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1. ... ăŪǙƾſqǦfǙăſŪ 

This document describes the TOPAS -Academic kernel and its macro language. The kernel is written 

in ANSI C++, with internal data organised in a tree structure, similar - to an XML representation . Each 

node corresponds to a C++ object. Input is from an INP file (*.INP) containing keywords and macros; 

macros are named groupings of keywords. Before execution, the kernel pre -processes the INP file, 

expanding all macros and writing the result to TOPAS.LO G; it then parses this expanded file to build 

its internal data structures. The main tree -node objects are:  

xdd ... 

bkg  

str...  

xo_Is... 

d_Is... 

hkl_Is... 

fit _obj...  

 

Ἅ᷁̂ȹʈ̕ːΡ͔Ϣ̓ʓᶾ 

: Structure  information  for  Rietveld  refinement.  

: 2q- I value s for  single  line or whole  powder  pattern  fitting.  

: d- I value s for  single  line or whole  powder  pattern  fitting.  

: Lattice  information  for  Le Bail or Pawley  fitting.  

: User defined  fit  model s. 

str Ἅʑxo_Is Ἅʑd_IsἍȹ̓ʓἍhkl_IsἍȹΡʤἍΡʤ˅ʤΡΡʤʓἍχἍ͔ȹεἍɰ Θ˜ȹεʤεɰἍȹ̓ʓἍχ˜ʤἍΘʤȹε̕Ἅ͔ Ἅ˅χ˜ʤεʤἍɰ Θ˜ȹεʤἍΘʤȹε̕ɰ ἍʒἍ̞ε˯χ˯̓ːἍ

͔Ἅ˅χ˜ʤἍʓȹχȹἍεχΡϢʈχϢΡʤεἍ˯εἍː ˯Уʤ̓Ἅ˯Ἅ̓εʤʈχ˯͔̓Ἅ5.1ʒἍKeywords are not a flat list. Each belongs to an internal 

complex type, and it is the type that determines where a keyword may legally appear.  

1.1 ........ ƾϢ̓̓˯̓ːἍǙſƵ ǋἍ˯̓Ἅ˜˯ː˜ᶓΘΡ˯͔Ρ˯χеἍ̼͔ʓʤ 

Modern Windows security settings increasingly prevent executables from running in high -priority 

mode . This can slow TOPAS significantly during large refinements and particularly those with high 

memory usage. Running TOPAS in high  priority mitigates resolves this.  

1.1.1 ............. Running TA.EXE in high -priority mode  (TOPASH.BAT)  

Run the following from the command line:  

start "" /high "ta"  

Or, run the batch file  ǙſƵ ǋßʒ^ Ǚʒ 

1.1.2 ............. Running TC.EXE in high -priority mode  

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

start /high "cmd"  

ſΡᶽἍΡϢ̓Ἅχ˜ʤἍʈ͔̼̼ȹ̓ʓἍȹεἍȹ̓Ἅȹʓ̼˯̓˯εχΡȹχ͔ΡἍ˅Ρ͔̼Ἅχ˜ʤἍεχȹΡχἍ̼ʤ̓ϢἍʀеἍχеΘ˯̓ːἍᶪʈ͔̼̼ȹ̓ʓᶫἍȹ̓ʓἍχ˜ʤ̓Ἅʈ˜͔͔εʤἍ

χ˜ʤἍᶮƾϢ̓ἍȹεἍȹʓ̼˯̓˯εχΡȹχ͔Ρᶯᶾ 

1.2 ....... f͔̓Уʤ̓χ˯͔̓ε 

>    Keywords look like this  ʒ



Introduction 2 

 

2  Introduction 

 

>    Macros look  like  this  ʒ

>    ōʤеЧ͔ΡʓεἍʤ̓ʈ̞͔εʤʓἍ˯̓ἍεΞϢȹΡʤἍʀΡȹʈ̕ʤχεἍᵿἍᶁἍȹΡʤἍ͔Θχ˯͔̓ȹ̞ᶾ 

>    ōʤеЧ͔ΡʓεἍʤ̓ʓ˯̓ːἍ˯̓Ἅᶾᶾᶾ ˯̓ʓ˯ʈȹχʤἍχ˜ȹχἍ̼Ϣ̞χ˯Θ̞ʤἍ̕ʤеЧ͔ΡʓεἍ͔˅Ἅχ˜ȹχἍχеΘʤἍȹΡʤἍȹ̞̞͔Чʤʓᶾ 

>    ǙʤаχἍʀʤː˯̓̓˯̓ːἍЧ˯χ˜Ἅχ˜ʤἍʈ˜ȹΡȹʈχʤΡἍᶍἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔ἍȹἍ̓Ϣ̼ʀʤΡᶾ 

>    ǙʤаχἍʀʤː˯̓̓˯̓ːἍЧ˯χ˜Ἅχ˜ʤἍʈ˜ȹΡȹʈχʤΡἍײἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔ἍȹἍεχΡ˯̓ːᶾ 

>    |Ἅȹ˅χʤΡἍ̕ʤеЧ͔Ρʓ᷁Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅȹn equation (i.e. = a+b;) or constant (i.e. 1.245) or a parameter 

name with a value (i.e. lp 5.4013) that can be refined.  

>    !E ȹ˅χʤΡἍ̕ʤеЧ͔Ρʓ: ʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅȹn equation or constant or a parameter name with a value that 

cannot be refined.  

>    N ȹ˅χʤΡἍ̕ʤеЧ͔Ρʓ: ʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔ἍȹἍ̓ȹ̼ʤ. 

Ǚ͔ἍȹУ͔˯ʓἍ˯ ̓ΘϢχἍʤΡΡ͔ΡεʑἍ˯ χἍ˯εἍϢεʤ˅Ϣ̞ἍχἍ͔ʓ˯˅˅ʤΡʤ̓χ˯ȹχʤἍʀʤχЧʤʤ̓Ἅ̕ ʤеЧ͔ΡʓεʑἍ̼ ȹʈΡ͔εʑἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεʑἍȹ̓ʓἍ

ΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεʒἍǙ̃ ʤἍʈ͔̓Уʤ̓χ˯͔̓εἍ˅͔̞̞͔ЧʤʓἍȹΡʤ᷁ 

ōʤеЧ͔ΡʓεἍ᷁ 

ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍ᷁ 

ŢȹʈΡ͔Ἅ̓ ȹ̼ʤεἍ᷁ 

ƾʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍ᷁ 

ȹ̞̞Ἅ̞ ͔ЧʤΡἍʈȹεʤ 

˅˯ΡεχἍ̞ ʤχχʤΡἍ˯Ἅ̞̓ ͔ЧʤΡἍʈȹεʤ 

˅˯ΡεχἍ̞ ʤχχʤΡἍ˯Ἅ̓ϢΘΘʤΡἍʈȹεʤ 

˅˯ΡεχἍ̞ ʤχχʤΡἍ˯Ἅ̓ϢΘΘʤΡἍʈȹεʤ 

1.3 ....... ă̓ΘϢχἍ˅˯̞ʤἍʤаȹ̼Θ̞ʤἍᵽăŪƵἍ˅͔Ρ̼ȹχᵾ 

Ǚ̃ ʤἍ˅ ͔̞̞͔Ч˯̓ːἍ˯εἍȹἍ̓ʤаȹ̼Θ̞ʤἍ˯ ̓ΘϢχἍ˅ ˯̞ʤἍ˅͔ΡἍƾ˯ ʤχУʤ̞ʓἍΡʤ˅˯̓ʤ̼ʤ̓χἍ͔ Ἅ˅ʈ͔ΡϢ̓ʓϢ̼Ἅȹ̓ʓἍ˅ ̞Ϣ͔Ρ˯χʤ᷁ 
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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 indicate tree dependencies, though 

the placement of keywords within a tree level is otherwise unimportant. For example, the keyword str  

signifies that all information occurring between it and the next keyword of the same type belongs to 

that str . All input text streams support line and block comments. A line comment begins with ' and 

runs to the end of the line; a block comment is delimited by /* and */ and may be nested. For example:  

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.  */  

ſ̓ ἍχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔ Ἅ˅Ρʤ˅˯̓ʤ̼ʤ̓χἍʑȹἍ͔̓ ϢχΘϢχἍ˅ ˯̞ʤἍᵽḞᶾſǦǙᵾἍε˯ ̼˯̞ȹΡᶓχἍ͔χ˜ʤἍ˯ ̓ΘϢχἍ˅ ˯̞ʤἍ˯εἍʈΡʤȹχʤʓἍЧ˯χ˜ἍΡʤ˅˯̓ʤʓἍ

Уȹ̞ϢʤεἍϢΘʓȹχʤʓᶾ 

ŢȹʈΡ͔Ἅ͔УʤΡ̞͔ȹʓ˯̓ː᷁Ἅʓ˯˅˅ʤΡʤ̓χἍ̼ȹʈΡ͔εἍʈȹ̓Ἅ˜ȹУʤἍχ˜ʤἍεȹ̼ʤἍ̓ȹ̼ʤᶾἍǙ˜ʤἍȹʈχϢȹ̞Ἅ̼ȹʈΡ͔ἍʤаΘȹ̓ʓʤʓἍ˯εἍʓʤχʤΡᶓ

̼˯̓ʤʓἍʀеἍ̼ȹχʈ˜˯̓ːἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍȹΡːϢ̼ʤ̓χεᶾ 

1.4 ....... ǙʤεχἍʤаȹ̼Θ̞ʤε 

Ǚ˜ʤἍǙ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶽἍfÇἍȹ̓ʓἍăŪq|ȐăŪËἍʓ˯Ρʤʈχ͔Ρ˯ʤεἍʈ͔̓χȹ˯̓Ἅʤаȹ̼Θ̞ʤεἍχ˜ȹχἍʈȹ̓ἍεʤΡУʤἍȹεἍχʤ̼Θ̞ȹχʤεἍ˅͔ΡἍ

ʈΡʤȹχ˯̓ːἍăŪƵἍ˅˯̞ʤεᶾἍf˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍʤаȹ̼Θ̞ʤεἍȹΡʤἍ˯̓Ἅχ˜ʤἍfÇἍʓ˯Ρʤʈχ͔ΡеἍȹ̓ʓἍ˯̓ʓʤа˯̓ːἍʤаȹ̼Θ̞ʤεἍ˯̓Ἅχ˜ʤἍăŪᶓ

q|ȐăŪËἍʓ˯Ρʤʈχ͔Ρеᶾ 
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1.5 ....... ǙfᶓăŪƵǋᶾ^ ǙἍȹ̓ʓἍχ˜ʤἍȹȹʈײἍ̼ȹʈΡ͔ 

The batch file ǙfᶓăŪƵǋᶾ^ ǙἍruns over 180 test examples in a few minutes and plays an important role 

in program testing. Arguments passed via the command line can contain the aac$ macro, which, if 

defined, is expanded at the bottom of the INP file. For example, to terminate refinemen t after 100 

iterations:  

tc  test_example s\pdf \alvo4\rigid  "macro  aac$  { iter s 100 verbo se 0 }"  

1.6 ....... ǙſƵ ǋἍ˯εἍᴥᴢἍʀ˯χ 

The command  line Ǚfᶾ|Ȑ| and the GUI Ǚ ᶾ|Ȑ| both  run  on the Window s 64 -bit  operating  system.  
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2.  .. Ƶ ƾ Ţ|Ǚ|ƾǋ 

2.1 ....... ȉ˜ʤἍ̓˯εἍȹἍΘȹΡȹ̼ʤχʤΡἍΡʤ˅˯̓ʤʓ 

ἍΘȹΡȹ̼ʤχʤΡἍ˯εἍ˅ ̞ȹːːʤʓἍ˅ ͔ΡἍΡʤ˅˯̓ʤ̼ʤ̓χἍʀеἍː ˯У˯̓ːἍ˯ χἍȹἍ̓ ȹ̼ʤʒἍǙ̃ ʤἍ˅ ˯ΡεχἍʈ˜ȹΡȹʈχʤΡἍʈȹἍ̓ʀʤἍȹἍ̓ϢΘΘʤΡἍ͔ ΡἍ

̞͔ЧʤΡᶓʈȹεʤἍ̞ ʤχχʤΡᶾἍǋϢʀεʤΞϢʤ̓χἍʈ˜ȹΡȹʈχʤΡεἍʈȹἍ̓˯ ̓ʈ̞ϢʓʤἍχ˜ʤἍϢ̓ʓʤΡεʈ͔ΡʤἍʈ˜ȹΡȹʈχʤΡἍɱḚɱἍȹ̓ʓἍχ˜ʤἍ̓ Ϣ̼ʀʤΡεἍ

ᴝἍχ˜Ρ͔Ϣː˜ἍᴨʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤ ᷁

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

Here b1 is the name given  to theἍbeqἍΘȹΡȹ̼ʤχʤΡᶾἍŪ͔ ἍΡʤεχΡ˯ʈχ˯͔̓εἍȹΡʤἍΘ̞ȹʈʤʓἍ͔ Ἅ̓χ˜ʤἍ̞ʤ̓ːχ˜Ἅ͔ Ἅ˅ΘȹΡȹ̼ʤχʤΡἍ

̓ȹ̼ʤεʒἍǙ̃ ʤἍʈ˜ȹΡȹʈχʤΡἍᵳἍΘ̞ȹʈʤʓἍʀʤ˅͔ΡʤἍʀᴞʑἍȹεἍ˯Ἅ̓ᵳʀᴞʑἍε˯ ː̓ȹ̞εἍχ˜ȹχἍʀᴞἍ˯εἍ̓ ͔χἍχἍ͔ʀʤἍΡʤ˅˯̓ʤʓἍʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤ ᷁

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

ἍΘȹΡȹ̼ʤχʤΡἍʈȹἍ̓ȹε̞͔ἍʀʤἍ˅ ̞ȹːːʤʓἍ˅ ͔ΡἍΡʤ˅˯̓ʤ̼ʤ̓χἍʀеἍΘ̞ȹʈ˯̓ːἍχ˜ʤἍᶅἍʈ˜ȹΡȹʈχʤΡἍȹχἍχ˜ʤἍεχȹΡχἍ͔ Ἅ˅˯ χεἍ̓ ȹ̼ʤᶾἍ

ă̓ χʤΡ̓ȹ̞̞еἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡἍ˯εἍː ˯Уʤ̓ἍȹἍϢ̓˯ΞϢʤἍ̓ȹ̼ʤἍȹ̓ʓἍχΡʤȹχʤʓἍȹεἍȹἍ̓˯ ̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡἍʒǙ̃ ʤἍʀᴞἍχʤаχἍ

˯Ἅ̓χ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯εἍ˯ ː͔̓Ρʤʓ ᷁

    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  ...... ǦεʤΡἍʓʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡεἍᶓἍχ˜ʤἍΘΡᶏ̼̞͔ʈȹ̞Ἅ̕ʤеЧ͔Ρʓε 

The [prmᶐlocal  E] keyword s define s 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  demon strate s adding  a con stant  to a set 

ofἍbeq 'εʒἍŪ͔ χʤἍχ˜ʤἍϢεʤἍ͔ Ἅ˅χ˜ʤἍɱ ḃἍɱε˯ ːἍ̓ȹ˅χʤΡἍχ˜ʤἍbeq  keyword ; this indicat es that  the parameter  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  ...... ƵȹΡȹ̼ʤχʤΡἍȹχχΡ˯ʀϢχʤε 

Ǚ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ͔Θχ˯͔̓ȹ̞ἍΘȹΡȹ̼ʤχʤΡἍȹχχΡ˯ʀϢχʤεἍʈȹ̓ἍʀʤἍȹεε˯ː̓ʤʓἍχ͔ἍȹἍΘȹΡȹ̼ʤχʤΡ ᷁

[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 minἍandἍmaxἍȹχχΡ˯ʀϢχʤεἍcan  be used to limit  

parameter  value s 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 con strained  to within  the range  0.1 and 10. Limit s are effective  in refinement  stabilization .Ἅ

del is used for  calculating  numerical  derivative s with  respect  to the calculated  pattern ; typically,  in-

ternal  defaultἍdelἍvalue s are adequate  in most circumstances . Parameter  value s are updated  at the 

end of  an iteration  as follow s: 

new _Val = old_Val + Change  

WhenἍupdateἍis defined  then  the following  is used: 

new _Val = ᶮϢΘʓȹχʤ ʤΞϢȹχ˯͔̓ᶯ 

update  can also be a function of the reserved parameter names Change  and Val , and does not negate 

min and max. stop_when  is a conditional stopping criterion: convergence is determined when 

stop_when  evaluates to non -zero for all defined stop_when  attributes and the chi2_convergence_cri-

teria  condition has been met. val_on_continue  is evaluated when  continue_after_convergence  is de-

fined, and provides a means of changing parameter values after convergence:  

new _Val = val_on_continue  

Here are example  attribute  equation s as applied  to theἍxἍparameter : 

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  ...... ƵȹΡȹ̼ʤχʤΡἍʈ͔̓εχΡȹ˯̓χε 

|ΞϢȹχ˯͔̓εἍʈȹἍ̓ʀʤἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅ΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤε᷄Ἅχ˜ε˯ἍΘΡ͔У˯ʓʤεἍȹἍ̼ ʤʈ˜ȹ̓˯ε̼ Ἅ˅ ͔ΡἍ˯ ̓χΡ͔ʓϢʈ˯̓ːἍ̞ ˯̓ʤȹΡἍ

ȹ̓ʓἍ̓ ͔ᶓ̞̓ ˯̓ʤȹΡἍʈ͔ἐχΡȹ˯̓χεʑἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤ ᷁

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

ßʤΡʤἍχ˜ʤἍэΡἍΘȹΡȹ̼ʤχʤΡἍ˯εἍϢεʤʓἍ˯Ἅ̓χ˜ʤἍʤΞϢȹχ˯͔̓ἍɰḃἍᴞᶓэΡ᷄ᶭἍ᷄χ̃ε˯ἍʤΞϢȹχ˯͔̓Ἅʓʤ˅˯̓ʤεἍχ˜ʤἍǙ˯ ḅᴢἍε˯ χʤἍ͔ ʈʈϢΘȹ̓ʈеᶾἍ

Ū͔ χʤʑἍʤΞϢȹχ˯͔̓εἍεχȹΡχἍЧ˯χ˜ἍȹἍ̓ʤΞϢȹ̞Ἅε˯ ːἍ̓ȹ̓ʓἍʤ̓ʓἍ˯ Ἅ̓ȹἍεʤ̼˯ʈ͔̞͔̓ᶾἍŗ˯ ̼˯χ˯̓ːἍэΡἍЧ˯χ˜Ἅminᶏmax can be 

performed  as follow s: 

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 con strained  to within  0 and 1. Ἅ̓ʤаȹ̼Θ̞ʤἍʈ͔ἐχΡȹ˯̓˯̓ːἍχ˜ʤἍ̞ ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍa, b, c to 

the same value  as required  for  a cubic  lattice  is as follow s: 

a lp  5.4031  b lp  5.4031  c lp  5.4031  
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Parameters with the same name must have the same value ᶖ an exception is thrown if the lp param-

eters above were defined with differing values. Another way to constrain three lattice parameters to 

the same value is to define lp once as an equation:  

a lp  5.4031   b = lp;   c = lp;  

2.5  ...... Ǚ˜ʤἍËʤχἍ˅Ϣ̓ʈχ˯͔̓ 

Ţ͔ΡʤἍː ʤ̓ʤΡȹ̞Ἅȹːȹ˯̓Ἅ˯εἍχ˜ʤἍϢεʤἍ͔ Ἅ˅χ˜ʤἍËʤχἍ˅ Ϣ̓ʈχ˯͔̓ἍȹεἍϢεʤʓἍ˯Ἅ̓χ˜ʤἍCubic Ἅ̼ ȹʈΡ͔᷁ 

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

Here the con straint s are formulated  without  the need  for  a parameter  name.  Get(xx) first searches for 

xx locally, if not found it searches its parent sʟ scope and so forth until xx is found.  

2.6  ...... ǙΡеἍȹ̓ʓἍϢεʤἍΘȹΡȹ̼ʤχʤΡἍȹχχΡ˯ʀϢχʤεἍ 

Using prm  to define the lattice parameter , as in:  

prm lp 5.4031  
a = lp; b = lp; c = lp;  

is not preferred . Subject -specific parameters, not just lattice parameters, carry default attributes such 

as min/max, and these  attributes are lost when prm  is used. Where the use of prm  is unavoidable, it 

should be defined with min /max attributes.  

2.7  ....... Ǚ˜ʤἍ˿̵ɩȹ˿Ἅ̕ʤеЧ͔Ρʓ 

TheἍlocalἍkeyword  is used for  defining  parameter s as local  to the  top , xdd  or  phase level ;ἍlocalἍcan 

simplify  complex  INP file s. The following  code  fragment:  

xdd       local  a 1 
xdd       local  a 2 

has two  'a'  parameter s, one dependent  on the fir st xdd  and the other  dependent  on the second  xdd Ἅʒ

ă̓ χʤΡ̓ȹ̞̞еἍχЧἍ͔˯ ̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍʑ͔ ̓ʤἍ˅͔ΡἍʤȹʈἍ͔̃ Ἅ˅χ˜ʤἍɱ ȹἍɱΘȹΡȹ̼ʤχʤΡε᷄Ἅχ˜ε˯Ἅ˯εἍ̓ ʤʈᶓ

ʤεεȹΡеἍȹεἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡεἍΡʤΞϢ˯ΡʤἍεʤΘȹΡȹχʤἍΘ ε͔˯ χ˯͔̓εἍ˯Ἅ̓χ˜ʤἍἍ̼ ȹχΡ˯аἍ˅ ͔ΡἍ̼ ˯̓˯̼˯эȹχ˯͔̓Ἅʑʈ͔ΡΡʤ̞ȹχ˯͔̓Ἅ̼ ȹᶓ

χΡ˯аἍʑʤΡΡ͔ΡεἍʤχʈʒʒ ᶾ ă̓Ἅχ˜ʤἍʈ͔ʓʤἍ˅ Ρȹː̼ʤ̓χ᷁ 

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 first xdd  is convolved with a Gaussian of FWHM 1 and the second with a Gaussian of FWHM 2. In 

other words, the first gauss_fwhm  equation uses the top - level aᶅ  ʟparameter, and the second uses the 
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aᶅ  ʟparameter defined in the second xdd  ᶖ analogous to scoping rules in c. The following is invalid 

because b1 is defined twice in incompatible ways:  

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

Ǚ̃ ʤἍ˅ ͔̞̞͔Ч˯̓ːἍʈ͔̼ΘΡ˯εʤεἍᴢἍεʤΘȹΡȹχʤἍΘȹΡȹ̼ʤχʤΡεἍȹ̓ʓἍ˯εἍУȹ̞˯ʓ ᷁

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

2.8  ...... qʤ˅˯̓˯̓ːἍ̞͔ʈȹ̞ἍΘȹΡȹ̼ʤχʤΡεἍϢε˯̓ːἍײ 

Ǚ˜ʤἍײἍʈ˜ȹΡȹʈχʤΡἍʈȹ̓Ἅȹ̞ε͔ἍʀʤἍϢεʤʓἍχ͔Ἅε˯ː̓ȹ̞Ἅχ˜ȹχἍȹἍΘȹΡȹ̼ʤχʤΡἍ˯εἍlocalᶾἍǙ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍχЧ͔Ἅ̞˯̓ʤεἍȹΡʤἍε˯̼˯̞ȹΡἍ

ʀϢχἍ͔̓χἍʤ̓χ˯Ρʤ̞еἍʤΞϢ˯Уȹ̞ʤ̓χ᷁ 

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

Ǧε˯̓ːἍײἍΡʤχȹ˯̓εἍχ˜ʤἍʓʤ˅ȹϢ̞χἍminᶽἍmaxᶽἍȹ̓ʓἍdelἍȹχχΡ˯ʀϢχʤεἍ͔˅Ἅχ˜ʤἍscaleἍΘȹΡȹ̼ʤχʤΡᶾἍăχἍʈȹ̓Ἅȹ̞ε͔ἍʀʤἍϢεʤʓἍ

Ч˯χ˜Ἅχ˜ʤἍprmἍ̕ ʤеЧ͔ΡʓἍχ͔Ἅʓʤ˅˯̓ʤἍȹἍΘȹΡȹ̼ʤχʤΡἍȹεἍlocalᶾἍǙ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍχЧ͔Ἅ̞˯̓ʤεἍȹΡʤἍʤΞϢ˯Уȹ̞ʤ̓χ᷁ 

prm $cs 100  
local cs 100  

ǦεʤἍ͔˅ἍײἍȹ̞ε͔Ἅε˯̼Θ̞˯˅˯ʤεἍχ˜ʤἍЧΡ˯χ˯̓ːἍ͔˅Ἅ̼ȹʈΡ͔εἍЧ˜ʤ̓ἍϢε˯̓ːἍᶮᵿ˅ ͔ΡᶁἍᶃἍᶄᶯἍ̞ ͔͔ΘεᶾἍÇ͔ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

for strs { CS_L(@, 100) }  

ʤаΘȹ̓ʓεἍχ͔᷁ 

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));  

}  

ßʤΡʤἍχ˜ʤΡʤἍ˯εἍ͔̞̓еἍ͔̓ʤἍfǋḚŗἍΘȹΡȹ̼ʤχʤΡᶽἍ̓ȹ̼ʤʓἍ̼ᴥᴦʈ˅˅ᴣᴣᴝḚᴞᶽἍε˜ȹΡʤʓἍȹʈΡ͔εεἍȹ̞̞ἍstrεἍ˯̓Ἅχ˜ʤἍ̞͔͔ΘᶾἍǙ͔Ἅ

˯̓εχʤȹʓἍȹεε˯ː̓ἍȹἍϢ̓˯ΞϢʤἍfǋḚŗἍχ͔Ἅʤȹʈ˜Ἅstr  ᷁

for strs { CS_L($cs, 100) }  

Ч˜˯ʈ˜ἍʤаΘȹ̓ʓεἍχ͔᷁ 

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

}  
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ßʤΡʤἍʤȹʈ˜ἍstrἍ̃ ȹεἍȹἍϢ̓˯ΞϢʤἍʈεἍΘȹΡȹ̼ʤχʤΡἍʓϢʤἍχ͔Ἅχ˜ʤἍײἍʈ˜ȹΡȹʈχʤΡᶾἍǙ˜ʤἍʓΡȹЧʀȹʈ̕Ἅ˯εἍχ˜ȹχἍ͔̞̓еἍ͔̓ʤἍʈεἍ

Уȹ̞ϢʤἍ˯εἍЧΡ˯χχʤ̓Ἅχ͔Ἅχ˜ʤἍſǦǙἍ˅˯̞ʤἍᶖἍχ˜ʤἍΡʤεχἍȹΡʤἍ̞͔εχᶾἍǙ˜˯εἍʈȹ̓ἍʀʤἍΡʤ̼ʤʓ˯ʤʓἍЧ˯χ˜Ἅχ˜ʤἍload_save_locals  

̕ʤеЧ͔Ρʓᶾ 

2.9  ...... ƾʤΘ͔Ρχ˯̓ːἍ͔ Ἅ̓ʤΞϢȹχ˯͔̓ἍУȹ̞Ϣʤε 

Ǚ̃ ʤἍУȹ̞ϢʤἍ͔˅Ἅχ˜ʤἍʤΞϢȹχ˯͔̓Ἅʈȹ̓ἍʀʤἍ͔ʀχȹ˯̓ʤʓἍʀеἍΘ̞ȹʈ˯̓ːἍᶭἍ᷁ἍᴝᶭἍȹ˅χʤΡἍχ˜ʤἍʤΞϢȹχ˯͔̓ᶽἍ˅͔ ΡἍʤаȹ̼Θ̞ʤ᷁ 

occ  Ti+4  = 1- zr;  :  0 

After refinement , the '0' is replaced by the value of the equation. The associated error is also reported 

when do_errors  is defined.  

2.10  ..... Ūȹ̼˯̓ːἍ͔ Ἅ˅ʤΞϢȹχ˯͔̓ε 

|ΞϢȹχ˯͔̓εἍʈȹἍ̓ʀʤἍː ˯Уʤ̓ἍȹἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤʑἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍ᷁ 

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

ßʤΡʤἍȹᴞἍΡʤΘΡʤεʤ̓χεἍχ˜ʤἍʤΞϢȹχ˯͔̓ἍȹᴟἍḅἍȹᴡᶏᴟᶾἍă˅Ἅχ˜˯εἍʤУȹ̞ϢȹχʤεἍχ͔ἍȹἍʈ͔̓εχȹ̓χᶽἍȹᴞἍ˯εἍȹ̓Ἅ˯̓ʓʤΘʤ̓ʓʤ̓χἍΘȹᶓ

Ρȹ̼ʤχʤΡἍȹ̓ʓἍЧ˯̞̞ἍʀʤἍΡʤ˅˯̓ʤʓἍϢ̞̓ʤεεἍΘΡʤʈʤʓʤʓἍʀеἍᵳ᷄Ἅ͔χ˜ʤΡЧ˯εʤἍʑ˯ χἍ˯εἍχΡʤȹχʤʓἍȹεἍȹἍʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡᶾἍ

Ǚ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʤΞϢȹχ˯͔̓Ἅ˯εἍУȹ̞˯ʓἍЧ˯χ˜͔ϢχἍȹἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍᶖἍ˯ χεἍУȹ̞ϢʤἍȹ̓ʓἍʤΡΡ͔ΡἍȹΡʤἍΡʤΘ͔ΡχʤʓἍ͔̓ἍχʤΡ̼˯ᶓ

̓ȹχ˯͔̓Ἅ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶾ 

prm = 2 a1^2  + 3;  :  0 

|ΞϢȹχ˯͔̓εἍ˯Ἅ̓ː ʤ̓ʤΡȹ̞ἍȹΡʤἍ̓ ͔χἍʤУȹ̞ϢȹχʤʓἍεʤΞϢʤ̓χ˯ȹ̞̞еἍʑχ˜ʤἍ˅͔̞̞͔Ч˯̓ː ᷁

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

ː˯УʤεἍ͔ Ἅ̓χʤΡ̼˯̓ȹχ˯͔̓Ἅ͔ Ἅ˅Ρʤ˅˯̓ʤ̼ʤ̓χ ᷁

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

ƵȹΡȹ̼ʤχʤΡεἍЧ˯χ˜Ἅχ˜ʤἍεȹ̼ʤἍ̓ȹ̼ʤἍ̼ϢεχἍ˜ȹУʤἍ˯ʓʤ̓χ˯ʈȹ̞ἍУȹ̞ϢʤεἍ͔ΡἍʤΞϢȹχ˯͔̓εᶾἍǙ˜˯εἍȹ̞̞͔ЧεἍ˅͔ΡἍ͔̓ᶓ̓εʤΞϢʤ̓ᶓ

χ˯ȹ̞ἍʤУȹ̞Ϣȹχ˯͔̓Ἅ͔ ˅ἍΘȹΡȹ̼ʤχʤΡεᶾἍǙ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ̞ ʤȹʓεἍχἍ͔Ρʤʓʤ˅˯̓˯χ˯͔̓ἍʤΡΡ͔Ρε᷁ 

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

2.11 ...... ʤа˯εχ˯̓ːḚΘΡ ̼

[existing _prm  E]...  
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|Уȹ̞ϢȹχʤʓἍεʤΞϢʤ̓χ˯ȹ̞̞еἍȹ̓ʓ allow s for  the modification  of  an existing  prm /local  parameter s, see for  

example  the macro  K_Factor _WP in ǙſƵ ǋᶾăŪf. The following:  

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

gives  ᷁

prm = a;  :  6.00000  

Allowed  operator s for  existing _prm  are += , -=, * - , /=  and ^=.  

2.12 ..... ἍǋχΡ˯̓ːᶽἍf͔̓ʈȹχᶽἍǙ͔ḚǋχΡ˯̓ːἍȹ̓ʓἍǙ͔ ḚƵΡἍ̼˅Ϣ̓ʈχ˯͔̓ε 

String assigns a string attribute to text that would otherwise be a parameter. To_String  evaluates a 

parameter and converts it to a string. To_Prm converts a string to a  parameter name . Together these 

macros provide flexibility in constructing INP files . f͔̓ʈȹχᵽȹᶽἍʀᶽἍʈᶽἍᶿᵾἍʈ͔̓ʈȹχʤ̓ȹχʤε strings ; its argu-

ments like those of To_Prm can be parameters or strings , with parameter  values automatically con-

verted to string s. 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    

2.13  ..... ǋχȹΡχ˯̓ːἍȹἍΘȹΡȹ̼ʤχʤΡἍЧ˯χ˜ἍȹἍΡȹ̓ʓ͔̼Ἅ̓Ϣ̼ʀʤΡ 

The pre -processor #out  command (see section 19.1.2) 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 t o (as seen in ǙſƵ ǋᶾŗſË): 

a @ 5.58537511  

2.14  ..... Ǧε˯̓ːἍχ˜ʤἍỦἍʤΞϢȹχ˯͔̓Ἅʈ˜ȹΡȹʈχʤΡἍχ͔Ἅʓʤ˅˯̓ʤἍȹἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤ 

ἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍʈȹ̓ἍʀʤἍʓʤ˅˯̓ʤʓἍϢε˯̓ːἍȹἍỦἍʤΞϢȹχ˯͔̓ἍȹεἍεʤʤ̓Ἅ˯̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː ᷁
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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;  
¡ 

}  

Ǚ˜ʤἍȹʀ͔УʤἍ̞͔ȹʓεἍχ˜ΡʤʤἍxddεἍʈʤ͔ᴟᶓᴞᶾаʓʓᶽἍʈʤ͔ᴟᶓᴟᶾаʓʓἍȹ̓ʓἍʈʤ͔ᴟᶓᴡᶾаʓʓᶾἍ|ȹʈ˜Ἅ˜ȹεἍȹἍεχΡϢʈχϢΡʤἍЧ˯χ˜ἍχЧ͔Ἅ

beqἍΘȹΡȹ̼ʤχʤΡεἍʈΡʤȹχʤʓἍϢε˯̓ːἍχ˜ʤἍỦf͔̓ʈȹχἍεʤΞϢʤ̓ʈʤἍ᷄χ̃ ʤἍ̓ȹ̼ʤεἍʈΡʤȹχʤʓἍȹΡʤἍʀfʤᴞᶽἍʀſᴞᶽἍʀfʤᴟᶽἍʀſᴟᶽἍ

ʀfʤᴡἍȹ̓ʓἍʀſᴡἍʒǙ̃ ʤεʤἍʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εἍȹεἍ͔̓Ρ̼ȹ̞ᶾἍă˅Ἅχ˜ʤἍʀfʤḚἍΘȹΡȹ̼ʤχʤΡεἍЧʤΡʤἍχ˜ʤἍεȹ̼ʤἍȹεἍ

χ˜ʤἍʀſḚἍΘȹΡȹ̼ʤχʤΡεἍʑχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

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  

͔ΡἍʑϢε˯̓ːἍǙ͔ḚƵΡ̼᷁ 

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));  

2.15 ..... ʓϢ̼̼еἍȹ̓ʓἍʓϢ̼̼еḚΘΡἍ̼̕ʤеЧ͔Ρʓε 

dummy  reads a word  fr om the input  stream ; dummy _prm  is similar  but reads parameter  dependent  

text.  For example , the following  purple  text is loaded  by dummy _prm  and ignored  by the Kernel.  

Load  xo  dummy_prm I  
{   

10   = 1/Max(0.00023,  0.0001);  min  10 max = Val  2;  @ 100  
...  

2.16  ..... ƵȹΡȹ̼ʤχʤΡἍʤΡΡ͔ΡεἍȹ̓ʓἍʈ͔ΡΡʤ̞ȹχ˯͔̓Ἅ̼ȹχΡ˯а 

WhenἍdo_error sἍis defined , TOPAS calculates errors for independent parameters and generates the 

ʈ͔ΡΡʤ̞ȹχ˯͔̓Ἅ̼ȹχΡ˯аἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χἍᵽεʤʤἍǋʤʈχ˯͔̓Ἇ4.9 ) ἍʒǙ˜ʤεʤἍʤrror s are appen ded to the pa-

rameter  value s as follow s: 

a lp  5.4031 _0.0012   

Here the error  in lp is 0.0012. C_matrix _normalized  is appended  to the OUT file , if  it does not  already  

exist, or updated  if  it does. 

Errors for dependent parameters are also  calculated . Consider the independent parameters of a,b,c 

and a dependent parameter D wh ich  is a function of a, b and c; or  
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qἍḃἍ˅ᵽȹʑỨɡʑỨɩᵾ 

Ǚ˜ʤἍʤΡΡ͔ΡἍ˯̓ἍqἍ˯ εἍː˯Уʤ̓Ἅʀе᷁ 

|ΡΡ͔ΡᵽqᵾḝᴟἍḃἍËſÇἍᵽʓqḚʓȹḝᴟἍf͔УᵽȹᶽȹᵾἍḅἍʓqḚʓʀḝᴟἍf͔УᵽʀᶽʀᵾἍḅἍʓqḚʓʈḝᴟἍf͔УᵽʈᶽʈᵾἍḅ 

ᴟἍʓqḚʓȹἍʓqḚʓʀἍf͔УᵽȹᶽʀᵾἍḅἍᴟἍʓqḚʓȹἍʓqḚʓʈἍf͔УᵽȹᶽʈᵾἍḅἍᴟἍʓqḚʓʀἍʓqḚʓʈἍf͔Уᵽʀᶽʈᵾᵾ 

Ч˜ʤΡʤἍʓqḚʓȹἍᶽἍʓqḚʓʀἍȹ̓ʓἍʓqḚʓʈἍȹΡʤἍχ˜ʤἍʓʤΡ˯Уȹχ˯УʤἍ͔˅ἍqἍЧ˯χ˜ʤΡἍΡʤεΘʤʈχἍχ͔Ἅȹʑ Ἅɡʑ Ἅȹ̓ʓἍɩἍΡʤεΘʤʈχ˯Уʤ̞еἍȹ̓ʓἍ

f͔Уᵽȹʑ ἍʀᵾἍȹΡʤἍχ˜ʤἍʤ̞ʤ̼ʤ̓χεἍ͔˅Ἅχ˜ʤἍʈ͔УȹΡ˯ȹ̓ʈʤἍ̼ȹχΡ˯аᶾ 

2.17 ..... qʤ˅ȹϢ̞χἍΘȹΡȹ̼ʤχʤΡἍ̞˯̼˯χεἍȹ̓ʓἍŗăŢăǙḚŢăŪἍᶏἍŗăŢăǙḚŢ Ȑ 

Parameter s with  internal  default  min/max attribute s are listed in Table  2-1. These limit s serve two 

purposes: they avoid  invalid  numerical  operation s and stabilize  refinement  by  directing  minimization  

toward s lower  SἍУȹ̞ϢʤεʒἍßȹΡʓἍ̞ ˯̼˯χεἍȹΡʤἍȹУ͔˯ʓʤʓἍЧ˜ʤΡʤἍΘε͔ε˯ʀ̞ʤἍ᷄˯ ἐχʤȹʓἍʑΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεἍ̼ ͔УʤἍ

Ч˯χ˜˯̓ἍȹἍΡȹ̓ːʤἍʓϢΡ˯̓ːἍȹ̓Ἅ˯ χʤΡȹχ˯͔̓ᶾἍUser defined ἍminᶏmaxἍlimit s override  the default s and  prmᶏlocalἍ

ΘȹΡȹ̼ʤχʤΡεἍε̃ ͔Ϣ̞ʓἍʀʤἍʓʤ˅˯̓ʤʓἍЧ˯χ˜Ἅχ˜ʤ̼ʒἍŢϢʈ˜Ἅ͔˅Ἅχ˜˯εἍ˅Ϣ̓ʈχ˯͔̓ȹ̞˯χеἍ˯εἍΡʤȹ̞˯эʤʓἍχ˜Ρ͔Ϣː˜Ἅχ˜ʤἍεχȹ̓ʓȹΡʓἍ

̼ȹʈΡ͔εἍʓʤ˅˯̓ʤʓἍ˯Ἅ̓ǙſƵǋʒ ăŪfἍᶔἍȹ̓Ἅ˯̼ Θ͔Ρχȹ̓χἍ˅ ˯̞ʤἍχἍ͔εχϢʓеἍᶓἍȹ̞ ̼ε͔χἍȹ̞̞Ἅ͔ ˅ἍЧ˜˯ʈ˜Ἅ˯̓ʈ̞ϢʓʤἍminᶏmaxἍlimit s. 

For example , the CS_L macro  define s a cry stallite  size parameter  with  a minᶏmax ͔Ἅ˅ᴝʒᴡἍȹ̓ʓἍᴞᴝᴝᴝᴝἍ

̼̓ ἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍſ̓ ἍχʤΡ̼˯̓ȹχ˯͔̓ᶽἍ˯̓ ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡεἍχ˜ȹχἍΡʤ˅˯̓ʤʓἍʈ̞ε͔ʤἍχἍ͔χ˜ʤ˯ΡἍ̞ ˯̼˯χεἍȹΡʤἍ˅ ̞ȹːːʤʓἍ

Ч˯χ˜ἍḚɰŗăŢăǙḚŢăŪḚᶍɰἍ͔ ΡἍɰḚŗăŢăǙḚŢ ȐḚᶍɰἍȹΘΘʤ̓ʓʤʓἍχἍ͔χ˜ʤἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤᶽἍЧ˜ʤΡʤἍᶬᶍἍɱʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍ

̞˯̼˯χ˯̓ːἍУȹ̞ϢʤᶾἍǙ̃ ʤεʤἍЧȹΡ̓˯̓ːεἍʈȹἍ̓ʀʤἍεϢΘΘΡʤεεʤʓἍЧ˯χ˜Ἅno_LIMIT_warning s  ʒ

Ǚȹʀ̞ʤἍᴟᶓᴞʒἍἍqʤ˅ȹϢ̞χἍΘȹΡȹ̼ʤχʤΡἍ̞ ˯̼˯χεʒ 

Parameter  min  max  

la ᴞʤᶓᴣ ᴟἍValἍḅἍᴝʒᴞ 

lo ŢȹаᵽᴝʒᴝᴞʑἍValȤᴝʒᴝᴞᵾ Ţ˯̓ᵽᴞᴝᴝʑἍValḅᴝʒᴝᴞᵾ 

lh  ʑlg  ᴝʒᴝᴝᴞ ᴣ 

a  ʑb  ʑc ŢȹаᵽᴞʒᴣʑἍᴝʒᴨᴨᴣἍValἍᶓἍᴝʒᴝᴣᵾ ᴞʒᴝᴝᴣἍValἍḅἍᴝʒᴝᴣ 

al  ʑbe  ʑga ŢȹаᵽᴞʒᴣʑἍValἍᶓἍᴝʒᴟᵾ ValἍḅἍᴝʒᴟ 

scale  ᴞʤᶓᴞᴞ  

sh_Cij_prm  ᶓᴟἍʀεᵽValᵾἍᶓἍᴝʒᴞ ᴟἍʀεᵽValᵾἍḅἍᴝʒᴞ 

occ  ᴝ ᴟἍValἍḅἍᴞ 

beq  ŢȹаᵽᶓᴞᴝʑἍValᶓᴞᴝᵾ Ţ˯̓ᵽᴟᴝʑἍValḅᴞᴝᵾ 

pv_fwhm  ʑh1ʑ  h2  ʑspv_h1ʑ  

spv_h2 

ᴞʤᶓᴥ 2 Val + 20 Peak_Calcula-

tion _Step  

pv_lor  ʑspv_l1ʑ  spv_l2 ᴝ ᴞ 

m1ʑ  m2 ᴝʒᴦᴣ ᴡᴝ 

d ᴞʤᶓᴥ  

xo ŢȹаᵽX1ʑἍValἍᶓἍᴢᴝἍPeak_Calcula-

tion _Stepᵾ 

Ţ˯̓ᵽX2 ἍʑValἍḅἍᴢᴝἍPeak_Calcula-

tion _Stepᵾ 

I ᴞʤᶓᴞᴞ  
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z_matrix  ʓε˯χȹ̓ʈʤ ŢȹаᵽᴝʒᴣʑἍValἍʒᴣᵾ ᴟἍVal 

z_matrix  ȹ̓ː̞ʤε ValἍᶔἍᴨᴝ ValἍḅἍᴨᴝ 

rotate  ValἍᶔἍᴞᴧᴝ ValἍḅἍᴞᴧᴝ 

x  ʑta  ʑqa  ʑua ValἍᶓἍᴞᶏËʤχᵽȹᵾ ValἍḅἍᴞᶏËʤχᵽȹᵾ 

y  ʑtb  ʑqb Ἅʑub  ValἍᶓἍᴞᶏËʤχᵽʀᵾ ValἍḅἍᴞᶏËʤχᵽʀᵾ 

z  ʑtc  ʑqc  ʑuc  ValἍᶓἍᴞᶏËʤχᵽʈᵾ ValἍḅἍᴞᶏËʤχᵽʈᵾ 

u11ʑ u22  ʑu33  ValἍă˅ ᵽValἍ᷿ἍᴝʑἍᴟʑἍᴝʒᴣᵾἍᶓἍᴝʒᴝᴣ ValἍă˅ ᵽValἍ᷿ἍᴝʑᴝʒᴣʑᴟᵾἍḅἍᴝʒᴝᴣ 

u12ʑ  u13ʑ  u23  ValἍă˅ ᵽValἍ᷿ἍᴝʑἍᴟʑἍᴝʒᴣᵾἍᶓἍᴝʒᴝᴟᴣ ValἍă˅ ᵽValἍ᷿ἍᴝʑᴝʒᴣʑᴟᵾἍḅἍᴝʒᴝᴟᴣ 

filament _length  ᴝʒᴝᴝᴝᴞ ᴟἍValἍḅἍᴞ 

sample _length  ʑreceiving _slit_length  ʑprimary _soller _angle  ʑsecondary _soller _angle  

2.18  ..... ƾʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤε 

Table  2-2 and Table  2-4Ἅlists reserved  parameter  names that  are internally  updated  as needed ; Table 

2-3 detail s dependence s for  certain  reserved  parameter  names. An exception  is thrown  when  a re-

served  parameter  name is used for  a user-defined  parameter  name.  The following example uses the 

reserved parameter Ἅnames Yobs , Ycalc  and XἍ˅ ͔ΡἍweighting : 

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

 

Ǚȹʀ̞ʤἍᴟᶓᴟʒἍƾʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεʒ 

Name  Description  

A_star , B_star , C_star  f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍ̞ ʤ̓ːχ˜εἍ͔ Ἅ˅χ˜ʤἍΡʤʈ˯ΘΡ͔ʈȹ̞Ἅ̞ ȹχχ˯ʈʤἍУʤʈχ͔Ρεʒ 

Change  Return s the change  in a parameter  at the end of  a refinement  itera-

tion.  Change  can only  appear  in the equation s update  and  

stop _when . 

D_spacing  f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍʓᶓεΘȹʈ˯̓ːἍ͔ Ἅ˅Θ˜ȹεʤἍΘʤȹε̕Ἅ˯Ἅ̓%ʒ 

H ἍʑK ἍʑL ἍʑM ˜̕Ἅ̞ȹ̓ʓἍ̼ Ϣ̞χ˯Θ̞˯ʈ˯χеἍ͔ Ἅ˅Θ˜ȹεʤἍΘʤȹε̕ʒ 

Iter ἍʑCycle ἍʑCycle _Iter  ƾʤχϢΡ̓εἍχ˜ʤἍʈϢΡΡʤ̓χἍ˯ χʤΡȹχ˯͔̓Ἅʑχ˜ʤἍʈϢΡΡʤ̓χἍʈеʈ̞ʤἍȹ̓ʓἍχ˜ʤἍʈϢΡΡʤ̓χἍ˯ χʤΡȹᶓ

χ˯͔̓ἍЧ˯χ˜˯̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍʈеʈ̞ʤἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍfȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ȹ̞̞ἍʤΞϢȹᶓ

χ˯͔̓εʒ 

Lam f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍЧȹУʤ̞ʤ̓ːχ˜ἍloἍ͔ Ἅ˅χ˜ʤἍʤ̼ε˯ε˯͔Ἅ̓ΘΡ͔˅˯̞ʤἍ̞ ˯̓ʤἍЧ˯χ˜Ἅχ˜ʤἍ

̞ȹΡːʤεχἍlaἍУȹ̞Ϣʤᶾ 

Lpa ἍʑLpb ἍʑLpc  f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍa ἍʑbἍȹ̓ʓἍcἍ̞ ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍΡʤεΘʤʈχ˯Уʤ̞еᶾ 

Mi Ἅ̓˯ χʤΡȹχ͔ΡἍϢεʤʓἍ˅͔ΡἍ̼ Ϣ̞χ˯Θ̞˯ʈ˯χ˯ʤεʒἍǋʤʤἍχ˜ʤἍPOἍ̼ ȹʈΡ͔Ἅ͔ Ἅ˅ǙſƵ ǋᶾăŪfἍ˅ ͔ΡἍ

ȹἍ̓ʤаȹ̼Θ̞ʤἍ͔ Ἅ˅˯ χεἍϢεʤ ʒ

Peak_Calculation _Step  ƾʤχϢΡ̓Ἅχ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓ἍεχʤΘἍ˅͔ ΡἍΘ˜ȹεʤἍΘʤȹε̕ʑἍεʤʤἍx_calculation _step  ʒ

QR_Removed Ἅʑ fȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓χ˜ʤἍquick _refine _removeἍʤΞϢȹχ˯͔̓ᶾ 
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QR_Num_Times_Consecutively _Small  

R ἍʑRi Ǚ̃ ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓ἍχЧἍ͔ε˯ χʤεἍRἍȹ̓ʓἍȹἍ̓˯ χʤΡȹχ͔ΡἍRi ἍʒǦεʤʓἍ˯Ἅ̓χ˜ʤἍʤΞϢȹᶓ

χ˯͔̓ἍΘȹΡχἍ͔ Ἅ˅atomic _interaction Ἅʑbox _interaction Ἅȹ̓ʓἍgrs_interaction  ʒ

Rp ἍʑRs ƵΡ˯̼ȹΡеἍȹ̓ʓἍεʤʈ͔̓ʓȹΡеἍʓ˯˅˅Ρȹʈχ͔̼ʤχʤΡἍΡȹʓ˯ϢεἍΡʤεΘʤʈχ˯Уʤ̞еᶾ 

T f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍʈϢΡΡʤ̓χἍχʤ̼ΘʤΡȹχϢΡʤἍʑʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ȹ̞̞ἍʤΞϢȹχ˯͔̓εʒ 

Th f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍ̂ΡȹːἍːȹ̓ː̞ʤἍᵽ˯Ἅ̓Ρȹʓ˯ȹ̓εᵾἍ͔ Ἅ˅̃ ̕Ἅ̞Θʤȹε̕ʒἍ 

X ἍʑX1ʑἍX2 f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍ̼ ʤȹεϢΡʤʓἍаᶓȹаε˯ʑἍχ˜ʤἍεχȹΡχἍȹ̓ʓἍχ˜ʤἍʤ̓ʓἍ͔ Ἅ˅χ˜ʤἍаᶓ

ȹаε˯ἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍXἍ˯εἍϢεʤʓἍ˯ Ἅ̓fit _obj εɱἍʤΞϢȹχ˯͔̓εἍȹ̓ʓἍχ˜ʤἍЧʤ˯ː˜χ˯̓ːἍ

ʤΞϢȹχ˯͔̓ᶾἍX1Ἅȹ̓ʓἍX2ἍʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ȹ̞̞ἍxddἍʓʤΘʤ̓ʓʤ̓χἍʤΞϢȹχ˯͔̓ᶾ 

Xo f͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍʈϢΡΡʤ̓χἍΘʤȹἍ̕Θ ε͔˯ χ˯͔̓Ἅ᷄χ˜ε˯Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔ᴟǙ̃ Ἅʓʤᶓ

ːΡʤʤεἍ˅ ͔ΡἍаᶓΡȹеἍʓȹχȹ ʒ

Val ƾʤχϢΡ̓εἍχ˜ʤἍУȹ̞ϢʤἍ͔ Ἅ˅χ˜ʤἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍΘȹΡȹ̼ʤχʤΡᶾἍ 

Yobs ἍʑYcalc ἍʑSigma Yobs  ſʀεʤΡУʤʓἍʑfȹ̞ʈϢ̞ȹχʤʓἍȹ̓ʓἍʤεχ˯̼ȹχʤʓἍεχȹ̓ʓȹΡʓἍʓʤУ˯ȹχ˯͔̓Ἅ˯ Ἅ̓Yobs Ἅ᷄ʈȹἍ̓

ʀʤἍϢεʤʓἍ˯Ἅ̓χ˜ʤἍЧʤ˯ː˜χ˯̓ːἍʤΞϢȹχ˯͔̓ᶾ 

 

Ǚȹʀ̞ʤἍᴟᶓᴡʒ ƵȹΡȹ̼ʤχʤΡεἍχ˜ȹχἍ͔ ΘʤΡȹχʤἍ͔ Ἅ̓Θ˜ȹεʤἍΘʤȹε᷄̕ἍʓʤΘʤ̓ʓʤ̓ʈ˯ʤεἍȹΡʤἍ̓ ͔χἍε̃ ͔Ч̓ᶾ 

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

lor_fwhm  

gauss_fwhm  

hat 

one_on_x_conv  

exp_conv _con st 

circle s_conv  

stacked _hats_conv  

user_defined _convolution  

th2_off set 

scale_pks 

h1, h2, m1, m2 

spv_h1, spv_h2, spv_l1, spv_l2 

pv_lor  ʑpv_fwhm  

pk_xo 

phase_out , phase_out_X 

scale_top _peak  

set_top _peak _area 

ymin _on_ymax  

la  ʑlo  ʑlh  ʑlg 

modify _peak_eqn 

current _peak_min_x 

current _peak_max_x 

 

Ǚȹʀ̞ʤἍᴟᶓᴢʒ Ƶ̃ ȹεʤἍ˯ ̓χʤ̓ε˯ χеἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεʒ 

Name  Description  

A01 ἍʑA11ʑἍB01 ἍʑB11 ǦεʤʓἍ˅ ͔ΡἍΡʤΘ͔Ρχ˯̓ːἍεχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡἍʓʤχȹ˯̞εἍȹεἍʓʤ˅˯̓ʤʓἍ˯Ἅ̓ʤΞϢȹχ˯͔̓εἍᵽ17-

5ȹᵾἍ ȹ̓ʓἍ ᵽ17-5ʀᵾʑἍ εʤʤἍ χ̃ ʤἍ ̼ȹʈΡ͔εἍ Out_F2_Detail sἍ ȹ̓ʓἍ

Out_A01_A11_B01_B11ʒἍ 

Iobs_no_scale _pks  

Iobs_no_scale _pks_err  

ƾʤχϢΡ̓εἍχ˜ʤἍ͔ ʀεʤΡУʤʓἍ˯ ̓χʤːΡȹχʤʓἍ˯ ̓χʤ̓ε˯ χеἍ͔ Ἅ˅ȹἍΘ˜ȹεʤἍΘʤȹἍ̕ȹ̓ʓἍ˯ χεἍȹεᶓ

ε͔ ʈ˯ȹχʤʓἍʤΡΡ͔ΡἍЧ˯χ˜͔ϢχἍȹ̓еἍscale_pksἍȹΘΘ̞˯ʤʓᶾἍIobs_no_scale _pksἍ˅ ͔ΡἍ

Θ˜ȹεʤἍΘʤȹἍͪ̕Ἅ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍϢε˯ ̓Ἅːχ˜ʤἍƾ˯ ʤχУʤ̞ʓἍʓʤʈ͔̼Θ͔ε˯ χ˯͔̓Ἅ˅͔Ρ̼Ϣ̞ȹʤἍʑ

͔Ρʑ 

ᴞIobs_no_scale _pksἍḃἍËʤχᵽscaleᵾἍ
В ȟ ȟ

ȟ
Ἅ 
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Ч˜ʤΡʤἍƵБðͪ Ἅ˯εἍχ˜ʤἍΘ˜ȹεʤἍΘʤȹἍͪ̕Ἅʈȹ̞ʈϢ̞ȹχʤʓἍȹχἍχ˜ʤἍаᶓȹаε˯ἍΘ ε͔˯ χ˯͔̓ἍБʒἍǙ̃ ʤἍ

εϢ̼̼ȹχ˯͔̓ἍSаἍʤаχʤ̓ʓεἍ͔ УʤΡἍχ˜ʤἍаᶓȹаε˯Ἅʤаχʤ̓χἍ͔ Ἅ˅χ˜ʤἍΘʤȹἍͪ̕ ἍʒἍː ͔͔ʓἍ˅ ˯χἍ

χἍ͔χ˜ʤἍ͔ ʀεʤΡУʤʓἍʓȹχȹἍΡʤεϢ̞χεἍ˯ Ἅ̓ȹἍ̓Iobs_no_scale _pksἍʀʤ˯̓ːἍȹΘΘΡ͔а˯ᶓ

̼ȹχʤ̞еἍʤΞϢȹ̞ἍχἍ͔I_no_scale _pks  ʒ

I_no_scale _pks  Ǚ̃ ʤἍă̓ χʤːΡȹχʤʓἍ˯ ̓χʤ̓ε˯ χеἍЧ˯χ˜͔ϢχἍscale_pksἍʤΞϢȹχ˯͔̓εʑἍ͔ ΡʑἍ 

ᴞI_no_scale _pksἍḃἍËʤχᵽscaleᵾἍI 

I_after _scale _pks  Ǚ̃ ʤἍă̓ χʤːΡȹχʤʓἍ˯ ̓χʤ̓ε˯ χеἍЧ˯χ˜Ἅscale_pksἍʤΞϢȹχ˯͔̓εἍȹΘΘ̞˯ʤʓᶾ 

ᴞI_after _scale _pksἍἍḃἍËʤχᵽscaleᵾἍI Ëʤχᵽall_scale_pksᵾ 

ΡʤχϢΡ̓εἍχ˜ʤἍʈϢ̼Ϣ̞ȹχ˯УʤἍУȹ̞ϢʤἍ͔ Ἅ˅ȹ̞̞Ἅscale_pksἍʤΞϢȹχ˯͔̓εἍȹΘΘ̞˯ʤʓἍχἍ͔ȹἍ

Θ˜ȹεʤἍʒ 

ᴞᵾἍIἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔IἍ͔ Ἅ˅hkl_Is Ἅʑxo_IsἍȹ̓ʓἍd_IsἍΘ˜ȹεʤεἍ͔ ΡἍᵽMἍÇ͔ ʀε
ᴟᵾἍ˅͔ΡἍstrἍΘ˜ȹεʤεʒ 

2.19  ..... ȆȹἍ̞ȹ̓ʓἍf˜ȹ̓ːʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤε 

ValἍ˯εἍȹἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍ˅ ͔ΡἍ̓Ϣ̼ʤΡ˯ʈἍУȹ̞ϢʤἍ͔ Ἅ˅ȹἍΘȹΡȹ̼ʤχʤΡἍʓϢΡ˯̓ːἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍChange Ἅ˯εἍȹἍ

ΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍ˅ ͔ΡἍχ˜ʤἍʈ˜ȹ̓ːʤἍ˯Ἅ̓ȹἍΘȹΡȹ̼ʤχʤΡἍȹχἍχ˜ʤἍʤ̓ʓἍ͔ Ἅ˅ȹἍ̓˯ χʤΡȹχ˯͔̓ἍȹεἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍ

͔̓ᶓ̞̓ ˯̓ʤȹΡἍ̞ ʤȹεχἍεΞϢȹΡʤεʒἍVal can only  be used in the attribute  equation s min, max, del , update , 

stop _when  and val_on_continue . Change  can only  be used in the  attribute  equation s update  and 

stop _when ἍʒÇ͔ΡἍexample : 

min  0.0001  
max = 100;  
max = 2 Val  + 0.1;  
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;  

2.20  .... Ǚ˜ʤἍᶭ̞͔ȹʓἍᶃἍᶄᶭἍ̕ʤеЧ͔ΡʓἍȹ̓ʓἍȹχχΡ˯ʀϢχʤἍʤΞϢȹχ˯͔̓ε 

" loadἍ{ }" allows for loading keywords of the same type by typing the keywords once, for example, Ἅ

excludeἍin the following input segment:  

xdd    exclude  20 22   exclude  32 35   exclude  45 47  

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

xdd    load  exclude  { 20 22 32 35 45 47 }  

ă̓ Ἅε͔̼ʤἍʈȹεʤεᶽἍȹχχΡ˯ʀϢχʤἍʤΞϢȹχ˯͔̓εἍȹΡʤἍ̞͔ȹʓʤʓἍʀеἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡἍ˯χεʤ̞˅ᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍ˯̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

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

theἍprmἍwill load the attribute. In the following , however, loadἍЧ˯̞̞Ἅ̞͔ȹʓἍχ˜ʤἍminᶏmaxἍȹχχΡ˯ʀϢχʤε: 
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load  sh_Cij_prm  {  
   y00  !sh_c00 1  
   y20   sh_c20 0.26202642  min  0 max 1 
   y40   sh_c40 0.06823548  
   ...  
}  

In this caseἍloadἍdoes not contain ἍminᶏmaxἍand the parameter will load its attributes. Ἅ 

2.21 ..... Ǚ˜ʤἍᶭ̼͔УʤḚχ͔Ἅ̕ײʤеЧ͔ΡʓᶭἍ̕ʤеЧ͔Ρʓ 

move _toἍprovides a means of entering parameter attributes without having to first load Ἅthe parameter  

(seeἍKeep_Atom _Within _BoxἍmacro ). The site dependent ἍADPs_Keep_PDἍmacro , definesἍminᶏmaxἍlim-

its; here  is part of that macro:  

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

$keyword of Ἅmove _toἍcan be any object in the internal data tree .  

2.22  .... Ϣχ͔̼ȹχ˯ʈȹ̞̞еἍεȹУ˯̓ːἍȹ̓ʓἍ̞͔ȹʓ˯̓ːἍΘȹΡȹ̼ʤχʤΡεἍᶓload_save_locals Ἅ 

[ load_save_locals ]  Examples 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒŗſ qᶓǋ Ȇ|ᶓŗſf ŗǋἍᶒŗǋŗᶾăŪƵ 

ƵȹΡȹ̼ʤχʤΡεἍː˯Уʤ̓ἍϢ̓˯ΞϢʤἍ̓ȹ̼ʤεἍУ˯ȹἍlocalἍЧ˯χ˜˯̓ἍᶮforἍᶃᶄᶯἍ̞͔͔ΘεἍʈȹ̓ἍʀʤἍȹϢχ͔̼ȹχ˯ʈȹ̞̞еἍεȹУʤʓἍȹ̓ʓἍΡʤ̞͔ȹʓʤʓἍ

˅͔ΡἍεϢʀεʤΞϢʤ̓χἍΡʤ˅˯̓ʤ̼ʤ̓χεἍϢε˯̓ːἍχ˜ʤἍload_save_locals Ἅ̕ ʤеЧ͔ΡʓᶾἍÇ͔ΡἍʤаȹ̼Θ̞ʤᶽ 

load_save_locals  
xdd¡ 

str ¡ phase_name p1 
str ¡  phase_name p2 
for strs {  

site Ca1 x  o;9TP S}TUV ¡ 
}  

ßʤΡʤἍȹΡʤἍχЧ͔ἍstrᶫεἍȹ̓ʓἍχЧ͔Ἅ̞͔ʈȹ̞ἍxἍʈ͔͔Ρʓ˯̓ȹχʤἍΘȹΡȹ̼ʤχʤΡεἍʓʤ˅˯̓ʤʓἍϢε˯̓ːἍχ˜ʤἍײἍʈ˜ȹΡȹʈχʤΡᶽἍʀϢχἍ͔̞̓еἍ͔̓ʤἍ

Уȹ̞ϢʤἍ˯εἍεȹУʤʓἍχ͔Ἅχ˜ʤἍſǦǙἍ˅˯̞ʤᶾἍload_save_localsἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔ἍεȹУʤἍʀ͔χ˜ἍУȹ̞ϢʤεἍχ͔ἍȹἍ˅˯̞ʤἍʈȹ̞̞ʤʓἍ

ăŪƵḚÇăŗ|ᶾſǦǙḚǋŗἍᵽ̓ ͔χʤἍχ˜ʤἍſǦǙḚǋŗἍ˅˯̞ʤἍʤаχʤ̓ε˯͔̓ᵾʒ Ἅſ̓ἍΡʤΡϢ̓̓˯̓ːἍχ˜ʤἍăŪƵἍ˅˯̞ʤᶽἍχ˜ʤἍΘΡ͔ːΡȹ̼Ἅʈ˜ʤʈ̕εἍ˅ ͔ΡἍ

ăŪƵḚÇăŗ|ᶾǋŗἍand, if found, reads pȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεἍ˅Ρ͔̼Ἅ˯χᶾἍἍǙ˜ʤἍËǦăἍʈ͔Θ˯ʤεἍăŪƵḚÇăŗ|ᶾſǦǙḚǋŗἍχ͔Ἅ

ăŪƵḚÇăŗ|ᶾǋŗ when parameter values are kept after refinement ᶾἍƵȹΡȹ̼ʤχʤΡεἍȹΡʤἍ˯ʓʤ̓χ˯˅˯ʤʓἍʀеἍχ˜ʤἍxdd Ἅ˅ ˯̞ʤἍ

̓ȹ̼ʤἍȹ̓ʓἍχ˜ʤἍΘ˜ȹεʤἍ̓ȹ̼ʤ᷄Ἅ˅͔ΡἍƾ ȉἍ˅ ˯̞ʤεʑ Ἅχ˜ʤἍrange Ἅ̓ Ϣ̼ʀʤΡἍ˯εἍȹ̞ε͔ἍεȹУʤʓᶾἍ ̞χʤΡ̓ȹχ˯Уʤ̞еᶽἍχ˜ʤἍxddἍʓʤᶓ

Θʤ̓ʓʤ̓χἍ̕ʤеЧ͔ΡʓἍxdd_tagἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔Ἅ˯ʓʤ̓χ˯˅еἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡεἍinstead of the xdd  file name /range 

numberᶾἍǙ˜˯εἍ˯εἍϢεʤ˅Ϣ̞ἍЧ˜ʤ̓Ἅxdd Ἅ˅ ˯̞ʤἍ̓ȹ̼ʤεἍȹΡʤἍχ˜ʤἍεȹ̼ʤἍȹεἍ˯̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 
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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;  
¡ 

}  

Ƶ˜ȹεʤἍ̓ȹ̼ʤεἍЧ˯χ˜˯̓ἍȹἍː˯Уʤ̓Ἅxdd Ἅ̼ ϢεχἍʀʤἍϢ̓˯ΞϢʤᶾἍŗ͔ȹʓḚ|Уȹ̞ἍʤУȹ̞ϢȹχʤεἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡἍ˯ἍȹχἍ̞͔ȹʓἍχ˯̼ʤἍȹ̓ʓἍ

Θ̞ȹʈʤεἍχ˜ʤἍΡʤεϢ̞χἍ˯̓χ͔Ἅχ˜ʤἍxddἍʓʤΘʤ̓ʓʤ̓χἍxdd_tagᶾἍ Ἅ̼͔ΡʤἍʈ͔̼Θ̞ʤχʤἍʤаȹ̼Θ̞ʤᶽἍŗſ qᶓǋ Ȇ|ᶓŗſf ŗǋἍ

ᶒŗǋŗᶾăŪƵ, defines all refined values as local:  

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 xdd s. 

2.23  .... Ǧε˯̓ːἍ̞͔ʈȹ̞Ἅχ͔Ἅȹεε˯εχἍ˯̓ἍϢε˯̓ːἍᶮ˅͔ΡἍᶾᶾᶾἍᶃᶄᶯἍ̞͔͔Θε 

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 
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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 use two independent parameters  instead , 

$ can be used to make the parameter local  to each str , see ƵſᶓfſŪǋǙƾ ăŪ|qᶓfƾ| Ǚ|ᶾăŪƵ and Ƶſᶓ

ÇſƾᶾăŪƵ in the Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵſᶓfſŪǋǙƾ ăŪ|q 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  {  
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 fᶅor strs ;ʟ see ƵſǋßᶓfſŪǋǙƾ ăŪ|qᶓfƾ|ᶓ

Ǚ|ᶾăŪƵ and ƵſǋßᶓÇſƾᶾăŪƵ in the Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵſᶓfſŪǋǙƾ ăŪ|q directory . 

2.24  .... ͔ ϢχḚʓʤΘʤ̓ʓʤ̓ʈʤεἍȹ̓ʓἍ͔ϢχḚʓʤΘʤ̓ʓʤ̓ʈʤεḚ˅ ͔Ρ 

[out_dependence s $user_string ] 

[out_dependence s_for  $user_string  $object _name] 

out_dependence s output s dependence s for  the  most previou sly defined  prm  or local . For example , 

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;  

produce s 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_dependences _for  is similar  except  that  it  names an object  that  is not  a parameter , for  example , 

the following  lists independent  refined  parameter s associated  with  the most recently  defined  rigid  

body : 
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rigid  ...  out _dependen ce s_for  tag _1 rigid  

Many $object _name sʟ 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-parameter s can be tagged,  these include  site, rigid , sites_restrain , 

lat_prm s, gauss_conv , lor_conv , all_scale_pks, th2_off set_eqn etc.  

2.25  .... Ǚ˜ʤἍ̓ϢḚ̼ΡϢ̓εἍ̕ʤеЧ͔ΡʓἍȹ̓ʓἍΘΡʤΘΡ͔ʈʤεε͔ΡἍεΘʤʈ˯˅˯ʈε 

 

[num_runs  !E] 

[out_file  = $ E] 

[system _before _save_OUT { $system _commands }  ᶁ  θ

[system _after _save_OUT { $system _commands }  ᶁ  θ

By default , an INP file  is run  once;  num_runs change sʟ this behavio ur, restarting the refinement  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.  Equation s may simplify to a constant during  a run, or the Constant  

function  can be used to prevent the parameter  from being refined.  From Ǚ ᶾ|Ȑ| and Launch  mode , 

the Rwp  is appended  so that is resembles 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  

produce s on execution  the following:  

 

out_file  determine s the  name of  the output  file  written on refinement  termination . The OUT file  is a 

copy of the INP file  with  update d parameter  value s. out_file  default s to the INP file name but  with  an 

OUT exten sion.  If  num_runs > 1 and out_file  is not  defined , no OUT file  is saved  -  useful when one is 

not needed.  out_file  must evaluate to a string;  for example : 

out _file    aac.out   ª This  will  throw  an exception  



Parameters 20 

 

20  Parameters 

 

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"),  "");  

The standard  macro  Save_Best uses out_file  as follow s: 

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 execute s system command s defined  in $system_command s just before 

the *.OUT file  is written from the directory  of  the  INP file.  $system_command s can contain any oper-

ating  system command s. The macro  Backup _INP uses system_before _save_OUT and is defined  in 

ǙſƵ ǋᶾăŪf as: 

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

system_after _save_OUT execute s the system command s defined  in $system_command s just after  

the *.OUT file  is updated.  

2.25.1  .......... Reserved  macro  names  

The following  are internally  generated  macro s that  can be used in INP file s. 

ROOT : Return s the root  directory  of  the  program.  

INP_File : Return s current  INP file  name without  a path  or exten sion.  

Run_Number  : Return s the current  run  number.  

File_Can_Open($file)  : Return s 1 if  $file  can be opened , or 0 of  it can't  be opened.  

Running  an INP file  called  fᶾăŪƵ from  Ǚfʒ|Ȑ| where  fᶾăŪƵ compri ses: 

ROOT INP_File  Run_Number File _Can_Open(aac.xy)  

and fᶾȐȖ exists will  produce  in ǙfᶾŗſË the following:  

c: \ topas - 6\  aac  0 1 
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2.25.2  ......... The  #list  directive  ᶔ creating  arrays  of  macros  

#list create s array s of  macro s than  can be expanded  depending  on the value  of  an implied  argument.  

For example , the  following  create s three  macro array s named File_Name, Temperature  and Time. 

#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 macro  invoked  depend s on its fir st argument , which  is implied  for File_Name and Time. For Tem-

perature , the fir st argument  is also the implied  argument . When invoked , the fir st argument  is a #type  

equation  evaluating to an integer ; for example, for  File_Name: 

xdd  File _Name(Run_Number)  

Curly  bracket s, as seen in the above  #list, can be used as delimiter s; the following : 

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

produce s on expan sion  ᷁

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

Using curly  bracket s as delimiter s allow s curly  bracket s them selves to be part  of  the macro  body.   

2.25.3  ......... Getting the number of items in a #list using #list_n  

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)  

2.25.4  ......... The  File_Variable  and  File_Variables  macro  

The File_Variable  macro  runs a series of  refinements with  initial parameter s values changing  in a user-

defined  manner  between  runs; it is defined  in ǙſƵ ǋᶾăŪf as: 
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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 follow s  ᷁

File _Variable(occ,  0,  0.1)  

will generate  a file  called  ſffᶾǙȐǙ for  each  Run with  value s ranging  from  0.1 to 1 in steps of  0.1. A 

#prm  is defined  each  run with  the corre sponding  value s. #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 file s each  generated  with  a different  occupancy  for  the  Ce1 site as determined  

by the occ  #prm . The names of  the file s would  be ſffᴝʒ ȐȖ to ſffᴞᴝʒȐȖ. Additionally , using system_af-

ter_save_OUT the file  fᶾſǦǙ will  contain  a concatenation  of  all the *.OUT file s. To iterate  over  two  

variable s, pa and pb say, then  the File_Variable s macro , defined  in ǙſƵ ǋᶾăŪf 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 follow s: 

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 Ƶ Ƶ^ᶾǙȐǙἍFile contain s: 

(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)  
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3.  .. |ƼǦ ǙăſŪἍſƵ|ƾ ǙſƾǋἍŪqἍÇǦŪfǙăſŪǋ 
 

Ǚȹʀ̞ʤἍᴡᶓᴞʒἍſΘʤΡȹχ͔ΡεἍȹ̓ʓἍ˅ Ϣ̓ʈχ˯͔̓εἍεϢΘΘ͔ΡχʤʓἍ˯Ἅ̓ʤΞϢȹχ˯͔̓εἍᵽʈȹεʤἍεʤἐ˯ χ˯УʤᵾᶾἍă̓Ἅȹʓʓ˯χ˯͔̓ἍʑʤΞϢȹχ˯͔̓εἍ

ʈȹἍ̓ʀʤἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅ǦεʤΡἍʓʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεʒ 

Arithmetic  

ḅʑἍᶓʑἍḞʑἍᶏ Ƶ̞ ϢεʑἍŢ˯̓ϢεʑἍŢϢ̞χ˯Θ̞еἍʑq˯ У˯ʓʤἍʒŢϢ̞χ˯Θ̞еἍ˯εἍ͔ Θχ˯͔̓ȹ̞ἍʑаḞеἍḃἍаἍе 

ḝ аḝеᶽἍfȹ̞ʈϢ̞ȹχʤεἍаἍχ͔Ἅχ˜ʤἍΘ͔ЧʤΡἍ͔˅ἍеᶾἍƵΡʤʈʤʓʤ̓ʈʤ᷁ἍἍἍ 

аḝеḝэἍḃἍᵽаḝеᵾḝэᶽἍἍἍἍἍаḝеḞэἍḃἍᵽаḝеᵾḞэᶽἍἍἍἍἍаḝеᶏэἍḃἍᵽаḝеᵾᶏэ 

Conditional  

ȹἍḃḃἍʀ ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅ȹἍḃἍʀ 

ȹἍ᷿ἍʀἍ ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅ȹἍ᷿Ἅʀ 

ȹἍ᷿ ḃἍʀ ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅ȹἍḁἍʀ 

ȹἍḀἍʀ ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅ȹἍḀἍʀ 

ȹἍḀḃἍʀ ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅ȹἍḂἍʀ 

̓ʓᵽȹἍʑʀʑἍθᵾ ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅ȹ̞̞ἍȹΡːϢ̼ʤ̓χεἍȹΡʤἍ̓ ͔ᶓ̓эʤΡ͔ 

ſΡᵽȹʑἍʀʑἍθ ) ƾʤχϢΡ̓εἍᴞἍ˯Ἅ˅͔ ̓ʤἍ͔ ΡἍ̼ ͔ΡʤἍȹΡːϢ̼ʤ̓χἍ˯εἍ̓ ͔ᶓ̓эʤΡ͔ 

Mathematical  

Ρʈf͔ εᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍȹΡʈἍʈε͔Ἅ͔ Ἅ˅аἍᵽᶓᴞἍ᷿ ḃἍаἍ᷿ ḃἍᴞᵾ 

Ρʈǋ˯ ̓ᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍȹΡʈἍε˯ ̓ʤἍ͔ Ἅ˅аἍᵽᶓᴞἍ᷿ ḃἍаἍ᷿ ḃἍᴞᵾ 

ΡʈǙȹ̓ᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍȹΡʈἍχȹ̓ːʤ̓χἍ͔ Ἅ˅а 

ΡʈǙȹᴟ̓ᵽеʑаᵾ Return s arc  tangent  of  y/x 

f͔ εᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍʈε͔˯ ̓ʤἍ͔ Ἅ˅а 

f͔ ε̃ ᵽаᵾ Hyperbolic  cosine 

|ΡḚ˅ΘΘΡ͔аᵽаᵾ |ΡΡ͔ΡἍ˅ Ϣ̓ʈχ˯͔̓ 

Erfc _Approx   Complementary  error  function  

|аΘᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍʤаΘ͔̓ʤ̓χ˯ȹ̞ἍʤἍχἍ͔χ˜ʤἍа 

Gamma_Approx(x)  ƾʤχϢΡ̓Ἅχ˜ʤἍËȹ̼̼ȹἍ͔ Ἅ˅а 

Gamma_Ln_Approx(x)  Return s the natural  logarithm  of  the gamma  function  

Ëȹ̼̼ȹḚƵᵽȹʑἍаᵾ Return s the incomplete  Gamma function  P(a, x) 

Ëȹ̼̼ȹḚƼᵽȹʑἍаᵾ Return s the incomplete  Gamma function  Q(a, x) = 1-P(a,x) 

ŗ̓ ᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍ̓ ȹχϢΡȹ̞Ἅ̞ ͔ːȹΡ˯χ˜̼Ἅ͔ Ἅ˅а 

ǋ˯ ̓ᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍε˯ ̓ʤἍ͔ Ἅ˅а 

ǋ˯ ̓˜ᵽаᵾ Hyperbolic  sine 

ǋΞΡχᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍΘ ε͔˯ χ˯УʤἍεΞϢȹΡʤἍΡ͔͔χ 

Ǚȹ̓ᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍχȹ̓ːʤ̓χἍ͔ Ἅ˅а 

Ǚȹ̓˜ᵽаᵾ Hyperbolic  tangent  

Special  
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Ç͔ ΡᵽMiἍḃἍᴝʑἍMiἍ᷿ἍM ἍʑMiἍḃἍMiḅᴞἍʑἍθᵾ 

Ëʤχᵽ̕ײʤеЧ͔Ρʓᵾ ËʤχεἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡἍȹεε͔ʈ˯ȹχʤʓἍЧ˯χ˜Ἅ̕ײʤеЧ͔Ρʓ 

ă˅ ᵽʈ͔̓ʓ˯χ˯͔̓ȹ̞ḚχʤεχʑἍΡʤχϢΡ̓ἍχΡϢʤḚʤΞ̓ʑἍΡʤχϢΡ̓Ἅ˅ ȹε̞ʤḚʤΞ̓ᵾ 

ǋϢ̼ᵽΡʤχϢΡ̓εἍεϢ̼̼ȹχ˯͔̓ḚʤΞ̓ʑἍ˯ ̓˯χ˯ȹ̞˯эʤΡἍʑʈ͔̓ʓ˯χ˯͔̓ȹ̞ḚχʤεχʑἍ˯ ̓ʈΡʤ̼ʤ̓χḚʤΞ̓ᵾ 

Mi scellaneous  

ʀεᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍȹʀε͔ ̞ϢχʤἍУȹ̞ϢʤἍ͔ Ἅ˅а 

Ρ̂ʤȹ̕ fȹἍ̓ʀʤἍϢεʤʓἍχἍ͔χʤΡ̼˯̓ȹχʤἍ̞ ͔͔ΘεἍ˯ ̼Θ̞˯ʤʓἍʀеἍχ˜ʤἍʤΞϢȹχ˯͔̓εἍatomic _in-

teraction Ἅʑbox _interaction Ἅȹ̓ʓἍgrs_interaction  ʒ

Ρ̂ʤȹ̕Ḛfеʈ̞ʤ fȹἍ̓ʀʤἍϢεʤʓἍχἍ͔χʤΡ̼˯̓ȹχʤἍȹἍrefinement  cycle ἍʒÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍȹἍΡʤ˅˯̓ʤᶓ

̼ʤ̓χἍʈеʈ̞ʤἍʈȹἍ̓ʀʤἍχʤΡ̼˯̓ȹχʤʓἍʓʤΘʤ̓ʓ˯̓ːἍ͔ Ἅ̓χ˜ʤἍУȹ̞ϢʤἍ͔ Ἅ˅ȹἍΘʤ̓ȹ̞χеἍȹεἍ

˅͔̞̞͔Чε᷁ 

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

f͔̓ʈȹχᵽȹᶽἍʀᶽἍʈᶽἍᶿᵾ Concatenates  strings; the arguments can be parameters or strings. If 

an argument, then the value of the parameter is converted to a string.  

|ΡΡ͔ΡᵽΘᵾ ƾʤχϢΡ̓εἍȹεε͔ʈ˯ȹχʤʓἍʤΡΡ͔ΡἍ͔˅ἍΘȹΡȹ̼ʤχʤΡἍΘᶾ 

ȹἍḃἍŗ͔ȹʓḚ|Уȹ̞ᵽʀᵾ |Уȹ̞ϢȹχʤεἍʀἍ͔̓Ἅ̞͔ȹʓ˯̓ːἍȹ̓ʓἍΘ̞ȹʈʤεἍχ˜ʤἍΡʤεϢ̞χἍ˯̓Ἅȹᶾ 

ŢȹаᵽȹᶽʀᶽʈἍ¡ᵾ ƾʤχϢΡ̓εἍχ˜ʤἍ̼ȹаἍ͔˅Ἅȹ̞̞ἍȹΡːϢ̼ʤ̓χε ʒ

Ţ˯̓ᵽȹᶽʀᶽʈἍ¡ᵾ ƾʤχϢΡ̓εἍχ˜ʤἍ̼˯̓Ἅ͔˅Ἅȹ̞̞ἍȹΡːϢ̼ʤ̓χε ʒ

Ţ͔ʓᵽаᶽἍеᵾ ƾʤχϢΡ̓εἍχ˜ʤἍ̼͔ʓϢ̞ϢεἍ͔˅ἍаᶏеᶾἍŢ͔ʓᵽаᶽἍᴝᵾἍΡʤχϢΡ̓εἍᴝ ʒ

Obj_There(a)  ƾʤχϢΡ̓εἍᴞἍ˯˅Ἅ͔ʀ̍ʤʈχἍᶪȹᶫἍʤа˯εχεἍЧ˯χ˜˯̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍεʈ͔Θʤ ʒ

Prm_There(a)  ƾʤχϢΡ̓εἍᴞἍ˯˅ἍΘΡ̼ᶏ̞͔ʈȹ̞ἍᶪȹᶫἍʤа˯εχε ʒ

ƾȹ̓ʓᵽȹᶽἍʀᵾ ƾʤχϢΡ̓εἍȹἍϢ̓˯˅͔Ρ̼ἍʓʤУ˯ȹχʤἍΡȹ̓ʓ͔̼Ἅ̓Ϣ̼ʀʤΡἍʀʤχЧʤʤ̓ἍȹἍᵱἍʀ ʒ

ƾȹ̓ʓḚŪ͔ Ρ̼ȹ̞ᵽ̼ʤȹ̓ᶽεχʓᵾ Returns a random number with a normal distribution with a mean of 

ᶪ̼ʤȹ̓ᶫἍȹnʓἍεχȹ̓ʓȹΡʓἍʓʤУ˯ȹχ˯͔̓Ἅ͔˅Ἅᶪεχʓᶫ. 

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  

Ǚ͔ḚƵΡ̼ᵽȹᶽἍʀᶽἍʈᶽἍᶿᵾ Concatenates the arguments to form a parameter name and returns 

the corresponding parameter. If an argument is a parameter name, 

then the value of the parameter is converted to a string.  

