп Lпмон 

мфт мфф нлп нмм нмт ннф Lно Lнмо LƳπо Lпон LπпоƳ LƳπоƳ 

ннн tƴπоƴ 

нму нно tπпоƴ tƳπоƴ 

нлм ннп tƴπо tƴπоƳ 

нлр tŀπо 

нмн нмо tпоон tпмон 

мфу нлу tнмо tпнон 

мфр нлл нлт нмр ннм     tно tƳπо tпон tπпоƳ tƳπоƳ 

14.9 ... fŰĬĲǂŔŰŊШEƕƨċƣŔŸŰƚШрШ7ċĦťŊƖŸƨŰĬ 

ċЯШĤШċŰĬШĦШũċƣƣŔĦĲШƻĲĦƣŸƖƚШĦċŰШĤĲШĦŸŰƻĲƖƣĲĬШƣŸШ9ċƖƣĲƚŔċŰШĦŸŸƖĬŔŰċƣĲƚШƽŔƣőШċШĦŸũũŔŰĲċƖШƽŔƣőШƣőĲШ
9ċƖƣĲƚŔċŰШǂШċǂŔƚШċŰĬШĤШĦŸƓũċŰċƖШƽŔƣőШƣőĲШ9ċƖƣĲƚŔċŰШǂрǃШƓũċŰĲШċƚШŉŸũũŸƽƚа 
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ċШӀШċǂШŔ ĤШӀШĤǂШŔШҼШĤǃШŢ ĦШӀШĦǂШŔШҼШĦǃШŢШШҼШĦǍШť ыΝΠрΟь 

ƽőĲƖĲ 

ċǂШӀШċ 

ĤǂШӀШĤШĦŸƚыgьЯШШШĤǃШӀШĤШƚŔŰыgь 

ĦǂШӀШĦШĦŸƚыbьЯШШШĦǃШӀШШĦШыĦŸƚыaьШтШĦŸƚыbьШĦŸƚыgььШоШƚŔŰыgьЯШШШĦǍΞШӀШĦΞШ-ШыĦǂьΞтШыĦǃьΞ 

aЯШbЯШcШċƖĲШƣőĲШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚШċŰĬШaЯ bЯ gШƣőĲШũċƣƣŔĦĲШċŰŊũĲƚЮШÑőĲШƖĲĦŔƓƖŸĦċũШũċƣƣŔĦĲШƻĲĦƣŸƖƚШЯШ
7ЯШċŰĬШ9ШĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШũċƣƣŔĦĲШƻĲĦƣŸƖƚШŸŉШEƕЮШы14-3ьШĤĲĦŸůĲа 

ШӀШǂШŔШҼШǃШŢШШҼШǍШť 7ШӀШ7ǃШŢШҼШ7ǍШť 9ШӀШ9ǍШť 

ÑőĲШĲƕƨċƣŔŸŰШƖĲũċƣŔŰŊШĬрƚƓċĦŔŰŊШĬőťũШƣŸШőťũШŔŰШƣĲƖůƚШŸŉШƣőĲШƖĲĦŔƓƖŸĦċũШũċƣƣŔĦĲШƓċƖċůĲƣĲƖƚШŔƚа 

ὢ Ὤ ὢ Ὧ ὢὰ ὢ Ὤ Ὧ ὢ Ὤ ὰ ὢ Ὧ ὰ ρὨϳ  ыΝΠрΠь 

ƽőĲƖĲ 

ὢ ὃ ὃ ὃ 

ὢ ὄ ὄ  

ὢ ὅ  

ὢ ςὃὄ ςὃὄ 

ὢ ςὃὅ 

ὢ ςὄὅ 
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15. E EÅ]òШ~f f~fü Ñf§  

15.1 ... ÅĲƓŸƖƣŔŰŊШŸŰШƣőĲШ~ċĬĲũƨŰŊШĦŸŰƚƣċŰƣ 

strв 

[madelung #] 
Examples 

ÑEÉÑхEñ ~ÂxEÉп~ ?ExÖ ]Юf Â 

The madelung keyword reports on the Madelung constant of a structure (Madelung, 1918). It uses 
the method of 9ŸĲũőŸШѼШ9őĲċƖǃШыΝΦΦΤьШŉŸƖШĦċũĦƨũċƣŔŰŊШƣőĲШĲũĲĦƣƖŸƚƣċƣŔĦШƓŸƣĲŰƣŔċũƚЮШtomic 
charges are from the occ keyword, see ~ ?ExÖ ]Юf Â. #define show_GRS in ~ ?ExÖ ]Юf Â 
creates an XY file with (S2-S1) of the GRS series set to 0.01. This is a small value that shows the 
behaviour of the GRS series which is as follows (blue line):  

 

With the default values of S1 =1 and S2 = 1.5; the GRS series integrates between S1 and S2 to 
obtain an accurate value for the Madelung constant; this is seen in the first point of the Red 
line of the above plot. In energy minimization, the derivatives of the Madelung constant as a 
function of atomic coordinates constitutes the electrostatic force exerted on atoms. 

15.2 ... ÅĲƓŸƖƣŔŰŊШŸŰШƣőĲШ9ŸƨũŸůĤШƓŸƣĲŰƣŔċũШċƣШċШƚŔƣĲ 

ƚŔƣĲШвШШяco #]  

The site dependent keyword co reports on the Coulomb potential at a site. The sum of all co values 
equates to the Madelung constant. From observation, atoms of the same species seem to have 
similar co values in an ionic crystal. Note, both the co and madelung keywords are independent 
of the grs_interaction keyword. 

Madelung constant for Rutile

S2 (Angstroms)

32.82.62.42.221.81.61.41.21

M
a
d

e
lu

n
g

 c
o

n
st

a
n

t

-19.6

-19.605

-19.61

-19.615

-19.62

-19.625
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15.3 ... EŰőċŰĦĲůĲŰƣƚШƣŸШƣőĲШŊƖƚхŔŰƣĲƖċĦƣŔŸŰ 

site вШШяg !N q E s E] 
яrepulsion_refineѐ  
[grs_interaction [qi !E qj гEѐШҘƚΝШҘƚΞШĦШгEѐв 
яno_coulombѐ 

[penalty = Get(grs_lp_rep);]  

[penalty = Get(grs_lp_refine);]  

Examples 

ÑEÉÑхEñ ~ÂxEÉп 
xé§Πр]ÅÉр ÖÑ§Юf ÂШШ(not new) 

]ÅÉр xé§ΠпÉ§xéEрΝЮf Â 
]ÅÉр xé§ΠпÅEÂрΝЮf Â 
]ÅÉр xé§ΠпÅEÂрΞЮf Â 

The site dependent keyword g reports on the difference in value between the sum of all grs_inter-
cationƚШƽŔƣőШƣőĲШƚŔƣĲШŔŰĦũƨĬĲĬЯШċŰĬШƣőĲШƚŔƣĲШĲǂĦũƨĬĲĬЮШfŰШŸƣőĲƖШƽŸƖĬƚЯШŔƣШƖĲƓŸƖƣƚШŸŰШƣőĲШƚŔƣĲќƚШĦŸŰƣƖŔр
bution to all grs_interactions.  

When repulsion_refine is defined, then all grs_interactionƚШċƖĲШƓũċĦĲĬШŔŰШċШљƖĲƓƨũƚŔŸŰШƖĲŉŔŰĲњШ
mode. In this mode, grs_interactions return the sum of the derivatives squared of the grs_in-
teractions, with respect to the atomic coordinates, or, in pseudo code: 

Sum(dgrs_interaction/df i, i)2 

where fi corresponds to the x, y and z coordinates of the sites associated with the grs_interac-
tion. In this manner, a refinement will adjust repulsion parameters such that the derivatives of 
the grs_interactions with respect to independent repulsion parameters are a minimum. 

Repulsion parameters include qi, qj, q, s and any other parameters defined in the grs_interac-
tion equation. The new site dependent keyword, s, scales the equation part of grs_interac-
tions. This simplifies the setting up of grs_interactions; consider the following: 

grs_interaction qi = 3; qj = - 2; Al* O* p1 = B1 / R^7; penalty = p1;  
grs_interaction qi = 5; qj = - 2; V*  O* p2 = B2 / R^7; penalty = p2;  
grs_interaction qi = 3; qj =  5; Al* V* p3 = B3 / R^7; penalty = p3;  

Here, there are three parameters B1, B2 and B3. In the repulsion_refine mode, fractional coor-
dinates are not refined. However, their derivatives with respect to the grs_interaction equa-
tions are expensive and are required. The site dependent s parameters can be used to avoid 
this recalculation as follows: 

site D ¡q  3 s s1 1  
site 4 ¡ q  5 s s2 1  
site - ¡ q - 2 s s3 1  
repulsion_refine  
grs_interaction * * c = 1/R^9;  
penalty  = c;  

Note the reformulation where three grs_interactions become one. Here the program examines 
the equation, 1/R^9 in this case, and, if independent of refined parameters, the program stores 
the 1/R^9 values for use in the calculation of derivatives of the grs_intercations equations with 
respect to repulsion refined parameters. This results in a large speed up in computation. The 
three parameters s1, s2 and s3 are related to the B1, B2 and B3 values as follows: 

B1 = s1 s3 
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B2 = s2 s3 
B3 = s1 s2 

These parameters are related to the minimum distance Ro between two isolated atoms i and j, 
and for the case of opposite q charges, as follows: 

Uij = qi qj / R + si sj / Rn 

Setting the derivative to zero: 

dUij(R=Ro)/dR = 0 

we get: 

Ro =  [ (n-1) si sj / (qi qj) ] 1/(n-1) 

15.4 ... fŰĦũƨĬŔŰŊШũċƣƣŔĦĲШƓċƖċůĲƣĲƖШŔŰШŊƖƚхŔŰƣĲƖċĦƣŔŸŰыƚь 

The default is to not include lattice parameters when repulsion_refine is defined. To include 
the minimization of derivatives of the grs_interactions with respect to the lattice parameters, 
the following can be used: 

penalty = Get(grs_lp_rep); : 0  

For normal refinement (repulsion_refine not defined), lattice parameters, flagged for refine-
ment, are included in the derivatives of grs_interactions if the following is included: 

penalty = Get( grs_lp_refine ); : 0  

15.5 ... fŊŰŸƖŔŰŊШƣőĲШ9ŸƨũŸůĤШƓċƖƣШŸŉШƣőĲШŊƖƚхŔŰƣĲƖĦċƣŔŸŰ 

The Coulomb part of the grs_interaction can be ignored using the no_coulomb keyword. This 
is useful for materials that are not wholly ionic. Various version of the Lennard Jones potential, 
for example, can be implemented; consider a potential U of: 

U = A / R6 + B/R12 

To efficiency calculates this U, then two grs_intercations can be used: 

site... q  1 s @ 1 
site... q - 1 s @ 1 
grs_interaction ¡ ¿ T Ç0ÚW no_coulomb  
grs_interaction ¡ ¿ T Ç0Ú\ no_coulomb  

Here, 1/R^4 and 1/R^9 values are stored in lookup tables which are calculated once at the 
start of refinement. This potential is used in describing the partly ionic structure of AlVO4, see 
]ÅÉр xé§ΠпÅEÂрΞЮf Â.  

The grs_interaction equation can also be set to zero. This may be useful when looking at dipole 
properties of a molecule where the centre of the electron cloud is at a different position from 
the nucleus, for example: 



Energy Minimization 137 

 

137  Energy Minimization 

 

site Al1       x x1 # y y1 # z RT Õ ¡ 
site Al1_shift x = dx1 x1; y = dy1 + y1; z ¿ <RT º RT  ¡ 
grs_interaction ¡ DT ¿ S  ª ,G J=HMDKAGF =IM9LAGF 
grs_interaction ¡ DT¤K@A>L ¿ T Ç0Ú\ no_coulomb ª ,G !GMDGE: HGL=FLA9D 

15.6 ... хƖĲůШċƣƣƖŔĤƨƣĲШрШÅĲůŸƻŔŰŊоŔŰƚĲƖƣŔŰŊШƓċƖċůĲƣĲƖƚШŉƖŸůШƖĲŉŔŰĲůĲŰƣ 

The _rem parameter attribute is an equation that is evaluated at the start of a refinement iter-
ation (note: attribute equations cannot be named). If non-zero, the associated parameter is 
removed from refinement for the duration of the iteration. The parameter can be reinstated in 
subsequent iterations if _rem evaluates to zero; for example, to reinstate the parameter after 
convergence and into a new Cycle, the following could be used: 

prm a 1 _rem = Mod(Cycle, 2);  

15.7 ... ÖƚŔŰŊШŸťхƣŸхĦŸŰƣŔŰƨĲШċŰĬШхƖĲů 

In version 7, the xé§Πр]ÅÉр ÖÑ§Юf Â test example was the fastest way of solving the AlVO4 
structure. In that example, the scattering power of the Al and V sites are allowed to refine 
within the scattering power range of Al+3 and V+5. An alternative to refining on the Al+3 occu-
pancies, is to fix the occupancies for a certain number of Cycles and then change the occu-
pancies on the Al+3 site without actually including them in the refinement. This is accom-
plished using the new keywords of ok_to_continue, q, s and the new _rem parameter attribute; 
it works as follows (see ]ÅÉр xé§ΠпÉ§xéEрΝЮf Â for details): 

macro qal { 3 } ª !@9J?= G> DºV 
macro qv  { 5 } ª !@9J?= G> 4ºX 
macro exp { 9 } ª 0=HMDKAGF =PHGF=FL 
 
macro ro_al { 1.65 } ª 0G N9DM=K >JGE :GF< <AKL9F;=K 
macro ro_v  { 1.5 }  
macro ro_oo { 2.4 }  
 
ª !@9F?= 0G N9DM=K LG K N9DM=K 
prm !so  = Sqrt((4 ro_oo^(exp - 1)) / exp); :  22.1184  
prm !sal = ((ro_al^(exp - 1)) 6 / exp   ) / so; :  1.65587133  
prm !sv  = ((ro_v^(exp - 1)) 10 / exp) / so; :  1.28746033  
 
macro S_ { If(Get(q) == qal, sal, sv) }  
macro OCC { If(Get(q) == qal, 1, 1.85) }  
macro VV { rand_xyz 1 } ª 09F<GEAR= KAL=K 9L KL9JL G> ;Q;D= 
macro VQ { _rem 1 val_on_continue = If(Mod(Cycle,10), If(Rand(0,1)<0.5,qal,qv), Val); }  
prm q1 qal VQ  
prm q2 qal VQ  
prm q3 qal VQ  
prm q4 qv  VQ  
prm q5 qv  VQ  
prm q6 = 3 qal + 3 qv -  q1 -  q2 -  q3 -  q4 -  q5;  
 
ª #FKMJ= K;9LL=JAF? HGO=J =IM9DK VÔ D KAL=K HDMK VÔ4 KAL=K 
ok_to_continue = Or(q6 == qal, q6 == qv);  
 
Grs_(*, *, exp, 0) ª ?JK¤AFL=J9;LAGF H=F9DLQ 
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site Al   x @  0.0  y @  0.9  z @  0.8 occ Al+3 = OCC; q = q1; s = S_; VV  
site Al   x @  0.1  y @  0.0  z @  0.9 occ Al+3 = OCC; q = q2; s = S_; VV  
site Al   x @  0.2  y @  0.1  z @  0.0 occ Al+3 = OCC; q = q3; s = S_; VV  
site Al   x @  0.3  y @  0.2  z @  0.1 occ Al+3 = OCC; q = q4; s = S_; VV  
site Al   x @  0.4  y @  0.3  z @  0.2 occ Al+3 = OCC; q = q5; s = S_; VV  
site Al   x @  0.5  y @  0.4  z @  0.3 occ Al+3 = OCC; q = q6; s = S_; VV  
 
site O1   x @  0.6  y @  0.5  z @  0.4 occ O- 2 1 q - 2 s = so; VV  
site O2   x @  0.7  y @  0.6  z @  0.5 occ O- 2 1 q - 2 s = so; VV  
site O3   x @  0.8  y @  0.7  z @  0.6 occ O- 2 1 q - 2 s = so; VV  
site O4   x @  0.9  y @  0.8  z @  0.7 occ O- 2 1 q - 2 s = so; VV  
site O5   x @  0.0  y @  0.9  z @  0.8 occ O- 2 1 q - 2 s = so; VV  
site O6   x @  0.1  y @  0.0  z @  0.9 occ O- 2 1 q - 2 s = so; VV  
site O7   x @  0.2  y @  0.1  z @  0.0 occ O- 2 1 q - 2 s = so; VV  
site O8   x @  0.3  y @  0.2  z @  0.1 occ O- 2 1 q - 2 s = so; VV  
site O9   x @  0.4  y @  0.3  z @  0.2 occ O- 2 1 q - 2 s = so; VV  
site O10  x @  0.5  y @  0.4  z @  0.3 occ O- 2 1 q - 2 s = so; VV  
site O11  x @  0.6  y @  0.5  z @  0.4 occ O- 2 1 q - 2 s = so; VV  
site O12  x @  0.7  y @  0.6  z @  0.5 occ O- 2 1 q - 2 s = so; VV  

The above will change the scattering power on the Al* sites every 10th Cycle as defined in the 
éÄШůċĦƖŸЮШ ŸƣĲЯШƣőĲƖĲќƚШŸŰũǃШŸŰĲШgrs_interaction and the Grs_ macro looks like: 

macro Grs_(s1, s2, & n, v)  
{  

grs_interaction s1 s2 #m_unique c =  
If (R < rsm,  

(( - n rsm^( - 2 -  n)/2) R^2 + rsm^( - n) + n/(2 rsm^n)),  
1 / R^n  

);  
penalty = c; : v  

}  

É§xéEрΝЮf Â operates in three modes which can be chosen by the two control parameters (in 
Red) in the INP text at the top of the file and is as follows:  

continue_after_convergence  
#prm penalties_only_start_at_Rietveld_positions = 1;  
#if penalties_only_start_at_Rietveld_positions;  
 only_penalties  
 verbose 1  
 temperature 0.5 use_best_values  
#else  

#prm solve_using_real_data_and_penalties = 1;  
#prm solve_using_penalties_only = solve_using_real_data_and_penalties == 0;  
verbose - 1  
num_runs 10  ' Solve structure 10 times, change to 1 to see solution  
 
#if solve_using_real_data_and_penalties;  

' Minimum energy at 5%  
temperature  = If(Mod(Cycle, 200), 0.7, 10);  
iters = If(And(Cycle_Iter > 2, Get(r_wp) < 8), 0, 1000000000);  

#endif  
#if  solve_using_penalties_only;  

' Minimum energy at - 423.5  
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only_penalties  
temperature  = If(Mod(Cycle, 200), Rand(0.35, 0.7), 10);  
iters = If(And(Cycle_Iter > 2, Get(r_wp) < - 423), 0, 1e9);  

#endif  
#endif  

Running É§xéEрΝЮf Â with penalties_only_start_at_Rietveld_positions=1 refines on the atomic 
coordinated with only_penalties defined. It also displaces the atomic positions by an amount 
of rand_xyz*temperature, or, 0.5 Å in a random direction at the start of each cycle. As can be 
seen whilst running, the structure returns to the Rietveld refined values after each cycle.   

Running É§xéEрΝЮf Â with solve_using_real_data_and_penalties=1 solves the structure 10 
times and the Rwp plot looks like: 

  

This is similar to xé§Πр]ÅÉр ÖÑ§Юf Â which refines on occupancies. ok_to_continue is eval-
uated at the start of each iteration. If it evaluates to zero, then val_on_continue of its independ-
ent parameters are executed. The process is repeated until all ok_to_continue(s) evaluates to 
non-zero. Note, more than one ok_to_continue can be defined. 

15.8 ... EŰĲƖŊǃШůŔŰŔůŔǍċƣŔŸŰрŸŰũǃШƖĲƚƨũƣŔŰŊШŔŰШƣőĲШŸĤƚĲƖƻĲĬШƚƣƖƨĦƣƨƖĲШŸŉШ
ũé§ΠШ 

Running É§xéEрΝЮf Â with solve_using_real_data_and_penalties=0, achieves a minimum en-
ergy configuration that matches the Rietveld refined structure. only_penalties are refined; lat-
tice parameters are not included. Even though AlVO4 is partly ionic, the maximum atomic dis-
placement at the energy minimum compared to the Rietveld refined positions is relatively 
small at ~0.22 Å with an average movement of ~0.14 Å. In other words, the energy minimization 
љƓƚĲƨĬŸ-ƚŸũƻĲĬњШƣőĲШƚƣƖƨĦƣƨƖĲШŉƖŸůШċШĦƖƨĬĲШċƣŸůŔĦШŔŰƣĲƖaction model.  

Including lattice parameters as refinable parameters results in non-sensical atomic coordi-
nates which means that the atomic interaction model is inadequate in a physical sense.  