Ǚ͔ḚǋχΡ˯̓ːᵽȹᵾ |Уȹ̞ϢȹχʤεἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡἍᶪȹᶫἍȹ̓ʓἍʈ͔̓УʤΡχεἍχ˜ʤἍΡʤεϢ̞χἍχ͔ἍȹἍεχΡ˯̓ːᶾ 

ǋ˯ ː̓ᵽаᵾ ƾʤχϢΡ̓εἍχ˜ʤἍε˯ː̓Ἅ͔˅ἍаᶽἍ͔ΡἍэʤΡ͔Ἅ˯˅ἍаἍḃἍᴝ 

ă̓Ἅȹʓʓ˯χ˯͔̓Ἅʑχ˜ʤἍ˅ ͔̞̞͔Ч˯̓ːἍ˅ Ϣ̓ʈχ˯͔̓εἍȹΡʤἍ˯ ̼Θ̞ʤ̼ʤ̓χʤʓ᷁ 

AB_Cyl _Corr (mR), AL_Cyl _Corr (mR) 
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ƾʤχϢΡ̓εἍ Ἅ̂ȹ̓ʓἍŗἍ˅ ͔ΡἍʈе̞˯̓ʓΡ˯ʈȹ̞Ἅεȹ̼Θ̞ʤἍ˯̓χʤ̓ε˯ χеἍʈ͔ΡΡʤʈχ˯͔̓Ἅᵽǋȹʀ˯̓ʤἍʅΨỨȹ˿ʒʑἍᴞᴨᴨᴧᵾἍʒǙ̃ ʤεʤἍ˅Ϣ̓ʈχ˯͔̓εἍ

ȹΡʤἍϢεʤʓἍ˯ Ἅ̓χ˜ʤἍ̼ ȹʈΡ͔εἍCylindrical _I_Correction Ἅȹ̓ʓἍCylindrical _2Th_Correction Ἅʒ|аȹ̼Θ̞ʤἍ

fȖŗfſƾƾᶾăŪƵἍʓʤ̼͔ἐχΡȹχʤεἍϢεȹːʤʒἍÇ͔ ΡἍȹἍ̼ ͔ΡʤἍȹʈʈϢΡȹχʤἍȹ̞χʤΡ̓ȹχ˯УʤἍχἍ͔χ˜ʤἍǋȹʀ˯̓ʤἍʈ͔ΡΡʤʈχ˯͔̓εἍεʤʤἍ

χ˜ʤἍcapillary _diameter _mm convolution  ʒ

Bkg_at (x)  

ƾʤχϢΡ̓εἍχ˜ʤἍУȹ̞ϢʤἍ͔˅Ἅχ˜ʤἍf˜Ϣʀеʈ˜ʤУἍΘ͔̞е͔̼̓˯ȹ̞ᶽἍʓʤ˅˯̓ʤʓἍʀеἍbkgᶽἍȹχἍχ˜ʤἍУȹ̞ϢʤἍаᶾ 

Constant (expression)  

|Уȹ̞ϢȹχʤεἍᶅʤаΘΡʤεε˯͔̓ʟἍ͔ ̓ʈʤἍȹ̓ʓἍχ˜ʤ̓ἍΡʤΘ̞ȹʈʤs Cᶅonstant( expre ssionᵾʟἍЧ˯χ˜Ἅχ˜ʤἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍ̓Ϣᶓ

̼ʤΡ˯ʈἍУȹ̞ϢʤᶾἍȆʤΡеἍϢεʤ˅Ϣ̞ἍЧ˜ʤἍ̓χ˜ʤἍʤаΘʤʈχʤʓἍʈ˜ȹ̓ːʤἍ˯Ἅ̓ȹἍΘȹΡȹ̼ʤχʤΡἍ˯ἐ˯ ː̓˯˅˯ʈȹ̓χ̞еἍȹ˅˅ʤʈχεἍχ˜ʤἍУȹ̞ϢʤἍ

͔Ἅ˅ȹἍʓʤΘʤ̓ʓʤ̓χἍʤΞϢȹχ˯͔̓ἍʑεʤʤἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍχ˜ʤἍTOF_Exponential Ἅ̼ȹʈΡ͔ᶾ 

Ln_Normal _x_at_CD(u, s, v, toll)  

Return s x value  of  a Ln normal  distribution  such  that  x is at the Cumulative  Distribution  value  of  

cᶅd  ʟwhere  u and s are the  mean and standard  deviation  of  the  variable sʟ natural  logarithm.  x is 

calculated  with  a tolerance  in 'cd'  of  'toll';  see Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȉƵƵŢᶒŗŪᶓŪſƾŢ ŗᶓᴞʒ ăŪƵ ʒ

PV_Lor_from _GL(gauss _FWHM, lorentzian _FWHM)  

ƾʤχϢΡ̓εἍχ˜ʤἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̓χΡ˯ʀϢχ˯͔̓Ἅ͔ Ἅ˅ȹἍΘεʤϢʓᶓ͔Ȇ͔ ˯ːχἍȹΘΘΡ͔а˯̼ȹχ˯͔̓ἍχἍ͔χ˜ʤἍȆ͔ ˯ːχἍЧ˜ʤΡʤἍ

ːȹϢεεḚÇȉßŢἍȹ̓ʓἍ̞ ͔Ρʤ̓χэ˯ȹ̓ḚÇȉßŢἍȹΡʤἍχ˜ʤἍÇȉßŢεἍ͔ Ἅ˅χ˜ʤἍËȹϢεε˯ȹἍ̓ȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̓У͔̞ϢχʤʓἍ

χἍ͔˅ ͔ΡἍ̼χ˜ʤἍȆ͔ ˯ːχᶾ 

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 pattern 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)  

ƾʤχϢΡ̓εἍχ˜ʤἍ˯ ̓χʤːΡȹ̞ἍʀΡʤȹʓχ˜ἍΡʤεϢ̞χ˯̓ːἍ˅ Ρ͔Ἅ̼χ˜ʤἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅ͔ Ἅ˅ȹἍËȹϢεε˯ȹἍ̓Ч˯χ˜ἍȹἍŗ͔ Ρʤ̓χэ˯ȹ̓ἍЧ˯χ˜Ἅ

ÇȉßŢεἍ͔ Ἅ˅ː ȹϢεεḚÇȉßŢἍȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓ḚÇȉßŢἍΡʤεΘʤʈχ˯Уʤ̞еᶾ 

Voigt _FWHM_GL(gauss _FWHM, lorentzian _FWHM)  

ƾʤχϢΡ̓εἍχ˜ʤἍȆ͔ ˯ːχἍÇȉßŢἍΡʤεϢ̞χ˯̓ːἍ˅ Ρ͔Ἅ̼χ˜ʤἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅ͔ Ἅ˅ȹἍËȹϢεε˯ȹἍ̓Ч˯χ˜ἍȹἍŗ͔ Ρʤ̓χэ˯ȹ̓ἍЧ˯χ˜Ἅ

ÇȉßŢεἍ͔ Ἅ˅ː ȹϢεεḚÇȉßŢἍȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓ḚÇȉßŢἍΡʤεΘʤʈχ˯Уʤ̞еᶾ 
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Yobs_Avg (x1, x2) 

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)  

ƾʤχϢΡ̓εἍχ˜ʤἍYobsἍУȹ̞ϢʤἍȹχἍχ˜ʤἍаᶓȹаε˯ἍΘ ε͔˯ χ˯͔̓ἍᶍаἍ᷄ʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ȹ̞̞ἍεϢʀἍxddἍʓʤΘʤ̓ʓʤ̓χἍʤΞϢȹχ˯͔̓εʒ 

Yobs _dx _at (#x) : 

ƾʤχϢΡ̓εἍχ˜ʤἍεχʤΘἍε˯ эʤἍ͔ Ἅ˅χ˜ʤἍ͔ ʀεʤΡУʤʓἍʓȹχȹἍȹχἍχ˜ʤἍаᶓȹаε˯ἍΘ ε͔˯ χ˯͔̓ἍᶍаἍ᷄ʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ȹ̞̞ἍεϢʀἍxddἍ

ʓʤΘʤ̓ʓʤ̓χἍʤΞϢȹχ˯͔̓εʒἍă˅Ἅχ˜ʤἍεχʤΘἍε˯ эʤἍ˯Ἅ̓χ˜ʤἍаᶓȹаε˯Ἅ˯εἍʤΞϢ˯ʓ˯εχȹ̓χἍχ˜ʤ̓ἍYobs_dx_atἍ˯εἍʈ͔̓УʤΡχʤʓἍχἍ͔

ȹἍʈ͔ἐχȹ̓χἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχἍ͔χ˜ʤἍεχʤΘἍε˯ эʤἍ˯Ἅ̓χ˜ʤἍʓȹχȹᶾ 

Yobs_Min (x1, x2) 

Returns the m inimum  value of Yobs  between x1 and x2.  

3.1 ....... ɱ ă˅ᶬἍȹ̓ʓἍ̓ʤεχʤʓἍɱă˅Ἅɱεχȹχʤ̼ʤ̓χε 

ăɱ˅Ἅɱεχȹχʤ̼ʤ̓χεἍʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ΘȹΡȹ̼ʤχʤΡἍʤΞϢȹχ˯͔̓εʑἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

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

ăɱ˅ἍɱʈȹἍ̓ȹε̞͔ἍʀʤἍ̓ ʤεχʤʓ᷁ 

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

Ç͔ ΡἍχ˜ε͔ʤἍЧ˜Ἅ͔ȹΡʤἍ˅ ȹ̼˯̞˯ȹΡἍЧ˯χ˜Ἅ˯ ˅ᶏʤ̞εʤἍεχȹχʤ̼ʤ̓χεʑἍχ˜ʤἍIF THEN ELSE ENDIFἍ̼ ȹʈΡ͔εʑἍȹεἍʓʤ˅˯̓ʤʓἍ˯ Ἅ̓

ǙſƵǋʒ ăŪfʑἍʈȹἍ̓ʀʤἍϢεʤʓ᷁ 

IF  a > b THEN 
a ª return  expression  value  

ELSE 
b ª return  expression  value  

ENDIF 

Ţ˯̓Ἅȹ̓ʓἍŢȹаἍ˅ Ϣ̓ʈχ˯͔̓εἍʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ʤΞϢȹχ˯͔̓εʑἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤ ᷁

prm a 0.1  prm b 0.3  
th2 _offset  = Mi n(Max(a,  b,  - 0.2),  0.2);  
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3.2  ...... Ç̞͔ȹχ˯̓ːἍΘ͔˯̓χἍʤаʈʤΘχ˯͔̓ε 

Ἅ̓ʤаʈʤΘχ˯͔̓Ἅ˯εἍχ˜Ρ͔Ч̓ἍЧ˜ʤἍ̓ȹἍ̓˯ ̓Уȹ̞˯ʓἍ˅ ̞͔ȹχ˯̓ːᶓΘ͔˯̓χἍ͔ ΘʤΡȹχ˯͔̓Ἅ˯εἍʤ̓ʈ͔Ϣ̓χʤΡʤʓἍʑʒ˯ʤ ʒ

q˯ У˯ʓʤἍʀеἍэʤΡ͔ 

ǋΞΡχᵽаᵾἍ˅͔ΡἍаἍ᷿Ἅᴝ 

ŗ̓ ᵽаᵾἍ˅͔ΡἍаἍḁἍᴝ 

Ρʈf͔ εᵽаᵾἍ˅͔ΡἍаἍ᷿ἍᶓᴞἍ͔ ΡἍа ḀἍᴞ 

|аΘᵽаᵾἍΘΡ͔ʓϢʈʤεἍȹἍ͔̓ УʤΡ˅̞͔ЧἍ˅͔ΡἍаἍḋ>Ἅᴦᴝᴝ 

ᵽᶓаᵾḝеἍ˅͔ΡἍаἍἍḀἍᴝἍȹ̓ʓἍеἍ̓ ͔χἍȹἍ̓˯ ̓χʤːʤΡ 

Ǚȹ̓ᵽаᵾἍʤУȹ̞ϢȹχʤεἍχἍ͔ă̓ ˅˯̓˯χеἍ˅ ͔ΡἍаἍḃἍ̓ἍƵ˯ ᶏᴟʑἍʀεᵽ̓ᵾἍḃἍᴞʑἍᴡʑἍᴣʑἍ¡ 

min/maxἍequation s, Min/Max function s or Iᶅ˅ᶫ function s can be used to avoid  invalid  floating -point  

operation s. Equation s can  also be rearranged to the same end ᶔ for example, Exp( -1000) in place  of  

1/Exp(1000). 
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4.  .. Ǚß|ἍŢăŪăŢăȮ ǙăſŪἍƾſǦǙăŪ|ǋ 
 

TMinimization  

[ line_min] [use_extrapolation ] [no_normal _equation s] [use_LU] 

ᵿapproximate _Aᶁ 

[A_matrix _memory _allowed _in_Mbyte s !E] 

[A_matrix _element s_tollerance  !E] 

[A_matrix _report _on] 

[approximate_A_check_for_must_be_zero  #n]  

[chi2 !E] 

[chi2 _convergence _criteria  !E] 

[continue _after _convergence ] 

[boot strap _error s !Ecycle s]  

[ fraction _of_yob s_to_resample  !E]  

[determine _value s_from _sample s]  

[resample _from _current _ycalc ]  

ᵿdo_error sᶁ 

[do_error s_include _restraint s] 

[do_error s_include _penaltie s] 

ᵿonly _penaltie sᶁ 

ᵿpercent _zero s_before _sparse_AἍᶍᶁ 

ᵿpenaltyἍᵳ|ᶁʒ ᶾᶾἍ 

ᵿpenaltie s_weighting _K1Ἅᵳ|ᶁ 

[pen_weight  !E] 

[quick _refine  !E [quick _refine _remove  !E] ]  

ᵿrandomize _on_error sᶁ 

ᵿrestraintἍᵳ|ᶁθ  

[save_best_chi2]  

[use_LU_for _error s] 

Get(number_independent_parameters)  

Non- linear least squares use the Newton -Raphson method by default, with the Marquardt (1963) 

method included for stability. The objective function ἍǋἍis: 

Ὓ Ὓ Ὓ Ὓ  ᵽᴢᶓᴞᵾ 

ύὬὩὶὩ    Ὓ ὑ ύ  ὣȟ ὣȟ  ᵽᴢᶓᴟᵾ 

Ὓ ὑὑὑ ὖ Ὓ ὑὑὑ Ὑ  
ὑ

ρ

В ύ ὣȟ
 

ᵽᴢᶓᴡᵾ 
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Ȗ̵ᶞ̝ἍandἍȖɩð̝ Ἅare the observed  and calculated  data  respectively  at data point Ἅ̝ ,ἍŢἍtheἍnumber  of  data  

point s,ἍЈ̝ Ἅthe weighting  given  to data point Ἅ̝Ἅwhich  for  counting  stati stic s is given  byἍЈ̝ ḃᴞᶏsᵽȖ̵ᶞ̝ᵾᴟἍ

whereἍsᵽȖ̵ᶞ̝ᵾἍis the error  inἍȖ̵ᶞ̝ ἍʑƵͪἍare penalty  function s, defined  usingἍpenalty ἍʑandἍŪͪἍthe  number  

of  penalty  function s.ἍƾͻἍare restraint s, defined  usingἍrestraint ἍʑandἍŪƾἍthe number  of  restraint s.ἍōƵἍandἍ

ōƾἍare weight s applied  to the penaltyἍfunction s and restraint s respectively. Ἅō״Ἅcorre spond s to the user 

defined Ἅpenaltie s_weighting _K1Ἅ(default  value  of  1), typical  value s range  from  0.1 to 2. Penalty  func-

tion s and Restraint s are minimized  when  observed  data  Ȗ̵ is absent ; see exampleἍſŪŗȖƵ|Ū ᶾăŪƵ ʒ

Ǚ̃ ʤἍ̼ȹχΡ˯аἍʤΞϢȹχ˯͔̓εἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍʀеἍχ˜ʤἍϢεϢȹἍ̞ʤаΘȹ̓ε˯ ͔Ἅ͔̓ Ἅ˅Ȗɩð̝ ἍχἍ͔ȹἍ˅˯ΡεχἍ͔ΡʓʤΡἍǙȹе̞͔ΡἍεʤΡ˯ʤεἍȹΡ͔Ϣ̓ʓἍ

χ˜ʤἍΘȹΡȹ̼ʤχʤΡἍУʤʈχ͔ΡἍΘ whose size equals the number  of  independent  parameter s N. The penalty  

function s are expanded  to a second  order  Taylor  series, and t he restraint s χἍ͔ȹἍ˅ ˯ΡεχἍ͔ ΡʓʤΡἍǙȹе̞͔ΡἍ

εʤΡ˯ʤεʑ Ἅʀ͔χ˜ἍȹΡ͔Ϣ̓ʓἍΘἍʒThe resulting  matrix  equation s are: 

ἍDΘἍḃἍȖ ᵽᴢᶓᴢᵾ 

Ч̃ ʤΡʤἍἍἍἍḃἍᴝἍḅἍƵἍḅἍƾ 

ȹ̓ʓἍἍἍἍἍἍȖἍḃἍȖᴝἍḅἍȖƵἍḅἍȖƾ 

 

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
 

ᵽᴢᶓᴣᵾ 

The Taylor  coefficient s DΘ corre spond s to change s in the parameter s p. Eq. (4-4ᵾἍrepre sents a linear  

set of  equation s in DΘἍsolved  at each  refinement iteration.  Off  diagonal  term s inἍƵἍare not  calculated  

and are set to zero.ἍōƾἍȹ̓ʓἍōƵἍȹΡʤἍʀ͔χ˜ἍεʤχἍχἍ͔ᴞἍ˯Ἅ̓χ˜ʤἍȹʀεʤ̓ʈʤἍ͔ Ἅ˅S0ᶾἍȉ˜ʤ̓ἍS0 ʓ͔ʤεἍʤаε˯χἍχ˜ʤ̓ἍKƵἍ˯εἍϢεʤʓἍ

χἍ͔ː ˯УʤἍȹΘΘΡ͔а˯̼ȹχʤἍʤΞϢȹ̞ἍЧʤ˯ː˜χεἍχἍ͔χ˜ʤἍεϢ Ἅ̼͔ Ἅ˅χ˜ʤἍ˯ ̓УʤΡεʤἍʤΡΡ͔ΡἍχʤΡε̼Ἅ˯Ἅ̓χ˜ʤἍΘȹΡȹ̼ʤχʤΡεʑἍs0( iͪ)2 and 

sP( iͪ)2, calculated  from  SP and S0 respectively.  Neglecting  the off - diagonal  term s results in 

sƵ( iͪ)2=1/Aᴝʑːː and sP( iͪ)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
 

ᵽᴢᶓᴥᵾ 

Ἅ̕ʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔˯ ̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡεἍχ˜ȹχἍȹΡʤἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅ǋƵʒἍǋ˯ ̼˯̞ȹΡ̞еἍʑ˅ ͔ΡἍōƾἍЧʤἍ̃ ȹУʤ᷁ 
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ὑ ὍὪὣȟ ρπ ὃȟ ȟπȟ
ρȢπυὃȟ

ὃȟ ὃȟ ὓὭὲὣȟ ὣȟϳ ȟπȢπυ
 

ᵽᴢᶓᴦᵾ 

ōƾἍȹ̓ʓἍōƵἍʈȹἍ̓ʀʤἍ̼ ͔ʓ˯˅˯ʤʓἍϢε˯ ̓Ἅːpen_weightἍȹ̓ʓἍχ˜ʤἍ̼ ȹʈΡ͔ἍPen_Wt ἍʒPen_WtἍʈȹ̞̞εἍχ˜ʤἍϢεʤΡἍʓʤ˅˯̓ʤʓἍ

̼ȹʈΡ͔ἍWrite _Pen_Wt Ἅ᷄ȹἍʓʤ˅˯̓˯χ˯͔̓Ἅχ˜ȹχἍ̼ ˯̼˯ʈεἍχ˜ʤἍʓʤ˅ȹϢ̞χἍ˯ε᷁ 

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)));  

}  

ːἍːȹ̓ʓἍἍːʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔ᴝðːἍːȹ̓ʓἍȖᴝðἍːΡʤεΘʤʈχ˯Уʤ̞еᶾἍÇ͔ ΡἍōƵἍχ˜ʤ̓ἍƵːἍːȹ̓ʓἍƵːἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔ƵðːἍːȹ̓ʓἍȖƵðːʒἍÇ͔ ΡἍ

ōƾἍχ˜ʤ̓ἍƵːἍːȹ̓ʓἍƵːἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔ƾðːἍːȹ̓ʓἍȖƵðːʒἍǋ̃ ʤȐ̞ἍχеΘʤἍΡʤεχΡȹ˯̓χεἍʈȹἍ̓ʀʤἍ˅͔Ρ̼Ϣ̞ȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

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 ....... Ǚ˜ʤἍf͔̓̍ϢːȹχʤἍËΡȹʓ˯ʤ̓χἍǋ͔̞Ϣχ˯͔̓Ἅ̼ʤχ˜͔ʓ 

The Bound s Constrained  Conjugate  Gradient  (BCCG) method  (Coelho,  2005 ) incorporat esἍminᶏmaxἍ

limit s when solving  the normal  equation s, assisting convergence  of  the  non- linear  least square s pro-

cess. These limit s are dynamically  recalculated  and used during  the  solution  proce ss. For example,  

to con strain  site occupancie s on three  sites to full  occupancy  with  three  atomic  specie s, each  with  

occupancy  of  1, then  the following  could  be defined  (see Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒſffᶓfſŪǋǙƾ ăŪᶾăŪƵ): 

site  Ni  x 0.11  y 0.22  z 0.33   occ  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  
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prm = ca1  + ca2  + ca3;  :   1.00000  

ă˅Ἅχ˜ʤἍἍ̼ ȹχΡ˯аἍ˯εἍ̓ ͔χἍεΘȹΡεʤἍχ˜ʤ̓Ἅuse_LUἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔Ἅ˯̓У͔̕ʤἍŗǦᶓʓʤʈ͔̼Θ͔ε˯ χ˯͔̓Ἅ˯ ἐχʤȹʓἍ͔ Ἅ˅χ˜ʤἍ

^ffËἍΡ͔Ϣχ˯̓ʤᶾἍŗǦᶓʓʤʈ͔̼Θ͔ε˯ χ˯͔̓Ἅʓ͔ʤεἍ̓ ͔χἍϢεʤἍminᶏmaxἍ̞ ˯̼˯χεἍʓϢΡ˯̓ːἍχ˜ʤἍε͔ ̞Ϣχ˯͔̓ἍΘΡ͔ʈʤεεἍȹ̓ʓἍ˯Ἅ̓ȹʓᶓ

ʓ˯χ˯͔̓Ἅ˯ χἍΡʤΞϢ˯ΡʤεἍχ˜ʤἍ˅ Ϣ̞̞ἍἍ̼ ȹχΡ˯аἍЧ˜˯ʈ˜ᶽἍ˅͔ ΡἍΘΡ͔ʀ̞ʤ̼εἍЧ˯χ˜Ἅχ˜͔Ϣεȹ̓ʓεἍ͔˅ἍΘȹΡȹ̼ʤχʤΡεἍʑ̼ ȹеἍʀʤἍ̼ ʤ̼͔ΡеἍ

˯̓χʤ̓ε˯ УʤᶾἍŗǦᶓʓʤʈ͔̼Θ͔ε˯ χ˯͔̓ἍʈȹἍ̓ȹε̞͔ἍʀʤἍε̞ ͔ЧἍЧ˜ʤἍ̓χ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ΘȹΡȹ̼ʤχʤΡεἍ˯εἍː ΡʤȹχʤΡἍχ˜ȹ̓Ἅȹʀ͔ϢχἍ

͔̓ʤἍχ˜͔Ϣεȹ̓ʓᶾἍpercent _zero s_before _sparse_AἍʓʤ˅˯̓ʤεἍχ˜ʤἍΘʤΡʈʤ̓χȹːʤἍ͔ Ἅ˅χ˜ʤἍἍ̼ ȹχΡ˯аἍχ˜ȹχἍʈȹἍ̓ʀʤἍ

эʤΡ͔Ἅʀʤ˅͔ΡʤἍεΘȹΡεʤἍ̼ ȹχΡ˯аἍ̼ ʤχ˜͔ʓεἍȹΡʤἍ˯ ̓У͔̕ʤʓᶾἍǙ̃ ʤἍʓʤ˅ȹϢ̞χἍУȹ̞ϢʤἍ˯εἍᴥᴝỦ Ἅʒ 

4.2  ...... Ǚ˜ʤἍŢȹΡΞϢȹΡʓχἍ̼ʤχ˜͔ʓ 

The Marquardt  (1963) method  applie s a scaling  factor Ἅh, called  the Marquardt  con stant,Ἅto the diago-

nal element s of  theἍἍmatrix  when  the solution  to the normal  equation s ofἍEq. (5-4) fail s to reduceỨǋ, 

or, 

ːːðΕɩȹ˿ʅɴἍḃἍːἍːᵽᴞἍḅἍhᵾ  

After  applying  the Marquardt  con stant , the normal  equation s are again  solved  andἍǋἍrecalculated . IfἍǋἍ

˯̓ʈΡʤȹεʤεᶽἍχ˜ʤ̓Ἅh is increa sed and the scaling  proce ss repeated.  RepeatedἍfailure  results in a very  

large  Marquardt  con stant ; taken  to the limit  the off -diagonal  term s can  be ignored  and the solution  to 

the normal  equation s can be approximated  as:  

Dͪ ἍːḃἍȖːἍᶏἍᵽːἍːᵽᴞἍḅἍhᵾᵾ ᵽᴢᶓᴧᵾ 

Improvements to the determination of the Levenberg -Marquardt constant ( cCoelho, 2018) have been  

made. This is especially the case for objective functions that are far from quadratic and when the 

BFGS method is used.  

4.3  ...... ΘΘΡ͔а˯̼ȹχ˯̓ːἍχ˜ʤἍἍ̼ȹχΡ˯аἍᶓἍχ˜ʤἍ̂ÇËǋἍ̼ʤχ˜͔ʓ 

approximate _AἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔ȹΘΘΡ͔а˯̼ȹχʤἍχ˜ʤἍἍ̼ ȹχΡ˯аᶽἍ|ΞἍʒᵽ4-4ᵾʑἍЧ˯χ˜͔ϢχἍχ˜ʤἍ̓ ʤʤʓἍχἍ͔ʈȹ̞ʈϢ̞ȹχʤἍχ˜ʤἍ

Ἅ̼ȹχΡ˯аἍʓ͔χἍΘΡ͔ʓϢʈχε᷄Ἅχ̃ ʤἍȹΘΘΡ͔а˯̼ȹχ˯͔̓Ἅ˯εἍʀȹεʤʓἍ͔ Ἅ̓χ˜ʤἍ̂ÇËǋἍ̼ʤχ˜͔ʓἍᵽ̂Ρ͔еʓʤ̓ᶽἍᴞᴨᴦᴝ᷄ἍÇ̞ ʤχʈ˜ʤΡᶽἍᴞᴨᴦᴝ᷄Ἅ

Ë͔ ̞ʓ˅ȹΡʀᶽἍᴞᴨᴦᴝ᷄Ἅǋ̃ ȹ͔̓̓ᶽἍᴞᴨᴦᴝᵾἍʒApproximating  A is useful  when  the calculation  of  theἍἍmatrix  dot  

product s is proving Ἅexpen sive Ἅʒapproximate _AἍ̼ ȹеἍȹ̞ε͔Ἅ˯̼ΘΡ͔УʤἍʈ͔̓УʤΡːʤ̓ʈʤἍ˅͔ ΡἍχ˜ʤἍʈȹεʤἍЧ˜ʤΡʤἍ

Θʤ̓ȹ̞χ˯ʤεἍʓ͔̼˯̓ȹχʤἍχ˜ʤἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍapproximate _AἍcannot  be usedἍwithἍline_minἍorἍuse_extrapolation Ἅʒ

The single  cry stal refinement  example s ofἍ|ᴞᴢᶓ ƵƵƾſȐᶓ ᶾăŪƵἍandἍ|ᴞᶓ ƵƵƾſȐᶓ ᶾăŪƵἍare cases where  

the use ofἍapproximate _AἍachieve sἍconvergence  in less time  than  with  the fully calculated  A matrix.  

When usingἍapproximate _A,ἍtheἍἍmatrix  can be made  sparse by defining ἍA_matrix _memory _al-

lowed _in_Mbyte s and/or  A_matrix _element s_tollerance . This allow s for  refinement s with  large  num-

bers of  independent  parameter s. A_matrix _memory _allowed _in_Mbyte s limit s the  memory  used by  the 

 matrix.  A_matrix _element s_tollerance  #tol  remove s element s in the   matrix  with  value s less than  

#tol . The compari son is made  againt s normalized  element s of   such  that  Aii=1. Typical  value s for  #tol  

range  from  0.0001 to 0.01. A_matrix _memory _allowed _in_Mbyte s and A_matrix _element s_tollerance  

can be used simultaneously . A_matrix _report _on display s the  percentage  of  non -zero  element s in the 

 matrix.  
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4.4  ...... ǋʤχχ˯̓ːἍᶓ̼ ȹχΡ˯аἍʤ̞ʤ̼ʤ̓χεἍχ˜ȹχἍ̼ϢεχᶓʀʤᶓэʤΡ͔Ἅχ͔ἍэʤΡ͔Ἅ 

[approximate_A_check_for_must_be_zero #n]  Example  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȐƾqᶓfǙᶒȐƾqᶓȐǙᶓᴞʒ ăŪƵ 

In using approximate_A , A-matrix elements that must -be-zero can still comprise non -zero values dur-

ing the BFGS method. Aij elements that must -be-zero include cases where parameter p i and parameter 

p j are from different xdd  patterns.  The keyword approximate_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 xdd s. Importantly, sparse matrix methods are invoked and only non-zero A-matrix elements 

are stored reduc ing memory usage. In cases  where there are 1000s of xdd s, use of approxi-

mate_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 n th iteration of a refinement cycle where n is the number 

defined after the approximate_A_check_for_must_be_zero  keyword . After the n th iteration, Aij elements 

that must -be-zero are set to those that were zero at the n th iteration. Example use is as follows:  

approximate_A_check_must_be_zero  = Cycle_Iter < 4;  

4.5  ...... ŗ˯ ̓ʤἍ̼˯̓˯̼˯эȹχ˯͔̓Ἅȹ̓ʓἍƵȹΡȹ̼ʤχʤΡἍʤаχΡȹΘ͔̞ȹχ˯͔̓Ἅ 

Line minimization,  also known  as the steepe st decent  method,  is invoked  usingἍline_min ἍʒăχἍuses a 

direction  in parameter  space  given  by Dͪ ḃːȖːᶏːἍːto minimize  on S(p+lDp) by  adjustingἍlʒἍƵȹΡȹ̼ʤχʤΡἍ

|аχΡȹΘ͔̞ȹχ˯͔̓ᶽἍuse_extrapolation ἍʑϢεʤεἍΘȹΡȹʀ͔̞˯ʈἍʤаχΡȹΘ͔̞ȹχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍΘȹΡȹ̼ʤχʤΡεἍȹεἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅˯ χʤΡᶓ

ȹχ˯͔̓ᶽἍ͔ ΡἍʑlἍ˯εἍȹʓ̍ϢεχʤʓἍεϢʈἍ̃χ˜ȹχἍS(alᴟ+ʀlʂʈ) ε˯Ἅ̼ ˯̓˯̼˯эʤʓἍЧ˜ʤΡʤἍ˅͔ΡἍȹἍΘȹΡχ˯ʈϢ̞ȹΡἍΘȹΡȹ̼ʤχʤΡἍͪἍːȹχἍ˯ χʤΡȹᶓ

χ˯͔̓Ἅ˶ἍЧʤἍ̃ ȹУʤἍȹːḃᵽЖ״ᵴᴟЖᴀḅЖᴂᵾᶏᴟʑἍɡːḃᵽЖᴂᵴЖ״ᵾᶏᴟἍȹ̓ʓἍɩːḃЖᴀἍЧ˜ʤΡʤἍЖ״ḃᵽͪː ᶞ˶ᶓᴣḅͪ ːᶞ˶ᶓᴢᵾᶏᴟʑἍЖᴀḃᵽͪː ᶞ˶ᶓᴡḅͪ ːᶞ˶ᶓᴟᵾᶏᴟἍȹ̓ʓἍ

Жᴂḃᵽͪː ᶞ˶ᶓᴞḅͪ ːᶞ˶ᶓᴝᵾᶏᴟʒἍƵȹΡȹ̼ʤχʤΡἍ|аχΡȹΘ͔̞ȹχ˯͔̓Ἅʤ̓ʈ͔̼ΘȹεεʤεἍχ˜ʤἍ̞ȹεχἍε˯ аἍεʤχεἍ͔ Ἅ˅ΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεʒἍă̓ἍʈȹεʤεἍ

Ч˜ʤΡʤἍʀ͔χ˜Ἅʤаε˯χεἍχ˜ʤ̓ἍƵȹΡȹ̼ʤχʤΡἍ|аχΡȹΘ͔̞ȹχ˯͔̓ἍΡʤʓϢʈʤεἍΘε͔ε˯ʀ̞ʤἍ͔εʈ˯̞̞ȹχ͔ΡеἍʀʤ˜ȹУ˯͔ϢΡἍ˯Ἅ̓ǋᴝἍȹ̓ʓἍǋƵʒἍ

ƵȹΡȹ̼ʤχʤΡἍʤаχΡȹΘ͔̞ȹχ˯͔̓ἍЧ˜ʤἍ̓ϢεʤʓἍЧ˯χ˜Ἅŗ˯ ̓ʤἍŢ˯̓˯̼˯эȹχ˯͔̓ἍʈȹἍ̓˯̓ʈΡʤȹεʤἍχ˜ʤἍΡȹχʤἍ͔ Ἅ˅ʈ͔̓УʤΡːʤ̓ʈʤἍЧ˜ʤἍ̓

Ρʤ˅˯̓˯̓ːἍ͔ Ἅ̓Θʤ̓ȹ̞χ˯ʤεἍ͔̞̓еᶾἍŗ˯ ̓ʤἍ̼˯̓˯̼˯эȹχ˯͔̓Ἅȹ̓ʓἍƵȹΡȹ̼ʤχʤΡἍ|аχΡȹΘ͔̞ȹχ˯͔̓Ἅ̃ȹУʤἍΡʤ̞ȹχ˯Уʤ̞еἍε̼ ȹ̞̞Ἅ̼ʤ̼͔ΡеἍ

˅͔͔χΘΡ˯̓χεἍȹ̓ʓἍχ˜ϢεἍʈȹἍ̓ʀʤἍϢεʤ˅Ϣ̞ἍЧ˜ʤἍ̓χ˜ʤἍἍ̼ ȹχΡ˯аἍʈ͔ἐϢ̼ʤεἍχ͔Ἅ͔̼ ϢʈἍ̼̃ ʤ̼͔ΡеᶾἍ̞χʤΡ̓ȹχ˯Уʤ̞еἍʑap-

proximate _AἍʈȹἍ̓ʀʤἍϢεʤʓἍʒŗ˯ ̓ʤἍ̼ ˯̓˯̼˯эȹχ˯͔̓ἍЧ˯χ˜Ἅχ˜ʤἍ˅ Ϣ̞̞ἍἍ̼ ȹχΡ˯аἍʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅᵽapproximate _AἍ̓ ͔χἍʓʤᶓ

˅˯̓ʤʓᵾἍʈȹἍ̓˯ ̓ʈΡʤȹεʤἍχ˜ʤἍΡȹχʤἍ͔ Ἅ˅ʈ͔̓УʤΡːʤ̓ʈʤἍ͔ Ἅ̓ΘΡ͔ʀ̞ʤ̼εἍ̞ ˯̕ʤἍƵȹЧ̞ʤеἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍno_normal _equa-

tion s ΘΡʤУʤ̓χεἍχ˜ʤἍϢεʤἍof  normal  equation s in the minimization  routine  ʒ

4.6  ...... ƾʤεχΡȹ˯̓χεἍȹ̓ʓἍƵʤ̓ȹ̞χ˯ʤε 

penaltyἍʓʤ˅˯̓ʤεἍȹἍΘʤ̓ȹ̞χеἍ˅ Ϣ̓ʈχ˯͔̓Ἅχ˜ȹχἍʈȹἍ̓ʀʤἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅ΘȹΡȹ̼ʤχʤΡεʒἍƵʤ̓ȹ̞χ˯ʤεʑἍεϢʈἍ̃ȹεἍʀ͔̓ʓᶓ

̞ʤ̓ːχ˜ἍΡʤεχΡȹ˯̓χεʑἍȹΡʤἍϢεʤ˅Ϣ̞Ἅ˅ ͔ΡἍεχȹʀ˯̞˯э˯̓ːἍΡʤ˅˯̓ʤ̼ʤ̓χεʒἍ|аȹ̼Θ̞ʤἍßſfōᶾăŪƵἍϢεʤεἍΘʤ̓ȹ̞χ˯ʤεἍχἍ͔̼ ˯̓˯̼˯эʤἍ

͔Ἅ̓χ˜ʤἍß͔ ʈἍ̕ȹ̓ʓἍǋʈ˜˯χχ͔̕Чε̕ Ἅ˯ΘΡ͔ʀ̞ʤ̼Ἅ̓ Ϣ̼ʀʤΡἍᴥᴣ᷁ 

prm x1  1 min  - 4.5  max 4.5   val _on_continue  = Rand( - 4.5,  4.5);  del  0.01  
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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 

Ǚ͔ἍȹΘΘ̞еἍȹἍΘʤ̓ȹ̞χеἍ˅Ϣ̓ʈχ˯͔̓ἍχἍ͔̞ȹχχ˯ʈʤἍȹ̓ʓἍʈΡеεχȹ̞̞˯χʤἍε˯ эʤἍΘȹΡȹ̼ʤχʤΡεʑἍЧ˜˯ʈ˜ἍȹΡʤἍʤаΘʤʈχʤʓἍχἍ͔ʀʤἍᴣʒᴢᴞᴝᴞᴞἍ

%Ἅȹ̓ʓἍᴟᴝᴝἍ̓ Ἅ̼ΡʤεΘʤʈχ˯Уʤ̞еἍʑχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈȹἍ̓ʀʤἍϢεʤʓ᷁ 

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

penaltie s_weighting _K1Ἅʓʤ˅˯̓ʤεἍχ˜ʤἍЧʤ˯ː˜χ˯̓ːἍō״Ἅ˯Ἅ̓|ΞἍʒᵽ4-3ᵾἍ᷄χ˜ʤἍʓʤ˅ȹϢ̞χἍУȹ̞ϢʤἍ˯εἍᴞʒἍA 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  term s AR,ij are calculated  when  approximate _A (the  BFGS 

method)  is not  defined.  In the case of  the penalty , the  off - diagonal  term s AP,ij are set to zero.  Restraint s 

often  converge  in fewer  iteration s than  equivalent  penaltie s due to the  use of  the  off - diagonal  term s 

(compare  ƾſǋ|Ū^ƾſfōᶓᴞᴝʒăŪƵ with  ƾſǋ|Ū^ƾſfōᶓᴞᴝᶓƾ|ǋǙƾ ăŪǙăʒŪƵ). However , the time  to conver-

gence  may be greater  due to the calculation  of  the off -diagonal  restraint  term s in the  matrix . Pen-

alties are useful  for  function s that  are not  to be squared;  these include  negative  function s such  as the 

GRS series atomic  interaction  (see ŗȆſᴢᶓËƾǋᶓ ǦǙſᶾăŪƵ). For efficiency,  the ƾ 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, the  off -diagonal  element s of  ᴝʑἍƵʑἍȹ̓ʓἍƾἍȹΡʤἍ̓ ͔χἍʈȹ̞ʈϢ̞ȹχʤʓ᷄Ἅ˯ἐχʤȹʓἍʑχ˜ʤеἍ

ȹΡʤἍȹΘΘΡ͔а˯̼ȹχʤʓἍʀеἍχ˜ʤἍ̂ ÇËǋἍ̼ ʤχ˜͔ʓᶾἍapproximate _A, when used with  Θʤ̓ȹ̞χ˯ʤεἍȹ̓ʓἍΡʤεχΡȹ˯̓χεʑἍʤ˅ᶓ

˅ʤʈχ˯Уʤ̞еἍ̼ ʤȹἐἍχ˜ȹχἍχ˜ʤἍΡʤεχΡȹ˯̓χεἍȹΡʤἍχΡʤȹχʤʓἍȹεἍΘʤ̓ȹ̞χ˯ʤεʒἍǙ̃ ʤἍ˅ ͔̞̞͔Ч˯̓ːἍχЧἍ͔ʈȹεʤεἍwill  have  similar  

but  not  identical  convergence.  
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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 

ὃȟ ‏  ὖρ ὖς ὴρϳ‏  

ὃȟ ὶρϳ‏Ὑρ‏  ὶρϳ‏Ὑς‏  

ὃȟ  ρςϳ ‏ ὖρ ὖς ὴρϳ‏  

ὃȟ  ρςϳ ‏ Ὑρ Ὑς ὶρϳ‏  

The difference  in behavio ur between  penaltie s and restraint s can be seen by comparing  ƾſǋ|Ū^ƾſfōᶓ

ᴞᴝʒăŪƵ to ƾſǋ|Ū^ƾſfōᶓᴞᴝᶓƾ|ǋǙƾ ăŪǙăʒŪƵ. In 500 ,000  iteration s, the former  results in 71 iteration s on 

average  to convergence  and the latter  47 iteration s on average  to convergence . The restraint s case 

converge s faster  as AR,ij element s are calculated.  Approximating  AR,ij, by  defining  approximate _A in 

ƾſǋ|Ū^ƾſfōᶓᴞᴝᶓƾ|ǋǙƾ ăŪǙᶾăŪƵʑ results  in fastest convergence , time  wise, with  71 iteration s on aver-

age to convergence . Many penaltie s however  cannot  be formulated  as a restraint , ƾ ǋǙƾËăŪăʒŪƵ for  

example , and in these cases, penaltie s are nece ssary. 

4.7  ...... Ţ˯̓˯̼˯э˯̓ːἍ͔ Ἅ̓Θʤ̓ȹ̞χ˯ʤεἍ͔̞̓еἍ 

When there  are no observed  data  or  whenἍonly _penaltie sἍis defined  then  by  default  theἍBFGS method  

is used, see example sἍƾſǋ|Ū^ƾſfōᶓᴞᴝʒăŪƵἍȹ̓ʓἍßſfōʒăŪƵ᷄ χ˜˯εἍʀʤ˜ȹУ˯͔ϢΡἍʈȹ̓ἍʀʤἍ͔УʤΡΡ˯ʓʓʤ̓ἍЧ˯χ˜Ἅχ˜ʤἍ

ϢεʤἍ͔˅Ἅline_min. F͔ΡἍᶅΘʤ̓ȹ̞χ˯ʤεἍ͔̞̓еἍʟχheἍBFGSἍmethod  typically  converge s faster  thanἍline_min/use_ex-

trapolation  ʒ

4.8  ...... ǋȹУʤʓἍΡʤ˅˯̓ʤʓἍУȹ̞ϢʤεἍȹ̓ʓἍεȹУʤḚʀʤεχḚʈ˜˯ᴟ 

Values saved  on termination  of  refinement  are determined  as follow s: 

>    If  continue _after _convergence  is NOT defined  and save_best_chi2 is NOT defined , the value s 

saved  corre spond s to those of  the  last iteration. Ἅ 

>    If  continue _after _convergence  is NOT defined  and save_best_chi2 is defined  then  value s saved  

corre spond s to those that  gave  the best S.Ἅ 

>    If  continue _after _convergence  is defined  and save_best_chi2 is NOT defined , the value s saved  

corre spond s to those that  gave  the best Rwp.Ἅ 

>    If  continue _after _convergence  and save_best_chi2 is defined  then  value s saved  corre spond s to 

those that  gave  the best S Ἅʒ 

When there  are no penaltie s or restraint s then  the best S corre spond s to the best Rwp.Ἅ 
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4.9  ...... |ΡΡ͔ΡἍʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅ 

Estimated  standard  deviation s for  refined  independent  parameter s are calculated  at the  end  of  refine-

ment.  The correlation  matrix , if  defined  using C_matrix _normalized , is updated . Otherwise , the corre-

lation matri x is created  and appended  to the OUT file.   

do_error s: Error s calculated ; penaltie s and restraint s NOT included  in the  matrix.  

do_error s_include _restraint s: Error s calculated ; restraint s included  in the  matrix.  

do_error s_include _penaltie s: Error s calculated ; penaltie s included  in the  matrix.  

4.10 ..... |ΡΡ͔ΡεἍᶓἍǋȆqἍȹ̓ʓἍʀ͔͔χεχΡȹΘἍʤΡΡ͔ΡεἍ 

Singular  Value Decompo sition  (SVD) is used for error s determination . These error s closely resemble  

those obtained  by  the boot  strap  method.  boot strap _error s are potentially  more  accurate  as parameter  

limit s are considered ; for  example , the fact  that  inten sities are positive  is not  con sidered  by matrix  

inver sion.  use_LU_for _error s force s the use of  LU decompo sition ; LU-decompo sition  results in very  

large  error s for  inten sities that  are 100% correlated.  The three  means of  determining  error s are 

demon strated  in a Pawley  refinement  of  Y2O3 in the example s ȖᴟſᴡᶓŗǦᶾăŪƵᶽἍȖᴟſᴡᶓǋȆqᶾăŪƵ and 

Ȗᴟſᴡ ᶓ̂ ſſǙᶾăŪƵ found  in the directory  Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǋȆqᶓ|ƾƾſƾǋ. 

boot strap _error s use the boot strap  method  of  error  determination  (Efron  & Tibshirani  1986, DiCiccio  

& Efron  1996, Chernick  1999). Boot strapping  compri ses a series of  refinement s each  with  a fraction  

of  Yobs  modified  to obtain  a new  boot strap  sample.  The standard  deviation s of  the refined  value s 

then  become  the  boot strap  error s. !Ecycle s corre spond s to the number  of  refinement  cycle s to per-

form  for  boot strapping , the default  is 200 . The resulting  boot strap ping  error s are written  to the OUT 

file.  fraction _of_yob s_to_resample  corre spond s to the  fraction  of  the observed  data  that  is to be re-

placed  each  refinement  cycle , it default s to 0.37. Replacement  data is, by  default , obtained  randomly  

from  Ycalc  as determined in the fir st refinement  cycle.  If  resample _from _current _ycalc  is defined , 

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  value s used at the start  of  each  refinement  cycle  are obtained  from  the  end of  the  

fir st refinement  cycle.  val_on_continue  can addition ally be used to change  parameter  value s at the 

start  of  a cycle.  If  determine _value s_from _sample s is defined , then  parameter  value s at the end of  

boot strapping  are updated  with  value s determined  from  the boot strapping  refinement  cycle s. Param-

eter  value s obtained  at the end of  each  boot strap  refinement  cycle  is written  to disk in binary  format.  

These value s are then  read  and proce ssed at the end of  the boot strap  proce ss without  storing  the 

value s in memory ; the boot strap  proce ss therefore  has a small memory  footprint.  

4.11 ..... |ΡΡ͔ΡἍƵΡ͔Θȹːȹχ˯͔̓ἍϢε˯̓ːἍΘΡḚ̼Ч˯χ˜ḚʤΡΡ͔Ρ 

Parameter  error s determined  outside of  refinement  can be included  and propagated  to dependent  

parameter s using prm _with _error . For example , con sider  the INP snippet  (see Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵƾŢᶓ

ȉăǙßᶓ|ƾƾſƾᶾăŪƵ): 
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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  

error s for  dependent  parameter s, such  as t_squared , that  are a function  of  t. 

4.12  ..... аʓʓḚεϢ̼Ἅȹ̓ʓἍаʓʓḚȹΡΡȹе 

[xddᶁ  θ

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

 

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 performed as follows:  

PG¤'K ¡ 
xdd_array  si_f0 =   

2 ( ª 9LGEA; K;9LL=JAF? <9L9 >JGE 9LEK;9L}txt  
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_array  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 that an array is not stored; instead, the sum of the values of 

the array is calculated and stored. Similar - to xdd_array , the summed value of xdd_sum  is only recal-

culated when necessary. xdd_sum  can be nested; for example, to normalize the intensities 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 
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4.13  ..... ƾʤ˅˯̓˯̓ːἍ͔̓Ἅȹ̓ἍȹΡʀ˯χΡȹΡеἍf˜˯ᴟἍ 

[chi2] allow s for  the minimization  of  a User defined ἍS ἍʒIt can be a function  of  the reserved  parameter  

namesἍX,ἍYobs ,ἍYcalcἍandἍSigma Yobs . In addition ,Ἅxdd _sum can also be a function  of  these reserved  

parameter  names. For example , the following can be used  to define  a normal  least square s refine-

ment:  

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 fir st and second  derivative s of  chi 2 with  respect  to each  inde-

pendent  parameter  are required.  To do this fast, Ycalc  within  chi2 is approximated  with  a fir st order  

Taylor  approximation  around  the parameter  vector  Θ. This approximation , for  variou s formulation s of  

chi2, has yielded  good  convergence  even  for  non- linear  parameter s. To summarize:  

>    chi2  is treated as a penalty. Ἅ 

>    For each independent parameter, a definite minimum in chi2  is bracketed; inverse parabolic in-

terpolation is then used to determine the minima of chi2  with respect to that parameter. In the 

calculation of chi2 , Ycalc  is replaced with its first order Taylor approximation 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 1 st and 2 nd 

order derivatives of chi2  with respect to each parameter. Ἅ 

>    The BFGS method ( approximate _A) is then used to solve the resulting linear equations with off 

diagonal terms approximated according to the BFGS method.Ἅ 

>    The BCCG method incorporating the Marquardt method with automatic Marquardt constant de-

termination is used to solve the matrix equations.  

The Rietveld  refinement  example  of  Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒfßăᴟᶓf|ſᴟʒ ăŪƵ demon strate s variou s scenario s: 

Case 1) Here sʟ 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) Here sʟ 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 
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---  0.14  seconds  ---  

Case 3) Here sʟ output  using chi2 defined  for  normal  least square s. 

  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) look s similar - to case (2); however , the path  toward s the minima  is different , as the 

chi2 procedure  is very  different  to normal  least square s refinement.  

4.14 ..... ƾʤΘ͔Ρχ˯̓ːἍ͔̓ἍϢ̓Ρʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡε 

Parameter s 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:  

Number of  independent  parameters  not  taking  part  in  refinement:  2 
prm_10:   a 
prm_10:   b 

The val_on_continue  attribute  of  unrefined  parameter s is executed  at the end of  convergence.  It can  

be useful , for  example , 

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

4.15  ..... ǋϢ̼̼ȹΡеᶽἍăχʤΡȹχ˯͔̓Ἅȹ̓ʓἍƾʤ˅˯̓ʤ̼ʤ̓χἍfеʈ̞ʤ 

Table  4-1 show s variou s keyword  usages for  typical  refinement  problem s. The term  ᶮΡʤ˅˯̓ʤ̼ʤ̓χ cy-

cle  ɳ is used to describe  a single  converge ̓ʈʤᶾἍǙ̃ ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍCycleἍΡʤχϢΡ̓εἍχ˜ʤἍʈϢΡΡʤ̓χἍ

Ρʤ˅˯̓ʤ̼ʤ̓χἍʈеʈ̞ʤἍЧ˯χ˜Ἅʈ͔Ϣ̓χ˯̓ːἍεχȹΡχ˯̓ːἍȹχἍэʤΡ͔ᶾ Ǚ̃ ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍCycle _IterἍΡʤχϢΡ̓εἍχ˜ʤἍʈϢΡΡʤ̓χἍ

˯χʤΡȹχ˯͔̓ἍЧ˯χ˜˯̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍCycleἍЧ˯χ˜Ἅʈ͔Ϣ̓χ˯̓ːἍεχȹΡχ˯̓ːἍȹχἍэʤΡ͔ᶾ  

Ǚȹʀ̞ʤἍᴢᶓᴞʒ ōʤеЧ͔ΡʓἍεʤΞϢʤ̓ʈʤεἍ˅͔ΡἍУȹΡ˯͔ϢεἍΡʤ˅˯̓ʤ̼ʤ̓χἍχеΘʤεʒ 

Refinement  type  Keywords  to  use  Comments  

Rietveld  refinement.  

No penaltie s. 

 Marquardt  refinement.  

 matrix  calculation.  

Rietveld  refinement  with  a moderate  

number  of  penaltie s. 

line_min 

(Maybe)  

Line minimization  used if  line_min. 

Marquardt  refinement.  

 matrix  calculation.  

Rietveld  refinement  dominated  by  

penaltie s. 

approximate _A BFGS method  of  refinement.  

 matrix  approximation.  
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Pawley  refinement.  line_min Line minimization.  

Marquardt  refinement.  

 matrix  calculation.  

Penaltie s only.   BFGS method  of  refinement.  

 matrix  approximation.  

Refinement s with  a large  number  of  

parameter s and a few xdd s. 

approximate _A BFGS method  of  refinement.  

 matrix  approximation.  

Refinements with a large number of 

xdd s and parameters.  

approxi-

mate_A_check_for_m

ust_be_zero  

BFGS method of refinement.  

 matrix approximation.  

4.16  ..... ΞϢ˯ʈ̕ḚΡʤ˅˯̓ʤἍȹ̓ʓἍʈ͔̼ΘϢχȹχ˯͔̓ȹ̞Ἅ˯εεϢʤε 

The computationally  dominant  factor  of  Eq. (4-5) is problem  dependent.  For Rietveld  refinement  with  

a moderate  number  of  parameter s, the calculation  of  the peak  parameter  derivative s may well  be the 

most expen sive item . On the other  hand , for  Rietveld  refinement  with  many  structural  parameter s and 

data  point s then  the calculation  of  the  ːð״Ἅˮdot  product s would  be the dominant  factor , where  the  num-

ber  of  operation s scale  byἍ-ᵽ.ςϹ.ᵾȾς. Before  the development  of  the  BCCG routineἍ(Coelho , 2005 ), 

the solution  to the normal  equation s, Eq. (4-4ᵾʑἍЧȹεἍȹε̞͔ἍУʤΡеἍʤаΘʤ̓ε˯ Уʤᶾ Ç͔ ΡἍεχΡϢʈχϢΡʤἍε͔ ̞Ϣχ˯͔̓Ἅ˅ Ρ͔Ἅ̼

Θ͔ЧʓʤΡἍʓȹχȹἍʀеἍε˯ ̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍʑyob s_to_xo_posn_yob sἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔ΡʤʓϢʈʤἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅

ʓȹχȹἍΘ͔˯̓χεἍ-ἍЧ˜˯ʈ˜ἍΡʤʓϢʈʤεἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅͔ ΘʤΡȹχ˯͔̓εἍ˯Ἅ̓χ˜ʤἍːð״Ἅˮʓ͔χἍΘΡ͔ʓϢʈχεʑἍεʤʤἍχ˜ʤἍDecompo seἍ

̼ȹʈΡ͔Ἅ˯Ἅ̓ʤаȹ̼Θ̞ʤἍfăŢ|ᶓq|fſŢƵſǋ|ăʒŪƵʒἍᵿquick _refineᶁ remove s parameter s during  a refinement  cycle  

thus shrinking  the size of  the  matrix  by  reducing  N and hence  speeding  up refinement  iteration s. 

Parameter s are removed  if  the condition  defined  in Eq. (4-9) is met  for  three  con secutive  iteration s. 

Ўὴ πȢπρ ÑÕÉÃËÒͅÅÆÉÎÅὑ ὔ ὣϳ  ᵽᴢᶓᴨᵾ 

Alternatively , parameter s can be removed  or reinstated  during  a refinement  cycle  usingἍᵿquick _re-

fine _removeᶁἍʒThis keyword  provide s a means of  performing  block  refining.  IfἍquick _refine _remove  is 

not  defined , then  all parameter s are reinstated  at the  start  of  refinement Ἅcycle s.ἍǦεʤἍ͔ Ἅ˅quick _refineἍ

εΘʤʤʓεἍϢΘἍε˯ ̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍʑεʤʤἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍχ˜ʤἍAuto_TἍ̼ ȹʈΡ͔ἍЧ˜˯ʈ˜Ἅ˯εἍϢεʤʓἍ˯ Ἅ̓ʤаȹ̼Θ̞ʤἍ |ᴞᶓ

ǦǙſᶾăŪƵʒἍ̞Ἅ̞Ρʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍΡʤ˯̓εχȹχʤʓἍ˅͔ΡἍΡʤ˅˯̓ʤ̼ʤ̓χἍȹχἍχ˜ʤἍεχȹΡχἍ͔ Ἅ˅εϢʀεʤΞϢʤ̓χἍʈеʈ̞ʤεʒἍŗȹΡːʤἍ

quick _refine  Уȹ̞ϢʤεἍȹːːΡʤεε˯Уʤ̞еἍΡʤ̼͔УʤεἍΘȹΡȹ̼ʤχʤΡεἍȹ̓ʓἍʈ͔̓УʤΡːʤ̓ʈʤἍχἍ͔̞ ͔ЧἍǋἍ̼ ȹеʀʤἍ̃ ˯̓ʓʤΡʤʓἍʒἍ

Уȹ̞ϢʤἍ͔ Ἅ˅ᴝʒᴞἍЧ͔Ρε̕ἍЧʤ̞̞ᶾἍquick _refine  ˜ȹεἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔ἐʤΞϢʤ̓ʈʤε᷁ 

>    ă˅ἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍ̓ ͔χἍΡʤ˯̓εχȹχʤʓἍϢε˯ ̓Ἅːquick _refine _removeἍχ˜ʤ̓ἍǋἍʓ͔ʤεἍ̓ ͔χἍː ʤχἍχἍ͔˯ χεἍ̞ ͔ЧʤεχἍ

Θε͔ε˯ʀ̞ʤἍУȹ̞ϢʤἍ˅͔ΡἍȹἍΘȹΡχ˯ʈϢ̞ȹΡἍΡʤ˅˯̓ʤ̼ʤ̓χἍʈеʈ̞ʤ ʒ

>    Ǚ̃ ʤἍʓʤːΡʤʤἍ͔ Ἅ˅ΘȹΡȹ̼ʤχʤΡἍΡȹ̓ʓ͔̼˯эȹχ˯͔̓Ἅ˯ ̓ʈΡʤȹεʤεἍЧ˯χ˜Ἅ˯ ̓ʈΡʤȹε˯ ̓ἍːУȹ̞ϢʤεἍ͔ Ἅ˅quick _refine Ἅʒƾȹ̓ᶓ

ʓ͔̼˯эȹχ˯͔̓Ἅε̃ ͔Ϣ̞ʓἍχ˜ʤΡʤ˅͔ΡʤἍʀʤἍΡʤʓϢʈʤʓἍȹεἍquick _refine Ἅ˯ ̓ʈΡʤȹεʤεʒἍ̞χʤΡ̓ȹχ˯Уʤ̞еἍrandom-

ize_on_errro sἍʈȹἍ̓ʀʤἍϢεʤʓἍЧ˜˯ʈ˜ἍȹϢχ͔̼ȹχ˯ʈȹ̞̞еἍʓʤχʤΡ̼˯̓ʤεἍχ˜ʤἍȹ̼͔Ϣ̓χἍȹἍΘȹΡȹ̼ʤχʤΡἍ˯εἍΡȹ̓ʓ͔̼ᶓ

˯эʤʓᶾἍ 

ă˅Ἅquick _refine _removeἍʤУȹ̞ϢȹχʤεἍχἍ͔ȹἍ̓ ͔ᶓ̓эʤΡ͔ἍУȹ̞ϢʤἍχ˜ʤ̓Ἅχ˜ʤἍȹεε͔ʈ˯ȹχʤʓἍΘȹΡȹ̼ʤχʤΡἍ˯εἍΡʤ̼͔УʤʓἍ˅ Ρ͔Ἅ̼

Ρʤ˅˯̓ʤ̼ʤ̓χἍʑε˯ ̼˯̞ȹΡ̞еἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍΡʤ˯̓εχȹχʤʓἍ˯Ἅ˅quick _refine _removeἍʤУȹ̞ϢȹχʤεἍχἍ͔эʤΡ͔ᶾἍ
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quick _refine _removeἍʈȹἍ̓ʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔Ἅ˅χ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡεἍQR_RemovedἍ͔ΡἍ

QR_Num_Times_Consecutively _SmallἍȹ̓ʓἍȹʓʓ˯χ˯͔̓ȹ̞̞еἍː ̞͔ʀȹ̞ἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍεϢʈἍ̃ȹεἍCy-

cle_Iter ἍʑCycleἍȹ̓ʓἍT Ἅʒă˅Ἅquick _refine _remove Ἅ˯εἍ̓ ͔χἍʓʤ˅˯̓ʤʓἍʑχ˜ʤ̓Ἅχ˜ʤἍΡʤ̼͔Уȹ̞Ἅεʈ˜ʤ̼ʤἍ͔ Ἅ˅Eq. (4-9) ε˯Ἅ

ϢεʤʓἍȹ̓ʓἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍ̓ ͔χἍΡʤ˯̓εχȹχʤʓἍϢ̓χ˯̞Ἅχ˜ʤἍ̓ ʤаχἍΡʤ˅˯̓ʤ̼ʤ̓χἍcycle.  In most refinement s the fol-

lowing  will  produce  close to the lowe stἍǋἍȹ̓ʓἍ˯Ἅ̓ȹἍε̃ ͔ΡχἍχ˯̼ʤἍᵽεʤʤἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍƵ ȉŗ|Ȗᴞʒ ăŪƵᵾʒ 

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;  

4.17 ..... ǋ˯̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍȹ̓ʓἍϢχḚ͔ǙἍ 

ƾʤ˅˯̓ʤ̼ʤ̓χἍ˯εἍʈ͔̓χ˯̓ϢʤʓἍȹ˅χʤΡἍʈ͔̓УʤΡːʤ̓ʈʤἍЧ˜ʤἍ̓continue _after _convergence  is defined Ἅʒ̂ʤ˅͔ΡʤἍʈ͔̓ᶓ

χ˯̓Ϣ˯̓ːἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍȹʈχ˯͔̓εἍȹΡʤἍΘʤΡ˅͔Ρ̼ʤʓ᷁ 

>    ᵿval_on_continue ᶁἍʤΞϢȹχ˯͔̓εἍ˅͔ΡἍ˯ ̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍʤУȹ̞ϢȹχʤʓἍʒ 

>    ᵿrandomize _on_error sᶁἍΘΡ͔ʈʤεεʤεἍȹΡʤἍΘʤΡ˅͔Ρ̼ʤʓἍʒ 

>    [rand_xyzᶁἍΘΡ͔ʈʤεεʤεἍȹΡʤἍΘʤΡ˅͔Ρ̼ʤʓἍʒ 

ȉ˜ʤἍ̓val_on_continue Ἅ˯εἍʓʤ˅˯̓ʤʓἍʑχ˜ʤἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍΘȹΡȹ̼ʤχʤΡἍ˯εἍ̓ ͔χἍΡȹ̓ʓ͔̼˯эʤʓἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔ran-

domize _on_error s ἍʒSimulated  annealing  is invoked  using continue _after _convergence . It is sometime s 

difficult  to formulate  optimum  val_on_continue  function s; this is especially  true  in structure  solution  

using rigid  bodie s where  optimum  randomization  of  the rigid  body  parameter s can be difficult  to as-

certain.  randomize _on_error s is a means of  automatically  randomizing  parameter s based on approx-

imate  parameter error s as given  in Eq. (4-10), T is the  current  temperature , and  K is as defined  in Eq. 

(4-3). 

Ўὴ ὗ ὛὭὫὲὙὥὲὨρȟρ πȢπς Ὕ ὑ ὃϳ  ᵽᴢᶓᴞᴝᵾ 

ƼἍis a scaling  factor  determined  such  that  convergence  to a previou s parameter  configuration Ἅoccur s 

7.5% of  the time  on average.  WhenἍrandomize _on_error sἍis used, relativeἍvariation  inἍtemperature ᵽεᵾἍ

ȹΡʤἍsignificant  and not  absolute  value s.ἍǙ̃ ʤἍAuto_TἍ̼ȹʈΡ͔Ἅ˯̓ʈ̞ϢʓʤεἍquick _refine , randomize _on_error sἍ

ȹ̓ʓἍȹἍtemperature ἍΡʤː˯̼ʤᶾἍăχἍ̃ ȹεἍε̃ ͔ЧἍ̓χἍ͔ʀʤἍȹʓʤΞϢȹχʤἍ˅ ͔ΡἍȹἍЧ˯ʓʤἍΡȹ̓ːʤἍ͔ Ἅ˅ε˯ ̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍʤаᶓ

ȹ̼Θ̞ʤεʑἍεʤʤἍʤаȹ̼Θ̞ʤἍfăŢ|ᶓȮᶓ ǦǙſᶾăŪƵἍʒ 

4.18  ..... ʓȹΘχ˯УʤἍεχʤΘἍε˯эʤἍϢε˯̓ːἍΡȹ̓ʓ͔̼˯эʤḚ͔ Ḛ̓ʤΡΡ͔Ρε 

Use of  randomize _on_error s 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 
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single  temperature.  The example  făŢ|ᶓȮᶓ ǦǙſᶾăŪƵ demon strate s randomize _on_error s by  using  a very  

incorrect  starting  temperature  of  0.1; the program  quickly  modifie s the temperature  to a more  appro-

priate  value. Output  lines such  as:Ἅ 

Breaking  -  randomize  on errors  revisit  

indicate  that  a parameter  configuration  has been  revi sited  and the temperature  will  be internally  ad-

justed.  Note , with  randomize _on_error s, relative  temperature  value s are pertinent  and not  absolute  

value s.Ἅ 

4.19  ..... fΡ˯χʤΡ˯ȹἍ͔ Ἅ˅˅ ˯χ 

[Trwp ] 

[r_p #]  [r_wp  #]  [r_exp  #]  [gof  #]  [r_p_dash #]  [r_wp _dash #]  [r_exp_dash #]  

[weighted _Durbin _Watson #]  

Ë̞ ͔ʀȹ̞Ἅȹ̓ʓἍxddἍʓʤΘʤ̓ʓʤ̓χἍΡʤ˅˯̓ʤ̼ʤ̓χἍ˯ ̓ʓ˯ʈȹχ͔ΡεʒἍōʤеЧ͔ΡʓεἍʤ̓ʓ˯̓ːἍ˯ Ἅ̓ɲḚʓȹε̃ Ἅɳʈ͔ΡΡʤεΘ͔̓ʓἍχἍ͔ʀȹʈ̕ᶓ

ːΡ͔Ϣ̓ʓἍεϢʀχΡȹʈχʤʓἍУȹ̞Ϣʤεʒ 

Ǚȹʀ̞ʤἍᴢᶓᴟʒἍfΡ˯χʤΡ˯ȹἍ͔ Ἅ˅˅ ˯χἍᵽȖ͔ Ϣ̓ἍːʑἍᴞᴨᴨᴡᵾἍʒȖ̵ᶞ̝Ἅȹ̓ʓἍȖɩð̝ ἍȹΡʤἍχ˜ʤἍ͔ ʀεʤΡУʤʓἍȹ̓ʓἍʈȹ̞ʈϢ̞ȹχʤʓἍʓȹχȹἍΡʤεΘʤʈᶓ

χ˯Уʤ̞еἍȹχἍʓȹχȹἍΘ͔˯̓χἍ̝ Ἅ᷄̂˶ʱ̝Ἅχ˜ʤἍʀȹʈ̕ːΡ͔Ϣ̓ʓἍʑŢἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ʓȹχȹἍΘ͔˯̓χεʑἍŪἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ΘȹΡȹ̼ᶓ

ʤχʤΡεʑἍЈ̝ Ἅχ˜ʤἍЧʤ˯ː˜χ˯̓ːἍː ˯Уʤ̓ἍχἍ͔ʓȹχȹἍΘ͔˯̓χἍ̝ Ἅ᷄˅ ͔ΡἍʈ͔Ϣ̓χ˯̓ːἍεχȹχ˯εχ˯ʈεἍЈ̝ ḃᴞᶏsᵽȖ̵ᶞ̝ᵾᴟἍЧ˜ʤΡʤἍsᵽȖ̵ᶞ̝ᵾἍ˯εἍ

χ˜ʤἍʤΡΡ͔ΡἍ˯Ἅ̓Ȗ̵ᶞ̝ Ἅʒ̓ʓἍă̵˶ðἍȹ̓ʓἍăɩð Ἅ˶χ˜ʤἍ͔ ʀεʤΡУʤʓἍȹ̓ʓἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍ͔ Ἅ˅χ˜ʤἍ˶χ˜ἍΡʤ˅̞ʤʈχ˯͔̓ᶾἍᴞᵾἍʀȹʈ̕ᶓ

ːΡ͔Ϣ̓ʓἍʈ͔ΡΡʤʈχʤʓᶾ 

ƾᶓΘȹχχʤΡ̓ἍʑƾΘɱ 
Ὑ

Вὣȟ ὣȟ
Вὣȟ

 Ὑ
Вὣȟ ὣȟ

Вὣȟ ὄὯὫ
 

ƾᶓЧʤ˯ː˜χʤʓἍΘȹχχʤΡ̓Ἅʑ

ƾЧΘʑἍᴞƾЧΘɱ Ὑ
Вύ ὣȟ ὣȟ

Вύ ὣȟ
 Ὑ

Вύ ὣȟ ὣȟ

Вύ ὣȟ ὄὯὫ
 

ƾᶓʤаΘʤʈχʤʓἍʑᴞƾʤаΘᶫ 

Ὑ
ὓ ὔ

Вύ ὣȟ
 Ὑ

ὓ ὔ

Вύ ὣȟ ὄὯὫ
 

Ë͔ ͔ʓ̓ʤεεἍ͔ Ἅ˅˅ ˯χἍʑËſÇ 

ὋὕὊὧὬὭ
Ὑ

Ὑ

Вύ ὣȟ ὣȟ
ὓ ὔ

 

ƾᶓ̂Ρȹːː 
Ὑ

ВὍȟ Ὅȟ
ВὍȟ

 

qϢΡʀ˯̓ᶓȉȹχε͔ ̓ʑἍʓʑἍ

ᴞᴨᴦᴞἍ᷄ß˯ ̞̞ἍᵱἍÇ̞ ȹʈ̕Ἅʑ

ᴞᴨᴧᴦ 

Ὠ
В ῳὣ ῳὣ

В ῳὣ
 Ƞ       ɝὣ ὣȟ ὣȟ  
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5.  .. ō|Ȗȉſƾqǋ 

5.1 ....... qȹχȹἍεχΡϢʈχϢΡʤε 

Ǚ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍʓʤεʈΡ˯ʀʤεἍ̕ʤеЧ͔ΡʓἍʓʤΘʤ̓ʓʤ̓ʈ˯ʤεᶾἍǙΡȹ˯̞˯̓ːἍᶪᶾᶾᶾᶫἍ˯̼Θ̞˯ʤεἍχ˜ȹχἍ̼͔ΡʤἍχ˜ȹ̓Ἅ͔̓ʤἍ͔̓ʓʤἍ͔˅Ἅχ˜ȹχἍ

χеΘʤἍʈȹ̓ἍʀʤἍ˯̓εʤΡχʤʓἍϢ̓ʓʤΡἍ˯χεἍΘȹΡʤ̓χᶾἍăχʤ̼εἍʤ̓ʈ̞͔εʤʓἍ˯̓ἍεΞϢȹΡʤἍʀΡȹʈ̕ʤχεἍȹΡʤἍ͔Θχ˯͔̓ȹ̞ᶾἍăχʤ̼εἍʀʤː˯̓̓˯̓ːἍ

Ч˯χ˜ἍȹἍʈȹΘ˯χȹ̞ἍǙἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅ̕ʤеЧ͔ΡʓἍːΡ͔ϢΘεἍȹ̓ȹ̞͔ː͔ϢεἍχ͔Ἅʈ͔̼Θ̞ʤаἍχеΘʤεἍ˯̓ἍȐŢŗʒ 

Ǚχ͔Θ 

Tcomm_1 

Tcomm_2  

Ttop_xdd  

Tglobal  

Txdd  

Txdd_scr  

Tindexing  

Tcharge_flipping  

Ǚχ͔ΘḚаʓʓ 

[convolution_step  #1] 

ᵿRp ᵳ|ᶁ ᵿRs ᵳ|ᶁ 

[x_calculation_step  ᵳ|ᶁ 

Ǚː ̞͔ʀȹ̞ 

TMinimization  

Trwp  

ᵿA_matrixᶁ ᵿC_matrixᶁ ᵿA_matrix_normalized ᶁ ᵿC_matrix_normalized ᶁ 

ᵿconserve_memory ᶁ 

ᵿfile_name_for_best_solutions  $file]  

ᵿforce_positive_fwhm ᶁ 

[ inp_text  $name]  ᶿᵿinp_text_insert  ȹ̼ʤἍᶃἍᶿἍᶄᶁᶿ̓ײ 

ᵿiters  #]  

ᵿno_LIMIT_warnings ] 

[num_cycles  !E]  

[num_runs !E] 

ᵿout_A_matrix  $file]  

[out_refinement_stats ]  

ᵿout_rwp   ʤᶁ̞˯˅ײ 

[out_prm_vals_per_iteration  $file]...  | [out_prm_vals_on_convergence  $file]...  

[out_prm _vals_on_end $fileᶁ  θ

ᵿprocess_times ᶁ 

ᵿseed  ᵿᶍᶁᶁ 

ᵿsleepἍᵳ|ᶁ 

[suspend_writing_to_log_file  #1] 

ᵿtemperature  ᵳ|ᶁᶾᶾᶾ 

ᵿuse_tube_dispersion_coefficients ᶁ  
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ᵿverbose  ᶍᴞᶁ 

Ǚаʓʓ 

ᵿxdd ʓȹχȹᶄᶁ ᵿrangeײʤ ᵿᶃ̞˯˅ײ   ᶍᶁ ᵿxye_format ᶁ ᵿgsas_format ᶁ ᵿfullprof_format ᶁἍᶁᶾᶾᶾἍ 

Ttop_xdd  

Txdd_comm_1 

Tcomm_1 

Tcomm_2  

Tmin_max_r 

Tpk_buffer_step  

Trwp  

[gui_add_bkg  !E] 

ᵿout_sfn4_yobs ἍḃἍ|᷄ᶁἍᵿout_sfn4_ycalc Ἅ ḃἍ|᷄ᶁ 

[xdd_sum  !E] and [ xdd_array  !E] 

[xdd_file  = $E;]  

ᵿxo_Isᶁᶾᶾᶾ 

ᵿxo |  I |ᶁᶾᶾᶾ 

Tcomm_1_2_phase_1_2 

ᵿd_Isᶁᶾᶾᶾ 

ᵿd |  I |ᶁᶾᶾᶾ 

Tcomm_1_2_phase_1_2 

ᵿlebail  ᶍᶁ 

ᵿhkl_Isᶁᶾᶾᶾ 

ᵿlp_search  ᵳ|ᶁ 

ᵿI_parameter_names_have_hkl  $start _of_parameter _name]  

ᵿhkl_m_d_th2 ᶍἍᶍἍᶍἍᶍἍᶍἍᶍἍἍ| I |ᶁᶾᶾᶾ 

Tspace_group  

Tcomm_1_2_phase_1_2 

Thkl_lat  

ᵿlebail  ᶍᶁ 

[str  | dummy_str ]...  

Tstr_details  

Thkl_lat  

Tcomm_1_2_phase_1_2 

Tmin_max_rs 

ᵿrigidᶁᶾᶾᶾ 

Tspace_group  

Ǚʈ͔̼Ḛ̼ᴞḚᴟḚΘ˜ȹεʤḚᴞḚᴟ 

Tcomm_1 

Tcomm_2  

Tphase_1 

Tphase_2  
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Txdd _scr  

ᵿxdd_scr $file]...  

Txdd_comm_1 

Tcomm_2  

Ttop_xdd  

Tmin_max_r 

[str ]...  

Tstr_details  

Tphase_1 

Tcomm_2  

Thkl_lat  

Tmin_max_r 

ᵿrigidᶁᶾᶾᶾ 

Tspace_group  

Tscr_1 

ǙεʈΡḚᴞ 

ᵿFlack  E] 

ᵿi_on_error_ratio_tolerance  #]  

ᵿnum_highest_I_values_to_keep  #]  

ǙаʓʓḚʈ͔̼Ḛ̼ᴞ 

ᵿbkg  [@] # # #...]  

ᵿdegree _of_crystallinity Ἅᶍᶁ 

ᵿd_spacing_to_energy_in_eV_for_f1_f11 !E] 

ᵿexclude  #ex1 #ex2]...  

ᵿextra_X_left  ᵳ|ᶁ ᵿextra_X_right  !E] 

ᵿfit_obj  | ᵿmin_X ᵳ|ᶁ ᵿmax_X !E] ]...  

ᵿneutron_dataᶁ 

ᵿrebin_with_dx_of  !E] 

ᵿsmooth  #]  

ᵿstart_X ᵳ|ᶁ ᵿfinish_X  !E] 

ᵿweighting  ᵳ| ᵿrecal_weighting_on_iter ᶁἍᶁ 

ᵿxdd_out  ʤ ᵿappendᶁ ᶁᶾᶾᶾ̞˯˅ײ 

Tout_record  

ᵿyobs_eqn  ᵳŪ |ᶁ 

ᵿyobs_to_xo_posn_yobs  ᵳ|ᶁ 

Ǚʈ͔̼Ḛ̼ᴞ 

ᵿaxial_convᶁᶾᶾᶾ  

[capillary_diameter_mm E]...Ἅ 

ᵿlpsd_th2_angular_range_degrees  |ᶁᶾᶾᶾ 

ᵿcircles_conv  |ᶁᶾᶾᶾ 

ᵿexp_conv_const  |  ᵿexp_limit  |ᶁ ᶁᶾᶾᶾ 

[ ft_conv  E]...  

ᵿgauss_fwhm  |ᶁᶾᶾᶾ 
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ᵿhat | ᵿnum_hats  ᶍᴞᶁ ᶁᶾᶾᶾ 

[modify_peak ]  

[more_accurate_Voigt ]  

ᵿlor_fwhm  |ᶁᶾᶾᶾ 

[numerical_lor_gauss_conv ] 

[numerical_lor_ymin_on_ymax  #0.0001]  

ᵿone_on_x_conv  |ᶁᶾᶾᶾ 

ᵿpk_xo |ᶁ 

ᵿpush_peak ᶁʒ ᶾᶾ 

ᵿstacked_hats_conv  ᵿwhole_hat  | ᵿhat_height  |ᶁἍᶁᶾᶾᶾᵿhalf_hat  | ᵿhat_height  |ᶁἍᶁᶾᶾᶾᶁᶾᶾᶾ 

ᵿth2_offset  |ᶁᶾᶾᶾ 

ᵿuser_defined_convolution  | min | max |ᶁᶾᶾᶾ 

[WPPM_ft_conv  E]...Ἅ 

Ǚʈ͔̼Ḛ̼ᴟ 

[ f0_f1_f11_atom]...  

ᵿlam ᵿymin_on_ymax  ᶍᶁ ᵿno_th_dependence ᶁ ᵿLam ᵳ|ᶁ ᵿcalculate_LamᶁἍᶁ 

ᵿscale_pks  |ᶁᶾᶾᶾ 

[scale_phase_X E]  θ

ᵿprmᶐlocal  | ᵿmin ᵳ|ᶁᵿmax ᵳ|ᶁᵿdel ᵳ|ᶁᵿupdate  ᵳ|ᶁᵿstop_when  ᵳ|ᶁᵿval_on_continue  ᵳ|ᶁᶁᶾᶾᶾ 

[existing_prm  E]...  

ᵿpenalty  ᵳ|ᶁᶾᶾᶾ  

ᵿout  ʤ ᵿappendᶁ ᶁᶾᶾᶾ̞˯˅ײ 

Tout_record  

ǙƵōḚ^ǦÇÇ|ƾḚǋǙ|Ƶ 

ᵿpeak_buffer_step   | ᵿreport_onᶁ ᶁ 

ǙΘ˜ȹεʤḚΘ͔ЧʓʤΡḚε˯̓ː̞ʤḚʈΡеεχȹ̞ 

ᵿatom_out  | mag_atom_out ʤ ᵿappend̞˯˅ײ  ] ]...  

Tout_record  

ᵿauto_scale  !E] 

[del_approx !E] 

ᵿphase_name  $phase_name ] 

ᵿphase_out  ʤ ᵿappendᶁ ᶁᶾᶾᶾ̞˯˅ײ 

ᵿphase_out_XἍײ˅˯̞ʤἍᵿappendᶁἍᶁἍᶿ 

ᵿbrindley_spherical_r_cm  ᵳ|ᶁ 

ᵿr_bragg  ᶍᶁ 

[remove_phase  !E]  

ᵿscale  |ᶁ 

ǙΘ˜ȹεʤḚᴟ 

ǙΘ̕ḚʀϢ˅˅ʤΡḚεχʤΘ 

ᵿpeak_type  χеΘʤᶁײ 

ᵿpv_lor  |  pv_fwhm  |ᶁ 

ᵿh1 |  h2 |  m1 |  m2 |ᶁ 
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ᵿspv_h1 |  spv_h2  |  spv_l1 |  spv_l2  |ᶁ 

ᵿnumerical_area  |ᶁ 

Tstr_details  

ᵿappend_cartesian ᶁ ᵿappend_fractional   ᵿin_str_formatᶁ ᶁ 

ᵿappend_bond_lengths   ᵿconsider_lattice_parameters ᶁ ᶁ 

[atomic_interaction  N E] | [ ai_anti_bump N]...   

ᵿbox_interaction  ᵿfrom_N ᶍᶁ ᵿto_N ᶍᶁ ᵿno_self_interaction ᶁ  ײε˯χʤḚᴞἍײε˯χʤḚᴟ ŪἍ|ᶁᶾᶾᶾ 

ᵿfourier_map  ᵳ|ᶁ  

ᵿgrs_interaction  ᵿfrom_N  ᶍᶁᵿto_N ᶍᶁᵿno_self_interaction ᶁ ײε˯χʤḚᴞἍײε˯χʤḚᴟἍqi ᶍ qj ᶍ ŪἍ|ᶁᶾᶾᶾ 

ᵿhkl_plane  ᶁᶾᶾᶾ̞̕˜ײ 

[no_f11]  

ᵿnormalize_FCsᶁ 

ᵿocc_merge ε˯χʤε ᵿocc_merge_radiusײ   ᵳ|ᶁἍᶁᶾᶾᶾ 

[p1_fractional_to_file  $file]  [ in_str_format ]... 

ᵿsite  ε˯χʤᶁᶾᶾᶾײ 

[ ᵿadpsᶁἍᶐ ᵿu11 |ᶁ ᵿu22  |ᶁ ᵿu33  |ᶁ ᵿu12 |ᶁ ᵿu13 |ᶁ ᵿu23  |ᶁ ]  

Tmin_max_r 

ᵿsites_distance  Ūᶁ ᶐἍᵿsites_angle  Ūᶁ ᶐ ᵿsites_flatten Ū ᵿsites_flatten_tol  ᵳ|ᶁἍᶁᶾᶾᶾ 

[sites_geometry  N]...  

ᵿsiv_s1_s2 ᶍ ᶍᶁ 

[report_on_str ] 

ᵿview_structure ᶁἍ 

Ǚ̃ ̕Ḛ̞̞ ȹχ 

ᵿa |ᶁ ᵿb |ᶁ ᵿc |ᶁ ᵿal |ᶁ ᵿbe |ᶁ ᵿga |ᶁ 

[normals_plot  !E]...  

ᵿphase_penalties  $sites  Ū ᵿhkl_Re_Im ᶍ˜Ἅᶍ̕Ἅᶍ̞ἍᶍƾʤἍᶍă̼ ᶁᶾᶾᶾᶁᶾᶾᶾ 

ᵿspherical_harmonics_hkl  ȹ̼ʤᶁᶾᶾᶾ̓ײ 

ᵿstr_hkl_angle  ŪἍ̃ Ἅ̕Ἅ̞ᶁᶾᶾᶾ 

[omit_hkls  !E]  

Ǚ͔ ϢχḚΡʤʈ͔Ρʓ 

ᵿout_record ᶁʒ ᶾᶾ 

Ǚ̼ ˯Ḛ̼̓ ȹаḚΡ 

ᵿmin_r ᶍᶁ ᵿmax_r ᶍᶁ 

ǙεΘȹʈʤḚː Ρ͔ϢΘ 

ᵿspace_group  $symbol ᶁ 

Ţ˯εʈʤ̞̞ȹ͔̓Ϣε 

ᵿaberration_range_change_allowed  ᵳ|ᶁ 

ᵿdefault_I_attributes  ᵳ|ᶁ 

[ load ], [move_to ], [ for ]Ἅ 
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5.2  ...... ̞Θ˜ȹʀʤχ˯ʈȹ̞Ἅ̞˯εχ˯̓ːἍ͔˅Ἅ̕ʤеЧ͔Ρʓε 

ᵿaἍ|ᶁἍᵿbἍ|ᶁἍᵿcἍ|ᶁἍᵿalἍ|ᶁἍᵿbeἍ|ᶁἍᵿgaἍ|ᶁ 

ŗȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍ˯̓Ἅ%Ἅȹ̓ʓἍ̞ȹχχ˯ʈʤἍȹ̓ː̞ʤεἍ˯̓ἍʓʤːΡʤʤεᶾ 

ᵿἍᵿadpsᶁἍᶐἍἍᵿu11Ἅ|ᶁἍᵿu22Ἅ|ᶁἍᵿu33Ἅ|ᶁἍᵿu12Ἅ|ᶁἍᵿu13Ἅ|ᶁἍᵿu23Ἅ|ᶁἍᶁ 

adps ːʤ̓ʤΡȹχʤεἍχ˜ʤἍς̤Ἅ̤ȹχ͔̼˯ʈἍʓ˯εΘ̞ȹʈʤ̼ʤ̓χἍΘȹΡȹ̼ʤχʤΡεἍЧ˯χ˜Ἅʈ͔̓ε˯ʓʤΡȹχ˯͔̓εἍ̼ȹʓʤἍ˅͔ΡἍεΘʤʈ˯ȹ̞Ἅ

Θ͔ε˯χ˯͔̓εἍᵽεʤʤἍǙ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǋăŪËŗ|ᶓfƾȖǋǙ ŗᶒ |ᴞᴢᶓ qƵǋᶾăŪƵᵾʒ Ἅſ̓ ἍχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχ˜ʤἍ

adps Ἅ̕ ʤеЧ͔ΡʓἍ˯εἍΡʤΘ̞ȹʈʤʓἍЧ˯χ˜Ἅχ˜ʤἍς̤Ἅ̤ΘȹΡȹ̼ʤχʤΡε᷄ἍεʤʤἍʤаȹ̼Θ̞ʤἍ|ᴞᶓ qƵǋᶾăŪƵἍʒă̓ εχʤȹʓἍ͔˅ἍϢε˯̓ːἍ

χ˜ʤἍadpsἍ̕ ʤеЧ͔ΡʓἍχ˜ʤ ς̤Ἅ̤ΘȹΡȹ̼ʤχʤΡεἍʈȹ̓ἍʀʤἍ̼ȹ̓Ϣȹ̞̞еἍʤ̓χʤΡʤʓᶾἍǙ̃ ʤἍς̤Ἅ̤̼ ȹχΡ˯аἍʈȹ̓ἍʀʤἍ̕ʤΘχἍΘ͔εᶓ

˯χ˯УʤἍʓʤ˅˯̓˯χʤἍЧ˯χ˜Ἅχ˜ʤἍε˯χʤἍʓʤΘʤ̓ʓʤ̓χἍ̼ȹʈΡ͔Ἅ͔ ˅ἍADPs_Keep_PD᷄Ἅχ˜˯εἍʈȹ̓Ἅεχȹʀ˯̞˯эʤἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍǙ̃ ʤἍ

ADPs_Keep_PDἍ̼ ȹʈΡ͔Ἅʈȹ̓ἍʀʤἍϢεʤʓἍȹ˅χʤΡἍχ˜ʤἍς̤Ἅ̤ΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍʈΡʤȹχʤʓᶾἍÇ͔ ΡἍʓʤχʤΡ̼˯̓˯̓ːἍȹʓΘἍ

ʈ͔̓εχΡȹ˯̓χεἍχ˜ʤἍᴡаᴡἍʤ˯ːʤ̓ἍУȹ̞ϢʤἍʓʤχʤΡ̼˯̓ȹχ˯͔̓ἍΡ͔Ϣχ˯̓ʤἍ͔˅Ἅō͔ ΘΘἍᵽᴟᴝᴝᴥᵾἍ˜ȹεἍʀʤʤ̓ἍϢεʤʓᶾ 

ᵿamorphous_phase  

In the calculation of degree _of_crystallinity , p˜ȹεʤεἍЧ˯χ˜Ἅamorphous _phaseἍȹΡʤἍχΡʤȹχʤʓἍȹεἍȹ̼͔Ρᶓ

Θ˜͔ϢεἍ˯̓Ἅχ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓ᶾ 

ᵿA_matrixᶁἍᵿC_matrixᶁἍᵿA_matrix _normalized ᶁἍᵿC_matrix _normalized ᶁ 

Generates the un -normalized and normalized A and correlation matrices. If do_errors is defined 

then C_matrix _normalized is automatically generated and appened to the OUT file.  