15.9 ... ?ĲƣĲƖůŔŰŔŰŊШƖĲƓƨũƚŔŸŰШƓċƖċůĲƣĲƖƚШŉŸƖШ ũé§Π 

ÅEÂрΝЮf Â performs three types of operations/refinements as seen by the self-explanatory con-
trol statements at the top of the file of: 

Iteration
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#prm determine_repulsion_parameters = 0;  
#prm test_rep_prms = 0;  
#prm bond_length_differences = 0;  

Setting determine_repulsion_parameters=1 fixes the atomic coordinates to Rietveld refined 
values and then minimizes dUij/df i=0 for AlVO4 by varying three s repulsion parameters of sal, 
sv and so where: 

Uij = qi qj / R + si sj / R9 

As seen in ÅEÂрΝЮf ÂЯ the sum of the derivatives squared of dU/dfi (where fi is a fractional atomic 
coordinate) do not refine to zero. This is seen in the lines: 

Grs_(*, *, 9, 0.465098047`)  
penalty  = Get(grs_lp_rep); :  2.6397897`  

Also, seen in ÅEÂрΝЮf Â is that the Ro values (distance between two isolated atoms) seem too 
large as in: 

      prm !ro_alo = ( (exp - 1) Abs(sal so qal qo) )^(1/(exp - 1)); :  2.18729482  
      prm !ro_vo  = ( (exp - 1) Abs(sv  so qv  qo) )^(1/(exp - 1)); :  2.4673052  
      prm !ro_oo  = ( (exp - 1) Abs(so  so qo  qo) )^(1/(exp - 1)); :  2.73559269  

Performing another refinement with the three determined repulsion parameters sal, sv and so 
fixed, and instead refining on the atomic coordinates (test_rep_prms=1) results in a structure 
with average atomic movements of 0.14 Å from the Rietveld coordinates. The movement can 
be seen in the following Al octahedron (lighter atoms are the Rietveld determined positions): 

 

Setting test_rep_prms=1 and output_U_vs_a=1 executes the INP code of: 

#if And(output_U_vs_a, test_rep_prms);  
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   verbose 1 
   num_runs 100  
   iters 0 
   a = Ramp_Run_Number(6.54131 - 3, 6.54131+3, Get(num_runs));  
   out a.xy append  
      Out(Get(a))  
      Out_String(" ")  
      Out(Get(non_fit, r_wp))  
      Out_String(" \ n")  
#else                 
   a  6.54131  
#endif  

This produces the XY file of: 

 

Here we see that the observed a lattice parameter of 6.54131 Å is far from the minimum; this 
was evident from the non-zero value for Get(grs_lp_rep) as seen above. Note the use of 
Get(non_fit, r_wp) instead of Get(r_wp); the former gets the global Rwp and the latter the xdd 
dependent Rwp. Use of only_penalties does not update xdd dependent Rwp(s); hence the 
need to Get the global r_wp.  

Lattice parameters were not refined in performing the test_rep_prms=1 operation; they could 
have been with the inclusion of the line: 

penalty  = Get(grs_lp_refine); : 0   

The refinement in such a case would have produced very incorrect results as indicated by the 
U versus a plot above. This demonstrates that a simple Coulomb sum and 1/R^9 repulsion 
term does not fully describe AlVO4 and that another model is needed. 

15.10 . ШŰŸŰрŔŸŰŔĦШůŸĬĲũШŉŸƖШ ũé§Π 

Instead of using the Coulomb sum, a 1/R^4 term was used for atoms of opposite charge (Al-O 
and V-O) and a 1/R^9 for like charges, or, 

Uij = Aij / R4 + Bij/R9 

U versus a lattice parameter
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This U choice was a guess and there may well be more physically meaningful models available. 
The following however does highlight the ability to quickly model such cases. The ÅEÂрΞЮf Â 
test example uses this potential and it has three operational/refinement modes: 

#prm repulsion_refine = 0;         ª K=L LG S GJ FGF- zero     
#prm bond_length_differences = 0;  ª K=L LG S GJ FGF- zero  
#prm test_repulsion_prms = repulsion_refine == 0;  

Refining with repulsion_refine=1 results in a low value for grs_lp_rep and for grs_interactionsа  

penalty  = Get(grs_lp_rep); : 0.000423118927`  
Grs_(Al*,  O*, ea,  - a_alo, 0.000824217622`)  
Grs_(V*,   O*, ea,  - a_vo,  0.00103650359`)  
Grs_(O*,   O*, ea,  a_oo,   0.000721564661`)  
Grs_(Al*, Al*, ea,  a_alal, 0.000102652961`)  
Grs_(Al*,  V*, ea,  a_alv,  0.000417591887`)  
Grs_(V*,   V*, ea,  a_vv,   0.000314938926`)  
Grs_(Al*,  O*, er,  b_alo,  0.000824217622)  
Grs_(V*,   O*, er,  b_vo,   0.00103650359)  
Grs_(O*,   O*, er,  b_oo,   0.000721564661)  
Grs_(Al*, Al*, er,  b_alal, 0.000102652961)  
Grs_(Al*,  V*, er,  b_alv,  0.000417591887)  
Grs_(V*,   V*, er,  b_vv,   0.000314938926)  

These are low values compared to those obtained for ÅEÂрΝЮf Â and it indicates near zero val-
ues for (dgrs_interaction/df i ) 2 where fi is a fractional atomic coordinate or lattice parameter. 
The difference in lattice parameters between the observed values from Rietveld refinement 
and the energy minimization of ÅEÂрΞЮf Â is: 

ƺa  ¿ S}VXVVZZ| ƺb  ¿ S}V[ZZXX| ƺc = 0.501125  
ƺal  = -S}\UUUU| ƺbe = -S}VUXV\| ƺga = - 0.77862  

The maximum bond length difference is 0.18 Å with an average difference of 0.08 Å. 
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16. ~§xE9Öx ÅШ?ò  ~f9ÉШы~?ь 

molecular_dynamics 
md_time_stepШгEШШШ ыĬĲŉċƨũƣШӀШΜЮΜΜΞь 
md_timeШгE 
md_scaleШгE   (default = 1) 
ÂċƖċůĲƣĲƖШċƣƣƖŔĤƨƣĲƚа 

_md_kШгE   (default = 1) 
_massШгE   (default = 1) 
_md_forceШгE  (default = 0) 

Examples 

ÑEÉÑхEñ ~ÂxEÉп]ÅÉр xé§Πп 
~?рΝЮf Â 
~?рΞЮf Â 
~?рΟЮf Â 
~?рΠЮf Â 
]ÅÉрΜЮf Â 

16.1 ... ~ŸũĲĦƨũċƖШĬǃŰċůŔĦƚШŔŰШċШŊĲŰĲƖċũШůċŰŰĲƖ 

Defining molecular_dynamics (MD) places the program in a non-refinement mode where pa-
rameters of any type can be updated in a time dependent manner. The Verlet (1967) algorithm 
is used for updating parameters. In the present implementation, parameters that are not typi-
cally associated with molecular dynamics can be updated in a MD manner. This is accom-
plished with the use of the parameter attributes of _md_k and _md_mass.  

Molecular dynamics is basically the steepest decent method of refinement but with new pa-
rameters values accepted regardless of the change in the objective function (Rwp in the case 
of TOPAS), or, relating this to the Newtonian equations of motion for iteration k and parameter 
p, we have: 

Force(k) = m a(k) = dRwp/dp 

Velocity(k+1) = Velocity(k) + (dRwp(k)/dp) / m 

In the Verlet algorithm, velocity is not considered explicitly and instead p is updated as follows: 

p(k+1)  = 2 p(k) т p(k-1) + a(k) t2  

= 2 p(k) т p(k-1) + (1/m) (dRwp(k)/dp) t2  

where t is the time step of the molecular dynamics. The mass m is set using _mass. To intro-
duce flexibility, the present implementation allows modifications of p(k+1) as follows: 

p(k+1)  = (p(k) т p(k-1) + (_md_k / _mass) (dRwp(k)/dp) t2) md_scale + p(k) 

This equates to the Verlet algorithm with the default value of 1 for _md_k, _mass and 
_md_scale. md_scale is a means of increasing or decreasing atomic movements (increasing 
or decreasing temperature). 

16.2 ... ~ŸũĲĦƨũċƖШĬǃŰċůŔĦƚШŉŸƖШċƣŸůƚ 

In the absence of the _mass attribute, mass is determined from the masses found in the fÉ§р
Ñ§ÂEÉЮÑñÑ file for site occupancies, as defined by the occ keyword, and weighted by the occ 
values. In the absence of the _md_k attribute, md_k is determined for x, y and z coordinate 
parameters as follows: 
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md_k for x = ax 

md_k for y = by 

md_k for z = cz 

where  ax = 1 

bx = Cos(Get(ga) Deg) 

by = Sin(Get(ga) Deg) 

cx = Cos(Get(be) Deg) 

cy = (Cos(Get(al) Deg) - cx bx) / by 

cz = Sqrt(1.0 - cx^2 - cy^2) 

The following two sites are therefore equivalent: 

site Al  
x @ # _mass = 26.981; _md_k = ax;  
y @ # _mass = 26.981; _md_k = by;  
z @ # _ mass = 26.981; _md_k = cz;  
occ Al+3 1  

ª 9F< 
site  Al x @ # y @ # z @ # occ  Al+3 1  

The use of _md_k corrects the forces in case of non-orthogonal lattice parameters. grs_inter-
action can be used to calculate the forces for molecular dynamics; this is demonstrated in 
~?рΝЮf Â. The display of the Rwp plot in the Fit dialog can take a lot of processing for long MD 
runs; not displaying the plot can speed up the simulation; and imilarly for the OpenGL 3D 
graphics. 

~?рΝЮf Â operates in the P-1 space group; this can be changed to P1 by outputting the frac-
tional coordinates in P1 as follows: 

p1_fractional_to_file aac.txt  
in_str_format  
 in_cart 0 
 na 2 nb 2 nc 2 

Here, a 2x2x2 unit cell is outputted in P1 to the 9ЮÑñÑ file. ~?рΞЮf Â describes such a unit 
cell comprising 288 atoms. One of the AL1 atoms is offset, and running the MD simulation re-
sults in the atom returning to its lowest energy configuration position. This return to the opti-
mal position is due to the small offset of 2.92 Å. The following shows the starting configuration: 



Molecular dynamics (MD) 145 

 

145  Molecular dynamics (MD) 

 

 

ƽőĲƖĲШƣőĲШǃĲũũŸƽШċƣŸůШŔƚШƣőĲШ ũΝШċƣŸůќƚШŸŉŉƚĲƣЯШċŰĬШƣőĲШĬċƖťШŊƖĲǃШċƣŸůШŔƚШƣőĲШŸƖŔŊŔŰċũШƓŸƚŔƣŔŸŰШ
of the Al1 atom. It is informative to watch the yellow atom migrate to the dark grey atom. The 
INP text that produces the coloured Al1 sites is: 

track_buffer 100  
site qAl1 x   0.37342 y   0.34930 z   0.20369  occ Al+3  1 ' original posn  
site Hi1  x @ 0.2     y @ 0.2     z @ 0.1  occ Al+3  1 track = Mod(Cycle_Iter, 20) == 0;  

The colours for the Al1 and Hi1sites is seen in the Ñ§~х9§x§ÅÉЮ?E[ file; this file can be ed-
ited for the purpose of changing atom colours. The original atom qAl1 does not take part in the 
only_penalties MD simulation as it is absent from the grs_interactions. The path of the Al1 
atom looks like: 
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Note the last display has been disabled (item 84); it comprises all 288 atoms in the cell. In-
cluding line 84 produces: 
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~?рΟЮf Â moves the Al1 atom 4 Å from the original position and in a random direction; the 
pertinent INP text is:  

temperature 1 
md_scale  = If(Cycle_Iter < 2, 0.1, 1);  
site  Hi1 x @  0.37342 y @  0.34930  z @ 0.20369  occ Al+3 1 rand_xyz 4 

Clicking on the Break icon; ie.  

 

executes rand_xyz. Often the energy of the system (which is kept constant) is too great and the 
MD goes chaotic. This behaviour can be damped using md_scale as seen above. Also, repul-
sion terms such as 1/R9 can be very large when R is small; such small bond distances are un-
realistic and modifying Uij to avoid large values is beneficial. In the present work the equation 
used for the grs_interaction, rewritten in terms of a yobs_eqn, is given in ]ÅÉрΜЮf Â, or,  

macro & n { 9 }  
macro & q { - 1 }  
macro & ro { 2 }   ª P- axis value at the minimum  
macro & rsm { 1 }   
yobs_eqn aac.xy =  
   If (X < rsm,  
  (Abs( q ) / n) (ro^(n - 1)) ( ( - n rsm^( - 2 -  n)/2) X^2 + rsm^( - n) + n/(2 rsm^n)),  
  (Abs( q ) / n) (ro^(n - 1)) / X^n + q / X   
   );  
 min 0.1 max 7 del 0.01  

Note, the rsm value of 1. For R < rsm, U is modified such that large values are not encountered. 
The following shows two views of the same yobs_eqn plot: 

  

16.3 ... ƓƓũǃŔŰŊШċШŉŸƖĦĲШŸŰШċƣŸůƚ 

The _md_force attribute can be used to apply a force to atoms. The MD simulation in such a 
case maintains energy conservation by adjusting the kinetic energy of the system. For the case 
of AlVO4 and for the crude potential used; it is interesting that for a force along the a-axis on an 
Al+3 atom, the structural integrity is maintained as seen below (see ~?рΠЮf Â): 

U vs R

R (Angstroms)

54321

U
 (

a
u

)

150

100

50

0

U vs R

R (Angstroms)

65432

U
 (

a
u

)

-0.15

-0.2

-0.25

-0.3

-0.35

-0.4



Molecular dynamics (MD) 148 

 

148  Molecular dynamics (MD) 

 

 

The structure, however, loses its integrity for a similar force along the c-axis. 
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17. ~ ü§ ШE9ΞШ9x§Ö?Ш9§~ÂÖÑf ] 
TOPAS refinements can be run on the Amazon Web Services (AWS) cloud platform utilizing the 
ůċǍŸŰШEũċƚƣŔĦШ9ŸůƓƨƣĲШ9ũŸƨĬШы ůċǍŸŰШE9ΞьШĦŸůƓƨƣŔŰŊШƓũċƣŉŸƖůаШљÑ9-9ũŸƨĬњЮШÑ9-Cloud is 

an optional, EXPERIMENTAL FEATURE within TOPAS and its use has following provisions: 

¶ TC-Cloud is not part of the official TOPAS-Academic V8 feature set. TC-Cloud is provided 
to get early feedback for possible future products. Its use is for internal testing purposes.  

¶ TC-Cloud is provided AS IS without warranty of any kind and without obligation to provide 
any support such as installation support, usage support, error corrections, and/or any en-
hancements to the feature.  

¶ Using non-free AWS resources do incur AWS fees. The user is responsible for all AWS 
costs. Coelho software is not liable for any loss arising out of the use of TC-Cloud; any 
damages arising out of the use of TC-Cloud is borne by the User. 

¶ The TC-Cloud feature can be cancelled at any time in future updates or upgrades, for any 
reason, and without notice. 

TC-Cloud can be run on 100s of virtual computers on the Amazon Web Services (AWS) cloud 
platform. The process is driven from the GUI version of TOPAS/TOPAS-Academic, where 
launching an INP file on the cloud is a few mouse-clicks away. The Cloud gives access to large 
computing resources where 1000s of virtual machines (VMs) can be utilized in a relatively in-
expensive manner. Large simulated-annealing problems taking weeks on a laptop can be done 
in minutes. The process typically involves working interactively with TOPAS in Launch mode 
and performing initial preliminary refinements. Once the User is satisfied, the Cloud version of 
the kernel, which we will call TC-Cloud, can be launched. Cloud operation is often performed 
in an interactive manner due to the speed of analysis; many Cloud runs need only last for 10 
to 20 minutes depending on the number of VMs used. 

The User does not install TC-Cloud; instead, TC-Cloud is pre-installed on a Virtual Machine 
image called an Amazon Machine Image (AMI). The AMI for TC-Cloud is called TC-AMI. TC-AMI 
can be used to create many virtual machines each corresponding to a virtual Linux computer; 
we will call these TC-VMs. Each TC-VM can run multiple instances of TC-Cloud. To summarize:  

¶ TA.EXE is the GUI version of TOPAS running on a local computer. 

¶ TC-Cloud is the cloud version of TOPAS running on a VM. 

¶ TC-AMI is an image of a VM with TC-Cloud installed. 

¶ TC-VM is a VM created from TC-AMI. 

¶ Many TC-VMs (500 for example) can be created/deleted at once. 

The user is given a choice of VM type when launching TC-AMI to create TC-VMs. A large TC-VM 
can run more than one instance of TC-Cloud. 
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17.1 ... §ƓĲƖċƣŔŸŰ 

TC-Cloud operates in a similar but not identical manner to Ñ9ЮEñE. Importantly INP files are 
pre-processed before launching on the Cloud; this ensures the use of local files such as 
Ñ§Â ÉЮf 9 and other #include files. Since the local Ñ§Â ÉЮf 9 is used then local emission pro-
files are used. Data files referenced in the INP file must reside in the same local directory as 
the INP file. This is normal practise and INP files should therefore not contain file paths. For 
example, 

¶ this is valid on the Cloud:   xdd data.xy 

¶ this is not valid on the Cloud:  xdd data\data.xy 

File names on Linux are case sensitive. It is therefore important to use the correct case when 
referring to file names within INP files. The following keywords can be included in INP files but 
have been disabled: 

append_bond_lengths 
atom_out 
A_matrix 
A_matrix_normalized 
bootstrap_errors 
C_matrix 
C_matrix_normalized 
do_errors 
 

do_errors_include_penalties 
do_errors_include_restraints 
index 
num_runs 
out 
out_file 
out_prm_vals_dependents_filter 
out_prm_vals_filter 
out_prm_vals_on_convergence 
out_prm_vals_on_end 

out_prm_vals_per_iteration 
phase_out 
phase_out_X 
process_times 
system_after_save_OUT  
system_before_save_OUT 
verbose 
view_structure 
xdd_out 

Many of these refer to data output and as such are better left to the local computer.  

17.2 ... ÂƖĲрƖĲƕƨŔƚŔƣĲƚ 

ÉŔŊŰŔŰŊШƨƓШƽŔƣőШ ůċǍŸŰШ ìÉШŔƚШƖĲƕƨŔƖĲĬЯШƚĲĲШőƣƣƓƚаооċƽƚЮamazonЮĦŸůоЮШ ũƚŸЯШŰĲĦĲƚƚċƖǃШŔƚШ
Ñ§Â ÉоÑ§Â Éр ĦċĬĲůŔĦШċŰĬШċШũŸĦċũШĦŸůƓƨƣĲƖШƣŸШƖƨŰШÑ§Â ÉЮШÑ9р ~fШĦŸůĲƚШƽŔƣőШTOPAS/Ac-
ademic Version 7; access to TC-AMI can be obtained from Alan CoelhoЮШTC-VMs are monitored 
and terminated depending on User defined conditions. For example, VMs can be terminated 
when the best goodness of fit parameter (GOF) from all TC-VMs drop below a User defined 
value. This reduces running times for the TC-VMs and consequently running costs. The follow-
ing points are important:  

¶ Signing up with AWS does not incur a fee. 

¶ Using non-free AWS resources do incur AWS fees. 

¶ The User is responsible for all AWS costs. 

¶ AWS fees can be reduced by reducing the use of AWS services.  

¶ VMs created as spot instances are often 60 to 70% cheaper. 

¶ Services can be reduced by: 

¶ Turning off unused VMs. 

¶ Deleting unused VMs. 

https://aws.amazon.com/
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17.3 ... ÂƖŔĦŔŰŊШŸŉШ ìÉШĦũŸƨĬШƖĲƚŸƨƖĦĲƚ 

The following approximate pricing information are dependent on AWS and could change. Run-
ning TOPAS on AWS requires the use of VMs. Each VM in turn uses an EBS volume (a storage 
device). Use of both the VM and the EBS incur AWS fees, see: 

For VMs: https://aws.amazon.com/ec2/pricing/on -demand/ 

For EBS volumes: https://aws.amazon.com/ebs/pricing/  

Limited usage of a single core VM on Amazon AWS are free of charge for a period of one year. 
Large VMs (ones with many cores) are not free with charges dependent on time usage. Pricing 
is on a per second basis for Linux VMs; the twin core VM c5.large is recommended for routine 
TC-Cloud usage; for the same core count, it is equivalent to an average high end laptop in com-
putational speed and is priced at approximately ~0.034 cents USD (for spot instances) per 
hour. One hundred of these running for one hour will cost approximately $3.40 USD. Large sav-
ing, often up to 70%, can be realized by requesting spot-instances, see https://aws.ama-
zon.com/ec2/spot/pricing/ . The author has had no trouble getting regular access to 500 spot 
instances. 

Each TV-VM is a Linux VM; it comes with an 8 Gbyte EBS volume which stores TC-Cloud and 
the operating system. EBS volumes are relatively inexpensive at 0.125 USD per Gbyte per 
month, or $1 USD per month for each TC-VM. For one hundred VMs this small charge becomes 
$100 USD per month. It is therefore recommended that VMs are deleted after use to reduce 
costs. Creating and starting VMs takes one to two minutes. 

Cloud storage is required in addition to VMs and associated EBS volumes. This storage is used 
to transfer data from the local computer to the VMs and visa-versa. AWS S3 cloud storage is 
used; it is inexpensive and runs at approximately $0.02 per Gbyte per month, see 
https://aws.amazon.com/s3/pricing/ . File manipulation of S3 storage is provided online via 
the AWS Dashboard. Running TC-Cloud typically requires a fraction of a Gbyte in S3 storage 
and hence common storage costs are negligible. 

17.4 ... ìÉШĬċƚőĤŸċƖĬШċŰĬШŸƓĲƖċƣŔŰŊШÑ9р9ũŸƨĬ 

AWS includes a comprehensive browser dashboard called EC2 Dashboard https://ap -south-
east-2.console.aws.amazon.com/ec2/. In the case of running TC-Cloud, the dashboard is pri-
marily used to create TC-VMs from TC-AMI as well as deleting files created on the S3 cloud 
storage. The rest of TC-Cloud operations are performed from TA.EXE. The important parts of 
EC2 Dashboard are circled in the following: 

https://aws.amazon.com/ec2/pricing/on-demand/
https://aws.amazon.com/ebs/pricing/
https://aws.amazon.com/ec2/spot/pricing/
https://aws.amazon.com/ec2/spot/pricing/
https://aws.amazon.com/s3/pricing/
https://ap-southeast-2.console.aws.amazon.com/ec2/
https://ap-southeast-2.console.aws.amazon.com/ec2/
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 ŸƣĲаШ ìÉШƽĲĤШƚĦƖĲĲŰƚШůċǃШĦőċŰŊĲШĬƨĲШƣŸШŔůƓƖŸƻĲůĲŰƣƚШĲƣĦвбШƣőĲШŊĲŰĲƖċũШŸƓĲƖċƣŔŸŰШőŸƽр
ever should remain the same. Clicking on the Account (circled on the top) brings up account 
options which includes real time billing information (AWS Cloud costs). Also on the top, is the 
AWS region being operated-on. AWS operates on a regional basis; regions chosen should be 
in close geographical proximity to the local computer. This reduces response times and data 
transfer costs. TC-VMs are created by clicking on AMIs. Once created, details of TC-VMs for 
the selected region can be viewed by clicking on Instances. AWS limits the number of VMs 
available to 20 on most VM types; request for increasing this number can be made from the 
ĦŔƖĦũĲĬШћxŔůŔƣƚќШŔƣĲůЮШÑőĲШċƨƣőŸƖШőċĬШŰŸШƣƖŸƨĤũĲШŊĲƣƣŔŰŊШƖĲŊƨũċƖШċĦĦĲƚƚШƣŸШΡΜΜШƚƓŸƣШŔŰƚƣċŰĦĲШ
VMs. 