[append _cartesianᶁἍᵿappend _fractional ᵿin_str_formatᶁἍᶁ 

ΘΘʤ̓ʓεἍε˯χʤἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍ˯̓ἍfȹΡχʤε˯ȹ̓Ἅ͔ΡἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍΡʤεΘʤʈχ˯Уʤ̞еἍχ͔Ἅχ˜ʤἍ

ḞſʒǦǙἍ˅ ˯̞ʤἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍȹἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍÇ͔ ΡἍχ˜ʤἍʈȹεʤἍ͔˅Ἅappend _fractional ᶽἍin_str_formatἍΘΡ͔ʓϢʈʤεἍ

͔ϢχΘϢχἍ˯̓ἍăŪƵἍ˅͔Ρ̼ȹχᶾ 

ᵿappend _bond _lengthsἍᵿconsider _lattice _parameters ᶁἍᶁ 

ΘΘʤ̓ʓεἍʀ͔̓ʓἍ̞ʤ̓ːχ˜εἍχ˜ʤἍḞᶾſǦǙἍ˅ ˯̞ʤἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍἍ̓ Ϣ̼ʀʤΡἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχ͔ἍʤΞϢ˯Уᶓ

ȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ˯εἍȹΘΘʤ̓ʓʤʓἍχ͔Ἅε˯χʤἍ̓ȹ̼ʤεᶾἍconsider _lattice _parameters  includes Ἅ̞ ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡἍ

ʤΡΡ͔ΡεἍ˯̓Ἅχ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅ͔˅Ἅʀ͔̓ʓἍ̞ʤ̓ːχ˜Ἅȹ̓ʓἍʀ͔̓ʓἍȹ̓ː̞ʤἍʤΡΡ͔ΡεᶾἍ̓Ἅʤаȹ̼Θ̞ʤἍ͔˅Ἅʀ͔̓ʓἍ̞ʤ̓ːχ˜εἍ͔ϢχΘϢχἍ

˯εἍȹεἍ˅͔̞̞͔Чε᷁ 

Y1:0    O1:0    2.23143  
        O2:0    2.23143    88.083  
        O3:0    2.28045    109.799    99.928  

Ǚ̃ ʤἍ˅˯ΡεχἍ̞˯̓ʤἍː˯УʤεἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍε˯χʤεἍȖᴞἍȹ̓ʓἍſᴞʒ ἍǙ̃ ʤἍ˅˯ΡεχἍ̓Ϣ̼ʀʤΡἍ˯̓Ἅχ˜ʤἍεʤʈ͔̓ʓἍ̞˯̓ʤἍ

ː˯УʤεἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅε˯χʤεἍȖᴞἍȹ̓ʓἍſᴟᶾἍǙ̃ ʤἍχ˜˯ΡʓἍ̓Ϣ̼ʀʤΡἍ͔˅ἍᴧᴧᶾᴝᴧᴡἍː˯УʤεἍχ˜ʤἍȹ̓ː̞ʤἍʀʤχЧʤʤ̓Ἅ

χ˜ʤἍУʤʈχ͔ΡεἍȖᴞἍχ͔ἍſᴞἍȹ̓ʓἍȖᴞἍχ͔ἍſᴟᶾἍǙ̃ ʤἍ˅˯ΡεχἍ̓Ϣ̼ʀʤΡἍ͔̓Ἅχ˜ʤἍχ˜˯ΡʓἍ̞˯̓ʤἍʈ͔̓χȹ˯̓εἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅ

ε˯χʤεἍȖᴞἍȹ̓ʓἍſᴡᶾἍǙ̃ ʤἍεʤʈ͔̓ʓἍ̓Ϣ̼ʀʤΡἍ˯̓Ἅχ˜ʤἍχ˜˯ΡʓἍ̞˯̓ʤἍʈ͔̓χȹ˯̓εἍχ˜ʤἍȹ̓ː̞ʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍУʤʈχ͔ΡεἍȖᴞἍχ͔Ἅ

ſᴡἍȹ̓ʓἍȖᴞἍχ͔ἍſᴟᶾἍǙ̃ ʤἍχ˜˯ΡʓἍ̓Ϣ̼ʀʤΡἍ˯̓Ἅ̞˯̓ʤἍχ˜ΡʤʤἍʈ͔̓χȹ˯̓εἍχ˜ʤἍȹ̓ː̞ʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍУʤʈχ͔ΡεἍȖᴞἍχ͔ἍſᴡἍ

ȹ̓ʓἍȖᴞἍχ͔ἍſᴞᶾἍ^͔ ̓ʓἍ̞ʤ̓ːχ˜εἍʑχ˜ʤΡʤ˅͔ΡʤᶽἍʈ͔ΡΡʤεΘ͔̓ʓἍχ͔Ἅχ˜ʤἍ˅˯ΡεχἍ̓Ϣ̼ʀʤΡἍ˯̓Ἅʤȹʈ˜Ἅ̞˯̓ʤἍȹ̓ʓἍʀ͔̓ʓἍȹ̓ː̞ʤεἍ
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εχȹΡχἍ˅Ρ͔Ἅ̼χ˜ʤἍεʤʈ͔̓ʓἍ̓Ϣ̼ʀʤΡᶾἍǙ̃ ʤἍ̓Ϣ̼ʀʤΡεἍȹ˅χʤΡἍχ˜ʤἍε˯χʤἍ̓ȹ̼ʤἍȹ̓ʓἍȹ˅χʤΡἍχ˜ʤἍᶪ᷁ᶫἍʈ˜ȹΡȹʈχʤΡἍʈ͔ΡΡʤᶓ

εΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍε˯χʤἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓ἍȹεἍ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍḞᶾǋËἍεΘȹʈʤἍːΡ͔ϢΘἍ˅˯̞ʤεἍ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍǋËἍʓ˯ᶓ

Ρʤʈχ͔Ρе ʒ

ᵿatomic _interaction ἍŪἍ|ᶁἍᶐἍἍᵿai_anti_bumpἍŪᶁᶾᶾᶾ 

ai_sites _1Ἅײε˯χʤεḚᴞἍai_sites _2Ἅײε˯χʤεḚᴟ 

ᵿai_no_self _interation ᶁ 

ᵿai_closest _NἍᵳ|ᶁ 

ᵿai_radiusἍἍᵳ|ᶁ 

ᵿai_exclude _eq_0ᶁ 

ᵿai_only _eq_0ᶁ 

qʤ˅˯̓ʤεἍȹ̓Ἅȹχ͔̼˯ʈἍ˯̓χʤΡȹʈχ˯͔̓ἍЧ˯χ˜Ἅχ˜ʤἍ̓ȹ̼ʤἍŪἍʀʤχЧʤʤ̓Ἅsites identified ἍʀеἍײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟᶾἍÇ͔ ΡἍ

atomic _interaction ᶽἍ|Ἅ˯ εἍχ˜ʤἍε˯χʤἍ˯̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓Ἅχ˜ȹχἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍRἍȹ̓ʓἍRiʒ ἍRἍΡʤχϢΡ̓εἍ

χ˜ʤἍʓ˯εχȹ̓ʈʤἍ˯̓Ἅ%ἍʀʤχЧʤʤ̓ἍχЧ͔Ἅȹχ͔̼ε᷄Ἅχ˜ʤεʤἍʓ˯εχȹ̓ʈʤεἍȹΡʤἍϢΘʓȹχʤʓἍЧ˜ʤ̓ἍʓʤΘʤ̓ʓʤ̓χἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅ

ȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯̓ȹχʤεἍȹΡʤἍ̼͔ʓ˯˅˯ʤʓᶾἍǙ̃ ʤἍ̓ȹ̼ʤἍ͔˅Ἅχ˜ʤἍatomic _interaction ŪἍʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εἍ

˯̓ʈ̞Ϣʓ˯̓ːἍΘʤ̓ȹ̞χеἍʤΞϢȹχ˯͔̓εᶾἍÇ͔ ΡἍai_anti_bump,Ἅȹ̓Ἅ˯̓χʤΡ̓ȹ̞ἍʈḅḅἍȹ̓χ˯ᶓʀϢ̼ΘἍ˯̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓Ἅ˯εἍ

ϢεʤʓᶾἍÇ͔ ΡἍ ȹ̓χ˯ᶓʀϢ̼Θ˯̓ːἍ ͔̞̓еᶽἍai_anti_bump Ἅ˯ εἍ ˅ȹεχʤΡἍ χ˜ȹ̓Ἅ Ϣε˯̓ːἍatomic _interaction ᶾἍǙ̃ ʤἍ

AI_Anti_BumpἍ̼ ȹʈΡ͔ἍϢεʤε ai_anti_bumpᶾἍno_self _interaction ἍΘΡʤУʤ̓χεἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓ἍʤΞϢ˯Уᶓ

ȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ͔˅ἍȹἍε˯χʤᶾἍǙ̃ ˯εἍ˯εἍϢεʤ˅Ϣ̞ἍЧ˜ʤ̓ἍȹἍːʤ̓ʤΡȹ̞ἍΘ͔ε˯χ˯͔̓Ἅ˯εἍϢεʤʓἍχ͔ἍʓʤεʈΡ˯ʀʤἍȹἍεΘʤʈ˯ȹ̞ἍΘ͔ε˯ᶓ

χ˯͔̓ᶾἍ 

ai_closest _N Ἅ᷁˯ ̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅײε˯χʤεḚᴞἍȹ̓ʓἍײε˯χʤεḚᴟἍȹΡʤἍε͔ΡχʤʓἍʀеἍʓ˯εχȹ̓ʈʤἍȹ̓ʓἍ͔̞̓еἍχ˜ʤἍ˅˯ΡεχἍ

ai_closest _NἍ̓ Ϣ̼ʀʤΡἍ͔˅Ἅ˯̓χʤΡȹʈχ˯͔̓εἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾἍ 

ai_radius Ἅ͔᷁ ̞̓еἍχ˜ʤἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅײε˯χʤεḚᴞἍȹ̓ʓἍײε˯χʤεḚᴟἍχ˜ȹχἍȹΡʤἍЧ˯χ˜˯̓Ἅχ˜ʤἍʓ˯εχȹ̓ʈʤἍai_radiusἍ

ȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾἍ 

ȉ˜ʤ̓Ἅai_radiusἍȹ̓ʓ ai_closest _NἍȹΡʤἍʀ͔χ˜Ἅʓʤ˅˯̓ʤʓἍχ˜ʤ̓Ἅ˯̓χʤΡȹʈχ˯͔̓εἍ˅Ρ͔̼Ἅʀ͔χ˜ἍεʤχεἍ͔˅Ἅʈ͔ΡΡʤεΘ͔̓ʓᶓ

˯̓ːἍ˯̓χʤΡȹʈχ˯͔̓ἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾἍ 

ai_exclude _eq_0 Ἅ͔᷁ ̞̓еἍ˯̓χʤΡȹʈχ˯͔̓εἍχ˜ȹχἍȹΡʤἍ̓ ͔χἍχ˜ʤἍ˅˯ΡεχἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ˯̓Ἅײε˯χʤεḚᴟἍȹΡʤἍʈ͔̓ᶓ

ε˯ʓʤΡʤʓᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍ˯̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

atomic_interaction  ...  
ai_exclude_eq_0  
ai_sites_1  Pb 
ai_sites_2  ­-T -U® 

χ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯̓χʤΡȹʈχ˯͔̓εἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓ ᷁

Pb:0 and O1:n      (n  ̧ 0)  
Pb:0 and O2:n      (n  ̧ 0)  

Ч˜ʤΡʤἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍȹ˅χʤΡἍχ˜ʤἍᶅ ᷁ᶫἍʈ˜ȹΡȹʈχʤΡἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ͔˅Ἅχ˜ʤἍε˯χʤεᶾἍ

ai_only _eq_0  ͔̞᷁̓еἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓ἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍᴝἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾ 

ÇϢ̓ʈχ˯͔̓ε 
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Ǚ̃ ʤἍatomic _interaction ἍʤΞϢȹχ˯͔̓Ἅʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˅Ϣ̓ʈχ˯͔̓ε᷁ 

ăḚƾᵽᶍΡ˯ᵾ᷁ἍƾʤχϢΡ̓εἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍε˯χʤἍȹ̓ʓἍχ˜ʤἍȹχ͔̼Ἅʓʤ˅˯̓ʤʓἍЧ˯χ˜ἍRiḃᶍΡ˯ᶾἍ 

ăḚƾḚfŢ᷁ ἍἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅ͔̓ἍȹΡːϢ̼ʤ̓χεἍχ˜ȹχἍΡʤχϢΡ̓εἍχ˜ʤἍːʤ͔̼ʤχΡ˯ʈἍʈʤ̓χʤΡἍ͔˅Ἅχ˜ʤἍʈϢΡΡʤ̓χἍȹχ͔̼Ἅȹ̓ʓἍ

χ˜ʤἍȹχ͔̼εἍʓʤ˅˯̓ʤʓἍ˯̓Ἅײε˯χʤεḚᴟ ʒ

ăḚÇ̞ ȹχχʤ̓ᵽᶍχ͔̞̞ᵾ:ἍἍ˅ Ϣ̓ʈχ˯͔̓Ἅχ˜ȹχἍΡʤχϢΡ̓εἍχ˜ʤἍεϢ̼Ἅ͔˅Ἅʓ˯εχȹ̓ʈʤεἍ͔˅Ἅχ˜ʤἍʈϢΡΡʤ̓χἍȹχ͔̼Ἅȹ̓ʓἍχ˜͔εʤἍʓʤᶓ

˅˯̓ʤʓἍ˯̓Ἅײε˯χʤεḚᴟἍχ͔Ἅȹ̓ἍȹΘΘΡ͔а˯̼ȹχʤἍΘ̞ȹ̓ʤἍ͔˅ἍʀʤεχἍ˅˯χᶾἍǙ̃ ʤἍΘ̞ȹ̓ʤἍ͔˅ἍʀʤεχἍ˅˯χἍ˯εἍʈ͔̓εχΡϢʈχʤʓἍεϢʈ˜Ἅχ˜ȹχἍ

χ˜ʤἍεϢ̼Ἅ͔˅Ἅχ˜ʤἍΘʤΡΘʤ̓ʓ˯ʈϢ̞ȹΡἍʓ˯εχȹ̓ʈʤεἍχ͔Ἅχ˜ʤἍʈϢΡΡʤ̓χἍȹχ͔̼ἍΘ̞ϢεἍχ˜͔εʤἍʓʤ˅˯̓ʤʓἍ˯̓Ἅײε˯χʤεḚᴟἍ˯εἍȹχἍχ˜ʤἍ

̼˯̓˯̼Ϣ̼Ἅ 

ăḚf͔ εḚ̓ː̞ʤᵽᶍΡ˯ᴞᶽἍᶍΡ˯ᴟᵾ᷁ἍƾʤχϢΡ̓εἍχ˜ʤἍf͔ εἍ͔˅Ἅχ˜ʤἍȹ̓ː̞ʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍȹχ͔̼Ἅʓʤ˅˯̓ʤἍȹεἍRiḃᶍΡ˯ᴞᶽἍχ˜ʤἍ

ʈϢΡΡʤ̓χἍȹχ͔̼Ἅȹ̓ʓἍχ˜ʤἍȹχ͔̼Ἅʓʤ˅˯̓ʤʓἍȹεἍRiḃᶍΡ˯ᴟᶾ 

ăḚ̓ː̞ʤᵽᶍΡ˯ᴞᶽἍᶍΡ˯ᴟᵾἍ᷁Ἅǋ˯ ̼˯̞ȹΡᶓχ͔ἍăḚf͔ εḚ̓ː̞ʤἍʤаʈʤΘχἍχ˜ȹχἍχ˜ʤἍУȹ̞ϢʤἍΡʤχϢΡ̓ʤʓἍ˯εἍχ˜ʤἍȹ̓ː̞ʤἍ˯̓Ἅʓʤᶓ

ːΡʤʤεᶾ 

|аȹ̼Θ̞ʤεἍ^|ŪȮ|Ū|Ḛ ăᴞᶾăŪƵᶽἍ̂|ŪȮ|Ū|Ḛ ăᴟᶾăŪƵἍȹ̓ʓἍ^|ŪȮ|Ū|Ḛ ăᴡᶾăŪƵἍʓʤ̼͔̓εχΡȹχʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅχ˜ʤἍ

atomic _intera ction Ἅ˅ Ϣ̓ʈχ˯͔̓εᶾἍatomic _interaction ᶫεἍȹΡʤἍϢεʤʓἍχ͔ἍȹΘΘ̞еἍːʤ͔̼ʤχΡ˯ʈἍΡʤεχΡȹ˯̓χεᶾἍÇ͔ ΡἍʤаᶓ

ȹ̼Θ̞ʤᶽἍȹ̓χ˯ᶓʀϢ̼Θ˯̓ːἍʀʤχЧʤʤ̓Ἅ̼͔̞ʤʈϢ̞ʤεἍ˅͔ΡἍχ˜ʤἍ˅˯ΡεχἍχʤ̓Ἅ˯χʤΡȹχ˯͔̓εἍ͔˅ἍȹἍrefinement cycle  ʈȹ̓ἍʀʤἍ

˅͔Ρ̼Ϣ̞ȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

atomic_interaction  ai1 = If(R < 3, (R - 3)^2, 0);  
ai_exclude_eq_0  
ai_sites_1  C* 
ai_sites_2  C*  
ai_radius  3 

penalty  = If(Cycle_Iter < 10, ai1, 0);  

ᵿatom_outἍᶐἍmag_atom_outἍײ˅˯̞ʤἍᵿappendᶁἍᶁᶾᶾᶾ 

ǦεʤʓἍ˅͔ΡἍЧΡ˯χ˯̓ːἍsiteἍʓʤΘʤ̓ʓʤ̓χἍʓʤχȹ˯̞εἍχ͔Ἅ˅˯̞ʤᶾἍǋʤʤἍoutἍ˅ ͔ΡἍȹἍʓʤεʈΡ˯Θχ˯͔̓Ἅ͔˅Ἅout_record ᶾἍǙ̃ ʤἍ

Out_CIF_STRἍ̼ ȹʈΡ͔ἍϢεʤεἍatom_out . mag_atom_out  selects magnetic sites only.  

ᵿaxial_convᶁᶾᶾᶾἍ  

filament _lengthἍ|Ἅsample _lengthἍ|Ἅreceiving _slit_lengthἍ| 

ᵿprimary _soller _angleἍ|ᶁ 

ᵿsecondary _soller _angleἍ|ᶁ 

ᵿaxial_n_betaἍᵳ|ᶁ 

ÇϢ̞̞Ἅȹа˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍ̼͔ʓʤ̞ἍϢε˯̓ːἍχ˜ʤἍ̼ʤχ˜͔ʓἍ͔˅Ἅf̃ ʤȹΡеἍᵱἍf͔ ʤ̞˜͔ἍᵽᴞᴨᴨᴧʀᵾᶾἍfilament _length Ἅʑsam-

ple_lengthἍȹ̓ʓἍreceiving _slit_length ʓʤ˅˯̓ʤἍχ˜ʤἍ̞ʤ̓ːχ˜εἍ͔˅Ἅχ˜ʤἍχϢʀʤᶓ˅ ˯̞ȹ̼ʤ̓χᶽἍεȹ̼Θ̞ʤἍȹ̓ʓἍΡʤʈʤ˯У˯̓ːἍ

ε̞˯χἍ˯̓Ἅχ˜ʤἍȹа˯ȹ̞ἍΘ̞ȹ̓ʤἍ˯̓Ἅ̼̼ᶾἍprimary _soller _angleἍȹ̓ʓἍsecondary _soller _angleἍʓʤ˅˯̓ʤἍǋ͔ ̞̞ʤΡἍε̞˯χἍ

ȹ̓ː̞ʤεἍ˯̓ἍʓʤːΡʤʤεᶾἍaxial_n_betaἍʓʤ˅˯̓ʤεἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍΡȹеεἍʤ̼ȹ̓ȹχ˯̓ːἍ˅Ρ͔̼ἍȹἍΘ͔˯̓χἍȐᶓΡȹеἍε͔ϢΡʈʤἍ

˯̓Ἅχ˜ʤἍȹа˯ȹ̞ἍΘ̞ȹ̓ʤᶾἍŗȹΡːʤΡἍУȹ̞ϢʤεἍ˅ ͔ΡἍaxial_n_betaἍ˯ ̓ʈΡʤȹεʤεἍʀ͔χ˜ἍȹʈʈϢΡȹʈеἍȹ̓ʓἍʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅχ˯̼ʤᶾἍ

Ǚ̃ ʤἍFull_Axial_Model Ἅ̼ ȹʈΡ͔Ἅε˯̼Θ̞˯˅˯ʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅaxial_conv  ʒ
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ᵿbkgἍᵿᶅᶁἍᶍἍᶍἍᶍἍᶾᶾᶾᶁ 

qʤ˅˯̓ʤεἍȹἍf̃ ʤʀеε˜ʤУἍΘ͔̞е͔̼̓˯ȹ̞ἍЧ˜ʤΡʤἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍ˯εἍʤΞϢȹ̞Ἅχ͔Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅ̓Ϣᶓ

̼ʤΡ˯ʈἍУȹ̞ϢʤεἍȹΘΘʤȹΡ˯̓ːἍȹ˅χʤΡἍbkg  ʒ

ᵿbox _interaction Ἅᵿfrom _NἍᶍᶁἍᵿto_NἍᶍᶁἍᵿno_self _interaction ᶁἍײε˯χʤḚᴞἍײε˯χʤḚᴟἍŪἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹἍε˯χʤἍ˯̓χʤΡȹʈχ˯͔̓ἍЧ˯χ˜Ἅχ˜ʤἍ̓ȹ̼ʤἍŪἍʀʤχЧʤʤ̓Ἅsites identified ἍʀеἍײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟᶾἍ|ἍΡʤΘᶓ

Ρʤεʤ̓χεἍχ˜ʤἍε˯χʤἍ˯̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓ἍЧ˜˯ʈ˜Ἅʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍRἍȹ̓ʓἍRiʒ ἍRἍΡʤχϢΡ̓εἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍ˯̓Ἅ

%ἍʀʤχЧʤʤ̓ἍχЧ͔Ἅȹχ͔̼ε᷄Ἅχ˜ʤεʤἍʓ˯εχȹ̓ʈʤεἍȹΡʤἍϢΘʓȹχʤʓἍЧ˜ʤ̓ἍʓʤΘʤ̓ʓʤ̓χἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯ᶓ

̓ȹχʤεἍȹΡʤἍ̼͔ʓ˯˅˯ʤʓᶾἍǙ̃ ʤἍ̓ȹ̼ʤἍ͔˅Ἅχ˜ʤἍbox _interaction ἍŪἍʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εἍ˯̓ʈ̞Ϣʓ˯̓ːἍΘʤ̓ȹ̞χеἍ

ʤΞϢȹχ˯͔̓εᶾἍȉ˜ʤ̓Ἅʤ˯χ˜ʤΡἍfrom _NἍ͔ ΡἍto_NἍȹΡʤἍʓʤ˅˯̓ʤʓᶽἍχ˜ʤἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟἍ

ȹΡʤἍε͔ΡχʤʓἍʀеἍʓ˯εχȹ̓ʈʤἍȹ̓ʓἍ͔̞̓еἍχ˜ʤἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅχ˜ʤἍfrom _NἍȹ̓ʓἍto_NἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾἍ

no_self _interaction ἍΘΡʤУʤ̓χεἍȹ̓еἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓ἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ͔˅Ἅχ˜ʤἍεȹ̼ʤἍε˯χʤᶾἍǙ̃ ˯εἍ

˯εἍϢεʤ˅Ϣ̞ἍЧ˜ʤ̓ἍȹἍːʤ̓ʤΡȹ̞ἍΘ͔ε˯χ˯͔̓Ἅ˯εἍϢεʤʓἍχ͔ἍʓʤεʈΡ˯ʀʤἍȹἍεΘʤʈ˯ȹ̞ἍΘ͔ε˯χ˯͔̓ᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ

ʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓἍχ͔Ἅ˯χʤΡȹχʤἍ˅Ρ͔̼Ἅχ˜ʤἍ̓ʤȹΡʤεχἍȹχ͔̼Ἅχ͔Ἅχ˜ʤἍχ˜˯ΡʓἍȹχ͔̼Ἅ˅Ρ͔̼ἍȹἍε˯χʤἍʈȹ̞̞ʤʓἍǋ˯ ᴞ᷁ 

str  
site  Si1 ...  
site  O1 ...  
site  O2 ...  
site  O3 ...  
box_interaction  Si1 O* to_N 2 !si1o = (R - 2)^2;  
penalty  = !si1o;  

ă̓ Ἅχ˜˯εἍʤаȹ̼Θ̞ʤἍχ˜ʤἍ̓ʤȹΡʤεχἍχ˜ΡʤʤἍ͔аеːʤ̓Ἅȹχ͔̼εἍȹΡʤἍε͔˅χἍʈ͔̓εχΡȹ˯̓ʤʓἍχ͔ἍȹἍʓ˯εχȹ̓ʈʤἍ͔˅ἍᴟἍ%ἍʀеἍϢεʤἍ

͔˅Ἅχ˜ʤἍΘʤ̓ȹ̞χеἍ˅Ϣ̓ʈχ˯͔̓ᶾἍf͔ Ϣ̓χ˯̓ːἍεχȹΡχεἍȹχἍэʤΡ͔Ἅȹ̓ʓἍχ˜ϢεἍto_N ˯εἍεʤχἍχ͔ἍᴟἍχ͔Ἅ˯χʤΡȹχʤἍϢΘἍχ͔Ἅχ˜ʤἍχ˜˯ΡʓἍ

̓ʤȹΡʤεχἍȹχ͔̼ᶾἍ 

Ǚ̃ ʤἍЧ˯̞ʓἍʈȹΡʓἍʈ˜ȹΡȹʈχʤΡἍḞᶅʟἍϢεʤʓἍ˯̓ἍſɲḞɳἍ̼ ʤȹ̓εἍχ˜ȹχἍε˯χʤεἍЧ˯χ˜Ἅ̓ȹ̼ʤεἍεχȹΡχ˯̓ːἍЧ˯χ˜ἍſᶅʟἍȹΡʤἍʈ͔̓ε˯ʓᶓ

ʤΡʤʓᶾἍă̓ Ἅȹʓʓ˯χ˯͔̓Ἅχ͔ἍϢε˯̓ːἍχ˜ʤἍЧ˯̞ʓἍʈȹΡʓἍʈ˜ȹΡȹʈχʤΡᶽἍχ˜ʤἍε˯χʤἍ̓ȹ̼ʤεἍʈȹ̓ἍʀʤἍʤаΘ̞˯ʈ˯χ̞еἍЧΡ˯χχʤ̓ἍЧ˯χ˜˯̓Ἅ

ʓ͔Ϣʀ̞ʤἍΞϢ͔χȹχ˯͔̓Ἅ̼ȹΡ̕εᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

box_interaction 1AT ­-T -U -V®to_N 3 etc...  

ă̓ χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅǋ˯ ᴞἍȹ̓ʓἍχ˜ʤἍχ˜ΡʤʤἍ͔аеːʤ̓Ἅȹχ͔̼εἍſᴞᶽἍſᴟᶽἍſᴡἍ̼ȹеἍ͔̓χἍȹ̞̞ἍʀʤἍ˯̓ʈ̞ϢʓʤʓᶽἍ˅͔ΡἍʤаᶓ

ȹ̼Θ̞ʤᶽἍ˯˅Ἅǋ˯ ᴞἍ˜ȹεἍȹεἍ˯χεἍ̓ʤȹΡʤεχἍ̓ʤ˯ː˜ʀ͔ϢΡεἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

Si1 - O1,1 at a distance of 1.0 Å 

Si1 - O2,3 at a distance of 1.1 Å 

Si1 - O2,1 at a distance of 1.2 Å 

Si1 - O1,2 at a distance of 1.3 Å 

χ˜ʤ̓ἍχЧ͔ἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ͔˅Ἅε˯χʤἍſᴞἍȹ̓ʓἍχЧ͔ἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ͔˅ἍſᴟἍЧ͔Ϣ̞ʓἍʀʤἍ˯̓ʈ̞ϢʓʤʓἍ˯̓Ἅ

χ˜ʤἍ˯̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓᷄Ἅχ˜ϢεᶽἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅǋ˯ ᴞᶓſᴡἍȹΡʤἍ͔̓χἍʈ͔̓ε˯ʓʤΡʤʓᶾἍǙ͔ Ἅʤ̓εϢΡʤἍχ˜ȹχἍ

ʤȹʈ˜Ἅ͔˅Ἅχ˜ʤἍχ˜ΡʤʤἍ͔аеːʤ̓εἍ̃ ȹεἍǋ˯ ᴞἍ˯̓ʈ̞ϢʓʤʓἍ˯̓Ἅȹ̓Ἅ˯̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓Ἅχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔Ϣ̞ʓἍʀʤἍ

Ϣεʤʓ᷁ 
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box_interaction  ­-T -U -V® 1ATto_N 0 etc...  

Ǚ̃ ϢεᶽἍχ˜ʤἍ͔ΡʓʤΡἍ͔˅Ἅײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟἍ˯εἍ˯̼Θ͔Ρχȹ̓χἍЧ˜ʤ̓Ἅʤ˯χ˜ʤΡἍfrom _NἍ͔ ΡἍto_NἍ˯ εἍʓʤ˅˯̓ʤʓᶾἍǙ̃ ʤἍ

ΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡεἍRiἍȹ̓ʓἍBreakἍʈȹ̓Ἅȹ̞ε͔ἍʀʤἍϢεʤʓἍ˯̓Ἅ˯̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓εἍЧ˜ʤ̓Ἅʤ˯χ˜ʤΡἍfrom _NἍ

͔ΡἍto_NἍ˯ εἍʓʤ˅˯̓ʤʓᶾἍRiἍΡʤχϢΡ̓εἍχ˜ʤἍ˯̓ʓʤаἍ͔˅Ἅχ˜ʤἍʈϢΡΡʤ̓χἍ˯̓χʤΡȹʈχ˯͔̓Ἅʀʤ˯̓ːἍ͔ΘʤΡȹχʤʓἍ͔̓ἍЧ˯χ˜Ἅχ˜ʤἍ˅˯ΡεχἍ

˯̓χʤΡȹʈχ˯͔̓ἍεχȹΡχ˯̓ːἍȹχἍRiἍḃἍᴝᶾἍ 

box _interaction Ἅ˯ εἍϢεʤʓἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍʀеἍχ˜ʤἍAnti_BumpἍ̼ ȹʈΡ͔ᶾἍ 

ᵿbrindley _spherical _r_cmἍᵳ|ᶁ 

ΘΘ̞˯ʤεἍχ˜ʤἍΡ̂˯̓ʓ̞ʤеἍʈ͔ΡΡʤʈχ˯͔̓Ἅ˅͔ΡἍεΘ˜ʤΡ˯ʈȹ̞ἍΘȹΡχ˯ʈ̞ʤεᶾἍǙ̃ ʤἍ̼ȹʈΡ͔ἍApply _Brindley _Spherical _R_PDἍ

˯εἍʓʤ˅˯̓ʤʓἍȹε᷁ 

macro  Apply_Brindley_Spherical_R_PD(& R, & PD) {  
brindley_spherical_r_cm  = R PD;  

}  

ƾἍ˯ εἍχ˜ʤἍΡȹʓ˯ϢεἍ͔˅Ἅχ˜ʤἍΘȹΡχ˯ʈ̞ʤἍ˯̓Ἅʈ̼Ἅȹ̓ʓἍƵqἍ˯ εἍχ˜ʤἍΘȹʈ̕˯̓ːἍʓʤ̓ε˯χеᶾἍßʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤ᷁ 

xdd  ...  
str  

Apply_Brindley_Spherical_R_PD(R, PD)  
MVW(0,0,0)  

str  
Apply_Brindley_Spherical_R_PD(R, PD)  
MVW(0,0,0)  

ǦεʤἍ͔˅Ἅphase _MACἍ͔ ΡἍMVWἍ˯ εἍ͔Θχ˯͔̓ȹ̞ἍȹεἍχ˜ʤеἍȹΡʤἍʈΡʤȹχʤʓἍЧ˜ʤἍ̓̓ ʤʤʓʤʓᶾἍǙ̃ ʤἍ̂Ρ˯̓ʓ̞ʤеἍʈ͔ΡΡʤʈχ˯͔̓Ἅ

ʈȹ̓ἍʀʤἍȹΘΘ̞˯ʤʓἍχ͔Ἅȹ̞̞ἍΘ˜ȹεʤεἍ˯̓ʈ̞Ϣʓ˯̓ːἍxo_IsᶾἍă̓ Ἅχ˜ʤἍʈȹεʤἍ͔˅ἍΘ˜ȹεʤεἍχ˜ȹχἍʓ͔Ἅ͔̓χἍ˜ȹУʤἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ᶓ

ʤχʤΡεἍ͔ΡἍε˯χʤεᶽἍʓʤ˅˯̓˯χ˯͔̓εἍ͔˅Ἅcell _volumeᶽἍcell _massἍȹ̓ʓἍphase _MACἍȹΡʤἍΡʤΞϢ˯ΡʤʓἍ˅͔ΡἍχ˜ʤἍΡ̂˯̓ʓ̞ʤеἍ

ʈ͔ΡΡʤʈχ˯͔̓Ἅχ͔ἍЧ͔Ρ̕Ἅȹ̓ʓἍ˅͔ΡἍweight _percent ᵽεᵾἍχ͔ἍʀʤἍʈȹ̞ʈϢ̞ȹχʤʓᶾἍǙ̃ ˯εἍȹ̞̞͔ЧεἍ˅͔ΡἍχ˜ʤἍ˯̓ʈ͔ΡΘ͔Ρȹχ˯͔̓Ἅ͔˅Ἅ

͔̓ᶓ̓εχΡϢʈχϢΡȹ̞ἍΘ˜ȹεʤεἍ˯̓ἍΞϢȹ̓χ˯χȹχ˯УʤἍȹ̓ȹ̞еε˯ε᷄Ἅ˅͔ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯εἍУȹ̞˯ʓἍȹεἍ̓ʤʈʤεεȹΡеἍ

˯̓˅͔Ρ̼ȹχ˯͔̓Ἅ˜ȹУʤἍʀʤʤ̓Ἅ˯̓ʈ̞Ϣʓʤʓ᷁ 

xo_Is  
Apply_Brindley_Spherical_R_PD(0.002, 0.6)  
MVW(654, 230, 0)  
phase_MAC 200  

[capillary _diameter _mm E]...Ἅ 

capillary_u_cm_inv E 

[capillary_convergent_beam ] [ capillary_divergent_beam ] [ capillary_parallel_beam ] 

[capillary_focal_length_mm E] 

[capillary_xy_n #]  

Examples for t he capillary convolution ( Coelho & Rowles, 2017) are ŗ ^ᴥᶓǋǙſ|ᶾăŪƵἍandἍŗ ^ᴥᶓ

qᴧᶾăŪƵἍas found Ἅin the directory ἍǙ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒf Ƶăŗŗ ƾȖ. If using a str  phase then 
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capillary_u_cm_inv  can be set to the calculated linear absorption coefficient multiplied by a pack-

ing density, for example:  

prm packing_density 0.31208  
capillary_diameter_mm @ 0.57313  

capillary_u_cm_inv  
= Get( mixture_MAC ) Get( mixture_density_g_on_cm3 ) packing_density;  

capillary_focal_length_mm @ 197.89657  
capillary_convergent_beam  

If not defined , capillary_focal_length_mm  defaults to the diffractometer radius Rs. 

ᵿcircles _convἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍe̼Ἅ˯ ̓Ἅχ˜ʤἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓᷁ 

ᵽᴞἍ-Ἅ¼e̼ἍᶏἍe¼ồᵾἍἍἍἍἍἍἍἍἍἍ˅͔ΡἍeἍḃἍᴝἍχ͔Ἅe̼ἍἍ 

χ˜ȹχἍ˯εἍʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕εᶾἍe̼Ἅʈȹ̓ἍʀʤἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅ͔ΡἍ̞ʤεεἍχ˜ȹ̓ἍэʤΡ͔ᶾἍcircles _conv Ἅ˯ εἍϢεʤʓἍ

˅͔ΡἍʤаȹ̼Θ̞ʤἍʀеἍχ˜ʤἍSimple_Axial_Model Ἅ̼ ȹʈΡ͔ᶾ 

[cloud  $sites]...  

[cloud _population  !E]Ἅ 

[cloud _save  $file]  

[cloud _save_xyzs  $file]  

[cloud _load_xyzs  $file]  

[cloud _load_xyzs _omit _rwps  !E] 

[cloud _formation _omit _rwps  !E]Ἅ 

[cloud _try _accept  !E]Ἅ 

[cloud _gauss _fwhm  !E]Ἅ 

[cloud _extract _and_save_xyzs  $file] Ἅ 

[cloud _number _to_extract  !E]Ἅ 

[cloud _atomic _separation  !E]Ἅ 

cloudἍȹ̞̞͔ЧεἍ˅͔ΡἍχ˜ʤἍχΡȹʈ̕˯̓ːἍ͔˅Ἅȹχ͔̼εἍʓʤ˅˯̓ʤʓἍ˯̓Ἅײε˯χʤεἍ˯̓Ἅχ˜ΡʤʤἍʓ˯̼ʤ̓ε˯͔̓εᶾἍăχἍʈȹ̓ἍʀʤἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍ

ʓʤχʤΡ̼˯̓˯̓ːἍχ˜ʤἍȹУʤΡȹːʤἍΘ͔ε˯χ˯͔̓εἍ͔˅Ἅ˜ʤȹУеἍȹχ͔̼εἍ͔ΡἍΡ˯ː˯ʓἍʀ͔ʓ˯ʤεἍʓϢΡ˯̓ːἍΡʤ˅˯̓ʤ̼ʤ̓χἍʈеʈ̞ʤεᶾἍÇ͔ ΡἍ

ʤаȹ̼Θ̞ʤᶽἍȹἍʓϢ̼̼еἍȹχ͔̼ᶽἍᶮε˯χʤἍȐᴞᶯἍεȹеᶽἍʈȹ̓ἍʀʤἍΘ̞ȹʈʤʓἍȹχἍχ˜ʤἍʈʤ̓χʤΡἍ͔˅ἍȹἍʀʤ̓эʤ̓ʤἍΡ˯̓ːἍȹ̓ʓἍχ˜ʤ̓Ἅ

χΡȹʈ̕ʤʓἍȹεἍ˅͔̞̞͔Чε᷁Ἅ 

continue_after_convergence  
...  
cloud  ­6T® 

cloud_population  100  
cloud_save  SOME_FILE.CLD 

ſ̓ ἍχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχ˜ʤἍfŗqἍ˅ ˯̞ʤἍ˯εἍεȹУʤʓ᷄Ἅ˯χἍʈȹ̓ἍʀʤἍУ˯ʤЧʤʓἍϢε˯̓ːἍχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍʤʓ˯χ͔ΡἍ͔˅Ἅ

χ˜ʤἍËǦă᷄ἍεʤʤἍʤаȹ̼Θ̞ʤεἍ|ᴞᴢᶓᴞᴟᶾăŪƵἍ˅ ͔ΡἍȹἍʈ̞͔ϢʓἍʤаȹ̼Θ̞ʤᶾἍcloud _population  is the maximum number 

of population members. Each population member comprises the fractional coordinates of $sites 

and an associated Rwp value.  
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cloud _save_xyzs  saves a cloud population to file.  

cloud _load_xyzs  loads and reuses previously saved populations. cloud _load_xyzs _omit _rwps can 

be used to exclude  population membe rs whilst loading; it can be a function of Get(Cloud _Rwp) 

where Cloud _Rwp is the associated Rwp of a population member.  

cloud _formation _omit _rwps  can be used to limit population membe rs in the formation of CLD files; 

it can be a function of Get(Cloud _Rwp).  

cloud _try _accept  accepts population members if it evaluates to non -zero and if the best Rwp 

since the last acceptance is less than a present population member or if the number of members 

is less than cloud _population . If the number of population members equals cloud _population  then 

the population member with the lowest Rwp is discarded. cloud _try _accept  is evaluated at the end 

of each refinement cycle; it s default value is true. HʤΡʤᶫεἍȹΡʤἍε͔̼ʤἍʤаȹ̼Θ̞ʤε᷁ 

cloud_try_accept  = And(Cycle, Mod(Cycle, 50) ) ;  
cloud_try_accept  = T == 10;  

cloud _gauss _fwhm  is the full width at half maximum of a three -dimensional Gaussian that is used 

to fill the cloud.  

cloud _extract _and_save_xyzs  searches the three -dimensional cloud for high densities and ex-

tracts xyz positions; these are then saved to $file. cloud _number _to_extract  defines the number 

of positions to extract and cloud _atomic _separation  limits the atomic separation during the ex-

traction. The actual number of positions extracted may be less than cloud _number _to_extract  de-

pending on the cloud.  

ᵿconserve _memoryᶁ 

qʤ̞ʤχʤεἍχʤ̼Θ͔ΡȹΡеἍȹΡΡȹеεἍϢεʤʓἍ˯̓Ἅ˯̓χʤΡ̼ʤʓ˯ȹχʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓εἍȹεἍ͔˅χʤ̓ἍȹεἍΘ͔εε˯ʀ̞ʤ᷄Ἅ̼emory savings 

of up to 70% can be expected on some problems with subsequent lengthening of execution times 

by up to 40%. When approximate _A is used  on dense matrices then conserve _memory  can re-

duce memory usage by up to 90%.  

ᵿconvolution _stepἍᶍᴞᶁ 

̓Ἅ˯̓χʤːʤΡἍʓʤ˅˯̓˯̓ːἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅʈȹ̞ʈϢ̞ȹχʤʓἍʓȹχȹἍΘ͔˯̓χεἍΘʤΡἍ̼ʤȹεϢΡʤʓἍʓȹχȹἍΘ͔˯̓χᶾἍă̓ ʈΡʤȹε˯̓ːἍ

convolution _stepἍЧ˜ʤ̓Ἅχ˜ʤἍ̼ʤȹεϢΡʤ̼ʤ̓χἍεχʤΘἍ˯εἍ̞ȹΡːʤἍ˯̼ΘΡ͔УʤεἍʈ͔̓У͔̞Ϣχ˯͔̓ἍȹʈʈϢΡȹʈеᶾἍſ̓ ̞еἍЧ˜ʤ̓Ἅ

χ˜ʤἍ̼ʤȹεϢΡʤ̼ʤ̓χἍεχʤΘἍ˯εἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅȹʀ͔ϢχἍᴝᶾᴝᴡἍʓʤːΡʤʤεἍᴟǙ̃ Ἅ͔ΡἍЧ˜ʤ̓Ἅ˜˯ː˜ἍΘΡʤʈ˯ε˯͔̓Ἅ˯εἍΡʤΞϢ˯ΡʤʓἍ

˯εἍ˯χἍ̓ʤʈʤεεȹΡеἍχ͔Ἅ˯̓ʈΡʤȹεʤἍconvolution _step  ʒ

ᵿdefault _I_attributes Ἅ|ᶁ 

f̃ ȹ̓ːʤεἍχ˜ʤἍȹχχΡ˯ʀϢχʤεἍ͔˅Ἅχ˜ʤἍIἍΘȹΡȹ̼ʤχʤΡᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ ᷁

xo_Is ...  default_I_attributes  0 min  0.001 val_on_continue  1 
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Ǧεʤ˅Ϣ̞ἍЧ˜ʤ̓ἍΡȹ̓ʓ͔̼˯э˯̓ːἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍʓϢΡ˯̓ːἍŗʤἍ̂ȹ˯̞ἍΡʤ˅˯̓ʤ̼ʤ̓χεἍЧ˯χ˜Ἅcontinue _after _con-

vergence ᶾἍ 

ᵿdegree _of_crystallinity ᶍᶁ 

ᵿcrystalline _area  ᶍᶁ 

ᵿamorphous _area  ᶍᶁ 

ƾʤΘ͔ΡχεἍ͔̓Ἅχ˜ʤἍʓʤːΡʤʤἍ͔˅ἍʈΡеεχȹ̞̞˯̓˯χеἍЧ˜˯ʈ˜Ἅ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

ᴞᴝᴝἍḞἍËʤχᵽcrystalline _areaᵾἍᶏἍᵽËʤχᵽcrystalline _areaᵾἍḅἍËʤχᵽamorphous _areaᵾᵾ 

crystalline _areaἍȹ̓ʓἍamorphous _areaἍʈ͔ΡΡʤεΘ͔̓ʓἍχ͔Ἅχ˜ʤἍεϢ̼Ἅ͔˅Ἅχ˜ʤἍ̓Ϣ̼ʤΡ˯ʈȹ̞ἍȹΡʤȹεἍϢ̓ʓʤΡἍχ˜ʤἍ

ʈΡеεχȹ̞̞˯̓ʤἍȹ̓ʓἍȹ̼͔ΡΘ˜͔ϢεἍΘ˜ȹεʤεἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍƵ̃ ȹεʤεἍЧ˯χ˜Ἅamorphous _phaseἍȹΡʤἍχΡʤȹχʤʓἍȹεἍ

ȹ̼͔ΡΘ˜͔ϢεἍ˯̓Ἅχ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓ᶾ 

ᵿd_Isᶁᶾᶾᶾ 

ᵿdἍ|ἍἍIἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹἍΘ˜ȹεʤἍχеΘʤἍχ˜ȹχἍϢεʤεἍʓᶓεΘȹʈ˯̓ːἍУȹ̞ϢʤεἍ˅͔ΡἍːʤ̓ʤΡȹχ˯̓ːἍΘʤȹ̕ἍΘ͔ε˯χ˯͔̓εᶾἍdἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅ

χ˜ʤἍΘʤȹ̕ἍΘ͔ε˯χ˯͔̓Ἅ˯ ̓ἍʓᶓεΘȹʈʤἍ˯̓Ἅ%Ἅȹ̓ʓἍIἍ˯ εἍχ˜ʤἍ˯̓χʤ̓ε˯χеἍΘȹΡȹ̼ʤχʤΡἍʀʤ˅͔ΡʤἍȹΘΘ̞е˯̓ːἍȹ̓еἍscale _pksἍ

ʤΞϢȹχ˯͔̓εᶾ 

ᵿd_spacing _to_energy _in_eV_for _f1_f11Ἅᵳ|ᶁ 

ǦεʤʓἍ˅͔ΡἍΡʤ˅˯̓˯̓ːἍ͔̓Ἅʤ̓ʤΡːеἍʓ˯εΘʤΡε˯УʤἍʓȹχȹἍᵽεʤʤἍʤаȹ̼Θ̞ʤἍ|qḚǋăḚǋǙƾᶾăŪƵᵾʒ Ἅfȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍ

ΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍD_spacingᶾἍ˅ᶬἍȹ̓ʓἍ˅ᶭἍᵽεʤʤἍεʤʈχ˯͔̓Ἅ18.11ᵾἍУȹ̞ϢʤεἍϢεʤʓἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅʤ̓ʤΡː˯ʤεἍ

ː˯Уʤ̓ἍʀеἍd_spacing _to_energy _in_eV_for _f1_f11ʒ ἍÇ͔ ΡἍʤаȹ̼Θ̞ʤ ᷁

ª E(eV)  = 10^5  /  (8.065541  Lambda(A))  
prm !detector_angle_in_radians = 7.77 Deg_on_2;  
prm wavelength = 2 D_spacing Sin(detector_angle_in_radians);  
prm energy_in_eV = 10^5 / (8.065541 wavelength);  
pk_xo  = 10^ - 3 energy_in_eV + zero;  
d_spacing_to_energy_in_eV_for_f1_f11  = energy_in_eV;  

ᵿexcludeἍᶍаᴞἍᶍаᴟᶁᶾᶾᶾ 

|аʈ̞ϢʓʤεἍȹ̓Ἅаᶓȹа˯εἍΡʤː˯͔̓ἍʀʤχЧʤʤ̓ἍᶍаᴞἍȹ̓ʓἍᶍаᴟᶾἍǙ̃ ʤἍ̼ȹʈΡ͔ἍExcludeἍε˯̼Θ̞˯˅˯ʤεἍϢεȹːʤ᷄ἍεʤʤἍʤаȹ̼Θ̞ʤἍ

f|ſᴟᶾăŪƵ ʒ

ᵿexp_conv _constἍ|ἍἍᵿexp_limitἍ|ᶁἍᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍe̼Ἅ˯ ̓Ἅχ˜ʤἍȹʀʤΡΡȹχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓᷁ 

ἍḃἍ|аΘᵽŗ̓ ᵽᴝᶾᴝᴝᴞᵾἍe / e̼ᵾἍἍἍἍ˅͔Ρ eἍḃἍᴝἍχ͔ exp_limitἍἍ 

that is convoluted into phase peaks. UsedἍʀеἍχ˜ʤἍAbsorption Ἅȹ̓ʓἍAbsorption _With _Sample_Thick-

ness_mmἍ̼ ȹʈΡ͔εᶾἍǙ̃ ʤἍeἍΡȹ̓ːʤἍ͔˅ἍἍ˯ ε᷁ 

ᵽᴝἍ᷿ἍeἍ᷿ Ἅe̞˯̼˯χᵾἍἍ˅͔ΡἍe̼Ἅ᷿ ἍᴝᶽἍἍἍἍἍἍἍἍἍ͔ΡᶽἍἍἍἍἍἍἍἍἍᵽe̞˯̼˯χἍ᷿ἍeἍ᷿ ἍᴝᵾἍἍ˅͔ΡἍe̼ἍḀἍᴝ 
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Ч˜ʤΡʤἍᵽe̞˯̼˯χᵾ ḃἍᴝᶾᴝᴝᴞᶾἍ̞χʤΡ̓ȹχ˯Уʤ̞еἍʑe̞˯̼˯χἍʈȹ̓ἍʀʤἍʓʤ˅˯̓ʤʓἍϢε˯̓ːἍexp_limitᶾἍ 

ᵿextra _X_leftἍᵳ|ᶁἍἍᵿextra _X_rightἍᵳ|ᶁ 

qʤχʤΡ̼˯̓ʤεἍχ˜ʤἍʤаχΡȹἍаᶓȹа˯εἍΡȹ̓ːʤἍ˅͔ΡἍ˜̞̕Ἅːʤ̓ʤΡȹχ˯͔̓ᶾἍÇ͔ ΡἍǙſÇἍʓȹχȹἍextra _X_left Ἅ˯ εἍχеΘ˯ʈȹ̞̞еἍϢεʤʓᶾἍ

Ç͔ ΡἍаᶓΡȹеἍʓȹχȹἍχ˜ʤ̓Ἅextra _X_right Ἅ˯ εἍχеΘ˯ʈȹ̞̞еἍϢεʤʓᶾἍ^͔ χ˜Ἅʓʤ˅ȹϢ̞χεἍχ͔Ἅᴝᶾᴣᶾ 

ᵿfft_max_order Ἅᶍᴟᴟᶁ 

Ţȹа˯̼Ϣ̼Ἅ̓Ϣ̼ʀʤΡἍ͔˅Ἅʤ̞ʤ̼ʤ̓χεἍ˯̓Ἅȹ̓ἍÇÇǙἍȹΡΡȹеἍ˯εἍᴟᴟᴟ 

ᵿfile _name_for _best _solutions Ἅײ˅˯̞ʤᶁ 

ΘΘʤ̓ʓεἍăŪƵἍ˅ ˯̞ʤἍʓʤχȹ˯̞εἍχ͔Ἅײ˅˯̞ʤἍʓϢΡ˯̓ːἍΡʤ˅˯̓ʤ̼ʤ̓χἍЧ˯χ˜Ἅ˯̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεἍϢΘʓȹχʤʓᶾἍ

Ǚ̃ ʤἍ͔ΘʤΡȹχ˯͔̓Ἅ˯εἍΘʤΡ˅͔Ρ̼ʤʓἍЧ˜ʤ̓Ἅʈ͔̓УʤΡːʤ̓ʈʤἍΡʤεϢ̞χεἍ˯̓Ἅχ˜ʤἍʀʤεχἍƾЧΘᶾἍ 

ᵿforce _positive _fwhmᶁ 

Ç͔ ΡʈʤεἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅȹ̓ʓᶏ͔ΡἍËȹϢεε˯ȹ̓ἍÇȉßŢἍУȹ̞ϢʤεἍχ͔ἍʀʤἍΘ͔ε˯χ˯УʤᶾἍǙ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍăŪƵἍἐ˯ΘΘʤχεἍȹΡʤἍ

ʤΞϢ˯Уȹ̞ʤ̓χ᷁ 

force_positive_fwhm  
xdd  ...  

str  ...  
lor_fwhm  = Rand( - 1,1);  

 
xdd  ...  

str  ...  
lor_fwhm  = Abs(Rand( - 1, 1));  

ᵿfit _objἍ|Ἅᵿmin_XἍᵳ|ᶁἍᵿmax_XἍᵳ|ᶁἍᶁᶾᶾᶾ 

[ fo_transform _X !E] 

ᵿfit _obj_phaseἍᵳ|ᶁ 

qʤ˅˯̓ʤεἍȹἍǦεʤΡἍʓʤ˅˯̓ʤʓἍ˅Ϣ̓ʈχ˯͔̓ἍȹʓʓʤʓἍχ͔ἍYcalcᶽἍεʤʤἍʤаȹ̼Θ̞ʤἍƵȆǋᶾăŪƵἍʒfit _obj εʟἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ

͔˅ἍXᶾἍmin_XἍȹ̓ʓἍmax_XἍʓʤ˅˯̓ʤἍχ˜ʤἍаᶓȹа˯εἍΡȹ̓ːʤἍ͔˅Ἅχ˜ʤἍfit _obj᷄Ἅ˯˅Ἅmin_XἍ˯ εἍ͔̼˯χχʤʓἍχ˜ʤ̓Ἅχ˜ʤἍfit _objἍ˯ εἍ

ʈȹ̞ʈϢ̞ȹχʤʓἍ˅Ρ͔̼Ἅχ˜ʤἍεχȹΡχἍ͔˅Ἅχ˜ʤἍаᶓȹа˯ε᷄Ἅε˯̼˯̞ȹΡ̞еᶽἍ˯˅Ἅmax_XἍ˯ εἍ͔̼˯χχʤʓἍχ˜ʤ̓Ἅχ˜ʤἍfit _objἍ˯ εἍʈȹ̞ʈϢ̞ȹχʤʓἍ

χ͔Ἅχ˜ʤἍʤ̓ʓἍ͔˅Ἅχ˜ʤἍаᶓȹа˯εᶾἍfo _transform _XἍ˯ εἍȹἍʓʤΘʤ̓ʓʤ̓χἍ͔˅Ἅfit _objἍȹ̓ʓἍ˯χἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔ἍχΡȹ̓ε˅͔Ρ̼Ἅ

XἍϢεʤʓἍЧ˯χ˜˯̓Ἅχ˜ʤἍfit _obj  ʒ

ᵿfourier _mapἍᵳ|ᶁ 

ᵿfourier _map_formulaἍᵳ|ᶁ 

ᵿextend _calculated _sphere _toἍᵳ|ᶁ 

ᵿmin_grid_spacing Ἅᵳ|ᶁ 

[correct_for_atomic_scattering_factors  ᵳ|ᶁ 

ᵿf_atom_typeἍײχеΘʤἍf_atom_quantity  ᵳ|ᶁᶾᶾᶾ 

ă˅ Ἅfourier _mapἍ˯ εἍ͔̓̓ᶓэʤΡ͔Ἅχ˜ʤ̓ἍȹἍÇ͔ ϢΡ˯ʤΡἍ̼ȹΘἍ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍ͔̓ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχʤΡ̼˯̓ȹχ˯͔̓Ἅȹ̓ʓἍε˜͔Ч̓Ἅ

˯̓Ἅχ˜ʤἍſΘʤË̓ŗἍЧ˯̓ʓ͔Ч᷄Ἅ̼ȹΘεἍʈȹἍ̓ʀʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˅͔ΡἍаᶓΡȹеἍ͔ΡἍ̓ʤϢχΡ͔̓Ἅε˯̓ː̞ʤἍʈΡеεχȹ̞Ἅ͔ΡἍΘ͔ЧʓʤΡἍʓȹχȹᶽἍ

εʤʤἍχʤεχἍʤаȹ̼Θ̞ʤεἍÇſǦƾă|ƾᶓŢ Ƶᶓ |ᴞᴢᶾăŪƵἍȹ̓ʓἍÇſǦƾă|ƾᶓŢ ƵᶓfăŢ|ᶾăŪƵᶾἍǙ̃ ʤἍχеΘʤἍ͔˅Ἅ̼ȹΘἍ˯εἍʓʤχʤΡᶓ

̼˯̓ʤʓἍʀеἍfourier _map_formulaἍЧ˜˯ʈ˜Ἅʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍFcalcᶽἍ

FobsἍȹ̓ʓἍD_spacing᷄Ἅ˜ʤΡʤἍȹΡʤἍε͔̼ʤἍʤаȹ̼Θ̞ʤε᷁ 



Keywords 57 

 

57  Keywords 

 

fourier_map_formula  = Fobs; ª The default  
fourier_map_formula  = 2 Fobs -  Fcalc;  

Ç͔ ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹᶽἍFobsἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍ͔ʀεʤΡУʤʓἍεχΡϢʈχϢΡʤἍ̼͔ʓϢ̞˯᷄ἍΘ͔ЧʓʤΡἍʓȹχȹἍFobsἍ˯ εἍ

ʈȹ̞ʈϢ̞ȹχʤʓἍ˅Ρ͔̼Ἅχ˜ʤἍƾ˯ ʤχУʤ̞ʓἍʓʤʈ͔̼Θ͔ε˯χ˯͔̓Ἅ˅͔Ρ̼Ϣ̞ȹᶾἍǋχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡἍΘ˜ȹεʤεἍȹΡʤἍʓʤχʤΡ̼˯̓ʤʓἍ˅Ρ͔̼Ἅ

FcalcᶾἍƾʤ˅̞ʤʈχ˯͔̓εἍχ˜ȹχἍȹΡʤἍ̼˯εε˯̓ːἍ˅Ρ͔̼ἍЧ˯χ˜˯̓Ἅχ˜ʤἍ|Чȹ̞ʓἍεΘ˜ʤΡʤἍȹΡʤἍ˯̓ʈ̞ϢʓʤʓἍЧ˯χ˜ἍFobsἍεʤχἍχ͔Ἅ

FcalcᶾἍă˅ Ἅextend _calculated _sphere _toἍ˯ εἍʓʤ˅˯̓ʤʓᶽἍχ˜ʤ̓Ἅχ˜ʤἍ|Чȹ̞ʓἍεΘ˜ʤΡʤἍ˯εἍʤаχʤ̓ʓʤʓᶾἍscale _pksἍ

ʓʤ˅˯̓˯χ˯͔̓εἍȹΡʤἍΡʤ̼͔УʤʓἍ˅Ρ͔̼ἍFobsᶾἍă˅ Ἅscale _pksἍʤУȹ̞ϢȹχʤεἍχ͔ἍэʤΡ͔Ἅ˅͔ΡἍȹἍΘȹΡχ˯ʈϢ̞ȹΡἍΡʤ˅̞ʤʈχ˯͔̓ᶽἍχ˜ʤ̓Ἅ

FobsἍ˯ εἍεʤχἍχ͔ἍFcalc᷄Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍFobsἍΡʤ˅̞ʤʈχ˯͔̓εἍεʤχἍχ͔ἍFcalc Ἅ˯ εἍΡʤΘ͔ΡχʤʓἍ͔̓ᶾ 

ᵿgauss _fwhmἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍχ˜ʤἍÇȉßŢἍ͔ ˅ἍȹἍËȹϢεε˯ȹ̓Ἅ˅Ϣ̓ʈχ˯͔̓Ἅʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕ε᷄ἍεʤʤἍCS_GἍȹ̓ʓἍStrain_GἍ

̼ȹʈΡ͔εᶾ 

ᵿhkl_planeἍײ˜̞̕ᶁᶾᶾᶾ 

ǦεʤʓἍʀеἍχ˜ʤἍſΘʤË̓ŗἍУ˯ʤЧʤΡἍχ͔Ἅʓ˯εΘ̞ȹеἍ˜̞̕ἍΘ̞ȹ̓ʤεᶽἍεʤʤἍχ˜ʤἍf|ſᴟǋʒǙƾἍ˅ ˯̞ʤἍ˯̓Ἅχ˜ʤἍƾăËăqἍʓ˯Ρʤʈχ͔ΡеᶾἍ

ßʤΡʤἍȹΡʤἍε͔̼ʤἍʤаȹ̼Θ̞ʤε᷁ 

str  ...  
hkl_plane  1 1 1  
hkl_plane  ­U-U S® 

ᵿgrs_interaction Ἅᵿfrom _NἍᶍᶁἍᵿto_NἍᶍᶁἍᵿno_self _interaction ᶁἍײε˯χʤḚᴞἍײε˯χʤḚᴟἍΞ˯ἍᶍἍΞ̍ἍᶍἍŪἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹἍËƾǋἍ˯ ̓χʤΡȹʈχ˯͔̓ἍЧ˯χ˜Ἅχ˜ʤἍ̓ȹ̼ʤἍŪἍʀʤχЧʤʤ̓Ἅsites identified ἍʀеἍײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟᶾἍ|ἍΡʤΘᶓ

Ρʤεʤ̓χεἍχ˜ʤἍËƾǋἍ˯ ̓χʤΡȹʈχ˯͔̓ἍʤΞϢȹχ˯͔̓Ἅχ˜ȹχἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍR  ᷄RἍΡʤχϢΡ̓εἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍ˯̓Ἅ%Ἅʀʤᶓ

χЧʤʤ̓ἍχЧ͔Ἅȹχ͔̼ε᷄Ἅχ˜ʤεʤἍʓ˯εχȹ̓ʈʤεἍȹΡʤἍϢΘʓȹχʤʓἍЧ˜ʤ̓ἍʓʤΘʤ̓ʓʤ̓χἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯̓ȹχʤεἍȹΡʤἍ

̼͔ʓ˯˅˯ʤʓᶾἍǙ̃ ʤἍ̓ȹ̼ʤἍŪἍ͔˅Ἅχ˜ʤἍgrs_interaction Ἅʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εἍ˯̓ʈ̞Ϣʓ˯̓ːἍΘʤ̓ȹ̞χеἍʤΞϢȹχ˯͔̓εᶾἍ

ȉ˜ʤ̓Ἅʤ˯χ˜ʤΡἍfrom _NἍ͔ ΡἍto_NἍȹΡʤἍʓʤ˅˯̓ʤʓᶽἍχ˜ʤἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟἍȹΡʤἍε͔ΡχʤʓἍ

ʀеἍʓ˯εχȹ̓ʈʤἍȹ̓ʓἍ͔̞̓еἍχ˜ʤἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓Ἅχ˜ʤἍfrom _NἍȹ̓ʓἍto_NἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾἍno_self _inter-

action ΘΡʤУʤ̓χεἍȹ̓еἍ˯̓χʤΡȹʈχ˯͔̓εἍʀʤχЧʤʤ̓ἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓εἍ͔˅Ἅχ˜ʤἍεȹ̼ʤἍε˯χʤᶾἍǙ̃ ˯εἍ˯εἍϢεʤ˅Ϣ̞Ἅ

Ч˜ʤ̓ἍȹἍːʤ̓ʤΡȹ̞ἍΘ͔ε˯χ˯͔̓Ἅ˯εἍϢεʤʓἍχ͔ἍʓʤεʈΡ˯ʀʤἍȹἍεΘʤʈ˯ȹ̞ἍΘ͔ε˯χ˯͔̓ᶾἍqiἍȹ̓ʓἍqjἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍУȹᶓ

̞ʤ̓ʈʤἍʈ˜ȹΡːʤεἍϢεʤʓἍχ͔Ἅʈȹ̞ʈϢ̞ȹχʤἍχ˜ʤἍf͔ Ϣ̞͔̼ʀἍεϢ̼Ἅ˅͔ΡἍχ˜ʤἍײε˯χʤḚᴞἍȹ̓ʓἍײε˯χʤḚᴟἍε˯χʤεἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍ

grs_interaction Ἅ˯ εἍχеΘ˯ʈȹ̞̞еἍϢεʤʓἍ˅ ͔ΡἍȹΘΘ̞е˯̓ːἍʤ̞ʤʈχΡ͔εχȹχ˯ʈἍΡʤεχΡȹ˯̓χεἍ˯̓Ἅ˯͔̓Ρːȹ̓˯ʈἍ̼ȹχʤΡ˯ȹ̞εᶾἍǙ̃ ʤἍ

GRS_Interaction Ἅ̼ ȹʈΡ͔Ἅε˯̼Θ̞˯˅˯ʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅgrs_interaction  ʒ

ᵿhatἍ|Ἅᵿnum_hatsἍᶍᴞᶁἍᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍχ˜ʤἍаᶓȹа˯εἍʤаχʤ̓χἍ͔˅Ἅȹ̓Ἅ˯̼ΘϢ̞εʤἍ˅Ϣ̓ʈχ˯͔̓Ἅχ˜ȹχἍ˯εἍʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕εᶾἍnum_hatsἍ

ʈ͔ΡΡʤεΘ͔̓ʓἍχ͔Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅ˜ȹχεἍχ͔ἍʀʤἍʈ͔̓У͔̞ϢχʤʓᶾἍhatἍ˯ εἍϢεʤʓἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍʀеἍχ˜ʤἍSlit_WidthἍȹ̓ʓἍ

Specimen _TiltἍ̼ ȹʈΡ͔εᶾἍ 

ᵿhkl_Isᶁᶾᶾᶾ 

ᵿlp_searchἍᵳ|ᶁ 

ᵿI_parameter _names _have_hklἍײεχȹΡχḚ͔ Ḛ˅ΘȹΡȹ̼ʤχʤΡḚ̓ ȹ̼ʤᶁ 

ᵿhkl_m_d_th2ἍᶍἍᶍἍᶍἍᶍἍᶍἍᶍἍIἍ|ᶁᶾᶾᶾ 
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qʤ˅˯̓ʤεἍȹἍΘ˜ȹεʤἍχеΘʤἍχ˜ȹχἍϢεʤεἍ˜̞̕εἍ˅͔ΡἍːʤ̓ʤΡȹχ˯̓ːἍΘʤȹ̕ἍΘ͔ε˯χ˯͔̓εᶾἍlp_searchἍuses an indexing 

algorithm that is independent of d -spacing extraction ( bCoelho, 2017); see ŗƵᶓǋ| ƾfßᶓƵ^ǋſᴢᶾăŪƵ. 

lp_search  minimizes on a figure of merit function that gives a measure of correctness for a par-

ticular set of lattice parameters. The method avoids difficulties  associated with extracting d -spac-

ings from complex patterns comprising heavily overlapped lines; the primary difficulty being that 

of ascertaining the number of lines present. I_parameter _names _have_hklἍȹεε˯ː̓εἍ̓ȹ̼ʤεἍχ͔Ἅːʤ̓ᶓ

ʤΡȹχʤʓἍă̓ χʤ̓ε˯χеἍΘȹΡȹ̼ʤχʤΡεἍχ˜ȹχἍεχȹΡχἍЧ˯χ˜ἍײεχȹΡχḚ͔ Ḛ˅ΘȹΡȹ̼ʤχʤΡḚ̓ ȹ̼ʤἍȹ̓ʓἍʤ̓ʓἍЧ˯χ˜Ἅχ˜ʤἍʈ͔ΡΡʤᶓ

εΘ͔̓ʓ˯̓ːἍ˜̞̕ᶾἍǙ̃ ʤἍ̓Ϣ̼ʀʤΡεἍȹ˅χʤΡἍhkl_m_d_th2Ἅʓʤ˅˯̓ʤἍ˜Ἅ̕Ἅ̞Ἅ̼ἍʓἍȹ̓ʓἍᴟqἍУȹ̞ϢʤεᶽἍЧ˜ʤΡʤ 

˜ᶽἍ̕ᶽἍ̞Ἅ   ᷁ἍŢ˯̞̞ʤΡἍ˯̓ʓ˯ʈʤε 

̼Ἅ    ᷁Ἅ̼Ϣ̞χ˯Θ̞˯ʈ˯χеᶾ 

dἍȹ̓ʓἍχ˜ᴟἍ  ᷁ἍʓἍȹ̓ʓἍᴟqἍУȹ̞Ϣʤεᶾ 

IἍ    ᷁ἍƵʤȹ̕Ἅ˯̓χʤ̓ε˯χеἍΘȹΡȹ̼ʤχʤΡἍʀʤ˅͔ΡʤἍȹΘΘ̞е˯̓ːἍȹ̓еἍscale _pks  ʒ

ă˅ Ἅ͔̓Ἅhkl_m_d_th2 Ἅ̕ ʤеЧ͔ΡʓεἍȹΡʤἍʓʤ˅˯̓ʤʓᶽἍχ˜ʤ̓Ἅ˜̞̕εἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍϢε˯̓ːἍχ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘᶾἍËʤ̓ʤΡᶓ

ȹχʤʓἍhkl_m_d_th2Ἅʓʤχȹ˯̞εἍȹΡʤἍΘ̞ȹʈʤʓἍȹ˅χʤΡἍχ˜ʤἍspace _group Ἅ̕ ʤеЧ͔ΡʓἍ͔̓ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχʤΡ̼˯̓ȹχ˯͔̓ᶾἍ

ă̓ χʤ̓ε˯χеἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍː˯Уʤ̓Ἅȹ̓Ἅ˯̓˯χ˯ȹ̞ἍεχȹΡχ˯̓ːἍУȹ̞ϢʤἍ͔˅ἍᴞᶾἍă˅ ἍlebailἍ˯ εἍ͔̓χἍʓʤ˅˯̓ʤʓᶽἍχ˜ʤ̓Ἅχ˜ʤἍ˯̓χʤ̓ε˯χеἍ

ΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍː˯Уʤ̓Ἅχ˜ʤἍʈ͔ʓʤἍ͔˅ἍᶅᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

xdd  quartz.xdd  
...  
hkl_Is   
   Hexagonal(4.91459, 5.40603)  
   space_group  P_31_2_1  

ːʤ̓ʤΡȹχʤεἍ˯̓Ἅχ˜ʤἍſǦǙἍ˅ ˯̞ʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

xdd  quartz.xdd  
...  
hkl_Is  

Hexagonal(4.91459, 5.40603)  
space_group  P_31_2_1  
load  hkl_m_d_th2  I  {  

1   0   0   6    4.25635   20.85324 @ 3147.83321  
1   0   1   6    3.34470   26.62997 @ 8559.23955  
1   0  - 1   6    3.34470   26.62997 @ 8559.23955  
...  

}  

Ǚ̃ ʤἍCreate _hklm _d_Th2_Ip_file Ἅ̼ ȹʈΡ͔ἍʈΡʤȹχʤεἍȹ̓Ἅ˜̞̕Ἅ˅˯̞ʤἍ̞˯εχ˯̓ːἍ˯̓Ἅχ˜ʤἍᶭload hkl _m_d_th2 IᶭἍ˅͔Ρ̼ȹχἍ

ȹεἍε˜͔Ч̓Ἅȹʀ͔УʤᶾἍ|Уʤ̓Ἅχ˜͔Ϣː˜Ἅχ˜ʤἍεχΡϢʈχϢΡʤἍЧ͔Ϣ̞ʓἍ˜ȹУʤἍ͔̓Ἅε˯χʤεᶽἍweight _percent Ἅʈȹ̓Ἅεχ˯̞̞ἍʀʤἍϢεʤʓ᷄Ἅ

˯χἍϢεʤεἍЧ˜ȹχʤУʤΡἍУȹ̞ϢʤἍ˯εἍʓʤ˅˯̓ʤʓἍʀеἍcell _massἍχ͔Ἅʈȹ̞ʈϢ̞ȹχʤἍweight _percent  ʒ

[ inp_text  $name]   θ

[ inp_text_insert  ȹ̼ʤἍᶃἍᶿἍᶄᶁᶿ̓ײ 

inp_text  provides a means of defining INP text at one place in a file and having that text inserted 

at another place in the INP file, or in an #include file, using inp_text_insert . The inp_text  is updated 
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on refinement termination. inp_text  is very useful for simplifying complicated INP files where plac-

ing control parameters at the top of the file is of benefit ᶾἍAn example  is as follows:  

inp_text  back_ground {  
bkg  @  17.365576`  14.5555883`  14.038067`  

}  

xdd  ¡ 
inp_text_insert  back_ground  

More than one inp_text  can be of the same name; in such cases inp_text_insert  will use the most 

recent inp_text . 

ᵿitersἍᶍᶁ 

Ǚ̃ ʤἍ̼ȹа˯̼Ϣ̼Ἅ̓ Ϣ̼ʀʤΡἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χἍ˯χʤΡȹχ˯͔̓εᶽἍʓʤ˅ȹϢ̞χἍ˯εἍᴞᴝᴨ  ʒ

ᵿlamἍᵿymin _on_ymaxἍᶍᶁἍᵿno_th_dependence ᶁἍᵿLamἍᵳ|ᶁἍᵿcalculate _Lamᶁᶁ 

ᵿlaἍ|ἍἍloἍ|ἍἍᵿlhἍ|ᶁἍᶐἍᵿlgἍ|ᶁἍᵿlo_refᶁἍᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹ̓Ἅʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍᵽεʤʤἍεeʈχ˯͔̓Ἅ6ᵾἍЧ˜ʤΡʤἍʤȹʈ˜ἍlaἍʓʤχʤΡ̼˯̓ʤεἍȹ̓Ἅʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤᶽἍ

Ч˜ʤΡʤ᷁ 

la᷁Ἅ ΡʤȹἍϢ̓ʓʤΡἍχ˜ʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤ 

lo᷁Ἅ ȉȹУʤ̞ʤ̓ːχ˜Ἅ˯̓Ἅ%Ἅ͔ ˅Ἅχ˜ʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤ 

lh᷁Ἅ ßȉἍ˯ ̓Ἅ̼%Ἅ͔ ˅ἍȹἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔Ἅχ˜ʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤᶾ 

lg᷁Ἅ ßȉἍ˯ ̓Ἅ̼%Ἅ͔ ˅ἍȹἍËȹϢεε˯ȹ̓Ἅʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔Ἅχ˜ʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤᶾ 

ymin _on_ymaxἍʓʤχʤΡ̼˯̓ʤεἍχ˜ʤἍаᶓȹа˯εἍʤаχʤ̓χἍχ͔ἍЧ˜˯ʈ˜Ἅȹ̓Ἅʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤἍ˯εἍʈȹ̞ʈϢ̞ȹχʤʓ᷄Ἅʓʤ˅ȹϢ̞χἍ

Уȹ̞ϢʤἍ˯εἍᴝᶾᴝᴝᴞᶾἍno_th_dependence Ἅʓʤ˅˯̓ʤεἍȹ̓Ἅʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍχ˜ȹχἍ˯εἍᴟqἍ˯ ̓ʓʤΘʤ̓ʓʤ̓χ᷄Ἅ˯χἍȹ̞̞͔ЧεἍϢεʤἍ

͔˅Ἅ͔̓̓ᶓȐᶓΡȹеἍʓȹχȹἍ͔ΡἍ˅˯χχ˯̓ːἍχ͔Ἅ̓ʤːȹχ˯УʤἍᴟqἍУȹ̞ϢʤεᶾἍBy default, the program calculates d -spacings 

using the wavelength of the emission profile line with the highest la parameter. However, if la 

parameters are refined the reference wavelength could change causing confusion. To avoid this 

lo_ref  can be used to identify the reference wavelength.  

LamἍʓʤ˅˯̓ʤεἍχ˜ʤἍУȹ̞ϢʤἍχ͔ἍʀʤἍϢεʤʓἍ˅͔ΡἍχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍLamᶾἍȉ˜ʤ̓ἍLamἍ˯ εἍ͔̓χἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓Ἅ

χ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍLamἍ˯ εἍʓʤ˅˯̓ʤʓἍȹεἍχ˜ʤἍЧȹУʤ̞ʤ̓ːχ˜Ἅ͔˅Ἅχ˜ʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ̞˯̓ʤἍЧ˯χ˜Ἅχ˜ʤἍ

̞ȹΡːʤεχἍlaἍУȹ̞ϢʤᶾἍŪ͔ χʤἍχ˜ȹχἍLamἍ˯ εἍϢεʤʓἍχ͔ἍʓʤχʤΡ̼˯̓ʤἍχ˜ʤἍΡ̂ȹːːἍȹ̓ː̞ʤᶾ 

calculate _LamἍʈȹ̞ʈϢ̞ȹχʤεἍLamἍεϢʈ˜Ἅχ˜ȹχἍ˯χἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍЧȹУʤ̞ʤ̓ːχ˜ἍȹχἍχ˜ʤἍΘʤȹ̕Ἅ͔˅Ἅχ˜ʤἍʤ̼˯εᶓ

ε˯͔̓ἍΘΡ͔˅˯̞ʤᶾἍLamἍ̓ ʤʤʓεἍχ͔ἍʀʤἍεʤχἍχ͔Ἅȹ̓ἍȹΘΘΡ͔а˯̼ȹχʤἍУȹ̞ϢʤἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχ͔Ἅχ˜ʤἍΘʤȹ̕Ἅ͔˅Ἅχ˜ʤἍʤ̼˯εᶓ

ε˯͔̓ἍΘΡ͔˅˯̞ʤᶾ 

ᵿlor_fwhmἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍχ˜ʤἍÇȉßŢἍ͔˅ἍȹἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅχ˜ȹχἍ˯εἍʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕ε᷄ἍεʤʤἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍχ˜ʤἍCS_LἍ

ȹ̓ʓἍStrain_LἍ̼ ȹʈΡ͔εᶾ 



Keywords 60 

 

60  Keywords 

 

ᵿlpsd _th2_angular _range _degreesἍ|ᶁᶾᶾᶾἍ 

lpsd _equitorial _divergence _degreesἍ| 

lpsd _equitorial _sample _length _mmἍ| 

f͔ ̓У͔̞ϢχʤεἍχ˜ʤἍȹʀʤΡΡȹχ˯͔̓Ἅ˅͔ΡἍȹἍŗ˯ ̓ʤȹΡἍƵ͔ ε˯χ˯͔̓Ἅǋʤ̓ε˯χ˯УʤἍqʤχʤʈχ͔ΡἍᵽf̃ ʤȹΡеἍᵱἍf͔ ʤ̞˜͔ᶽἍᴞᴨᴨᴢᵾἍ˯̓χ͔Ἅ

Θ˜ȹεʤἍΘʤȹ̕εᶾἍlpsd _th2_angular _range _degreesἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍȹ̓ːϢ̞ȹΡἍΡȹ̓ːʤἍ͔˅Ἅχ˜ʤἍŗƵǋqἍ˯ ̓Ἅ

ᴟǙ̃ ἍʓʤːΡʤʤεᶾἍlpsd _equitorial _divergence _degrees ˯εἍχ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍ˯̓ἍʓʤːΡʤʤεἍ͔˅Ἅχ˜ʤἍ

ΘΡ˯̼ȹΡеἍʀʤȹ̼Ἅȹ̓ʓ lpsd _equitorial _sample _length _mmἍχ˜ʤἍ̞ʤ̓ːχ˜Ἅ͔˅Ἅχ˜ʤἍεȹ̼Θ̞ʤἍ˯̓Ἅχ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞Ἅ

Θ̞ȹ̓ʤ. lpsd _th2_angular _range _degreesἍʈ͔ΡΡʤʈχεἍΘʤȹ̕Ἅε˜ȹΘʤεᶽἍ˯̓χʤ̓ε˯χ˯ʤεἍȹ̓ʓἍᴟǙ̃ Ἅε˜˯˅χεᶽἍεʤʤἍʤаᶓ

ȹ̼Θ̞ʤἍŗƵǋqᶓǋăŢǦŗ Ǚ|qᶾăŪƵ ʒ

ᵿmin_rἍᶍᶁἍᵿmax_rἍᶍᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍ̼˯̓˯̼Ϣ̼Ἅȹ̓ʓἍ̼ȹа˯̼Ϣ̼ἍΡȹʓ˯˯Ἅ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍʀ͔̓ʓἍ̞ʤ̓ːχ˜εᶽἍʓʤ˅ȹϢ̞χεἍȹΡʤἍᴝἍȹ̓ʓἍᴡᶾᴟἍ%Ἅ

ΡʤεΘʤʈχ˯Уʤ̞еᶾ 

ᵿneutron _dataᶁ 

ǋ˯ ː̓ȹ̞εἍχ˜ʤἍϢεʤἍ͔˅Ἅ̓ʤϢχΡ͔̓Ἅȹχ͔̼˯ʈἍεʈȹχχʤΡ˯̓ːἍ̞ʤ̓ːχ˜εᶾ ǋʈȹχχʤΡ˯̓ːἍ̞ʤ̓ːχ˜εἍ˅͔ΡἍ˯ε͔χ͔ΘʤεἍʈȹ̓ἍʀʤἍϢεʤʓἍ

ʀеἍΘ̞ȹʈ˯̓ːἍχ˜ʤἍ˯ε͔χ͔ΘʤἍ̓ȹ̼ʤἍȹ˅χʤΡἍᶮoccᶯἍȹεἍ˯̓᷁ 

occ  6Li 1  
occ  36Ar 1  

Ǚ̃ ʤἍεʈȹχχʤΡ˯̓ːἍ̞ ʤ̓ːχ˜εἍʓȹχȹἍ˯ εἍʈ͔̓χȹ˯̓ʤʓἍ˯̓Ἅχ˜ʤἍ˅˯̞ʤἍŪ|ǦǙǋf ǙǙʒȐǙʒ 

f͔ ̓εχȹ̓χἍЧȹУʤ̞ʤ̓ːχ˜Ἅ̓ʤϢχΡ͔̓Ἅʓ˯˅˅Ρȹʈχ˯͔̓ἍΡʤΞϢ˯ΡʤεἍȹἍŗ͔ Ρʤ̓χэἍʈ͔ΡΡʤʈχ˯͔̓ἍϢε˯̓ːἍχ˜ʤἍLorentz _FactorἍ

̼ȹʈΡ͔Ἅᵽʓʤ˅˯̓ʤʓἍ˯ ̓ἍǙſƵ ǋᶾăŪfᵾ᷄Ἅ˯χἍ˯εἍʓʤ˅˯̓ʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

scale_pks  = 1 / (Sin(Th)^2 Cos(Th));  

ᵿno_LIMIT_warnings ] 

ǋϢΘΘΡʤεεʤεἍLIMIT_MINἍȹ̓ʓἍŗăŢăǙḚŢ ȐἍЧȹΡ̓˯̓ːεᶾ 

ᵿnormalize _FCsᶁ 

Normalizes site fractional coordinates. Normalization does not oc ʈϢΡἍ ˅͔ΡἍ ʈ͔͔Ρʓ˯̓ȹχʤεἍ Ч˯χ˜Ἅ

minᶏmaxἍ̞ ˯̼˯χεἍʑχ˜ȹχἍȹΡʤἍΘȹΡχἍ͔˅ἍȹἍrigidἍʀ͔ʓеʑἍ͔ ΡἍχ˜ȹχἍȹΡʤἍΘȹΡχἍ͔˅ἍȹἍε˯χʤἍʈ͔̓εχΡȹ˯̓χἍ͔˅Ἅȹ̓еἍ̕˯̓ʓᶾ 

ᵿnumerical _areaἍ|ᶁ 

ƾʤχϢΡ̓εἍχ˜ʤἍ̓Ϣ̼ʤΡ˯ʈȹ̞̞еἍʈȹ̞ʈϢ̞ȹχʤʓἍȹΡʤȹἍϢ̓ʓʤΡἍχ˜ʤἍΘ˜ȹεʤᶾ 

[num_cycles E]  

Determines the number of cycles to process when continue_after_convergence  is defined. The 

number of iterations, defined using iters , is still adhered to.  Thus, to set number of cycles to 100, 

use something like:  
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continue_after_convergence  
iters  1000000000  
num_cycles 100  

ᵿocc _mergeἍײε˯χʤεἍᵿocc _merge _radiusἍᵳ|ᶁᶁᶾᶾᶾ 

ƾʤЧΡ˯χʤεἍε˯χʤἍ͔ʈʈϢΘȹ̓ʈ˯ʤεἍ͔˅Ἅε˯χʤεἍʓʤ˅˯̓ʤʓἍ˯̓Ἅײε˯χʤεἍ˯̓ἍχʤΡ̼εἍ͔˅Ἅχ˜ʤ˯ΡἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯̓ȹχʤεἍ

ᵽÇȹУΡʤᶓŪ˯ ʈ͔̞˯̓Ἅȹ̓ʓἍƾʒ ἍfʤΡ̓еἍᴟᴝᴝᴟᵾᶾἍǙ̃ ˯εἍ˯εἍϢεʤ˅Ϣ̞ἍʓϢΡ˯̓ːἍεχΡϢʈχϢΡʤἍε͔̞Ϣχ˯͔̓Ἅ˅͔ΡἍ̼ʤΡː˯̓ːἍΡ˯ː˯ʓἍʀ͔ʓ˯ʤεἍ

εϢʈ˜ἍȹεἍʈ͔χȹ̃ ʤʓΡȹᶾἍăχἍ˯εἍȹ̞ε͔ἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍ˯ʓʤ̓χ˯˅е˯̓ːἍεΘʤʈ˯ȹ̞ἍΘ͔ε˯χ˯͔̓εἍȹεἍεʤʤ̓Ἅ˯̓Ἅχ˜ʤἍʤаȹ̼Θ̞ʤἍſffᶓ

Ţ|ƾË|ᶾăŪƵἍʒă̓ Ἅ χ˜ʤἍ ΘΡʤεʤ̓χἍ ˯̼Θ̞ʤ̼ʤ̓χȹχ˯͔̓Ἅ ε˯χʤεἍײ ȹΡʤἍ χ˜͔Ϣː˜χἍ ͔˅Ἅ ȹεἍ εΘ˜ʤΡʤεἍ Ч˯χ˜Ἅ ȹἍ Ρȹʓ˯ϢεἍ

occ _merge _radius. ȉ˜ʤ̓ἍχЧ͔Ἅȹχ͔̼εἍȹΘΘΡ͔ȹʈ˜ἍЧ˯χ˜ἍȹἍʓ˯εχȹ̓ʈʤἍ̞ʤεεἍχ˜ȹ̓Ἅχ˜ʤἍεϢ̼Ἅ͔˅Ἅχ˜ʤ˯ΡἍΡʤεΘʤʈᶓ

χ˯УʤἍocc _merge _radiusᶫεἍχ˜ʤ̓Ἅχ˜ʤἍεΘ˜ʤΡʤεἍ˯̓χʤΡεʤʈχᶾἍǙ̃ ʤἍ͔ʈʈϢΘȹ̓ʈ˯ʤεἍ͔˅Ἅχ˜ʤἍε˯χʤεᶽἍ͔ʈʈḚаеэᶽἍʀʤᶓ

ʈ͔̼ʤ᷁ 

͔ʈʈḚаеэἍḃἍᴞἍᶏἍᵽᴞἍḅἍă̓ χʤΡεʤʈχ˯̓ːḚ˅ Ρȹʈχ˯͔̓ȹ̞ḚУ͔̞Ϣ̼ʤεᵾ 

ă̓ Ἅχ˜˯εἍЧȹеἍȹ̓еἍ̓Ϣ̼ʀʤΡἍ͔ ˅Ἅε˯χʤεἍʈȹ̓ἍʀʤἍ̼ʤΡːʤʓᶾἍǋ˯ χʤεἍȹΘΘʤȹΡ˯̓ːἍ˯̓Ἅײε˯χʤεἍʈȹ͔̓̓χἍ˜ȹУʤἍχ˜ʤ˯ΡἍ͔ʈʈϢᶓ

Θȹ̓ʈ˯ʤεἍΡʤ˅˯̓ʤʓᶾἍſ̓ ἍχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχ˜ʤἍoccἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεἍȹΡʤἍϢΘʓȹχʤʓἍЧ˯χ˜Ἅχ˜ʤ˯ΡἍ

ʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍ͔ʈʈḚаеэᶾ 

[omit _hkls  !E]Ἅ 

Allows for the filtering  of hkls using the reserved parameter names of H, K, L and D_spacing . More 

than one omit _hkls  can be defined, for example: Ἅ 

omit_hkls  = If(And(H==0, K==0), 1, 0);  
omit_hkls  = And(H==0, K==1);  
omit_hkls  = D_spacing < 1;  

ᵿone_on_x_convἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍe̼Ἅ˯ ̓Ἅχ˜ʤἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅ˅ Ϣ̓ʈχ˯͔̓᷁ 

(ᴢἍ¼e̼Ἅe¼)Ἅ-ồἍἍἍἍἍἍἍἍἍἍἍἍ˅͔ΡἍeἍḃἍᴝἍχ͔Ἅe̼ 

χ˜ȹχἍ˯εἍʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕εᶾἍe̼Ἅʈȹ̓ἍʀʤἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅ͔ΡἍ̞ʤεεἍχ˜ȹ̓ἍэʤΡ͔ᶽἍεʤʤἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍχ˜ʤἍ

Divergence Ἅ̼ ȹʈΡ͔ᶾ 

ᵿout_A_matrixἍײ˅˯̞ʤᶁ 

ᵿA_matrix _prm _filterἍײ˅˯̞χʤΡᶁ 

ſϢχΘϢχεἍχ˜ʤἍ̞ʤȹεχἍεΞϢȹΡʤεἍἍ̼ ȹχΡ˯аἍχ͔Ἅχ˜ʤἍ˅˯̞ʤἍײ˅˯̞ʤ᷄ἍϢεʤʓἍ˯̓Ἅχ˜ʤἍ̼ȹʈΡ͔ἍOut_for _cfᶾἍſϢχΘϢχἍʈȹ̓ἍʀʤἍ

̞˯̼˯χʤʓἍʀеἍϢε˯̓ːἍA_matrix _prm _filterᶽἍ˜ʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤἍ˅͔ΡἍ͔ϢχΘϢχχ˯̓ːἍἍ̼ ȹχΡ˯аἍʤ̞ʤ̼ʤ̓χεἍʈ͔ΡΡʤᶓ

εΘ͔̓ʓ˯̓ːἍχ͔ἍΘȹΡȹ̼ʤχʤΡεἍЧ˯χ˜Ἅ̓ȹ̼ʤεἍεχȹΡχ˯̓ːἍЧ˯χ˜ἍᶪΞᶫ᷁ 

out_A_matrix  file.a A_matrix_prm_filter  q*  
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ᵿoutἍײ˅˯̞ʤἍᵿappendᶁἍᶁᶾᶾᶾ 

ᵿout_record ᶁθ  

ᵿout_eqnἍᵳ|ᶁ 

ᵿout_fmtἍײʈḚ˅ ̼χḚεχΡ˯̓ːᶁ 

ᵿout_fmt _errἍײʈḚ˅ ̼χḚεχΡ˯̓ːᶁᶾᶾᶾ 

ǦεʤʓἍ˅͔ΡἍЧΡ˯χ˯̓ːἍΘȹΡȹ̼ʤχʤΡἍʓʤχȹ˯̞εἍχ͔ἍȹἍ˅˯̞ʤᶾἍǙ̃ ʤἍʓʤχȹ˯̞εἍȹΡʤἍȹΘΘʤ̓ʓʤʓἍχ͔Ἅײ˅˯̞ʤἍЧ˜ʤ̓Ἅappend Ἅ˯ εἍ

ʓʤ˅˯̓ʤʓᶾἍout_eqnἍʓʤ˅˯̓ʤεἍχ˜ʤἍʤΞϢȹχ˯͔̓Ἅ͔ΡἍΘȹΡȹ̼ʤχʤΡἍχ͔ἍʀʤἍЧΡ˯χχʤ̓Ἅχ͔Ἅײ˅˯̞ʤἍϢε˯̓ːἍχ˜ʤἍout_fmtᶾἍ

˅ʈḚײ ̼χḚεχΡ˯̓ːἍʓʤεʈΡ˯ʀʤεἍȹἍ˅͔Ρ̼ȹχἍεχΡ˯̓ːἍ˯̓ἍʈἍεе̓χȹаἍʈ͔̓χȹ˯̓˯̓ːἍȹἍε˯̓ː̞ʤἍ˅͔Ρ̼ȹχἍεΘʤʈ˯˅˯ʤʓἍ˅͔ΡἍȹἍʓ͔Ϣᶓ

ʀ̞ʤἍΘΡʤʈ˯ε˯͔̓Ἅ̓Ϣ̼ʀʤΡᶾἍout_fmt _errἍʓʤ˅˯̓ʤεἍχ˜ʤἍײʈḚ˅ ̼χḚεχΡ˯̓ːἍϢεʤʓἍ˅͔ΡἍ˅͔Ρ̼ȹχχ˯̓ːἍχ˜ʤἍʤΡΡ͔ΡἍ͔˅Ἅeqn. 