17.5 ... fŰƚƣċũũŔŰŊШ ìÉШ9xfШŸŰШƣőĲШũŸĦċũШĦŸůƓƨƣĲƖ 

For communicating with the TC-VMs; the local computer requires the installation of the AWS 
Command Line Interface (CLI). The CLI can be trivially installed and downloaded from:  

https://docs.aws.amazon.com/cli/latest/userguide/install -windows.html. 

17.6 ... §ƓĲƖċƣŔŰŊШÑ9р9ũŸƨĬШŉƖŸůШÑ§Â ÉШы]ÖfьШ 

After the preliminary setting up and testing of an INP file with TA.EXE on the local computer, 
the INP file can be fed to AWS for parallel operation on many VMs. Summing up the process 
we have: 

1) Set up INP file and ensure it runs as expected on TA.EXE on the local computer.  

2) Create a small number of VMs (3 for example) and ensure that the INP file runs as expected 
on the VMs. 

3) Create many more VMs (User determined) and run the INP file on the VMs. 

Stage-1 is normal TOPAS operation. Stage-2 involves creating a job (*.CLD files) from the 
ћÉĲƣƨƓШ9ũŸƨĬќШƣċĤШŔŰШƣőĲШ]Öf. Before creating a job its best to create a template that can be 
used for all jobs in the AWS region.  Enter your ѡuĲǃЮƓċŔƖЮŉŔũĲќ, the AWS Region being used and 
your S3 bucket name details in the Setup Cloud tab; it should look something like: 

https://docs.aws.amazon.com/cli/latest/userguide/install-windows.html
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ÉċƻĲШƣőĲШĬĲƣċŔũƚШƨƚŔŰŊШћSave-As CLD setup fileќШƣŸШċШŉŔũĲЮШxŸċĬШƣőŔƚШŉŔũĲШƽőĲŰШĦƖĲċƣŔŰŊШŸƣőĲƖШ9x?Ш
files. To run a job then enter the rest of the setup details; an example is:  

 

The highlighted lines require input of the INP file to be run on the Cloud as well as the necessary 
data files. In the above the INP file is placed in the S3 job directory called 2wfi-1 and the data 
file is placed in the S3 directory called 2wfi. S3 will therefore contain the following two direc-
tories: 

s3://aacbucket1/swfi-1 

s3://aacbucket1/swfi 

The INP file as well as other communication files are copied to the job directory, 2wfi-1 in this 
case. The name of the INP file on S3 is changed to f Юf Â; f Юf Â is used in the retrieval of 
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output from the VMs; it is unchanged during Cloud operation, and it can be also viewed as a 
backup for the job. Each run on the Cloud requires a unique job name; an exception is thrown 
otherwise. Many jobs, however, can use the same S3 data directory. In cases where many jobs 
ċƖĲШƖƨŰШƚĲƕƨĲŰƣŔċũũǃЯШĲċĦőШƨƚŔŰŊШƣőĲШƚċůĲШĬċƣċШŉŔũĲƚЯШƣőĲŰШƣőĲШћCopy data to S3ќШŸƓƣŔŸŰШĦċŰШĤĲШ
set to No after the first job; this speeds-up processing as copying large data files over the in-
ternet can be slow. CLD files contain information necessary for launching the INP file on the 
cloud. Once the information is entered, it becomes possible to view the created VMs in the 
ћéŔƖƣƨċũШ~ċĦőŔŰĲƚќ tab, or:  

 

Data can be displayed in sorted order by double clicking on the column headings. To launch 
the INP file on a VM then select the VM and click ѡÅƨŰЮÑ9ЮŸŰЮƚĲũĲĦƣĲĬЮé~ƚѢ. To select all VMs 
then click on the empty circled rectangle shown. Only VMs with an ok Status can be launched. 
If a selected VM is ћstartingѢ or ћpendingѢ then Status will not be ok. The number of TCs running 
on each VM (typically one) is shown in the # TCs column. This data as well as other VM details 
maybe out-of-date; to show the latest then click on the Refresh option. The iters column shows 
the total number of refinement iterations executed on the respective VM; this number supplies 
a means of determining if a VM is running in an expected manner. For example, if iters has 
stopped increasing in an expected manner and #TCs is not zero then the running TCs have 
stopped operating in an expected manner. 

Due to the speed of analysis, Cloud operation is often performed interactively. Running many 
jobs to investigate a problem, each taking 10 to 20 minutes and comprising 500 VMs, is com-
mon. Each job creates a directory on S3 which can be deleted after use using the AWS S3 dash-
board; it looks like: 
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17.7 ... ÑĲƖůŔŰċƣŔŰŊоÉƣŸƓƓŔŰŊШÑ9рé~ƚШċŰĬШƣĦрůŸŰЮċ 

Terminating or stopping TC-VMs reduces AWS fees. TC-VMs can be automatically stopped or 
terminated depending on ѢEŰĬЮĦŸŰĬŔƣŔŸŰƚќЯШŸƖа 

 

These conditions are uploaded to the VMs when a job is launched. On launching a job, a small 
monitoring program, called tc-mon.a,  is started on each VM. This monitoring program reads 
the End conditions and monitors the running TCs. VMs are in turn terminated/stopped depend-
ing on the End conditions. From the local machine, the end conditions can also be uploaded 
after a job has started using the ѡÖƓũŸċĬЮƣŸЮƚĲũĲĦƣĲĬЮé~ƚѢ option. This option has no effect on 
VMs with a Status that is not ok. The ѡÅĲŉƖĲƚőѢ option displays values as found on common 
storage for the job indicated in ѡÉĲƣƨƓЮĦũŸƨĬѢ tab.  

TCs running on VMs are terminated when the number or iters, as defined in the INP file, has 
been reached, or, when the CPU time allocated ѡ~ċǂЮƣŔůĲЮёƚђѡ  has been reached or when the 
overall best GOF falls below Ѣ]§[ЮÑċƖŊĲƣѢ. When there are no TCs running on a VM then the VM 
is stopped if ѡ§ŉŉЮŸŰЮEŰĬѢ=1; subsequently if ѡ?ĲũЮŸŰЮĲŰĬѢ=1 then the VM itself is terminated 
(deleted). Parameters for a typical job left unattended would be: 

Max time (s) = 10 60 60 = 10 hrs of running 

GOF Target = 10,   Off_on_End = 1,   Del_on_end = 1 

For interactive use, the user can manually terminate TCs and VMs; the termination parameters 
could therefore look something like:  
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Max time (s) = 0 

GOF_Target = 10, Off_on_End = 0, Del_on_end = 0 

A ѡ~ċǂЮƣŔůĲЮёƚђѢ of zero (the default) disables the ending of TCs on a time basis. ѡ~ċǂЮƣŔůĲЮёƚђѢ 
on VMs can be entered as an equation by starting the equation with an equal sign. For example, 
ћӀ 24 60 ΣΜќШcould be used to enter 24hrs. 

17.8 ... ÂŸƽĲƖŔŰŊШŸŉŉШÑ9рé~ƚШċŉƣĲƖШΝΜΜШůŔŰƨƣĲƚШŸŉШŔŰċĦƣŔƻŔƣǃ 

In addition to the terminating/stopping criteria of section 17.7, VMs are automatically powered 
off (stopped but not terminated) after 100 minutes of TC-Cloud inactivity including inactivity 
on VM start-up. The net effect is that VMs are stopped after 100 minutes of TC-cloud not being 
run. Situations where 100 minutes of inactivity is possible include internet-down situations as 
well as Users forgetting to power-off or terminate VMs. For example, the fee incurred for for-
getting to turn off 100 spot instance VMs would be ~3.40 USD.  

17.9 ... ÅĲƣƖŔĲƻŔŰŊШƣőĲШf ÂШŸƖШ[9ШŉŔũĲШƣőċƣШŊċƻĲШƣőĲШĤĲƚƣШ]§[ 

Output from a job, corresponding to the best INP for Rietveld refinement, or the best structure 
factors for charge-flipping, is stored on the S3 job directory. This storage to S3 from a job is 
independent of the local computer. The ѡ]ĲƣЮĤĲƚƣЮŸƻĲƖċũũѢ downloads the output from S3 to the 
local directory where INP file originated. The name given to the output is Job-Name.INP for 
Rietveld refinement or Job-Name.FC for charge-ŉũŔƓƓŔŰŊЮШ[ŸƖШĲǂċůƓũĲЯШŉŸƖШċШŢŸĤШŰċůĲĬШћÂĤÉ§Π-
ΝќШċŰĬШċŰШŔŰƓƨƣШŉŔũĲШƽŔƣőШċШƓċƣőШŸŉШ9ап?ÑпÂ7É§ΠЮf Â we get: 

ћf ÂШ[ŔũĲШŉŸƖШĦũŸƨĬќШӀШ9ап? ÑпÂ7É§ΠЮf Â 

 ѡ]ĲƣЮĤĲƚƣЮŸƻĲƖċũũѢ places output in 9ап? ÑпÂ7É§ΠШрΝЮf Â 

Once retrieved, the best INP file can be run on the local computer; in other words, the best fit 
from the Cloud can be visually inspected with a few mouse clicks. If the VMs are available and 
not stopped or terminated, then output from the individual VMs can be retrieved using the ѡ]ĲƣЮ
ĤĲƚƣЮŉŸƖЮƚĲũĲĦƣĲĬѢ option; output is placed in the local computer in an identical to that de-
scribed for ѡ]ĲƣЮĤĲƚƣЮŸƻĲƖċũũѢ. Typical interactive operation therefore comprise viewing and par-
tially running intermediate Cloud results and making decisions based on those results. 

17.10 . ~ŸŰŔƣŸƖŔŰŊЯШÑ9р9ũŸƨĬШŔƚШŔŰĬĲƓĲŰĬĲŰƣШŸŉШƣőĲШũŸĦċũШĦŸůƓƨƣĲƖ 

The running of VMs can be monitored by the local computer using the ѡ~ŸŰŔƣŸƖŔŰŊЮŔƚЮ§Űф§ŉŉѢ 
option. ìőĲŰШ§ŰЯШƣőĲШĤĲƚƣШŸƻĲƖċũũШ]§[ШŔƚШĬŔƚƓũċǃĲĬШŔŰШƣőĲШƣĲǂƣШŸƨƣƓƨƣШŸŉШƣőĲШћ[ŔƣЮ?ŔċũŸŊѢ window 
at time intervals as defined in ѡ~ŸŰŔƣŸƖŔŰŊЮƣŔůĲЮŔŰƣĲƖƻċũѢ option of ѡÉĲƣƨƓЮĦũŸƨĬѢ tab. Whilst jobs 
are running, the local computer can be used to run refinements independent of Cloud jobs. 
Cloud jobs can be started on a laptop, left running overnight and results viewed the next day. 