^͔ χ˜Ἅout_fmtἍȹ̓ʓἍout_fmt _errἍΡʤΞϢ˯ΡʤεἍȹ̓Ἅout_eqnἍʓʤ˅˯̓˯χ˯͔̓ᶾἍout_fmtἍʈȹ̓ἍʀʤἍϢεʤʓἍЧ˯χ˜͔ϢχἍout_eqnἍ

˅͔ΡἍЧΡ˯χ˯̓ːἍεχΡ˯̓ːεᶾἍǙ̃ ʤἍ͔ΡʓʤΡἍ͔˅Ἅout_fmtἍȹ̓ʓἍout_fmt _errἍʓʤχʤΡ̼˯̓ʤεἍЧ˜˯ʈ˜Ἅ˯εἍЧΡ˯χχʤ̓Ἅχ͔Ἅ˅˯̞ʤἍ˅˯ΡεχᶾἍ

Ǚ̃ ʤἍ˅͔ ̞̞͔Ч˯̓ːἍ˯ ̞̞ϢεχΡȹχʤεἍχ˜ʤἍϢεʤἍ͔˅ἍoutἍϢε˯̓ːἍχ˜ʤἍOutἍ̼ ȹʈΡ͔εἍᵽεʤʤἍſǦǙᶓᴞᶾăŪƵᵾ᷁ 

xdd  ...  
out  "sample output.txt" append  
str  ...  

CS_L(cs_l, 1000)  
Out_String(" \ tCrystallite Size Results: \ n")  
Out_String(" \ t========================= \ n")  
Out(cs_l, " \ tCrystallite Size (nm): \ t%11.5f",  
          " \ tError in Crystallite Size: \ t%11.5f \ n")  

ᵿout_rwpἍײ˅˯̞ʤᶁ 

ſϢχΘϢχεἍȹἍ̞˯εχἍ͔˅ἍƾЧΘἍУȹ̞ϢʤεἍʤ̓ʈ͔Ϣ̓χʤΡʤʓἍʓϢΡ˯̓ːἍΡʤ˅˯̓ʤ̼ʤ̓χἍχ͔Ἅχ˜ʤἍ˅˯̞ʤἍײ˅˯̞ʤἍ˯̓ἍȐqqἍ˅͔Ρ̼ȹχᶾ 

[out_prm _vals_per_iteration  $file  [append ]]... | [ out_prm _vals_on_convergence  $file  [append ]]...  

[out_prm _vals_filter  $filter]  

ᵿout_prm _vals_dependents _filterἍ$filter _dependents]  

ſϢχΘϢχεἍΡʤ˅˯̓ʤʓἍ˯̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεἍΘʤΡἍ˯χʤΡȹχ˯͔̓Ἅ͔ΡἍ͔̓Ἅʈ͔̓УʤΡːʤ̓ʈʤἍ˯̓χ͔Ἅχ˜ʤἍ˅˯̞ʤἍײ˅˯̞ʤᶾἍ

out_prm _vals_filter  can be used to filter the parameters; $fliter can contain the wild card character 

ᶫḞᶫἍȹ̓ʓἍχ˜ʤἍ̓ʤːȹχ˯͔̓Ἅʈ˜ȹΡȹʈχʤΡἍᶫᵳᶫᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

out_prm_vals_per_iteration  PRM_VALS.TXT out_prm_vals_filter  "* !u*"  

More than one out_prm _vals_per_iteration /out_prm _vals_on_convergence  can be defined for out-

putting different parameters into different files depending on the corresponding out_prm _vals_fil-

ter . out_prm _vals_dependents _filter  allows dependent parameters to be outputted according to 

$filter _dependents.  

[out_prm _vals_on_end $file  [append ]]...  

̞̞͔ЧεἍ˅͔ΡἍ͔ϢχΘϢχἍ͔̞̓еἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 
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str ¡ 
prm wtp = Get( weight_percent );  

out_prm_vals_on_end aac2.txt append  
out_prm_vals_filter wtp  
out_prm_vals_dependents_filter wtp  

Ǚ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʤаȹ̼Θ̞ʤἍε˜͔ЧεἍ˜͔ЧἍχ͔ἍȹʓʓἍ˯χʤ̼εἍχ͔Ἅχ˜ʤἍ͔ϢχḚΘΡ̼ḚУȹ̞εḚ͔̓Ḛʤ̓ʓἍ˅ ˯̞ʤᶾἍ 

#list Files { file1.xy file2.xy }  
num_runs #list_n Files  
do_errors  
out_prm_vals_on_end results.txt #if (Run_Number > 0)  append #endif  
xdd Files(Run_Number)  

str ¡ 
out results.txt append  

load out_record out_fmt out_eqn {  
"%d " = Run_Number;  
" %s   " = Files(Run_Number);  
}  

Ǚ˜ʤἍȹʀ͔УʤἍЧ˯̞̞Ἅ͔ϢχΘϢχἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯̓χ͔Ἅχ˜ʤἍ˅˯̞ʤἍƾ|ǋǦŗǙǋᶾǙȐǙ ʒ

Cycle Iter Rwp second_soll1FCF42E6640_ Err bkg1FCF3E90F18 Err ...  
    0      7  7.026593e+00   7.437574e+00   3.511447e - 02  1.208843e+01 ...  
    0  file1.xy  
Cycle Iter Rwp second_soll1FCF42E6640_ Err bkg1FCF3E90F18 Err ...  
    0      7  7.026593e+00   7.437574e+00   3.511447e - 02  1.208843e+01 ...  
    1  file2.xy  

ᵿout_sfn4_yobs ἍḃἍ|᷄ᶁἍᵿout_sfn4_ycalc ἍḃἍ|᷄ᶁ 

ſϢχΘϢχεἍYobsἍȹ̓ʓἍYcalcἍΡʤεΘʤʈχ˯Уʤ̞еἍχ͔ἍȹἍʀ˯̓ȹΡеἍ˅˯̞ʤἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χἍ˅͔ΡἍʓȹχȹἍχ˜ȹχἍ˯εἍ͔˅Ἅ

ʤΞϢȹ̞Ἅаᶓȹа˯εἍεχʤΘεᶾἍǙ˜ʤἍ˅͔Ρ̼Ἅ͔˅Ἅχ˜ʤἍ˅˯̞ʤἍ˯εἍεχȹΡχᶽἍ˅˯̓˯ε˜ᶽἍ̓Ϣ̼ʀʤΡἍ͔˅ἍʓȹχȹἍΘ͔˯̓χεἍȹ̓ʓἍχ˜ʤ̓Ἅχ˜ʤἍʓȹχȹᶾἍ

q͔Ϣʀ̞ʤἍΘΡʤʈ˯ε˯͔̓Ἅ˅͔ΡἍεχȹΡχἍȹ̓ʓἍ˅˯̓˯ε˜ᶽἍ˯̓χʤːʤΡἍ˅͔ΡἍ̓Ϣ̼ʀʤΡἍ͔˅ἍʓȹχȹἍΘ͔˯̓χεἍȹ̓ʓἍε˯̓ː̞ʤἍΘΡʤʈ˯ε˯͔̓Ἅ˅͔ΡἍχ˜ʤἍ

ʓȹχȹᶾ 

[p1_fractional_to_file $file]  [ in_str_format ]  

Structure dependent. Saves atomic positions corresponding to space group P1 to the file $file. 

The original space group can be any space group. If in_str_format  is defined , then the structural 

data is saved in INP format.  

ᵿpeak _typeἍײχеΘʤᶁ 

ᵿpv_lor |ἍἍpv_fwhm |ᶁ 

ᵿh1Ἅ|ἍἍh2Ἅ|ἍἍm1Ἅ|ἍἍm2Ἅ|ᶁ 

ᵿspv _h1Ἅ|ἍἍspv _h2Ἅ|ἍἍspv _l1Ἅ|ἍἍspv _l2Ἅ|ᶁ 

ǋʤχεἍχ˜ʤἍΘʤȹ̕ἍχеΘʤἍ˅͔ΡἍȹἍΘ˜ȹεʤᶽἍεʤʤἍεʤʈχ˯͔̓Ἅ6ᶾἍǙ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍpeak_type εʟἍȹΡʤἍȹУȹ˯̞ȹʀ̞ʤ᷁ 
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Peak type  $type  Parameters  

ÇϢ̓ʓȹ̼ʤ̓χȹ̞Ἅ 

ƵȹΡȹ̼ʤχʤΡε 
˅Θ  

ƵεʤϢʓ͔ᶓȆ͔ ˯ːχ ΘУ pv_lor᷁Ἅ χ˜ʤἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅ ˅Ρȹʈχ˯͔̓Ἅ ͔˅Ἅ χ˜ʤἍ Θʤȹ̕Ἅ ΘΡ͔˅˯̞ʤᵽεᵾᶾἍ

pv_fwhm Ἅ᷁the FWHM of the peak profile(s).  

ǋΘ̞˯χᶓƵʤȹΡἐ͔Ȇăă εΘУ˯˯ Ǚ̃ ʤἍεϢ̼Ἅ͔˅Ἅh1Ἅȹ̓ʓἍh2Ἅː ˯УʤεἍχ˜ʤἍÇȉßŢἍ͔˅Ἅχ˜ʤἍʈ͔̼Θ͔ε˯χʤἍΘʤȹ̕ᶾἍ

m1ʑ  m2 are the Pearson VII exponents of the left and right 

composite peak.  

ǋΘ̞˯χᶓƵεʤϢʓ͔Ȇ͔ ˯ːχ εΘУ Ǚ̃ ʤἍεϢ̼Ἅ͔˅Ἅspv _h1Ἅȹ̓ʓἍspv _h2Ἅː ˯УʤεἍχ˜ʤἍ˅Ϣ̞̞ἍЧ˯ʓχ˜ἍȹχἍ˜ȹ̞˅Ἅ

̼ȹа˯̼Ϣ̼Ἅ͔˅Ἅχ˜ʤἍʈ͔̼Θ͔ε˯χʤἍΘʤȹ̕ᶾἍspv _l1ʑ  spv _l2 ȹΡʤἍχ̃ ʤἍ̞ʤ˅χἍ
ȹ̓ʓἍΡ˯ː˜χἍLorentzian ˅Ρȹʈχ˯͔̓ε. 

ᵿpeak _buffer _stepἍ|Ἅᵿreport _onᶁᶁ 

Ƶʤȹ̕εἍε˜ȹΘʤεἍχеΘ˯ʈȹ̞̞еἍʈ˜ȹ̓ːʤἍ˯̓ἍȹἍːΡȹʓϢȹ̞Ἅ̼ȹ̓̓ʤΡἍ͔УʤΡἍȹἍε˜͔ΡχἍᴟqἍΡȹ̓ːʤ᷄ἍȹἍ̓ʤЧἍΘʤȹ̕Ἅε˜ȹΘʤᶽἍ

χ˜ʤΡʤ˅͔ΡʤᶽἍ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍ͔̞̓еἍ˯˅Ἅχ˜ʤἍΘ͔ε˯χ˯͔̓Ἅ͔˅Ἅχ˜ʤἍ̞ȹεχἍΘʤȹ̕Ἅε˜ȹΘʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯εἍ̼͔ΡʤἍχ˜ȹ̓Ἅχ˜ʤἍ

ʓ˯εχȹ̓ʈʤἍʓʤ˅˯̓ʤʓἍʀеἍpeak_buffer _step ἍʒȆȹΡ˯͔ϢεἍεχΡʤχʈ˜˯̓ːἍȹ̓ʓἍ˯̓χʤΡΘ͔̞ȹχ˯͔̓ἍΘΡ͔ʈʤʓϢΡʤεἍȹΡʤἍϢεʤʓἍ

χ͔Ἅʈȹ̞ʈϢ̞ȹχʤἍ˯̓ᶓʀʤχЧʤʤ̓ἍΘʤȹ̕εᶽἍεʤʤἍȹ̞ε͔Ἅεʤʈχ˯͔̓Ἅ6.4ᶾἍǙ˜ʤἍʓʤ˅ȹϢ̞χἍεʤχχ˯̓ːἍ˯εἍȹεἍ˅͔̞̞͔Чε᷁ 

peak_buffer _stepἍḃἍᴣᴝᴝḞPeak_Calculation_Step .  

ȉ˜ʤ̓Ἅχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍ ͔˅ἍHᶽἍKᶽἍLᶽἍM,Ἅ͔ ΡἍ ΘȹΡȹ̼ʤχʤΡἍ ̓ȹ̼ʤεἍȹεε͔ʈ˯ȹχʤʓἍЧ˯χ˜Ἅ

sh_Cij_prmἍȹ̓ʓἍhkl_angle ἍʑȹΡʤἍϢεʤʓἍ˯̓ἍΘʤȹ̕Ἅʈ͔̓У͔̞Ϣχ˯͔̓ἍʤΞϢȹχ˯͔̓εᶽἍχ˜ʤ̓Ἅ˯ΡΡʤːϢ̞ȹΡἍΘʤȹ̕Ἅε˜ȹΘʤεἍȹΡʤἍ

Θ͔εε˯ʀ̞ʤἍ͔УʤΡἍε˜͔ΡχἍᴟqἍΡȹ̓ːʤεᶾἍă̓ἍεϢʈ˜ἍʈȹεʤεᶽἍεʤΘȹΡȹχʤἍΘʤȹ̕Ἅε˜ȹΘʤεἍȹΡʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˅͔ΡἍʤȹʈ˜ἍΘʤȹ̕Ἅ

˯ΡΡʤεΘʤʈχ˯УʤἍ͔˅Ἅpeak_buffer _stepᶾἍreport _onἍʓ˯εΘ̞ȹеεἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍΘʤȹ̕εἍ˯̓Ἅχ˜ʤἍΘʤȹ̕εἍʀϢ˅˅ʤΡᶾ 

ἍУȹ̞ϢʤἍ͔˅ἍэʤΡ͔Ἅ˅͔ΡἍpeak_buffer _step Ἅ˅ ͔ΡʈʤεἍχ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅ͔˅ἍȹἍεʤΘȹΡȹχʤἍΘʤȹ̕Ἅε˜ȹΘʤἍ˅͔ΡἍʤȹʈ˜Ἅ

Θʤȹ̕ʒ 

ᵿphase _outἍײ˅˯̞ʤἍᵿappendᶁἍᶁᶾᶾᶾ 

ǦεʤʓἍ˅͔ΡἍЧΡ˯χ˯̓ːἍΘ˜ȹεʤἍʓʤΘʤ̓ʓʤ̓χἍʓʤχȹ˯̞εἍχ͔Ἅ˅˯̞ʤᶾἍǋʤʤἍoutἍ˅ ͔ΡἍȹἍʓʤεʈΡ˯Θχ˯͔̓Ἅ͔˅Ἅout_record ᶾἍǙ̃ ʤἍ

Create _hklm _d_Th2_Ip_fileἍϢεʤεἍphase _out  ʒ

[phase_out_X $file [ append ] ᶁ  θ

Ƶ̃ ȹεʤἍʓʤΘʤ̓ʓʤ̓χἍ̕ʤеЧ͔ΡʓἍχ˜ȹχἍЧΡ˯χʤεἍΘ˜ȹεʤἍȖʈȹ̞ʈἍʓʤχȹ˯̞εἍχ͔ἍȹἍ˅˯̞ʤᶾἍǙ̃ ʤἍout_eqnἍʈȹ̓Ἅʈ͔̓χȹ˯̓ἍΡʤᶓ

εʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍ͔ʈʈϢΡΡ˯̓ːἍ˯̓Ἅxdd_outἍȹεἍЧʤ̞̞ἍȹεἍËʤχᵽΘ˜ȹεʤḚеʈȹ̞ʈᵾ᷄Ἅ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁Ἅ 
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phase_out_X Phase.txt load out_record out_fmt out_eqn {  
" %9.0f" = Xi;  
 " %11.5f" = X;  
 " %11.5f" = Get(phase_ycalc);  
 " %11.5f" = Ycalc;  
 " %11.5f" = Yobs;  
 " %11.5f \ n" = Get(weighting);  

}  

The x-axis extent of the output corresponds  to the x -axis range of the phase. If conserve_memory  

is used , χ˜ʤ̓Ἅχ˜ʤἍ̼ʤεεȹːʤἍᶮΘ˜ȹεʤ_out_X: N͔ἍʓȹχȹᶯἍ˯εἍ͔ϢχΘϢχχʤʓᶾ 

ᵿpk_xoἍ|ᶁ 

ΘΘ̞˯ʤʓἍχ͔Ἅȹ̞̞ἍΘ˜ȹεʤἍχеΘʤεἍʤаʈʤΘχἍ˅͔ΡἍxo_IsἍΘ˜ȹεʤε᷄ἍΘΡ͔У˯ʓʤεἍȹἍ̼ʤʈ˜ȹ̓˯ε̼Ἅ˅͔ΡἍχΡȹ̓ε˅͔Ρ̼˯̓ːἍΘʤȹ̕Ἅ

Θ͔ε˯χ˯͔̓Ἅχ͔Ἅȹ̓Ἅаᶓȹа˯εἍΘ͔ε˯χ˯͔̓ᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍΘʤȹ̕ἍΘ͔ε˯χ˯͔̓Ἅ˅͔ΡἍ̓ʤϢχΡ͔̓Ἅχ˯̼ʤᶓ͔ ᶓ˅˅ ̞˯ː˜χἍʓȹχȹἍ˯εἍ

χеΘ˯ʈȹ̞̞еἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯̓Ἅχ˯̼ʤᶓ͔ ᶓ˅˅ ̞˯ː˜χἍεΘȹʈʤᶽἍtof, Ἅ͔ Ρᶽ 

ÔÏÆ Ѐ Ôτ Ϲ Ôυ ÄÈËÌ Ϲ Ôφ ÄÈËÌς 

Ч˜ʤΡʤἍΨ׳Ἅȹ̓ʓἍΨ״Ἅȹ̓ʓἍΨᴀἍȹΡʤἍʓ˯˅˅Ρȹʈχ͔̼ʤχʤΡἍʈ͔̓εχȹ̓χεᶾἍǋʤʤἍʤаȹ̼Θ̞ʤεἍǙſÇḚ^ ŗȮ ƾḚǋßᴞᶾăŪƵἍȹ̓ʓἍ

ǙſÇḚ^ ŗȮ ƾḚ^ƾᴞᶾăŪƵ ʒ

ᵿphase _nameἍײΘ˜ȹεʤḚ̓ ȹ̼ʤᶁ 

Ǚ̃ ʤἍ̓ȹ̼ʤἍː˯Уʤ̓Ἅχ͔ἍȹἍΘ˜ȹεʤ᷄ἍϢεʤʓἍ˅͔ΡἍΡʤΘ͔Ρχ˯̓ːἍΘϢΡΘ͔εʤεᶾ 

ᵿphase _penaltiesἍײε˯χʤεἍŪᶁᶾᶾᶾᵿhkl_Re_ImἍᶍ˜Ἅᶍ̕Ἅᶍ̞ἍᶍƾʤἍᶍă̼ ᶁᶾᶾᶾἍ 

[accumulate _phases _and_save_to_file  $file] Ἅ 

[accumulate _phases _when  !E] 

phase _penalties Ἅ˅ ͔ΡἍȹἍε˯̓ː̞ʤἍ˜̞̕Ἅ˯εἍʓʤ˅˯̓ʤʓἍȹεἍ˅͔̞̞͔Чε᷁Ἅ 

ὖὴ  
πȟ                                ὭὪ j

ȟ
τυЈ j j

ȟ
τυЈ

Ὠ Ὅȟ j
ȟ

j
ȟ
ȟὭὪ j j

ȟ
τυЈέὶ j j

ȟ
τυЈ 

 

Ч˜ʤΡʤἍjεἍȹεε˯ː̓ʤʓἍΘ˜ȹεʤᶽἍjʈἍḃἍʈȹ̞ʈϢ̞ȹχʤʓἍΘ˜ȹεʤᶽἍăʈἍḃἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯̓χʤ̓ε˯χеἍȹ̓ʓἍdἍ˯ εἍχ˜ʤἍΡʤ˅̞ʤʈχ˯͔̓Ἅʓᶓ

εΘȹʈ˯̓ːᶾἍǙ̃ ʤἍ̓ȹ̼ʤἍŪἍΡʤχϢΡ̓εἍχ˜ʤἍεϢ̼Ἅ͔˅Ἅχ˜ʤἍphase _penaltiesἍȹ̓ʓἍ˯χἍʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εἍȹ̓ʓἍ

˯̓ἍΘȹΡχ˯ʈϢ̞ȹΡἍpenaltyἍʤΞϢȹχ˯͔̓εᶾἍjʈἍ˯ εἍʈȹ̞ʈϢ̞ȹχʤʓἍ˅Ρ͔̼Ἅε˯χʤεἍ˯ʓʤ̓χ˯˅˯ʤʓἍ˯̓Ἅ$sites  ʒ

ᶍ˜ᶽἍᶍ̕ᶽἍᶍ̞ἍȹΡʤἍϢεʤΡἍʓʤ˅˯̓ʤʓἍ˜̞̕ε᷄Ἅχ˜ʤеἍȹΡʤἍϢεʤʓἍ˅͔ΡἍ˅͔Ρ̼Ϣ̞ȹχ˯̓ːἍχ˜ʤἍΘ˜ȹεʤἍΘʤ̓ȹ̞χ˯ʤεᶾἍᶍƾʤἍȹ̓ʓἍᶍă̼ Ἅ

ȹΡʤἍχ˜ʤἍΡʤȹ̞Ἅȹ̓ʓἍ˯̼ȹː˯̓ȹΡеἍΘȹΡχεἍ͔˅Ἅjεʒ Ἅ̓ Ἅʤаȹ̼Θ̞ʤἍϢεȹːʤἍ͔˅ἍΘ˜ȹεʤἍΘʤ̓ȹ̞χ˯ʤεἍᵽεʤʤἍʤаȹ̼Θ̞ʤἍ|ᴣᶓ

ǦǙſᶾăŪƵᵾἍ˯ εἍȹεἍ˅͔̞̞͔Чε᷁Ἅ 

penalty  = pp1;  
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phase_penalties  * pp1  
load  hkl_Re_Im  {  

0   1   2   1  0  
1   0  - 2   1  0  
1  - 2  - 1   1  0  

}  

˜̞̕εἍʈ˜͔εʤ̓Ἅ˅͔ΡἍΘ˜ȹεʤἍΘʤ̓ȹ̞χ˯ʤεἍε˜͔Ϣ̞ʓἍʈ͔̼ΘΡ˯εʤἍχ˜͔εʤἍχ˜ȹχἍȹΡʤἍ͔˅Ἅ˜˯ː˜Ἅ˯̓χʤ̓ε˯χеᶽἍ̞ȹΡːʤἍʓᶓεΘȹʈ˯̓ːἍ

ȹ̓ʓἍ˯ε͔̞ȹχʤʓἍ˅Ρ͔̼Ἅ͔χ˜ʤΡἍΘʤȹ̕εἍχ͔ἍȹУ͔˯ʓἍΘʤȹ̕Ἅ͔УʤΡ̞ȹΘᶾἍſΡ˯ː˯̓Ἅʓʤ˅˯̓˯̓ːἍ˜̞̕εἍȹΡʤἍχеΘ˯ʈȹ̞̞еἍʈ˜͔εʤ̓ᶾ 

accumulate _phases _and_save_to_file  saves the average phases collected to $file . Phases are col-

lected when accumulate _phases _when  evaluates to true; accumulate _phases _when  defaults to 

true. HʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤἍϢεʤ᷁ 

load  temperature  { 1 1 1 1 10 }  
   move_to_the_next_temperature_regardless_of_the_change_in_rwp  
accumulate_phases_and_save_to_file  SOME_FILE.TXT 

accumulate_phases_when  = T == 10;  

Here phases with the best Rwp  since the last accumulation are accumulated when the current 

temperature is 10.  

ᵿprocess _timesᶁ 

q˯ εΘ̞ȹеεἍΘΡ͔ʈʤεεἍχ˯̼ʤεἍ͔Ἅ̓χʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶾ 

ᵿrand_xyzἍᵳ|ᶁ 

ă˅ Ἅcontinue _after _convergence Ἅ˯ εἍʓʤ˅˯̓ʤʓᶽἍχ˜ʤ̓Ἅrand_xyz Ἅ˯ εἍʤаʤʈϢχʤʓἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍȹἍrefinement 

cycleᶾἍăχἍȹʓʓεἍχ˜ʤἍУʤʈχ͔ΡἍϢἍχ͔ Ἅχ˜ʤἍε˯χʤἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤᶽἍχ˜ʤἍʓ˯Ρʤʈχ˯͔̓Ἅ͔˅ἍЧ˜˯ʈ˜Ἅ˯εἍΡȹ̓ʓ͔̼Ἅȹ̓ʓἍ

χ˜ʤἍ̼ȹː̓˯χϢʓʤἍ˯̓Ἅ%Ἅ˯ ε᷁ 

ᶐϢᶐἍḃἍTἍrand _xyz  

Ч˜ʤΡʤἍTἍ˯ εἍχ˜ʤἍʈϢΡΡʤ̓χἍtemperature ᶾἍǙ͔ ἍȹʓʓἍȹἍε˜˯˅χἍχ͔Ἅȹ̓Ἅȹχ͔̼ἍʀʤχЧʤʤ̓ἍᴝἍȹ̓ʓἍᴞἍ%Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ

ʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

temperature  1 
site ... occ  1 C beq  1 rand_xyz  = Rand(0,1);  

ſ̓ ̞еἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍᵽxᶽἍyᶽἍzᵾἍχ˜ȹχἍȹΡʤἍ˯̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍʈ͔̓ε˯ʓʤΡʤʓᶾἍ 

ᵿr_braggἍᶍᶁ 

ƾʤΘ͔ΡχεἍ͔̓Ἅχ˜ʤἍƾᶓ̂ΡȹːːἍУȹ̞ϢʤᶾἍƾᶓ̂ΡȹːːἍ˯εἍ˯̓ʓʤΘʤ̓ʓʤ̓χἍ͔˅Ἅ˜̞̕ᶬεἍȹ̓ʓἍχ˜ϢεἍʈȹ̓ἍʀʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˅͔ΡἍȹ̞̞Ἅ

Θ˜ȹεʤἍχеΘʤεἍχ˜ȹχἍʈ͔̓χȹ˯̓ἍΘ˜ȹεʤἍΘʤȹ̕εᶾ 
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ᵿrebin _with _dx_of ᵳ|ᶁἍ 

ᵿrebin _start _x_atἍᵳ|ᶁἍ 

ƾʤʀ˯̓εἍχ˜ʤἍ͔ʀεʤΡУʤʓἍʓȹχȹἍᵽȹ̓ʓἍSigmaYobs  if it exists) ᶽἍεʤʤἍʤаȹ̼Θ̞ʤἍfŗ ȖᶾăŪƵἍʒăχἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ

͔˅Ἅχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍXἍȹεἍʓʤ̼͔̓εχΡȹχʤʓἍ˯̓ἍǙſÇḚ^ ŪōᴟḚᴞᶾăŪƵἍʒă˅ Ἅrebin _with _dx_of ʤУȹ̞ϢȹχʤεἍχ͔Ἅ

ȹἍʈ͔̓εχȹ̓χᶽἍχ˜ʤ̓Ἅχ˜ʤἍ͔ʀεʤΡУʤʓἍʓȹχȹἍ˯εἍΡʤᶓʀ˯̓̓ʤʓἍχ͔ἍʤΞϢȹ̞Ἅаᶓȹа˯εἍεχʤΘεᶾἍÇ͔ ΡἍ͔ʀεʤΡУʤʓἍʓȹχȹἍχ˜ȹχἍ˯εἍ͔˅Ἅ

Ϣ̓ʤΞϢȹ̞Ἅаᶓȹа˯εἍεχʤΘεἍχ˜ʤ̓ἍΡʤᶓʀ˯̓̓˯̓ːἍΘΡ͔У˯ʓʤεἍȹἍ̼ʤȹ̓εἍ͔˅Ἅʈ͔̓УʤΡχ˯̓ːἍχ͔ἍʤΞϢȹ̞Ἅаᶓȹа˯εἍεχʤΘεᶾἍǋome 

points about rebin _with _dx_of : 

>    It changes the data.  

>    It uses all data and uses it once.  

>    Errors are similar if the fit to the new data is similar.  

>    If a hat convolution is included in Ycalc  then the fit is potentially the same.  

rebin _with _dx_of  creates a new x -axis with points determined by the rebin _with _dx_of  equation, 

or,  

x[i+1] = x[i] + rebin _with _dx_of  

The new x -axis can be at x -axis intervals that are unequal. The position of the first x[i] value 

defaults to the start of the original  x-axis; this can be changed using rebin _start _x_at ἍʒIntensities 

at the new x -axis are determined by the following integration:  

Intensity at x[i] = Integrate Yobs  from (x[i] + x[i -1])/2 to (x[i] + x[i+1])/2  

Yobs  is considered as line segments; integration is therefore simply the area under the line seg-

ments. The integration implies convolution , and rebin _with _dx_of  can be thought of as a 

resampling of the data. If rebin _with _dx_of  is a constant, then the x -axis intervals are equal, and 

the integration can be included in Ycalc  using a hat function, or,  

   rebin_with_dx_of  0.02  
   hat  0.02  

ᵿRpἍᶍᶁἍᵿRsἍᶍᶁ 

ƵΡ˯̼ȹΡеἍȹ̓ʓἍεʤʈ͔̓ʓȹΡеἍʓ˯˅˅Ρȹʈχ͔̼ʤχʤΡἍΡȹʓ˯˯Ἅ˯ ̓Ἅ̼̼᷄Ἅʓʤ˅ȹϢ̞χἍχ͔Ἅᴟᴞᴦ̼̼ᶾ 

ᵿscaleἍ|ᶁ 

ƾ˯ ʤχУʤ̞ʓἍεʈȹ̞eἍ˅ ȹʈχ͔Ρ᷄Ἅʈȹ̓ἍʀʤἍȹΘΘ̞˯ʤʓἍχ͔Ἅȹ̞̞ἍΘ˜ȹεʤἍχеΘʤεᶾ 

ᵿscale _pksἍ|ᶁᶾᶾᶾ 

ǋʈȹ̞ʤεἍΘ˜ȹεʤἍΘʤȹ̕ε᷄Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʓʤ˅˯̓ʤεἍȹἍŗ͔ Ρʤ̓χэᶓƵ͔ ̞ȹΡ˯εȹχ˯͔̓Ἅʈ͔ΡΡʤʈχ˯͔̓ ᷁

scale_pks  = (1 + Cos(c Deg)^2 Cos(2 Th)^2) / (Sin(Th)^2 Cos(Th));  
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ǋʤʤἍLP_FactorᶽἍPreferred _Orientation Ἅȹ̓ʓἍAbsorption _With _Sample_Thickness _mm_IntensityἍ

̼ȹʈΡ͔εᶾἍ 

ᵿseed ᵿᶍᶁᶁ 

ă̓ ˯χ˯ȹ̞˯эʤεἍχ˜ʤἍΡȹ̓ʓ͔̼Ἅ̓Ϣ̼ʀʤΡἍːʤ̓ʤΡȹχ͔ΡἍЧ˯χ˜ἍȹἍεʤʤʓἍʀȹεʤʓἍ͔̓Ἅχ˜ʤἍʈ͔̼ΘϢχʤΡἍʈ̞͔ʈ̕ᶾἍǙ͔Ἅ˯̓˯χ˯ȹ̞˯эʤἍχ˜ʤἍ

Ρȹ̓ʓ͔̼Ἅ̓Ϣ̼ʀʤΡἍːʤ̓ʤΡȹχ͔ΡἍȹχἍχ˜ʤἍΘΡʤᶓΘΡ͔ʈʤεε͔ΡἍεχȹːʤἍχ˜ʤ̓ἍϢεʤἍ#seed  ʒ

ᵿsleepἍᵳ|ᶁ 

ƵȹϢεʤἍΡʤ˅˯̓ʤ̼ʤ̓χἍ|Ἅεʤʈ͔̓ʓεἍʤȹʈ˜Ἅ˯χʤΡȹχ˯͔̓ᶾἍǙ˜˯εἍΘȹϢεʤἍȹ̞ε͔Ἅ͔ʈʈϢΡεἍʓϢΡ˯̓ːἍ̼͔̞ʤʈϢ̞ȹΡἍʓе̓ȹ̼˯ʈεἍ

ȹ̓ʓἍʈ˜ȹΡːʤἍ˅̞˯ΘΘ˯̓ːᶾἍsleepἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅfеʈ̞ʤᶽἍfеʈ̞ʤḚăχʤΡᶽἍʤχʈᶾᶾᶾᶭ ʒ

ᵿsiteἍײε˯χʤἍᵿxἍ|ᶁἍᵿyἍ|ᶁἍᵿzἍ|ᶁἍᶁᶾᶾᶾ 

ᵿoccἍײȹχ͔̼Ἅ|ἍᵿbeqἍ|ᶁἍ[scale_occ E] ᶁᶾᶾᶾ 

ᵿnum_posnsἍᶍᶁἍᵿrand_xyzἍᵳ|ᶁἍᵿinterἍᵳ|Ἅᶍᶁ 

qʤ˅˯̓ʤεἍȹἍε˯χʤἍЧ˜ʤΡʤἍײε˯χʤἍ˯εἍȹἍǦεʤΡἍʓʤ˅˯̓ʤʓἍεχΡ˯̓ːἍϢεʤʓἍχ͔Ἅ˯ʓʤ̓χ˯˅еἍχ˜ʤἍε˯χʤᶾἍxᶽἍyᶽἍȹ̓ʓἍz ʓʤ˅˯̓ʤἍχ˜ʤἍ

˅Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯̓ȹχʤεᶽἍεʤʤἍȹ̞ε͔Ἅεʤʈχ˯͔̓Ἅ17.8ᶾἍoccἍȹ̓ʓἍbeqἍʓʤ˅˯̓ʤεἍχ˜ʤἍε˯χʤἍ͔ʈʈϢΘȹ̓ʈеἍ˅ȹʈχ͔ΡἍ

ȹ̓ʓἍχ˜ʤἍʤΞϢ˯Уȹ̞ʤ̓χἍ˯ε͔χΡ͔Θ˯ʈἍχʤ̼ΘʤΡȹχϢΡʤἍ˅ȹʈχ͔ΡἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍײȹχ͔̼Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔ἍȹἍУȹ̞˯ʓἍȹχ͔̼Ἅ

εе̼ʀ͔̞Ἅ͔ΡἍ˯ε͔χ͔ΘʤἍʈ͔̓χȹ˯̓ʤʓἍ˯̓Ἅχ˜ʤἍ˅˯̞ʤἍǙŢǋf ǙᶾǙȐǙἍ˅ ͔ΡἍаᶓΡȹеἍʓȹχȹἍȹ̓ʓἍŪ|ǦǙǋf ǙᶾǙȐǙἍ˅ ͔ΡἍneu-

tron_dataᶾἍnum_posnsἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔˅ἍϢ̓˯ΞϢʤἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓Ἅːʤ̓ʤΡȹχʤʓἍ˅Ρ͔̼Ἅ

χ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘ᷄Ἅ˯χἍ˯εἍϢΘʓȹχʤʓἍ͔̓ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχʤΡ̼˯̓ȹχ˯͔̓ᶾἍinterἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍεϢ̼Ἅ͔˅Ἅȹ̞̞ἍËƾǋἍ

˯̓χʤΡȹʈχ˯͔̓εἍЧ˜˯ʈ˜ἍȹΡʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍsiteᶾἍǙ̃ ʤἍУȹ̞ϢʤἍ͔˅ἍinterἍʈȹ̓ἍΡʤΘΡʤεʤ̓χἍχ˜ʤἍε˯χʤἍʤ̞ʤʈχΡ͔εχȹχ˯ʈἍ

Θ͔χʤ̓χ˯ȹ̞ἍʓʤΘʤ̓ʓ˯̓ːἍ͔̓Ἅχ˜ʤἍχеΘʤἍ͔˅ἍËƾǋἍ˯ ̓χʤΡȹʈχ˯͔̓εἍʓʤ˅˯̓ʤʓᶾἍἍε˯χʤἍ˅Ϣ̞̞еἍ͔ʈʈϢΘ˯ʤʓἍʀеἍfȹ̞ʈ˯Ϣ̼Ἅ˯εἍ

ЧΡ˯χχʤ̓Ἅȹε᷁ 

site  Al1  x 0       y 0    z 0.3521  occ  Ca+2 1    beq  0.3  

Ἅε˯χʤἍ͔ʈʈϢΘ˯ʤʓἍʀеἍχЧ͔Ἅʈȹχ˯͔̓εἍ˯ε᷁ 

site  Fe2  x 0.9283  y 0.25 z 0.9533  occ  Fe+3 0.5  beq  0.25  
                                     occ  Al+3 0.5  beq  0.25  

scale_occ is occ  dependent and it scales occ . It and can be a function of H, K, L, D_spacing , Xo 

and Th.  The occ  keyword  remains single valued for QUANT purposes and thus cannot be a func-

tion of H, K, L etc. The following is valid:  

occ Pb+2 1  
   prm q1 1 min  1e- 6 
   prm q2 1 min  1e- 6 
   prm q3 1 min  1e- 6 
   prm q4 1 min  1e- 6 
   scale_occ = q1 / D_spacing + 1 / (q2 H^2 + q3 K^2 + q4 L^2);  

scale_occ  is a child of occ ; the keyword therefore needs to occur after the occ  keyword.  The 

following two definitions  will produce  identical structure factors but different QUANT results:  
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site  Pb occ  Pb+2 1   beq 1 
site  Pb occ  Pb+2 0.5 beq 1 scale_occ 2 

scale_occ  works with magnetic  data, neutron  data, x - ray data etc. but not PDF data . 

Symmetry:  The user is responsible  for obeying symmetry. If not working in P1 then the Multiplici-

ties_Sum macr o could be used . The spherical_harmonics_hkl  keyword can also be used, for ex-

ample:  

spherical_harmonics_hkl sh sh_order 6 
site Pb occ Pb+2 1 beq 1 

prm q 1 min 1e- 6 
scale_occ = q sh;  

ᵿsites _distanceἍŪᶁἍᶐἍᵿsites _angleἍŪᶁἍᶐἍᵿsites _flattenἍŪἍᵿsites _flatten _tolἍᵳ|ᶁᶁᶾᶾᶾ 

ᵿsite_to_restrain ײε˯χʤἍᵿἍᶍʤΘἍᵿἍᶍ̓ᴞἍᶍ̓ᴟἍᶍ̓ᴡἍᶁἍᶁἍᶁᶾᶾᶾ 

ȉ˜ʤ̓ἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εἍχ˜ʤἍ̓ȹ̼ʤἍŪἍ͔ ˅Ἅsites _distanceἍȹ̓ʓἍsites _angleἍΡʤχϢΡ̓εἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍ˯̓Ἅ%Ἅ

ʀʤχЧʤʤ̓ἍχЧ͔Ἅε˯χʤεἍȹ̓ʓἍȹ̓ː̞ʤἍ˯̓ἍʓʤːΡʤʤεἍʀʤχЧʤʤ̓Ἅχ˜ΡʤʤἍε˯χʤεἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍǙ̃ ʤἍε˯χʤεἍʈ͔̓ε˯ʓʤΡʤʓἍ

ȹΡʤἍʓʤ˅˯̓ʤʓἍʀеἍsite_to_restrain  ʒŪἍʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓ἍΘʤ̓ȹ̞χеἍʤΞϢȹχ˯͔̓εἍχ͔ἍΡʤεχΡȹ˯̓Ἅʀ͔̓ʓἍ̞ʤ̓ːχ˜εᶾἍŪἍ͔ ˅Ἅ

sites _flattenἍΡʤχϢΡ̓εἍȹἍΡʤεχΡȹ˯̓χἍχʤΡ̼Ἅχ˜ȹχἍʓʤʈΡʤȹεʤεἍȹεἍχ˜ʤἍε˯χʤεἍʀʤʈ͔̼ʤἍʈ͔Θ̞ȹ̓ȹΡ᷄Ἅ˯χἍ˯εἍʓʤ˅˯̓ʤʓἍȹεἍ

˅͔̞̞͔Чε᷁Ἅ 

sites_flatten  =  

φ

ὲὲ ρ ὲ ς
ὦ Ø ὦ Ȣὦ ὸέὰȟὭὪ ὦ Ø ὦ Ȣὦ ὸέὰ  

Ч˜ʤΡʤἍΨ̵˿ ʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅsites _flatten _tolᶽἍ̤Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅε˯χʤεἍʓʤ˅˯̓ʤʓἍʀеἍ

site_to_restrainᶽἍʀἍȹΡʤἍfȹΡχʤε˯ȹ̓ἍϢ̓˯χἍ̞ʤ̓ːχ˜ἍУʤʈχ͔ΡεἍʀʤχЧʤʤ̓Ἅχ˜ʤἍε˯χʤεἍȹ̓ʓἍχ˜ʤἍːʤ͔̼ʤχΡ˯ʈἍʈʤ̓χʤΡἍ͔˅Ἅ

χ˜ʤἍε˯χʤεᶾ 

ᶍʤΞᶽἍᶍ̓ᴞᶽἍᶍ̓ᴟἍȹ̓ʓἍᶍ̓ᴡἍʈ͔ΡΡʤεΘ͔̓ʓἍχ͔Ἅχ˜ʤἍε˯χʤἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓Ἅȹ̓ʓἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅ͔˅˅εʤχεἍχ͔ἍȹʓʓἍχ͔Ἅ

χ˜ʤἍε˯χʤεᶾἍǙ̃ ˯εἍ˯εἍϢεʤ˅Ϣ̞Ἅ˯˅Ἅχ˜ʤἍεχΡϢʈχϢΡʤἍ˯εἍȹ̞ΡʤȹʓеἍ͔̓̕Ч̓Ἅȹ̓ʓἍʈ͔̓εχΡȹ˯̓χεἍȹΡʤἍΡʤΞϢ˯ΡʤʓᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤᶽἍ

˯̓Ἅχ˜ʤἍʀ͔̓ʓἍ̞ʤ̓ːχ˜Ἅ͔ϢχΘϢχἍᵽεʤʤἍappend _bond _lengthsᵾ᷁ 

Zr1:0  O1:20  0  0 - 1  2.08772  
       O1:7   0 - 1  0  2.08772  89.658  
       O1:10  0  0 - 1  2.08772  90.342   90.342  
       O1:15 - 1  0  0  2.08772  180.000  89.658   89.658  
       O1:18 - 1  0  0  2.08772  90.342   89.658   180.000 90.342      
 
P1:0   O1:4   0  0  0  1.52473  
       O1:8   0  0  0  1.52473  112.923  
       O1:0   0  0  0  1.52473  112.923  112.923  
       O2:0   0  0  0  1.59001  105.749  105.749  105.749  
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|аȹ̼Θ̞ʤἍʈ͔̓εχΡȹ˯̓χεἍϢε˯̓ːἍ̼ȹʈΡ͔εἍ̞͔͔̕εἍ̞˯̕ʤ᷁ 

Angle_Restrain(O1 P1 O1 8, 112, 112.92311, 0, 0.001)  
Angle_Restrain(O1 18 - 1 0 0 Zr1 O1 10 0 0 - 1, 89, 89.65750, 0, 0.001)  
Distance_Restrain(Zr1 O1 20 0 0 - 1, 2.08, 2.08772, 0, 1)  

^|ŪȮ|Ū|ᶾăŪƵἍʓʤ̼͔̓εχΡȹχʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅχ˜ʤἍΡʤεχΡȹ˯̓χἍ̼ȹʈΡ͔εἍDistance _RestrainᶽἍAngle _RestrainἍȹ̓ʓἍ

FlattenᶾἍſΘʤË̓ŗἍУ˯ʤЧ˯̓ːἍ˯εἍΡʤʈ͔̼̼ʤ̓ʓʤʓᶾἍŪ͔ χʤᶽἍ˅͔ΡἍ̼͔ΡʤἍχ˜ȹ̓ἍḋᴥἍε˯χʤεἍχ˜ʤ̓Ἅsites _flatten ʀʤʈ͔̼ʤεἍ

ʈ͔̼ΘϢχȹχ˯͔̓ȹ̞̞еἍʤаΘʤ̓ε˯Уʤᶾ 

[sites _geometry  $Name]...Ἅ 

[site_to_restrain  $site [ #ep [ #n1 #n2 #n3 ] ] ]... Ἅ 

Defines  a grouping of up to four sites; $ Name is the name given to the grouping. The sites that 

are part of the group are defined using site_to_restrain , for example:  

sites_geometry  some_name 
load  site_to_restrain  { C1 C2 C3 C4 }  

Three functions, Sites_Geometry _Distance($ Name), Sites_Geometry _Angle($ Name) and 

Sites_Geometry _Dihedral _Angle($ Name) can be used in equations to obtain the distance between 

sites C1 and C2, the angle between C1-C2-C3 and the dihedral angle formed between the planes 

C1-C2-C3 and C2-C3-C4. The convention used is the same as for z -matrices, see example 

ǋăǙ|ǋḚË|ſŢ|ǙƾȖḚᴞᶾăŪƵἍʒ 

ă˅ ἍײŪȹ̼ʤἍʈ͔̓χȹ˯̓εἍ͔̞̓еἍχЧ͔Ἅε˯χʤεᶽἍχ˜ʤ̓Ἅ͔̞̓еἍSites_Geometry _Distance($ Name) can be used. Three 

sites defined additionally allows Ἅχ˜ʤἍϢεʤἍ͔˅ἍSites_Geometry _Angle($ Name) and four sites defined 

additionally allows the use of Sites_Geometry _Dihedral _Angle($ Name).  

|аȹ̼Θ̞ʤεἍǋăǙ|ǋḚË|ſŢ|ǙƾȖḚᴞᶾăŪƵἍ̓ʓἍǋăǙ|ǋḚË|ſŢ|ǙƾȖḚᴟᶾăŪƵἍʓʤ̼͔̓εχΡȹχʤἍχ˜ʤἍϢεʤἍ͔˅Ἅsites _geom-

etry  ʒ

ᵿsiv_s1_s2ἍᶍἍᶍᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍΕ״Ἅȹ̓ʓἍΕᴀἍ˯ ̓χʤːΡȹχ˯͔̓Ἅ̞˯̼˯χεἍ˅͔ΡἍχ˜ʤἍεΘ˜ʤΡ˯ʈȹ̞Ἅ˯̓χʤΡȹʈχ˯͔̓ἍУ͔̞Ϣ̼ʤἍ͔˅Ἅχ˜ʤἍËƾǋἍεʤΡ˯ʤεᶾἍ 

ᵿsmoothἍᶍ̓ϢḚ̼ΘχεḚ̞ ʤ˅χḚΡ˯ː˜χᶁ 

ƵʤΡ˅͔Ρ̼εἍȹἍǋȹУ˯χэ̕еᶓË͔ ̞ȹеἍε̼͔͔χ˜˯̓ːἍ͔̓Ἅχ˜ʤἍ͔ʀεʤΡУʤʓἍʓȹχȹᶾἍǙ̃ ʤἍε̼͔͔χ˜˯̓ːἍʤ̓ʈ͔̼ΘȹεεʤεἍᵽᴟἍḞἍ

ᶍ̓ϢḚ̼ΘχεḚ̞ ʤ˅χḚΡ˯ː˜χἍḅἍᴞᵾἍΘ͔˯̓χεᶾ 

ᵿspherical _harmonics _hklἍ̓ײȹ̼ʤᶁᶾᶾᶾ 

ᵿsh_Cij_prmἍײȖ˯ ̍Ἅ|ᶁᶾᶾᶾ 

ᵿsh_alphaἍᵳ|ᶁ 

ᵿsh_orderἍᶍᶁ 

qʤ˅˯̓ʤεἍȹἍ˜̞̕ἍʓʤΘʤ̓ʓʤ̓χἍεе̼̼ʤχΡ˯эʤʓἍεΘ˜ʤΡ˯ʈȹ̞Ἅ˜ȹΡ̼͔̓˯ʈεἍεʤΡ˯ʤεἍᵽεʤʤἍεʤʈχ˯͔̓Ἅ17.17.1ᵾἍЧ˯χ˜ἍȹἍ̓ȹ̼ʤἍ

͔˅Ἅ̓ײȹ̼ʤᶾἍȉ˜ʤ̓Ἅ̓ײȹ̼ʤἍ˯ εἍϢεʤʓἍ˯̓ἍʤΞϢȹχ˯͔̓εᶽἍ˯χἍΡʤχϢΡ̓εἍχ˜ʤἍУȹ̞ϢʤἍ͔˅Ἅχ˜ʤἍȹεε͔ʈ˯ȹχʤʓἍεΘ˜ʤΡ˯ʈȹ̞ᶓ

˜ȹΡ̼͔̓˯ʈεἍεʤΡ˯ʤεᶾἍ 
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sh_Cij_prmἍ˯ εἍχ˜ʤἍεΘ˜ʤΡ˯ʈȹ̞Ἅ˜ȹΡ̼͔̓˯ʈεἍʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍЧ˜˯ʈ˜Ἅʈȹ̓ἍʀʤἍʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍǦεʤΡᶽἍ͔ΡἍȹ̞χʤΡ̓ȹᶓ

χ˯Уʤ̞еἍʑ˯˅Ἅχ˜ʤΡʤἍȹΡʤἍ͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍʓʤ˅˯̓ʤʓἍʑχ˜ʤ̓Ἅχ˜ʤἍsh_Cij_prmἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍːʤ̓ʤΡȹχʤʓᶾἍſ̓ ̞еἍχ˜ʤἍ

ʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍȹ̞̞͔ЧʤʓἍʀеἍχ˜ʤἍεʤ̞ʤʈχ˯͔̓ἍΡϢ̞ʤεἍ͔˅Ἅχ˜ʤἍΘ͔˯̓χἍːΡ͔ϢΘἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍᵽňɉΡУ˯̓ʤ̓ᶽἍᴞᴨᴨᴡᵾᶾἍχἍ

χ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶽἍχ˜ʤἍːʤ̓ʤΡȹχʤʓἍsh_Cij_prmἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍȹΘΘʤ̓ʓʤʓἍχ͔Ἅsh_orderᶾἍǙ̃ ˯εἍȹ̞ᶓ

̞͔ЧεἍ˅͔ΡἍʈ͔̓χΡ͔̞Ἅ͔УʤΡἍχ˜ʤἍsh_Cij_prmἍΘȹΡȹ̼ʤχʤΡεἍ˯̓ἍεϢʀεʤΞϢʤ̓χἍΡʤ˅˯̓ʤ̼ʤ̓χεᶾἍײȖ˯ ̍Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅ

Уȹ̞˯ʓἍεе̼̼ʤχΡ˯эʤʓἍ˜ȹΡ̼͔̓˯ʈεἍχ˜ȹχἍ˜ȹεἍεϢΡУ˯УʤʓἍεе̼̼ʤχΡ˯εȹχ˯͔̓ᶾἍăχἍ˯εἍ˯̓χʤΡ̓ȹ̞̞еἍːʤ̓ʤΡȹχʤʓἍЧ˜ʤ̓Ἅ

χ˜ʤΡʤἍȹΡʤἍ͔̓Ἅsh_Cij_prmἍΘȹΡȹ̼ʤχʤΡεἍʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍǦεʤΡᶾἍ 

sh_alphaἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍȹ̓ː̞ʤἍ˯̓ἍʓʤːΡʤʤεἍʀʤχЧʤʤ̓Ἅχ˜ʤἍΘ͔̞ȹΡἍȹа˯εἍȹ̓ʓἍχ˜ʤἍεʈȹχχʤΡ˯̓ːἍУʤʈχ͔Ρ᷄Ἅ

sh_alphaἍʓʤ˅ȹϢ̞χεἍχ͔ἍэʤΡ͔ἍʓʤːΡʤʤεἍЧ˜˯ʈ˜Ἅ˯εἍΡʤΞϢ˯ΡʤʓἍ˅͔ΡἍεе̼̼ʤχΡ˯ʈἍΡʤ˅̞ʤʈχ˯͔̓ἍȹεἍ˯εἍχ˜ʤἍʈȹεʤἍ˅͔ΡἍ

Ρ̂ȹːᶓː̂Ρʤ̓χȹ͔̓Ἅːʤ͔̼ʤχΡеᶾἍ 

sh_orderἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍ͔ΡʓʤΡἍ͔˅Ἅχ˜ʤἍεΘ˜ʤΡ˯ʈȹ̞Ἅ˜ȹΡ̼͔̓˯ʈἍεʤΡ˯ʤεἍЧ˜˯ʈ˜ἍȹΡʤἍʤУʤ̓Ἅ̓Ϣ̼ʀʤΡεἍΡȹ̓ːᶓ

˯̓ːἍ˅Ρ͔mἍᴟἍχ͔ἍᴧἍ˅͔ΡἍ͔̓̓ᶓʈϢʀ˯ʈἍȹ̓ʓἍ˅Ρ͔̼ἍᴟἍχ͔ἍᴞᴝἍ˅͔ΡἍʈϢʀ˯ʈἍεеεχʤ̼εᶾ 

Ǚ̃ ʤἍPO_Spherical_Harmonics Ἅ̼ ȹʈΡ͔Ἅε˯̼Θ̞˯˅˯ʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅspherical _harmonics _hklᶾἍfŗ ȖᶾăŪƵἍ

ʓʤ̼͔̓εχΡȹχʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅspherical _harmonics _hklἍ˅ ͔ΡἍʓʤεʈΡ˯ʀ˯̓ːἍȹ̓˯ε͔χΡ͔Θ˯ʈἍΘʤȹ̕Ἅε˜ȹΘʤεᶾἍ 

ᵿstacked _hats_convἍᵿwhole _hatἍ|Ἅᵿhat_heightἍ|ᶁᶁᶾᶾᶾᵿhalf _hatἍ|Ἅᵿhat_heightἍ|ᶁᶾᶾᶾᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍ˜ȹχἍε˯эʤεἍ˅͔ΡἍːʤ̓ʤΡȹχ˯̓ːἍȹ̓ἍȹʀʤΡΡȹχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓Ἅʈ͔̼ΘΡ˯ε˯̓ːἍȹἍεϢ̼̼ȹχ˯͔̓Ἅ͔˅Ἅ˜ȹχεᶾἍwhole _hatἍ

ʓʤ˅˯̓ʤεἍȹἍ˜ȹχἍЧ˯χ˜Ἅȹ̓Ἅаᶓȹа˯εἍʤаχʤ̓χἍ͔˅Ἅ°whole _hatᶏᴟᶾἍhalf _hatἍʓʤ˅˯̓ʤεἍȹἍ˜ȹχἍЧ˯χ˜Ἅȹ̓Ἅаᶓȹа˯εἍΡȹ̓ːʤἍ͔˅Ἅ

half _hatἍχ͔ἍэʤΡ͔Ἅ˯ ˅Ἅhalf _hat᷿ᴝ᷄Ἅ͔ΡἍэʤΡ͔Ἅχ͔Ἅhalf _hatἍ˯ ˅Ἅhalf _hatḀἍᴝᶾἍhat_heightἍʓʤ˅˯̓ʤεἍχ˜ʤἍ˜ʤ˯ː˜χἍ͔˅Ἅ

χ˜ʤἍ˜ȹχ᷄Ἅ˯χἍʓʤ˅ȹϢ̞χεἍχ͔ἍᴞᶾἍstacked _hatsἍ˯εἍϢεʤʓἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍχ͔ἍʓʤεʈΡ˯ʀʤἍχϢʀʤἍχȹ˯̞εἍϢε˯̓ːἍχ˜ʤἍTube _TailsἍ

̼ȹʈΡ͔ᶾ 

ᵿstart _X ᵳ|ᶁἍᵿfinish _XἍᵳ|ᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍεχȹΡχἍȹ̓ʓἍ˅˯̓˯ε˜Ἅаᶓȹа˯εἍΡʤː˯͔̓Ἅχ͔Ἅ˅˯χἍχ͔ᶾ 

ᵿstr ᶐἍdummy _strᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹἍ̓ʤЧἍεχΡϢʈχϢΡʤἍ͔̓ʓʤʒ 

ᵿstr_hkl_angleἍŪἍᶍ˜Ἅᶍ̕Ἅᶍ̞ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍŪἍȹ̓ʓἍȹἍУʤʈχ͔ΡἍ͔̓Ρ̼ȹ̞Ἅχ͔Ἅχ˜ʤἍΘ̞ȹ̓ʤἍʓʤ˅˯̓ʤʓἍʀеἍ˜ᶽἍ̕Ἅȹ̓ʓἍ̞ᶾἍȉ˜ʤ̓Ἅχ˜ʤἍ

ΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍ˯εἍϢεʤʓἍ˯̓Ἅȹ̓ἍʤΞϢȹχ˯͔̓ᶽἍ˯χἍΡʤχϢΡ̓εἍȹ̓ː̞ʤεἍᵽ˯̓ἍΡȹʓ˯ȹ̓εᵾἍʀʤχЧʤʤ̓Ἅ˯χεʤ̞˅Ἅȹ̓ʓἍχ˜ʤἍ͔̓Ρ̼ȹ̞Ἅ

χ͔Ἅχ˜ʤἍΘ̞ȹ̓ʤεἍʓʤ˅˯̓ʤʓἍʀеἍ˜̞̕εᶾ 

[suspend_writing_to_log_file  #1] 

When num_runs  > 0, then, by default, output to ǙſƵ ǋᶾŗſË (or ǙfᶾŗſË if running Ǚfᶾ|Ȑ|) is sus-

pended after the first run (Run_Number == 0). suspend_writing_to_log_file  changes this behav-

iour.  
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ᵿtemperature Ἅᵳ|ᶁᶾᶾᶾ 

ᵿmove _to_the_next _temperature _regardless _of_the_change _in_rwpᶁ 

ᵿsave_values _as_best _after _randomization ᶁ 

ᵿuse_best _valuesᶁ 

A temperature regime has no effect unless the reserved parameter TἍis used in val_on_continueἍ

attributes, or, if the temperature dependent keywords rand_xyz  or randomize_on_errors  ȹΡʤἍϢεʤʓᶾἍ

randomize _on_errorsἍȹϢχ͔̼ȹχ˯ʈȹ̞̞еἍʓʤχʤΡ̼˯̓ʤἍΘȹΡȹ̼ʤχʤΡἍʓ˯εΘ̞ȹʈʤ̼ʤ̓χεἍЧ˯χ˜͔ϢχἍχ˜ʤἍ̓ʤʤʓἍ˅͔ΡἍ

rand_xyz Ἅ͔ ΡἍval_on_continue ᶾἍăχἍΘʤΡ˅͔Ρ̼εἍЧʤ̞̞Ἅ͔̓ἍȹἍЧ˯ʓʤἍΡȹ̓ːʤἍ͔˅ἍΘΡ͔ʀ̞ʤ̼εᶾἍǙ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ᶓ

ʤχʤΡἍTἍΡʤχϢΡ̓εἍχ˜ʤἍʈϢΡΡʤ̓χἍχʤ̼ΘʤΡȹχϢΡʤᶾἍǙ˜ʤἍ˅˯ΡεχἍtemperature ʓʤ˅˯̓ʤʓἍʀʤʈ͔̼ʤεἍχ˜ʤἍεχȹΡχ˯̓ːἍχʤ̼ᶓ

ΘʤΡȹχϢΡʤ᷄ἍεϢʀεʤΞϢʤ̓χἍtemperature ᵽεᵾἍʀʤʈ͔̼ʤἍχ˜ʤἍʈϢΡΡʤ̓χἍχʤ̼ΘʤΡȹχϢΡʤᶾἍă˅ S0 ˯̓ʈΡʤȹεʤεἍΡʤ̞ȹχ˯УʤἍχ͔Ἅ

ȹἍΘΡʤУ˯͔ϢεἍʈеʈ̞ʤᶽἍχ˜ʤ̓Ἅχ˜ʤἍχʤ̼ΘʤΡȹχϢΡʤἍ˯εἍȹʓУȹ̓ʈʤʓἍχ͔Ἅχ˜ʤἍ̓ʤаχἍχʤ̼ΘʤΡȹχϢΡʤᶾἍă˅ἍS0ἍʓʤʈΡʤȹεʤεἍΡʤ̞ȹᶓ

χ˯УʤἍχ͔ἍΘΡʤУ˯͔ϢεἍχʤ̼ΘʤΡȹχϢΡʤεἍ͔˅Ἅ̞ʤεεʤΡἍУȹ̞ϢʤεᶽἍχ˜ʤ̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍχʤ̼ΘʤΡȹχϢΡʤἍ˯εἍΡʤЧ͔Ϣ̓ʓἍχ͔ἍȹἍΘΡʤᶓ

У˯͔ϢεἍχʤ̼ΘʤΡȹχϢΡʤἍεϢʈ˜Ἅχ˜ȹχἍ˯χεἍΘΡʤУ˯͔ϢεἍ˯εἍ͔˅ἍȹἍːΡʤȹχʤΡἍУȹ̞ϢʤᶾἍmove _to_the_next _temperature _re-

gardless _of_the_change _in_rwp Ἅ˅͔ΡʈʤεἍχ˜ʤἍΡʤ˅˯̓ʤ̼ʤ̓χἍχ͔Ἅ̼͔УʤἍχ͔Ἅχ˜ʤἍ̓ʤаχἍχʤ̼ΘʤΡȹχϢΡʤἍΡʤːȹΡʓ̞ʤεεἍ

͔˅Ἅχ˜ʤἍʈ˜ȹ̓ːʤἍ˯̓ἍƾЧΘἍ˅Ρ͔̼Ἅχ˜ʤἍΘΡʤУ˯͔ϢεἍχʤ̼ΘʤΡȹχϢΡʤᶾἍsave_values _as_best _after _randomization 

εȹУʤεἍχ˜ʤἍʈϢΡΡʤ̓χἍεʤχἍ͔˅ἍΘȹΡȹ̼ʤχʤΡεἍȹ̓ʓἍː˯УʤεἍχ˜ʤ̼Ἅχ˜ʤἍεχȹχϢεἍ͔˅ἍᶮʀʤεχἍε͔̞Ϣχ˯͔̓ᶯʒ ἍŪ͔ χʤᶽἍχ˜˯εἍʓ͔ʤεἍ

͔̓χἍʈ˜ȹ̓ːʤἍχ˜ʤἍː̞͔ʀȹ̞ἍᶮʀʤεχἍε͔̞Ϣχ˯͔̓ἍɳЧ˜˯ʈ˜Ἅ˯εἍεȹУʤʓἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍuse_best _valuesἍ

ΡʤΘ̞ȹʈʤεἍχ˜ʤἍʈϢΡΡʤ̓χἍεʤχἍ͔˅ἍΘȹΡȹ̼ʤχʤΡεἍЧ˯χ˜Ἅχ˜͔εʤἍ̼ȹΡ̕ʤʓἍȹεἍᶮʀʤεχἍε͔̞Ϣχ˯͔̓ᶯᶾἍǙ̃ ʤἍχʤ̼ΘʤΡȹχϢΡʤἍ

Ρʤː˯̼ʤἍʓʤ˅˯̓ʤʓἍ˯̓Ἅχ˜ʤἍAuto _TἍ̼ ȹʈΡ͔Ἅ˯εἍεϢ˅˅˯ʈ˯ʤ̓χἍ˅͔ΡἍ̼͔εχἍΘΡ͔ʀ̞ʤ̼εᶾἍἍχеΘ˯ʈȹ̞Ἅχʤ̼ΘʤΡȹχϢΡʤἍΡʤː˯̼ʤἍ

εχȹΡχεἍЧ˯χ˜ἍȹἍ˜˯ː˜ἍУȹ̞ϢʤἍȹ̓ʓἍχ˜ʤ̓ἍȹἍεʤΡ˯ʤεἍ͔˅Ἅȹ̓̓ʤȹ̞˯̓ːἍχʤ̼ΘʤΡȹχϢΡʤεᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

temperature  2 
move_to_the_next_temperature_regardless_of_the_change_in_rwp  

temperature  1 temperature  1 temperature  1 

If the current temperature is the last one defined (the fourth one), and ἍǋᴝἍdecreased relative to the 

second and third temperature εᶽἍχ˜ʤ̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍχʤ̼ΘʤΡȹχϢΡʤἍ˯εἍεʤχἍχ͔Ἅχ˜ʤἍεʤʈ͔̓ʓἍχʤ̼ΘʤΡȹχϢΡʤᶾἍ

Ǚ̃ ʤἍʈϢΡΡʤ̓χἍχʤ̼ΘʤΡȹχϢΡʤἍʈȹ̓ἍʀʤἍϢεʤʓἍ˯̓Ἅȹ̞̞ἍʤΞϢȹχ˯͔̓εἍϢε˯̓ːἍχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍTᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

x @ 0.123 val_on_continue  = Val + T Rand( - .1, .1) ;  

Ǚ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍχʤ̼ΘʤΡȹχϢΡʤἍΡʤː˯̼ʤἍЧ˯̞̞Ἅȹ̞̞͔ЧἍΘȹΡȹ̼ʤχʤΡεἍχ͔ἍΡȹ̓ʓ͔̼̞еἍЧȹ̞̕Ἅ˅͔ΡἍχ˜ʤἍ˅˯ΡεχἍχʤ̼ΘʤΡȹχϢΡʤᶾἍ

χἍχ˜ʤἍεʤʈ͔̓ʓἍχʤ̼ΘʤΡȹχϢΡʤἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍΡʤεʤχἍχ͔Ἅχ˜͔εʤἍχ˜ȹχἍːȹУʤἍχ˜ʤἍᶭʀʤεχἍε͔̞Ϣχ˯͔̓ᶭᶾ 

temperature  1 temperature  1 use_best_values  
temperature  1 temperature  1 use_best_values  
temperature  1 
temperature  10 
   save_values_as_best_after_randomization  
   move_to_the_next_temperature_regardless_of_the_change_in_rwp  

Ū͔ χʤᶽἍχ˜ȹχἍЧ˜ʤ̓ἍȹἍᶭʀʤεχἍε͔̞Ϣχ˯͔̓ᶭἍ˯εἍ˅͔Ϣ̓ʓᶽἍχ˜ʤἍχʤ̼ΘʤΡȹχϢΡʤἍ˯εἍΡʤЧ͔Ϣ̓ʓἍχ͔ἍȹἍΘ͔ε˯χ˯͔̓ἍЧ˜ʤΡʤἍχ˜ʤἍ

χʤ̼ΘʤΡȹχϢΡʤἍʓʤʈΡʤȹεʤʓᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍ˯˅Ἅχ˜ʤἍƾЧΘἍʓΡ͔ΘΘʤʓἍȹχἍ̞˯̓ʤεἍᴟἍχ͔ἍᴣἍχ˜ʤ̓Ἅχ˜ʤἍ̓ʤаχἍχʤ̼ΘʤΡȹχϢΡʤἍ

Ч˯̞̞ἍʀʤἍεʤχἍχ͔Ἅᶭ̞˯̓ʤἍᴞᶭᶾἍǙ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍχʤ̼ΘʤΡȹχϢΡʤἍΡʤː˯̼ʤἍЧ˯̞̞Ἅʈ͔̓χ˯̓Ϣ͔Ϣε̞еἍϢεʤἍχ˜ʤἍᶭʀʤεχἍε͔̞Ϣχ˯͔̓ᶭἍ

ʀʤ˅͔ΡʤἍΡȹ̓ʓ͔̼˯εȹχ˯͔̓Ἅ᷄˯ χἍ˜ȹεἍȹἍχʤ̓ʓʤ̓ʈеἍχ͔ἍΡʤ̼ȹ˯̓Ἅ˯̓ἍȹἍ˅ȹ̞εʤἍ̼˯̓˯̼Ϣ̼ ʒ
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temperature  1 use_best_values  

ᵿth2_offset Ἅ|ᶁᶾᶾᶾ 

ǦεʤʓἍ˅͔ΡἍȹΘΘ̞е˯̓ːἍᴟqἍʈ͔ΡΡʤʈχ˯͔̓εἍχ͔ἍΘ˜ȹεʤἍΘʤȹ̕εᶾἍǙ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍȹΘΘ̞˯ʤεἍȹἍεȹ̼Θ̞ʤἍʓ˯εΘ̞ȹʈʤ̼ʤ̓χἍ

ʈ͔ΡΡʤʈχ˯͔̓ ᷁

th2_offset  = - 2 Rad (c) Cos(Th) / Rs;  

th2_offset Ἅ˯ εἍϢεʤʓἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍ˯̓Ἅχ˜ʤἍZero_ErrorἍȹ̓ʓἍSpecimen _Displacement Ἅ̼ ȹʈΡ͔εᶾ 

ᵿuser_defined _convolution Ἅ|ἍminἍ|ἍmaxἍ|ᶁᶾᶾᶾ 

ǦεʤΡἍʓʤ˅˯̓ʤʓἍʈ͔̓У͔̞Ϣχ˯͔̓εἍȹΡʤἍʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕εἍȹ̓ʓἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍXᶾἍǙ̃ ʤἍ

minᶏmaxἍʤΞϢȹχ˯͔̓εἍȹΡʤἍ̼ȹ̓ʓȹχ͔ΡеἍ᷄χ˜ʤеἍʓʤ˅˯̓ʤἍχ˜ʤἍаᶓȹа˯εἍʤаχʤ̓χεἍ͔˅Ἅχ˜ʤἍuser_defined _convolution Ἅ

Ч˜ʤΡʤἍ̼˯̓ἍḁἍᴝἍȹ̓ʓἍ̼ȹаἍḂἍᴝᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍȹἍε˯̓ʈἍ˅Ϣ̓ʈχ˯͔̓Ἅʈȹ̓ἍʀʤἍʈ͔̓У͔̞ϢχʤʓἍ˯̓χ͔ἍΘ˜ȹεʤἍΘʤȹ̕εἍ

ᵽʤаȹ̼Θ̞ʤἍǦᴞᴞᴞᶾăŪƵᵾἍȹεἍ˅͔̞̞͔Чε᷁ 

str  ...  
prm k 10 min  0.001 max 100  
user_defined_convolution  = If(Abs(X) < 10^( - 10), 1, (Sin(k X) /(k X))^2);  

min  - 3 max 3 

ᵿuse_tube _dispersion _coefficients ᶁ 

Ç͔ ΡʈʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅŗȹʀ͔Ρȹχ͔ΡеἍχϢʀʤἍȹ͔̼̓ȹ̞͔ϢεἍʓ˯εΘʤΡε˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεᶽἍεʤʤἍεʤʈχ˯͔̓Ἅ17.2  ʒ

ᵿverboseἍᶍᴞᶁᶾᶾᶾ 

ἍУȹ̞ϢʤἍ͔˅ἍᴞἍ˯̓εχΡϢʈχεἍχ˜ʤἍ̕ʤΡ̓ʤ̞Ἅχ͔Ἅ͔ϢχΘϢχἍ˯̓ἍȹἍУʤΡʀ͔εʤἍ̼ȹ̓̓ʤΡᶾἍἍУȹ̞ϢʤἍ͔˅ἍᴝἍΡʤʓϢʈʤεἍ̕ʤΡ̓ʤ̞Ἅ͔ϢχΘϢχἍ

εϢʈ˜Ἅχ˜ȹχἍχʤаχἍ͔ϢχΘϢχἍ˯εἍ˯̓˯χ˯ȹχʤʓἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍȹἍrefinement cycle ᶾἍἍУȹ̞ϢʤἍ͔˅ἍᶓᴞἍΡʤʓϢʈʤεἍ̕ʤΡ̓ʤ̞Ἅ

͔ϢχΘϢχἍ˅ϢΡχ˜ʤΡἍεϢʈ˜Ἅχ˜ȹχἍχʤаχἍ͔ϢχΘϢχἍ˯εἍ˯̓˯χ˯ȹχʤʓἍʤУʤΡеἍεʤʈ͔̓ʓἍ˯̓Ἅχ˯̼ʤἍȹ̓ʓἍ͔̞̓еἍƾЧΘἍУȹ̞ϢʤεἍȹχἍχ˜ʤἍʤ̓ʓἍ

͔˅ἍȹἍΡʤ˅˯̓ʤ̼ʤ̓χἍʈеʈ̞ʤἍ˯εἍ̕ʤΘχᶾἍǙ̃ ʤἍSimulated _Annealing _1Ἅ̼ ȹʈΡ͔Ἅ˜ȹεἍverboseἍεʤχἍχ͔Ἅᶓᴞ᷄Ἅχ˜˯εἍʤ̓εϢΡʤεἍ

χ˜ȹχἍ̞͔̓ːἍε˯̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍΡϢ̓εἍʓ͔Ἅ͔̓χἍʤа˜ȹϢεχἍ̼ʤ̼͔ΡеἍʓϢʤἍχ͔ἍεȹУ˯̓ːἍƾЧΘἍУȹ̞ϢʤεἍ˯̓ἍχʤаχἍ͔ϢχΘϢχἍ

ʀϢ˅˅ʤΡεᶾἍ 

ᵿview _structure ᶁ 

ă̓ ˅͔Ρ̼εἍχ˜ʤἍËǦăἍχ͔Ἅʓ˯εΘ̞ȹеἍχ˜ʤἍεχΡϢʈχϢΡʤᶾ 

ᵿweighting Ἅᵳ|ἍἍᵿrecal _weighting _on_iterᶁᶁ 

ǦεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍχ˜ʤἍxddἍʓʤΘʤ̓ʓʤ̓χἍЧʤ˯ː˜χ˯̓ːἍ˅Ϣ̓ʈχ˯͔̓Ἅ˯̓Ἅǋᴝʒ Ἅfȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍΡʤεʤΡУʤʓἍ

ΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍXᶽἍYobsᶽἍYcalcἍȹ̓ʓἍSigmaYobs ᶾἍǙ̃ ʤἍʓʤ˅ȹϢ̞χἍ˯εἍȹεἍ˅͔̞̞͔Чε᷁ 

weighting  = 1 / Max(Yobs, 1);  

ă̓ ἍʈȹεʤεἍЧ˜ʤΡʤἍweighting Ἅ˯ εἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍYcalcἍχ˜ʤ̓Ἅrecal _weighting _on_iterἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔ἍΡʤᶓ

ʈȹ̞ʈϢ̞ȹχʤἍχ˜ʤἍ Чʤ˯ː˜χ˯̓ːἍ ȹχἍ χ˜ʤἍ εχȹΡχἍ ͔˅Ἅ Ρʤ˅˯̓ʤ̼ʤ̓χἍ ˯χʤΡȹχ˯͔̓εᶾἍſχ˜ʤΡЧ˯εʤἍʑχ˜ʤἍ Чʤ˯ː˜χ˯̓ːἍ ˯εἍ
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Ρʤʈȹ̞ʈϢ̞ȹχʤʓἍȹχἍχ˜ʤἍεχȹΡχἍ͔˅Ἅʤȹʈ˜Ἅrefinement cycle ᶾἍŪ͔ χʤἍχ˜ȹχἍε͔̼ʤἍː͔͔ʓ̓ʤεεἍ͔˅Ἅ˅˯χἍ˯̓ʓ˯ʈȹχ͔ΡεἍεϢʈ˜Ἅ

ȹεἍr_wpἍȹΡʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅweighting ᶽἍεʤʤἍTable  4-2  ʒ

ᵿx_calculation _stepἍᵳ|ᶁ 

fȹ̞ʈϢ̞ȹχ˯͔̓ἍεχʤΘἍϢεʤʓἍ˯̓Ἅχ˜ʤἍːʤ̓ʤΡȹχ˯͔̓Ἅ͔˅ἍΘ˜ȹεʤἍΘʤȹ̕εἍȹ̓ʓἍfit _objᶫεᶾἍPeak_Calculation_Step Ἅ˯ εἍχ˜ʤἍ

ȹʈχϢȹ̞ἍεχʤΘἍε˯эʤἍϢεʤʓᶾἍÇ͔ ΡἍȹ̓Ἅаᶓȹа˯εἍЧ˯χ˜ἍʤΞϢ˯ʓ˯εχȹ̓χἍεχʤΘεἍȹ̓ʓἍx_calculation _step Ἅ̓ ͔χἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓᷁ 

Peak_Calculation_Step ἍḃἍἍᶮſʀεʤΡУʤʓἍʓȹχȹἍεχʤΘἍε˯эʤἍɳᶏἍconvolution _step  

͔χ˜ʤΡЧ˯εʤ 

Peak_Calculation_Step ἍḃἍἍx_calculation _stepἍᶏἍconvolution _step  

x_calculation _step ʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍXoἍȹ̓ʓἍThᶾἍă̓ Ἅε͔̼ʤἍε˯χϢȹχ˯͔̓εᶽἍ˯χἍ̼ȹеἍʀʤἍʈ͔̼ΘϢχȹχ˯͔̓ȹ̞̞еἍ

ʤ˅˅˯ʈ˯ʤ̓χἍχ͔ἍЧΡ˯χʤἍx_calculation _step Ἅ˯ ̓ἍχʤΡ̼εἍ͔˅Ἅχ˜ʤἍ˅Ϣ̓ʈχ˯͔̓ἍȖ͔ ʀεḚʓаḚȹχἍȹ̓ʓἍχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ᶓ

ʤχʤΡἍXoᶾἍăχἍ˯εἍȹ̞ε͔Ἅ̼ȹ̓ʓȹχ͔ΡеἍχ͔Ἅʓʤ˅˯̓ʤἍx_calculation _step Ἅ˅ ͔ΡἍʓȹχȹἍЧ˯χ˜ἍϢ̓ʤΞϢȹ̞Ἅаᶓȹа˯εἍεχʤΘεἍᵽḞᶾȐȖἍ

͔ΡἍḞᶾȐȖ|ἍʓȹχȹἍ˅˯̞ʤεᵾᶾἍ|аȹ̼Θ̞ʤἍϢεȹːʤ᷁ 

x_calculation_step  0.01  
x_calculation_step  = 0.02 (1 + Tan(Th));  
x_calculation_step  = Yobs_dx_at(Xo);  

ᵿxddἍײ˅˯̞ʤἍᵿᶃἍײʓȹχȹἍᶄᶁἍᵿrangeἍᶍᶁἍᵿxye _formatᶁἍᵿgsas_formatᶁἍᵿfullprof _formatᶁἍᶁᶾᶾᶾ 

[gui_reload ] | [gui_ignore ]  

qʤ˅˯̓ʤεἍχ˜ʤἍεχȹΡχἍ͔ ˅ἍxddἍʓʤΘʤ̓ʓʤ̓χἍ̕ʤеЧ͔ΡʓεἍȹ̓ʓἍχ˜ʤἍ˅˯̞ʤἍʈ͔̓χȹ˯̓˯̓ːἍχ˜ʤἍ͔ʀεʤΡУʤʓἍʓȹχȹᶾἍᶃײʓȹχȹᶄἍ

ȹ̞̞͔ЧἍ˅͔ΡἍ˯̓εʤΡχ˯͔̓Ἅ͔˅ἍǋfăăἍʓȹχȹἍʓ˯Ρʤʈχ̞еἍ˯̓χ͔Ἅχ˜ʤἍăŪƵἍ˅ ˯̞ʤᶾἍrangeἍȹΘΘ̞˯ʤεἍχ͔ἍΡ̂Ϣ̕ʤΡἍȐǋἍḞƾʒ ȉἍʓȹχȹἍ

˅˯̞ʤε᷄Ἅ˯̓Ἅ̼Ϣ̞χ˯ᶓΡȹ̓ːʤἍ˅˯̞ʤεἍ˯χἍʓʤ˅˯̓ʤεἍχ˜ʤἍΡȹ̓ːʤἍχ͔ἍʀʤἍΡʤ˅˯̓ʤʓἍЧ˯χ˜Ἅχ˜ʤἍ˅˯ΡεχἍΡȹ̓ːʤἍεχȹΡχ˯̓ːἍȹχἍᴞἍᵽχ˜ʤἍ

ʓʤ˅ȹϢ̞χᵾᶾἍxye_formatἍᵽεʤʤἍεʤʈχ˯͔̓Ἅ18.14ἍȹεἍЧʤ̞̞ᵾἍε˯ː̓ȹ̞εἍχ˜ʤἍ̞͔ȹʓ˯̓ːἍ͔˅Ἅʈ͔̞Ϣ̼̓εἍ͔˅ἍаᶽἍеἍȹ̓ʓἍʤΡΡ͔ΡἍ

Уȹ̞ϢʤεᶾἍgsas_formatἍȹ̓ʓἍfullprof _formatἍε˯ː̓ȹ̞εἍχ˜ʤἍ̞͔ȹʓ˯̓ːἍ͔˅ἍËǋ ǋἍȹ̓ʓἍÇϢ̞̞ƵΡ͔Ἅ˅˅ ˯̞ʤἍ˅͔Ρ̼ȹχεᶾἍǙ̃ ʤἍ

˅͔̞̞͔Ч˯̓ːἍЧ˯̞̞ἍΡʤ˅˯̓ʤἍ͔̓Ἅχ˜ʤἍ˅˯ΡεχἍΡȹ̓ːʤἍ˯̓Ἅχ˜ʤἍʓȹχȹἍ˅˯̞ʤἍƵ^ǋſᴢᶾƾ ȉ ᷁

xdd  pbso4.raw  

Ǚ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍЧ˯̞̞ἍΡʤ˅˯̓ʤἍ͔̓Ἅχ˜ʤἍχ˜˯ΡʓἍΡȹ̓ːʤ᷁Ἅ 

xdd  pbso4.raw range  3 

Ǚ͔ ἍΡʤȹʓἍʓȹχȹἍʓ˯Ρʤʈχ̞еἍ˅ Ρ͔̼Ἅȹ̓ἍăŪƵἍ˅ ˯̞ʤᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈȹ̓ἍʀʤἍϢεʤʓ᷁ 

xdd  {  
1 1 10  ª start,  step  and  finish  (equidistant  data)  
1 2 3 4 5 6 7 8 9 10  

}  

 

xdd  {  
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_xy ª switch  indicating  x- y format  
0.1 1   0.2 2   ...  

}  

When in Launch mode;  data files by default are not reloaded if already loaded. gui_reload  forces 

the reload of the data file. Data files are loaded/reloaded into the GUI under the following circum-

stances:  

1)  The data file is not loaded into the GUI.  

2)  Any of the following keywords have been used at the xdd  level:  

gui_reload , rebin_with_dx_of , smooth , yobs_eqn , yobs_to_xo_posn_yobs  

gui_reload  can be used in cases where the data file has been changed by a process not listed. 

gui_ignore informs the GUI to ignore the xdd  data file; Ycalc , difference and other items associ-

ated with the data file are not retrieved from the Kernel.  

[xdd_file  = $E]  

Defines the name of the Yobs  data file, see section 18.8  

Ἅᵿxdd _outἍײ˅˯̞ʤἍᵿappendᶁἍᶁᶾᶾᶾ 

ǦεʤʓἍ˅͔ΡἍЧΡ˯χ˯̓ːἍxddἍʓʤΘʤ̓ʓʤ̓χἍʓʤχȹ˯̞εἍχ͔Ἅ˅˯̞ʤᶾἍǙ̃ ʤἍout_eqnἍʈȹ̓Ἅʈ͔̓χȹ˯̓Ἅχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ

̓ȹ̼ʤεἍ ͔˅ἍXᶽἍYobsᶽἍYcalcἍȹ̓ʓἍSigmaYobs ᶾἍǋʤʤἍoutἍ˅ ͔ΡἍ ȹἍ ʓʤεʈΡ˯Θχ˯͔̓Ἅ ͔˅Ἅout_recordᶾἍǙ̃ ʤἍ

Out_Yobs _Ycalc _and_Difference Ἅ̼ ȹʈΡ͔Ἅ˯εἍȹἍː͔͔ʓἍʤаȹ̼Θ̞ʤἍ͔˅ἍϢε˯̓ːἍxdd _outᶾἍ 

ᵿxdd _scrἍἍײ˅˯̞ʤᶁᶾᶾᶾ 

ᵿdont _merge _equivalent _reflections ᶁ 

ᵿdont _merge _Friedel _pairsᶁ 

ᵿignore _differences _in_Friedel _pairsᶁ 

ᵿstrᶁᶾᶾᶾ 

ᵿauto_scaleἍᵳ|ᶁ  

ᵿi_on_error _ratio _tolerance Ἅᶍᶁ 

ᵿnum_highest _I_values _to_keepἍᶍ̓Ϣ̼ᶁ 

xdd _scrἍʓʤ˅˯̓ʤεἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍ˅Ρ͔̼Ἅχ˜ʤἍ˅˯̞ʤἍײ˅˯̞ʤᶾἍǙ̃ ʤἍ˅˯̞ʤἍʈȹ̓Ἅ˜ȹУʤἍʤаχʤ̓ε˯͔̓εἍ͔˅ἍḞᶾßōŗἍ˅ ͔ΡἍ

ǋ̃ ʤȐ̞ἍßōŗᴢἍ˅͔Ρ̼ȹχἍ͔ΡἍḞᶾǋfƾἍ˅ ͔ΡἍǋfƾἍ˅ ͔Ρ̼ȹχᶾἍ̞̞Ἅxdd ȹ̓ʓἍstr ̕ʤеЧ͔ΡʓεἍχ˜ȹχἍȹΡʤἍ͔̓χἍʓʤΘʤ̓ʓʤ̓χἍ͔̓Ἅ

Θ͔ЧʓʤΡἍʓȹχȹἍʈȹ̓ἍʀʤἍϢεʤʓἍʀеἍxdd _scrᶾἍǋ˯ ̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍ˯εἍ˯̓χʤΡ̓ȹ̞̞еἍεχ͔ΡʤʓἍ˯̓ἍᴟqἍУʤΡεϢεἍÇ͔ᴟἍ˅͔Ρ̼ȹχ᷄Ἅ

χ˜˯εἍȹ̞̞͔ЧεἍχ˜ʤἍϢεʤἍ͔˅Ἅstart _XᶽἍfinish _X ȹ̓ʓἍexclude Ἅ̕ ʤеЧ͔Ρʓε᷄ ȹἍlamἍʓʤ˅˯̓˯χ˯͔̓Ἅ˯εἍΡʤΞϢ˯Ρʤʓ. 

dont _merge _equivalent _reflections ΘΡʤУʤ̓χἍ̼ʤΡː˯̓ːἍ͔˅ἍʤΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εᶽἍεʤʤἍȹ̞ε͔Ἅεʤʈχ˯͔̓Ἅ

17.4.3ᶾἍdont _merge _Friedel _pairs ΘΡʤУʤ̓χἍ ̼ʤΡː˯̓ːἍ ͔˅ἍÇΡ˯ʤʓʤ̞Ἅ Θȹ˯ΡεᶾἍignore _differ-

ences _in_Friedel _pairs Ἅ˅͔ ΡʈʤἍχ˜ʤἍϢεʤἍ͔˅Ἅ|ΞᶾἍᵽ17-12ᵾἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍÇᴟᶾἍauto_scaleἍΡʤЧΡ˯χʤεἍχ˜ʤἍscaleἍ

ΘȹΡȹ̼ʤχʤΡἍ˯̓ἍχʤΡ̼εἍ͔˅ἍÇᴟἍ᷄χ˜˯εἍʤ̞˯̼˯̓ȹχʤεἍχ˜ʤἍ̓ʤʤʓἍ˅͔ΡἍχ˜ʤἍscaleἍΘȹΡȹ̼ʤχʤΡᶾἍǙ̃ ʤἍУȹ̞ϢʤἍʓʤχʤΡ̼˯̓ʤʓἍ

˅͔ΡἍauto_scale Ἅ˯ εἍϢΘʓȹχʤʓἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍi_on_error _ratio _tolerance Ἅ˅ ˯̞χʤΡεἍ͔ϢχἍ̃ ̞̕ᶫεἍχ˜ȹχἍ

ʓ͔ʤεἍ͔̓χἍ̼ʤʤχἍχ˜ʤἍʈ͔̓ʓ˯χ˯͔̓᷁ 
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ᶐÇ͔ᶐἍḀἍἍi_on_error _ratio _tolerance ἍᶐἍǋ˯ ː̼ȹᵽÇ͔ᵾἍᶐ 

num_highest _I_values _to_keepἍΡʤ̼͔УʤεἍȹ̞̞Ἅ˜̞̕εʟἍʤаʈʤΘχἍ˅͔ΡἍᶍ̓ Ϣ̼Ἅ˜̞̕εʟἍЧ˯χ˜Ἅχ˜ʤἍ˜˯ː˜ʤεχἍÇ͔ἍУȹ̞ϢʤεᶾἍ

̓Ἅʤаȹ̼Θ̞ʤἍ˯̓ΘϢχἍεʤː̼ʤ̓χἍ˅͔ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍΡʤ˅˯̓ʤ̼ʤ̓χἍ˯εἍȹεἍ˅͔̞̞͔Чε᷁Ἅ 

xdd_scr  ylidm.hkl  
MoKa2(0.001)  
finish_X  35 
weighting  = 1 / (Sin(X Deg / 2) Max(1, Yobs));  
STR(P212121)  
   a  5.9636  
   b  9.0390  
   c  18.3955  
   scale  @ 1.6039731906  
   i_on_error_ratio_tolerance  4 
   site  S1  x @ 0.8090  y @ 0.1805  z @ 0.7402  occ  S 1  beq  2 
   site  O1  x @ 0.0901  y @ 0.8151  z @ 0.2234  occ  O 1  beq  2 
   ...  

Ǚ̃ ʤἍǋfƾἍ˅ ͔Ρ̼ȹχἍ˯εἍЧ˜˯χʤἍεΘȹʈʤἍʓʤ̞˯̼˯χʤʓἍȹ̓ʓἍʈ͔̓ε˯εχεἍ͔ ˅Ἅʤ̓χΡ˯ʤεἍ͔˅Ἅ˜ᶽἍ̕ᶽἍ̞ᶽἍ̼ᶽἍʓᶽἍᴟqʑ ἍÇ͔ᴟἍЧ˜˯ʈ˜Ἅ˯εἍ

χ˜ʤἍ˅͔Ρ̼ȹχἍ͔ϢχΘϢχχʤʓἍʀеἍχ˜ʤἍCreate _hklm _d_Th2_Ip_file Ἅ̼ ȹʈΡ͔ᶾ 

ᵿxo_Isᶁᶾᶾᶾ 

ᵿxoἍ|ἍἍIἍ|ᶁᶾᶾᶾ 

qʤ˅˯̓ʤεἍȹἍΘ˜ȹεʤἍχеΘʤἍχ˜ȹχἍϢεʤεἍаᶓȹа˯εἍεΘȹʈʤἍ˅͔ΡἍːʤ̓ʤΡȹχ˯̓ːἍΘʤȹ̕ἍΘ͔ε˯χ˯͔̓εᶽἍεʤʤἍʤаȹ̼Θ̞ʤἍȐſăǋᶾăŪƵἍʒ

xoἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍΘʤȹ̕ἍΘ͔ε˯χ˯͔̓Ἅʑȹ̓ʓἍIἍ˯ εἍχ˜ʤἍ˯̓χʤ̓ε˯χеἍΘȹΡȹ̼ʤχʤΡἍʀʤ˅͔ΡʤἍȹΘΘ̞е˯̓ːἍscale _pksἍ

ʤΞϢȹχ˯͔̓εᶾ 

ᵿyobs _eqnἍᵳŪἍ|ἍminἍ|ἍmaxἍ|ἍdelἍ|ᶁἍ 

ſʀεʤΡУʤʓἍʓȹχȹἍ˯εἍʈΡʤȹχʤʓἍУ˯ȹἍȹ̓ἍʤΞϢȹχ˯͔̓᷄Ἅχ˜˯εἍ˯εἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍȹΘΘΡ͔а˯̼ȹχ˯̓ːἍ˅Ϣ̓ʈχ˯͔̓εᶾἍǙ̃ ʤἍ̓ȹ̼ʤἍᵳŪἍ

ː˯Уʤ̓Ἅχ͔Ἅχ˜ʤἍʤΞϢȹχ˯͔̓Ἅ˯εἍϢεʤʓἍ˅͔ΡἍ˯ʓʤ̓χ˯˅е˯̓ːἍχ˜ʤἍΘ̞͔χἍ˯̓Ἅχ˜ʤἍËǦăʒἍ 

ᵿyobs _to_xo_posn _yobsἍᵳ|ᶁ 

χἍχ˜ʤἍεχȹΡχἍ͔˅ἍΡʤ˅˯̓ʤ̼ʤ̓χᶽἍyobs _to_xo_posn _yobsἍʓʤʈ͔̼Θ͔εʤεἍȹ̓ἍȐᶓΡȹеἍʓ˯˅˅Ρȹʈχ˯͔̓ἍΘȹχχʤΡ̓Ἅ˯̓χ͔ἍȹἍ

̓ʤЧἍΘȹχχʤΡ̓Ἅʈ͔̼ΘΡ˯ε˯̓ːἍȹχἍ̼͔εχἍ͔̓ʤἍʓȹχȹἍΘ͔˯̓χἍΘʤΡἍ˜̞̕ᶾἍÇ˯ χχ˯̓ːἍχ͔Ἅχ˜ʤἍʓʤʈ͔̼Θ͔εʤʓἍΘȹχχʤΡ̓Ἅ˯̓ἍȹἍ

͔̓Ρ̼ȹ̞Ἅƾ˯ ʤχУʤ̞ʓἍΡʤ˅˯̓ʤ̼ʤ̓χἍ̼ȹ̓̓ʤΡἍ˯εἍχ˜ʤ̓ἍΘ͔εε˯ʀ̞ʤἍʓϢʤἍχ͔Ἅχ˜ʤἍȹʀ˯̞˯χеἍχ͔ἍΡʤ˅˯̓ʤἍʓȹχȹἍ͔˅ἍϢ̓ʤΞϢȹ̞Ἅаᶓ

ȹа˯εἍεχʤΘἍε˯эʤεᶾἍǙ̃ ʤεʤἍ̓ʤЧἍʓȹχȹἍΘ͔˯̓χεἍȹΡʤἍ͔̓χἍʤаχΡȹʈχʤʓἍ˯̓χʤ̓ε˯χ˯ʤεἍȹ̓ʓἍχ˜ϢεἍχ˜ʤἍΘΡ͔ʀ̞ʤ̼Ἅ͔˅ἍΘʤȹ̕Ἅ

͔УʤΡ̞ȹΘᶽἍȹεἍ͔ʈʈϢΡεἍ˯̓Ἅ˯̓χʤ̓ε˯χеἍʤаχΡȹʈχ˯͔̓ᶽἍ˯εἍȹУ͔˯ʓʤʓᶾἍǙ̃ ʤἍ̼Ϣʈ˜Ἅε̼ȹ̞̞ʤΡἍ̓Ϣ̼ʀʤΡἍ͔˅ἍʓȹχȹἍΘ͔˯̓χεἍ˯̓Ἅ

χ˜ʤἍ̓ʤЧἍʓ˯˅˅Ρȹʈχ˯͔̓ἍΘȹχχʤΡ̓Ἅʈȹ̓ἍːΡʤȹχ̞еἍ˯̼ΘΡ͔УʤἍεΘʤʤʓἍ˯̓ἍεχΡϢʈχϢΡʤἍε͔̞Ϣχ˯͔̓᷄Ἅ˯̓Ἅ͔χ˜ʤΡἍЧ͔ΡʓεἍʑχ˜ʤἍ

ʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅχ˯̼ʤἍ˯̓Ἅεе̓χ˜ʤε˯э˯̓ːἍχ˜ʤἍʓ˯˅˅Ρȹʈχ˯͔̓ἍΘȹχχʤΡ̓Ἅʀʤʈ͔̼ʤεἍʈ̞͔εʤἍχ͔Ἅχ˜ȹχἍ͔˅ἍЧ˜ʤ̓Ἅʓʤȹ̞˯̓ːἍЧ˯χ˜Ἅ

ε˯̓ː̞ʤἍ ʈΡеεχȹ̞Ἅ ʓȹχȹᶾἍă˅ Ἅ χ˜ʤἍ ʓ˯εχȹ̓ʈʤἍ ʀʤχЧʤʤ̓Ἅ χЧ͔Ἅ ˜̞̕εἍ ˯εἍ ̞ʤεεἍ χ˜ȹ̓Ἅ χ˜ʤἍ Уȹ̞ϢʤἍ ͔˅Ἅ

yobs _to_xo_posn _yobsἍχ˜ʤ̓Ἅχ˜ʤἍΘΡ͔Θ͔εʤʓἍʓȹχȹἍΘ͔˯̓χἍȹχἍ͔̓ʤἍ͔˅Ἅχ˜ʤεʤἍ˜̞̕εἍ˯εἍʓ˯εʈȹΡʓʤʓᶾἍǙ̃ ϢεᶽἍχ˜ʤἍ

˅˯̓ȹ̞Ἅʓʤʈ͔̼Θ͔εʤʓἍΘȹχχʤΡ̓Ἅ̼ȹеἍ˯̓Ἅ˅ȹʈχἍ˜ȹУʤἍ̞ʤεεἍʓȹχȹἍΘ͔˯̓χεἍχ˜ȹ̓Ἅ˜̞̕εᶾἍἍΡʤȹἐ͔ȹʀ̞ʤἍУȹ̞ϢʤἍ˅͔ΡἍ

yobs _to_xo_posn _yobs Ἅ˯ εἍPeak_Calculation_Step ᶽἍ͔Ρᶽ 

yobs_to_xo_posn_yobs  = Peak_Calculation_Step;  
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yobs _to_xo_posn _yobsἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍXἍЧ˯χ˜ἍXἍʀʤ˯̓ːἍχ˜ʤἍУȹ̞ϢʤἍ͔˅Ἅ

χ˜ʤἍаᶓȹа˯εἍȹχἍχ˜ʤἍ˜̞̕ ʒÇ͔ ΡἍΡʤ˅˯̓ʤ̼ʤ̓χἍεχȹʀ˯̞˯χеᶽἍȹ̞̞ἍΘʤȹ̕Ἅε˜ȹΘʤᶽἍэʤΡ͔ἍʤΡΡ͔ΡἍȹ̓ʓἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍ

ε˜͔Ϣ̞ʓἍʀʤἍʓʤχʤΡ̼˯̓ʤʓἍȹ̓ʓἍχ˜ʤ̓Ἅ˅˯аʤʓἍʀʤ˅͔ΡʤἍϢε˯̓ːἍyobs _to_xo_posn _yobsᶾἍ̞ ε͔ᶽἍ˯˅Ἅχ˜ʤἍ͔Ρ˯ː˯̓ȹ̞Ἅ

ʓ˯˅˅Ρȹʈχ˯͔̓ἍΘȹχχʤΡ̓Ἅ˯εἍ͔̓˯εеἍʑ˯ χἍ̼ȹеἍʀʤἍʀʤεχἍχ͔Ἅε̼͔͔χ˜Ἅχ˜ʤἍΘȹχχʤΡ̓ἍϢε˯̓ːἍsmooth Ἅ͔ ΡἍΡʤᶓʀ˯̓̓ʤʓἍϢε˯̓ːἍ

rebin _with _dx_ofᶾἍ̞χʤΡ̓ȹχ˯Уʤ̞еᶽἍ ȹἍ ʈȹ̞ʈϢ̞ȹχʤʓἍ ΘȹχχʤΡ̓Ἅ ʈ͔Ϣ̞ʓἍ ʀʤἍ ϢεʤʓἍ ȹεἍ ˯̓ΘϢχἍ ˯̓χ͔Ἅ χ˜ʤἍ

yobs _to_xo_posn _yobs  ʒ Ū͔ χʤἍχ˜ȹχἍεχΡϢʈχϢΡʤἍε͔̞Ϣχ˯͔̓Ἅʈȹ̓ἍʀʤἍεΘʤʤʓᶓϢΘἍʀеἍΘΡʤУʤ̓χ˯̓ːἍːΡȹΘ˜˯ʈȹ̞Ἅ

͔ϢχΘϢχἍ͔ΡἍʀеἍ˯̓ʈΡʤȹε˯̓ːἍχ˜ʤἍËΡȹΘ˜˯ʈεἍƾʤεΘ͔̓εʤἍǙ˯ ̼ʤἍ˯̓Ἅχ˜ʤἍËǦăʒἍǋʤʤἍʤаȹ̼Θ̞ʤεἍfăŢ|ᶓq|fſŢᶓ

Ƶſǋ|ᶾăŪƵἍȹ̓ʓἍƵ^ǋſᴢᶓq|fſŢƵſǋ|ᶾăŪƵ ʒ
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6.  .. Ƶ| ōἍË|Ū|ƾ ǙăſŪἍ ŪqἍᶭƵ| ōḚǙȖƵ|ᶭ 

f͔̓У͔̞Ϣχ˯͔̓Ἅ˯̼Θ̞˯ʤεἍ˯̓χʤːΡȹχ˯͔̓᷁ἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅχ˜ȹχἍ˯εἍȹ̓ȹ̞еχ˯ʈȹ̞̞еἍ˯̓χʤːΡȹχʤʓἍ˯εἍʤаȹʈχᶽἍЧ˜ʤΡʤȹεἍ̓Ϣ̼ʤΡ˯ʈȹ̞Ἅ

˯̓χʤːΡȹχ˯͔̓Ἅ˯εἍȹ̓ἍȹΘΘΡ͔а˯̼ȹχ˯͔̓ἍЧ˜͔εʤἍȹʈʈϢΡȹʈеἍʓʤΘʤ̓ʓεἍ͔̓Ἅχ˜ʤἍεχʤΘἍε˯эʤἍϢεʤʓᶾἍ ʈʈϢΡȹχʤἍ̓Ϣ̼ʤΡ˯ʈȹ̞Ἅ

ʈ͔̓У͔̞Ϣχ˯͔̓Ἅ˯εἍϢεʤʓἍЧ˜ʤ̓Ἅȹ̓ȹ̞еχ˯ʈȹ̞Ἅʈ͔̓У͔̞Ϣχ˯͔̓Ἅ˯εἍ͔̓χἍΘ͔εε˯ʀ̞ʤᶽἍ̼ȹ̕˯̓ːἍ˯χἍ˅ʤȹε˯ʀ̞ʤἍχ͔Ἅ˯̓ʈ̞ϢʓʤἍʈ͔̼Θ̞ʤаἍ

˅Ϣ̓ʈχ˯͔̓εἍ˯̓Ἅχ˜ʤἍːʤ̓ʤΡȹχ˯͔̓Ἅ͔˅ἍΘʤȹ̕Ἅε˜ȹΘʤεᶾἍŗȹʀ͔Ρȹχ͔ΡеἍ˯̓εχΡϢ̼ʤ̓χἍȹʀʤΡΡȹχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓εἍ̼͔εχ̞еἍΡʤΞϢ˯ΡʤἍ

̓Ϣ̼ʤΡ˯ʈȹ̞Ἅ ʈ͔̓У͔̞Ϣχ˯͔̓ᶾἍ Ǚ˜˯εἍ ʈ͔̓У͔̞Ϣχ˯͔̓Ἅ ΘΡ͔ʈʤεεᶽἍ ˅Ρ͔̼Ἅ ȹἍ ˅Ϣ̓ʓȹ̼ʤ̓χȹ̞ᶓΘȹΡȹ̼ʤχʤΡεἍ ΘʤΡεΘʤʈχ˯УʤἍ

ᵽf˜ʤȹΡеἍᵱἍf͔ʤ̞˜͔ᶽἍᴞᴨᴨᴟ᷄Ἅf˜ʤȹΡеἍʅΨỨȹ˿ᶟᶽἍᴟᴝᴝᴢᵾᶽἍ˯εἍ˯χεʤ̞˅Ἅȹ̓ἍȹΘΘΡ͔а˯̼ȹχ˯͔̓᷄Ἅεʤʈ͔̓ʓᶓ͔ ΡʓʤΡἍʤ˅˅ʤʈχεἍȹ̓ʓἍ

˜˯ː˜ʤΡἍȹΡʤἍχеΘ˯ʈȹ̞̞еἍ̓ʤː̞ʤʈχʤʓᶾἍǙ˜ʤεʤἍȹΘΘΡ͔а˯̼ȹχ˯͔̓εἍ˜͔̞ʓἍʤаʈʤΘχἍ˯̓ἍʤаχΡʤ̼ʤἍʈȹεʤεἍϢ̞̓˯̕ʤ̞еἍχ͔Ἅ͔ʈʈϢΡἍ

˯̓ἍΘΡȹʈχ˯ʈʤᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤᶽἍȹа˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍЧ˯χ˜Ἅǋ͔̞̞ʤΡᶓε̞˯χἍȹʈʈʤΘχȹ̓ʈʤἍȹ̓ː̞ʤεἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅȹʀ͔ϢχἍᴞᴟἍ

ʓʤːΡʤʤεᶾ 

6.1 ....... ǋ͔ϢΡʈʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤε 

Generation of the Ἅemission profile Ἅis the first step in peak generation. It comprises ἍEM linesᶽἍ|Ţ˶ʑ Ἅeach 

a Voigt comprising the parameters Ἅla,Ἅlo,ἍlhἍand lgᶾἍǙ̃ ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍLamἍ˯ εἍȹεε˯ː̓ʤʓἍχ˜ʤἍ

lo value of the EM  ˶ line with the largest laἍУȹ̞ϢʤᶽἍχ˜˯εἍ|Ţ˶Ἅ˯ εἍΡʤ˅ʤΡΡʤʓἍχ͔ἍȹεἍ|Ţƾ|ÇἍȹ̓ʓἍ˯εἍϢεʤʓἍχ͔Ἅ

ʈȹ̞ʈϢ̞ȹχʤἍʓᶓεΘȹʈ˯̓ːεᶾἍǙ̃ ʤἍ˯̓χʤΡΘΡʤχȹχ˯͔̓Ἅ͔˅Ἅ|ŢἍʓȹχȹἍ˯εἍʓʤΘʤ̓ʓʤ̓χἍ͔̓Ἅpeak_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

“
 ἍἍἍἍЧ˜ʤΡʤ ςὨ

ὉὓὙὉὊὰέ

ὛὭὲ—
 

2q for  xo_Is phases corresponds to the xo parameter. 2q for d_Is phases is given by the Bragg equa-

tion  2q = ArcSin( Lam /(2 d)) 360/Pi where  d corresponds  to the value of the  d parameter.  2q values 

for  str  and hkl_IsἍΘ˜ȹεʤεἍȹΡʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˅Ρ͔Ἅ̼χ˜ʤἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεᶾἍǙ̃ ʤἍÇȉßȉ̕ʑ Ἅ˯̓ ἍḪᴟq, for an EM  ˶

line is determined from the relations provided in Table  6-1. ȉ˜ʤ̓Ἅno_th_dependence Ἅ˯ εἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓Ἅ

χ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅ͔˅Ἅᴟq˶Ἅ˯ εἍʓʤχʤΡ̼˯̓ʤʓἍ˅Ρ͔̼ ᷁

ᴟq˶ἍḃἍᴟqἍḅἍ|Ţᵽlo Ứʑːᵾ 

The macro No_Th_Dependence  can be used when refining on non -X- ray data or fitting to negative  2q 

values (see example Ū|ËȐᶾăŪƵ). Ǚ̃ ʤἍаᶓȹа˯εἍʤаχʤ̓χἍᵽаᴞᶽἍаᴟᵾἍχ͔ἍЧ˜˯ʈ˜Ἅȹ̓Ἅ|ŢἍ̞ ˯̓ʤἍ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯εἍʓʤχʤΡᶓ

̼˯̓ʤʓἍʀе᷁ 

ὍὲὸὩὲίὭὸώ έὪ ὉὓὭȟὼ ὼρ ὼς

ὍὲὸὩὲίὭὸώ έὪ ὉὓὙὉὊὼ π
ώάὭὲͅέὲͅώάὥὼ 

The default value for  ymin _on_ymax Ἅ˯ εἍᴝᶾᴝᴝᴞᶾἍ|̼ ˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍʓȹχȹἍ˜ȹУʤἍʀʤʤ̓Ἅχȹ̕ʤ̓Ἅ˅Ρ͔̼Ἅß͕ ̞эʤΡἍʅΨỨȹ˿ᶾἍ

ᵽᴞᴨᴨᴦᵾἍȹ̓ʓἍȹΡʤἍεχ͔ΡʤʓἍ˯̓ἍḞᶾŗ ŢἍ˅ ˯̞ʤεἍ˯̓Ἅχ˜ʤἍŗ ŢἍʓ˯Ρʤʈχ͔Ρеᶾ 

Ǚȹʀ̞ʤἍᴥᶓᴞʒἍÇȉßȉ̕Ἅ˯ ̓ἍḪᴟqἍ˅ ͔ΡἍȹ̓Ἅ|Ţ̕Ἅ̞ ˯̓ʤἍ˅͔ΡἍχ˜ʤἍʓ˯˅˅ʤΡʤ̓χἍΘʤȹ̕ἍχеΘʤεᶾ 

ÇƵἍΘʤȹ̕ἍχеΘʤ ὊὡὌὓ
ὉὓὯȟὰὬ

ὒὃὓ

Ὕὥὲ—σφπ

“
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ƵȆἍΘʤȹ̕ἍχеΘʤ ὊὡὌὓ
ÐÖͅÆ×ÈÍὉὓὯȟὰὬ

ὉὓὙὉὊὰὬ
 

ǋƵȆăăἍΘʤȹ̕ἍχеΘʤ ὊὡὌὓ
ἍὬ Ὤ ὉὓὯȟὰὬ

ὉὓὙὉὊὰὬ
 

ǋƵȆἍΘʤȹ̕ἍχеΘʤ ὊὡὌὓ
Ἅίὴὺ ίὴὺ ὉὓὯȟὰὬ

ὉὓὙὉὊὰὬ
 

6.2  ...... Ƶʤȹ̕Ἅːʤ̓ʤΡȹχ˯͔̓Ἅȹ̓ʓἍΘʤȹ̕ἍχеΘʤε 

Ƶ̃ ȹεʤἍΘʤȹ̕εἍƵἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

ƵἍḃἍËʤχᵽscaleᵾἍËʤχᵽȹ̞̞Ḛεʈȹ̞ʤḚΘ̕εᵾἍ|ŢἍᵽpeak_typeᵾἍÃἍf͔ ̓У͔̞Ϣχ˯͔̓ε ᵽᴥᶓᴞᵾ 

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 pa-

rameter. For xo_Is, d_Is and hkl_Is phases , the intensity is given by the I parameter. For str  phases it 

corresponds to the square of the structure factor F2(hkl). Convolutions are normalized and ʓ͔Ἅ͔̓χἍ

ʈ˜ȹ̓ːʤἍχ˜ʤἍȹΡʤȹἍϢ̓ʓʤΡἍȹἍΘʤȹ̕ἍʤаʈʤΘχἍ˅͔ΡἍthe capillary _diameter _mm and lpsd _th2_angular _range _de-

grees  convolutions ᶾἍǙ̃ ʤἍȹΡʤȹἍϢ̓ʓʤΡἍχ˜ʤἍʤ̼˯εε˯͔̓ἍΘΡ͔˅˯̞ʤἍ˯εἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍχ˜ʤἍεϢ̼Ἅ͔˅Ἅχ˜ʤἍlaἍΘȹΡȹ̼ʤᶓ

χʤΡεἍʑЧ˜˯ʈ˜ἍχеΘ˯ʈȹ̞̞еἍȹʓʓἍϢΘἍχ͔ἍᴞᶾἍǙ̃ ʤἍʓʤ˅˯̓˯χ˯͔̓εἍ͔˅Ἅχ˜ʤἍΘεʤϢʓ͔ᶓȆ͔ ˯ːχἍȹ̓ʓἍƵʤȹΡἐ͔ȆăăἍ˅ Ϣ̓ʈχ˯͔̓εἍȹΡʤἍ

ΘΡ͔У˯ʓʤʓἍ˯̓ἍTable  6-2ᶾἍ 

Ǚȹʀ̞ʤἍᴥᶓᴟʒ Ǧ̓ ˯χἍȹΡʤȹἍΘʤȹ̕ἍχеΘʤεᶾἍБἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅ(2q-2qk) where  2qk is the position of the kth reflec-

tion. fwhm  corresponds to the Full Width at Half Maximum. h is the PV mixing parameter. T˜ʤἍᶪᴞᶫἍȹ̓ʓἍ

ᶪᴟᶫἍεϢʀεʈΡ˯ΘχεἍʈ͔ΡΡʤεΘ͔̓ʓἍχ͔Ἅχ˜ʤἍ̞ʤ˅χἍȹ̓ʓἍΡ˯ː˜χἍ͔˅Ἅχ˜ʤἍεΘ̞˯χἍ˅Ϣ̓ʈχ˯͔̓εᶾ 

ËȹϢεε˯ȹ̓Ἅ 

Ὃ ὼ
Ὣ

ὪύὬά
Ὁὼὴ

Ὣὼ

ὪύὬά
ȟ   Ὣ ς

ὒὲς

“
ȟ   Ὣ τὒὲς 

ŗ͔ Ρʤ̓χэ˯ȹ̓Ἅ 

ὒ ὼ

ὰ
ὪύὬά

ρ
ὰὼ
ὪύὬά

ȟ ὰ
ς

ʌ
ȟ ὰ  τ 

ƵεʤϢʓ͔Ȇ͔ ˯ːχ ὖὠ –ὒ ὼ ρ –Ὃ ὼ 
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ǋΘ̞˯χἍƵʤȹΡἐ͔Ȇăă 

ἍǋƵȆăă 

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 

ǋΘ̞˯χἍƵεʤϢʓ͔Ȇ͔ ˯ːχ 

ἍǋƵȆ 
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 ȹ̓ȹ̞еχ˯ʈȹ̞̞еἍ

ʈ͔̓У͔̞ϢχʤʓἍЧ˯χ˜Ἅχ˜ʤἍÇƵἍȹ̓ʓἍƵȆἍΘʤȹ̕ἍχеΘʤεἍȹ̓ʓἍ̓Ϣ̼ʤΡ˯ʈȹ̞̞еἍʈ͔̓У͔̞ϢχʤʓἍЧ˯χ˜Ἅχ˜ʤἍǋƵȆăăἍȹ̓ʓἍǋƵȆἍΘʤȹ̕Ἅ

χеΘʤεᶾἍǙ̃ ʤεʤἍ̓Ϣ̼ʤΡ˯ʈȹ̞Ἅʈ͔̓У͔̞Ϣχ˯͔̓εἍȹΡʤἍ˜˯ː˜̞еἍȹʈʈϢΡȹχʤἍʑȹεἍχ˜ʤеἍʈ͔̼ΘΡ˯εʤἍȹ̓ȹ̞еχ˯ʈȹ̞Ἅŗ͔ Ρʤ̓χэ˯ȹ̓Ἅȹ̓ʓἍ

ËȹϢεε˯ȹ̓Ἅ˅Ϣ̓ʈχ˯͔̓εἍʈ͔̓У͔̞УʤʓἍЧ˯χ˜ἍεχΡȹ˯ː˜χἍ̞˯̓ʤἍεʤː̼ʤ̓χεᶾἍÇ͔ ΡἍÇƵἍȹ̓ʓἍƵȆἍΘʤȹ̕ἍχеΘʤεᶽἍχ˜ʤἍ˅˯ΡεχἍʓʤ˅˯̓ʤʓἍ

hatἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅ˯ εἍʈ͔̓У͔̞ϢχʤʓἍȹ̓ȹ̞еχ˯ʈȹ̞̞еἍ᷄ȹʓʓ˯χ˯͔̓ȹ̞Ἅ˜ȹχἍconvolutions , ˅͔ΡἍȹ̞̞ἍΘʤȹ̕ἍχеΘʤεἍʑȹΡʤἍʈ͔̓ᶓ

У͔У̞ʤʓἍ̓Ϣ̼ʤΡ˯ʈȹ̞̞еᶾἍÇ͔ ΡἍ ʈ̞ȹεε˯ʈἍ ȹ̓ȹ̞еχ˯ʈȹ̞Ἅ ˅Ϣ̞̞ᶓΘȹχχʤΡ̓Ἅ ˅˯χχ˯̓ːἍʑχ˜ʤἍ ̼ȹʈΡ͔εἍPV_Peak_TypeᶽἍ

PVII_Peak_TypeᶽἍTCHZ_Peak_TypeἍʈȹ̓ἍʀʤἍϢεʤʓᶾἍǙ̃ ʤεʤἍ̼ȹʈΡ͔εἍϢεʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍΡʤ̞ȹχ˯͔̓ε˜˯ΘεἍχ͔Ἅʓʤᶓ

εʈΡ˯ʀʤἍΘΡ͔˅˯̞ʤἍЧ˯ʓχ˜ἍȹεἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅᴀqʒ 

PV_Peak_Type  

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

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

whereἍha ,Ἅhb ,Ἅhc ,Ἅlora ,Ἅlorb ,ἍlorcἍare refinea-

ble parameters  ʒ

PVII_Peak_Type  

ʦЈʽ̝״ỨḃἍʦЈʽᴀ̝ỨḃỨ̔ ȹỨᶳỨʽɡỨχȹ̓ᵽq)Ứʂ Ứʽɩᶏʈ͔εᵽq) 

ỨḃỨ̝״̝ ᴀỨḃἍᴝᶾᴥἍḅἍ̝ȹỨḅỨ̝ ɡỨχȹ̓ᵽq)ỨḅỨ̝ ɩᶏʈ͔εᵽq) 

where Ἅ̔ȹ,Ἅ̔ɡ,Ἅ̔ɩ,Ἅ̝ȹ,Ἅ̝ɡ,Ἅ̝ɩἍare refineable pa-

rameters.  

TCHZ_Peak_Type᷁ἍǙ̃ ʤἍ̼͔ʓ˯˅˯ʤʓἍǙ̃ ͔̼Θἐ͔ᶓf͔ аᶓßȹεχ˯̓ːεἍΘεʤϢʓ͔ᶓȆ͔ ˯ːχἍᶭǙfßȮɰἍ˯εἍʓʤ˅˯̓ʤʓἍȹεἍᵽʤᶾːᶾἍ

Ȗ͔ Ϣ̓ːᶽἍᴞᴨᴨᴡᶽἍεʤʤἍʤаȹ̼Θ̞ʤἍŗȆſᴢḚǙfßᶾăŪƵᵾ᷁ 

hἍḃἍᴞᶾᴡᴥᴥᴝᴡἍἍʹᶓἍᴝᶾᴢᴦᴦᴞᴨἍʹᴟἍḅἍᴝᶾᴞᴞᴞᴥἍʹᴡ 

Ч˜ʤΡʤ ἍʹḃἍGŗἍᶏἍG 
GἍḃἍᵽGËᴣἍḅἍGËᴢGŗἍḅἍ̂GËᴡGŗᴟἍḅἍfGËᴟGŗᴡἍḅἍqGËGŗᴢἍḅἍGŗᴣᵾᴝᶾᴟἍḃἍʦЈʽ̝ 
ἍḃἍᴟᶾᴥᴨᴟᴥᴨᶽἍἍ̂ḃἍᴟᶾᴢᴟᴧᴢᴡᶽἍfἍḃἍᴢᶾᴢᴦᴞᴥᴡᶽἍqἍḃἍᴝᶾᴝᴦᴧᴢᴟ 
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GËἍḃἍᵽǦἍχȹ̓ᴟqἍḅἍȆἍχȹq̓ἍḅἍȉἍḅἍȮἍᶏἍʈ͔εᴟqᵾᴝᶾᴣἍ 

GŗἍḃἍȐἍχȹq̓ἍḅȖἍᶏἍʈ͔εq 

Ч˯χ˜ἍǦʑ ἍȆʑ ἍȉᶽἍȐʑ ἍȖʑ ἍȮἍȹεἍΡʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡεᶾ 

6.3  ...... f͔̓У͔̞Ϣχ˯͔̓Ἅȹ̓ʓἍχ˜ʤἍΘʤȹ̕Ἅːʤ̓ʤΡȹχ˯͔̓Ἅεχȹʈ̕ 

The emission profile of a peak , P0, ͔˅ἍȹἍʈʤΡχȹ˯̓ἍΘʤȹ̕ἍχеΘʤἍᵽ˯ᶾʤᶾἍÇƵᶽἍƵȆἍʤχʈᶿᵾἍ˯εἍ˅˯ΡεχἍʈȹ̞ʈϢ̞ȹχʤʓἍȹ̓ʓἍ

Θ̞ȹʈʤʓἍ͔̓χ͔ἍȹἍᶪƵʤȹ̕Ἅʈȹ̞ʈϢ̞ȹχ˯͔̓Ἅεχȹʈ̕ᶫᶾἍƵᴝἍȹ̓ȹ̞еχ˯ʈȹ̞̞еἍ˯̓ʈ̞Ϣʓʤε the lor_fwhm  and gauss _fwhm  convo-

lutions 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 convol ved with the top member of the stack. 

The last convolution should leave the stack with a single entry representing the final peak shape. The 

following keywords allow for manipulation of the Peak calculation stack:  

ᵿpush _peakᶁᶾᶾᶾ 

ᵿbring _2nd _peak_to_topᶁᶾᶾᶾ 

ᵿbring _n_peak_to_topἍᵳ|ᶁᶾᶾᶾ 

ᵿadd_pop _1st_2nd _peakᶁᶾᶾᶾ 

ᵿscale _top _peakἍ|ᶁᶾᶾᶾ 

ᵿset_top_peak_areaἍ|ᶁᶾᶾᶾ 

push _peakἍduplicates the top of the stack; bring _2nd _peak_to_topἍbrings the second entry to the top 

of the stack, bring _n_peak _to_topἍʀΡ˯̓ːεἍχ˜ʤἍ̓χ˜ἍΘʤȹ̕Ἅχ͔Ἅχ˜ʤἍχ͔ΘἍᵽ̓ḃᴝἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍχ͔ΘἍ͔˅Ἅχ˜ʤἍ

εχȹʈ̕ᵾἍandἍadd_pop _1st_2nd _peakἍadds 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 gen-

eration 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:  

ǋχȹʈ̕ἍḃἍƵᴝᶽἍƵᴝ 

The top member is then convoluted by the first Ἅexp_conv _constἍconvolution, or ,Ἅ 

ǋχȹʈ̕ἍḃἍƵᴝᶽἍƵᴝἍÃἍexp_conv _const  

where Ã denotes convolution. Ἅbring _2nd _peak _to_topἍresults in the following: Ἅ 

ǋχȹʈ̕ἍḃἍƵᴝἍÃἍexp_conv _constᶽἍƵᴝ 
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ȹ̓ʓἍχ˜ʤἍ̓ʤаχἍʈ͔̓У͔̞Ϣχ˯͔̓ἍΡʤεϢ̞χεἍ˯̓᷁Ἅ 

ǋχȹʈ̕ἍḃἍƵᴝἍÃἍexp_conv _constᶽἍƵᴝἍἍÃἍexp_conv _const  

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

add_pop _1st_2nd _peakἍproduces:  

ǋχȹʈ̕ἍḃἍƵᴝἍÃἍexp_conv _constἍḅἍƵᴝἍἍÃἍexp_conv _const  

Convolutions applied to peak s are normalized after  convolution . Thus, the following, from WIF DȹУ˯ʓᶫεἍ

macro wifd_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  

Ч˜ʤΡʤἍχ˜ʤἍΡȹχ˯͔Ἅ͔˅Ἅχ˜ʤἍȹΡʤȹεἍ͔˅Ἅχ˜ʤἍ˅˯ΡεχἍΘʤȹ̕Ἅχ͔Ἅχ˜ʤἍεʤʈ͔̓ʓἍΘʤȹ̕ἍЧ͔̓ᶫχἍʀʤἍᵽ1-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 problem 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  

6.4  ...... ǋΘʤʤʓἍᶏἍ ʈʈϢΡȹʈеἍȹ̓ʓἍΘʤȹ̕ḚʀϢ˅˅ʤΡḚεχʤΘ 

Ç͔ ΡἍʈ͔̼ΘϢχȹχ˯͔̓ȹ̞Ἅʤ˅˅˯ʈ˯ʤ̓ʈеᶽἍΘ˜ȹεʤἍΘʤȹ̕εἍȹΡʤἍʈȹ̞ʈϢ̞ȹχʤʓἍȹχἍΘΡʤʓʤ˅˯̓ʤʓἍᴟqἍ˯ ̓χʤΡУȹ̞εἍ˯̓ἍȹἍᶮΘʤȹ̕εἍ

ʀϢ˅˅ʤΡᶯἍ᷄Θʤȹ̕εἍ˯̓ἍʀʤχЧʤʤ̓ἍȹΡʤἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍεχΡʤχʈ˜˯̓ːἍȹ̓ʓἍ˯̓χʤΡΘ͔̞ȹχ˯̓ːᶾἍǦεʤἍ͔˅Ἅχ˜ʤἍΘʤȹ̕εἍʀϢ˅˅ʤΡἍ

ʓΡȹ̼ȹχ˯ʈȹ̞̞еἍΡʤʓϢʈʤεἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍΘʤȹ̕εἍχ˜ȹχἍ̓ʤʤʓἍχ͔ἍʀʤἍʈȹ̞ʈϢ̞ȹχʤʓᶾἍǙеΘ˯ʈȹ̞̞еᶽἍ͔̓Ἅ̼͔ΡʤἍχ˜ȹ̓ἍᴣᴝἍχ͔Ἅ

ᴞᴝᴝἍΘʤȹ̕εἍȹΡʤἍ̓ʤʈʤεεȹΡеἍχ͔ἍȹʈʈϢΡȹχʤ̞еἍʓʤεʈΡ˯ʀʤἍΘʤȹ̕εἍȹʈΡ͔εεἍȹἍЧ˜͔̞ʤἍʓ˯˅˅Ρȹʈχ˯͔̓ἍΘȹχχʤΡ̓ᶾἍǙ̃ ʤἍ˅͔̞̞͔Чᶓ

˯̓ːἍ̕ʤеЧ͔ΡʓεἍȹ˅˅ʤʈχἍχ˜ʤἍȹʈʈϢΡȹʈеἍ͔˅ἍΘ˜ȹεʤἍΘʤȹ̕ε᷁ 

ᵿstrἍᶐἍhkl_IsἍᶐἍxo_IsἍᶐἍd_IsᶁἍᵿpeak_buffer _stepἍᵳ|ᶁ 

ᵿxddᶁἍᵿconvolution _stepἍᶍᴞᶁ 

ᵿlamᶁἍᵿymin _on_ymaxἍᶍᶁ 
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ᵿȹ̓еἍΘʤȹ̕Ἅʈ͔̓У͔̞Ϣχ˯͔̓ᶁἍᵿaberration _range _change _allowedἍᵳ|ᶁ 

qʤ˅ȹϢ̞χἍУȹ̞ϢʤεἍfor 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_Calculation_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 Ἅx_calculation_step ᶾἍIncreasing the value for con-

volution _stepἍimproves accuracy for data with large step sizes or for peaks that have less than 7 data 

points across the FWHM. ymin _on_ymaxἍdetermines the x -axis extents of a peak (see also section 

6.1).Ἅaberration _range _change _allowedἍdescribes 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 spacing 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 convolutions as shown in  Table  6-3. ǋ̼ ȹ̞̞ἍУȹ̞ϢʤεἍ˅͔ΡἍaberration _range _change _allowedἍΡʤʓϢʈʤεἍ

χ˜ʤἍεΘȹʈ˯̓ːἍʀʤχЧʤʤ̓ἍΘʤȹ̕εἍ˯̓Ἅχ˜ʤἍΘʤȹ̕εἍʀϢ˅˅ʤΡἍȹ̓ʓἍεϢʀεʤΞϢʤ̓χ̞еἍ˯̓ʈΡʤȹεʤἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍΘʤȹ̕εἍ˯̓Ἅχ˜ʤἍ

Θʤȹ̕εἍʀϢ˅˅ʤΡᶾ 

Ǚȹʀ̞ʤἍᴥᶓᴡʒἍqʤ˅ȹϢ̞χἍУȹ̞ϢʤεἍ˅͔ΡἍaberration _range _change _allowed  ʒ

Parameter  Default  aberration _range _change _allowed  

m1ʑ  m2  ᴝᶾᴝᴣ 

pv_lor  ʑspv _l1ʑ  spv _l2  ᴝᶾᴝᴞ 

h1ʑ  h2  ʑpv_fwhm  ʑspv _h1ʑ  spv _h2 Peak_Calculation _Step  

hat  ʑaxial_conv  ʑwhole _hat  ʑhalf _hat  Peak_Calculation_Step  

one_on_x_conv  ʑexp_conv _const , circles _conv  Peak_Calculation_Step  

lor_fwhm  ʑgauss _fwhm  Peak_Calculation_Step  

6.5  ...... Ǚ˜ʤἍΘʤȹ̕εἍʀϢ˅˅ʤΡᶽἍεΘʤʤʓἍȹ̓ʓἍ̼ʤ̼͔ΡеἍʈ͔̓ε˯ʓʤΡȹχ˯͔̓εἍ 

Anisotropic peak shapes result in the peaks -buffer holding as many peaks as there are hkls. For prob-

lems 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 criterion. For ex-

ample, 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 XoᶫεᶽἍȹεἍʓʤ˅˯̓ʤʓἍʀеἍpeak _buffer _based _on_tol , are grouped. Occasionally 

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 _on sᶅ. peak _buffer _based _on disables the peak stretching proce-

dures and any defined aberration _range _change _allowedᶾἍpeak_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 

6.6  ...... ̓Ἅ ʈʈϢΡȹχʤἍȆ͔˯ːχ 

[more _accurate _Voigt ] can be used to override the default Pseudo -Voigt approximation to the Voigt. 

It decreases the error ( Voigt _approx ᶔ 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 con-

voluted 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 Ἅ 

 

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 following:  

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  ʈΡʤȹχʤεἍȹἍᶪχΡϢʤᶫἍVoigt by numerically convoluting Gaussians with Lorentzi-

ans; the extents to which these aberrations are calculated can be defined using numeri-

cal_lor_ymin _on_ymax  (default of 0.0001) . The fƾ| Ǚ|ᶾăŪƵ file in the Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȆſăËǙᶓ ƵƵƾſȐ 

directory uses numerical _lor_gauss _conv  where the amount of Lorentzian is entered as a number out 

of a 1000. A value of 500 would yield a Voigt with a Lorentzian 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 ȆſăËǙŪŪŪŪᶾȐȖ, where ŪŪŪŪ 

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.Ἅ 

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 seg-

ments. For lor < 500 then an analytical Gaussian is convoluted with a Lorentzian comprising straight 

line segments.  

The file ÇăǙᶓƵȆᶾăŪƵ fits a pseudo -Voigt to the generated true Voigt.  

The file ÇăǙᶓŢſƾ|ᶾăŪƵ fits to the generated true Voigt using equivalent fit _objᶫεᶾἍ 

The file ÇăǙᶓſ^ňᶾăŪƵ fits fit _obj' s to the generated true Voigt.Ἅ 

The difference  plot from ÇăǙᶓƵȆᶾăŪƵ is in the order of 500 to 1000 times larger than the difference plot 

from ÇăǙᶓŢſƾ|ᶾăŪƵ.Ἅ 

6.7 ....... ǋχΡʤχʈ˜˯̓ːἍΘʤȹ̕ε 

[str ] 

[stretch_pks  E] 

Examples  

ǋǙƾ|ǙfßᶓƵōǋᶒǋǙƾ|ǙfßᶓᴞᶾăŪƵ 
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Refining 1000s of phases, where each has a peaks buffer that needs recalculation each iteration 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 e ach parameter derivative for each iter-

ation 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)  

ȉ˜ʤ̓Ἅχ˜ʤἍУȹ̞ϢʤεἍ͔˅Ἅχ˜ʤἍlor_fwhm  and gauss_fwhm  parameters are approximately known, then the 

shapes of the peaks can be approximated by stretching ᶾἍÇ͔ΡἍεе̼̼ʤχΡ˯ʈἍΘʤȹ̕εἍχ˜ʤἍȹΘΘΡ͔а˯̼ȹχ˯͔̓Ἅ˯εἍ

ȹ̞̼͔εχἍʤаȹʈχ᷄Ἅȹεе̼̼ʤχΡ˯ʈἍΘʤȹ̕εᶽἍΘʤȹ̕εἍЧ˯χ˜Ἅȹεе̼̼ʤχΡ˯ʈἍʈ͔̓У͔̞Ϣχ˯͔̓εᶽἍȹΡʤἍ͔̓χἍʤаȹʈχἍʀϢχἍ˯˅Ἅχ˜ʤἍУȹ̞ϢʤεἍ

ȹΡʤ̓ᶫχἍχ͔͔Ἅ˅ȹΡἍ͔˅˅Ἅχ˜ʤ˯ΡἍ͔Θχ˯̼ȹ̞ἍУȹ̞ϢʤεἍʑχ˜ʤ̓Ἅχ˜ʤἍȹΘΘΡ͔а˯̼ȹχ˯͔̓Ἅʈȹ̓ἍʀʤἍː͔͔ʓᶾἍǙ˜ʤἍʀʤ̓ʤ˅˯χἍ͔˅ἍεϢʈ˜Ἅȹ̓Ἅ

ȹΘΘΡ͔а˯̼ȹχ˯͔̓Ἅ˯εἍεΘʤʤʓᶽἍЧ˜ʤΡʤᶽἍϢε˯̓ːἍstretch_pks Ἅ˯ ̓Ἅχ˜ʤἍǋǙƾ|ǙfßᶓᴞᶾăŪƵ 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 x 2_s, in terms of the unstretched limits x1 and x2 , and the 

peak position Xo are:  

x1_s = x0 ¦ (Xo ¦ x1) Get(stretch_pks)  

x2_s = x0 + (x2 ¦ Xo) Get(stretch_pks)  

6.8  ...... χΡȹ̓ε˅͔Ρ̼ḚȐἍЧ˯χ˜͔ϢχἍΡʤʈȹ̞ʈϢ̞ȹχ˯̓ːἍΘȹχχʤΡ̓ε 

[str  | hkl_Is | xo_Is | d_Is]...  

[ transform_ X E] 

Examples  

Ǚƾ ŪǋÇſƾŢḚȐᶒǙƵȐᶾăŪƵ 

The transform_x keyword stretches a calculated phase pattern to form a final phase calculated 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 str s residing in different xdd s, 

then if th2_offset  were to be used  then two th2_offset s would need to be defined  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 

7.  
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7.  .. ƾ|ǦǋăŪËἍſ^ň|fǙǋἍăŪἍŗ ƾË|Ἅƾ|ÇăŪ|Ţ|ŪǙǋ 

lat_prms ̓ײȹ̼ʤἍᶃἍᶿἍᶄ 

str_dets ̓ײȹ̼ʤἍᶃἍᶿἍᶄ 

phase_dets ̓ײȹ̼ʤἍᶃἍᶿἍᶄ 

use ᶃἍᶿἍᶄ 

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȐƾqᶓfǙᶒȐƾqᶓfǙᶓᴝᶾăŪƵ 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȐƾqᶓfǙᶒȐƾqᶓfǙᶓᴞᶾăŪƵ 

The keywords lat_prms , str_dets  and phase_dets  define s sets of lattice parameters, structural details 

and phase details that can be reused across phases without recalculation. The substantially reduc es 

memory usage and a speed up refinement when hundreds of thousands of phases are present ; de-

rivatives of the common item are likewise calculated only once.  

For phase s with similar lattice parameters, a common set of hkls  can be shared . Similarly, if two 

phases have identical structure factors but different (yet similar) lattice parameters , a common set of 

structure factors  can be used . Without these keywords, the program automatically searches for com-

mon items global ly but with restrictions  -  for  example, strs with non - identical hkls cannot share a 

common str. Defining the structur al details in a str_dets  object , however, allows a common structure 

even when the normal ly generated hkl  sets would differ significantly .  

ȐƾqᶓfǙᶓᴝᶾăŪƵ 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 }  
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   #elseif case_ == 1;  
      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 xdd s . In a real -world example this could extended to 100s of 

1000s of xdd s and str s 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 xdd s 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 factors.  

>    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 are 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 xdd s are vastly 

different. The power of reusing object becomes apparent in a real -world sense where lattice param-

eters , 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  
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The unique items are shown in Red. Notice the warning which is due to the vastly different lattice 

parameters. case_=2 sets the peak shapes to be the same for the two phase s, and the output now 

looks like:  

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 derivatives calculated 

only for its parameters. Also seen is that one set of hkls is generated. The minimum/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 ȐƾqᶓfǙᶓᴞᶾăŪƵ refines on simulated data comprising 150,000 str s and 163,150 independent 

parameters. 20 iterations are completed in ~60s on an 8 -core laptop. A few points to note when 

running ȐƾqᶓfǙᶓᴞᶾăŪƵ᷁ 

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

>    ƾϢ̓Ἅ˅˯ΡεχἍЧ˯χ˜Ἅᶮᶍʓʤ˅˯̓ʤἍfƾ| Ǚ|ḚᶯἍχ͔ἍʈΡʤȹχʤἍχ˜ʤἍε˯̼Ϣ̞ȹχʤʓἍʓȹχȹᶾἍǙ˜ʤἍʓȹχȹἍ˅˯̞ʤεἍȹΡʤἍʈΡʤȹχʤʓἍϢε˯̓ːἍ

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.  

>    q͔ἍȹἍ˅˯ΡεχἍΡϢ̓ἍЧ˯χ˜Ἅᶮ#define  ǋǦ^ǋ|ǙḚᶯἍχ͔ἍεʤʤἍ˜͔ЧἍχ˜˯̓ːεἍ̞͔͔̕Ἅᵽȹ̓˯̼ȹχʤʓἍːΡȹΘ˜˯ʈεἍʈȹ̓ἍʀʤἍχϢΡ̓ʤʓἍ

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  
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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  
  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 cannot 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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8.  .. q|fſŪȆſŗǦǙăſŪ 
 

[A0_matrix_is_constant ]  

[Xo_Isᶁ  θ

[create_pks_name $a_name]  

[create_pks_fn $fn _name]  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒq|fſŪȆſŗǦǙăſŪᶒ 

Ƶ^ǋſᴢᶓq|fſŪᶾăŪƵ 

The deconvolution method of aCoelho (2018) has been implemented  using three macros in ǙſƵ ǋᶾăŪf ᷁

Deconvolution_Init , Deconvolution_Bkg_Penalty  and Deconvolution_Intensity_Penalty . The method re-

fines linear parameters only; peak intensit ies and background  parameters  ᶔ whose derivatives are 

constant, so the 0 matrix does not change .  The keyword A0_matrix_is_constant  signals this to the 

program , causing the 0 matrix to be calculated only once.  Using A0_matrix_is_constant  with 

quick_refine , approximate_A , chi2 , or non - linear parameters are being refined, will throw an excep-

tion . 

create_pks_name  is a xo_Is dependent keyword that creates a peak at each step x -axis step, with 

peak intensity parameter names prefixed by $a_name. Peaks are not created if they already exist for 

the xo_Is phase . I˅Ἅχ˜ʤἍᶪײᶫἍʈ˜ȹΡȹʈχʤΡἍ˯εἍ Θ̞ȹʈʤʓἍ˯̼̼ʤʓ˯ȹχʤ̞еἍȹ˅χʤΡἍcreate_pks_name  and if cre-

ate_pks_name  is within a macro , then the output from create_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 resembling : 

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 as arguments the x-axis position of the peak and two intensity parameter 

names  -  one at the x -axis position and one at the next. These keywords and functions are used in 

macros as follows : 

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) f itting the peaks to the dif-

fraction pattern with peak shapes fixed to expected peak shapes ; 2) creating a calculated pattern with 

a chosen peak shape , typically a peak shape comprising specimen contributions ; and 3) a final run to 

produce a deconvoluted pattern with noise. The Ƶ^ǋſᴢᶓq|fſŪᶾăŪƵ example  is ready to run, it can be 

used as a template for other deconvolution processes  and 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_ 
 RAW(.. \ ##Data_File) ' load for comparison purposes  
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 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 during step 

1. Background can be reduced by decreasing the c parameter of the Deconvolution _Bkg_Penalty 

macro; this parameter can range from 0.05 to 1. If the bases of the peaks do not match Yobs , the 

background is still too high. Steps 1 and 2 produce output XY files which are then used in step 3. The 

exclusion of LP_Factor, and similar peak scaling parameters, is important as peak intensities are used 

in a penalty inside the Deconvolution _Intensity_Penalty  macro. The deconvolution process can be 

used for all types of data including neutron 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);  
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create_pks_fn fn_name  
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 to  S0  ʒYobs_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 Sig-

maYobs  is used (tof data for example), then w _min should be reduced.  

8.1 ....... qʤʈ͔̓У͔̞Ϣχ˯͔̓ἍᶔἍǋ˯̼Ϣ̞ȹχʤʓἍΘȹχχʤΡ̓ 

A simulated pattern was created with noise using ǋăŢᶓfƾ| Ǚ|ᶾăŪƵ and the instrument contribution de-

convoluted  using ǋăŢᶓq|fſŪᶾăŪƵ; 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)  
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CS_G(300)  
Strain_L(0.05)  
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) . 
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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). 
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9.  .. ƵqÇᶓË|Ū|ƾ ǙăſŪἍ 

[xdd ...]  

[rebin_with_dx_of  !E]  

[pdf_generate  {  

[dr  !E] 

[r_max  !E]  

[gr_sst_file  ḃἍᶮÇ˯̞ʤᶯ᷄ᶁ 

[hat !E [ num_hats  !E] 

[gr_to_fq  !E] 

} ]  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵqÇᶓË|Ū|ƾ Ǚ|ᶒ 

ÇǦŗŗ|ƾ|Ū|ᶒq|fſŪʒăŪƵ 

ŗăÇ|Ƶſƾᶒq|fſŪʒăŪƵ 

ǋăŗăfſŪᶒq|fſŪʒăŪƵ 

ǙǦŪËǋǙ|Ūᶒq|fſŪʒăŪƵ 

PDF generation applies an inverse sine transform to an ideal diffraction pattern in which background 

˯εἍȹʀεʤ̓χᶽἍȹχ͔̼˯ʈἍεʈȹχχʤΡ˯̓ːἍ˅ȹʈχ͔ΡεἍȹΡʤἍʈ͔̓εχȹ̓χᶽἍȹ̓ʓἍᴟөἍȹ̓ʓἍΘʤȹ̕Ἅε˜ȹΘʤεἍȹΡʤἍεе̼̼ʤχΡ˯ʈᶾἍǙ˜ʤἍχȹε̕Ἅ˯εἍ

therefore to correct real data to match this ideal pat tern as closely as possible. Corrections include 

background determination, atomic scattering factors (for X - ray data), Lorentz polarisation, and peak 

shape asymmetry; for details see Coelho et al. (2021). A deconvolution process similar - to that de-

scribed in section 8 is used, allowing corrections in reciprocal space for peak asymmetry, instrument 

and emission profile aberrations, Lorentz polarisation, and atomic scattering factors. The process 

comprises two operations defined in a single INP file:  

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

    1)     Generate G(r) -  (Operation 1)  

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

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

1.2)      Fit a polynomial to Ideal (Q) and save F(Q) = Ideal (Q) ᵵ 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 are performed with 

num_runs  set to 4.  

9.1 ....... ƵqÇᶓËʤ̓ʤΡȹχ˯̓ːἍᶓἍŗ˯ÇʤƵſᴢ 

Operation 0 fits the pattern following the deconvolution process of Coelho (2018). Lattice parameters 

are not required. A peak is placed at each data point together with a background and appropriate 

penalty functions. Approximate peak shapes from a prelimi nary peak - fitting analysis (using a stand-

ard, for example) are recommended; once determined, peak shapes are not refined. The data -entry 

section of a typical INP file (see ŗăÇ|Ƶſᴢᶒq|fſŪᶾăŪƵ) is as follows:  

Include_PDF_Generate  
' ------------------------------------------------------  
'              START USER INPUT SECTION  
' ------------------------------------------------------  
macro Data_File         { LFP_0 - 8Kcap_AgFGM_2x4soll_Eiger1D_8h.xy }  
macro Capillary_Scan    { capillary.xy }   
macro Capillary_Rebin   { 0.1 } ' Smooth the capillary scan. Zero means no smoothing.  
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#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 }    
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ª--------------------------------------------------------------  
' 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  
' ------------------------------------------------------  
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Input is required for items such as data file names. It is best to create a new directory for each data 

file. The ƵqÇᶓË|Ū|ƾ Ǚ|ᶾăŪf file, included via the Include_PDF_Generate macro, contains PDF -gener-

ation -specific macros. Capillary_Scan  is the name of the file corresponding to a scan of the empty 

capillary holder. As the capillary scan is typically collected quickly and has poor counting statistics, 

Capillary_Rebin  can be used to smooth it. Setting the #prm operation to 1 instructs the program to 

perform the fitting process. Setting use_narrow_peak_shape  to 1 uses narrow peaks in the generation 

of IdealᵽᴟөᵾἍᵽ͔ΘʤΡȹχ˯͔̓ἍᴞᶾᴝᵾᶽἍΡʤ̼͔У˯̓ːἍΘʤȹ̕ἍʀΡ͔ȹʓʤ̓˯̓ːἍȹεἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅᴟөᶾ 

9.1.1 ............. Operation 0 ᶔ Fitting peaks to the diffraction pattern  

If use_Xo_Is_phase=0 , no peak fitting is performed and hence no deconvolution; the ideal pattern is 

created using (Yobs  ᶔ Ycalc)/  (LP_Factor  <f>), where Ycalc  in this case is the background function. 

use_simple_bkg_penalty  should also be set to  1. When use_Xo_Is_phase=1, peaks are fitted. The pro-

gram internally creates peaks and places them at the position of the  xo_Is phase. lab_no_monochrom-

ator =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 parameters. 

Poly_Fluorescence  is also a n th order Chebyshev polynomial with coefficients defined by the user at 

the inp_text  fluorescence_bkg  {} construct; set this construct to blank when not using  it. LiFePO4 flu-

oresce s, and it sʟ best to use the smallest number of bkg  parameters whilst producing a good back-

ground fit. In the case of LiFePO 4, the high angle peaks seem to vanish. This means that the back-

ground 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 penalty describes the following:  

(Poly_Capillary (X2)  * Capillary _Scan(X2)  + Poly_Fluorescence (X2)  ᵵ 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 ƵqÇᶓË|Ū|ƾ Ǚ|ḚfſŢŢſŪᶾăŪf, and Poly_Fluores-

cence (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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Not ice the display of the background line as well as the small difference plot.  When rerunning, oper-

ation =0, the peaks at the xo_Is phase is not recreated if already present. It may be necessary, there-

fore, to delete the peaks at the xo_Is phase when rerunning operation =0. When use_simple_bkg_pen-

alty =0, the full background penalty is used , which relies on counting statistics. For data that does not 

obey counting statistics, the macro Scale_Yobs_By can be used to scale the observed diffraction pat-

tern. 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 Kernel can 

be viewed in ǙſƵ ǋᶾŗſËᶾ  

9.1.2  ............ Operation 1 ᶔ Generation G(r) from the fitted peaks  

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 estimate 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) = Idea l(Q) ᶔ Poly_FQ 

fq_poly  describes Poly_FQ using the Chebyshev polynomial of  bkg ; the optimum number of coeffi-

cients is difficult to determine automatically. It sʟ best to inspect the plots produced by operation 1; 

these are generated and loaded into the GUI and, using the GUI-Tiling option, we get : 
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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 LiFePO 4, 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 behav-

iour 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:  

penalty  = Bkg_at(X1)^2;  

For operation  1; intermediate pre -processed text fed to the kernel can be sent to ǙſƵ ǋᶾŗſË (or 

ǙfᶾŗſË) for viewing by setting suspend_writing_to_log_file  to 0. For the current example, ǙſƵ ǋᶾŗſË 

for the operation 1.0 part is (comments added):  
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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,  1.876623,3.066177,2.070451,6.975185, - 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  is: 

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;  

}  

9.1.3  ............ Correcting the PDF due to a zero error in reciprocal space  

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 Deconvoluted_Peak_Shape  macro.  

9.1.4  ............ Generating F(Q) from G(r) -  gr_to_fq  

The ŗăÇ|ƵſᴢᶒËƾᶓǙſᶓÇƼᶾăŪƵἍfileἍcreates 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:  
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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 reproduced F(Q) 

(in red) and the original F(Q) (in blue) has a small difference plot as seen in the following : 

 

9.1.5  ............ PDF-Generati on  -  Fullerene  

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

Include_PDF_Generate  
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' ------------------------------------------------------  
'              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   }  
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 }  
' ------------------------------------------------------  
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' 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  
' ----------------------------------------------------  

In this example , peaks are not fitted , so use_Xo_Is_phase=0  and use_simple_bkg_penalty =1. fluores-

cence_bkg  is left empty as f luorescence is absent . fit_extra  applies a penalty  equating the bkg_tot to 

the Yobs  value at the end of the diffraction pattern  (note the use of the Value_at_X ). In this example 

bkg_tot comprises a fit_obj  which corresponds to (pc0 + pc1 X)* Capillary . In this example the 

Soper_Lorch_Constant  was used to match GudrunX. The resulting G(r) for TOPAS (in red) and Gud-

runX (in Blue) is as follows:  
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10. ƵqÇἍƾ|ÇăŪ|Ţ|ŪǙ 
 

[xdd ]  θ

[pdf _data] 

[scale_phase_X1 E]  θ

[ fit _obj 1 E]  θ

[start _X #]  [ fini sh_X #]  

[rebin _with _dx_of 1 !E] 

[rebin _start _x_at !E]  

[weighting  !E] 

[Tpdf _convolute]  θ

[str ]  θ

[scale_phase_X1 E]  θ

[scale  E] 

[view _structure ] 

[rigid ]  θ

[occ _merge ˯εײ  χʤε]  θ

[pdf _scale_simple ]  

[pdf _zero 1 E]  

[pdf _ymin _on_ymax  0.001] 

[pdf _info ]  

[Tpdf _convolute]  θ

[pdf _for _pair s $sites_1 $sites_2]  θ 

[pdf _only _eq_0] 

[pdf _gauss_fwhm 1 E] 

[Tpdf _convolute] ... 

 [pdf_partial_1 $sites ]  

 [pdf_partial_2  $sites ]  

 [pdf_partial_when  !E1] 

Tpdf _convolute  

[pdf _convolute 1 E]... 

[min_X !E] 

[max_X !E]  

[convolute _X_recal  !E]  

Examples  

INP files  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵqÇᶒ 

^|Ƽᶓᴟʒ ăŪƵ 

^|Ƽᶓᴟᶓfƾ| Ǚ|ᶾăŪƵ 

^|Ƽᶓᴡʒ ăŪƵ 

^|Ƽᶓᴡᶓfƾ| Ǚ|ᶾăŪƵ 

ƵqÇᶓᴞʒ ăŪƵ 

ƵqÇᶓᴟʒ ăŪƵ 

ŗȆſᴢᶒ 

ǋǙƾǦfǙǦƾ|ᶓǋſŗǦǙăſŪᶓfƾ| Ǚ|ᶾăŪƵ 

ǋǙƾǦfǙǦƾ|ᶓǋſŗǦǙăſŪᶾăŪƵ 

ƾăËăqᶾăŪƵ 

ſffᶓŢ|ƾË|ᶓƵ^ǋſᴢᶒ 

fƾ| Ǚ|ᶾăŪƵ 

ſffᶓŢ|ƾË|ᶓǙ|ǋǙᶾăŪƵ 

ſffᶓŢ|ƾË|ᶾăŪƵ 

Data  files  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵqÇᶒ 

^|Ƽᶓᴟʒ ȐȖ 

^|Ƽᶓᴡʒ ȐȖ 

ŗȆſᴢᶒ ŗȆſᴢʒ ȐȖ 

ſffᶓŢ|ƾË|ᶓƵ^ǋſᴢᶒƵ^ǋſᴢʒ ȐȖ 

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

PDF refinement  as implemented  operate s at speed  (Coelho,  2015). PDF pattern s are treated  as an 

xdd , allowing most xdd  keyword s to be used. They can be refined  simultaneou sly with  other  xdd  

pattern  type s, including phases that are either x- ray  dependent  or independent.  Penaltie s, restraint s 

and keyword s such  as rigid , atomic _interaction , sites_geometry , sites_distance  can all be used. 

pdf _data tells the  program  that  the data set is of  G(r) type.  Let sʟ write  G(r) as: 

G(r) = s1 S(r) /  r ᶔ s2 r 
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where  r corre spond s to the x-axis, s1 and s2 are con stant s and S(r) are the pairs. pdf _scale_simple  

tells the program  to calculate  S(r)/( Np r) only.  pdf _ymin _on_ymax  define s the  min/max  value  for  the 

PDF Gaussians in- regard  to the  x-axis extent s of  the Gaussians; the default  value  of  0.001 in typically  

sufficient.  pdf _for _pair s can be used to select  site pair s using the site name, for  example:  

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

The ᶪᵳᶫ character  exclude s the O2 sequence  from  the wild  card  string , see section  18.1. Multiple  

pdf _for _pairs can be defined.  pdf _only _eq_0 inform s the parent  pdf _for _pair s that  only  equivalent  po-

sition  0 is to be con sidered.  pdf _gauss_fwhm  is used to write  the width  equation  for  the pair s selected  

by pdf _for _pairs. If  all pair s are described  by pdf _for _pairs then  the associated  beq sʟ are not  used; 

the user is informed  of  unused beq sʟ. Consider  the following  abbreviated  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 FWHM s of  the interaction s are as follow s: 

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

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

O1-O1   : Interaction s described  using beq sʟ. 

pdf _info  display s the  interaction s 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  default s offer  great  flexibility  in describing  

peak  width s. See ƵqÇᶓᴞʒ ăŪƵ, ƵqÇᶓᴟʒ ăŪƵ, ^|Ƽᶓᴡʒ ăŪƵ. 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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10.1 ..... q˯εΘ̞ȹе˯̓ːἍΘȹΡχ˯ȹ̞ἍƵqÇε 

Partial PDFs can be dynamically displayed each iteration of refinement  or at the end of refinement . 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 s ite identifying strings (see section 18.1) that may include the wild-

card character ᶪḞᶫἍand the negation character  !ᶅ .ʟ pdf_partial_when  determines when the partial pdf is 

calculat ed; the default value (non-zero ) perform s the calculation each iteration ; a value of zero defers 

the calculation to the end of refinement. The ^|ƼᶓᴟᶾăŪƵ example demonstrates this , with the resulting 

GUI plot:  

 

10.2  ..... ΘʓḚ˅͔ ̞̓еḚʤΞḚᴝἍ 

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

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

The PDF comprises interactions between all atomic pairs; by symmetry, only interactions between E0 

and the remaining atoms need be calculated. For a two -atom structure in P -1 with atoms A and B, the 

unique interactions are:  

A0-A0, A0-A1, A0-B0, A0-B1, B0-B0, B0-B1, B0-A1 
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Each interaction  can be defined  separately  using  a combination  of  beq  and pdf _for _pairs. If  the fol-

lowing  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 type s of  interaction s would  have  broadening  as follow s: 

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  distance s 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  spec ify ing  what  is being  used. Consider  three  sites A, B, C. For three  sites 

there  are (N^2+N)/2=6 type s of  atom -atom  interaction s: 

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

Each of  these can have  broadening  defined  in three  different  way s, 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  type s of  A-A interaction s: 

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)  

10.3  ..... ă̓χʤΡἍȹ̓ʓἍă̓χΡȹἍ̼͔̞ʤʈϢ̞ʤἍÇȉßŢε 

pdf_for_pairs can be used to assign different interaction types between molecules. For example, to 

set bond lengths for atom Al1 of AlVO4 at equivalent position 0 only (see ƵqÇᶓᴟᶾăŪƵ): 

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  ƵqÇᶓᴟʒ ăŪƵ therefore  become s: 

 

Notice  the 6 spike s; they  corre spond  to the Al1 bond s with  narrow  FWHMs. If  we  wanted  Al1 bond s 

that  are not  equivalent -position -0 to be different  to the beq sʟ 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 give s the following  calculated  pattern  where  we see the variou s Al1 bond s. 
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The corre sponding  output  from  pdf _info  become s: 

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  ex-

ample , the following  will  throw  an exception  as Al1-O1 is reference d 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
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10.4 ..... ă̓εχΡϢ̼ʤ̓χἍǋ˯̓ʈἍ˅Ϣ̓ʈχ˯͔̓Ἅε˯ ̓ʈᶓᴞᶾ˯̓ Θ 

In ǋăŪfᶓᴞʒăŪƵ, 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;  

ǋăŪfᶓᴞʒ ăŪƵ 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  operate s on PDF- type  phases only;  the xo_Is phase is unaffected . Note  the phase de-

pendent  use of  an emission profile  as defined  in the NoThDependence  macro.  Multiple  pdf _convo-

lute sʟ can be described  at the global , xdd , str  and pdf _for _pairs level s. Using pdf _convolute  as a de-

pendent  of  pdf _for _pair s is slower  than  at other  level s, so it should be placed outside pdf _for _pair s 

where possible . 

10.5  ..... ȉʤ˯ː˜χ˯̓ːἍ͔ Ἅ˅ƵqÇἍȹ̓ʓἍᴟᶓǙ˜ʤχȹἍχеΘʤἍʓȹχȹ 

PDF and 2q data  can  be of  very  different  inten sities; xdd _sum can be used to modifying  the  weighing  

of  these data  to give  approximately  similar  weight s 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  

10.6  ..... ǙʤεχḚʤаȹ̼Θ̞ʤεᶒΘʓᶒ˅ʀʤΞᶓᴟᶾ˯̓Θ 

^|Ƽᶓᴟᶓfƾ| Ǚ|ᶾăŪƵ generate s a simulated  pattern  for  ^|Ƽᶓᴟʒ ăŪƵ which:  

>    compri ses the structure  of  AlVO4,Ἅ 

>    3 type s of  beq  parameter s,Ἅ 

>    beq  is a function  of  X (ie. X = r) and hence  peak  width s are a function  of  X,Ἅ 

>    demon strate s the use of  pdf _zero ,Ἅ 

>    demon strate s the use of  rebin _with _dx_of  and rebin _start _x_at.Ἅ 
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10.7 ..... ǙʤεχḚʤаȹ̼Θ̞ʤεᶒΘʓᶒ˅ʀʤΞᶓᴡᶾ˯̓Θ 

^|Ƽᶓᴡᶓfƾ| Ǚ|ᶾăŪƵ generate s a simulated  pattern  for  ^|Ƽᶓᴡʒ ăŪƵἍ᷄it demon strate s the use of  

pdf _for _pairs. 

10.8  ..... ǋΘʤʤʓ˯̓ːἍϢΘἍΡʤ˅˯̓ʤ̼ʤ̓χἍЧ˯χ˜ἍΡʤʀ˯̓ḚЧ˯χ˜ḚʓаḚ͔  ˅

Increasing the x -axis step size of PDF data can speed up refinements (see ^|ƼᶓᴟᶾăŪƵ). Step sizes must 

be uniform, and the x -axis start must be an integral multiple of the step size. To increase the step 

size, rebin the data as follows:  

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

Rebinning is equivalent to collecting the data at a larger step size. All data is retained: total counts 

after rebinning equal total counts before rebinning, and the esd's associated with the data are re-

binned accordingly. rebin_start_x_at can be used to a lign the start of the data with an integral multiple 

of the step size. In ^|ƼᶓᴟᶾăŪƵ, parameters such as scale  are written in terms of the rebinned  step size, 

reflecting the change in data scaling caused by rebinning.  

10.9  ..... ƾʤ˅˯̓˯̓ːἍ͔ Ἅ̓ʀʤΞἍΘȹΡȹ̼ʤχʤΡε 

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 sharpening 

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  coordinate s, 

occupancie s, lattice  parameter s and pdf _zero  are similar.  
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10.10 ... ƾʤ˅˯̓˯̓ːἍ͔̓Ἅ qƵεἍ˯̓ἍƵqÇἍΡʤ˅˯̓ʤ̼ʤ̓χἍᶔἍǦ˯̍ἍΘȹΡȹ̼ʤχʤΡε 

siteᶿἍocc 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 re-

finement where the adps  keyword, when used, generates the ADP parameters, for example, the fol-

lowing:  

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), in which peaks are Gaussian even at 

low r. ADPs therefore correct for peak width but not asymmetry. Asymmetry does occur, however, 

and becomes noticeable when atomic displacement geometry is extreme.  

adps_scale  allows for t he scaling of the Uij  parameters , 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_scale i Ucart,i  + adp_scale j Ucart,j ) 

where U cart  is U ij in cartesian coordinates.  _v is an alternative to val_on_continue . 

10.11 .... ŢϢ̞χ˯ȹχ͔̼ἍȹΘΘΡ͔ȹʈ˜Ἅχ͔Ἅ qƵεἍ˯̓ἍƵqÇἍΡʤ˅˯̓ʤ̼ʤ̓χ 

macro ADP_5 and ADP_7  

See fileἍƵqÇᶓ qƵǋᶾăŪf 
Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƵqÇᶓ qƵǋᶒ 

ƵƵƾſȐᶓᴞᶾăŪƵ 

ÇăǙḚǙſḚËƾᶾăŪƵ 

In many cases, anisotropic displacement parameters in PDF refinement can be described using 5 or 

7 beq - type sites; we call these descriptions ADP_5 and ADP_7. ADP_5 comprises 7 parameters rather 

than the usual 6 Uij parameters. These ADP_5 parameters can be transformed into Uij parameters by 

fitting Uij  parameters to a pattern generated from the ADP_5 parameters. The fit is reasonable given 

that the Uij model has only 6 parameters. Some main points when using ADP_5 in PDF refinement:  
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>    Number of ADP parameters become 7 instead of 6.  

>    Broadening due to ADPs in G(r) is implied.  

>    Asymmetry at low r is implied.  

>    This approach works in Version 7 (albeit slower) . 

At low r, asymmetry is difficult to model, but the ADP_n  approach captures it implicitly. 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 ƵqÇᶓ qƵǋᶾăŪf contains the macros needed to describe ADP_7. 

ƵƵƾſȐᶓᴞᶾăŪƵ demonstrates the ADP_7 approach's ability to describe Uij models in reciprocal space. 

It has three modes of operation:  

>    CREATE_USING_unns: creates a simulated single crystal pattern from normal unn parameters for 

one atom. neutron_data  is to negate the effects of atomic scattering factors.  

>    FIT_USING_ADPs_5: fits to the simulated pattern using the ADPs -5 approach. This refinement 

then saves the calculated ADPs -5 pattern created to a file called ǋăŢᶓᴟᶾßōŗ. 

>    DETERMINE_unns_FROM_ADPs_5: fits normal unn parameters to ǋăŢᶓᴟᶾßōŗ.  

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 pa-

rameters 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_5 operation, show good agreement with 

the original values. The FIT_USING_ADPs_5 operation produces a fit that looks like:  
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A further extreme example is:  

   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:  

 

10.11.1.1 ......... Multiatom approach to ADPs ᶔ fitting to G(r) patterns  

This section generates a reciprocal space pattern using Uij parameters, it then generates a G(r) pat-

tern from the simulated data, and fits to G(r) using either ADP_5 or Uij parameters. A reciprocal space 

pattern is then simulated using the fitted ADP_5 parameters, and the loop is completed by fitting Uij  

parameters to that reciprocal space pattern. The final Uij parameters should match the original Uij 

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, in sequence; they should be self -explanatory. The main 

point is that the sine transform pattern created using generate_Gr_created_from_sine_transform ex-

hibits asymmetry, whereas the calculated G(r) created using gen erate_Gr_calc_using_Uij does not. 

The former can be considered the "true" G(r) pattern. Also important is that the pattern created using 

generate_Gr_created_from_sine_transform is generally better fit using ADP_5 (or ADP_7) than using 

Uij parameters ( ADPs_fit_to_Gr_created_from_sine_transform). The reason is that the latter does not 

account for asymmetry.  
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10.12 ... ƵqÇἍʓȹχȹᶽἍǋχΡϢʈχϢΡʤἍǋ͔̞Ϣχ˯͔̓ᶽἍǋ˯̼Ϣ̞ȹχʤʓἍ̓̓ʤȹ̞˯̓ː 

ƵqÇᶒ ŗȆſᴢᶒǋǙƾǦfǙǦƾ|ᶓǋſŗǦǙăſŪᶓfƾ| Ǚ|ᶾăŪƵ create s a simulated  pattern  for  ǋǙƾǦfǙǦƾ|ᶓǋſŗǦᶓ

ǙăſŪᶾăŪƵ. It sʟ a simulated  annealing  refinement  with  all coordinate s starting  at zero  and with  anti -bump  

penaltie s 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 is smaller than in reciprocal space, as in normal 

Rietveld refinement. This is because, in the PDF case, coordinates change peak positions rather than 

peak intensities, and the former has a narrower 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.  

10.13 ... ƾ˯ː˯ʓἍʀ͔ʓ˯ʤεἍЧ˯χ˜ἍƵqÇἍʓȹχȹ 

ƵqÇᶒ ŗȆſᴢᶒƾăËăqᶾăŪƵ operate s on simulated  data  created  by  ǋǙƾǦfǙǦƾ|ᶓǋſŗǦǙăſŪᶓfƾ| Ǚ|ᶾăŪƵ. It 

demon strate s the use of  rigid  bodie s with  PDF data.  

10.14 ... ſʈʈϢΘȹ̓ʈеἍ̼ʤΡː˯̓ːἍЧ˯χ˜ἍƵqÇἍʓȹχȹ 

ƵqÇᶒſffᶓŢ|ƾË|ᶓƵ^ǋſᴢᶒſffᶓŢ|ƾË|ᶾăŪƵ operate s on simulated  data  created  by fƾ| Ǚ|ᶾăŪƵ. It demon-

strate s the use of  occ _merge  with  PDF data.  