17.11 . ÅċŰĬŸůШŰƨůĤĲƖШŊĲŰĲƖċƣŸƖШċƨƣŸůċƣŔĦċũũǃШƚĲĲĬĲĬ 

The random number generator for both TC-Cloud (and TC.EXE on the local computer) is 
seeded such that the sequence of random numbers generated for any run is unique. Identical 
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sequences can be generated by using the seed keyword with an integer (corresponding to a 
seed number) placed after it.  

17.12 . 9x§Ö?ххШШмĬĲŉŔŰĲШċŰĬШ]ĲƣыĦũŸƨĬхƖƨŰхŰƨůĤĲƖь 

The pre-ƓƖŸĦĲƚƚŸƖШĬŔƖĲĦƣŔƻĲШŸŉШћ#define CLOUD__ќШŔƚШċƨƣŸůċƣŔĦċũũǃШŔŰĦũƨĬĲĬШċƣШƣőĲШƚƣċƖƣШŸŉШf ÂШ
files running on VMs. This allows blocks of INP script to be conditionally included/excluded 
from Cloud runs making it easy to run the same INP file in both the Cloud and on the local 
computer. For example, the following is useful in the case of charge-flipping: 

charge_flipping  
#ifdef  CLOUD__ 

randomize_initial_phases_by  = Rand( - 180, 180);  
#else  

set_initial_phases_to  job - name.fc  
#endif  

Here the state of the best FC file found on the VMs can be determined by first executing the 
ѡ]ĲƣЮ ĤĲƚƣЮ ŸƻĲƖċũũѢ option and then locally running the INP file. Also, available is 
Get(cloud_run_number) which returns the run number assigned to the corresponding VM with 
counting starting at 0. Get(cloud_run_number) returns -1 when running on the local computer. 
Example usage in terms of stacking faults could be:  

macro  & pa { Get(cloud_run_number+1)/102 }  
generate_stack_sequences  {  

number_of_sequences  200  
number_of_stacks_per_sequence  200  
Transition(1, lpc)  

to  1 = pa;      a_add  = 2/3;   b_add  = 1/3;  
to  2 = 1 - pa;    a_add  = 0;     b_add  = 0;  

Transition(2, lpc)  
to  1 = 1 - pa;    a_add  = 0;     b_add  = 0;  
to  2 = pa;      a_add  = - 2/3;  b_add  = - 1/3;  

}  

17.13 . ШћÉĲƣƨƓШ9ũŸƨĬќШĬĲƣċŔũƚ 

Cloud setup file  

File name containing cloud details for a job.  

Key pair file  

File name containing encrypted login information, see:  

https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ec2-key-pairs.html 

This file needs to be read/write protected so that only one user can access; use Windows 
Explorer and Right-Click on the file to change its properties. 

Region 

https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ec2-key-pairs.html
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Geographical region where VMs reside. 

S3 Bucket 

The name of the bucket for transferring data to and from the TC-VMs. Buckets are created 
and manipulated at https://s3.console.aws.amazon.com/s3/ . By default, S3 buckets are 
private to the User. Once a bucket is created, directories within the bucket corresponding 
to the job name are automatically created on launching the TC-VMs. For example, for a job 
named job-1 and a bucket called my-bucket then the following directory on S3 is created: 

s3://my-bucket/job-1 

my-bucket are used for many jobs. Information stored on common storage are not deleted 
by TA.EXE running on the local computer; the User is therefore responsible for cleaning up 
unwanted files using the AWS S3 dash-board. 

Job Name 

Name of job. Job names cannot contain spaces.  

S3 data directory 

Directory where data files are stored. More than one job can use an S3 data directory. 

INP file for cloud 

Input file to run on the Cloud. The INP file can make use of the predefined pre-processor 
directive called CLOUD__. It can also make use of Get(cloud_run_number). 

Number TCs per VM 

Typically set to 1. The number of TC-Cloud instances to run on each TC-VM. The number of 
TCs per VM should not exceed the number of Cores as seen in the Cores column of the 
Virtual Machines tab. For example, the VM type of c5.18xlarge has 36 Cores each with 2 
threads (intel hyper threading). The number of TCs therefore should not exceed 36. Infor-
mation on EC2 instance types can be found at https://docs.aws.ama-
zon.com/AWSEC2/latest/UserGuide/instance-optimize-cpu.html .  

Max threads per TC 

Typically set to 2 for c5.large VMs. The maximum number threads each TC can use. If zero, 
then each VM will be allowed to use the maximum number or threads. For VMs with more 
than one TC running then the maximum number threads should be set to: 

Max_threads_per_TC = (Virtual Cores) / Number_TCs_per_VM 

Monitoring time interval (s) 

The time interval used when ѡ~ŸŰŔƣŸƖŔŰŊЮŔƚЮ§ŰѢ. 

https://s3.console.aws.amazon.com/s3/
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/instance-optimize-cpu.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/instance-optimize-cpu.html
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17.14 . ШћéŔƖƣƨċũШ~ċĦőŔŰĲƚќШƣċĤШŸƓƣŔŸŰƚ 

Refresh 

Refreshes VMs details corresponding to the region defined in the ѡÉĲƣƨƓЮĦũŸƨĬѢ tab. 

Run TC on selected VMs 

Launches TC-Cloud on selected VMs. 

Get best overall 

Gets and processes the best output from common storage for the job defined in Setup 
cloud and places the result in the directory where the original INP file came from. For 
Rietveld refinement the retrieved output is placed in a file called job-name.INP. For charge-
clipping, the retrieved output (structure factors) is placed in a file called job-name.FC. Files 
ƓũċĦĲĬШŔŰШĦŸůůŸŰШƚƣŸƖċŊĲШƓĲƖƚŔƚƣƚШċŰĬШċƖĲШƣőĲƖĲŉŸƖĲШċƻċŔũċĤũĲШĲƻĲŰШċŉƣĲƖШƣőĲШŢŸĤќƚШé~ƚШċƖĲШ
deleted.  

Get best for selected 

Gets and processes the best output from a selected VM and places the result in the direc-
tory of the original INP file. The selected VM must be On. For Rietveld refinement the re-
trieved output is placed in a file called job-name.INP. For charge-clipping, the retrieved 
output (structure factors) is placed in a file called job-name.FC.  

End TC on selected VMs 

Stops any TC-Clouds running on selected VMs. On termination of the TCs, the VMs are 
turned off if their corresponding Off_on_End=1; in turn VMs are terminated if their corre-
sponding Del_on_End=1.  

Monitoring is On/Off 

Starts/Stops monitoring. When monitoring is On, the best GOF as found by the TC-VMs for 
the job defined in ѡÉĲƣƨƓЮĦũŸƨĬѢ is displayed in the Fit Dialog. 

Turn On selected VMs 

Turns selected VMs On. 

Turn Off selected VMs 

Turns selected VMs Off. 

Console for selected VMs 

Log-in to the selected VMs creating terminal windows for each. Can be useful for trouble 
shooting. 
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17.15 . 9ƖĲċƣŔŰŊШÑ9рé~ƚШтШÉƓŸƣШfŰƚƣċŰĦĲƚ 

TC-VMs are created from the EC2 dashboard. To create 200 VMs, for example, click on the 
AMIs option and then click on the TC-AMI-n AMI. n corresponds to the latest TC-AMI version. 
Then click on Launch to bring up ѡ9őŸŸƚĲЮċŰЮfŰƚƣċŰĦĲЮÑǃƓĲѢ screen. Choose an appropriate 
VM type; for refinements that require less than 4Gbytes of memory then choose c5.large. The 
amount of memory required for each TC can be determined by first running the INP file on the 
local machine and viewing the Windows Task Manager. Once the VM type is chosen, proceed 
to the next screen ѡ9ŸŰŉŔŊƨƖĲЮfŰƚƣċŰĦĲЮ?ĲƣċŔũƚѢ: 

 

Set ѡ ƨůĤĲƖЮŸŉЮŔŰƚƣċŰĦĲƚѢ ƣŸШΞΜΜШċŰĬШƚĲƣШƣőĲШћf ~ЮƖŸũĲѢ to ѡĲĦƚfŰƚƣċŰĦĲÅŸũĲѢ. Select ѡÅĲƕƨĲƚƣЮ
ÉƓŸƣЮŔŰƚƣċŰĦĲƚѢ. Spot instances are often 60 to 70% cheaper; the user is informed when spot 
instances are unavailable; the author has had no difficulty obtaining 500 spot instances on a 
regular basis. Proceed to the ѡConfigure Security GroupѢ ƚĦƖĲĲŰќШċŰĬШƚĲƣШƣőĲШSource to ѡ~ǃЮfÂѢ; 
ie.  
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Click on ѡÅĲƻŔĲƽЮċŰĬЮxċƨŰĦőѢ to Launch the creation of the TC-VMs. Creation should take one 
to two minutes. Use the TA Refresh option of ѡéŔƖƣƨċũЮ~ċĦőŔŰĲƚѢ to see the status of VMs; VMs 
with a Status of ok are ready to run. Once all the VMs are created, the ѡÅƨŰЮÑ9ƚЮŸŰЮƚĲũĲĦƣĲĬЮ
é~ƚѢ option from the Virtual Machines tab can be used to launch the job on the selected VMs. 

17.16 . 9őŸŸƚŔŰŊШƣőĲШŸƓƣŔůƨůШé~ШƣǃƓĲ 

The most appropriate VM for TOPAS type problems are c5.large where memory usage is less 
than 4 Gbytes. However, a problem that uses 20 Gbytes of memory would need a larger VM; 
such problems could be a large charge flipping refinement, a large Rietveld refinement or a 
simulated annealing refinement with 1000s of parameters. Memory usage prior to launching 
on the Cloud can be determined using the local computer. The VM type chosen should there-
fore be one than has more memory than the maximum memory usage seen on the local com-
puter. Only c* types (compute types) VMs should be chosen (see https://aws.ama-
zon.com/ec2/pricing/on-demand/). For a problem that uses 20 Gbytes of memory, the 
c5.4xlarge is the smallest VM that will do the job. Max Number of threads should be set to zero 
allowing the maximum number of threads to be used which in this case is probably 16. 

Note, TOPAS is threaded to a large extent, however, an excessive number of threads could 
slow down execution. For example, the large VM type of c5.18xlarge operating on the ÑEÉÑхEñр
~ÂxEÉпÉf ]xEр9ÅòÉÑ xпÂ х§ΞхΞр ?ÂÉЮf Â (3970 parameters) produces the following as a 

function of number of threads: 

https://aws.amazon.com/ec2/pricing/on-demand/
https://aws.amazon.com/ec2/pricing/on-demand/
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# of 
Threads 

approximate_A - 15 iterations Full A matrix - one iteration 
Time(s) Gain Time(s) Gain 

2 42.19 0.32   
4 22.28 0.60 186.98 0.36 

8 8.41 1.59 61.93 1.09 

16 4.11 3.25 31.65 2.12 

32 2.77 4.82 17.92 3.75 

48 2.89 4.62 15.18 4.43 

64 2.95 4.53 13.71 4.91 

70 3.06 4.37 13.73 4.90 

The columns marked Gain are the times taken on a high-end laptop with 8 threads divided by 
the time taken on c5.18xlarge. The speedup due to number-of-threads is substantial up to 
about 32 threads. It is worth noting that TOPAS V7 for the approximate_A case is 1.9 times 
faster than V6. 

17.17 . ÖŰċĤũĲШƣŸШĦŸŰŰĲĦƣШƣŸШÑ9рé~ƚШċŉƣĲƖШũŸĦċũШĦŸůƓƨƣĲƖШƖĲƚƣċƖƣ 

The IP address of the local computer may change when the local computer is powered off and 
restarted, or, when the connection to the internet changes. VMs created prior to the restart 
would therefore have an invalid local-computer-IP-address; communication with the VMs 
would therefore not be possible. This scenario is noticed when the Refresh or ѡÅƨŰЮÑ9ƚЮŸŰЮƚĲц
lected VMsќ options of the ѡéŔƖƣƨċũЮ~ċĦőŔŰĲƚѢ tab is not responsive. In such a case it is neces-
sary to instruct the VMs that the IP address has changed. This can be performed from the In-
stances of the EC2 Dashboard; from this screen click on the security group shown in the ѡÉĲц
ĦƨƖŔƣǃЮ]ƖŸƨƓƚѢ column. This brings up details of the security group. Click on Inbound and then 
Edit and then change the Source to My IP, or,  
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18. ÂÅ§ÑEf ШÅE[f E~E Ñ 

18.1 ... ÅĲċĬŔŰŊШÂƖŸƣĲŔŰШ?ċƣċШ7ċŰťШыÂ?7ьШ9f[ШŉŔũĲƚ 

[pdb_cif_to_str_file $file] ... 
[pdb_ignode_adps !E0] 
[pdb_cif_sites $sites] 
[pdb_cif_to_str #0] 

Examples 

9[рÂÅ§ÑEf пΞÂé7рÂΞΝΞΝΞΝп]E Юf Â 
9[рÂÅ§ÑEf пΞÂé7рÂΞΝΞΝΞΝп~ Ñ9cЮf Â 
9[рÂÅ§ÑEf пΣòΥΠр9ΝΞΝпÅE[f Eр
~E ÑЮf Â 

Protein Data Bank (PDB) PDBx/mmCIF fles from https://www.rcsb.org/  can be downloaded 
and converted to INP text using pdb_cif_to_str_file. The operation is performed when 
pdb_cif_to_str is 1; on termination of refinement pdb_cif_to_str is set to 0 in the OUT file. The 
INP text generated is placed in the INP file after the pdb_cif_to_str keyword, or:  

pdb_cif_to_str_file cif.cif  
pdb_ignode_adps  1  
pdb_cif_to_str   0 

xdd_scr sf.cif  
lam lo 0.9096  
str  

scale @ 1 
a 51.03  
b 49.81  
c 34.57  
space_group P212121  
site ACE_C_0_1_HETATM    x  0.07354 y  0.35529 z  0.47637 occ C  1.00 beq  6.24  
site ACE_O_0_2_HETATM    x  0.06210 y  0.34246 z  0.50194 occ O  1.00 beq  7.96  
site ACE_CH3_0_3_HETATM  x  0.06198 y  0.35666 z  0.43651 occ C  1.00 beq  8.20  
site SER_N_1_4_ATOM      x  0.09557 y  0.36858 z  0.48319 occ N  1.00 beq  6.66  
site SER_CA_1_5_ATOM     x  0.10676 y  0.36880 z  0.52155 occ C  0.46 beq  8.09  
...  
rigid  

point_for_site SER_N_1_4_ATOM    ux  - 1.40900 uy  0.28011 uz  - 1.21189  
point_for_site SER_CA_1_5_ATOM   ux  - 0.83800 uy  0.29111 uz   0.11411  
point_for_site SER_CA_1_6_ATOM   ux  - 0.70700 uy  0.20011 uz   0.04411  
...  
Rotate_about_axies(@ 0 RX_, @ 0 RY_, @ 0 RZ_)  
translate tx @    6.28600 ty @   18.07889 tz @   17.91589  

A rigid body is generated for each residue with coordinates set relative to its geometric center. 
Refinement can proceed on the generated INP text by setting the file name of xdd_scr to the 
name of the structure factor file ΞÂé7рÉ[Ю9f[, also downloaded from https://www.rcsb.org/ . 
Running ΞÂé7п]E Юf Â produces ]E Ю§ÖÑ; setting ]E Юf Â to ]E Ю§ÖÑ and running produces 
a fit. 

pdb_cif_sites considers sites with names matching the site identifying string $sites. This can 
be used, for example, to extract all residues of the same type. The translate keywords of the 
rigid bodies can then be set to zero and the individual sites of the residues penalized such that 
sites of the same name are brought together; example INP text to do this is as follows: 

  macro  Match(s)   

https://www.rcsb.org/
https://www.rcsb.org/
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   {   
    atomic_interaction s = R^2;   
     ai_sites_1 s*   
     ai_sites_2 s*   
     ai_closest_N 1   
     ai_only_eq_0   
    penalty  = s;   
   }   
  Match(LYS_N_)   
  Match(LYS_CA_)   
  Match(LYS_C_)   
  Match(LYS_O_)   
  Match(LYS_CB_)   
  Match(LYS_CG_)   

¡  

Running example ΞÂé7п~ Ñ9cЮf Â produces the following showing overlay of LYS residues: 

 

18.2 ... ÂƖŸƣĲŔŰШÅĲŉŔŰĲůĲŰƣЯШΣǃΥΠЯШÉ ÅÉр9ŸéрΞШůċŔŰШƓƖŸƣĲċƚĲ 

The structure factors and PDBx/mmCIF files for 6y84 can be downloaded from the PDB. To 
generate an initial INP file then create an INP file with the following (see ΣòΥΠр9ΝΞΝпÅE[f Eр
~E ÑЮf Â): 

pdb_cif_to_str_file cif.cif   
 pdb_ignode_adps  1   
 pdb_cif_to_str 0 

After refinement, the INP file can be updated with the structure generated from the CIF file. 
Refining on the updated INP file gives: 
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The refinement comprise 50348 unique reflections and 1826 parameters and the time to con-
vergences is 33s on a laptop with all graphics operational. Restrains/constrains can of course 
be added. 
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19. É§xéf ]ШÂÅ§ÑEf ÉШ ÑШ Ñ§~f9ШÅEÉ§xÖÑf§  

Include_Charge_Flipping 
charge_flipping   

[cf_plot_histo !E] 
[cf_plot_fit !E] 
[add_to_phases_of_non_weak_reflections !E] 
... 
[scale_flipped !E] 
[cf_percent_ED_ge_H #] 
[pick_atoms ҘċƣŸůѐв  

[choose_from !E] 
[choose_to !E] 
[choose_randomly !E] 
[with_symmetry !E] 
[omit !E] 
[insert !E] 
[pick_fwhm !E1] 
[omit_fwhm !E1] 
[insert_fwhm !E1] 

[insert_atoms { 
[activate !E1] 
[in_cartesian] 
[insert_atomѐШв 

[x !E] [y !E] [z !E] [occ !E] 
}]в 
[cf_set_phases !E { 

#h #k #l #Re #im 
}] 
[prm N # val_on_continue !E] в 

Macros in 9c Å]Eх[xfÂÂf ]Юf 9 

Examples  

9[рÂÅ§ÑEf п 
Ν ΤòрÂΝпÉ§xéEЮf Â 
ΞEÅxр9ΞпÉ§xéEЮf Â 
Ν7òüрÂΝпÉ§xéEЮf Â 
Ξu ÑрÂΞΝпÉ§xéEЮf Â 
Ν c§рÂΞΝΞΝΞΝпÉ§xéEЮf Â 
ΠxüÑрÂΝпÉ§xéEЮf Â 
Ν~9Ξр9ΝΞΝпÉ§xéEЮf Â 
Ν?òΡрÂΞΝпÉ§xéEЮf Â 
Ξì[fрÂΞΝΞΝΞΝпÉ§xéEЮf Â 

ΝccüрÂΟΞΞΝпÉ§xéEЮf Â 
Ν9ΤΡрÂΞΝΞΝΞΝпÉ§xéEЮf Â 
Ν7ΜòрÂΞΝΞΝΞΝпÉ§xéEЮf Â 
Ν9ÑsрÅΟÅпÉ§xéEЮf Â 
ΞÂé7рÂΞΝΞΝΞΝпÉ§xéEf Â 
Ν9uÖрÂΞΝΞΝΞΝпÉ§xéEЮf Â 
ΝÉìüрÂΟΞΞΝпÉ§xéEЮf Â 
Ρ? ΣрÅΟΞпÉ§xéEЮf Â 

Ν9ÑsрÅΟÅпΝрÑ§~Юf Â 
ΞÂé7рÂΞΝΞΝΞΝпΝрÑ§~Юf Â 
Ν9ΤΡрÂΞΝΞΝΞΝпΝрÑ§~Юf Â 
Ρ? ΣрÅΟΞпΝрÑ§~Юf Â 
Ν9uÖрÂΞΝΞΝΞΝпΝрÑ§~Юf Â 
Ξì[fрÂΞΝΞΝΞΝпΝрÑ§~Юf Â 

ΠxüÑрÂΝпΞрÑ§~ÉЮf Â 

The largest proteins ever solved ab initio at atomic resolution can be solved using modified 
charging flipping strategies, see Coelho (2021) for details. Difficult or large structures can be 
solved in minutes, rather than days using Amazon AWS Cloud computing. New/modified 
charge_flipping keywords are shown above. A single strategy does not solve all structures; A 
strategy successful on one structure is not necessarily successful on another. However, it will 
be shown that only two strategies can solve a large range of the most difficult structures. New 
keywords allow for a variety of strategies. scale_flipped scales flipped electron density (ED) 
charge; it is applied each charge-flipping iteration. insert_atom inserts atoms in the ED when 
activate is non-zero. val_on_continue for prm(s) are evaluated at the end of each charge-flip-
ping iteration. cf_percent_ED_ge_H returns the percentage of ED pixels greater than 1 where 
the maximum of the ED is set to number of electrons in the heaviest atom defined by 
f_atom_type. Values less than 1 often signal a Uranium atom situation where a single ED peak 
dominates. cf_percent_ED_ge_H is displayed during charge flipping in the Fit Dialog. 
cf_plot_histo plots a frequency distribution of the electron density pixel intensity.  
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When cf_set_phases is non-zero, the phases for the family of reflections (#h, #k, #l) are set to 
the phase corresponding to #Re and #Im. cf_set_phases is useful when phases are known or 
for setting origin defining phases; for triclinic structures, three origin defining phases are pos-
sible. Additionally, intensities of the reflections are scaled by the value evaluated by 
cf_set_phases. 