10.15 ... |ΞϢ˯Уȹ̞ʤ̓ʈʤἍ͔ Ἅ˅ΘʓḚ˅ː ȹϢεεḚ˅ Ч˜Ἅ̼ȹ̓ʓἍʀʤΞἍ˅͔ΡἍ͔̓ʤἍȹχ͔Ἅ̼χеΘʤ 

ƵqÇᶒǋăᴞʒ ăŪƵ compri ses an option  to use beq  or pdf _gauss_fwhm . For the beq  case we have : 

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 atom s are of  the same type . 
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11. . ǋǙ fōăŪËἍÇ ǦŗǙǋ 
 

[site $name]...   

[ layer  $layer]   

[stack  $layer]...   

[sx E] [sy E] [sz E]  

[generate _these $sites]  

[generate _name_append  $append _to_site_name]  

The supercell 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. Structure 

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. generate_these  generates the sites found 

in $sites for the stack , with coordinates reflecting the original $sites positions plus the stacking vector. 

generate_name_append  appends $append_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, so speed is not affected. The dummy sites allow for graphical display of the layers, 

i.e. 

 

Importantly , penaltie s can operate  on dummy  sites which  allow  for  restraint s such  as Distance _Re-

strain . The following  rules govern  the behavio ur of  sites marked  with  layer : 

A site marked  with  layer  cannot  take  part  in restraint s. 

A site marked  with  layer  is not  displayed  graphically.  

A site generated  using generate _these can take  part  in restraint s. 

A site not  marked  with  layer  can take  part  in restraint s. 

For example :  

space _group  P1 
site  O1 ...  layer  A 
site  O2 ...  layer  A 
stack  A 
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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 Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǋǙ fōăŪËᶓÇ ǦŗǙǋᶒō ſŗăŪăǙ|ᶾăŪƵ show s how  to simplify  the setting  up of  layer s 

with  the use of  simple  macro s. Speed  of  calculation  for  structure  factor s is very  fast, and the deriva-

tive s of  the stacking  vector s {  sx, sy, sz }  are very  fast. The main  bottle  neck  in speed  is summing  the 

peaks to Ycalc . The switch  #ɲdefine  Speed  ɳin ō ſŗăŪăǙ|ᶾăŪƵ show s keyword s that  can speed  thing s 

up in the early  stages of  determining  the stacking  vector s. 

11.1 ...... Ç˯χχ˯̓ːἍχἍ͔ȹἍqʤʀеʤᶓ˅ ͔Ρ̼Ϣ̞ȹʤἍΘȹχχʤΡ̓ἍϢε˯̓ːἍᶅεχȹʈ̕ᶫ 

A test pattern was generated using the Debye scattering equation. The structure comprised a single 

atom in an orthorhombic unit cell with 40 layers (40×40×40 unit cells) in the a -b plane, shifted ac-

cording to {Round(Rand(0,2))/3, Round(Rand(0,2))/3, 0}. Th e blue line below is the generated pattern, 

comprising the average of 30 runs of the Debye scattering equation. The red line corresponds to a 

Rietveld fit of 6 supercell structures (1×1×40), showing that the supercell approach is a good approx-

imation to th e Debye formula for this example.  

 

 

The example ǋǙ fōăŪËᶓÇ ǦŗǙǋᶒq|^Ȗ|ᶓŪ|ȉᶾăŪƵ corresponds to the Rietveld fit using the layer  and 

stack  keywords. The q|^Ȗ|ᶓſŗqᶾăŪƵ 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 -con suming  bottleneck s dealt  with:  

1)     Summing  peaks to Ycalc  
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2)    Calculating  structure  factor s for  the stacked  layer s 

The phase dependent  [del_approx  #]  group s peaks from  the  peaks buffer  whil st summing  peaks to 

Ycalc ; the peaks are grouped  such  that  their  2Th position s all lie within:  

(ᶔdel_approx   Peak_Calculation _Step ) <  2 Th <  (del_approx  Peak_Calculation _Step ) 

Once the group is found, only the two peaks with the smallest and largest 2Th are kept. The in -be-

tween peaks have their intensities apportioned to the kept peaks. The peak -buffering routines have 

also been optimized for both accuracy and speed. The followi ng points should be noted when working 

with large supercells:  

>    The layer  and stack  keyword s increa se computational  speed  and reduce  memory  usage. 

>    del_approx  increa se computation  speed  at a relatively  small cost to accuracy;  a value  between  1 

and 3, dependent  on Peak_Calculation _Step , is typically  acceptable.  

>    The graphical  display  of  10s of  1000s of  hkl  tick s (there  are 51584 hkls in each  phase of  the q|ᶓ

^Ȗ|ᶓŪ|ȉᶾăŪƵ) is time  con suming;  turning  the graphical  hkl - tick s option  Off  is worthwhile.  

11.2 ...... Ç˯χχ˯̓ːἍχἍ͔ōȹ͔̞˯̓˯χʤἍʓȹχȹ 

ǋǙ fōăŪËᶓÇ ǦŗǙǋᶒō ſŗăŪăǙ|ᶾăŪƵ demon strate s the application  of  stack  and layer : 

 

In this example  the stacking  vector s are refined  in a simulated  annealing  proce ss. 
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11.3...... ǋχȹʈ̕˯̓ːἍ˅ȹϢ̞χεἍȹ̓ʓἍːʤ̓ʤΡȹχ˯̓ːἍεʤΞϢʤ̓ʈʤεἍ͔ Ἅ˅̞ ȹеʤΡε 

 

[generate _stack _sequence s] {  

[number _of_sequence s !E] 

[number _of_stack s_per_sequence  !E] 

[save_sequence s $file]  

[save_sequence s_as_strs $file]  

[user_defined_starting_transition $transi-

tion_name ] 

[ layer s_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  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǋǙ fōăŪËḚÇ ǦŗǙǋᶒ 

ÇăǙᶓᴞʒ ăŪƵ 

ÇăǙᶓᴟʒ ăŪƵ 

ÇăǙᶓᴡʒ ăŪƵ 

ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|ᶒ 

fƾ| Ǚ|ᶓǋ|ƼǦ|Ūf|ǋᶾăŪƵ 

ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|ᶾăŪƵ 

ÇăǙᶓǙſᶓƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|qᶾăŪƵ 

ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|qᶓᴟᴝᴝᶓᴟᴝᴝᴝʒȐȖ 

ǋǙƾǋᶓᴟᴝᴝᶓᴟᴝᴝᴝʒǙȐǙ 

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 { ... } corre-

spond to a block within which keywords local to generate_stack_sequences  can be used; outside the 

braces, these keywords cannot be used. After the sequences are generated, Get(generated_c) is up-

dated with the average thickness of the generated sequences and can be used to set the c lattice 

parameter.  

On termination of refinement, num_unique_vx_vy  reports the number of unique { sx, sy} stacking vec-

tor coordinates for all layer types. transition  defines a "from" transition with the name $transi-

tion_name; the transition uses the layer defined in use_layer . to defines the "to" transition; $to_tran-

sition_name must be a defined $transition_name. n returns the number of transitions generated for 

the corresponding " to" transition. height  can be used instead of the z_add keyword. ta, tb define the 

stacking vector's x and y coordinates in terms of the crystallographic a and b axes. a_add, b_add 

define the stacking vector's x and y coordinates relative to the previous stacking vector, in terms of 

the crystallographic a and b axes. tz  defines the stacking vector's z coordinate along the crystallo-

graphic c axis, in Å. add_z defines the stacking vector's z coordinate along the crystallographic c axis, 

in Å, relative to the previous stacking vector.  

user_defined_starting_transition : if used , stacking begins at the transition  named $transition_name ; 

otherwise, stacking begins at the transition  with the greatest probability according to the probability 



Stacking faults 123 

 

123  Stacking faults 

 

density matrix.  layer_tol  corresponds to q of Fig. 1 in the paper (Coelho, 2016); it describes the termi-

nation condition when generating the stacking sequence.  

11.3.1 ........... Generating  the  same  stacking  sequences  each  run  

seed  can be used to seed t he random number generator : 

seed  #number  

The same value for #number generates identical sets of stacking sequences ; this  is useful when 

changes in R wp  that exclude stacking -sequence variation is required . 

11.3.2 .......... The  SF_Smooth  macro  

Stacking  faulted  calculated  pattern s can contain  ripple s when  peak  shapes are small or when  there  

are too  few  stacked layer s. The SF_Smooth  macro , defined  in ǙſƵ ǋᶾăŪf smooth s these ripple s such  

that  small supercell s can approximate  large  supercell s; this increa ses computation al speed  and re-

duce s memory  usage.  All stacking  fault  example s use SF_Smooth ; typical  usage is: 

SF_smooth(@,  1,  1)  

The refined parameter adjusts the width of a Gaussian convolution that depends on the hkl and inten-

sity of the reflections. The last argument (the "1") can be used to adjust the tolerance of 

peak_buffer_based_on  which is used withi n the SF_Smooth macro; the latter is defined as:  

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

Reducing  s increa ses the number  of  peaks in the peaks buffer  and increa ses the accuracy  of  the 

calculated  pattern.  s=1 is typically  sufficient.  

11.3.3 .......... Fitting  to  DIFFaX test  diamond  data  

ÇăǙᶓᴞʒ ăŪƵ uses generate _stack _sequence s to fit  data  generated  from  the DIFFaX suite  (Treacy , 1991); 

the segment  that  generate s the sequence s are: 

   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 value s as follow s: 
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prm !pa _gen  = (n1+n3)/(n1+n2+n3+n4);  :  0.699974874  

The fit  to the DIFFaX data  look s like:  

 

11.3.4 .......... Stacking  faults  from  layers  of  different  layer  heights  

Layer s of  different  thickne sses can be accurately  modelled . HʤΡʤᶫs a fit  to simulated  data  (ÇăǙᶓᴟʒ ăŪƵ) 

for  height s from two  layer s 5 and 6Å. 

 

11.3.5 .......... Rietveld -Generated  example  

Files in the ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ| directory  can be used to generate s tacking  faulted  test pattern s, which 

can then  be refined  against. fƾ| Ǚ|ᶓǋ|ƼǦ|Ūf|ǋᶾăŪƵ create s the INP- format  stacking  sequence s and 

place s the  result  in the  file  ǋǙƾǋᶓᴟᴝᴝᶓᴟᴝᴝᴝʒǙȐǙ. The file  ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|ᶾăŪƵ can be used to create  

the test pattern  ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|qᶓᴟᴝᴝᶓᴟᴝᴝᴝʒȐȖ. This test pattern  can be fitted - to using ÇăǙᶓǙſᶓ

ƾă|ǙȆ|ŗqᶓË|Ū|ƾ Ǚ|qᶾăŪƵ; this INP file  uses generate _stack _sequence s and demon strate s the accu-

racy  and speed  of  the stacking  fault  averaging  procedure.  The fit  to the Rietveld  generated  stacking  

faulted  pattern  look s like  this : 

Fit-1.INP, Fitting to DIFFaX test diamond data
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Fit-2.INP, Fitting to test data created with different layer heights
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11.3.6 .......... Refining  on  layer  heights  

Layer heights can be refined by refining parameters that are a function of the add_z or height  key-

words. The ÇăǙᶓᴡᶾăŪƵ example refines three height parameters, as well as the z fractional atomic co-

ordinates of the sites comprising the layers. It also lists six types of transitions operating on three 

unique layer types; the transitions point to the unique layer types using use_layer . The c lattice pa-

rameter is defined and refined as follows:  

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

Get(generated _c) is also used to initialize  the z fractional  coordinate s: 

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  look s like:  

 

Fit-to-Rietveld-Generated.INP
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Fit-3.INP, Refining on stacking vector and structural parameters
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12. ƼǦ ŪǙăǙ ǙăȆ|ἍŪ ŗȖǋăǋ 
 

[xdd ]...  

[mixture _MAC #]  

[mixture _density_g_on_cm3 #]  

[weight _percent _amorphou s !E] 

[elemental _compo sition ] 

[element _weight _percent  $atom  $Name #]...  

[element _weight _percent _known  $atom  #]...  

[prm  = Get(sum_smvs)...]  

[prm  = Get(mixture_MAC)  θ]   

[prm  = Get(mixture_density_g_on_cm3)   θ]  

[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_minu s_this)... ] 

[prm  = Get_Element _Weight(atom) ... ]  

[Known_Weight_Percent  (#)]  

[Apply_Brindley_Spherical_R_PD(& R, & PD) ]  

[Phase_LAC_1_on_cm(#)]  

[Phase_LAC_Eqn_1_on_cm] 

[Phase_LAC_1_on_cm(u)]  

[Phase_Density_g_on_cm3(#)]  

Example s in Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƼǦ ŪǙ 

12.1 ...... ǋϢ̼̼ȹΡеἍ͔˅ἍƼϢȹ̓χἍʤаȹ̼Θ̞ʤε 

ƼǦ ŪǙᶓᴞᶾăŪƵ shows the use of element _weight _percent _known  etc.  

ƼǦ ŪǙᶓᴟᶾăŪƵ uses the Known _Weight _Percent  macro  

ƼǦ ŪǙᶓᴡᶾăŪƵ uses elemental constraint using Get_Element _Weight  

ƼǦ ŪǙᶓᴢᶾăŪƵ uses Known _Weight _Percent  on a hkl_Is phase.  

ƼǦ ŪǙᶓᴣᶾăŪƵ uses a dummy _str  to describe an amorphous phase  

ƼǦ ŪǙᶓᴥᶾăŪƵ uses a hkl_Is phase; links a dummy _str  to the hkl_Is phase.  

ƼǦ ŪǙᶓᴦᶾăŪƵ 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.  
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The QUANT implementation is  largely  written using the TOPAS symbolic system. Dependencies are 

determined automatically, and unnecessary calculations kept to a minimum. ƼǦ ŪǙᶓᴞᶾăŪƵ uses many 

of the above keywords, and additionally writes equivalent terms in the form of equations, for example:  

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  

12.2 ..... |̞ʤ̼ʤ̓χȹ̞ἍЧʤ˯ː˜χἍΘʤΡʈʤ̓χἍʈ͔̓εχΡȹ˯̓χ 

If an elemental weight percent is known, and three phases of the mixture comprised this known ele-

ment, then Get_Element_Weight could 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 fir st 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 SMV of the current phase. ƼǦ ŪǙᶓᴡᶾăŪƵ 

demonstrates this constraint with good convergence; it comprises four phases, three of which com-

prise Zr atoms. ƼǦ ŪǙᶓᴟᶾăŪƵ 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));  
}  
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12.3  ..... |̞ʤ̼ʤ̓χȹ̞Ἅʈ͔̼Θ͔ε˯χ˯͔̓Ἅȹ̓ʓἍƾʤεχΡȹ˯̓χε 

The xdd  dependent  element al_compo sition  report s on the elemental  compo sition  of atom s within  the 

structure s of  the xdd , for  example : 

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  element al_weight _percent  return s the weight  percent  of  an element  within  the  

corre sponding  str sʟ of  the  xdd . ExampleἍusage  ᷁

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  show s a known  value  of  65 

(set for  example  by XRF results). The refinement  obey s the restraint  according  to the value  set for  

penaltie s_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 Cᶅubic _Zirconia _wt _ΘʤΡʈʤ̓χᶫ which  is given  to weight _percent . 

12.4  ..... ̼͔ΡΘ˜͔ϢεἍΘ˜ȹεʤἍʈ͔̼Θ͔ε˯χ˯͔̓ 

If  spiked _phase_measured _weight _percent  is defined , elemental _compo sition  will  report  on Rietveld  

value s, Corrected  value s, and value s from  the original  un-spiked  sample.  If  element _weight _per-

cent _known  keyword s are defined , then  elemental _compo sition  will  additionally  report  on the ele-

mental  content s of  the  amorphou s phase, for  example , from  ƼǦ ŪǙᶓᴞʒ ăŪƵ we  have:  

elemental _composition  
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{  
             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  

}  

The "Rietveld" and "Corrected" columns correspond to elemental weight percents as determined for 

the spiked phase; the "Original" and "Other" columns correspond to elemental weight percents of the 

original phase. The "Rietveld", "Corrected", and "Original"  columns sum to 100%. The last row of the 

"Corrected" column (purple number) corresponds to Get( weight_percent_amorphous ). The last row 

of the "Other" column (red number) is the amount of sample that is undefined; it is the number in 

green minus the elements of the "Other" column. Note the zeros for Al (blue number); this is because 

the spiked phase (dummy test data) is the  only phase containing Al.  

12.5 ..... Ǧε˯̓ːἍȹἍʓϢ̼̼еḚεχΡἍΘ˜ȹεʤἍχἍ͔ʓʤεʈΡ˯ʀʤἍȹ̼͔ΡΘ˜͔ϢεἍʈ͔̓χʤ̓χ 

If  it  is known  that  the  amorphou s content  (purple  number)  in the  above  table  compri ses a known  

compo sition , say TiO2, then  a dummy _str can be used to describe  the amorphou s content , thus : 

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_str 's  that are void of MVW take no part in quantitative analysis. However, if its lattice param-

eters and chemistry correspond to a real structure, then Mixture_LAC_1_on_cm and phase_LAC can 

be correctly calculated. When using the Brindley correction, these changed values will affect the 

quantitative results. The space group entry can differ from 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  

}  
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Note  that  the Oᶅχ˜ʤΡᶫ row  become s zero  as the amorphou s content  is now assigned  to the dummy _str. 

The change s in mixture  value s are: 

Without  dummy _str: 

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

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 elemental weight percent for O in the amorphous content reflects the fact that the meas-

ured XRF value for O is lower than the refine d value (this example is for testing purposes; the XRF 

values here are fictitious).  

12.6  ..... ƼϢȹ̓χἍϢε˯̓ːἍ̃̕Ḛ̞ăεἍ͔ΡἍ͔χ˜ʤΡἍ͔̓ᶓ̓εχΡἍΘ˜ȹεʤε 

dummy_str 's can be used to represent the quantitative results arising from non -str phases. For ex-

ample, consider a phase where the structure is unknown , but the chemistry is known. If a calibration 

constant has been determined relating the hkl_Is intensities to the scale  parameter of the hkl_Is phase, 

a dummy_str  can be written as follows (see ƼǦ ŪǙᶓᴥᶾăŪƵ): 

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  



Quantitative Analysis 131 

 

131  Quantitative Analysis 

 

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 resembling 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 the scale  parameter of the hkl_Is phase. 

ƼǦ ŪǙᶓᴦᶾăŪƵ is 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, ƼǦ ŪǙᶓᴦᶾăŪƵ produces:  

 

 

Here, the blue line corre spond s to the dummy _str, which  plot s the calculated  pattern  of  the linked  

fit _obj , which  in turn  compri ses a user_y object.  The weight  percent  value  determined  by the 

dummy _str is also displayed.  

12.7 ..... |аχʤΡ̓ȹ̞Ἅεχȹ̓ʓȹΡʓἍ̼ʤχ˜͔ʓ 

The method  of  O Cʟonnor  and Raven  (1988) has been  implemented  in both  GUI and Launch  mode s 

using the macro s (see Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒōᶓÇ fǙſƾ):  

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  

}  
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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_;  
}  

}  

12.8  ..... ƼǦ ŪǙἍōʤеЧ͔Ρʓε 

ᵿcell _mass ᵳ|ᶁἍᵿcell _volume  ᵳ|ᶁἍᵿweight _percent  ᵳ|ᶁἍ 

ᵿspiked _phase_measured _weight _percent Ἅᵳ|ᶁἍᵿcorrected _weight _percent Ἅᵳ|ᶁ 

cell _mass  ʑcell _volumeἍȹ̓ʓἍweight _percent Ἅʈ͔ΡΡʤεΘ͔̓ʓἍχἍ͔χ˜ʤἍϢ̓˯χἍʈʤ̞̞Ἅ̼ ȹεεʑἍУ͔̞Ϣ̼ʤἍʑȹ̓ʓἍЧʤ˯ː˜χἍ

ΘʤΡʈʤ̓χᶾἍspiked _phase_measured _weight _percent Ἅʓʤ˅˯̓ʤεἍχ˜ʤἍЧʤ˯ː˜χἍΘʤΡʈʤ̓χἍ͔ Ἅ˅ȹἍεΘ˯̕ʤʓἍΘ˜ȹεʤἍʒ

ăχἍ˯εἍϢεʤʓἍʀеἍχʤ̃ἍxddἍʓʤΘʤ̓ʓʤ̓χἍweight _percent _amorphou sἍχἍ͔ʓʤχʤΡ̼˯̓ʤἍȹ̼͔ΡΘ˜͔ϢεἍЧʤ˯ː˜χἍΘʤΡᶓ

ʈʤ̓χᶾἍſ̓ ̞еἍ͔̓ʤἍΘ˜ȹεʤἍΘʤΡἍxdd Ἅ˯εἍȹ̞̞͔ЧʤʓἍχἍ͔ʈ͔̓χȹ˯̓Ἅspiked _phase_measured _weight _percent Ἅʒcor-

rected _weight _percent Ἅ˯εἍχ˜ʤἍЧʤ˯ː˜χἍΘʤΡʈʤ̓χἍȹ˅χʤΡἍʈ͔ἐ˯ ʓʤΡ˯̓ːἍȹ̼͔ΡΘ˜͔ϢεἍʈ͔̓χʤ̓χἍȹεἍʓʤχʤΡ̼˯̓ʤʓἍ

ʀеἍweight _percent _amorphou s ἍʒǙ̃ ʤἍЧʤ˯ː˜χἍ˅ Ρȹʈχ˯͔̓ἍЈͪ Ἅ˅ ͔ΡἍΘ˜ȹεʤἍͪἍ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

ύ
ὗ

В ὗ
 

Ч̃ ʤΡʤἍἍŪͪἍḃἍŪϢ̼ʀʤΡἍ͔ Ἅ˅Θ˜ȹεʤεʒ 

ƼͪἍḃἍǋͪŢ Ȇͪͪᶏ̂  ͪ

ǋͪἍḃἍƾ˯ ʤχУʤ̞ʓἍεʈȹ̞ʤἍ˅ȹʈχ͔ΡἍ˅ ͔ΡἍΘ˜ȹεʤἍͪ  ʒ

Ţ ἍͪḃἍǦ̓ ˯χἍʈʤ̞̞Ἅ̼ ȹεεἍ˅͔ΡἍΘ˜ȹεʤἍͪ  ʒ

ȆͪἍḃἍǦ̓ ˯χἍʈʤ̞̞ἍУ͔̞Ϣ̼ʤἍ˅͔ΡἍΘ˜ȹεʤἍͪ  ʒ

^ͪἍḃἍ̂Ρ˯̓ʓ̞ʤеἍʈ͔ΡΡʤʈχ˯͔̓Ἅ˅͔ΡἍΘ˜ȹεʤἍͪ  ð

Ǚ̃ ʤἍ̂Ρ˯̓ʓ̞ʤеἍʈ͔ΡΡʤʈχ˯͔̓Ἅ˯εἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅brindley _spherical _r_cmἍȹ̓ʓἍχ˜ʤἍΘ˜ȹεʤἍȹ̓ʓἍ̼ ˯аχϢΡʤἍ̞ ˯̓ʤȹΡἍ

ȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χε᷄Ἅχ˜ʤἍ̞ ȹχχʤΡἍχЧἍ͔ȹΡʤἍ˯Ἅ̓χϢΡ̓Ἅ˅ Ϣ̓ʈχ˯͔̓εἍ͔ Ἅ˅phase_MACἍȹ̓ʓἍmixture _MACἍΡʤᶓ

εΘʤʈχ˯Уʤ̞еἍʑ͔ Ρʑ 

^ͪἍ˯εἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ ˅Ἅ᷁ᵽŗ fΘ˜ȹεʤ-Ţ f̼˯аχϢΡʤᵾἍbrindley _spherical _r_cm 

ŗ fΘ˜ȹεʤἍ ḃἍ̞ ˯̓ʤȹΡἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χἍ͔ Ἅ˅Θ˜ȹεʤἍͪ ἍʑΘȹʈ̕˯̓ːἍʓʤἐ˯ χеḃᴞʒ 

Ţ f̼˯аχϢΡʤḃἍ̞ ˯̓ʤȹΡἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χἍ͔ Ἅ˅χ˜ʤἍ̼ ˯аχϢΡʤἍʑΘȹʈ̕˯̓ːἍʓʤἐ˯ χеḃᴞʒ 

Ǚ̃ ε˯Ἅ̼ ȹ̕ʤεἍ̂ ἍͪȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍЧʤ˯ː˜χἍ˅ Ρȹʈχ˯͔̓εἍЈͪ Ἅ͔ Ἅ˅ȹ̞̞ἍΘ˜ȹεʤεἍȹ̓ʓἍχ˜ϢεἍЈͪἍȹεἍЧΡ˯χχʤ̓Ἅȹʀ͔УʤἍ

ʈȹ͔̓̓χἍʀʤἍε͔ ̞УʤʓἍȹ̓ȹ̞еχ˯ʈȹ̞̞еᶾἍǋϢʀεʤΞϢʤ̓χ̞еἍЈͪ Ἅ˯εἍε͔ ̞УʤʓἍ̓Ϣ̼ʤΡ˯ʈȹ̞̞еἍϢε˯̓ːἍȹ̓Ἅ˯χʤΡȹχ˯УʤἍΘΡ͔ʈʤʓϢΡʤἍʒ 

ᵿmixture _density_g_on_cm3Ἅᶍᶁ 

fȹ̞ʈϢ̞ȹχʤεἍχ˜ʤἍʓʤἐ˯ χеἍ͔ Ἅ˅χ˜ʤἍ̼ ˯аχϢΡʤἍȹεεϢ̼˯̓ːἍȹἍΘȹʈ̕˯̓ːἍʓʤἐ˯ χеἍ͔ Ἅ˅ᴞʑἍεʤʤἍȹε̞͔Ἅmixture _MAC  ʒ
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ᵿmixture _MACἍᶍᶁ 

fȹ̞ʈϢ̞ȹχʤεἍχ˜ʤἍ̼ ȹεεἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χἍ˯Ἅ̓ʈ̼ᴟᶏἍː˅ ͔ΡἍȹἍ̼ ˯аχϢΡʤἍȹεἍ˅͔̞̞͔Чε᷁ 

‘

”

‘

”
 ύ 

Ч˜ʤΡʤἍЈːἍȹ̓ʓἍᵽm ᶏrᵾːἍ˯εἍχ˜ʤἍЧʤ˯ː˜χἍΘʤΡʈʤ̓χἍȹ̓ʓἍphase_MACἍ͔ Ἅ˅Θ˜ȹεʤἍːἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍ|ΡΡ͔ΡεἍȹΡʤἍΡʤᶓ

Θ͔ΡχʤʓἍ˅ ͔ΡἍphase_MACἍȹ̓ʓἍmixture _MAC ἍʒǙ̃ ʤἍ˅ ͔̞̞͔Ч˯̓ːἍʤаȹ̼Θ̞ʤἍʈȹ̞ʈϢ̞ȹχʤεἍΘ˜ȹεʤἍȹ̓ʓἍ̼ ˯аχϢΡʤἍ

̼ȹεεἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεʒ 

xdd  ...  
mixture _MAC 0 
str  ...  

phase _MAC 0 

Ǚ̃ ʤἍ̼ ȹʈΡ͔εἍMixture _LAC_1_on_cm ἍʑPhase_LAC_1_on_cm,Ἅȹ̓ʓἍPhase_Density_g_on_cm3Ἅʈȹ̞ʈϢᶓ

̞ȹχʤεἍχ˜ʤἍ̼ ˯аχϢΡʤἍȹ̓ʓἍΘ˜ȹεʤἍ̞ ˯̓ʤȹΡἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍᵽ˅͔ΡἍȹἍΘȹʈ̕˯̓ːἍʓʤἐ˯ χеἍ͔ Ἅ˅ᴞᵾἍȹ̓ʓἍΘ˜ȹεʤἍ

ʓʤἐ˯ χеἍʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

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

Phase _Density _g_on_cm3(0)  
Phase _LAC_1_on_cm(0)  

|ΡΡ͔ΡεἍ˅ ͔ΡἍχ˜ʤεʤἍΞϢȹ̓χ˯χ˯ʤεἍȹΡʤἍȹε̞͔Ἅʈȹ̞ʈϢ̞ȹχʤʓᶾἍŢȹεεἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍ͔ ʀχȹ˯̓ʤʓἍ˅ Ρ͔Ἅ̼ŪăǋǙἍ

ȹχἍhttp://phy sics.nist.gov/ PhysRefData/ XrayMassCoefἍȹΡʤἍϢεʤʓἍχἍ͔ʈȹ̞ʈϢ̞ȹχʤἍmixture _MACἍȹ̓ʓἍ

phase_MAC Ἅʒ 

Ἅᵿphase_MACἍᵳ|ᶁ 

fȹ̞ʈϢ̞ȹχʤεἍχ˜ʤἍ̼ ȹεεἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χἍ˯ Ἅ̓ʈ̼ᴟᶏἍː˅ ͔ΡἍχ˜ʤἍʈϢΡΡʤ̓χἍΘ˜ȹεʤἍʒǋʤʤἍʓʤεʈΡ˯Θχ˯͔̓Ἅ˅ ͔ΡἍ

mixture _MAC  ʒ

ᵿweight _percent _amorphou sἍᵳ|ᶁ 

qʤχʤΡ̼˯̓ʤεἍχ˜ʤἍȹ̼͔ΡΘ˜͔ϢεἍʈ͔̓χʤ̓χἍ˯ Ἅ̓ȹἍεȹ̼Θ̞ʤᶾἍǙ̃ ʤἍΘ˜ȹεʤἍʓʤΘʤ̓ʓʤ̓χἍspiked _phase_meas-

ured _weight _percent Ἅ̓ ʤʤʓεἍχἍ͔ʀʤἍʓʤ˅˯̓ʤʓ ʒ

http://physics.nist.gov/PhysRefData/XrayMassCoef
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13. Ţ ËŪ|ǙăfἍǋǙƾǦfǙǦƾ|Ἅƾ|ÇăŪ|Ţ|ŪǙ 
 

[str ]...  

[mag_only _for _mag_sites] 

[mag_space _group  $symbol]  

[site]...  

[mlx E] [mly  E] [mlz  E] [mg E] 

[mag_only ]  

'  Site dependent  macro s 

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)  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒ 

 Ţ ËᶓᴟᶾăŪƵ 

 Ţ ËᶓſŪŗȖᶾăŪƵ 

 Ţ ËᶾăŪƵ 

 Ţ Ëŗ ŢŪſᴡḚŢ ËŪ|ǙăfᶾăŪƵ 

 ſffᶓŢ|ƾË|ᶾăŪƵ 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒŢ Ëᶒ ŗᴟ 

 Ç|ᴡfᴣᴞᴥᴨᴢƵƾŢᶓŢ ËŪḚŢſŪſōŗăŪᶾăŪƵ 

 Ç|ᴡfᴣᴞᴥᴨᴢƵƾŢᶓŢ ËŪḚſƾǙßᶾăŪƵ 

 Ç|ᴡfᴣᴞᴥᴨᴢƵƾŢᶓŢ ËŪḚǙƾăōŗăŪᶾăŪƵ 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒŢ ËᶒňſßŪ|Ȇ Ūǋ 

 ňǋſ|ḚÇăǙḚffᴟfḚǙſÇǦŗŗƵƾſÇŢſŪſḚᴝᴞᶾăŪƵ 

 ňǋſ|ḚÇăǙḚffᴟfḚǙſƵᴞſƾǙßſḚᴝᴞᶾăŪƵ 

 ňǋſ|ḚÇăǙḚƵᴞḚǙſÇǦŗŗƵƾſÇǙƾăfḚᴝᴞᶾăŪƵ 

Thanks to Branton  Campbell  and John Evans for  expert  assistance  during  the implementation  of  mag-

netic  structure refinement.  Magnetic  refinement  is implemented  using the  keyword s mlx, mly , mlz , mg 

and mag_space _group . See example s in the Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒŢ Ë directory  as well  as the tutorial  by  

John Evans at: 

˜χχΘ᷁ᶏᶏЧЧЧᶾʓϢΡᶾȹʈᶾϢ̕ᶏ͔̍˜̓ᶾʤУȹ̓εᶏχ͔ΘȹεḚЧ͔Ρ̕ε˜͔ΘᶏχϢχ͔Ρ˯ȹ̞Ḛ̞ȹ̼͔̓ᴡḚ̼ȹː̓ʤχ˯ʈᶾ˜χ̼ 

The Magnetic  inten sity  is given  by (ḞἍdenote s conjugate  gradient) : 

Magnetic  inten sity  = Ç̼ ȹːʈΘʤΡΘ  ʒÇ̼ ȹːʈΘʤΡΘḞ = |Ç̼ ȹːʈΘʤΡΘ|  

Ç̼ ȹːʈΘʤΡΘ = Ç̼ ȹːʈ -  (Ç̼ ȹːʈἍ. Ƽ̃ ȹχ) Ƽ̃ ȹχ 

Or in word s, Ç̼ ȹːʈΘʤΡΘ is the component  of  the magnetic  vector  in the direction  perpendicular  to 

the scattering  vector  Ƽ, where : 

Ƽ = (ŗ-1)T *   ̃

http://www.dur.ac.uk/john.evans/topas_workshop/tutorial_lamno3_magnetic.htm
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Ƽ̃ ȹχἍḃἍƼἍᶏἍ|Ƽ|  

ŗ is the Cartesian lattice  parameter s in 3x3 matrix  form  

 ̃is the Miller  indice s in vector  form  

*  denote s matrix  multiplication  

Super script  -1 denote s matrix  inver se 

Super script  T denote s matrix  transpose 

(ŗ-1)T = reciprocal  lattice  parameter s 

Ç̼ ȹːʈ in term s of  the Cartesian lattice  parameter s is:Ἅ 

Ç̼ ȹːʈ = ŗ *  Ç̼ ȹ  ː

Ç̼ ȹ  ːfor  the plane   ̃for  a single  site is:Ἅ 

Ç̼ ȹ  ː= Ḵj ( ĵ *  )̼ Exp(2Ӿ i Uj)  

where  the summation  is over  the equivalent  position s j and: 

Uj = .̃ƾj а + .̃χjἍ 

аἍ=Ἅ{  x, y, z }  = site  fractional  coordinate s 

̼Ἅ=Ἅ{  mlx, mly , mlz  }  = magnetic  moment  

ƾj = rotation  part  of  space  group  operator  

χj = translational  part  of  space  group  operator  

d j = sj determinant( ƾj) = sj det(ƾj)  

ĵ = sj det(ƾj)  ƾj = magnetic  transformation  matrix  

The file MAGDATA.DAT (a GSAS file ᶖ 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 MAGDATA.DAT. Shubni-

kov groups are obtained from the file shubnikovgroups.txt. When mag_only is defined, the non -mag-

netic component to intensity , for the site in question , is ignored. When mag_only_for_mag_sites  is 

defined, the non -magnetic component to intensity for all magnetic sites for the str in question is ig-

nored.  

13.1...... Ţȹː̓ʤχ˯ʈἍΡʤ˅˯̓ʤ̼ʤ̓χἍЧȹΡ̓˯̓ːεᶏʤаʈʤΘχ˯͔̓ε 

The following  two  messages: 

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

>    Magnetic  moment  mlx of  site Fe cannot  be refined  as it has no derivative  
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arise when , for  each  group  of  equivalent  position s of  a special  position , the fir st row  of  the matrix  

Ḵj ĵ*  ̼ is zero  where  the j sʟ sum over  the equivalent  position s of  a special  position  group.  Similar  

messages for  mly  and mlz  are given.  Note , even though mlx, mly , mlz  may  not  be refined , the wa rning 

in (1) is still given , depending on associated  con straint s. Refinement  terminate s in the case of  message 

(2) when  mlx is being  refined.  

13.2  ..... q˯εΘ̞ȹе˯̓ːἍŢȹː̓ʤχ˯ʈἍ̼͔̼ʤ̓χε 

Magnetic  moment s (Occupancy  ĵ* )̼ are displayed  graphically  when  view _structure  is defined.   In 

cases where the atom balls mask the display of the magnetic moment arrows, the "Atom size" can be 

varied, as shown in the following:  

 

13.3  ..... ᶅ qʤʈ͔̼Θ͔ε˯̓ːᶫἍÇ̼ȹἍː˅͔ΡἍεΘʤʤʓ 

When using magnetic  space  group s, equivalent  position s for  group s other  than  1.1 are written  in term s 

of  other  equivalent  position s.  

Let Cj = cos(Uj),  

Sj = sin(Uj) 

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

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

U1 = U2 = U 

Ç̼ ȹ 1ː + Ç̼ ȹ 2ː = s1 det(ƾ1)  ƾ1  ̼Exp(i  U) + s2 det(ƾ2)  ƾ2  ̼Exp(i  U) 

= (s1 det(ƾ1) ƾ1 + s2 det(ƾ2) ƾ2)  ̼Exp(i  U) 

= ʈ  ̼Exp(i  U) 

ʈ is independent  of  а.ἍNote , a particular  specia l position  could  have  many  equivalent  position s. 

If  for two equivalent positions  ƾ1  = -ƾ2 and χ1  = -χ2 then : 

U1 = -U2 = U 
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Ç̼ ȹ 1ː + Ç̼ ȹ 2ː = 

Now,  

or,  

For s1 = s2, 

For s1 = -s2, 

s1 det(ƾ) ƾ  ̼Exp(i  U) + s2 det( -ƾ) (-ƾ)  ̼Exp( - i U) 

det(ƾ) ƾ = det( -ƾ) (-ƾ) 

Ç̼ ȹ 1ː + Ç̼ ȹ 2ː = det(ƾ) ƾ  ̼(s1 Exp(i  U) + s2 Exp( - i U)) 

Ç̼ ȹ 1ː + Ç̼ ȹ 2ː = s1 det(ƾ) ƾ  ̼2 C 

Ç̼ ȹ 1ː + Ç̼ ȹ 2ː = s1 det(ƾ) ƾ  ̼(2 i S) 

If  for two equivalent positions Ἅƾ1 = ƾ2, then : 

Ç̼ ȹ 1ː + Ç̼ ȹ 2ː  = s1 det(ƾ) ƾ  ̼Exp(i  .̃ ƾ а) Exp(i  .̃χ1) +  

   s2 det(ƾ) ƾ  ̼Exp(i  .̃ ƾ а) Exp(i  .̃χ2) 

= det(ƾ) ƾ  ̼(s1 Exp(i  .̃χ1) + s2 Exp(i  .̃χ2)) Exp(i  .̃ ƾ а)  

= ʈ Exp(i  .̃ ƾ а)  

ʈ is independent  of  а and is calculated  only  once.  Many ƾ' s can be the same for  a particular  space  

group  with  only  the χ' s changing.  

Calculating  C and S: 

Exp(i  (  ̃. ƾ а + .̃ χ)) = Exp(i   ̃. ƾ аᵾ Exp(  i Ἅ̃. χ) 

Exp(i  Ἅ̃. χ) is con stant  for  a particular   ̃and is calculated  only  once.  

Only  unique  Exp(i   ̃. ƾ а) are calculated.  

Trigonometric  recurrence  is used to calculate  sines and cosines resulting  in three  cosine and 

three  sine operation s per  unique  equivalent  r. In other  word s, expensive sines and cosines are 

not  calculated  for  each h. 
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14. ƾăËăqἍ̂ſqă|ǋ 
 

[rigid ]...  

[point _for _site $site [ux | ua E] [uy | ub E] [uz | uc E] ]...  

[ in_carte sian] [ 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_point s $sites] 

[ in_carte sian] [ in_FC] 

[translate [tx | ta E] [ ty  | tb  E] [ tz  | tc  E] ]...   

[operate _on_point s $sites] 

[ in_cartesian ] [ in_FC] 

[rand_xyz  !E] 

[start _value s_from _site $unique _site_name] 

ƾ˯ ʤχУʤ̞ʓἍ͔ ΡἍƵȹ˯ΡἍq˯εχΡ˯ʀϢχ˯͔̓ἍÇϢ̓ʈχ˯͔̓ἍΡʤ˅˯̓ʤ̼ʤ̓χἍʈȹἍ̓ʈ͔̼ΘΡ˯εʤἍΡ˯ː˯ʓἍʀ͔ʓ˯ʤεʒἍRigid  bodie s compri se 

point s in space  defined  usingἍz_matrixἍor point _for _siteἍkeyword s or  both  simultaneou sly.  Operations 

can be performed on these point s using  rotateἍandἍtranslate Ἅʒƾ˯ ː˯ʓἍʀ͔ʓеἍ͔ ΘʤΡȹχ˯͔̓εἍ˯ ̓ʈ̞ϢʓʤἍ᷁ 

>    ǙΡȹἐ̞ ȹχ˯̓ːἍȹἍΡ˯ː˯ʓἍʀ͔ʓеἍ͔ ΡἍΘȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеᶾἍ 

>    ƾ͔ χȹχ˯̓ːἍȹἍΡ˯ː˯ʓἍʀ͔ʓеἍ͔ ΡἍΘȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеἍȹΡ͔Ϣ̓ʓἍȹἍΘ͔˯̓χᶾἍ 

>    ƾ͔ χȹχ˯̓ːἍȹἍΡ˯ː˯ʓἍʀ͔ʓеἍ͔ ΡἍΘȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеἍȹΡ͔Ϣ̓ʓἍȹἍ̞ ˯̓ʤᶾἍ 

ua Ἅʑub Ἅʑuc Ἅʑta Ἅʑtb Ἅʑtc Ἅʑqa Ἅʑqb ἍʑqcἍȹ̓ʓἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡεἍ͔ Ἅ˅z_matrixἍȹΡʤἍȹ̞̞ἍΡʤ˅˯̓ȹʀ̞ʤἍΘȹΡȹ̼ʤχʤΡεἍЧ˜˯ʈ˜ἍʈȹἍ̓

ʈ͔̼ΘΡ˯εʤἍΘȹΡȹ̼ʤχʤΡἍȹχχΡ˯ʀϢχʤεἍεϢʈἍ̃ȹεἍminᶏmax ἍʒǙ̃ ʤἍʓ˯Ρʤʈχ͔ΡеἍƾăËăqἍʈ͔̓χȹ˯̓εἍΡ˯ː˯ʓἍʀ͔ʓеἍʤаȹ̼Θ̞ʤεἍ˯Ἅ̓

ḞƾʒËqἍ˅ ˯̞ʤεʒἍǙ̃ ʤεʤἍ˅ ˯̞ʤεἍʈȹἍ̓ʀʤἍУ˯ʤЧʤʓἍȹ̓ʓἍ̼ ͔ʓ˯˅˯ʤʓἍϢε˯ ̓Ἅːχ˜ʤἍƾ˯ ː˯ʓᶓ͔̂ʓеᶓ|ʓ˯χ͔ΡἍ͔ Ἅ˅χ˜ʤἍËǦăʒἍ 

rigidἍʓʤ˅˯̓ʤεἍχ˜ʤἍεχȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеʒἍpoint _for _siteἍʓʤ˅˯̓ʤεἍȹἍΘ͔˯̓χἍ˯Ἅ̓εΘȹʈʤἍЧ˯χ˜ἍfȹΡχʤε˯ ȹἍ̓ʈ͔͔Ρʓ˯̓ȹχʤεἍ

ː˯Уʤ̓ἍʀеἍχ˜ʤἍΘȹΡȹ̼ʤχʤΡεἍux  ʑuy uz ἍʒÇΡȹʈχ˯͔̓ȹ̞ἍʤΞϢ˯Уȹ̞ʤ̓χεἍʈȹἍ̓ʀʤἍʓʤ˅˯̓ʤʓἍϢε˯ ̓Ἅːua ἍʑubἍȹ̓ʓἍuc Ἅʒײε˯ χʤἍ˯εἍ

χ˜ʤἍsiteἍχ˜ȹχἍχ˜ʤἍpoint _for _siteἍΡʤΘΡʤεʤ̓χεʒἍz_matrixἍʓʤ˅˯̓ʤεἍȹἍΘ͔˯̓χἍ˯Ἅ̓εΘȹʈʤἍЧ˯χ˜Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍː ˯Уʤ̓Ἅ˯Ἅ̓

Ȯᶓ̼ ȹχΡ˯аἍ˅͔Ρ̼ȹχἍȹεἍ˅͔̞̞͔Чε᷁ 

>    |Ἅʈȹ̓ἍʀʤἍȹ̓ἍʤΞϢȹχ˯͔̓ᶽἍʈ͔̓εχȹ̓χἍ͔ΡἍȹἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍЧ˯χ˜ἍȹἍУȹ̞Ϣʤᶾ 

>    ȹχ͔Ḛ̼ᴞἍεΘʤʈ˯˅˯ʤεἍχ˜ʤἍε˯χʤἍχ˜ȹχἍχ˜ʤἍ̓ʤЧἍȮᶓ̼ ȹχΡ˯аἍΘ͔˯̓χἍΡʤΘΡʤεʤ̓χεᶾ 

>    Ǚ̃ ʤἍ|Ἅȹ˅χʤΡἍȹχ͔̼ḚᴟἍεΘʤʈ˯˅˯ʤεἍχ˜ʤἍʓ˯εχȹ̓ʈʤἍ˯̓Ἅ%ἍʀʤχЧʤʤ̓Ἅȹχ͔̼ḚᴟἍȹ̓ʓἍȹχ͔̼ḚᴞᶾἍȹχ͔̼ḚᴟἍ̼ϢεχἍʤа˯εχἍ˯˅Ἅ

ȹχ͔Ḛ̼ᴞἍ˯εἍΘΡʤʈʤʓʤʓἍʀеἍȹχἍ̞ʤȹεχἍ͔̓ʤἍΘ͔˯̓χᶾ 

>    Ǚ̃ ʤἍ|Ἅafter atom _3 specifies the angle in degrees between atom _3, atom _2 and atom _1ʒ Ἅȹχ͔̼ḚᴡἍ

̼ϢεχἍʤа˯εχἍ˯˅Ἅȹχ͔̼ḚᴞἍ˯εἍΘΡʤʈʤʓʤʓἍʀеἍȹχἍ̞ʤȹεχἍχЧ͔ἍΘ͔˯̓χεᶾ 

>    Ǚ̃ ʤἍ|Ἅȹχ͔Ḛ̼ᴢἍεΘʤʈ˯˅˯ʤεἍχ˜ʤἍʓ˯˜ʤʓΡȹ̞Ἅȹ̓ː̞ʤἍ˯̓ἍʓʤːΡʤʤεἍʀʤχЧʤʤ̓Ἅχ˜ʤἍΘ̞ȹ̓ʤἍ˅͔Ρ̼ʤʓἍʀеἍȹχ͔̼Ḛᴡᶓ

ȹχ͔Ḛ̼ᴟᶓȹχ͔Ḛ̼ᴞἍȹ̓ʓἍχ˜ʤἍΘ̞ȹ̓ʤἍ˅͔Ρ̼ʤʓἍʀеἍȹχ͔̼Ḛᴢᶓȹχ͔Ḛ̼ᴡᶓȹχ͔Ḛ̼ᴟᶾἍǙ̃ ˯εἍȹ̓ː̞ʤἍ˯εἍʓΡȹЧ̓ἍϢε˯̓ːἍχ˜ʤἍ

Ρ˯ː˜χ˜ȹ̓ʓἍΡϢ̞ʤἍЧ˯χ˜Ἅχ˜ʤἍχ˜Ϣ̼ʀἍΘ͔˯̓χ˯̓ːἍ˯̓Ἅχ˜ʤἍʓ˯Ρʤʈχ˯͔̓Ἅȹχ͔̼ḚᴡἍχ͔Ἅȹχ͔̼ḚᴟᶾἍȹχ͔̼ḚᴢἍ̼ϢεχἍʤа˯εχἍ˯˅Ἅ

ȹχ͔Ḛ̼ᴞἍ˯εἍΘΡʤʈʤʓʤʓἍʀеἍȹχἍ̞ʤȹεχἍχ˜ΡʤʤἍε˯χʤεἍ͔˅Ἅχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеᶾ 

>    ă˅ Ἅȹχ͔̼ḚᴞἍ˯εἍχ˜ʤἍ˅˯ΡεχἍΘ͔˯̓χἍ͔˅Ἅχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍχ˜ʤ̓Ἅ˯χἍ˯εἍΘ̞ȹʈʤʓἍȹχἍfȹΡχʤε˯ȹ̓ἍᵽᴝᶽἍᴝᶽἍᴝᵾᶾἍă˅ Ἅȹχ͔̼ḚᴞἍ˯εἍχ˜ʤἍ

εʤʈ͔̓ʓἍΘ͔˯̓χἍ͔˅Ἅχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍχ˜ʤ̓Ἅ˯χἍ˯εἍΘ̞ȹʈʤʓἍ͔̓Ἅχ˜ʤἍΘ͔ε˯χ˯УʤἍэᶓȹа˯εἍȹχἍfȹΡχʤε˯ȹ̓ἍᵽᴝᶽἍᴝᶽἍ|ᵾἍЧ˜ʤΡʤἍ
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|Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍ|Ἅ˯ ̓Ἅᵿȹχ͔̼ḚᴟἍ|ᶁᶾἍă˅ Ἅײȹχ͔̼ḚᴞἍ˯εἍχ˜ʤἍχ˜˯ΡʓἍΘ͔˯̓χἍ͔˅Ἅχ˜ʤἍΡ˯ː˯ʓᶓʀ͔ʓеἍχ˜ʤ̓Ἅ˯χἍ˯εἍ

Θ̞ȹʈʤʓἍ˯̓Ἅχ˜ʤἍаᶓеἍΘ̞ȹ̓ʤᶾ 

rotateἍΡ͔χȹχʤεἍpoint _for _site εʟἍȹἍ̓ȹ̼͔Ϣ̓χἍȹεἍʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍrotateἍȹΡ͔Ϣ̓ʓἍχ˜ʤἍУʤʈχ͔ΡἍʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍ

fȹΡχʤs˯ȹἍ̓Уʤʈχ͔ΡἍqx Ἅʑqy Ἅʑqz ἍʒǙ̃ ʤἍУʤʈχ͔ΡἍʈȹἍ̓˯ἐχʤȹʓἍʀʤἍʓʤ˅˯̓ʤʓἍ˯Ἅ̓˅ Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍϢε˯ ̓Ἅːqa ἍʑqbἍ

ȹ̓ʓἍqc ἍʒtranslateἍΘʤΡ˅͔Ρ̼εἍȹἍχΡȹ̓ε̞ ȹχ˯͔̓Ἅ͔ Ἅ˅point _for _site εʟἍȹἍ̓ȹ̼͔Ϣ̓χἍ˯Ἅ̓fȹΡχʤε˯ ȹἍ̓ʈ͔͔Ρʓ˯̓ȹχʤεἍʤΞϢȹ̞Ἅ

χἍ͔tx Ἅʑty Ἅʑtz ἍʒǙ̃ ʤἍȹ̼͔Ϣ̓χἍʈȹἍ̓˯ἐχʤȹʓἍʀʤἍʓʤ˅˯̓ʤʓἍ˯Ἅ̓˅ Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍϢε˯ ̓Ἅːta ἍʑtbἍȹ̓ʓἍtc ἍʒrotateἍȹ̓ʓἍ

translateἍʀеἍʓʤ˅ȹϢ̞χἍ͔ΘʤΡȹχʤεἍ͔ Ἅ̓ȹ̞Ἅ̞ΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍpoint _for _site εʟʒἍ 

̞χʤΡ̓ȹχ˯Уʤ̞еᶽἍ͔ΘʤΡȹχ˯͔̓εἍʈȹ̓ἍʀʤἍ̞˯̼˯χʤʓἍχ͔Ἅε˯χʤεἍ˯ʓʤ̓χ˯˅˯ʤʓἍϢε˯ ̓Ἅːoperate _on_point s.Ἅoperate _on_point sἍ

̼ϢεχἍΡʤ˅ʤΡἍχἍ͔ΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍpoint _for _site εʟἍᵽεʤʤἍεʤʈχ˯͔̓ 18.1Ἅ˅ ͔ΡἍȹἍʓʤεʈΡ˯Θχ˯͔̓Ἅ͔ Ἅ˅̃ ͔ЧἍχἍ͔˯ ʓʤ̓χ˯˅еἍ

ε˯ χʤεᵾʑ and it can refer to many sites at once by enclosing the site names in quotes and using the wild 

ʈȹΡʓἍʈ˜ȹΡȹʈχʤΡἍᶪḞᶫἍ͔ΡἍχ˜ʤἍ̓ʤːȹχ˯͔̓Ἅʈ˜ȹΡȹʈχʤΡἍᶪᵳᶫἍᵽεʤʤἍεʤʈχ˯͔̓Ἅ18.1), for example:  

operate_on_points  "Si* O* !O2"  

Ἅin_carte sian ͔ΡἍin_FCἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔ε˯ ː̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍȹΡʤἍ˯Ἅ̓fȹΡχʤε˯ ȹἍ͔̓ ΡἍ˅ Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯ᶓ

̓ȹχʤεἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍȉ˜ʤἍ̓continue _after _convergence Ἅ˯εἍʓʤ˅˯̓ʤʓἍʑrand_xyzἍΘΡ͔ʈʤεεʤεἍȹΡʤἍ˯ ̓˯χ˯ȹχʤʓἍ

ȹ˅χʤΡἍʈ͔̓УʤΡːʤ̓ʈʤᶾἍăχἍ˯ ̓χΡ͔ʓϢʈʤεἍȹἍΡȹ̓ʓ͔̼Ἅʓε˯Θ̞ȹʈʤ̼ʤ̓χἍχἍ͔χ˜ʤἍχΡȹ̓ε̞ ȹχʤἍ˅ Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍᵽtx Ἅʑty Ἅʑ

tzᵾἍχ˜ȹχἍȹΡʤἍ˯ ̓ʓʤΘʤ̓ʓʤ̓χἍΘȹΡȹ̼ʤχʤΡεʒἍǙ̃ ʤἍε˯ эʤἍ͔ Ἅ˅χ˜ʤἍΡȹ̓ʓ͔̼Ἅʓε˯Θ̞ȹʈʤ̼ʤ̓χἍ˯εἍː ˯Уʤ̓ἍʀеἍχ˜ʤἍʈϢΡΡʤ̓χἍ

temperature Ἅ̼ Ϣ̞χ˯Θ̞˯ʤʓἍʀеἍᶍʓε˯Θ̞ȹʈʤ̼ʤ̓χἍЧ˜ʤΡʤἍᶍʓε˯Θ̞ȹʈʤ̼ʤ̓χἍ˯εἍ˯Ἅ̓%ʒἍstart _value s_from _siteἍ˯ ̓˯χ˯ȹ̞ᶓ

˯эʤεἍχ˜ʤἍУȹ̞ϢʤεἍta Ἅʑtb ἍʑtcἍЧ˯χ˜Ἅʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍУȹ̞ϢʤεἍχȹ̕ʤ̓Ἅ˅ Ρ͔Ἅ̼χ˜ʤἍsiteἍ̓ ȹ̼ʤʓἍײϢ̓˯ΞϢʤḚε˯ χʤḚ̓ ȹ̼ʤᶾ 

14.1 ..... ÇΡȹʈχ˯͔̓ȹ̞ᶽἍfȹΡχʤε˯ȹ̓Ἅȹ̓ʓἍȮᶓ̼ ȹχΡ˯аἍʈ͔͔Ρʓ˯̓ȹχʤε 

ƾ˯ ː˯ʓἍʀ͔ʓ˯ʤεἍʈȹἍ̓ʀʤἍ˅͔Ρ̼Ϣ̞ȹχʤʓἍϢε˯ ̓Ἅː˅ Ρȹʈχ˯͔̓ȹ̞Ἅ͔ ΡἍfȹΡχʤε˯ ȹἍ̓ʈ͔͔Ρʓ˯̓ȹχʤεʒἍἍ̂ʤ̓эʤ̓ʤἍΡ˯̓ːἍЧ˯χ˜͔ϢχἍßеᶓ

ʓΡ͔ːʤ̓εἍʈȹἍ̓ʀʤἍ˅ ͔Ρ̼Ϣ̞ȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

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  

Ǚ̃ ʤἍ̞ ȹεχἍχЧἍ͔εχȹχʤ̼ʤ̓χεἍΡ͔χȹχʤἍȹ̓ʓἍχΡȹ̓ε̞ ȹχʤἍχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍȹεἍȹἍЧ˜͔̞ʤἍ᷄χ˜ʤ˯ΡἍ˯ ̓ʈ̞Ϣε˯ ͔Ἅ̓˯εἍ˯ ̼Θ̞˯ʤʓἍ˯Ἅ˅

ȹʀεʤ̓χᶾἍἍ˅ ͔Ρ̼Ϣ̞ȹχ˯͔̓Ἅ͔ Ἅ˅ȹ̓еἍʈ͔̼Θ̞ʤа˯χеἍʈȹἍ̓ʀʤἍ͔ ʀχȹ˯̓ʤʓἍ˅ Ρ͔Ἅ̼ȹᵾἍʓȹχȹʀȹεʤεἍ͔ Ἅ˅ʤаε˯χ˯̓ːἍεχΡϢʈχϢΡʤεἍ

Ϣε˯ ̓Ἅː˅Ρȹʈχ˯͔̓ȹ̞Ἅ͔ΡἍfȹΡχʤε˯ ȹἍ̓ʈ͔͔Ρʓ˯̓ȹχʤεἍ͔ Ἅ˅εχΡϢʈχϢΡʤἍ˅Ρȹː̼ʤ̓χεἍ͔ΡἍʀᵾἍ˅Ρ͔Ἅ̼ε̕ ʤχʈ˜ἍΘΡ͔ːΡȹ̼εἍ˅͔ΡἍʓΡȹЧᶓ

˯̓Ἅːʈ˜ʤ̼˯ʈȹ̞ἍεχΡϢʈχϢΡʤεʒἍἍȮᶓ̼ ȹχΡ˯аἍΡʤΘΡʤεʤ̓χȹχ˯͔̓Ἅ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеἍʤаΘ̞˯ʈ˯χ̞еἍʓʤ˅˯̓ʤεἍχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍ˯Ἅ̓

χʤΡε̼Ἅ͔ Ἅ˅ʀ͔̓ʓἍ̞ ʤ̓ːχ˜εἍȹ̓ʓἍȹ̓ː̞ʤεʒἍἍ̂ʤ̓эʤ̓ʤἍΡ˯̓ːἍ˯εἍχеΘ˯ʈȹ̞̞еἍ˅͔Ρ̼Ϣ̞ȹχʤʓἍϢε˯ ̓ἍːχЧἍ͔ʓϢ̼̼еἍȹχ͔ε̼ἍX1Ἅ

ȹ̓ʓἍX2ἍȹεἍ˅͔̞̞͔Чε᷁ 
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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  occupancie s fixed  to zero  are dummy  atom s and do not  take  part  in structure  factor  cal-

culation s. Importantly , however , dummy  atom s take  part  in penaltie s. The mixing  ofἍpoint _for _siteἍandἍ

z_matrixἍkeyword s is possible  as follow s: 

rigid  
point _for _site  X1 
load  z_matrix  {  

X2   X1  1.0  
C1   X2  1.3    X1  90 ...  

}  

Ȯᶓ̼ ȹχΡ˯аἍΘȹΡȹ̼ʤχʤrs are like  any other  parameter;  they  can be equation s and parameter  attribute s can 

be assigned.  For eаȹ̼Θ̞ʤἍʑχ˜ʤἍᴞʒᴡἍʀ͔̓ʓἍʓε˯χȹ̓ʈʤἍʈȹἍ̓ʀʤἍΡʤ˅˯̓ʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

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   
}  

Ǚ̃ ε˯Ἅȹʀ˯̞˯χеἍχἍ͔ʈ͔ἐχΡȹ˯̓ἍȮᶓ̼ ȹχΡ˯аἍΘȹΡȹ̼ʤχʤΡεἍϢε˯ ̓ἍːʤΞϢȹχ˯͔̓εἍȹ̞̞͔ЧεἍ˅ ͔ΡἍː ΡʤȹχἍ˅ ̞ʤа˯ʀ˯̞˯χеᶾἍÇ͔ΡἍʤаȹ̼Θ̞ʤἍʑ

ȹἍȮᶓ̼ ȹχΡ˯аἍʀ͔̓ʓἍ̞ ʤ̓ːχ˜ἍΘȹΡȹ̼ʤχʤΡἍʈ͔Ϣ̞ʓἍʀʤἍЧΡ˯χχʤ̓Ἅ˯Ἅ̓χʤΡε̼Ἅ͔ Ἅ˅͔ χ˜ʤΡἍʀ͔̓ʓἍ̞ʤ̓ːχ˜ἍΘȹΡȹ̼ʤχʤΡεἍЧ˜ʤΡʤʀеἍ

χ˜ʤἍȹУʤΡȹːʤἍʀ͔̓ʓἍ̞ ʤ̓ːχ˜Ἅ˯εἍ̼ ȹ˯̓χȹ˯̓ʤʓᶾἍſΡʑἍ˯Ἅ̓ʈȹεʤεἍЧ˜ʤΡʤἍȹἍʀ͔̓ʓἍ̞ ʤ̓ːχ˜Ἅ˯εἍʤаΘʤʈχʤʓἍχἍ͔ʈ˜ȹ̓ːʤἍȹεἍȹἍ

˅Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅ȹἍε˯ χʤἍ͔ ʈʈϢΘȹ̓ʈеἍʑȹἍ̓ʤΞϢȹχ˯͔̓ἍΡʤ̞ȹχ˯̓ːἍχ˜ʤἍʀ͔̓ʓἍ̞ʤ̓ːχ˜ἍȹεἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍε˯ χʤἍ͔ ʈʈϢΘȹ̓ʈеἍ

ΘȹΡȹ̼ʤχʤΡἍʈȹἍ̓ʀʤἍ˅ ͔Ρ̼Ϣ̞ȹχʤʓᶾ 
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14.2  ..... ǙΡȹ̓ε̞ȹχ˯̓ːἍΘȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓе 

Once  a starting  rigid  body  model  is defined , further ἍrotateἍȹ̓ʓἍtranslateἍstatement s can be included  

to repre sent  deviation s from  the starting  model.  For example , if  the C1 and C2 atom s are expected  to 

shift  by  up to 0.1Å, and as a unit  then  the following  could  be used:  

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  statement s are in purple . The Cartesian coordinate  repre sentation  allow s an ad-

ditional  means of  shifting  the C1 and C2 atom s by  refining  on theἍux ἍʑuyἍandἍuzἍcoordinate s directly , 

or,Ἅ 

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;  

14.3  ..... ƾ͔χȹχ˯̓ːἍΘȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеἍȹΡ͔Ϣ̓ʓἍȹἍΘ͔˯̓χ 

Many situation s require  the rotation  of  part  of  a rigid  body  around  a point.  An octahedra  (Fig.  14-1), 

for  example , typically  rotate s around  the central  atom  with  three  degree s of  freedom.  To implement  

such  a rotation  require s setting  the origin  at the central  atom  before  rotation  and then  resetting  the 

origin  after  rotation.  This is achieved  using theἍTranslate_point _amountἍmacro  as follow s: 

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;  
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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"  
Translate _point _amount(A0,  +)  operate _on_points  "A*  !A0"  

TheἍpoint _for _siteἍkeyword sἍcould  just as well  beἍz_matrixἍkeyword s with  the appropriate  Z-matrix  

parameter s. The fir stἍTranslate_point _amountἍstatement  translates the specified  point s (A1 to A6) an 

amount  equivalent  to the negative  position  of  A0. This sets the origin  for  these point s to A0. The 

second  resets the  origin  back  to A0. If  the  A0 atom  happen s to be at Cartesian (0, 0, 0) then  there  

would  be no need  for  theἍTranslate_point _amountἍstatement s.Ἅ 

 

 

 

 

Ç˯ ːᶾἍᴞᴢᶓᴞἍἍŢ͔ʓʤ̞Ἅ͔ Ἅ˅ȹἍ̓˯ ʓʤȹ̞Ἅ͔ ʈχȹ˜ʤʓΡ͔̓ᶾ 

ÇϢΡχ˜ʤΡἍʓε˯χ͔Ρχ˯͔̓εἍȹΡʤἍΘε͔ε˯ʀ̞ʤἍʀеἍΡʤ˅˯̓˯̓ːἍ͔ Ἅ̓ʓ˯˅˅ʤΡʤ̓χἍʀ͔̓ʓᶓ̞ ʤ̓ːχ˜εἍʀʤχЧʤʤ̓Ἅχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔Ἅ̼ȹ̓ʓἍ

εʤ̞ʤʈχʤʓἍ͔ ϢχʤΡἍȹχ͔ε̼ʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑχ˜ʤἍ˅ ͔̞̞͔Ч˯̓ːἍ̼ ȹʈΡ͔ἍʓʤεʈΡ˯ʀʤεἍȹἍ͔̓ Ρχ˜͔Ρ˜͔̼ʀ˯ʈἍʀ˯ΘеΡȹ̼˯ʓ᷁ 

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  
}  

Ū͔ χʤἍχ˜ʤἍχЧἍ͔ʓ˯˅˅ʤΡʤ̓χἍ̞ ʤ̓ːχ˜εἍΡᴞἍȹ̓ʓἍΡᴟ᷄ἍЧ˯χ˜ἍΡᴞἍḃἍΡᴟἍχ˜ε˯Ἅ̼ ȹʈΡ͔ἍЧ͔Ϣ̞ʓἍʓʤεʈΡ˯ʀʤἍȹἍΡʤːϢ̞ȹΡἍ͔ ʈχȹ˜ʤʓΡ͔̓ᶾ 

14.4 ..... ƾ͔χȹχ˯̓ːἍΘȹΡχἍ͔ Ἅ˅ȹἍΡ˯ː˯ʓἍʀ͔ʓеἍȹΡ͔Ϣ̓ʓἍȹἍ̞˯̓ʤ 

Instead of explicitly entering fractional or Cartesian coordinates , rigid  bodie s can be created  using theἍ

rotateἍandἍtranslateἍkeyword s. For example , two  connected  Benzene  ring s, a schematic  without  Hy-

drogen s is shown  in Fig. 14-2, can  be formulated  as follow s:Ἅ 

prm r  1.3  min  1.2  max 1.4  
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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 
   }  
   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"  

Ǚ̃ ʤἍΘ͔˯̓χεἍ͔ Ἅ˅χ˜ʤἍεʤʈ͔̓ʓἍΡ˯̓ːἍʈȹἍ̓ʀʤἍΡ͔χȹχʤʓἍȹΡ͔Ϣ̓ʓἍχ˜ʤἍ̞ ˯̓ʤἍʈ͔̓̓ʤʈχ˯̓ːἍfᴞἍχἍ͔fᴟἍЧ˯χ˜Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

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

The min/max εχȹχʤ̼ʤ̓χεἍ̞ ˯̼˯χἍχ˜ʤἍΡ͔χȹχ˯͔̓εἍχἍ͔°ᴡᴝἍʓʤːΡʤʤεʒἍfᴣἍʈȹἍ̓ʀʤἍΡ͔χȹχʤʓἍȹΡ͔Ϣ̓ʓἍχ˜ʤἍ̞ ˯̓ʤἍʈ͔̓ᶓ

̓ʤʈχ˯̓ːἍfᴢἍȹ̓ʓἍfᴥἍЧ˯χ˜Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

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

ǋ˯ ̼˯̞ȹΡἍRotate _about _point sἍεχȹχʤ̼ʤ̓χεἍ˅͔ΡἍʤȹʈἍ̃ȹχ͔Ἅ̼Ч͔Ϣ̞ʓἍȹ̞̞͔ЧἍ˅͔ΡἍʓε˯χ͔Ρχ˯͔̓εἍ͔ Ἅ˅χ˜ʤἍ̂ʤ̓эʤ̓ʤἍΡ˯̓ːεἍ

Ч˯χ˜͔ϢχἍʈ˜ȹ̓ː˯̓ːἍʀ͔̓ʓἍʓε˯χȹ̓ʈʤεʒἍ 

 

 

Ç˯ ːᶾἍᴞᴢᶓᴟʒἍŢ͔ʓʤ̞Ἅ͔ Ἅ˅χЧἍ͔ʈ͔̓̓ʤʈχʤʓἍ

ʤ̂̓эʤ̓ʤἍΡ˯̓ːε 

Another  means of  generating  Fig.  14-2 and the one that  require s the least thought  is by  using  the 

Duplicate _Point  and Duplicate _rotate _z macro s as follow s: 

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)  
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Duplicate _Point(C8,   C4)  
Duplicate _Point(C9,   C5)  
Duplicate _Point(C10,  C6)  
Rotate _about _points(180,  C1,  C2,  "C7  C8 C9 C10")  

14.4.1  .......... Using  Z-matrix  together  with  rotate  and  translate  

Cyclopentadienyl  (C5H5) is a well -defined  molecular  fragment  which  show s slight  deviation s from  a 

perfect  five - fold  ring  (Fig. 14-3). The rigid  body  definition  usingἍpoint _for _siteἍkeyword s is as follow s: 

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 }  

ȹ̓ʓἍϢε˯ ̓ἍːȹἍχеΘ˯ʈȹ̞ἍȮᶓ̼ ȹχΡ˯аἍΡʤΘΡʤεʤ̓χȹχ˯͔̓᷁ 

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  

}  

Ǚ̃ ε˯ἍȮᶓ̼ ȹχΡ˯аἍΡʤΘΡʤεʤ̓χȹχ˯͔̓Ἅ˯εἍχеΘ˯ʈȹ̞̞еἍϢεʤʓἍ˅͔ΡἍfеʈ̞͔Θʤ̓χȹʓ˯ʤ̓е̞Ἅ᷄˯χἍȹ̞̞͔ЧεἍ˅͔ΡἍУȹΡ˯͔ϢεἍχ͔Ρε˯ ͔Ἅ̓ȹ̓ː̞ʤεἍ

ʀϢχἍʓ͔ʤεἍ̓ ͔χἍȹ̞̞͔ЧἍ˅ ͔ΡἍȹ̞̞ἍΘε͔ε˯ʀ˯̞˯χ˯ʤεʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑ̓ Ἅ͔ȹʓ̍Ϣεχ̼ʤ̓χἍ͔ Ἅ˅ȹἍε˯ ̓ː̞ʤἍȮᶓ̼ ȹχΡ˯аἍΘȹΡȹ̼ʤχʤΡἍ

ȹ̞̞͔ЧεἍ˅ ͔ΡἍʓε˯Θ̞ȹʈʤ̼ʤ̓χἍ͔ Ἅ˅χ˜ʤἍfᴞἍȹχ͔Ἅ̼Ч˯χ˜͔ϢχἍʈ˜ȹ̓ː˯̓ːἍχ˜ʤἍfᴞᶓfᴟἍȹ̓ʓἍfᴞᶓfᴡἍʀ͔̓ʓἍʓε˯χȹ̓ʈʤεʒἍǙ̃ ʤἍ

ʓʤε˯ ΡʤʓἍΡʤεϢ̞χἍ̃ ͔ЧʤУʤΡἍ˯εἍΘε͔ε˯ʀ̞ʤἍϢε˯ ̓Ἅːχ˜ʤἍRotate _about _point sἍ̼ ȹʈΡ͔᷁ 

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

Thus, the ability  to includeἍrotateἍandἍtranslateἍtogether  withἍz_matrixἍgive s great  flexibility  in defining  

rigid  bodie s. 
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Ç˯ ːᶾἍᴞᴢᶓᴡʒἍŢ͔ʓʤ̞Ἅ͔ Ἅ˅χ˜ʤἍ˯ ʓʤȹ̞˯эʤʓἍʈеʈ̞͔Θʤ̓ᶓ

χȹʓ˯ʤ̓е̞Ἅȹ̓˯͔̓ἍᵽfᴣßᴣᵾἍʒ 

14.5  ..... Ǚ˜ʤἍε˯̼Θ̞ʤεχἍ͔ Ἅ˅Ρ˯ː˯ʓἍʀ͔ʓ˯ʤε 

Ǚ̃ ʤἍε˯ ̼Θ̞ʤεχἍΡ˯ː˯ʓἍʀ͔ʓеἍʈ͔̼ΘΡ˯εʤεἍȹἍ̓ȹχ͔Ἅ̼ʈ͔ἐχΡȹ˯̓ʤʓἍχἍ͔̼ ͔УʤἍЧ˯χ˜˯̓ἍȹἍεΘ˜ʤΡʤ᷄Ἅ˅͔ΡἍȹἍΡȹʓ˯ϢεἍ͔ Ἅ˅ᴞʑἍχ˜ε˯Ἅ

ʈȹἍ̓ʀʤἍȹʈ˜˯ʤУʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

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);  

Ǚ̃ ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍȹΡʤἍ˯ Ἅ̓˅ ȹʈχἍεΘ˜ʤΡ˯ʈȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍЧ˜ʤΡʤἍχ˜ʤἍΡ͔χȹχ˯͔̓ἍΘȹΡȹ̼ʤχʤΡεἍΡᴞἍȹ̓ʓἍΡᴟἍȹΡʤἍʈ͔̼ᶓ

̼Ϣ̓˯ʈȹχ˯УʤᶾἍȉ˜ʤ̓Ἅȹ̓Ἅȹχ͔̼˯ʈἍΘ͔ε˯χ˯͔̓Ἅ˯εἍȹΘΘΡ͔а˯̼ȹχʤ̞еἍ͔̓̕Ч̓ʑἍʈ͔ ἐχΡȹ˯̓˯̓ːἍχ˜ʤἍȹχ͔Ἅ̼χἍ͔Ч˯χ˜˯̓ἍȹἍεΘ˜ʤΡʤἍ

ε˯ἍϢεʤ˅Ϣ̞ᶾἍǋʤχχ˯̓ːἍχ˜ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓ἍχЧἍ͔ε˯ χʤεʑἍ͔ ΡἍχЧἍ͔ε˯ χʤεἍἍȹ̓ʓἍ̂ ἍʑȹἍʓε˯χȹ̓ʈʤἍᴟἍ%ἍȹΘȹΡχἍʈȹἍ̓ʀʤἍ

˅͔Ρ̼Ϣ̞ȹχʤʓἍȹε᷁ 

ă̓ἍȮᶓ̼ ȹχΡ˯аἍ˅ ͔Ρ̼᷁ 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 

 

ă̓ἍfȹΡχʤε˯ ȹἍ̓˅ ͔Ρ̼᷁ 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 define s the two  point s (noteἍux,ἍuyἍandἍuzἍdefault s to 0); line 3 and 4 rotate  the two  

point s around  the a and then  the b lattice  vector s. Line 5 translates the two  point s to a position  in 

fractional  atomic  coordinate s of  (0.1, 0.2, 0.3). Lines 3 to 5 contain  the five  parameter s associated  

with  this rigid  body.  TheἍSet_LengthἍmacro  can instead  be used to set the distance  between  the  two  

sites as follow s: 
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Set _Length(A,  B,  2,  @, @, @, @ 30,  @ 30)  

where  A and B are the site  names, 2 is the  distance  in Å between  the sites, argument s 4 to 6 are the 

names given  to the tran slation  parameter s, and argument s 7 and 8 are the rotational Ἅparameter s.Ἅ

Set_LengthἍis not  supplied  with  theἍtranslateἍstarting  value s; these are obtained  from  the A site with  

the use ofἍstart _value s_from _site located  in the Set_LengthἍmacro.Ἅmin/maxἍcan be used to con strain  

the distance  between  the two  sites, for  example : 

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

Ū͔ χʤʑἍχ˜ε˯Ἅ̼ ȹʈΡ͔Ἅʓʤ˅˯̓ʤεἍχ˜ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍχЧἍ͔ε˯ χʤεἍȹεἍȹἍΘȹΡȹ̼ʤχʤΡἍχ˜ȹχἍʈȹἍ̓ʀʤἍΡʤ˅˯̓ʤʓᶾ 

14.6  ..... Ëʤ̓ʤΡȹχ˯͔̓Ἅ͔ Ἅ˅Ρ˯ː˯ʓἍʀ͔ʓ˯ʤε 

A rigid  body  is con structed  by  the sequential  proce ssing of  z_matrix , point _for _site, rotate  and tran s-

lateἍ͔ ΘʤΡȹχ˯͔̓εʒἍǙ̃ ʤἍʀ͔ʓеἍ˯εἍχ˜ʤ̓Ἅʈ͔̓УʤΡχʤʓἍχἍ͔˅ Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯̓ȹχʤεἍȹ̓ʓἍχ˜ʤ̓Ἅχ˜ʤἍεе̼̼ʤχΡеἍ

͔ΘʤΡȹχ˯͔̓εἍ͔ Ἅ˅χ˜ʤἍεΘȹʈʤἍː Ρ͔ϢΘἍȹΘΘ̞˯ʤʓᶾἍǙ̃ ʤἍʈ͔̓УʤΡε˯ ͔Ἅ͔̓ Ἅ˅Ȯᶓ̼ ȹχΡ˯аἍʈ͔͔Ρʓ˯̓ȹχʤεἍχἍ͔fȹΡχʤε˯ ȹἍ̓˯εἍȹεἍ

˅͔̞̞͔Чε᷁ 

>    Ǚ̃ ʤἍ˅ ˯ΡεχἍȹχ͔Ἅ̼˯εἍΘ̞ȹʈʤʓἍȹχἍχ˜ʤἍ͔ Ρ˯ː˯̓ᶾ 

>    Ǚ̃ ʤἍεʤʈ͔̓ʓἍȹχ͔̼ʑἍ˯Ἅ˅ʓʤ˅˯̓ʤʓἍʑ˯εἍΘ̞ȹʈʤʓἍ͔ Ἅ̓χ˜ʤἍΘ ε͔˯ χ˯УʤἍэᶓȹаε˯ʒ 

>    Ǚ̃ ʤἍχ˜˯ΡʓἍȹχ͔̼ʑἍ˯Ἅ˅ʓʤ˅˯̓ʤʓἍʑ˯εἍΘ̞ȹʈʤʓἍ˯Ἅ̓χ˜ʤἍаᶓэἍΘ̞ȹ̓ʤᶾ 

Ç͔ΡἍfȹΡχʤε˯ ȹἍ̓χἍ͔˅ Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεʑἍ˯Ἅ̓χʤΡε̼Ἅ͔ Ἅ˅χ˜ʤἍ̞ ȹχχ˯ʈʤἍУʤʈχ͔ΡεʑἍЧʤἍ˜ȹУʤ ᷁

>    аᶓȹаε˯Ἅ˯Ἅ̓χ˜ʤἍεȹ̼ʤἍʓ˯Ρʤʈχ˯͔̓ἍȹεἍχ˜ʤἍȹἍ̞ ȹχχ˯ʈʤἍУʤʈχ͔Ρᶾ 

>    еᶓȹаε˯Ἅ˯Ἅ̓χ˜ʤἍȹᶓʀἍΘ̞ȹ̓ʤᶾ 

>    эᶓȹаε˯Ἅ˯Ἅ̓χ˜ʤἍʓ˯Ρʤʈχ˯͔̓Ἅʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍʈΡε͔εἍΘΡ͔ʓϢʈχἍ͔ Ἅ˅ȹἍȹ̓ʓἍʀʒἍ 

ƾ͔ χȹχ˯͔̓Ἅ͔ ΘʤΡȹχ˯͔̓εἍȹΡʤἍ̓ ͔χἍʈ͔̼̼Ϣχȹχ˯УʤἍ᷄χ˜ʤἍΡ͔χȹχ˯͔̓Ἅ͔ Ἅ˅Θ͔˯̓χἍἍȹʀ͔ϢχἍχ˜ʤἍУʤʈχ͔ΡἍ̂ᶓfἍȹ̓ʓἍχ˜ʤ̓Ἅȹʀ͔ϢχἍ

qᶓ|Ἅ˯εἍ̓ ͔χἍχ˜ʤἍεȹ̼ʤἍȹεἍχ˜ʤἍΡ͔χȹχ˯͔̓Ἅ͔ Ἅ˅Ἅȹʀ͔ϢχἍqᶓ|Ἅȹ̓ʓἍχ˜ʤ̓Ἅȹʀ͔ϢχἍ̂ᶓfʒἍ 

Error s for  fractional  coordinate s for  sites defined  as part  of  a rigid  body  are propagated  to the site  

fractional  coordinate s. The example  ƾăËăqᶓ|ƾƾſƾǋᶒ ŪăŗăŪ|ḚăḚᴞᴝᴝōḚȐᶾăŪƵἍ(by  Simon  Parsons) demon-

strate s the equivalen ce of  two  refinement s 1) using  a rigid  body , and 2) hand  coding  the fractional  

coordinate s in term s of  rigid  body  parameter s but  not  in fact  using a rigid  body.  Error s and conver-

gence  behavio ur in both  cases are identical.  Case (2), which  has many  computer  algebra  equation s, 

takes approximately  the same time  per  iteration  as case (1); this demon strate s that  computer  algebra  

often does not  noticeably  affect  computational  speed  even  in cases where  its use is plentiful.  

14.7 ..... Ȯᶓ̼ ȹχΡ˯аἍʈ͔̞̞˯̓ʤȹΡἍʤΡΡ͔ΡἍ˯̓˅͔Ρ̼ȹχ˯͔̓ 

The Z-matrix  collinear  point s exception  can be deciphered  using  information  displayed  on detection  

of  the  error.  The collinear  error  is due  to three  atom s of a z-matrix  line being collinear.  The information  

displayed  include s a snapshot  of  the rigid  body  operation s pertaining  to the error.  The following  is an 

example  of  the information  displayed:  
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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 inve stigate  why  the error  occurs,  

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  atom s C16, C15, C11 lie on a straight  line;  this is invalid  as it become s 

impo ssible  to form  a dihedral  angle  in a non-degenerate  manner.  The best way  to think  about  a z-

matrix  line with  4 atom s A, B, C, D, i.e. 

z_matrix  A B # C # D # 

is to think  of  two  triangle s ABC and DBC hinged  along  the line BC. The angle  between  the triangle s is 

the dihedral  angle.  If  B,C,D are collinear  then  there sʟ no triangle , and the  dihedral  angle  cannot  be 

formed.  Thus, 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. 

14.8  ..... ÇϢ̓ʈχ˯͔̓εἍȹ̞̞͔Ч˯̓ːἍȹʈʈʤεεἍχ͔ἍΡ˯ː˯ʓᶓʀ͔ʓеἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤε 

The standard macro Point (site_name, rx) , see ǙſƵ ǋᶾăŪf, 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 encompass the keywords 

and their depe ndents of point_for_site , z_matrix , translate  and rotate . The actual value return ed by 

Point  depends on where it is used in the rigid -body, for example, in the following:  
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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 argument. Accompanying 

macros simplifying the call, as defined in ǙſƵ ǋᶾăŪf, 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 whe n 

they are called during the rigid body calculation.  

14.9  ..... qʤχʤΡ̼˯̓˯̓ːἍχ˜ʤἍ͔Ρ˯ʤ̓χȹχ˯͔̓Ἅ͔˅ἍȹἍ͔̓̕Ч̓Ἅ˅Ρȹː̼ʤ̓χἍ 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƾăËăqᶒŢ ǙfßᶾăŪƵ determines rotation and  translation  parameters  for a  known  frag-

ment . The known  fragment is in fractional coordinates . To do the same for a fragment in Cartesian 

coordinates then change the lattice angles to 90  degrees and adjust the lattice parameter lengths. 

Also, see : 

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

14.10 ... ƾ˯ː˯ʓἍʀ͔ʓеἍ̼ȹʈΡ͔ε 

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

Ç˯ аʤεἍχ˜ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓ἍχЧἍ͔ε˯ χʤεʒ 

εᴝʑἍεᴞ᷁ἍSite names. 

ΡἍ᷁q˯εχȹ̓ʈʤἍ˯Ἅ̓Å. 

аʈἍʑеʈἍʑэʈἍ᷁Ǚ̃ ʤἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍ˅͔ΡἍχ˜ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍ͔ Ἅ˅εᴝʒ 

ʈУȹᶽἍʈУʀ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍȹ̓ʓἍУȹ̞ϢʤεἍ˅͔ΡἍΡ͔χȹχ˯͔̓εἍȹʀ͔ϢχἍχ˜ʤἍаἍȹ̓ʓἍеἍȹаʤε 

Set_Length s(s0, s1, s2, r, xc,  yc,  zc,  cva 1, cvb 1, cva 2, cvb 2) 

Set_Length s(s0, s1, s2, s3, r, xcv,  ycv,  zcv,  cva1, cvb 1, cva 2, cvb 2, cva3, cvb 3) 

ǋʤχεἍχ˜ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓ἍχЧἍ͔ȹ̓ʓἍχ˜ΡʤʤἍε˯ χʤεʑἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍÇ͔ΡἍχ˜ʤἍχЧἍ͔ε˯ χʤεἍʈȹεʤ ᷁

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

qʤ˅˯̓ʤεἍȹἍΡʤːϢ̞ȹΡἍχΡ˯ȹ̓ː̞ʤἍЧ˯χ˜͔ϢχἍȹ̓ʓἍЧ˯χ˜ἍȹἍʈʤ̓χΡȹ̞Ἅȹχ͔Ἅ̼ᵽεᴝᵾᶾ 

εᴝʑἍεᴞʑἍεᴟʑἍεᴡ᷁Ἅǋ˯ χʤἍ̓ ȹ̼ʤεʒἍεᴝἍ˯εἍχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔Ἅ̼͔ Ἅ˅χ˜ʤἍχΡ˯ȹ̓ː̞ʤᶾ 

ΡἍ᷁q˯εχȹ̓ʈʤἍ˯Ἅ̓Å. 

аʈἍʑеʈἍʑэʈἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍ˅͔ΡἍχ˜ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍ˅͔ΡἍχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔̼ ʒ

ʈУȹᶽἍʈУʀᶽἍʈУʈ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍȹ̓ʓἍУȹ̞ϢʤεἍ˅͔ΡἍΡ͔χȹχ˯͔̓εἍȹʀ͔ϢχἍχ˜ʤἍаἍʑеἍȹ̓ʓἍэἍȹаʤεʒ 

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

qʤ˅˯̓ʤεἍȹἍχʤχΡȹ˜ʤʓΡȹἍЧ˯χ˜ἍȹἍʈʤ̓χΡȹ̞Ἅȹχ͔̼ᶾ 

εᴝʑἍεᴞʑἍεᴟʑἍεᴡʑἍεᴢ᷁Ἅǋ˯ χʤἍ̓ ȹ̼ʤεʒἍεᴝἍ˯εἍχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔Ἅ̼͔ Ἅ˅χ˜ʤἍχʤχΡȹ˜ʤʓΡȹᶾ 

ΡἍ᷁q˯εχȹ̓ʈʤἍ˯Ἅ̓Å. 

аʈᶽἍеʈᶽἍэʈ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍ˅͔ΡἍχ˜ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍ˅͔ΡἍχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔̼ᶾ 

ʈУȹᶽἍʈУʀᶽἍʈУʈ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍȹ̓ʓἍУȹ̞ϢʤεἍ˅͔ΡἍΡ͔χȹχ˯͔̓εἍȹʀ͔ϢχἍχ˜ʤἍаἍʑеἍȹ̓ʓἍэἍȹаʤεʒ 

Octahedra( s0, s1, s2, s3, s4, s5, s6, r) 

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

qʤ˅˯̓ʤεἍȹἍ͔̓ ʈχȹ˜ʤʓΡȹἍЧ˯χ˜ἍȹἍʈʤ̓χΡȹ̞Ἅȹχ͔̼ᶾ 

εᴝʑἍεᴞʑἍεᴟʑἍεᴡʑἍεᴢʑἍεᴣʑἍεᴥ᷁Ἅǋ˯ χʤἍ̓ ȹ̼ʤεʒἍεᴝἍ˯εἍχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔Ἅ̼͔ Ἅ˅χ˜ʤἍ͔ ʈχȹ˜ʤʓΡȹᶾ 

ΡἍ᷁q˯εχȹ̓ʈʤἍ˯Ἅ̓Å. 

аʈᶽἍеʈᶽἍэʈ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍ˅͔ΡἍχ˜ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍ˅͔ΡἍχ˜ʤἍʈʤ̓χΡȹ̞Ἅȹχ͔̼ᶾ 

ʈУȹᶽἍʈУʀᶽἍʈУʈ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍȹ̓ʓἍУȹ̞ϢʤεἍ˅͔ΡἍΡ͔χȹχ˯͔̓εἍȹʀ͔ϢχἍχ˜ʤἍаἍʑеἍȹ̓ʓἍэἍȹаʤεʒ 

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) 

qʤ˅˯̓ʤεἍȹἍΡʤːϢ̞ȹΡἍ̃ ʤаȹː͔̓ᶽἍЧ˜ʤΡʤἍχ˜ʤἍ̃ ʤаȹː͔̓Ἅ˯εἍε˯ χχ˯̓ːἍ͔ Ἅ̓ȹἍΘ͔˯̓χἍ͔ ΡἍ͔ Ἅ̓ȹἍε˯ ʓʤἍ˯Ἅ̓χ˜ʤἍаᶓеἍΘ̞ȹ̓ʤᶽἍ

ΡʤεΘʤʈχ˯Уʤ̞еᶾ 

εᴞʑἍεᴟʑἍεᴡʑἍεᴢʑἍεᴣʑἍεᴥ᷁Ἅǋ˯ χʤἍ̓ ȹ̼ʤεʒ 

ȹἍ᷁q˯εχȹ̓ʈʤἍ˯Ἅ̓Å. 

Translate(acv,  bcv,  ccv)   

Translate(acv,  bcv,  ccv,  ops) 

ƵʤΡ˅͔Ρ̼εἍȹἍχΡȹ̓ε̞ ȹχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеᶾἍ 



Rigid bodies 150 

 

150  Rigid bodies 

 

ȹʈУᶽἍʀʈУᶽἍʈʈУ᷁Ἅ̼͔Ϣ̓χἍ͔ Ἅ˅χ˜ʤἍχΡȹ̓ε̞ ȹχ˯͔̓Ἅ˯Ἅ̓˅ Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεʒ 

͔Θε᷁ἍſΘʤΡȹχʤεἍ͔ Ἅ̓ΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍε˯ χʤεἍ˯Ἅ̓ɲ ͔Θεɳ ᶾ 

Translate_with _site_start _value s(s0, xc,  yc,  zc)  

ƵʤΡ˅͔Ρ̼εἍȹἍχΡȹ̓ε̞ ȹχ˯͔̓ἍϢε˯ ̓Ἅːχ˜ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍ͔ Ἅ˅εᴝἍȹεἍεχȹΡχἍУȹ̞Ϣʤεʒ 

εᴝ᷁Ἅǋ˯ χʤἍ̓ ȹ̼ʤᶾ 

аʈἍʑеʈἍʑэʈἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεἍ˅͔ΡἍχ˜ʤἍʈ͔͔Ρʓ˯̓ȹχʤεἍ͔ Ἅ˅εᴝʒ 

Rotate _about _point s(cv,  a, b) 

Rotate _about _point s(cv,  a, b, pts) 

ƵʤΡ˅͔Ρ̼εἍȹἍΡ͔χȹχ˯͔̓Ἅȹʀ͔ϢχἍȹἍΡ͔χȹχ˯͔̓ἍУʤʈχ͔ΡἍεΘʤʈ˯˅˯ʤʓἍʀеἍχЧἍ͔ε˯ χʤεʒἍ 

ʈУἍ̼͔᷁Ϣ̓χἍχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍ˯εἍΡ͔χȹχʤʓἍȹʀ͔ϢχἍχ˜ʤἍεΘʤʈ˯˅˯ʤʓἍΡ͔χȹχ˯͔̓ἍУʤʈχ͔ΡἍ˯Ἅ̓ʓʤːΡʤʤεʒ 

ȹἍʑʀἍ᷁ƾ͔ χȹχ˯͔̓ἍУʤʈχ͔ΡἍʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍε˯ χʤεἍȹἍȹ̓ʓἍʀ ʒ

Θχε᷁ἍſΘʤΡȹχʤεἍ͔ Ἅ̓ΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍpoint _for _siteᵽεᵾᶾ 

Ū͔ χʤ᷁Ἅq͔ Ἅ͔̓χἍ˯̓ʈ̞ϢʓʤἍΘ͔˯̓χεἍΡ͔χȹχʤʓᶓȹʀ͔ϢχἍ˯Ἅ̓χ˜ʤἍɲ͔ΘʤΡȹχʤἍ͔ Ἅ̓Θ͔˯̓χεɳἍ̞ε˯χἍ͔ Ἅ˅χ˜ʤἍRotate _about _point sἍ

̼ȹʈΡ͔ᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤᶽἍ˯  ̓

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

χ˜ʤἍΘ͔˯̓χεἍfᴞἍȹ̓ʓἍfᴟἍȹΡʤἍ̓ ͔χἍ˯ ̓ʈ̞ϢʓʤʓἍ˯ Ἅ̓χ˜ʤἍɲ Θ͔˯̓χεἍ͔ ΘʤΡȹχʤʓἍ͔ ̓ɳἍ̞ε˯χἍʒŪ͔ χʤἍȹε̞͔Ἅχ˜ȹχἍRo-

tate_about _point sἍЧ˯χ˜͔ϢχἍȹἍɲ Θ͔˯̓χεἍ͔ ΘʤΡȹχʤʓἍ͔ ̓Ἅɳ̞ε˯χἍЧ˯̞̞Ἅ͔ ΘʤΡȹχʤἍ͔ Ἅ̓ȹ̞̞ἍΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍ

point _for _siteᵽεᵾἍʒǙ̃ ʤΡʤ˅͔ΡʤᶽἍЧ˜ʤἍ̓ȹἍ̓ɲ͔ΘʤΡȹχʤἍ͔ Ἅ̓Θ͔˯̓χεɳἍ̞ε˯χἍ˯εἍ̓ ͔χἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓Ἅ˯ χἍ˯εἍ̓ ʤʈʤεεȹΡеἍχἍ͔

Θ̞ȹʈʤἍχ˜ʤἍɲ Θ͔˯̓χεἍΡ͔χȹχʤʓἍȹʀ͔ϢχἍɳȹ˅χʤΡἍχ˜ʤἍRotate _about _point sἍ̼ ȹʈΡ͔ᶾἍăχἍ˯εἍʀʤεχἍχἍ͔εΘʤʈ˯˅еἍȹἍ̓ɲ͔Θᶓ

ʤΡȹχʤἍ͔ Ἅ̓Θ͔˯̓χεɳἍ̞ε˯χἍЧ˜ʤἍ̓˯Ἅ̓ʓ͔Ϣʀχᶾ 

Rotate _about _these_point s(cv,  a, b, ops) 

ƵʤΡ˅͔Ρ̼εἍȹἍΡ͔χȹχ˯͔̓Ἅȹʀ͔ϢχἍȹἍΡ͔χȹχ˯͔̓ἍУʤʈχ͔ΡἍεΘʤʈ˯˅˯ʤʓἍʀеἍχЧἍ͔ε˯ χʤεʒἍ 

ʈУἍ̼͔᷁Ϣ̓χἍχ˜ʤἍΡ˯ː˯ʓἍʀ͔ʓеἍ˯εἍΡ͔χȹχʤʓἍȹʀ͔ϢχἍχ˜ʤἍεΘʤʈ˯˅˯ʤʓἍΡ͔χȹχ˯͔̓ἍУʤʈχ͔ΡἍ˯Ἅ̓ʓʤːΡʤʤεʒ 

ȹἍʑʀἍ᷁ƾ͔ χȹχ˯͔̓ἍУʤʈχ͔ΡἍʓʤ˅˯̓ʤʓἍʀеἍχ˜ʤἍε˯ χʤεἍȹἍȹ̓ʓἍʀ ʒ

͔Θε᷁ἍſΘʤΡȹχʤεἍ͔ Ἅ̓ΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍΘ͔˯̓χḚ˅ ͔ΡḚε˯ χʤᵽεᵾᶾ 

Rotate _about _axies(cva,  cvb)  

Rotate _about _axies(cva,  cvb,  cvc)  

ƵʤΡ˅͔Ρ̼εἍȹἍΡ͔χȹχ˯͔̓Ἅȹʀ͔ϢχἍχ˜ʤἍȹаʤεʒ 
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15. |Ū|ƾËȖἍŢăŪăŢăȮ ǙăſŪ 

15.1 ...... ƾʤΘ͔Ρχ˯̓ːἍ͔̓Ἅχ˜ʤἍŢȹʓʤ̞Ϣ̓ːἍʈ͔̓εχȹ̓χ 

[str ]  θ

[madelung  #]  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒŢ q|ŗǦŪËᶾăŪƵ 

The madelung  keyword reports on the Madelung constant of a structure (Madelung, 1918). It uses the 

method of f͔ ʤ̞˜͔ἍᵱἍf̃ ʤȹΡеἍᵽᴞᴨᴨᴦᵾἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍχ˜ʤἍʤ̞ʤʈχΡ͔εχȹχ˯ʈἍΘ͔χʤ̓χ˯ȹ̞εᶾἍtomic charges are 

from the occ  keyword, see Ţ q|ŗǦŪËᶾăŪƵ. #define show_GRS in Ţ q|ŗǦŪËᶾăŪƵ 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 coordi-

nates constitutes the electrostatic force exerted on atoms.  

15.2 ..... ƾʤΘ͔Ρχ˯̓ːἍ͔̓Ἅχ˜ʤἍf͔Ϣ̞͔̼ʀἍΘ͔χʤ̓χ˯ȹ̞ἍȹχἍȹἍε˯χʤ 

[site ] ᶿἍἍᵿco #]   

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_in-

teraction  keyword . 

Madelung constant for Rutile

S2 (Angstroms)

32.82.62.42.221.81.61.41.21
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15.3  ..... |̓˜ȹ̓ʈʤ̼ʤ̓χεἍχ͔Ἅχ˜ʤἍːΡεḚ˯̓χʤΡȹʈχ˯͔̓ 

[strᶁ  θ

[site ]  θ

[g !N] [q E] [s E] 

ᵿrepulsion_refine ᶁ  

[grs_interaction  [qi !E qj ᵳ|ᶁἍײεᴞἍײεᴟἍʈἍᵳ|ᶁᶿ 

ᵿno_coulombᶁ 

[penalty  = Get(grs_lp_rep);]  

[penalty  = Get(grs_lp_refine);]  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒ 

ŗȆſᴢᶓËƾǋᶓ ǦǙſᶾăŪƵἍἍ(not new)  

Ëƾǋᶓ ŗȆſᴢᶒǋſŗȆ|ᶓᴞᶾăŪƵ 

Ëƾǋᶓ ŗȆſᴢᶒƾ|ƵᶓᴞᶾăŪƵ 

Ëƾǋᶓ ŗȆſᴢᶒƾ|ƵᶓᴟᶾăŪƵ 

The site  dependent keyword g reports on the difference in value between the sum of all grs_intera c-

tionεἍЧ˯χ˜Ἅχ˜ʤἍε˯χʤἍ˯̓ʈ̞ϢʓʤʓᶽἍȹ̓ʓἍχ˜ʤἍε˯χʤἍʤаʈ̞ϢʓʤʓᶾἍă̓Ἅ͔χ˜ʤΡἍЧ͔ΡʓεᶽἍ˯χἍΡʤΘ͔ΡχεἍ͔̓Ἅχ˜ʤἍε˯χʤᶫεἍʈ͔̓χΡ˯ʀϢχ˯͔̓Ἅ

to all grs_interaction s. 

When repulsion_refine  is defined, then all grs_interaction εἍȹΡʤἍΘ̞ȹʈʤʓἍ˯̓ἍȹἍᶮΡʤΘϢ̞ε˯͔̓ἍΡʤ˅˯̓ʤᶯἍ̼͔ʓʤᶾἍă̓Ἅ

this mode, grs_interaction s return the sum of the derivatives squared of the grs_interaction s, with 

respect to the atomic coordinates, or, in pseudo code:  

Sum(dgrs_interaction /df i, i)2 

where f i corresponds to the x, y and z coordinates of the sites associated with the grs_interaction . In 

this manner, a refinement will adjust repulsion parameters such that the derivatives of the grs_inter-

action s with respect to independent repulsion parameters are a minimum.  

Repulsion parameters include qi, qj, q, s and any other parameters defined in the grs_interaction equa-

tion. The new site dependent keyword, s, scales the equation part of grs_interaction s. This simplifies 

the setting up of grs_interaction s; 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 coordinates 

are not refined. However, their derivatives with respect to the grs_interaction  equations 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_interaction s 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_intercation s equations with respect to 
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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 
B2 = s2 s3  
B3 = s1 s2 

These parameters are related to the minimum distance R o between two isolated atoms i and j, and for 

the case of opposite q charges, as follows:  

Uij = q i q j / R + s i sj / Rn 

Setting the derivative to zero:  

dU ij(R=Ro)/dR = 0  

we get:  

Ro =  ( (n-1) si sj / (q i q j) ) 1/(n-1) 

15.4  ..... ă̓ʈ̞Ϣʓ˯̓ːἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡἍ˯̓ἍːΡεḚ˯̓χʤΡȹʈχ˯͔̓ᵽεᵾ 

The default is to not include lattice parameters when repulsion_refine  is defined. To include the min-

imization of derivatives of the grs_interaction s 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 refinement, are 

included in the derivatives of grs_interaction s if the following is included:  

penalty = Get( grs_lp_refine ); : 0  

15.5 ..... ăː͔̓Ρ˯̓ːἍχ˜ʤἍf͔Ϣ̞͔̼ʀἍΘȹΡχἍ͔˅Ἅχ˜ʤἍːΡεḚ˯̓χʤΡʈȹχ˯͔̓ 

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 / R 6 + B/R12 

To efficien tly calculates this U, then two grs_intercation s 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  
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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 AlVO 4, see Ëƾǋᶓ ŗȆſᴢᶒƾ|Ƶᶓ

ᴟᶾăŪƵ.  

The grs_inter action  equation can also be set to zero. This may be useful when looking at dipole prop-

erties of a molecule where the centre of the electron cloud is at a different position from the nucleus, 

for example:  

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  ..... ḚΡʤ̼ἍȹχχΡ˯ʀϢχʤἍᶓἍƾʤ̼͔У˯̓ːᶏ˯̓εʤΡχ˯̓ːἍΘȹΡȹ̼ʤχʤΡεἍ˅Ρ͔̼ἍΡʤ˅˯̓ʤ̼ʤ̓χ 

The _rem parameter attribute is an equation that is evaluated at the start of a refinement iteration 

(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 ..... Ǧε˯̓ːἍ͔̕Ḛχ͔Ḛʈ͔̓χ˯̓ϢʤἍȹ̓ʓἍḚΡʤ̼ 

In version 7, the ŗȆſᴢᶓËƾǋᶓ ǦǙſᶾăŪƵ test example was the fastest way of solving the AlVO 4 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 occupancies is to fix the occu-

pancies for a certain number of cycles and then change the occupancies on the Al+3 site without 

including them in the refinement. This is accomplished using the new keywords of ok_to_continue , q, 

s and the new _rem parameter attribute; it works as follows (see Ëƾǋᶓ ŗȆſᴢᶒǋſŗȆ|ᶓᴞᶾăŪƵ 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  
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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 
 
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 10 th Cycle as defined in the VQ 

̼ȹʈΡ͔ᶾἍŪ͔χʤᶽἍχ˜ʤΡʤᶫεἍ͔̞̓еἍ͔̓ʤἍgrs_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  

}  

ǋſŗȆ|ᶓᴞᶾăŪƵ 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  
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#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  
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 ǋſŗȆ|ᶓᴞᶾăŪƵ with penalties_only_start_at_Rietveld_positions =1 refines on the atomic coordi-

nated 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 ǋſŗȆ|ᶓᴞᶾăŪƵ with solve_using_real_data_and_penalties =1 solves the structure 10 times and 

the Rwp plot looks like:  

 

This is similar - to ŗȆſᴢᶓËƾǋᶓ ǦǙſᶾăŪƵ ʑwhich refines on occupancies. ok_to_continue  is evaluated at 

the start of each iteration. If it evaluates to zero, then val_on_continue  of its independent 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  ..... |̓ʤΡːеἍ̼˯̓˯̼˯эȹχ˯͔̓ᶓ͔ ̞̓еἍΡʤεϢ̞χεἍ˯̓ ἍεχΡϢʈχϢΡʤἍ͔˅Ἅ ̞ȆſᴢἍ 

Running ǋſŗȆ|ᶓᴞᶾăŪƵ with solve_using_real_data_and_penalties =0, achieves a minimum energy con-

figuration that matches the Rietveld refined structure. only_penalties  are refined; lattice parameters 

are not included. Even though AlVO 4 is partly ionic, t he maximum atomic displacement at the energy 

minimum compared to the Rietveld refined positions is relatively small at ~0.22  Å with an average 
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movement of ~0.14  %ᶾἍă̓Ἅ͔χ˜ʤΡἍЧ͔ΡʓεᶽἍχ˜ʤἍʤ̓ʤΡːеἍ̼˯̓˯̼˯эȹχ˯͔̓ἍᶮΘεʤϢʓ͔-ε͔̞УʤʓᶯἍχ˜ʤἍεχΡϢʈχϢΡʤἍ˅Ρ͔̼ἍȹἍ

crude atomic interaction model.  

Including lattice parameters as refinable parameters results in non -sensical atomic coordinates which 

means that the atomic interaction model is inadequate in a physical sense.  

15.9  ..... qʤχʤΡ̼˯̓˯̓ːἍΡʤΘϢ̞ε˯͔̓ἍΘȹΡȹ̼ʤχʤΡεἍ˅͔ΡἍ ̞Ȇſᴢ 

ƾ|ƵᶓᴞᶾăŪƵ perfo rms three types of operations /refinements as seen by the self -explanatory control  

statements at the top of the file of:  

#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 dU ij/df i=0 for AlVO 4 by varying three s repulsion parameters of sal , sv  and so where:  

Uij = q i q j / R + s i sj / R9 

As seen in ƾ|ƵᶓᴞᶾăŪƵᶽ the sum of the derivatives squared of dU/df i (where f i is a fractional atomic co-

ordinate) 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 ƾ|ƵᶓᴞᶾăŪƵ is that the R o 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 follow-

ing Al octahedron (lighter atoms are the Rietveld determined positions):  
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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);  
   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 . 
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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 AlVO 4 and that another model is needed.  

15.10 ... Ἅ͔̓̓ᶓ˯ ͔̓˯ʈἍ̼͔ʓʤ̞Ἅ˅͔ΡἍ ̞Ȇſᴢ 

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 = A ij / R4 + B ij/R9 

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 test example ƾ|ƵᶓᴟᶾăŪƵ 

uses this potential , 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_interaction s  ᷁ 

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 ƾ|ƵᶓᴞᶾăŪƵ and it indicates near zero values for 

(dgrs_interaction /df i ) 2 where  f i is a fractional atomic coordinate or lattice parameter. The difference 

in lattice parameters between the observed values from Rietveld refinement and the energy minimi-

zation of ƾ|ƵᶓᴟᶾăŪƵ is: 

ƺa  =  0.353377,   ƺb  = 0.387755,  ƺc =  0.501125  
ƺal  = - 0.92222,   ƺbe = - 0.32539,   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. Ţſŗ|fǦŗ ƾἍqȖŪ ŢăfǋἍᵽŢqᵾ 

[molecular_dynamics ] 

[md_time_stepἍᵳ|ᴝᶾᴝᴝᴟᶁ 

[md_timeἍᵳ|]  

[md_scaleἍᵳ|ᴞ]  

ƵȹΡȹ̼ʤχʤΡἍȹχχΡ˯ʀϢχʤε᷁ 

_md_kἍᵳ|ᴞ 

_massἍᵳ|ᴞ 

_md_forceἍᵳ|ᴝ 

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒËƾǋᶓ ŗȆſᴢᶒ 

ŢqᶓᴞᶾăŪƵ 

ŢqᶓᴟᶾăŪƵ 

ŢqᶓᴡᶾăŪƵ 

ŢqᶓᴢᶾăŪƵ 

ËƾǋᶓᴝᶾăŪƵ 

16.1 ..... Ţ͔̞ʤʈϢ̞ȹΡἍʓе̓ȹ̼˯ʈεἍ˯̓ἍȹἍːʤ̓ʤΡȹ̞Ἅ̼ȹ̓̓ʤΡ 

Defining molecular_dynamics  (MD) places the program in a non- refinement mode where parameters 

of any type can be updated in a time dependent manner. The Verlet (1967) algorithm is used for up-

dating parameters. In the present implementation, parameters that are not typically associated with 

molecular dynamics can  be updated in a MD manner. This is accomplished with the use of the pa-

rameter attributes of _md_k and _md_mass.  

Molecular dynamics is basically the steepest decent method of refinement but with new parameters 

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 itera tion k and parameter p, we have:  

Force(k) = m a(k) = dRwp/d p 

Velocity(k+1) = Velocity(k) + (dRwp(k)/d p) /  m 

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

p(k+1)  = 2 p(k) ᶔ p(k-1) + a(k) t 2  

= 2 p(k) ᶔ p(k-1) + (1/m) (dRwp(k)/d p) t2  

where t is the time step of the molecular dynamics. The mass m is set using _mass. To introduce 

flexibility, the present implementation allows modifications of p(k+1) as follows:  

p(k+1)  = (p(k) ᶔ p(k-1) + (_md_k / _mass) (dRwp(k)/d p) 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 tem-

perature).  

16.2  ..... Ţ͔̞ʤʈϢ̞ȹΡἍʓе̓ȹ̼˯ʈεἍ˅͔ΡἍȹχ͔̼ε 

In the absence of the _mass attribute, mass is determined from the masses found in the ăǋſǙſƵ|ǋᶾǙȐǙ 

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:  



Molecular dynamics (MD) 161 

 

161  Molecular dynamics (MD) 

 

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_interaction  

can be used to calculate the forces for molecular dynamics; this is demonstrated in ŢqᶓᴞᶾăŪƵ. 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 similarly for the OpenGL 3D graphics.  

ŢqᶓᴞᶾăŪƵ operates in the P -1 space group; this can be changed to P1 by outputting the fractional co-

ordinates 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 fᶾǙȐǙ file. ŢqᶓᴟᶾăŪƵ describes such a unit cell com-

prising 288 atoms. Offsetting o ne of the AL1 atoms and running the MD simulation , results in the atom 

returning to its lowest energy configuration position. This return to the optimal position is due to the 

small offset of 2.92 Å. The following shows the starting configuration:  
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Ч˜ʤΡʤἍχ˜ʤἍеʤ̞̞͔ЧἍȹχ͔̼Ἅ˯εἍχ˜ʤἍ ̞ᴞἍȹχ͔̼ᶫεἍ͔˅˅εʤχᶽἍȹ̓ʓἍχ˜ʤἍʓȹΡ̕ἍːΡʤеἍȹχ͔̼Ἅ˯εἍχ˜ʤἍ͔Ρ˯ː˯̓ȹ̞ἍΘ͔ε˯χ˯͔̓Ἅ͔˅Ἅχ˜ʤἍ

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 ǙſŢḚfſŗſƾǋᶾq|Ç file; this file can be edited 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_interaction s. The path of the Al1  is: 

 

Note the last display has been disabled (item 84); it comprises all 288 atoms in the cell. Including line 

84 produces:  
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ŢqᶓᴡᶾăŪƵ 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, repulsion terms 

such as 1/R9 can be very large when R is small; such small bond distances are unrealistic and modi-

fying U ij to avoid large values is beneficial. In the present work the equation used for the grs_interac-

tion , rewritten in terms of a yobs_eqn , is given in ËƾǋᶓᴝᶾăŪƵ, 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   
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   );  
   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  ..... ΘΘ̞е˯̓ːἍȹἍ˅͔ΡʈʤἍ͔̓Ἅȹχ͔̼ε 

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 AlVO 4 

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 ŢqᶓᴢᶾăŪƵ). The structure, however, loses its in-

tegrity for a similar force along the c-axis.  
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17. Ţăǋf|ŗŗ Ū|ſǦǋἍᶔἍǋfă|Ūf| 

17.1 ...... ǋΘȹʈʤἍːΡ͔ϢΘεᶽἍ˜̞̕εἍȹ̓ʓἍεе̼̼ʤχΡеἍ͔ΘʤΡȹχ͔Ρε 

ᵿstr ᶐἍhkl_Isᶁ  θ

ᵿspace _group  εе̼ʀ͔̞ᶁײ 

Used to define the space group where $symbol can be any symbol (case insensitive) occurring in the 

fileἍǋËfſŢᴣᶾǙȐǙ, it can also be a space group number; here are some examples:  

space_group  "I a - 3"  
space_group  ia - 3 
space_group  P_63_M_C 
space_group  I_41/A_M_D  
space_group  I_41/A_M_D:2 ª defines  second  setting  of  I_41/A_M_D  
space_group  206  
space_group  222:2        ª defines  second  setting  of  222  

ǋе̼̼ʤχΡеἍ͔ΘʤΡȹχ͔ΡεἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍʀеἍǋËfſŢᴥᶾ|Ȑ|Ἅȹ̓ʓἍΘ̞ȹʈʤʓἍ˯̓χ͔ἍȹἍǋËᶒḞǋʒËἍ˅ ˯̞ʤἍЧ˯χ˜ἍȹἍ̓ȹ̼ʤἍε˯̼˯̞ȹΡᶓ

χ͔Ἅχ˜ʤἍ̓ȹ̼ʤἍ͔˅Ἅχ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘᶾἍǋΘȹʈʤἍːΡ͔ϢΘἍʓʤχȹ˯̞εἍ˅͔ΡἍεΘȹʈʤἍːΡ͔ϢΘεἍЧ˯χ˜Ἅ̓ȹ̼ʤεἍʈ͔̓χȹ˯̓˯̓ːἍχ˜ʤἍ

ʈ˜ȹΡȹʈχʤΡεἍᶪᶏᶫἍ͔ΡἍᶪ᷁ᶫἍȹΡʤἍΘ̞ȹʈʤʓἍ˯̓Ἅ˅˯̞ʤεἍЧ˯χ˜Ἅ˅˯̞ʤἍ̓ȹ̼ʤεἍε˯̼˯̞ȹΡᶓχ͔Ἅχ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘἍʀϢχἍЧ˯χ˜Ἅχ˜ʤἍʈ˜ȹΡȹʈχʤΡεἍ

ΡʤΘ̞ȹʈʤʓἍʀеἍᶪ͔ᶫἍȹ̓ʓἍᶪΞᶫἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍǙ̃ ʤἍΡʤȹἐ͔Ἅ˅͔ΡἍχ˜˯εἍ˯εἍχ˜ȹχἍ˅˯̞ʤἍ̓ȹ̼ʤεἍʈ͔̓χȹ˯̓˯̓ːἍχ˜ʤεʤἍʈ˜ȹΡȹʈχʤΡεἍ

ȹΡʤἍ͔̓χἍȹ̞̞͔ЧʤʓἍ͔̓Ἅε͔̼ʤἍ͔ΘʤΡȹχ˯̓ːἍεеεχʤ̼εᶾἍ˜̞̕Ἅːʤ̓ʤΡȹχ˯͔̓ἍϢεʤεἍ˯̓˅͔Ρ̼ȹχ˯͔̓Ἅ˯̓ἍḞᶾεːἍ˅˯̞ʤεʒ 

17.1.1 ........... User defined rotational matrices  

Space group generator -  User defined rotational matrices can be added to the file ǋËƾſǙǋᴡᶾǙȐǙ found 

in the main TA directory. Ἅ 

17.2 ..... ƵȹЧ̞ʤеἍȹ̓ʓἍŗʤἍ^ȹ˯̞ἍʤаχΡȹʈχ˯͔̓Ἅ 

ᵿhkl_IsᶁἍᶿ 

ᵿlebailἍᶍᶁ 

ǦεʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯̓ΘϢχἍεʤː̼ʤ̓χἍ˅͔ ΡἍŗʤἍ̂ȹ˯̞Ἅ˯̓χʤ̓ε˯χеἍʤаχΡȹʈχ˯͔̓ἍᵽεʤʤἍʤаȹ̼Θ̞ʤἍŗ|^ ăŗᴞᶾăŪƵᵾ᷁ 

hkl_Is    space_group  p- 1   lebail  1...  

ǦεʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯̓ΘϢχἍεʤː̼ʤ̓χἍ˅͔ ΡἍƵȹЧ̞ʤеἍ˯ ̓χʤ̓ε˯χеἍʤаχΡȹʈχ˯͔̓ἍᵽεʤʤἍʤаȹ̼Θ̞ʤἍƵ ȉŗ|ȖᴞᶾăŪƵᵾ᷁ 

hkl_Is    space_group  p- 1...  

hkls are generated in the absence of Ἅhkl_m_d_th2Ἅkeywords. After refinement, details for the gener-

ȹχʤʓἍ˜̞̕ᶫεἍare appended after  theἍspace _group Ἅ̕ ʤеЧ͔ΡʓᶾἍFor the Pawley Ἅmethod, once the hkl details 

are generated, parameter equations can be applied in the usual manner to theἍIἍparameters.  
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17.3 ..... qʤ˅˯̓˯̓ːἍ˜̞̕εἍϢε˯̓ːἍϢεʤḚ˜̞̼̕ 

˜̞̕εἍȹΡʤἍȹϢχ͔̼ȹχ˯ʈȹ̞̞еἍːʤ̓ʤΡȹχʤʓἍ˅͔ΡἍstrἍΘ˜ȹεʤεᶾἍǙ˜˯εἍʀʤ˜ȹУ˯͔ϢΡἍʈȹ̓ἍʀʤἍʈ˜ȹ̓ːʤʓἍϢε˯̓ːἍχ˜ʤἍuse_hklmἍ

̕ʤеЧ͔ΡʓἍεϢʈ˜Ἅχ˜ȹχἍ˜̞̕εἍʀʤʈ͔̼ʤἍǦεʤΡᶓʓʤ˅˯̓ʤʓ᷄Ἅ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

str ¡  
   load use_hklm {  
      2   2   0  12 
      2   2   2   8 
      ¡ 
   }  

17.4 ..... fȹ̞ʈϢ̞ȹχ˯͔̓Ἅ͔˅ἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔Ρε 

Ǚ̃ ʤἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡἍÇἍ˅ ͔ΡἍȹἍsiteἍΕἍЧ˯χ˜ἍadpsἍ˯ εἍχ˜ʤἍʈ͔̼Θ̞ʤаἍΞϢȹ̓χ˯χе ᷁

&Èȟ‗ȟς—

ừ
ỬỬ
Ừ

ỬỬ
ứ

Ὕȟ ÈȟςⱣ Ὡ
   Ȣȟ

 Ὢȟȟ ς—ȟ‗ Ὢȟ ‗ ὭὪȟ ‗  ὕȟ
ữ
ỬỬ
Ữ

ỬỬ
ử

  

Ч̃ ʤΡʤἍ 

ΕἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅε˯χʤἍΕ 

ʅἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ͔ε˯χ˯͔̓Ἅ͔˅Ἅε˯χʤἍΕ 

ȹἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅȹχ͔̼Ἅȹ 

ὕȟἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅ͔ʈʈϢΘȹ̓ʈе 

Ὕȟ ʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍȹ̓˯ε͔χΡ͔Θ˯ʈἍχʤ̼ΘʤΡȹχϢΡʤἍ˅ȹʈχ͔Ρ 

Ὢ ÁÎÄ ὪἍἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅȹ͔̼̓ȹ̞͔ϢεἍʓ˯εΘʤΡε˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χε 

ᵽᴞᴦᶓᴞᵾ 

For a site  with beq , F for  a fixed  ‗ becomes:  

&Èȟς—

ừ
ỬỬ
Ừ

ỬỬ
ứ

Ὡ   ἰ▄ ȢἺȟ

 Ὢȟȟ ς— Ὢȟ ὭὪȟ  Ὡ ȟ Ⱦ ὕȟ
ữ
ỬỬ
Ữ

ỬỬ
ử

 

  

ᵽᴞᴦᶓᴟᵾ 

Let 

ὃ В ὧέίς“ È▄ ȢÒȟ ȟ      ὄ В ίὭὲς“ È ȢÒȟ  

 

Separating the real and imaginary parts we get:  

&Èȟ‗ȟς— ύ ύ Ὥ ύ  ύ  
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where  

ύ  ὃ Ὢȟȟ ς—ȟ‗ Ὢȟ ‗   Ὡ ȟ Ⱦ  ὕȟ  

ύ Ὢȟ ‗ Ὡ ȟ Ⱦ ὕȟ  

ύ ὃ Ὢȟ ‗ Ὡ ȟ Ⱦ  ὕȟ  

ύ ὄ Ὢȟȟ ς—ȟ‗ Ὢȟ ‗   Ὡ ȟ Ⱦ ὕȟ  

Approximation ς— with the Bragg angle and dropping subscripts and defining : 

˅͔ᶽεἍḃἍSȹἍ˅͔ ᶽȹἍſȹʑ ἍἍἍ˅ε
ᶬἍḃἍSȹἍ˅ȹᶬἍſȹʑ ἍἍἍ˅ε

ᶭἍḃἍSȹἍ˅ȹᶭἍſȹ ᵽᴞᴦᶓᴡᵾ 

ЧʤἍ˜ȹУʤ ᷁

ÇἍḃἍSεἍᵽεἍḅἍ˯Ἅε̂ᵾἍᵽ˅͔ᶽεἍ+Ἅf s'ḅἍ˯Ἅ˅ε
ᶭᵾ 

ÇἍḃἍSεἍᵽεἍ(f o,s +f s') - Bs f s") + i Ss (As f s" + Bs (f o,s + f s'))  

͔ΡᶽἍἍÇἍḃἍἍḅἍ˯Ἅ ̂

ᵽᴞᴦᶓᴢᵾ 

Ǚ̃ ʤἍ˯̓χʤnε˯χеἍ˯εἍΘΡ͔Θ͔Ρχ˯͔̓ȹ̞Ἅχ͔Ἅχ˜ʤἍʈ͔̼Θ̞ʤаἍʈ͔̓̍ϢːȹχʤἍ͔ ˅Ἅχ˜ʤἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡᶽἍ͔Ρᶽ 

ÇᴟἍḃἍᴟἍḅἍ̂ᴟ ᵽᴞᴦᶓᴣȹᵾ 

͔Ρᶽ 

ÇᴟἍḃἍᴝᴞᴟἍḅἍ̂ᴝᴞᴟἍḅἍᴞᴞᴟἍḅἍ̂ᴞᴞᴟἍḅἍᴟἍᴝ̂ᴞἍᴞᴞἍᶓἍᴟἍᴝᴞἍ̂ᴞᴞ ᵽᴞᴦᶓᴣʀᵾ 

Ч˜ʤΡʤἍᴝᴞḃἍSεἍεἍᵽ˅͔ ᶽεἍḅἍ˅εᶬᵾᶽἍἍἍᴞᴞἍḃἍSεἍεἍ˅εᶭ 

ᴝ̂ᴞḃἍSεἍ̂εἍᵽ˅͔ ᶽεἍḅἍ˅εᶬᵾᶽἍἍἍᴞ̂ᴞἍḃἍSεἍ̂εἍ˅ε ɰ

ȹ̓ʓἍἍḃἍᴝᴞἍ-Ἅ̂ᴞᴞʑ ἍἍἍἍ̂ḃἍ̂ᴝᴞἍḅἍᴞᴞ 

 

χ͔̼˯ʈἍεʈȹχχʤΡ˯̓ːἍ˅ȹʈχ͔ΡεᶽἍ˅͔ᶽȹʑἍʈ͔̼ΘΡ˯εʤἍᴞᴞἍУȹ̞ϢʤεἍΘʤΡἍȹχ͔̼Ἅȹ̓ʓἍȹΡʤἍ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍ˅˯̞ʤἍǙŢǋf ǙḚᴞᴞᶾǙȐǙᶾἍ

f͔ ΡΡʤεΘ͔̓ʓ˯̓ː̞еἍᴨἍУȹ̞ϢʤεἍΘʤΡἍȹχ͔̼ᶽἍ͔ʀχȹ˯̓ʤʓἍ˅Ρ͔̼Ἅχ˜ʤἍă̓ χʤΡ̓ȹχ˯͔̓ȹ̞ἍǙȹʀ̞ʤεᶽἍȹΡʤἍ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍ˅˯̞ʤἍ

ǙŢǋf ǙḚᴨᶾǙȐǙᶾἍǦεʤἍ͔˅Ἅʤ˯χ˜ʤΡἍᴨἍ͔ΡἍᴞᴞἍУȹ̞ϢʤεἍʈȹ̓ἍʀʤἍ˯̓У͔̕ʤʓἍʀеἍΡϢ̓̓˯̓ːἍχ˜ʤἍʀȹχʈ˜Ἅ˅˯̞ʤεἍǦǋ|ḚᴨÇᴝἍȹ̓ʓἍ

Ǧǋ|ḚᴞᴞÇᴝἍ ΡʤεΘʤʈχ˯Уʤ̞еᶾἍq˯ εΘʤΡε˯͔̓Ἅ ʈ͔ʤ˅˅˯ʈ˯ʤ̓χεᶽἍ ˅ȹ
ᶬἍ ȹ̓ʓἍ ˅ȹ

ᶭᶽἍ ȹΡʤἍ ʀеἍ ʓʤ˅ȹϢ̞χἍ ˅Ρ͔̼Ἅ

http://www.cxro.lbl.gov/optical_constants/asf. html . 

Ǚ̃ ʤεʤἍʓȹχȹᶽἍ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍǋǋÇἍʓ˯Ρʤʈχ͔ΡеᶽἍʈ͔УʤΡεἍχ˜ʤἍʤ̓ʤΡːеἍΡȹ̓ːʤἍ˅Ρ͔̼ἍᴞᴝἍχ͔ἍᴡᴝᴝᴝᴝʤȆʒ ἍǙ̃ ʤἍϢεʤἍ͔˅Ἅ

use_tube _dispersion _coefficients ˅͔ΡʈʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅʓ˯εΘʤΡε˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χεἍ˅Ρ͔̼Ἅχ˜ʤἍă̓ χʤΡ̓ȹχ˯͔̓ȹ̞ἍǙȹᶓ

ʀ̞ʤεἍ˅͔ΡἍȐᶓΡȹеἍfΡеεχȹ̞̞͔ːΡȹΘ˜еἍᵽᴞᴨᴨᴣᵾᶽἍȆ͔ ̞ᶾfʑ ἍΘᴡᴧᴢᶓᴡᴨᴞἍȹ̓ʓἍᴣᴝᴝᶓᴣᴝᴟᶽἍȹ̓ʓἍ˅͔ΡἍſᴟᶓἍ˅ Ρ͔̼Ἅß͔ УʤεχΡʤеʓχἍ
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ᵽᴞᴨᴧᴡᵾᶾἍǙ̃ ʤεʤἍʓȹχȹἍȹΡʤἍ˯̓Ἅʓ˯εʈΡʤχʤἍʤ̓ʤΡːеἍεχʤΘεἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχ͔ἍЧȹУʤ̞ʤ̓ːχ˜εἍχеΘ˯ʈȹ̞̞еἍ˅͔Ϣ̓ʓἍ˯̓Ἅ̞ȹᶓ

ʀ͔Ρȹχ͔ΡеἍȐᶓΡȹеἍχϢʀʤεᶾἍÇ͔ ΡἍ̓ʤϢχΡ͔̓Ἅʓ˯˅˅Ρȹʈχ˯͔̓ἍʓȹχȹᶽἍ˅ȹ
ᶬḃἍ˅ȹᶭḃᴝἍȹ̓ʓἍ˅͔ᶽȹἍ˯ εἍΡʤΘ̞ȹʈʤʓἍʀеἍχ˜ʤἍʀ͔Ϣ̓ʓἍʈ͔˜ʤΡʤ̓χἍ

εʈȹχχʤΡ˯̓ːἍ̞ʤ̓ːχ˜Ἅᵽ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍŪ|ǦǙǋf ǙᶾǙȐǙἍ˅ ˯̞ʤᵾἍ˅͔ΡἍȹχ͔̼ἍᶪȹᶫἍʒ 

17.4.1 .......... Friedel pairs  

Ç͔ ΡἍʈʤ̓χΡ͔εе̼̼ʤχΡ˯ʈἍεχΡϢʈχϢΡʤεἍʑχ˜ʤἍ˯̓χʤ̓ε˯χ˯ʤεἍ˅͔ΡἍȹἍÇΡ˯ʤʓʤ̞ἍΡʤ˅̞ʤʈχ˯͔̓ἍΘȹ˯ΡἍȹΡʤἍʤΞϢ˯Уȹ̞ʤ̓χᶽἍ͔ΡἍÇᴟᵽ˜Ἅ̕Ἅ̞ᵾἍ

ḃἍÇᴟᵽᶓ̃ᶓ̕ᶓ̞ ᵾᶾἍǙ̃ ˯εἍ˜͔̞ʓεἍχΡϢʤἍΡʤːȹΡʓ̞ʤεεἍ͔˅Ἅχ˜ʤἍΘΡʤεʤ̓ʈʤἍ͔˅Ἅȹ͔̼̓ȹ̞͔ϢεἍεʈȹχχʤΡ˯̓ːἍȹ̓ʓἍΡʤːȹΡʓ̞ʤεεἍ͔˅Ἅχ˜ʤἍ

ȹχ͔̼˯ʈἍεΘʤʈ˯ʤεἍΘΡʤεʤ̓χἍ˯̓Ἅχ˜ʤἍϢ̓˯χἍʈʤ̞̞ᶾἍǙ̃ ˯εἍʤΞϢ˯Уȹ̞ʤ̓ʈʤἍ˯̓ἍÇᴟἍ˯ εἍʓϢʤἍχ͔Ἅ0̂1 ḃ ᴞ̂ᴞ ḃ ᴝἍȹ̓ʓἍχ˜Ϣε᷁Ἅ 

ÇἍḃἍᴝᴞἍḅἍ˯ἍᴞᴞἍἍἍȹ̓ʓἍἍἍÇᴟἍḃἍᴝᴞᴟἍḅἍᴞᴞᴟ ᵽᴞᴦᶓᴥᵾ 

Ç͔ ΡἍ͔̓̓ᶓʈʤ̓χΡ͔εе̼̼ʤχΡ˯ʈἍεχΡϢʈχϢΡʤεἍȹ̓ʓἍ˅͔ΡἍχ˜ʤἍʈȹεʤἍ͔˅Ἅ͔̓Ἅȹ͔̼̓ȹ̞͔ϢεἍεʈȹχχʤΡ˯̓ːᶽἍ͔ΡἍ˅͔ΡἍχ˜ʤἍʈȹεʤἍ

Ч˜ʤΡʤἍχ˜ʤἍϢ̓˯χἍʈʤ̞̞Ἅʈ͔̼ΘΡ˯εʤεἍȹἍε˯̓ː̞ʤἍȹχ͔̼˯ʈἍεΘʤʈ˯ʤεᶽἍχ˜ʤ̓ἍÇᴟᵽ˜Ἅ̕Ἅ̞ᵾἍḃἍÇᴟᵽᶓ̃ᶓ̕ᶓ̞ ᵾᶾἍſΡᶽἍ˅͔ΡἍȹἍε˯̓ː̞ʤἍȹχ͔̼˯ʈἍ

εΘʤʈ˯ʤεἍЧʤἍ˜ȹУʤ᷁ 

ᴝ̂ᴞἍᴞᴞἍḃἍᵽ˅ᴝἍḅ˅ᶬᵾἍᵽSǋἍ̂ǋᵾἍ˅ᶭἍᵽSǋἍǋᵾᶽἍἍἍᴝᴞἍ̂ᴞᴞἍḃἍᵽ˅ᴝἍḅ˅ᶬᵾἍᵽSǋἍǋᵾἍ˅ᶭἍᵽSǋἍ̂ǋᵾ 

͔ΡἍ̂ᴝᴞἍᴞᴞἍḃἍᴝᴞἍ̂ᴞᴞ 

ᵽᴞᴦᶓᴦᵾ 

ȹ̓ʓἍχ˜ϢεᶽἍ˅Ρ͔̼Ἅʈȹ̓ʈʤ̞̞ȹχ˯͔̓Ἅ˯̓Ἅ|ΞᶾἍᵽ17-5ʀᵾἍЧʤἍːʤχ᷁ 

Çᴟᵽ̃ᵾἍḃἍÇᴟᵽᶓ̃ᵾἍḃἍᴝᴞᴟἍḅἍ̂ᴝᴞᴟἍḅἍᴞᴞᴟἍḅἍ̂ᴞᴞᴟ ᵽᴞᴦᶓᴧᵾ 

Ç͔ ΡἍ͔̓̓ᶓʈʤ̓χΡ͔εе̼̼ʤχΡ˯ʈἍεχΡϢʈχϢΡʤεἍȹ̓ʓἍ˅͔ΡἍχ˜ʤἍʈȹεʤἍ͔˅Ἅȹ͔̼̓ȹ̞͔ϢεἍεʈȹχχʤΡ˯̓ːἍȹ̓ʓἍ˅͔ΡἍȹἍεχΡϢʈχϢΡʤἍ

ʈ͔̼ΘΡ˯ε˯̓ːἍ̼͔ΡʤἍχ˜ȹ̓Ἅ͔̓ʤἍȹχ͔̼˯ʈἍεΘʤʈ˯ʤεἍχ˜ʤ̓ἍÇᴟᵽ̃ᵾἍ̧ἍÇᴟᵽᶓ̃ᵾᶾἍ 

17.4.2  .......... Powder data  

ÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεἍȹΡʤἍ̼ʤΡːʤʓἍ˅͔ΡἍΘ͔ЧʓʤΡἍʓ˯˅˅Ρȹʈχ˯͔̓ἍʓȹχȹἍ̼ʤȹ̓˯̓ːἍχ˜ȹχἍχ˜ʤἍ̼Ϣ̞χ˯Θ̞˯ʈ˯χ˯ʤεἍȹεἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍ

χ˜ʤἍ˜̞̕Ἅːʤ̓ʤΡȹχ͔ΡἍ˯ ̓ʈ̞ϢʓʤεἍχ˜ʤἍΡʤ˅̞ʤʈχ˯͔̓εἍᵽ˜Ἅ̕Ἅ̞ᵾἍȹ̓ʓἍᵽᶓ̃ Ἅᶓ̕ Ἅᶓ̞ ᵾ᷄Ἅχ˜˯εἍ˯̼ΘΡ͔УʤεἍʈ͔̼ΘϢχȹχ˯͔̓ȹ̞Ἅʤ˅˅˯ʈ˯ʤ̓ʈеᶾἍ

|ΞᶾἍᵽ17-5ʀᵾἍː˯УʤεἍχ˜ʤἍʈ͔ΡΡʤʈχἍ˯̓χʤ̓ε˯χеἍ˅͔ΡἍϢ̼̓ʤΡːʤʓἍÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεἍȹ̓ʓἍχ˜ϢεἍ˯χἍʈȹ͔̓̓χἍʀʤἍϢεʤʓἍ˅͔ΡἍ

̼ʤΡːʤʓἍÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεᶾἍǦε˯̓ːἍχ˜ʤἍ˅ȹʈχἍχ˜ȹχ᷁ 

ᴝᴞᵽ̃ᵾἍḃἍᴝᴞᵽᶓ̃ᵾᶽ ἍἍᴞᴞᵽ̃ᵾἍḃἍᴞᴞᵽᶓ̃ᵾ 

ᴝ̂ᴞᵽ̃ᵾἍḃἍᴝ̂ᴞᵽᶓ̃ᵾᶽἍἍἍἍἍἍἍᴞ̂ᴞᵽ̃ᵾἍḃἍᴞ̂ᴞᵽᶓ̃ᵾ 

ᵽᴞᴦᶓᴨᵾ 

χ˜ʤ̓ἍÇᴟἍ˅ Ρ͔Ἅ̼|ΞᶾἍᵽ17-5ʀᵾἍ˯̓ἍχʤΡ̼εἍ͔˅Ἅᴝ̂ᴞᵽ̃ᵾἍȹ̓ʓἍᴞ̂ᴞᵽ̃ᵾἍʤУȹ̞ϢȹχʤεἍχ͔᷁ 

Çᴟᵽ̃ᵾἍἍḃἍƼᴞἍḅἍƼᴟ 

Çᴟᵽᶓ̃ᵾἍἍḃἍƼᴞἍᶔἍƼᴟ 

where Q1 =ἍᴝᴞᴟἍḅἍ̂ᴝᴞᴟἍḅἍᴞᴞᴟἍḅἍ̂ᴞᴞᴟ 

and Q2 =ἍᴟἍᵽ̂ᴝᴞἍᴞᴞἍᶔἍἍᴝᴞἍ̂ᴞᴞᵾ 

ᵽᴞᴦᶓᴞᴝᵾ 

ȹ̓ʓἍ˅͔ΡἍ̼ʤΡːʤʓἍÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεἍЧʤἍːʤχ᷁Ἅ 
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Çᴟᵽ̃ᵾἍḅἍÇᴟᵽᶓ̃ᵾἍḃἍᴟἍƼᴞ ᵽᴞᴦᶓᴞᴞᵾ 

Ǚ̃ ʤἍ˅ȹʈχ͔ΡἍ͔˅ἍᴟἍ˯̓Ἅ|ΞᶾἍᵽ17-11ᵾἍ˯εἍʓΡ͔ΘΘʤʓἍȹεἍ˯χεἍ˯̓ʈ̞ϢʓʤʓἍ˯̓Ἅχ˜ʤἍ̼Ϣ̞χ˯Θ̞˯ʈ˯χеἍ˅ ͔ΡἍἍ̃ᵽȹεἍː˯Уʤ̓ἍʀеἍχ˜ʤἍ˜̞̕Ἅ

ːʤ̓ʤΡȹχ͔Ρᵾʒ ἍǙ̃ ϢεᶽἍχ˜ʤἍ˅˯̓ȹ̞ἍʤΞϢȹχ˯͔̓ἍʓʤεʈΡ˯ʀ˯̓ːἍÇᴟἍ˅ ͔ΡἍΘ͔ЧʓʤΡἍʓ˯˅˅Ρȹʈχ˯͔̓ἍʓȹχȹἍ˅͔ΡἍ̼ʤΡːʤʓἍÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεἍ

˯ε᷁ 

Çᴟᵽ̃ᵾ̼ʤΡːʤʓἍḃἍƼᴞ ᵽᴞᴦᶓᴞᴟᵾ 

Ǚ̃ ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤεἍ͔˅ἍA01ᶽἍA11ʑ ἍB01Ἅȹ̓ʓἍB11Ἅʈȹ̓ἍʀʤἍϢεʤʓἍχ͔Ἅ͔ʀχȹ˯̓ἍϢ̼̓ʤΡːʤʓἍΡʤȹ̞ᶽἍ˯̼ȹː˯ᶓ

̓ȹΡеἍȹ̓ʓἍÇᴟἍʈ͔̼Θ͔̓ʤ̓χεἍȹ̓ʓἍχ˜ʤἍ̼ʤΡːʤʓἍÇᴟᶾἍǙ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍ̼ȹʈΡ͔εἍ˜ȹУʤἍʀʤʤ̓ἍΘΡ͔У˯ʓʤʓἍ˯̓ἍǙſƵ ǋᶾăŪf᷁ 

macro  F_Real_positive { (A01 - B11) }  
macro  F_Real_negative { (A01+B11 ) }  
macro  F_Imaginary_positive { ( A11+B01) }  
macro  F_Imaginary_negative { ( A11- B01) }  
macro  F2_positive { (F_R eal_positive^2 + F_Imaginary_positive^2) }  
macro  F2_negative { (F_R eal_ negative  ^2 + F_Imaginary_ negative ^2) }  
macro  F2_Merged { (A01^2 + B01^2 + A11^2 + B11^2)  }  

Ū͔ χʤἍχ˜ȹχἍÇᴟḚŢʤΡːʤʓἍḃἍᵽÇᴟḚΘ͔ε˯χ˯УʤἍḅἍÇᴟḚ̓ ʤːȹχ˯УʤᵾἍᶏἍᴟᶾἍǙ̃ ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡεἍI_no_scale_pksἍȹ̓ʓἍ

I_after_scale_pks Ἅ˅ ͔ΡἍstrἍΘ˜ȹεʤεἍȹΡʤἍʤΞϢ˯Уȹ̞ʤ̓χἍχ͔Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

I_no_scale_pksἍḃἍËʤχᵽscaleᵾἍMἍÇᴟḚŢʤΡːʤʓ 

I_after_scale_pks ἍḃἍËʤχᵽȹ̞̞Ḛεʈȹ̞ʤḚΘ̕εᵾἍËʤχᵽscaleᵾἍMἍÇᴟḚŢʤΡːʤʓ 

ă̓ Ἅȹʓʓ˯χ˯͔̓ᶽἍχ˜ʤἍ̼ȹʈΡ͔εἍOut_F2_DetailsἍȹ̓ʓἍOut_A01_A11_B01_B11Ἅʈȹ̓ἍʀʤἍϢεʤʓἍχ͔Ἅ͔ϢχΘϢχἍÇᴟἍʓʤχȹ˯̞εᶾἍ 

17.4.3  .......... Single crystal data  

ǋß|ŗȐἍßōŗᴢἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍʈ͔̼ΘΡ˯εʤἍϢ̼̓ʤΡːʤʓἍʤΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εἍȹ̓ʓἍχ˜ϢεἍ|ΞᶾἍᵽ17-5ʀᵾἍ˯εἍ

ϢεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍÇᴟᶾἍ|ΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍ̼ʤΡːʤʓἍʀеἍʓʤ˅ȹϢ̞χἍȹ̓ʓἍʈȹ̓ἍʀʤἍϢ̼̓ʤΡːʤʓἍϢε˯̓ːἍ

dont _merge _equivalent _reflections ᶾἍÇ͔ ΡἍʈʤ̓χΡ͔εе̼̼ʤχΡ˯ʈἍεχΡϢʈχϢΡʤεᶽἍ̼ʤΡː˯̓ːἍ˯̓ʈ̞ϢʓʤεἍχ˜ʤἍ̼ʤΡː˯̓ːἍ͔˅Ἅ

ÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεἍȹ̓ʓἍχ˜ϢεἍ|ΞᶾἍᵽ17-12ᵾἍ˯εἍϢεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍÇᴟᶾἍÇ͔ ΡἍ͔̓̓ᶓʈʤ̓χΡ͔εе̼̼ʤχΡ˯ʈἍεχΡϢʈχϢΡʤεᶽἍ̼ʤΡːᶓ

˯̓ːἍ ʤаʈ̞ϢʓʤεἍ χ˜ʤἍ ̼ʤΡː˯̓ːἍ ͔˅ἍÇΡ˯ʤʓʤ̞Ἅ Θȹ˯ΡεἍ ȹ̓ʓἍ χ˜ϢεἍ ᵽ17-5ʀᵾἍ ˯εἍ ϢεʤʓἍ ˅͔ΡἍ ʈȹ̞ʈϢ̞ȹχ˯̓ːἍÇᴟᶾἍ

dont _merge _Friedel _pairsἍΘΡʤУʤ̓χἍ ̼ʤΡː˯̓ːἍ ͔˅ἍÇΡ˯ʤʓʤ̞Ἅ Θȹ˯ΡεᶾἍignore _differences _in_Friedel _pairsἍ

˅͔ΡʈʤεἍχ˜ʤἍϢεʤἍ͔˅Ἅ|ΞᶾἍᵽ17-12ᵾἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍÇᴟᶾἍǙ̃ ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍMobs ΡʤχϢΡ̓εἍχ˜ʤἍ̓Ϣ̼ᶓ

ʀʤΡἍ͔˅Ἅ͔ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍʀʤ̞͔̓ː˯̓ːἍχ͔ἍȹἍ˅ȹ̼˯̞еἍ͔˅ἍΡʤ˅̞ʤʈχ˯͔̓εᶾἍ 

ŢʤΡː˯̓ːἍ͔˅ἍʤΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εἍΡʤʓϢʈʤεἍʈ͔̼ΘϢχȹχ˯͔̓ȹ̞Ἅʤ˅˅͔ΡχἍȹ̓ʓἍ˯εἍϢεʤ˅Ϣ̞Ἅ˯̓Ἅχ˜ʤἍ˯̓˯χ˯ȹ̞ἍεχȹːʤεἍ͔˅Ἅ

εχΡϢʈχϢΡʤἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍſ̓ ̞еἍȹἍε˯̓ː̞ʤἍ˯̓χʤ̓ε˯χеἍ˯εἍʈȹ̞ʈϢ̞ȹχʤʓἍ˅͔ΡἍȹἍεʤχἍ͔˅ἍʤΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εἍʤУʤ̓Ἅ˯̓Ἅχ˜ʤἍ

ȹʀεʤ̓ʈʤἍ͔˅Ἅ̼ʤΡː˯̓ːᶾἍǙ̃ ϢεᶽἍʤΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εἍȹ̓ʓἍÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεἍȹΡʤἍΡʤ̼ʤ̼ʀʤΡʤʓἍʑȹ̓ʓἍ˯̓χʤ̓ε˯χ˯ʤεἍ

ȹΘΘΡ͔ΘΡ˯ȹχʤʓἍȹεἍΡʤΞϢ˯Ρʤʓᶾ 

ḞǋʒfƾἍʓȹχȹἍ˯εἍχеΘ˯ʈȹ̞̞еἍːʤ̓ʤΡȹχʤʓἍ˅Ρ͔̼ἍȹἍΘ͔ЧʓʤΡἍΘȹχχʤΡ̓Ἅȹ̓ʓἍʈ͔̼ΘΡ˯εʤεἍ̼ʤΡːʤʓἍʤΞϢ˯Уȹ̞ʤ̓χἍΡʤ˅̞ʤʈχ˯͔̓εἍ

˯̓ʈ̞Ϣʓ˯̓ːἍ̼ʤΡːʤʓἍÇΡ˯ʤʓʤ̞ἍΘȹ˯ΡεᶾἍf͔ ̓εʤΞϢʤ̓χ̞еᶽἍ|ΞᶾἍᵽ17-12ᵾἍ˯εἍϢεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍÇᴟ᷄Ἅʓʤ˅˯̓˯χ˯͔̓εἍ͔˅Ἅ

dont _merge _equivalent _reflections  ʑ dont _merge _Friedel _pairsἍ ȹ̓ʓἍ ignore _differ-

ences _in_Friedel _pairsἍȹΡʤἍ˯ː͔̓Ρʤʓᶾ 
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17.4.4  ......... The Flack parameter  

ᵿstrᶁᶿἍᵿFlackἍ|ᶁ 

Ç͔ ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍȹ̓ʓἍ˅͔ΡἍ͔̓̓ᶓʈʤ̓χΡ͔εе̼̼ʤχΡ˯ʈἍεχΡϢʈχϢΡʤεἍχ˜ʤἍFlackἍparameter ( Flack,  1983)Ἅ

εʈȹ̞ʤεἍÇᴟᵽ̃ᵾἍȹ̓ʓἍÇᴟᵽᶓ̃ᵾἍȹεἍ˅͔̞̞͔ЧεἍᵽεʤʤἍχ˜ʤἍχʤεχἍʤаȹ̼Θ̞ʤἍȖŗăqŢ ᶾăŪƵᵾ᷁ 

Çᴟᵽ̃ᵾἍἍḃἍƼᴞἍḅἍᵽᴞἍᶔἍᴟἍÇ̞ ȹʈ̕ᵾἍƼᴟ 

Çᴟᵽᶓ̃ᵾἍἍḃἍƼᴞἍᶔἍᵽᴞἍᶔἍᴟἍÇ̞ ȹʈ̕ᵾἍƼᴟ 

ᵽᴞᴦᶓᴞᴡᵾ 

17.4.5  .......... Twinning  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǙȉăŪŪăŪËᶒ 

ǙȉăŪᶓᴞᶓßăËßᶓǋȖŢŢ|ǙƾȖᶾßōŗ 

ǙȉăŪᶓᴞᶓßăËßᶓǋȖŢŢ|ǙƾȖᶾăŪƵ 

ǙȉăŪᶓᴞᶓŗſȉᶓǋȖŢŢ|ǙƾȖᶾßōŗ 

ǙȉăŪᶓᴞᶓŗſȉᶓǋȖŢŢ|ǙƾȖᶾăŪƵ 

ǙȉăŪᶓᴞᶓǋ||qᶾßōŗ 

ǙȉăŪᶓᴟᶓǋ||qᶾßōŗ 

ǙȉăŪᶓᴞᶾßōŗ 

ǙȉăŪᶓᴞᶾăŪƵ 

ǙЧ˯̓̓˯̓ːἍ˜ȹεἍʀʤʤ̓Ἅ˯̼Θ̞ʤ̼ʤ̓χʤʓἍȹʈʈ͔Ρʓ˯̓ːἍχ͔ἍƵȹΡἐ͔εἍᵽᴟᴝᴝᴡᵾἍ˅͔ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍΡʤ˅˯̓ʤ̼ʤ̓χᶾἍǙ˜˯εἍ˯εἍ

ȹʈʈ͔̼Θ̞˯ε˜ʤʓἍʀеἍȹ̞̞͔Ч˯̓ːἍ̼Ϣ̞χ˯Θ̞ʤἍstrᶫεἍ˅͔ΡἍxdd_scrᶾἍǙ˜ʤἍ˅˯ΡεχἍstrἍ̓ ʤʤʓεἍχ͔ἍʀʤἍχ˜ʤἍ̞͔ЧʤεχἍεе̼̼ʤχΡеἍ

Θ˜ȹεʤᶾἍ ʓʓ˯χ˯͔̓ȹ̞̞еᶽἍΡʤ˅̞ʤʈχ˯͔̓εἍʈȹ͔̓̓χἍʀʤἍ̼ʤΡːʤʓᶾἍǙȉăŪᶓᴞᶾăŪƵἍȹ̓ʓἍ˯χἍȹϢа˯̞˯ȹΡеἍ˅˯̞ʤεἍʓʤ̼͔̓εχΡȹχʤεἍ˯χεἍ

ϢεʤἍЧ˜ʤΡʤἍȹἍ̼͔͔̓ʈ̞˯̓˯ʈἍΘ˜ȹεʤἍ˜ȹεἍȹ̓Ἅ͔Ρχ˜͔Ρ˜͔̼ʀ˯ʈἍχЧ˯̓ᶾἍÇΡ˯ʤʓȹ̞ἍΘȹ˯ΡἍʈȹ̞ʈϢ̞ȹχ˯͔̓ἍȹΡʤἍ͔ΘʤΡȹχ˯͔̓ȹ̞Ἅ˯̓Ἅ

χЧ˯̓̓ʤʓἍεχΡʟε ʒ

17.4.6  .......... Single Crystal Output  

Ǚ̃ ʤἍ̼ȹʈΡ͔ἍOut_Single_Crystal _DetailsᶽἍεʤʤἍǙſƵ ǋᶾăŪfἍʑ͔ ϢχΘϢχεἍʓʤχȹ˯̞εἍ˅͔ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍΡʤ˅˯̓ʤ̼ʤ̓χᶽἍ

εʤʤἍχʤεχἍʤаȹ̼Θ̞ʤἍȖŗăqŢ ᶾăŪƵἍʒMobs Ἅ˯ εἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅ͔ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍʀʤ̞͔̓ː˯̓ːἍχ͔ἍȹἍ˅ȹ̼˯̞еἍ͔˅Ἅ

Θ̞ȹ̓ʤεᶾἍȉ˜ʤ̓ἍÇΡ˯ʤʓʤ̞ἍƵȹ˯ΡεἍȹΡʤἍ͔̓χἍ̼ʤΡːʤʓἍχ˜ʤ̓ἍŢ̵ɡΕἍ˅ ͔ΡἍἍ̃ȹ̓ʓἍᶔ̃ἍЧ˯̞̞ἍʀʤἍʓ˯˅˅ʤΡʤ̓χᶾἍƵ̃ ȹεʤἍεе̼̼ʤχΡеἍ

˯εἍʈ͔̓ε˯ʓʤΡʤʓἍ˯̓Ἅχ˜ʤἍУȹ̞ϢʤεἍ˅͔ΡἍᴝᴞᶽἍᴝ̂ᴞᶽἍᴞᴞἍȹ̓ʓἍᴞ̂ᴞᶾἍ 

17.4.7  .......... 2ө point by point calculation of f0 and beq  

Structure factors for powder diffraction data typically write beq  and the atomic scattering factor fo  as 

a function of the Bragg angle 2 өo. A more accurate description can be realized using the str  dependent 

[point_by_point_beq_fo_etc ], which writes the structure factor in terms of 2 ө. This calculates fo  and 

beq  on a 2ө point -by -  point basis rather than 2 өo. In routine Rietveld refinement the difference in 

structure factor values is small and difficult to detect. It can, however, be useful for analysing nano-

particles when extreme accuracy is required. The keyword only works with X - ray powder data and 

results  in a slight increase in computational effort of ~5%. Reported structure factor values using the 
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reserved parameter names of A01, B01, A11 and B11 are still written in terms of the Brang angle 2 өo  

and are therefore unchanged.  

17.5 ..... |̼˯εε˯͔̓ἍƵΡ͔˅˯̞ʤἍЧ˯χ˜Ἅ ʀε͔ΡΘχ˯͔̓Ἅ|ʓːʤε 

 

[modify _peak ]  

[modify _peak_apply _before _convolutions ]  

[modify _peak_eqn  !E] 

[current _peak_min_x !E] 

[current _peak_max_x !E] 
Get(current _peak)  
Get(current _peak_x) 

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒ ^ǋſƾƵǙăſŪᶓ|qË|Ἅᶒ 

ŗᴟſᴡᶓƵ ŢᶾăŪƵ 

ǋƵăŪ|ŗᶓƵ ŢᶾăŪƵ 

modify _peak  can be used to modify peak profiles either before convolutions or after. Functionality is 

realized by using the internal data Ἅobjects of ἍGet(current _peak_x) and Get(current _peak ); these two 

objectsἍreturn the x -axis wavelength being processed and the current calculated peak intensity re-

spectively. Here are plots from ŗᴟſᴡᶓƵ ŢᶾăŪƵ and ǋƵăŪ|ŗᶓƵ ŢᶾăŪƵ that ha ve an identical absorption 

edge modelled  for both Al2O3 and Spinel samples:  

 

When no_th_dependence  is defined then Get( current _peak_x) returns the x -axis of the point being 

calculated; when no_th_dependence  is not defined then Get( current _peak_x) returns the wavelength 

of the point being calculated.  

17.6 ..... f͔ΡΡʤʈχ˯͔̓Ἅ˅͔ΡἍʓ˯εΘʤΡε˯͔̓ἍϢε˯̓ːἍ̼͔ʓ˯˅еḚΘʤȹ̕ḚʤΞ̓ 

Example :   Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒqăǋƵ|ƾǋăſŪᶒqăǋƵᶾăŪƵ 

The shape of the emission profile changes with 2 q due to dispersion such that:  

I(lam) dlam = I(th) dth  

or,   I(th) = I(lam) dlam_dth  

q˯˅˅ʤΡʤ̓χ˯ȹχ˯̓ːἍ^ΡȹːːᶫεἍЧ˯χ˜ἍΡʤεΘʤʈχἍχ͔Ἅq we have:  

2Th Degrees
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dlam_dth = 2 d Cos(th)  

or,   I(th) = I(lam) 2 d Cos(th)  

Rearranging we get:  

I(th) = lam I(lam) Cot(th) 

The point by point intensity of the emission profile therefore changes as function of Cot(th). qăǋƵᶾăŪƵ 

show difference between correcting for and not correcting for dispersion as follows:  

 

The peak shape of the above is as follows:  

hat 0.1 num_hats 3 ' specimen/instrument  
lam ymin_on_ymax 0.0000001 la  1 lo  !lam_0 1.540596 lh 0.5  

modify_peak_eqn = 
Get(current_peak)  
If (And(Get(current_peak_x)>(lam_0 - 1.5),Get(current_peak_x)<(lam_0+ 1.5)),  

1 / Tan(ArcSin(Get(current_peak_x) / (2 D_spacing))),  
0 

);  
modify_peak_apply_before_convolutions  

 

17.7 ..... ăε͔χ͔ΘʤεἍȹ̓ʓἍ χ͔̼ἍŪȹ̼ʤε 

ăǋſǙſƵ|ǋᶾǙȐǙ is used for obtaining isotope weights . The same atom names can be used for both neu-

tron _data  and x- ray data , as the program will do the appropriate conversion. For example:   

site  ...  occ  Mg ...  

2Th Degrees
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site  ...  occ  Mg+2 ...   
site  ...  occ  24Mg ...   
site  ...  occ  26Mg ...  
site  ...  occ  26Mg+2 ...   

I̓Ἅχ˜ʤἍʈȹεʤεἍ͔˅ἍᶪMːᶫἍȹ̓ʓἍᶪMːḅᴟᶫἍχ˜ʤἍȹχ͔̼˯ʈἍЧʤ˯ː˜χἍϢεʤʓἍ˯εἍχ˜ʤἍᶪStandard Wʤ˯ː˜χᶫἍȹεἍʓʤ˅˯̓ʤʓἍ˯̓Ἅăǋſᶓ

ǙſƵ|ǋᶾǙȐǙ. I̓Ἅχ˜ʤἍʈȹεʤεἍ͔˅ἍᶪᴟᴥMːᶫἍȹ̓ʓἍᶪᴟᴥMːḅᴟᶫἍχ˜ʤἍȹχ͔̼˯ʈἍЧʤ˯ː˜χἍϢεʤʓἍ˯εἍχ˜ʤἍ˯ε͔χ͔ΘʤἍЧʤ˯ː˜χἍȹεἍ

defined in ăǋſǙſƵ|ǋᶾǙȐǙ. N͔χʤἍχ˜ʤἍᶪḅᴟᶫἍ˯εἍʓΡ͔ΘΘʤʓἍЧ˜ʤ̓ἍεʤȹΡʈ˜˯̓ːἍχ˜ȹχἍ˅˯̞ʤᶾἍThe atomic weight for 

24 Mg is not the same as that for Mg. When 24 Mg is used then the isotope weight for 24 Mg is used. 

When Mg is defined then the standard weight is used. The standard weight corresponds to the mean 

weight of the naturally occurring Mg isotopes.  

In the case  of x - rays:  

>    Atomic scattering factors used (from file ǙŢǋf ǙᶾǙȐǙ) for 26 Mg and 26 Mg+2 corresponds to 

those of Mg or Mg+2 respectively. Numbers occurring at the start of the symbol are dropped 

when searching ǙŢǋf ǙᶾǙȐǙ.  

>    f  ʟand fᶫᶫ corrections (files in ǋǋÇ directory) correspond to that for Mg. In other words, the num-

bers occurring at the start of the symbol as well as the charge (i.e. +ᶅ2  ʟin this case) are 

dropped.  

In the case of neutrons:  

>    Scattering lengths used are from the Ū|ǦǙǋf ǙᶾǙȐǙ file; the charge +ᶅ2  ʟis dropped when 

searching Ū|ǦǙǋf ǙᶾǙȐǙ. 

Internally the program converts  DᶅᶫἍȹ̓ʓἍᶪTᶫἍχ͔ἍᶪᴟHᶫἍȹ̓ʓἍᶪᴡHᶫἍΡʤεΘʤʈχ˯Уʤ̞еᶾ 

17.8 ..... ſʈʈϢΘȹ̓ʈ˯ʤεἍȹ̓ʓἍεе̼̼ʤχΡеἍ͔ΘʤΡȹχ͔Ρε 

ſ̓ ̞еἍϢ̓˯ΞϢʤἍΘ͔ε˯χ˯͔̓εἍȹΡʤἍːʤ̓ʤΡȹχʤʓἍ˅Ρ͔̼Ἅεе̼̼ʤχΡеἍ͔ΘʤΡȹχ͔ΡεᶾἍÇϢ̞̞еἍ͔ʈʈϢΘ˯ʤʓἍε˯χʤεἍχ˜ʤΡʤ˅͔ΡʤἍΡʤΞϢ˯ΡʤἍ

ε˯χʤἍ͔ʈʈϢΘȹ̓ʈеἍУȹ̞ϢʤεἍ͔˅ἍᴞᶾἍἍʈ͔̼ΘȹΡ˯ἐ͔Ἅ͔˅Ἅȹχ͔̼˯ʈἍΘ͔ε˯χ˯͔̓εἍ˯εἍΘʤΡ˅͔Ρ̼ʤʓἍ˯̓Ἅχ˜ʤἍːʤ̓ʤΡȹχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍ

Ϣ̓˯ΞϢʤἍΘ͔ε˯χ˯͔̓εἍЧ˯χ˜ἍȹἍχ͔̞ʤΡȹ̓ʈʤἍ˯̓Ἅ˅Ρȹʈχ˯͔̓ȹ̞Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍ͔˅ἍᴞᴝᶓᴞᴣᶾἍăχἍ˯εἍχ˜ʤΡʤ˅͔ΡʤἍ̓ʤʈʤεεȹΡеἍχ͔Ἅʤ̓χʤΡἍ

˅Ρȹʈχ˯͔̓εἍ˯̓Ἅχ˜ʤἍ˅͔Ρ̼Ἅ͔˅ἍʤΞϢȹχ˯͔̓εἍЧ˜ʤ̓Ἅʤ̓χʤΡ˯̓ːἍ˅Ρȹʈχ˯͔̓ȹ̞Ἅȹχ͔̼˯ʈἍʈ͔͔Ρʓ˯̓ȹχʤεἍχ˜ȹχἍ˜ȹУʤἍΡʤʈϢΡΡ˯̓ːἍ

Уȹ̞ϢʤεἍεϢʈ˜ἍȹεἍᴝᶾᴡᴡᴡᴡᴡᶾᶾᶾᶽἍᴝᶾᴥᴥᴥᴥᴥᶾᶾᶾἍʤχʈᶾᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

Ϣεʤ᷁    x = 1/3;  y = 1/3;  z = 2/3;  

˯̓εχʤȹʓἍ͔˅᷁    x 0.33333 y 0.33333 z 0.66666  

17.9 ..... f͔̓У͔̞Ϣχ˯͔̓ 

17.9.1 .......... Instrument and sample convolutions  

Diffractometer instrument and sample aberration functions used in peak profile synthesis are gener-

ȹχʤʓἍ˅Ρ͔̼Ἅːʤ̓ʤΡ˯ʈἍʈ͔̓У͔̞Ϣχ˯͔̓εᶾἍÇ͔ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍᶪε˯̼Θ̞ʤᶫἍȹа˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍ̼͔ʓʤ̞Ἅ˯εἍʓʤεʈΡ˯ʀʤʓἍϢε˯̓ːἍ

the generic convolution Ἅcircles _convἍas defined in the ἍSimple _Axial_ModelἍmacro. Table  17-1Ἅlists 
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instrument convolutions. In addition, the full axial divergence model of Cheary & Coelho (1998a, 

1998b) is supported.  

Ǚȹʀ̞ʤἍᴞᴦᶓᴞʒ Ἅă̓ εχΡϢ̼ʤ̓χἍȹ̓ʓἍεȹ̼Θ̞ʤἍȹʀʤΡΡȹχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓εἍ˯̓ἍχʤΡ̼εἍ͔˅Ἅ‐ ς— ς—,ἍЧ˜ʤΡʤἍᴟqἍ˯ εἍχ˜ʤἍ

̼ʤȹεϢΡʤʓἍȹ̓ː̞ʤἍȹ̓ʓἍᴟq̕Ἅχ˜ʤἍΡ̂ȹːːἍȹ̓ː̞ʤᶾἍƾƵἍȹ̓ʓἍƾǋἍʈ͔ΡΡʤεΘ͔̓ʓἍχ͔Ἅχ˜ʤἍΘΡ˯̼ȹΡеἍȹ̓ʓἍεʤʈ͔̓ʓȹΡеἍΡȹʓ˯ϢεἍ

͔˅Ἅχ˜ʤἍʓ˯˅˅Ρȹʈχ͔̼ʤχʤΡἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍ‐ ÉÎ ̄ς— 

Aberrations  Name  Aberration function Fn( e) 

Instrument  

|ΞϢȹχ͔Ρ˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍᵽ˅˯аʤʓἍ

ʓ˯УʤΡːʤ̓ʈʤἍε̞˯χεᵾ 

|qÇἍ 

ᵽ̄ᵾ 
Ὂὲ‐ τ‐‐  

 Ὢέὶ ‐ π ὸέ ‐
“

σφπ
ὧέὸ— ὉὈὊὃ  

|ΞϢȹχ͔Ρ˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍᵽУȹΡ˯ȹᶓ

ʀ̞ʤἍʓ˯УʤΡːʤ̓ʈʤἍε̞˯χεᵾ 

|qÇŗ 

ᵽ̼̼ᵾ 
Ὂὲ‐ τ‐‐  

Ὢέὶ ‐ π ὸέ ‐
ὉὈὊὒίὭὲς—

ρψπ
“

τὙ
 

ǋ˯ эʤἍ͔˅Ἅε͔ϢΡʈʤἍ˯̓Ἅχ˜ʤἍʤΞϢȹχ͔ᶓ

Ρ˯ȹ̞ἍΘ̞ȹ̓ʤ 

ǙἍ 

ᵽ̼̼ᵾ 
Ὂὲ‐ ὌὥὸὛὬὥὴὩȟ Ὢέὶ

‐

ς
‐
‐

ς
 

×ÈÅÒÅ ‐  

ǋΘʤʈ˯̼ʤ̓Ἅχ˯̞χ᷄Ἅχ˜˯ʈ̓̕ʤεεἍ͔˅Ἅ

εȹ̼Θ̞ʤἍεϢΡ˅ȹʈʤἍȹεἍΘΡ͔̍ʤʈχʤʓἍ

͔̓χ͔Ἅχ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞ἍΘ̞ȹ̓ʤ 

ǋǙἍ 

ᵽ̼̼ᵾ 
Ὂὲ‐ ὌὥὸὛὬὥὴὩȟ Ὢέὶ

‐

ς
‐
‐

ς
 

7ÈÅÒÅ ‐  

ƾʤʈʤ˯У˯̓ːἍε̞˯χἍ̞ʤ̓ːχ˜Ἅ˯̓Ἅχ˜ʤἍ

ȹа˯ȹ̞ἍΘ̞ȹ̓ʤ 

ǋŗἍ 

ᵽ̼̼ᵾ 
Ὂὲ‐

ρ

‐
ρ

‐

‐
 

Ὢέὶ ‐ π ὸέ ‐
ωπ

“

Ὓὒ

Ὑ
ÃÏÔς—  

ȉ˯ʓχ˜Ἅ͔˅Ἅχ˜ʤἍΡʤʈʤ˯У˯̓ːἍε̞˯χἍ˯̓Ἅ

χ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞ἍΘ̞ȹ̓ʤ 

ǋȉἍ 

ᵽ̼̼ᵾ 
Ὂὲ‐ ὌὥὸὛὬὥὴὩȟ Ὢέὶ

‐

ς
‐
‐

ς
 

×ÈÅÒÅ ‐  

Sample  

ŗ˯ ̓ʤȹΡἍȹʀε͔ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χ Ἅ̂ 

ᵽʈ̼ᶓᴞᵾ 
Ὂὲ‐

ρ

d
Ὁὼὴ

‐

d
 

Ὢέὶ ‐ π ÁÎÄ d ωππÓÉÎς— Ⱦ“ ὃὄ Ὑ  

17.9.2  .......... Convolutions in general  

TOPAS ΘʤΡ˅͔Ρ̼εἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅ˯̓ἍУȹΡ˯͔ϢεἍЧȹеεἍȹ̓ʓἍχ˜ʤἍχʤΡ̼εἍᶮFFT ʈ͔̓У͔̞Ϣχ˯͔̓ᶯἍᵽFast Fourier Trans-

˅͔Ρ̼ᵾἍ͔ΡἍᶮʓ˯ΡʤʈχἍʈ͔̓У͔̞Ϣχ˯͔̓ᶯἍȹΡʤἍsimplifications . Typically, convolutions are broken down into double 
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summations that can be calculated either directly or by using an FFT. The program uses the method 

that is fastest as determined by calculating the number of operations required by each.  

Response functions that are known to the program are treated analytically. Response functions that 

are unknown to the program (such as user defined convolutions) are treated as straight - line seg-

ments. Convolution therefore can be i) between two sets of line segments ii) one set of line segments 

and an analytical expression , or iii) simply done analytically. When straight - line segments are used , 

for a response function with Nr data points and a peak comprising Np points, the extra cost of the 

piece wise integration is approximately 3 ( Nr+Np) operations . This is a small number of operations , 

and it produces a high degree of accuracy. Apart from lor_fwhm  and gauss _fwhm , the convolutions 

described below have discontinuities in 2 Th space; associated Fourier transforms are therefore dif-

ficult to describe , and hence convolution is performed in 2 Th space. Response functions  that are 

treated as line segments are:  

user_defined _convolution , capillary _diameter _mm, lpsd _th2_angular _range _degrees  

Response functions  that are analytically convoluted with line segments are:  

exp_conv _const , hat, stacked _hats_conv  

Response functions that comprise a mixture of analytical and straight - line segments are:  

axial_conv , one_on_x_conv , circles _conv  

lor_fwhm  and gauss _fwhm  convolutions are convoluted analytically with the emission profile to form 

the base profile. Convolutions are calculated with an x -axis step size of:  

Peak_Calculation_Step  = x_calculation _step  / convolution _step  

For efficiency x_calculation _step  should not be defined for data with equal x -axis steps; instead re-

bin_with _dx_of  should be used. The following response functions are calculated at smaller step sizes 

without changing Peak_Calculation_Step  or Nr: 

axial_conv  : Step = Peak_Calculation_Step  / 2  

lpsd _th2_angular _range _degrees  : Step = Peak_Calculation_Step  / 3  

capillary _diameter _mm : Step = Peak_Calculation_Step  / 1 to 3 

In this manner a high degree of accuracy is maintained and Np*Nr is left unchanged. Typically, a la-

boratory diffraction pattern can be accurate ly synthesized with a Peak_Calculation_Step  of 0.02 de-

grees 2 Th. The next step to increasing accuracy would be to increase convolution _step to 2 and so 

on. The computational effort for direct convolution scales by ( Nr * Np). Convolutions that scale by 

(Nr+Np) are very fast and  are: 

exp_conv _const , hat, stacked _hats_conv  

Calculating derivatives of parameters that are a function of a convolution can be demanding. Most 

convolutions however  that have multiple dependent parameters require only one recalculation of the 

convolution; exceptions are ft _conv , WPPM_ft _conv  and user_defined _convolution . In the case of 
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convolutions that comprise multiple convolution parameters, for example, axial_conv  with its convo-

lution parameters of primary _soller _angle  etc..., then a recalculation for each of the convolution pa-

rameters is required. The following is an overview  of convolutions and associated aberrations:  

axial_conv   Full Axial divergence model  

one_on_x_conv  Equatorial Divergence  

circles _conv  Simple axial model  

capillary _diameter _mm Capillary sample  

lpsd _th2_angular _range _degrees  LPSD detector  

exp_conv _const   Sample penetration  

hat  Receiving slit width, sample tilt  

stacked _hats_conv  Tube tails  

17.9.3  .......... ft_conv  

[ ft_conv_re_im ]  θ

[ ft_conv_re E] 

[ ft_conv_im E] 

[ ft _min !E] 

[ ft _x_axis_range  !E]  

 ᶅGet(ft _0)Ἅ 

 ᶅFT_Break 

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒÇǙᶒ 

ŗȆſᴢ ᶾăŪƵ 

ȆſăËǙᶾăŪƵ 

Fourier Transform ( FT) of a response function that is convoluted into phase peaks using a Fast Fourier 

Transform ( FFT); for example, to convolute a Voigt into a phase , the following can be used:  

ft_conv  = Exp( - (Pi FT_K gfwhm)^2 / (4 Ln(2)) -  Pi FT_K lfwhm);  
   ft_min  = 1e - 8; ª this  is  the  default;  ft_min  is  optional  
   ft_x_axis_range  = 40 lfwhm;  

ft_conv  is equal to the two keywords [ ft_conv_re_im  ft_conv_re ]. More than one transform can be 

defined. See ft_conv  and WPPM_ft_conv  for details.  Here the convolution theorem is used by multi-

plying the FT of a Gaussian by the FT of a Lorentzian. If the Fourier transforms are separately defined , 

the program will internally  use the convolution theorem.  FT_K is a reserved parameter ; it returns the 

transform k divided by the x -axis range of the peak; this range includes  ft _x_axis_range . 

ft _x_axis_range  is a mandatory equation defined such that the transform decays to near zero; peak 

tails will otherwise be incorrect. A Lorentzian for example needs a large  ft _x_axis_range  for accurate 

tails.  ft _min defines the smallest value to which the transform is calculated. For example, an already 

broadened peak in x -axis space will have a relatively narrow transform; the calculation of the trans-

form is therefore terminated when  FT(k)/ FT(k=0)< ft _min. Transform values for larger k are then set 

to zero.  If(,,) constructs can instead be used within the transform equation for further control; for 

example:  

ft_conv  = If (FT_K > D, FT_Break, Sphere(FT_K, D));  
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Here the calculation of the FT is terminated when  FT_K>D using  FT_Break. Get(ft _0) returns  FT(k=0) 

and can be used within the  ft _conv  equation, for example:  

ft_conv  = {  
   def  a = Exp( - Pi FT_K lf);  
   return  If(a < 1e - 6 Get(ft_0), FT_Break, a);  
}  

ft _conv  integrates with convolutions that are performed in direct space. It can be used within peak 

stack operations , and it can be a function of the reserved parameter names:  

H, K, L, M, Th, Xo, D_spacing , FT_K 

Multiple  ft _conv  (s) can be defined at either the  xdd  or phase level. When defined at the  xdd  level , the 

convolution is applied to all phases of that  xdd . The Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒÇǙἍdirectory  comprises examples 

that use  ft _conv . For a typical Rietveld refinement, ft _conv  used to describe a Voigt is almost as fast 

as the analytical equivalent as seen in example ÇǙᶒ ŗȆſᴢ ᶾăŪƵ. For high accuracy , the range of the 

peak, as defined with  ft _x_axis_range , needs to be large, up to 400 FWHM for a Lorentzian; in these 

cases, the  ft _conv  is considerably slower as seen in  ÇǙᶒȆſăËǙᶾăŪƵ.  