Table 19-1 show difficult benchmark structures, as listed by Elser et al. (2017) and Burla et al.  
(2011), that have been solved ab initio; see corresponding É§xéEЮf Â files for details. It is best 
to do preliminary investigations on the local computer (non-Cloud) to determine which strat-
egy might work best. Once a strategy is chosen, INP files can be fed to the Cloud for rapid 
structure solution. Up to 500 spot instance Virtual Machines (VMs) are easily obtained on the 
Amazon AWS system in Australia at a cost of ~0.035 USD cents per VM per hour, or, 3.40 USD 
per hour for 100 machines. These prices are Amazon AWS dependent. Prices are shown prior 
to the creation of the VMs. The times shown in Table 19-1 can be easily doubled when one 
considers the preliminary analysis taken to arrive at the appropriate strategy. Typically, strat-
egies are tried on the local computer before migrating the problem to the Cloud. Also, the 
structure solution process is normally halted after the first solution is found; for the investiga-
tive purposes, however, the structures in Table 19-1 were each solved at least 5 times. The 
two strategies mentioned in Table 19-1 are: 

ª 1S KLJ9L=?Q 
 fraction_reflections_weak 0.5  add_to_phases_of_weak_reflections 90 
 fraction_density_to_flip  0.9  scale_flipped 0.6  

S0 seems to work well for large structures with a relatively heavy atom. Non-triclinic structures 
with symmetry seems to succumb to the S1 strategy, or: 

ª 1T KLJ9L=?Q 
fraction_reflections_weak 0.5  add_to_phases_of_weak_reflections = Rand( - 180, 180);  

 fraction_density_to_flip  0.97  scale_flipped 0.2  
 pick_atoms *  
  pick_fwhm 3 
  choose_randomly = If(Mod(Cycle_Iter, 50), 0, 10);  

with_symmetry  1  
  insert  10       ª 'F;J=9K= A> L@= EGKL <GEAF9FL 9LGE <G=K FGL ;@9F?= 

symmetry_obey_0_to_1  0.25 find_origin 0 
flip_regime_2  = Sine_Wave(10/4, - 2,2,10); ª 3K=< O@=F L@=J=«K FGL =FGM?@ H=JLMJ:9LAGF 

S1T extends the S1 strategy with the addition of the tangent formula, or the inclusion of: 

Tangent(0.5, 30)  

 

Table 19-1. Ab initio structure solution strategiesЮШÑŔůĲШŔŰĬŔĦċƣĲƚШƣŔůĲШƣŸШƚŸũƨƣŔŸŰШŸŰШċƻĲƖр
ċŊĲЮШEċĦőШƚƣƖƨĦƣƨƖĲШƽċƚШƚŸũƻĲĬШċƣШũĲċƚƣШΡШƣŔůĲƚЮШ ƨůыé~ƚШŊƖĲċƣĲƖШƣőċŰШΥШƖĲŉĲƖƚШƣŸШƣőĲШŰƨůр
ĤĲƖШŸŉШé~ƚШƨƚĲĬШŸŰШƣőĲШ9ũŸƨĬбШ ƨůыé~ƚӀΦШĦŸƖƖĲƚƓŸŰĬƚШƣŸШċŰШΥШĦŸƖĲШũŸĦċũШĦŸůƓƨƣĲƖШыċШũċƓр
ƣŸƓьЮШ9ŸƚƣШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШċƻĲƖċŊĲШ9ũŸƨĬШĦŸƚƣШƣŸШċШƚŸũƨƣŔŸŰШƨƚŔŰŊШƣőĲШƚƣƖċƣĲŊǃШŔŰĬŔĦċƣĲĬЮ 

 
Solved 

PDB 
code  

Space 
group 

 
N/Z 

dmin  

(Å) 
Time 
(min) 

Num 
VMs 

Cost 
USD 

 
Strategy 

 
Np 

yes 1a7y P1 270 0.94 0.1 8 - S0 - 



Solving proteins at atomic resolution 168 

 

168  Solving proteins at atomic resolution 

 

yes 2erl C2 303 1.00 1 200 0.10 S1 8 

yes 1byz P1 408 0.90 1 200 0.10 S0 - 

yes 2knt P21 460 1.20 16 200 2.00 S1T 7 

yes 1aho P212121 500 0.96 1 200 0.10 S1 8 

No 1w7q P65 828 1.10 >240 200 >28 S0,S1 4 

yes 4lzt P1 1183 0.95 2 8 - S1 10 

yes 1mc2 C2 1254 0.80 2 200 0.20 S1 10 

yes 1dy5 P21 1894 0.87 1 500 1.40 S1 30 

yes 2wfi P212121 1920 0.75 18 500 5.10 S1 15 

yes 1hhz P3221 354 0.99 7 200 1.00 S1 6 

yes 1c75 P212121 1184 0.92 1 8 - S0 - 

yes 1b0y P212121 837 0.93 1 8 - S0 - 

yes 1ctj R3:R 918 1.10 1 200 0.10 S1 4 

yes 2pvb P212121 1096 0.91 3 200 0.35 S1 5 

yes 1cku P212121 1599 1.20 1 200 0.15 S1 8 

yes 1swz P3221 1254 1.06 50 200 5.80 S1 15 

yes 5da6 R32 1390 1.05 5 500 1.40 S1 15 

PDB code Reference 

1a7y, 2erl, 1byz, 2knt, 1aho, 1w7q, 4lzt, 1mc2, 1dy5, 2wfi Elser & Lan (2017) 

1hhz, 1c75, 1b0y, 1ctj, 2pvb, 1cku, 1swz Burla et al. (2011) 

5da6 Mooers (2016) 

PDB codes 1b0y, 1ctj, 1c75 and 1cku are easily solved (a few minutes) on a laptop using the 
S0 strategy. 2knt uses the tangent formula due to its relatively low-resolution data (1.2Å) as 
well as its relatively small number of non-hydrogen atoms in the asymmetric unit. 1w7q is a 
light element structure that was not solved ab initio after more than four hours. flip_regime_2 

of S1 introduces perturbation and it should be used for cases where there the ED seems quiet 
during the charge flipping process; decreasing the absolute value of flip_regime_2 reduces 
perturbation. In the case of 1cm2, flip_regime_2 was set to oscillate between -1 and 1. Larger 
values clearly shows too much perturbation in the ED.  

Graphically inspecting the ED or looking at the (%ED > H) output on the local can be used to 
ĬĲƣĲƖůŔŰĲШŔŉШƣőĲƖĲќƚШƣŸŸШũŔƣƣũĲШŸƖШƣŸŸШůƨĦőШƓĲƖƣƨƖĤċƣŔŸŰЯШĬƨƖŔŰŊШĦőċƖŊĲШŉũŔƓƓŔŰŊЮШыӖE?ШӂШcьШ
should typically range from 1 to 5. For example, setting fraction_reflections_weak to 0.9 re-
sults in too much perturbation. Or, using the Tangent formula macro on P1 structures, without 
the mitigation strategy of Fix_Uranium_3, results in too little perturbation resulting in uranium 
atom solutions. The value set for Fix_Uranium_3 should be just high enough to prevent Ura-
nium atom solutions; a value of 1 seem to work in most cases. The number used for insert of 
pick_atoms should be just high enough to change the position of the highest intensity ED peak 
every 40 to 50 iterations as defined by choose_randomly; note pick_atoms is executed when 
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choose_randomly is greater than zero. add_to_phases_of_weak_reflections=90 results in a 
shifting origin and it should not be used with symmetry_obey_0_to_1; the latter prevents origin 
shifting. add_to_phases_of_weak_reflections should be set to Rand(-180,180) instead of 90 
when using symmetry_obey_0_to_1. Further structure solution tips are: 

¶ Try the simple S0 strategy first for number of atoms less than about 300. 

¶ If a heavy atom is present, then try S0. 

¶ Inspect the ED graphically; if it does not show distinct atoms after a few iterations then 
change strategy.  

¶ Use S1 for large difficult structures. 

¶ Try the tangent formula when the number of non-hydrogen atoms in the asymmetric is less 
than ~500 atoms. The tangent formula reduces perturbation allowing lower resolution 
structure to be solved. 

The range of convergence of structure factor phases can be investigated by loading optimum 
structure factor phases values, using set_initial_phases_to, and then adding to the optimal 
phases using randomize_initial_phases_by. High resolution data can have their optimal 
phases changed by an amount of 0.96*Rand(-180,180)  whilst still being able to solve the 
structure within a few dozen charge flipping iterations. Most of the É§xéEЮf Â examples con-
tain the following for investigating this range of convergence: 

 #if (0)  
  set_initial_phases_to optimal.fc  
  randomize_initial_phases_by = Rand( - 180, 180) 0.9;  
 #endif  

19.1 ... ĤШŔŰŔƣŔŸШƚŸũƨƣŔŸŰШŸŉШƣƖŔĦũŔŰŔĦШΠũǍƣ 

PDB code 4lzt comprises 1183 non-hydrogen atoms in the unit cell and is considered difficult 
to solve, see Elser et al., 2017. 4lzt contains 10 Sulphur atoms and these are considered mod-
erately heavy. If we were to insert ED peaks at positions corresponding to the highest two 
peaks of the optimum electron density, then charge flipping finds a solution and within a few 
iterations; ΠxÉÑпΞрÑ§~ÉЮf Â demonstrates this where an ED starting with the two highest op-
timal peaks, inserted using insert_atoms, produces and R-factor plot of: 
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Launch Mode: C:\c\t5\cf-protein\4lzt-P1\2-atoms.inp
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In fact, any two of the five highest peaks produce similar R-factor plots. However, these opti-
mal ED peak positions are unknown. The strategy that works therefore involves picking an 
atom randomly out of the 10 largest peaks in the electron density and setting the picked atom 
to a large density. The INP file looks like: 

 fraction_reflections_weak 0.5  
  add_to_phases_of_weak_reflections = Rand( - 180, 180);  
 fraction_density_to_flip 0.97      
  scale_flipped 0.2                     
 pick_atoms *  
  pick_fwhm 5 omit_fwhm 1 insert_fwhm 1 
  choose_randomly = If(Mod(Cycle_Iter, 50), 0, 10);  
  insert  10 
 Fix_Uranium_3(0.5)  
ATP(1000, 1) ª 2GL9DDQ J9F<GEAR= H@9K=K 9>L=J TSSS AL=J9LAGFK 

pick_atoms picks atoms with a FWHM of 5 Å, as defined by pick_fwhm; this relatively large 
value ensures that the picked atoms are approximately 5 Å apart. Once picked, pick_atoms 
removes the atoms with a FWHM as defined by omit_fwhm, and then inserts atoms with a 
FWHM of insert_fwhm. A solution of 4lzt takes a minute or two on a laptop computer and a 
typical R-factor plot looks like: 

 

19.2 ... ÉŸũƨƣŔŸŰШŸŉШŰŸŰрƣƖŔĦũŔŰŔĦШũċƣƣŔĦĲƚШƨƚŔŰŊШċШťŰŸƽŰШċƣŸůŔĦШƓŸƚŔƣŔŸŰ 

Large non-triclinic structures with many origins are difficult to solve. However, because of 
symmetry, non-triclinic structures can often be solved when the position of a single atom is 
known within the ED. Atoms can be inserted in the ED using insert_atoms; for PDB code 2wfi 
we have:  

charge_flipping  
 cf_hkl_file sf.cif ª 1LJM;LMJ= >9;L >AD= >JGE ."  
 space_group P212121  
 a  37.544  b  65.144  c  69.680  
 fraction_reflections_weak 0.5  
  add_to_phases_of_weak_reflections = Rand( - 180, 180);  
 fraction_density_to_flip 0.97  
  scale_flipped 0.2  
 symmetry_obey_0_to_1 0.25 find_origin 0 
 macro Occ_0 { 100 }  
 insert_atoms {  
































































































































































































































































