ÇǙᶒ ŗȆſᴢ ᶾăŪƵ compares  the use of spherical _harmonics _hkl  with and without ft _conv as follows .  

prm csl 50 min  3 max = Min(Val 2 + 0.1, 10000);  
prm csg 50 min  3 max = Min(Val 2 + 0.1, 10000);  
prm csl_fwhm = 0.1 Rad Lam / (csl Cos(Th));  
prm csg_fwhm = 0.1 Rad Lam / (csg Cos(Th));  
if 1 {  
   ª Spherical  Harmonics  
   spherical_harmonics_hkl  sh  
   sh_order  2  
      load  sh_Cij_prm  {  
      y00    !sh_c00  1  
      y20    sh_c20   0  
      y21p   sh_c21p  0  
      y21m  sh_c21m  0  
      y22p   sh_c22p  0  
      y22m  sh_c22m  0  
   }  
   existing_prm  csl_fwhm *= sh;  
   existing_prm  csg_fwhm *= sh;  
}  
if  0 {  
   ª use  analytical  Lorentzian  and  Gaussian  convolution  
   lor_fwhm  = csl_fwhm;  
   gauss_fwhm  = csg_fwhm;  
} else  {  
   ª use  Fourier  Transform  convolution  
   ft_conv  = Exp( - (Pi FT_K csg_fwhm)^2 / (4 Ln(2)) -  Pi FT_K csl_fwhm);  
      ft_x_axis_range  = 45 csl_fwhm + 4 csg_fwhm;  
}  
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The speed of the analytical convolution is greater not simply because describing the peak analytically 

is faster , but because derivatives of multiple  parameters for lor_fwhm  (or gauss _fwhm ) requires only 

one peak calculation; whereas for ft _conv , the peak is  recalculated for each independent parameter 

that it is a function of.  

17.9.3.1  ......... ft _conv compared to user _defined _convolution  

If a response function is known in x -axis space , then it is often best to perform the convolution in x -

axis space rather tha n describing the FT of the response function using ft _conv . user_defined _con-

volution  can be used to perform convolution in x -axis space , and the speed at which it operates is as 

fast or faster than ft _conv , depending on the x -axis range of the response function; this is demon-

strated in  ÇǙᶒŗſƾ|ŪǙȮă ŪᶾăŪƵ. For each peak , user _defined _convolution  estimates the computational 

effort required to perform the convolution directly and with an FFT and chooses the one with the least 

computational effort. Examples that use  user_defined _convolution  are as follows:  

ÇǙᶒŗſƾ|ŪǙȮă ŪᶾăŪƵ 

ǙſÇᶒǙſÇḚ^ ŪōᴟḚᴟᶾăŪƵ 

ȉƵƵŢᶒË ŢŢ ᶾăŪƵ 

Ǧq|Ç ᶾăŪƵ 

Ǧq|Ç ᶾăŪƵ shows  how to convolute a function with discontinuities , i.e. 

user_defined_convolution  = Exp( - 20 X^2); min  = - .2; max = .5;  

The FT for functions  with such discontinuities often cannot be described analytically . 

17.9.3.2  .. ÇÇǙἍУʤΡεϢεἍʓ˯ΡʤʈχἍεϢ̼̼ȹχ˯͔̓ 

Typically , an FFT convolution for a response function that comprise histograms is quoted as compris-

ing O(N log 2N) operations ( CooleyᶔTukey algorithm for example ). Direct convolution is quoted as 

comprising O(N2) operations and is only faster for N<128. However, in XRD work a direct convolution 

rather than an FFT working on real numbers is often faster for N ~< 256 to 512 , as the comparison of 

the O(N log 2N) versus O(N2) is not strictly correct. To see why , consider a response function com-

prising 3 points and a peak comprising 5 points. A convolution can be pictured as the response func-

tion R moving along the peak P as follows:  

P    0 0 0 1 1 1 1 1 0 0 0  
R      -  -  x 
R        -  x x  
R          x x x  
R            x x x  
R              x x x  
R                x x -  
R                  x -  -  

I̓Ἅχ˜˯εἍΡʤΘΡʤεʤ̓χȹχ˯͔̓Ἅʤȹʈ˜ἍᶪаᶫἍʈȹ̓ἍʀʤἍʈ͔̓ε˯ʓʤΡʤʓἍȹἍ̼Ϣ̞χ˯Θ̞е᷄Ἅ˯̓Ἅʓ˯ΡʤʈχἍʈ͔̓У͔̞Ϣχ˯͔̓Ἅχ˜˯εἍ̼ȹ̕ʤεἍȹἍχ͔χȹ̞Ἅ͔˅Ἅ

15 multiplies ( Nr*Np) and not N2 where NᶏᴟḁᵽNr+NpᵾḁN. To perform such a convolution using an FFT, 

the number of operations is approximately 4*16*log 216=256 multiplies , where 16 is the closest power 
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of 2 to Nr+Np. Of course, FFT routines typically also have special cases for small N; nonetheless 

N=256 to 512 is not small , and many peaks in XRD work typically comprise less points and many of 

the response functions have a small Nr; these include axial divergence, equatorial divergence, receiv-

ing slit width, capillary convolution, LPSD convolution and often sample penetration. Another factor 

favo uring direct convolution for modest Nr and Np is the fact that modern processors such as the Intel 

i7 are very fast when data in cache memory are arranged sequentially and accessed sequentially. In 

fact, non -sequential operations can be as much as 8 times slower than for the sequential case.  

17.9.4  .......... WPPM  

[WPPM_ft_conv_re_im  E]...Ἅ 

[WPPM_ft_conv_re E] 

[WPPM_ft_conv_im E] 

WPPM_L_max E 

WPPM_th2_range  E 

[WPPM_break_on_small  !E] 

[WPPM_correct _Is] 

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȉƵƵŢᶒ 

Ë ŢŢ ᶾăŪƵ 

Ë ŢŢᶓÇăǙᶓſ^ňᶾăŪƵ 

ǋƵß|ƾ|ᶓÇăǙᶓſ^ňᶾăŪƵ 

ǋǦƵ|ƾᶓŗſƾ|ŪǙȮă ŪᶾăŪƵ 

fſŢƵ ƾ|ᶓᴞᶾăŪƵ 

ǋᶓǋƵß|ƾ|ᶓᴞᶾăŪƵ 

fǦ^|ᶓŗŪᶓŪſƾŢ ŗᶓᴞᶾăŪƵ 

ŗŪᶓŪſƾŢ ŗᶓᴞᶾăŪƵ 

WPPM_ft_conv  is equal to [ WPPM_ft_conv_re_im WPPM_ft_conv_re ]. 

17.9.4.1  ......... WPPM in 2Th space  

The WPPM microstructure analysis ( Scardi & Leoni, 2001;ἍLeoni et al . 2004; David et al . 2010) for 

domains comprising spheres and a gamma distribution can be implemented using user_defined _con-

volution  operating in 2 Th space as shown in Ë ŢŢ ᶾăŪƵ. 

17.9.4.2  ........ WPPM using fit _obj(s)  

For cases where microstructure  broadening is far greater than instrument/emission profile broaden-

ing then fit _objᶫεἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔ἍʓʤεʈΡ˯ʀʤἍχ˜ʤἍΘʤȹ̕Ἅε˜ȹΘʤἍᵽεʤʤἍË ŢŢᶓÇăǙᶓſ^ňᶾăŪƵ and ǋƵß|ƾ|ᶓÇăǙᶓ

ſ^ňᶾăŪƵ), for example:  

   fn  gamma_mu_variance(mu, v, xo) {  
      def  s = 2 ( Sin( X Pi/360) -  Sin(xo Pi/360) ) / lam;  
      def  p0 = Pi s mu;  
      def  p = If(Abs(p0) < 1e - 10, 1, p0);  
      def  q = 2 p / v;  
      return mu v / p^4  
         (  
            2 p^2 / (2 + v) + (v/(2+ 3 v + v^2)) (1 -  (1 + q^2)^( - .5 v)  
            Cos(v ArcTan(q)) -  2 p (1 + q^2)^( - .5 (v+1)) Sin( (1 + v)  
            ArcTan(q)))  
         );  
   }  
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Example ǋǦƵ|ƾᶓŗſƾ|ŪǙȮă ŪᶾăŪƵ is useful for asking the question; can spheres with a gamma distri-

bution describe a 1/(1+x^2)^m type function ? Example fſŢƵ ƾ|ᶓᴞᶾăŪƵ is useful  for asking the question : 

can a Voigt fit to a particular case of spheres with a gamma distribution?  

17.9.4.3  ........ WPPM using WPPM _ft _conv  

WPPM_ft _conv  describes a n FT in s space and performs a convolution on phase peaks that have been 

interpolated to s space, for example:   

WPPM_ft_conv  = 1 -  1.5 WPPM_L / D + 0.5 (WPPM_L / D)^3;  
   WPPM_L_max = D;  
   WPPM_th2_range  = 25 .1 Rad Lam / (D Cos(Th));  
   WPPM_break_on_small  1e- 7 
   WPPM_correct_Is  

The result is then interpolated back to 2 Th space. Interpolations are scaled such that I(s)ds = I(q)dq 

when WPPM_correct _Is is defined; the effect of this scaling is typically small at low angles and be-

comes noticeable at very high angles reaching a maximum at 180 degrees 2 Th where the derivative 

of Cos(Th) is at a maximum.  

When multiple  WPPM_ft _conv (s) are defined then the program will internally use the convolution the-

orem.  

WPPL_L is a reserved  parameter name that returns the transform parameter.   

WPPM_L_max defines the maximum WPPL_L. 

Get(ft _0) and FT_Break can both be used in WPPM_ft _conv  in a manner similar - to ft _conv .  

The calculation of the Fourier transform is terminated when  WPPM_ft_conv_re  is less than  

WPPM_break_on_small  multiplied by the value of WPPM_ft_conv_re  evaluated at WPPM_L  = 0. If 

WPPM_break_on_small  is not defined , then no check is made to terminate the transform.  

The tails of WPPM peaks extend for almost the whole diffraction pattern; they can be shortened using 

WPPM_th2_range ; in the above example , this range has been written in terms of the fwhm  as defined 

in the Scherrer equation. WPPM_ft _conv  can be a function of the following reserved parameter 

names:   

H, K, L, M, Th, Xo, D_spacing , WPPM_L 

Example ǋᶓǋƵß|ƾ|ᶓᴞᶾăŪƵ uses WPPM_ft _conv  to fit to a synthesized WPPM generated peak with iden-

tical results. Example fǦ^|ᶓŗŪᶓŪſƾŢ ŗᶓᴞᶾăŪƵ can be used to test these macros. Lattice parameters 

appearing within the macros are made constant using Constant; these convolutions are therefore 

made independent of lattice parameter changes and hence separate convolutions are not initiated 

whilst calculating lattice parameter derivatives.   

WPPM_Ln_k is a reserved  parameter name that returns Ln of an integer and is used to calculate Ln(Kc 

WPPM_L) in a fast manner.   
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The example ŗŪᶓŪſƾŢ ŗᶓᴞᶾăŪƵ can be used for visualizing a Ln normal distribution. It uses the Ln_Nor-

mal_x_at_CD function to determine the limit of the distribution.  

17.9.5  .......... Microstructure convolutions  

Ǚ̃ ʤἍqouble -Voigt approach (Balzar, 1999) is supported for model ling microstructure effects. Crystal-

lite size and strain comprise Lorentzian and Gaussian component convolutions varying in 2 q as a 

function of ᴞᶏʈ͔εᵽqᵾἍȹ̓ʓἍχȹ̓ᵽqᵾἍΡʤεΘʤʈχ˯Уʤ̞еᶾ 

17.9.5.1  ......... Preliminary equations  

Ǚ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍΘΡʤ̞˯̼˯̓ȹΡеἍʤΞϢȹχ˯͔̓εἍȹΡʤἍʀȹεʤʓ on the unit area Gaussian, G UA(x), Lorentzian, L UA(x), 

and pseudo -Voigt PV UA(x) functions as given in Table  6-2  ʒ

ßʤ˯ː˜χἍ͔˅ἍËǦᵽаᵾἍȹ̓ʓἍŗǦᵽаᵾἍΡʤεΘʤʈχ˯Уʤ̞е᷁ 

ËǦ ßἍḃἍËǦᵽаḃᴝᵾἍḃἍːᴞἍᶏἍ˅Ч˜̼ 

ŗǦ ßἍḃἍŗǦᵽаḃᴝᵾἍḃἍ̞ᴞἍᶏἍ˅Ч˜̼ 

ËȹϢεε˯ȹ̓Ἅȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓ἍΡʤεΘʤʈχ˯Уʤ̞еἍЧ˯χ˜ἍȹΡʤȹἍ ᷁

ËᵽаᵾἍḃἍἍËǦᵽаᵾ 

ŗᵽаᵾἍḃἍἍŗǦᵽаᵾ 

ßʤ˯ː˜χἍ͔˅ἍËᵽаᵾἍȹ̓ʓἍŗᵽаᵾἍΡʤεΘʤʈχ˯Уʤ̞е᷁ 

ËßἍḃἍἍËǦ  

ŗßἍḃἍἍŗǦ ß 

ă̓ χʤːΡȹ̞ἍʀΡʤȹʓχ˜Ἅ͔˅ἍËȹϢεε˯ȹ̓Ἅȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓ἍΡʤεΘʤʈχ˯Уʤ̞е᷁ 

bËἍḃἍἍᶏἍËßἍḃἍᴞἍᶏἍËǦ ßἍḃἍ˅Ч˜̼ἍᶏἍːᴞ 

bŗἍḃἍἍᶏἍŗßἍḃἍᴞἍᶏἍŗǦ ßἍḃἍ˅Ч˜̼ἍᶏἍ̞ᴞ 

Ǧ̓ ˯χἍȹΡʤȹἍƵεʤϢʓ͔ἍȆ͔ ˯ːχᶽἍƵȆǦ  ᷁

ƵȆǦ ßἍḃἍhἍŗǦ ßἍḅἍᵽᴞᶓhᵾἍËǦ ß 

bƵȆἍḃἍᴞἍᶏἍƵȆǦ ß 

A Voigt is the result of a Gaussian convoluted by a Lorentzian:  

ȆἍḃἍËᵽ˅Ч˜̼ËᵾἍÃἍŗᵽ˅Ч˜̼ŗᵾ 

where " Ã" denotes convolution and fwhmG and fwhmL are Ἅχ˜ʤἍÇȉßŢἍ͔˅Ἅχ˜ʤἍËȹϢεε˯ȹ̓Ἅȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅ

ʈ͔̼Θ͔̓ʤ̓χεᶾἍἍȆ͔ ˯ːχἍʈȹ̓ἍʀʤἍȹΘΘΡ͔а˯̼ȹχʤʓἍϢε˯̓ːἍȹἍƵεʤϢʓ͔ἍȆ͔ ˯ːχᶾἍǙ̃ ˯εἍ˯εἍʓ͔̓ʤἍ̓Ϣ̼ʤΡ˯ʈȹ̞̞еἍЧ˜ʤΡʤ᷁ 

ȆᵽаᵾἍḃἍËᵽ˅Ч˜̼ËᵾἍÃἍŗᵽ˅Ч˜̼ŗᵾἍḃἍƵȆǦᵽаᶽἍ˅Ч˜̼ƵȆᵾ 

By changing units to s ( Å-1): 
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εἍḃἍᴞᶏʓἍḃἍᴟἍε˯̓ᵽqᵾἍᶏἍl 

and differentiating and approximating ds/d q = Ds /Dq we get:  

DεἍḃἍᵽᴟἍʈ͔εᵽqᵾἍᶏἍlᵾἍDq 

χ˜Ϣε ᷁

˅Ч˜̼ᵽεᵾἍḃἍ˅Ч˜̼ᵽᴟqᵾἍʈ͔εᵽqᵾἍᶏἍl 

ăᵽ̂εᵾἍḃἍăᵽ̂ᴟqᵾἍʈ͔εᵽqᵾἍᶏἍl 

17.9.5.2  ........ Crystallite size and strain  

fΡеεχȹ̞̞˯χʤἍǋ˯эʤ᷁ἍËȹϢεε˯ȹ̓Ἅȹ̓ʓἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̼Θ͔̓ʤ̓χἍʈ͔̓У͔̞Ϣχ˯͔̓εἍȹΡʤ᷁ 

˅Ч˜̼ᵽᴟqᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍᵽᴞᴧᴝᶏpᵾἍlἍᶏἍᵽʈ͔εᵽqᵾἍfǋḚËᵾ 

˅Ч˜̼ᵽᴟqᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ḃἍᵽᴞᴧᴝᶏpᵾἍlἍᶏἍᵽʈ͔εᵽqᵾἍfǋḚŗᵾ 

bᵽᴟqᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍᵽᴞᴧᴝᶏpᵾἍlἍᶏἍᵽʈ͔εᵽqᵾἍfǋḚËἍːᴞᵾἍ 

bᵽᴟqᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ἍḃἍᵽᴞᴧᴝᶏpᵾἍlἍᶏἍᵽʈ͔εᵽqᵾἍfǋḚŗἍ̞ᴞᵾἍ 

or, according to Balzar (1999), in terms of s, ἍbGS andἍbCS: 

˅Ч˜̼ᵽεᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍᵽᴞᴧᴝᶏpᵾἍᶏἍfǋḚË 

˅Ч˜̼ᵽεᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ἍḃἍᵽᴞᴧᴝᶏpᵾἍᶏἍfǋḚŗ 

bËǋᵽεᵾἍḃbᵽεᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍἍᵽᴞᴧᴝᶏpᵾἍᶏἍᵽfǋḚËἍːᴞᵾ 

bfǋᵽεᵾἍḃbᵽεᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ἍḃἍᵽᴞᴧᴝᶏpᵾἍᶏἍᵽfǋḚŗἍ̞ᴞᵾ 

Ǚ̃ ʤἍ̼ȹʈΡ͔εἍCS_LἍȹ̓ʓἍCS_GἍȹΡʤἍϢεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍχ˜ʤἍfǋḚŗἍȹ̓ʓἍfǋḚËἍΘȹΡȹ̼ʤχʤΡεἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍ

qʤχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅Ἅχ˜ʤἍУ͔̞Ϣ̼ʤἍЧʤ˯ː˜χʤʓἍ̼ʤȹ̓Ἅʈ͔̞Ϣ̼̓Ἅ˜ʤ˯ː˜χἍŗȆ͔̞ᶽἍŗȆ͔ᶓ̞ăἍ̂ȹ̓ʓἍŗȆ͔ᶓ̞ÇȉßŢἍ˯εἍȹεἍ˅͔̞̞͔Чε᷁ 

ŗȆ͔ᶓ̞ăἍ̂ḃἍ̕ἍᶏἍȆ͔ ˯ːχḚă̓ χʤːΡȹ̞Ḛ̂Ρʤȹʓχ˜ḚËŗἍᵽᴞᶏfǋḚËʑ ἍᴞᶏfǋḚŗᵾ 

ŗȆ͔ᶓ̞ÇȉßŢἍḃἍ̕ἍᶏἍȆ͔ ˯ːχḚÇȉßŢḚËŗᵽᴞᶏfǋḚËʑ ἍᴞᶏfǋḚŗᵾ 

Ǚ̃ ʤἍ̼ȹʈΡ͔ἍLVol_FWHM_CS_G_LἍ˯ εἍϢεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍŗȆ͔ᶓ̞ăἍ̂ȹ̓ʓἍŗȆ͔ᶓ̞ÇȉßŢʒ 

ǋχΡȹ˯̓᷁ἍStrain_G and Strain_L parameters correspond to the fwhm(2 q) of a Gaussian and a Lorentzian Ἅ

that is convoluted into the peak, or, Ἅ 

˅Ч˜̼ᵽᴟqᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍǋχΡȹ˯̓ḚËἍχȹ̓ᵽqᵾ 

˅Ч˜̼ᵽᴟqᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ḃἍǋχΡȹ˯̓ḚŗἍχȹ̓ᵽqᵾ 

bᵽᴟqᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍǋχΡȹ˯̓ḚËἍχȹ̓ᵽqᵾἍᶏἍːᴞ 

bᵽᴟqᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ἍḃἍǋχΡȹ˯̓ḚŗἍχȹ̓ᵽqᵾἍᶏἍ̞ᴞ 

or, according to Balzar (1999), in terms of s, ἍbCD andἍbGD: 
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˅Ч˜̼ᵽεᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍǋχΡȹ˯̓ḚËἍε˯̓ᵽqᵾἍᶏἍlἍḃἍǋχΡȹ˯̓ḚËἍεἍᶏἍᴟ 

˅Ч˜̼ᵽεᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ἍḃἍǋχΡȹ˯̓ḚŗἍε˯̓ᵽqᵾἍᶏἍlἍḃἍǋχΡȹ˯̓ḚŗἍεἍᶏἍᴟ 

bËqᵽεᵾᶏεᴝἍεἍḃἍbᵽεᵾἍ͔˅ἍËȹϢεε˯ȹ̓ἍḃἍᵽǋχΡȹ˯̓ḚËἍᶏἍːᴞᵾἍεἍᶏἍᴟ 

bfqᵽεᵾᶏεᴝἍεἍḃἍb(εᵾἍ͔˅Ἅŗ͔ Ρʤ̓χэ˯ȹ̓ἍḃἍᵽǋχΡȹ˯̓ḚŗἍᶏἍ̞ᴞᵾἍεἍᶏἍᴟ 

Ǚ̃ ʤἍ̼ȹʈΡ͔εἍStrain_LἍȹ̓ʓἍStrain_GἍȹΡʤἍϢεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍχ˜ʤἍǋχΡȹ˯̓ḚŗἍȹ̓ʓἍǋχΡȹ˯̓ḚËἍΘȹΡȹ̼ʤχʤΡεἍΡʤᶓ

εΘʤʈχ˯Уʤ̞еᶾἍÇΡ͔̼Ἅχ˜ʤεʤἍʤΞϢȹχ˯͔̓εἍЧʤἍːʤχ᷁ 

bËqᵽεᵾἍḃἍεᴝἍǋχΡȹ˯̓ḚËἍᶏἍᵽᴟἍːᴞᵾ 

bfqᵽεᵾἍḃἍεᴝἍǋχΡȹ˯̓ḚŗἍᶏἍᵽᴟἍ̞ᴞᵾ 

ʈʈ͔Ρʓ˯̓ːἍχ͔Ἅȹ̞̂эȹΡἍᵽᴞᴨᴨᴨᵾᶽἍʤΞϢȹχ˯͔̓Ἅᵽᴡᴢᵾ᷁ 

ʤἍḃἍbqᵽᴟqᵾἍᶏἍᵽᴢἍχȹ̓ᵽqᵾᵾ 

whereἍbDᵽᴟqᵾἍ˯εἍχ˜ʤἍ˅Ч˜̼Ἅ͔˅ἍȹἍȆ͔ ˯ːχἍʈ͔̼ΘΡ˯ε˯̓ːἍȹἍËȹϢεε˯ȹ̓ἍЧ˯χ˜ἍȹἍ˅Ч˜̼ἍḃἍStrain_G Tan(q)Ἅand a 

Lorentzian with a fwhm = Strain_L Tan( q)ᶾἍǙ̃ ʤἍУȹ̞ϢʤἍ˅͔ΡἍʤᴝἍ˯εἍː˯Уʤ̓Ἅʀе᷁ 

ᴢἍʤᴝἍǙȹ̓ᵽqᵾ ḃἍÇȉßŢἍ͔ ˅Ἅχ˜ʤἍȆ͔ ˯ːχἍ˅Ρ͔̼ἍǋχΡȹ˯̓ḚËἍȹ̓ʓἍǋχΡȹ˯̓Ḛŗ 

    Ἅ ḃἍȆ͔ ˯ːχḚÇȉßŢḚËŗᵽǋχΡȹ˯̓ḚËʑ ἍǋχΡȹ˯̓ḚŗᵾἍǙȹ̓ᵽqᵾ 

͔ΡἍʑἍʤᴝἍḃἍȆ͔ ˯ːχḚÇȉßŢḚËŗᵽǋχΡȹ˯̓ḚËʑ ἍǋχΡȹ˯̓ḚŗᵾἍᵽpἍᶏἍᴡᴥᴝᵾἍἍᶏἍᴢ 

Ǚ̃ ʤἍ̼ȹʈΡ͔Ἅe0_from _StrainἍʈȹ̞ʈϢ̞ȹχʤεἍʤᴝἍϢε˯̓ːἍχ˜ʤἍʤΞϢȹχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓ἍȆ͔ ˯ːχḚÇȉßŢḚËŗʒ 

17.10 ... ŪϢ̼ʤΡ˯ʈȹ̞Ἅŗ͔Ρʤ̓χэ˯ȹ̓Ἅȹ̓ʓἍËȹϢεε˯ȹ̓Ἅf͔̓У͔̞Ϣχ˯͔̓ε 

For fundamental and pseudo -Voigt peak types, Lorentzian and Gaussian convolutions are performed 

analytically during the calculation of the emission profile Voigt. Therefore, lor_fwhm  and gauss _fwhm  

are still calculated at the emission profile level even when defined between push _peak and 

add_pop _1st_2nd _peak  keywords.  

17.11 .... εʈȹ̞ʤḚΘ˜ȹεʤḚȐἍ̕ʤеЧ͔Ρʓ 

[xddᶁ  θ

[scale _phase _X E]...  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒἍǋf ŗ|ḚƵß ǋ|ḚȐᶾăŪƵ 

Scales Ycalc  point by point. It can be used, for example, to define the Lorentz Polarization factor on 

an x-axis basis rather than on a peak basis as is the case for scale_pks . Some main points for 

scale _phase _X:Ἅ 

>    Can be a function of X. 

>    Multiple definitions allowed and each applied to the pattern. Ἅ 

>    Can occur at the xdd  and/ or phase  level.Ἅ 

HʤΡʤᶫεἍȹ̓Ἅexample :Ἅ 
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xdd  ...  
scale_phase_X  ...  
str     scale _phase_X  ...  
hkl_Is     scale _phase_X  ...  

The first str  is multiplied by the first and second scale _phase _X; the hkl_Is phase is multiplied by the 

first and third scale _phase _X.Ἅ 

17.12 ... ǋ˯̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍȹ̓ʓἍεχΡϢʈχϢΡʤἍʓʤχʤΡ̼˯̓ȹχ˯͔̓ 

Defining  continue _after _convergence  and a temperature regime  is analogous to defining  a simulated 

annealing process (Coelho, 2000). After convergence, a new  refinement cycle  is initiated with pa-

rameter values changed according to any defined  val_on_continue  attributes and  rand_xyz  or ran-

domize _on_errors  processes. Simulated annealing is therefore not specific to structure solution, see 

for ʤаȹ̼Θ̞ʤἍſŪŗȖƵ|Ū ᶾăŪƵἍȹ̓ʓἍƾſǋ|Ū^ƾſfōᶓᴞᴝᶾăŪƵἍʒf͔ ̓УʤΡːʤ̓ʈʤἍ˯εἍʓʤχʤΡ̼˯̓ʤʓἍЧ˜ʤ̓Ἅχ˜ʤἍʈ˜ȹ̓ːʤἍ˯̓Ἅ

ǋἍ˯ εἍ̞ʤεεἍχ˜ȹ̓Ἅchi2 _convergence _criteria Ἅ˅͔ΡἍχ˜ΡʤʤἍʈ͔̓εʤʈϢχ˯УʤἍʈеʈ̞ʤεἍȹ̓ʓἍЧ˜ʤ̓Ἅȹ̞̞Ἅʓʤ˅˯̓ʤʓἍstop _whenἍ

ΘȹΡȹ̼ʤχʤΡἍȹχχΡ˯ʀϢχʤεἍʤУȹ̞ϢȹχʤἍχ͔ἍχΡϢʤᶾἍ|аȹ̼Θ̞ʤ᷁Ἅ 

chi2_convergence_criteria  = If(Cycle_Iter < 10, 0.001, 0.01);  

Ç͔ ΡἍεχΡϢʈχϢΡʤἍε͔̞Ϣχ˯͔̓Ἅ˯̓ἍΡʤȹ̞ἍεΘȹʈʤᶽἍχ˜ʤἍ̓ʤʤʓἍ˅͔ΡἍʈ͔̼ΘϢχȹχ˯͔̓Ἅʤ˅˅˯ʈ˯ʤ̓ʈеἍ˯εἍʈΡ˯χ˯ʈȹ̞ᶾἍă̓ Ἅ̼ȹ̓еἍʈȹεʤεἍ

ʈ͔̼ΘϢχȹχ˯͔̓ἍεΘʤʤʓἍʈȹ̓ἍʀʤἍ˯̓ʈΡʤȹεʤʓἍʀеἍϢΘἍχ͔ἍȹἍ˅ȹʈχ͔ΡἍ͔˅ἍᴟᴝἍ͔ΡἍ̼͔ΡʤἍЧ˯χ˜Ἅχ˜ʤἍȹΘΘΡ͔ΘΡ˯ȹχʤἍʈ˜͔˯ʈʤἍ͔˅Ἅ

̕ʤеЧ͔ΡʓεᶾἍōʤеЧ͔ΡʓεἍχ˜ȹχἍ˅ȹʈ˯̞˯χȹχʤἍεΘʤʤʓἍȹΡʤ᷁Ἅ 

chi2_convergence_criteria ...  
quick_refine ...  
yobs_to_xo_posn_yobs ...  

Another category is one that facilitate structure solution by changing the form of  S: 

penalties_weighting_K1 ...  
penalty ...  
occ_merge ...  
rigid ...  

ÇϢΡχ˜ʤΡἍ̕ʤеЧ͔ΡʓεἍȹ̓ʓἍΘΡ͔ʈʤεεʤεἍχеΘ˯ʈȹ̞̞еἍϢεʤʓἍȹΡʤ᷁ 

file_name_for_best_solutions  
seed  
temperature  !E ...  
   move_to_the_next_temperature_regardless_of_the_change_in_rwp  
   save_values_as_best_after_randomization  
   use_best_values  
xdd  ... or xdd_scr  ...  
   str  ...  
      site  ...  rand_xyz  ...  
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17.12.1 ......... Penalties used in structure determination  

Introducing suitable penalties can reduce the number of local minima in S and correspondingly in-

crease the chances of obtaining a global minimum. The structure factor for a reflection with Miller 

indices 10 0 0 for a two -atom triclinic unit cell with fractional atomic coordinates of (0,0,0) and (x, 0,0) 

is given by 4 cos( phx) 2; here there are 10 local minima for 0<x<1. If it was known that the bond length 

distance is half the distance of the a lattice parameter then a suitable penalty would reduce the num-

ber of minima to one. In this trivial example the number of minima increases as the Miller indices 

increase. For non - trivial structures and for the important d spacing range near inter -atomic d istances 

of 1 to 2Å the number of local minima is very large. Bragg reflections with large Miller indices that are 

heavily weighted are expected to contain many false minima; by applying an appropriate weighting 

scheme to the diffraction data the search fo r the global minimum can be facilitated. For powder data 

the default weighting Ἅscheme is:  

weighting  = If(Yobs <= 1, 1, 1 / Yobs);  

Ç͔ ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːᶽἍЧ˜˯ʈ˜Ἅ˯εἍΘΡ͔Θ͔Ρχ˯͔̓ȹ̞Ἅχ͔ἍᴞᶏʓᶽἍЧ͔Ρ̕εἍЧʤ̞̞᷁ 

weighting  = 1 / (Sin(X Deg / 2) Max(Yobs,1));  

Ἅ̼ ͔ΡʤἍʤ̞ȹʀ͔ΡȹχʤἍεʈ˜ʤ̼ʤἍЧ˜˯ʈ˜Ἅȹ̞ε͔ἍЧ͔Ρ̕εἍЧʤ̞̞Ἅ˅͔ΡἍε˯̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍ˯ε᷁ 

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

ǙЧ͔ἍΘʤ̓ȹ̞χеἍ˅Ϣ̓ʈχ˯͔̓εἍχ˜ȹχἍ˜ȹУʤἍʀʤʤ̓Ἅε˜͔Ч̓Ἅχ͔Ἅ˅ȹʈ˯̞˯χȹχʤἍχ˜ʤἍʓʤχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅ἍεχΡϢʈχϢΡʤεἍȹΡʤἍχ˜ʤἍȹ̓χ˯ᶓ

ʀϢ̼Θ˯̓ːἍᵽᵾ̂ἍΘʤ̓ȹ̞χеἍȹ̓ʓἍχ˜ʤἍΘ͔χʤ̓χ˯ȹ̞Ἅʤ̓ʤΡːеἍΘʤ̓ȹ̞χеἍǦʒ ἍǙ̃ ʤἍȹ̓χ˯ᶓʀϢ̼Θ˯̓ːἍΘʤ̓ȹ̞χеἍ˯εἍЧΡ˯χχʤ̓Ἅȹε᷁ 

ὃὄ
ὶ ὶ ȟ         ÆÏÒ ὶ ὶ   ÁÎÄ Ὥ Ὦ   

πȟ                           ÆÏÒ ὶ ὶ
 

ᵽᴞᴦᶓᴞᴢᵾ 

whereἍͻ׳Ἅis a bond length distance, ἍͻːἍˮthe distance between atoms ἍːἍandἍˮἍincluding symmetry equiva-

lent positions and the summation is over all atoms of type Ἅˮʒ ἍTheἍai_anti_bumpἍandἍbox _interaction Ἅ

keywords are used to implement the penalty of Eq. ( 17-15ᵾἍϢε˯̓ːἍχ˜ʤἍAI_Anti_BumpἍȹ̓ʓἍAnti_BumpἍ

̼ȹʈΡ͔εἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍǙеΘ˯ʈȹ̞̞еᶽἍ̓χ˯ἍʀϢ̼ΘἍʈ͔̓εχΡȹ˯̓χεἍȹΡʤἍȹΘΘ̞˯ʤʓἍχ͔Ἅ˜ʤȹУеἍȹχ͔̼ε᷄Ἅȹ̓Ἅ͔УʤΡϢεʤἍ͔˅ἍεϢʈ˜Ἅ

ʈ͔̓εχΡȹ˯̓χεἍʈȹ̓Ἅ˯̓Ἅ˅ȹʈχἍ˜˯̓ʓʤΡἍε˯̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍ˯̓Ἅ˅˯̓ʓ˯̓ːἍχ˜ʤἍː̞͔ʀȹ̞Ἅ̼˯̓˯̼Ϣ̼ᶾἍΘΘ̞е˯̓ːἍχ˜ʤἍʈ͔̓ᶓ

εχΡȹ˯̓χἍ˅͔ΡἍχ˜ʤἍ˅˯ΡεχἍ˅ʤЧἍ˯χʤΡȹχ˯͔̓εἍ͔˅ἍȹἍrefinement cycle Ἅʈȹ̓Ἅȹ̞ε͔ἍʀʤἍʀʤ̓ʤ˅˯ʈ˯ȹ̞᷄Ἅχ˜˯εἍ˯εἍȹʈ˜˯ʤУʤʓἍ˯̓Ἅχ˜ʤἍ

AI_Anti_BumpἍ̼ ȹʈΡ͔ἍʀеἍЧΡ˯χ˯̓ːἍχ˜ʤἍΘʤ̓ȹ̞χеἍ˯̓ἍχʤΡ̼εἍ͔˅Ἅχ˜ʤἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍCycle_Iter᷄ἍεʤʤἍ˅͔ΡἍ

ʤаȹ̼Θ̞ʤἍfăŢ|ᶓq|fſŢƵſǋ|ᶾăŪƵ ʒ

Ǚ̃ ʤἍgrs_interaction  can be used to calculate the Lennard -Jones or Born -Mayer potentials , and it is 

suited to ionic atomic models (see example ŗȆſᴢᶓËƾǋᶓ ǦǙſᶾăŪƵ). For a site i they comprise a Cou-

lomb term C  ːand a repulsive term Ri and are written as:  

Ὗ ὅ Ὑ ᵽᴞᴦᶓᴞᴣᵾ 

×ÈÅÒÅ   ὅ ὃВ
ȟ 
ȟ       Ὥȟ Ὦ  
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Ὑ
ὄȟ

ὶȟ
ȟ       ÆÏÒ ,ÅÏÎÁÒÄ *ÏÎÅÓ ÁÎÄ Ὥ

ȟ

Ὦ 

Ὑ ὧȟ ὩὼὴὨ ὶȟȟ       ÆÏÒ "ÏÒÎ-ÁÙÅÒ ÁÎÄ Ὥ

ȟ

Ὦ 

where A = ἍʤᴟᶏᵽᴢpeᴝᵾἍandἍe0 is the permittivity of free space, ἍQiἍandἍƼˮἍare the ionic valences ἍofἍatomsἍ

ἍːandἍˮʑ ἍͻːᶞἍˮisἍtheἍdistanceἍbetween Ἅatoms ἍːἍandἍˮἍand the summation is over all Ἅatoms to infinity. The 

repulsive constants Ἅ̂ːᶞˮʑἍ̤ʑ ἍɩːᶞἍˮandἍɴἍȹΡʤ characteristic of the atomic species and their potential sur-

rounds. The equation part of the Ἅgrs_interaction Ἅis typically used to describe the repulsive terms.  

17.12.2 ........ Bond length restraints  

ExampleἍŗȆſᴢᶓËƾǋᶓ ǦǙſᶾăŪƵἍdefines a bond  length restraint using the ἍGRS seriesἍἍbetween an Alu-

minum site and three Oxygen sites. Valence charges have been set to +3 and ᶔ2 for Aluminum and 

Oxygen, respectively. The expected bond length is 2 Å between for O -O bonds and 1.5 Å for Al -O 

bonds:Ἅ 

site  Al  x @ 0.7491  y @ 0.6981  z @ 0.4069  occ  Al+3 1  beq  0.25  
site  O1  x @ 0.6350  y @ 0.4873  z @ 0.2544  occ   O- 2 1  beq  1 
site  O2  x @ 0.2574  y @ 0.4325  z @ 0.4313  occ   O- 2 1  beq  1 
site  O3  x @ 0.0450  y @ 0.6935  z @ 0.4271  occ   O- 2 1  beq  1 
Grs_Interaction(O*, O*, - 2, - 2, oo,  2.0, 5)  penalty  = oo;  
Grs_Interaction(Al, O*,  4, - 2, alo, 1.5, 5)  penalty  = alo;  

Ǚ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍʤаȹ̼Θ̞ʤἍʓʤ˅˯̓ʤεἍȹἍʀ͔̓ʓἍ̞ ʤ̓ːχ˜ἍΡʤεχΡȹ˯̓χἍϢε˯̓ːἍχ˜ʤἍAI_Anti_BumpἍ̼ ȹʈΡ͔ἍʀʤχЧʤʤ̓ἍȹἍƵ͔ ᶓ

χȹεε˯Ϣ̼Ἅε˯χʤἍȹ̓ʓἍχ˜ΡʤʤἍfȹΡʀ͔̓Ἅε˯χʤεᶾἍǙ̃ ʤἍʤаΘʤʈχʤʓἍʀ͔̓ʓἍ̞ʤ̓ːχ˜Ἅ˯εἍᴢἍ%ἍʀʤχЧʤʤ̓ἍƵ͔ χȹεε˯Ϣ̼Ἅε˯χʤεἍȹ̓ʓἍ

ᴞᶾᴡἍ%ἍʀʤχЧʤʤ̓ἍfȹΡʀ͔̓Ἅε˯χʤεᶾ 

site  K   x @ 0.14305  y @ 0.21812  z @ 0.12167  occ  K 1  beq  1 
site  C1  x @ 0.19191  y @ 0.40979  z @ 0.34583  occ  C 1  beq  1 
site  C2  x @ 0.31926  y @ 0.35428  z @ 0.32606  occ  C 1  beq  1 
site  C3  x @ 0.10935  y @ 0.30991  z @ 0.39733  occ  C 1  beq  1 
AI_Anti_Bump(K , K , 4  , 1)  
AI_Anti_Bump(C*, C*, 1.3, 1)  

Ǧ̞̓˯̕ʤἍχ˜ʤἍ˅˯ΡεχἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤΡʤᶬεἍ͔̓ἍʤаΘ̞˯ʈ˯χἍʓʤ˅˯̓˯χ˯͔̓Ἅ͔˅ἍȹἍΘʤ̓ȹ̞χеἍ˅Ϣ̓ʈχ˯͔̓ἍȹεἍχ˜ʤἍAI_Anti_BumpἍ̼ ȹʈΡ͔Ἅ

˯̓ʈ̞ϢʓʤεἍχ˜ʤἍΘʤ̓ȹ̞χеἍ˅Ϣ̓ʈχ˯͔̓ᶾ 

17.13 ... ŗȹϢʤἍΡʤ˅˯̓ʤ̼ʤ̓χ 

Single crystal Laue diffraction data can be refined; data files have the extension *. HKL-LAM; see 

directory Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒŗ Ǧ|. Laue_Lam  is a reserved parameter name that can be used in hkl type 

equations; it returns the reflection  dependent wavelength. The merging of equivalent reflections and 

Friedel _pairs is not allowed with Laue refinement; the following keywords are internally defined with 

Laue refinement:  
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dont_merge_equivalent_reflections  
dont_merge_Friedel_pairs  

and the following messages  reported:  

Equivalent reflections not merged  
Friedel pairs not merged  

17.14 ... ŗʤȹΡ̓χἍǋ˜ȹΘʤεἍ˅͔ΡἍ^ȹʈ̕ːΡ͔Ϣ̓ʓἍ͔ΡἍſχ˜ʤΡЧ˯εʤ 

[xdd ]...  

[user_y $name { #include  $file }]...  |  

[user_y $name $file]...  

[1xye_format ]  

ᵿ1rebin_with_dx_of  !E] 

ᵿ1user_y_hatἍ|ᶁἍᶿ 

ᵿ1user_y_gauss_fwhm |ᶁἍᶿ 

ᵿ1user_y_lor_fwhmἍ|ᶁἍᶿ 

ᵿ1user_y_exp_conv_const Ἅ|Ἅᵿuser_y_exp_limitἍ|Ἅᶁᶁθ  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǦǋ|ƾḚȖᶒ 

Ǧǋ|ƾḚȖḚfſŪȆſŗǦǙăſŪᶾăŪƵ 

1New user_y dependents. user_y_hatᶽἍ user_y_gauss_fwhm ,Ἅ user_y_lor_fwhmἍ ȹ̓ʓἍ

user_y_exp_conv_const ἍȹΡʤἍ˯ʓʤ̓χ˯ʈȹ̞Ἅχ͔Ἅχ˜ʤἍhatᶽἍgauss_fwhm Ἅȹ̓ʓἍlor_fwhmἍȹ̓ʓἍexp_conv_const Ἅʈ͔̓ᶓ

У͔̞Ϣχ˯͔̓εἍʤаʈʤΘχἍχ˜ʤеἍȹΡʤἍȹΘΘ̞˯ʤʓἍχ͔Ἅuser_yἍʓȹχȹᶾ 

user_yἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔ἍȹʓʓᶽἍ̼Ϣ̞χ˯Θ̞еἍȹ̓ʓἍ˯̓Ἅːʤ̓ʤΡȹ̞Ἅ̼ȹ̓˯ΘϢ̞ȹχʤἍʓȹχȹἍ˅˯̞ʤεἍ͔˅Ἅʓ˯˅˅ʤΡʤ̓χἍаᶓȹа˯εἍεχʤΘεᶾἍÇ͔ΡἍ

ʤаȹ̼Θ̞ʤᶽἍχ͔ἍȹʓʓἍχЧ͔ἍʓȹχȹἍ˅˯̞ʤεᶽἍεΞϢȹΡʤἍχ˜ʤἍΡʤεϢ̞χἍȹ̓ʓἍχ˜ʤ̓Ἅ̼Ϣ̞χ˯Θ̞еἍʀеἍχ˜ʤἍаᶓȹа˯εἍΡʤεʤΡУʤʓἍΘȹΡȹ̼ʤχʤΡἍ

XᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈȹ̓ἍʀʤἍϢεʤʓ᷁ 

user_y f1 file1.xy  
user_y f2 file2.xy  
yobs_eqn  result .sst = X (f1 + f2)^2; min 10 max 100 del 0.01  

Ǚ˜ʤἍχʤεχἍʤаȹ̼Θ̞ʤἍǦǋ|ƾḚȖᶒǦǋ|ƾḚȖᶾăŪƵἍ˅ ˯χεἍ˅˯УʤἍ˅˯χἍ͔ʀ̍ʤʈχεἍχ͔Ἅχ˜ʤἍΞϢȹΡχэἍχΡ˯Θ̞ʤχἍϢε˯̓ːἍȹἍ̞ʤȹΡ̓χἍΘʤȹ̕Ἅε˜ȹΘʤἍ

ʓʤ˅˯̓ʤʓἍϢε˯̓ːἍuser_y᷄Ἅχ˜ʤἍ˅˯χἍЧ˯χ˜Ἅχ˜ʤἍ˯̓ʓ˯У˯ʓϢȹ̞Ἅfit_objᶫεἍʓ˯εΘ̞ȹеʤʓᶽἍϢε˯̓ːἍχ˜ʤἍPlot_Fit_Obj ̼ȹʈΡ͔ᶽἍ̞͔͔̕εἍ

̞˯̕ʤ᷁ 
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Ǚ˜ʤἍχʤεχἍʤаȹ̼Θ̞ʤἍǦǋ|ƾḚȖᶒǦǋ|ƾḚȖḚfſŪȆſŗǦǙăſŪᶾăŪƵἍ˅ ˯χεἍ˅˯УʤἍ˅˯χἍ͔ʀ̍ʤʈχεἍχ͔ἍȹἍε˯̼Ϣ̞ȹχʤʓἍΘȹχχʤΡ̓ἍϢε˯̓ːἍȹἍ

̞ʤȹΡ̓χἍ Θʤȹ̕Ἅ ε˜ȹΘʤἍ ʓʤ˅˯̓ʤʓἍ Ϣε˯̓ːἍuser_y convoluted with user_y_exp_conv_const  and 

user_y_gauss_fwhm ᷄Ἅχ˜ʤἍăŪƵἍ˅˯̞ʤἍ̞͔͔̕εἍ̞˯̕ʤ᷁ 

'#define CREATE_SIMULATED_  
continue_after_convergence  
 
macro FO_Peak(& p, & pe, & a, & x, & s)  
   {  
      fit_obj = a p;   
         min_X = - pe s + x; max_X = pe s + x;  
         fo_transform_X = (X -  x) / s;   
   }  
 
prm !peak_extent 2  
 
#ifdef CREATE_SIMULATED_   
   iters  0 
   user_y peak { _xy - 0.01 0 0 100 0.01 0  }  
      user_y_exp_conv_const @ 1    min 0.5 max 2  
      user_y_gauss_fwhm     @ 0.1  min 0.1 max 2  
   yobs_eqn = 1; min 66 max 70 del 0.01  
      gui_ignore ª <GF«L DG9< <9L9 >AD= AFLG %3' 
      Out_X_Ycalc(user_y_convolution.xy)  
#else  
   ' Fit to the simulated peak  
   user_y peak { _xy - 0.01 0 0 100 0.01 0  }  
      user_y_exp_conv_const @ 1   min 0.5 max 2 val_on_continue = Rand(0.5, 2);  
      user_y_gauss_fwhm     @ 0.1 min 0.1 max 1 val_on_continue = Rand(0.1, 1);  
   xdd  user_y_convolution.xy  
#endif  
      start_X  66 
      finish_X 70 
      bkg @ 100 
      prm a1 1000 min 1.0e - 6 val_on_continue = Rand(1, 100);  
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      prm a2 2000 min 1.0e - 6 val_on_continue = Rand(1, 100);  
      prm a3 3000 min 1.0e - 6 val_on_continue = Rand(1, 100);  
      prm a4 2000 min 1.0e - 6 val_on_continue = Rand(1, 100);  
      prm a5 1500 min 1.0e - 6 val_on_continue = Rand(1, 100);  
      prm x1 67.7 val_on_continue = Val + Rand( - 0.01, 0.01) 5; min 67 max 69 
      prm x2 67.9 val_on_continue = Val + Rand( - 0.01, 0.01) 5; min 67 max 69 
      prm x3 68.1 val_on_continue = Val + Rand( - 0.01, 0.01) 5; min 67 max 69 
      prm x4 68.3 val_on_continue = Val + Rand( - 0.01, 0.01) 5; min 67 max 69 
      prm x5 68.5 val_on_continue = Val + Rand( - 0.01, 0.01) 5; min 67 max 69 
      prm s1 0.7 val_on_continue = Rand(0.5, 2); min 0.5 max 2 
      prm s2 0.9 val_on_continue = Rand(0.5, 2); min 0.5 max 2 
      prm s3 1.1 val_on_continue = Rand(0.5, 2); min 0.5 max 2 
      prm s4 1.0 val_on_continue = Rand(0.5, 2); min 0.5 max 2 
      prm s5 0.8 val_on_continue = Rand(0.5, 2); min 0.5 max 2 
 
      FO_Peak(peak, peak_extent, a1, x1, s1) Plot_Fit_Obj("user_y 1")  
      FO_Peak(peak, peak_extent, a2, x2, s2) Plot_Fit_Obj("user_y 2")  
      FO_Peak(peak, peak_extent, a3, x3, s3) Plot_Fit_Obj("user_y 3")  
      FO_Peak(peak, peak_extent, a4, x4, s4) Plot_Fit_Obj("user_y 4")  
      FO_Peak(peak, peak_extent, a5, x5, s5) Plot_Fit_Obj("user_y 5")  

fo_transform _XἍ˯ εἍȹἍʓʤΘʤ̓ʓʤ̓χἍ͔˅Ἅfit _objἍȹ̓ʓἍ˯χἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔ἍχΡȹ̓ε˅͔Ρ̼ἍXἍϢεʤʓἍЧ˯χ˜˯̓Ἅχ˜ʤἍfit _objᶾἍǙ˜˯εἍ

˯εἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍʈȹεʤεἍЧ˜ʤΡʤἍχ˜ʤἍuser_y x-axis is different to the Yobs  x-axis. Ǚ̃ ʤἍuser _yἍŪ Ţ|ἍᶃᶾᶾᶾᶄἍϢεȹːʤἍ

ȹ̞̞͔ЧἍε˜ȹΘʤεἍχ͔ἍʀʤἍχеΘʤʓἍʓ˯Ρʤʈχ̞еἍ˯̓χ͔Ἅχ˜ʤἍăŪƵἍ˅ ˯̞ʤἍϢε˯̓ːἍχ˜ʤἍБ᷈᷈״ɴБἍχȹːᶾἍἍχΡ˯ȹ̓ː̞ʤἍʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍʑ˯ εἍ

˅͔Ρ̼Ϣ̞ȹχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

user_y  NAME { 
   _x1_dx - 1 1 /*  start  and  step  */  
   0 1 0       /*  the  shape  data  */  
}  

Multiple user_y(s)Ἅʈȹ̓ἍʀʤἍʓʤ˅˯̓ʤʓἍʑȹ̓ʓἍʤȹʈ˜Ἅʈȹ̓ἍʀʤἍϢεʤʓἍȹ̓еἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅχ˯̼ʤεἍ˯̓ἍʤΞϢȹχ˯͔̓εἍχ˜ȹχἍʈȹ̓Ἅ

ʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍXᶾἍǙ̃ ʤἍχʤεχἍʤаȹ̼Θ̞ʤἍǦǋ|ƾḚȖᶾăŪƵ loads a single shape and stretches and scales it five 

different ways onto a diffraction pattern to fit the Quartz triplet. Convergence is as fast as with any 

other refinement.   

17.15.... ƾʤ˅˯̓˯̓ːἍ͔̓Ἅ˅ᴝᶽἍ˅ᶫἍȹ̓ʓἍ˅ᶯ 

 

[ f0 _f1_f11_atom ]...  

[ f0  E] [ f1 E] [ f11 E] 
Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒÇᴝᶓÇᴞᶓÇᴞᴞᶒ 

Ȑƾ ȖᶓƵſȉq|ƾᶾăŪƵ 

ǙſÇᶾăŪƵ 

User defined atomic scattering factors, f0 , and anomalous dispersion coefficients, f1ἍandἍf11ʒ ἍExample 

usage:Ἅ 

report_on_str  
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load  f0_f1_f11_atom  f1  f11  {  
   Ba @ - 0.160127754 2.3954287  
   Ge 0.184162081 1.86162161  
}  

High correlations exist between f1, f11, scale  and beq  parameters. Ἅf0 _f1_f11_atom  can be used at the 

str , xdd  and global levels. f1 and f11 can be defined and refined independently. Defaults are used when 

f1 or f11 are not defined. The examples ἍȐƾ ȖᶓƵſȉq|ƾᶾăŪƵἍandἍǙſÇᶾăŪƵ demonstrate the use ͔˅Ἅf0ᶽἍf1Ἅ

ȹ̓ʓἍf11ʒ ἍǙ̃ ʤἍf0Ἅparameter can be a function of the reserved parameter ἍD_spacing , Th and  X; for ex-

ample:  

prm a1 25 min  - 50 max 50 
load  f0_f1_f11_atom  f0  f11  {  

 Pb+2 
 = a1         Exp(1.058874   ( - 0.25) / D_spacing^2) +  
   16.496822  Exp(0.106305   ( - 0.25) / D_spacing^2) +  
   19.984501  Exp(6.708123   ( - 0.25) / D_spacing^2) +  
   6.813923   Exp(24.395554  ( - 0.25) / D_spacing^2) +  
   5.233910   Exp(1.058874   ( - 0.25) / D_spacing^2) +  
   4.065623; ª this  is  f0  for  Pb 
   @ 5       ª this  is  f11  for  Pb 

}  

For X- ray dataἍf0Ἅis by default obtained from the file ἍǙŢǋf ǙᶾǙȐǙ. For neutron data Ἅf0Ἅcorresponds 

to the neutron scattering length Ἅfrom the ἍŪ|ǦǙǋf ǙᶾǙȐǙἍfile. Neutron scattering lengths can be refined, 

see example ἍǙſÇᶾăŪƵᶾἍno_f11 instructs the program to ignore f11. This increases speed with little change 

in Ycalc . report _on_str  reports on f1 and f11, or neutron scattering lengths  used.ἍNo values are reported 

whenἍd_spacing _to_energy _in_eV_for _f1_f11ἍisἍused. To disable the effects of Ἅf0 ,Ἅf1ἍandἍf11, for say 

CeO2, then the following could be used:  

load  f0_f1_f11_atom  f0  f1  f11  {  
   Ce+4 1 0 0  
   O- 2  1 0 0  
}  

17.15.1 ......... Using a user defined table to input f0 values via user_y  

Atomic scattering factors f0  can be defined in a *.XY file and used via the user_y keyword as follows:  

xdd   θ
   user_y  C_f0_table C_f0_table.xy  ª P- axis are the D_spacings  
   str  
      load  f0_f1_f11_atom  f0 f1 f11  { C = C_f0_table; 0 0 }  

¡ 

Here the fḚÇᴝḚǙ ^ŗ|ᶾȐȖ file comprises D_spacing and f0 value pairs which are used to describe f0  

values for the C atoms within the structure.  In the above example, f1 and f11 are set to zero.  
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17.16 ... ă̓Уȹ̞˯ʓἍ˅ᴞἍȹ̓ʓἍ˅ᴞᴞ 

The following message is displayed when there are no valid Ἅentries Ἅ˅ ͔ΡἍ˅ᶫἍȹ̓ʓἍ˅ᶯἍin the corresponding 

NFFἍfile:  

Invalid f1 and f11 for O in file ... \ ssf \ o.nff  
for the wavelength 0.399826.  
Setting value(s) to zero  

ă̓ἍεϢʈ˜ἍʈȹεʤεἍχ˜ʤἍϢεʤΡἍ̼ȹеἍʈ˜͔͔εʤἍχ͔Ἅ̼ȹ̓Ϣȹ̞̞еἍʓʤ˅˯̓ʤἍ˅ᶫἍȹ̓ʓἍ˅ᶫᶫἍϢε˯̓ːἍf1ἍandἍf11Ἅrespectively. Also 

Ϣεʤ˅Ϣ̞Ἅ˯εἍχ͔ἍУ˯ʤЧἍ˅ᶫἍȹ̓ʓἍ˅ᶫᶫἍŪÇÇἍ˅˯̞ʤεἍ˅͔Ϣ̓ʓἍ˯̓Ἅχ˜ʤἍεε˅ directory using the GUI Tools menu:  

 

17.17 .... ̓˯ε͔χΡ͔Θ˯ʈἍΡʤ˅˯̓ʤ̼ʤ̓χἍ̼͔ʓʤ̞ε 

Keywords that can be a function of  H, K, L and M, as shown in Table  2-3, allow for the refinement of 

anisotropic models including preferred orientation, and peak broadening. An important consideration 

when dealing with hkls in equations is whether to work with hkls or whether to work with their multi-

plicities. The  Multiplicities _Sum macro can be used when working with multiplicities, for example:  

prm a 0 th2_offset  = Multiplicities_Sum(If(Mod(L, 2) == 0, a Tan(Th), 0));  

LἍ̃ʤΡʤἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍLᶬεἍ͔˅Ἅχ˜ʤἍ̼Ϣ̞χ˯Θ̞˯ʈ˯χ˯ʤεᶾἍἍʈ͔̼Θ̞ʤχʤ̞еἍʓ˯˅˅ʤΡʤ̓χἍУ˯ʤЧΘ͔˯̓χἍʑΡȹχ˜ʤΡἍχ˜ȹ̓ἍΡʤ˅˯̓˯̓Ἅː

͔̓Ἅ˜ȹ̞˅ἍЧ˯ʓχ˜εἍʑ˯ εἍχ͔Ἅʈ͔̓ε˯ʓʤΡἍχ˜ʤἍʓ˯εχΡ˯ʀϢχ˯͔̓Ἅ͔˅Ἅ̞ȹχχ˯ʈʤἍ̼ʤχΡ˯ʈἍΘȹΡȹ̼ʤχʤΡεἍЧ˯χ˜˯̓ἍȹἍεȹ̼Θ̞ʤᶾἍ|ȹʈ˜ἍʈΡеεᶓ

χȹ̞̞˯χʤἍ˯εἍΡʤːȹΡʓʤʓἍȹεἍ˜ȹУ˯̓ːἍ˯χεἍ͔Ч̓Ἅ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεᶽἍЧ˯χ˜ἍȹἍ̼Ϣ̞χ˯ᶓʓ˯̼ʤ̓ε˯͔̓ȹ̞Ἅʓ˯εχΡ˯ʀϢχ˯͔̓Ἅχ˜Ρ͔Ϣː˜ᶓ

͔ϢχἍχ˜ʤἍΘ͔ЧʓʤΡἍεȹ̼Θ̞ʤᶾἍǙ̃ ˯εἍʈȹ̓ἍʀʤἍȹʈ˜˯ʤУʤʓἍʀеἍȹʓʓ˯̓ːἍχ˜ʤἍεȹ̼ʤἍεχΡϢʈχϢΡʤἍεʤУʤΡȹ̞Ἅχ˯̼ʤεἍχ͔Ἅχ˜ʤἍ˯̓ΘϢχἍ

˅˯̞ʤᶾ 

17.17.1 ......... Spherical harmonics  

spherical _harmonics _hklἍcan be applied to both peak shapes, for anisotropy, and intensities for a 

preferred orientation correction. Preferred orientation can be described using ἍtheἍPO_Spherical _Har-

monics (sh, order) macro, where "sh" is the parameter name and "order" the order of the spherical 

harmonics. Ἅscale _pksἍis used to correct peak intensities as follows:  
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macro  PO_Spherical_Harmonics(sh, order) {  
   spherical_harmonics_hkl  sh  
      sh_order  order  
      scale_pks  = sh;  
}  

Example fŗ ȖᶾăŪƵ usesἍspherical _harmonics _hklἍfor describing anisotropic peak broadening using the Ἅ

exp_conv _constἍconvolution as follows: Ἅ 

str  ...  
   spherical_harmonics_hkl  sh  
      sh_order  8    
   exp_conv_const  = (sh - 1) Tan(Th);  

17.17.2 ........ Miscellaneous models using User defined equations  

Anisotropic Gaussian broadening as a function of ἍLἍ(see example Ἅf|ſᴟßōŗᶾăŪƵᵾ: 

str  ...  
   prm a 0.1 min  0.0001 max 5 
   prm b 0.1 min  0.0001 max 5 
   gauss_fwhm  = If(L==0, a Tan(Th) + 0.2, b Tan(Th));  

̓˯ε͔χΡ͔Θ˯ʈἍΘʤȹ̕Ἅε˜˯˅χεἍȹεἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍLἍᵽth2_offset ᵾ᷁ 

str  ...  
   prm at 0.07 min  0.0001 max 1 
   prm bt 0.07 min  0.0001 max 1 
   th2_offset  = If(L == 0, at Tan(Th), bt Tan(Th));  

qʤεʈΡ˯Θχ˯͔̓Ἅ͔˅Ἅȹ̓˯ε͔χΡ͔Θ˯ʈἍΘʤȹ̕ἍʀΡ͔ȹʓʤ̓˯̓ːἍϢε˯̓ːἍχ˜ʤἍŢȹΡʈ˜ἍᵽᴞᴨᴡᴟᵾἍΡʤ̞ȹχ˯͔̓Ἅȹ̓ʓἍstr_hkl_angle  ᷁

str  ...  
   str_hkl_angle  ang1 1 0 0  
   prm p1 1    min  0.0001 max 2 
   prm p2 0.01 min  0.0001 max 0.1  
   lor_fwhm  = p2 Tan(Th) Multiplicities_Sum(((p1^2 Cos(ang1)^2 +  
              Sin(ang1)^2 / p1)^( - 1.5)));  

17.18 ... ΘΘ̞е˯̓ːἍ̞ΘḚεʤȹΡʈ˜Ἅχ͔ἍǙſÇἍʓȹχȹ 

lp_search  cannot be directly applied to TOF data. However, it is relatively easy to convert the TOF 

data to 2Th data where lp_search  can be used. The examples Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒǙſÇᶒǙſÇᶓǙſᶓƼᶾăŪƵ is an 

example that converts the data to 2Th and then applies lp_search . The conversion is as follows:  

I(Q) = Intensity(TOF) dTOF/dQ  
Q = 2 Pi / d  
d = 2 Pi / Q  
TOF = t0 + t1 d + t2 d^2 = t0 + t1 2 Pi / Q + t2 (2 Pi)^2  / Q^2  
dTOF/dd = t1 + 2 t2 d;  
dd/dQ = - 2 Pi / Q^2;  
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dTOF/dQ =  dTOF/dd dd/dQ  

If t0 = t2 = 0 we get:  

dTOF/dQ = - t1 2 Pi / Q^2 = - t1 D_spacing^2 / (2 Pi)  

Or in INP format we have:  

xdd TOF- DATA.XY 
   x_calculation_step = Yobs_dx_at(Xo) .5;  
   prm !t0 0  
   prm !t1 6171.89377  
   prm !t2 0  
   prm !d = X / t1;  
   prm !Q = 2 Pi / d;  
   prm !dtof_dd = t1 + 2 t2 d;  
   prm !dd_dQ = - 2 Pi / Q^2;  
   prm !dtof_dQ = dtof_dd dd_dQ;  
   xdd_out TOF- to_Q.xy load out_record out_fmt out_eqn  
      {  
          " %11.6f  " = 2 Pi / d;  
          " %11.6f \ n" = Yobs Abs(dtof_dQ);  
      }  

17.19 ... ƾʤ̼͔У˯̓ːἍƵ˜ȹεʤεἍʓϢΡ˯̓ːἍΡʤ˅˯̓ʤ̼ʤ̓χἍ 

[str  | hkl_Is | xo_Is | d_Is]...  

[remove _phase  !E]  

Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒƾ|ŢſȆ|ᶓƵß ǋ|ᶾăŪƵ 

Allows for phase removal during refinement through use of the Remove_Phase macro. Typical us age 

is: 

for  strs  {  
Remove_Phase(0.3, 0.5)  

}  

Here a phase is removed if its weight percent is below 0.3%  and if the error in the weight percent is 

greater than 0.5 times the weight percent. The phase removal process is executed at the end of a 

Cycle . The following t ext is displayed on removal of a phase:  

*** Deleting phase: Corundum ***  
*** Deleting phase: Zincite ***  
    etc ...  

Refinement is terminated when no phases are removed during a Cycle . 
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17.20  ... fΡ͔εεἍʈ͔ΡΡʤ̞ȹχ˯͔̓Ἅ˅Ϣ̓ʈχ˯͔̓Ἅ 

[xddᶁ  θ

[cross_corr  $name #value]  

[cross_corr_s  !E] 

Examples  

fƾſǋǋᶓfſƾƾᶒfƾſǋǋᶾăŪƵ 

cross_corr  calculates the cross -correlation function for a triangle of x -axis width cross_corr_s . 

cross_corr_s  can be an equation that can be a function of Cycle_Iter  which allows for changing the 

width of the triangle in situ. $name is a name that can be given to the function and #value is the value 

of the cross -correlation function. $name can be used in the chi2  keyword for obtaining lattice param-

eters. However, as can be seen in the example fƾſǋǋᶾăŪƵ, using normal refinement with a triangle 

convolution is much faster than using the cross -correlation function. fƾſǋǋᶾăŪƵ is an informative ex-

ample and it looks like:  

#prm USE_CROSS_CORRELATION = 1; ª 1=L LG R=JG LG K== FGJE9D J=>AF=E=FL 
#prm INCLUDE_HATS = 1;          ª 2@AK AK >GJ FGJE9D J=>AF=E=FL 
macro DEL_ { Rand( - 1, 1) 0.5 }  ª !@9F?= AF D9LLA;= H9J9E=L=JK 9L L@= KL9JL G> 9 !Q;D= 
macro AA { }  
 
continue_after_convergence  
verbose 1 
iters  2000  
 
RAW(.. \ pbso4)  
   rebin_with_dx_of 0.01  
   CuKa5(0.0001)  
   LP_Factor(17)  
   Radius(173)  
   Full_Axial_Model(10, 10, 10, !sol  3.77616`, !sol  3.77616`)  
   Divergence(1)  
   Slit_Width(0.2)  
   bkg AA - 792.524948 767.974856 - 305.050785 121.658117 - 45.020282 18.2136589  
   One_on_X(AA, 22265.9137`)  
 
   ZE(AA, - 0.0110740988)  
 
   finish_X 60 
   extra_X_right 10 
 
   #if (USE_CROSS_CORRELATION) 
      cross_corr corr 0 
         cross_corr_s 3 
      chi2 = - Ln(corr); : 0  
      macro SCALE_ {  }  
   #else  
      ' Normal refinement  
      #if (INCLUDE_HATS)  
         hat @ 1 val_on_continue 2 max 2 num_hats 2 
      #endif  
      macro SCALE_ { @ }  
   #endif  
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   STR(P_b_n_m) ' PbSO4  
      space_group P_b_n_m 
      macro LP_(v) { v val_on_continue = v + DEL_; min = v -  3; max = v + 3;  
      a  @  LP_(6.962377)  
      b  @  LP_(8.483133)  
      c  @  LP_(5.400478)  
      site Pb x AA 0.16717 y  AA 0.18778 z 0.25       occ  Pb+2 1 beq AA 1.47495  
      site S  x AA 0.18429 y  AA 0.43563 z 0.75       occ S    1 beq AA 0.85254  
      site O1 x AA 0.09441 y  AA 0.59667 z 0.75       occ O- 2  1 beq AA 1.05681  
      site  O2 x AA 0.03611 y  AA 0.31151 z 0.75       occ O- 2  1 beq AA 1.63474  
      site O3 x AA 0.31549 y  AA 0.42069 z AA 0.97553 occ O- 2  1 beq AA 1.49181  
 
      CS_L(AA, 274.77)  
      Strain_L(AA, 0.035898)  
      scale SCALE_  0.000335087199  

Running fƾſǋǋᶾăŪƵ with USE_CROSS_CORRELATION set to 1 gives an Rwp plot of:  

 

Running fƾſǋǋᶾăŪƵ with USE_CROSS_CORRELATION set to 0 (normal refinement) gives an Rwp plot 

of:  

 

17.21 ... ƾʤεχΡȹ˯̓˯̓ːἍʀȹʈ̕ːΡ͔Ϣ̓ʓἍϢε˯̓ːἍχ˜ʤἍ^̕ːḚȹχἍ˅Ϣ̓ʈχ˯͔̓ 

The Chebyshev background function, bkg , can sometimes misbehave during Pawley, Le Bail or de-

convolution refinements. In the case of  xdd  deconvolution refinements, the Deconvolution_Bkg_Pen-

alty  macro stabilizes  bkg in most cases. In cases of instability, however, the Bkg_at(x) function can 

be used in penalty functions to guide the shape of bkg.  Bkg_at(x) returns the value of bkg  at the x -

axis position of x. HʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤἍϢεʤἍ͔˅ἍBkg_at as applied to TOF data:  

bkg  @  0.443519294`  0.0200324829`  0.0113774736`  
penalty = 1000000 (Bkg_at(2036)  -  0.43)^2;  
penalty = 1000000 (Bkg_at(9000)  -  0.50)^2;  
penalty = 1000000 (Bkg_at(14600) -  0.50)^2;  

The first penalty restrains the value of bkg  at x= 2036  to 0.43 . Typically, only two to three Bkg_at 

penalties are necessary . The values of 0.43 , 0.5 and 0.5 can be determined graphically.  

2,0001,8001,6001,4001,2001,0008006004002000

500

400

300

200

100

Launch Mode: C:\w\test_examples\cross-corr\cross.inp
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Launch Mode: C:\w\test_examples\cross-corr\cross.inp
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18. Ţăǋf|ŗŗ Ū|ſǦǋ 

18.1 ..... ŗ͔ȹʓ˯̓ːἍ͔˅ἍăŪƵἍ˅˯̞ʤε 

18.1.1 ........... if {} else if {} else {}  

 ᶪ˯˅ᶫἍ͔ΘʤΡȹχʤεἍʓϢΡ˯̓ːἍχ˜ʤἍ̞͔ȹʓ˯̓ːἍ͔˅ἍΘΡʤ- processed INP files, syntax is as follows (see Ǚ|ǋǙḚ|Ȑ Ţᶓ

Ƶŗ|ǋᶒȮƾſᴟᶾăŪƵ): 

if  expression {  
} else  if  expression {  
} else  expression {  
}  

expression  can be any valid TOPAS equation without the semicolon; in addition, expression  can con-

tain the functions Prm_There (prm _name) and Obj_There(obj _name). The following is equivalent to a 

/*  */ block comment:  

if  0 {  
...  

}  

A more complex  construct could look something like:  

xdd   
 local  aaa 1  
 str  ...  
  local  aaa 2  
 str  ...  
  local  aaa 3  
 hkl_Is  
  if  Prm_There(aaa) {  
   Out(aaa, " \ nThis is the aaa at the xdd level % - 1.6f")  
   if  aaa == 2 {  

Out_String(" \ nNot written to file as aaa at the xdd level is 1")  
   }  
  } else  if  Obj_There( hkl_Is ) {  
   Out_String(" \ nYes this is a hkl_Is phase")  
  } else  {  
   Out_String(" \ naaa is not there and this is not a hkl_Is phase")  
  }  
for  xdds  {  

if  And(Obj_There( neutron ), Obj_There( pk_xo )) {  
ª Neutron  TOF 

} }  

18.2  ..... ǋ˯χʤἍ˯ʓʤ̓χ˯˅е˯̓ːἍεχΡ˯̓ːε 

Keywords such as Ἅoperate _on_pointsἍuse a site identifying string which can contain the wild card 

character * and the  negation character !. The wild card character * used in O* means that sites with 
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names starting with O are considered. In addition to using the wild card character, site names can be 

written explicitly within double quotation marks. ἍTable  18-1Ἅshows some Ἅoperate _on_pointsἍstrings 

and the corresponding sites identified.  

Ǚȹʀ̞ʤἍᴞᴧᶓᴞʒ operate _on_pointsἍεχΡ˯̓ːεἍȹ̓ʓἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍε˯χʤεἍ˯ʓʤ̓χ˯˅˯ʤʓᶾ 

str  
   site  Pb1 ...  
   site  S1 ...  
   site  O1 ...  
   site  O2 ...  
   site  O31 ...  
   site  O32 ...  
   site  O4 ...  

$sites  Sites identified  

Ḟ ƵʀᴞᶽἍǋᴞᶽἍſᴞᶽἍſᴟᶽἍſᴡᴞᶽἍſᴡᴟᶽἍſᴢ 

ƵʀḞ Ƶʀᴞ 

ƵɲʀᴞἍǋḞɳ ƵʀᴞᶽἍǋᴞ 

ſḞ ſᴞᶽἍſᴟᶽἍſᴡᴞᶽἍſᴡᴟᶽἍſᴢ 

ſɲḞἍᵳſᴡḞɳ ſᴞᶽἍſᴟᶽἍſᴢ 

ſɲḞἍᵳſᴞἍᵳſᴟɳ ſᴡᴞᶽἍſᴡᴟᶽἍſᴢ 

18.3  ..... ÇϢ̓ʈχ˯͔̓εἍᶔἍ˅̓ᶽἍʓʤ˅ᶽἍΡʤχϢΡ̓ᶽἍ͔̓˯̞̓˯̓ʤ 

Functions can be defined using fn᷄Ἅ˜ʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤἍ͔˅ἍȹἍrecursive  function:  

fn  factorial(x) { return  If(x == 1, 1, x factorial(x - 1)); }  
prm = factorial(5); : 120  

T˜ʤΡʤᶫεἍȹ̞ε͔Ἅχ˜ʤἍε˯̼Θ̞ʤἍ˅͔Ρ̼ἍЧ˜ʤΡʤἍχ˜ʤἍreturn  statement is implied:  

fn  factorial(x) = If(x == 1, 1, x factorial(x - 1));  

The equation part of prm  objects can have a function body  (see the Robust _Refinement  macro in 

ǙſƵ ǋᶾăŪf), for example  ᷁

prm = { def  a = 2; return  a; }  

Most importantly, functions can reference parameters defined using prm ; this simplifies the writing of 

prm  equations and additionally memory usage can be greatly reduced when noinline is used. Equa-

tions called  def  objects can be used and defined within non -simple functions. HʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤ᷁ 

fn  gauss(a, x, f, g) {  
def  a1 = 2 Sqrt(Ln(2) / Pi) / f;  
def  a2 = 4 Ln(2);  
def  a3 = (x / f);  
return  a1 Exp( - a2 a3^2);  

}  

A def  object must be defined prior to its use. They can be assigned to other def  objects but not to 

objects of prm  type. In other words, prm  objects are write -protected within functions. The arguments 

to functions can be def  or prm  objects. c -style braces can be used to scope variables; the following 

will throw an exception due to the attempted use of an uninitialized def  object:  

fn  foo(x) { def  a; { def  a = x; } return  a; }  
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prm = foo(3); : 0 ª Exception  thrown   

The following will not  χ˜Ρ͔ЧἍȹ̓ἍʤаʈʤΘχ˯͔̓ἍȹεἍχ˜ʤἍε˯̼Θ̞˯˅˯ʈȹχ˯͔̓ἍΡ͔Ϣχ˯̓ʤεἍΡʤʈ͔ː̓˯эʤἍᶪᴝᶫ᷁Ἅ 

f n a(x) = x undefined_name 0; prm = a(3); : 0  

Functions can be nested , for example:  

fn  foo() {  

 def  a, b;  
 a = 3; b = 2;  
 fn  nested(x, y) { return  Sqrt(x^2 + y^2); }  
 return  nested(a, b);  

}  
prm = foo(); : 3.60555  

def  and prm  objects  have scope which determines the actual object used.  

Here def  ᶪȹᶫἍ˯εἍΡʤχϢΡ̓ʤʓ᷁ 

fn  a(a) { def a = 2; return  a; } prm = a(1) ;  : 2  

Here prm  ᶪȹᶫἍ˯εἍΡʤχϢΡ̓ʤʓ᷁ 

prm a = 2; fn  a() = a; prm = a(); : 2  

HʤΡʤἍχ˜ʤἍȹΡːϢ̼ʤ̓χἍᶪȹᶫἍ˯εἍΡʤχϢΡ̓ʤʓ᷁ 

prm a = 2; fn  a(a) = a; prm = a(3); : 3  

Function specifics ᷁Ἅ 

>    fn 's are a kernel operation and not a pre -processor operation. Ἅ 

>    fn 's must be defined prior to their use. Ἅ 

>    fn  arguments are optional but parentheses must be used. Ἅ 

>    a fn  cannot be defined with a name of a previously defined fn  name.Ἅ 

>    fn 's are inlined by default. Ἅ 

>    Non-nested fn sʟ can be prevented from being inlined with the noinline  prefix.Ἅ 

>    Nested functions cannot be prefixed with noinline . 

Use of noinline  can often be slower than not using noinline ; this is because a stack mechanism is used 

for the fn  arguments, and ȹʓʓ˯χ˯͔̓ȹ̞̞еἍχ˜ʤἍː̞͔ʀȹ̞Ἅε˯̼Θ̞˯˅˯ʈȹχ˯͔̓ἍΡ͔Ϣχ˯̓ʤεἍʈȹ͔̓̓χἍε˯̼Θ̞˯˅еἍЧ˜ȹχᶫεἍ˯̓ε˯ʓʤἍ

a noinline  function. FϢ̓ʈχ˯͔̓εἍȹΡʤἍχ˜ʤΡʤ˅͔ΡʤἍᶪ˯̞̓˯̓ʤʓᶫἍᵽχ˜ʤἍЧ͔ΡʓἍᶪʤаΘȹ̓ʓᶫἍ˯εἍε͔̼ʤχ˯̼ʤεἍϢεʤʓᵾἍʀеἍʓʤ˅ȹϢ̞χᶾἍ

A macro can be considered an inlined function , ȹ̓ʓἍχ˜ʤΡʤᶫεἍ͔̓Ἅʓ˯˅˅ʤΡʤ̓ʈʤἍ˯̓Ἅ˜͔ЧἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯εἍ˅˯̓ȹ̞̞еἍ

processed:  

fn  my_max(a, b, c) = Max(a, b, c);  
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macro  & my_max(& a, & b, & c) { Max(a, b, c) }  

The macro, by  definition, is inlined in the pre -processed INP file. In the case of fn , the program will 

˯̞̓˯̓ʤἍᶪ̼е_̼ ȹаᶫᶾἍPrefixing fn  with noinline  prevents in - lining, for example:  

noinline  fn  gauss(x, f)=(2 Sqrt(Ln(2)/Pi)/f) Exp( - 4 Ln(2)((X - x)/f)^2);  

Its best to inline small functions , ȹεἍ˯χἍː˯УʤεἍχ˜ʤἍε˯̼Θ̞˯˅˯ʈȹχ˯͔̓ἍΡ͔Ϣχ˯̓ʤεἍȹἍʈ˜ȹ̓ʈʤἍχ͔Ἅε˯̼Θ̞˯˅еἍЧ˜ȹχᶫεἍ

inside the function with regards to its surroundings. Consider the following:  

noinline  fn  a(b, c) = b^2 + c^2;  
prm  p1 1  
prm !p2 1  
prm  p3 1  
prm !p4 1  
prm  p5 = a(p1, p2) + a(p3, p4); : 0  

Without inlining , χ˜ʤἍε˯̼Θ̞˯˅˯ʈȹχ˯͔̓ἍΡ͔Ϣχ˯̓ʤεἍЧ͔̓ᶫχἍεʤʤἍχ˜ȹχἍΘᴟἍȹ̓ʓἍΘᴢἍȹΡʤἍʈ͔̓εχȹ̓χεἍ˯̓ε˯ʓʤἍχ˜ʤἍᶪȹᶫἍ˅Ϣ̓ʈᶓ

tion and hence no simplification  ˯εἍΘʤΡ˅͔Ρ̼ʤʓ᷄Ἅχ˜ʤἍᶪȹᶫἍ˅Ϣ̓ʈχ˯͔̓ἍЧ˯̞̞ἍʀʤἍʈȹ̞̞ʤʓἍχЧ˯ʈʤᶽἍȹ̓ʓἍχ˜ʤἍεχȹʈ̕ἍϢεʤʓἍ

twice. Note, stack here refers to the computer algebra stack. With inlining, p5 after simplification 

reduces to:  

prm p5 = p1^2 + p3^2 + 2; : 0  

In the case of large functions, not inlining may increase performance as the signalling of equation 

nodes for recalculation will  be reduced. Inlined functions have scope allowing the use of the GʤχᵽᶿᵾἍ

function, for example:  

fn  lat(h, k, l) = h Get( a) + k Get( b) + l Get( c);  
str  ...  

lor_fwhm  = lat(H, K, L) -  lat( - H, - K, - L);  

18.3.1 .......... Subject independent single crystal refinement  

The example ᶒÇǦŪfǙăſŪǋᶒ ŗȆſᴢᶓÇŪᶾăŪƵἍperforms a single crystal refinement using computer algebra. 

No subject dependent keywords are used and instead only the following six keywords are used:   

fn , noinline , def , return , prm , restraint  

The speed of ŗȆſᴢᶓÇŪᶾăŪƵ is 7.4 times slower than the comparable subject dependent equivalent of 

ŗȆſᴢᶓŪſƾŢ ŗᶾăŪƵ. Much of the difference in speed is in the calculation of the Cosines necessary for 

the structure factors. Importantly , convergence and the behavio ur of the parameters are similar. The 

placement of noinline  is important. Also used is  out_refinement _stats  which outputs the following:   

First pass equation statistics excluding attribute equations  
   Number of equations         : 534  
   Number of nodes             : 99751  
   Number of nodes if expanded : 12070283  
 



Miscellaneous 200 

 

200  Miscellaneous 

 

Number of penalties/restraints: 532  
Number of independent penalty/restraints parameters: 58  
Number of penalties/restraints: 532  
Number of independent penalty/restraints parameters: 58  
 
Time   0.13  
Second pass equation statistics excluding attribute equations  
   Before/After equation simplification  
     Number of equations         : 549  553  
     Number of nodes             : 99766  8354  
     Number of nodes if expanded : 12070298  228183  
Number of objects taking part in refinement: 73  
Number of dependent parameters with derivatives wrt to Ycalc: 15  

The ŗȆſᴢᶓÇŪᶾăŪƵ demonstrates the ease with which an entire single crystal refinement  can be per-

formed; it should allow  for user defined temperature factors etc. Ἅ 

18.3.2  ......... Computer algebra and out_refinement_stats  

The computer algebra system CAS in version 5 ( f͔ ʤ̞˜͔ἍʅΨỨȹ˿ᶾᶽἍᴟᴝᴞᴞᵾἍis around 2 to 4 times faster than 

version 4; compare  with running ƾſǋ|Ū^ƾſfōᶓᴞᴝᶾăŪƵ or ƵȆǋᶾăŪƵ. The CAS has been reworked , and it 

now operates on a global level where equations are simplified across all objects. The out_refine-

ment _stats  keywords, for ǋ|ƾăŪ|ḚăḚ|Ȇ ŪǋḚŪḚǙ Ḛ^ ŪËḚƾſǙᶾăŪƵ for example, outputs the following 

equation statistics:  

Second pass equation statistics excluding attribute equations  
   Before/After equation simplification  
     Number of equations         : 2707  3085  
     Number of nodes             : 22941  16671  
     Number of nodes if expanded : 1706390373  1070170132  
 
Number of objects taking part in refinement: 2595  
Number of dependent parameters with derivatives wrt to Ycalc: 2319  

18.4  ..... ſϢχΘϢχχ˯̓ːἍεΘʤʈ˯ȹ̞Ἅʈ˜ȹΡȹʈχʤΡε 

The c haracters ,(){}[]  can be outputted to text files by enclosing them in double quotation marks. For 

example:  

out  aac.txt  
Out_String("a,b}c(d")  

To output a single apostrophe or double quote character, the escape sequences of %A and %B can 

be used respectively, for example, the following:  

do_errors  
prm b - 0.61427_0.01048  
out aac.txt  

out_record  
out_fmt "%V g[h%Bh"  
out_eqn = b;  
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out_record  
out_fmt " \ n%s%A (brack}et"  
out_eqn = "abc";  

produces in the fᶾǙȐǙ file:  

- 0.614(10) g[h"h  
abc' (brack}et  

The escape sequences themselves can be outputted by using two separate out_record s. For example, 

to output %A use:  

-ML¤1LJAF?²­Ê®³ 
-ML¤1LJAF?²­ ®³ 

18.5  ..... ăχʤΡȹχ˯̓ːἍ͔УʤΡἍ˯̓χʤΡ̓ȹ̞ἍʓȹχȹᶓχΡʤʤἍ͔̓ʓʤεἍϢε˯̓ːἍᶪ˅͔Ρᶫ 

ᶪ˅͔ΡᶫἍʈȹ̓ἍʀʤἍϢεʤʓἍto iterate over all nodes of the internal data tree.  For example, to iterate over the 

site_recs node the following can be used:  

for site_recs {  
beq @ 1 

}  

18.6  ..... f͔̼̼ȹ̓ʓἍΘΡ͔̼ΘχἍ͔ϢχΘϢχἍʓϢΡ˯̓ːἍăŪƵἍ˅˯̞ʤἍ̞͔ȹʓ˯̓ːἍϢε˯̓ːἍΘΡ˯̓χ 

Ǚ˜ʤἍ̕ʤеЧ͔ΡʓἍprint isἍʤаʤʈϢχʤʓἍʓϢΡ˯̓ːἍχ˜ʤἍ̞͔ȹʓ˯̓ːἍ͔˅ἍăŪƵἍ˅˯̞ʤε᷄Ἅ˯χἍ˯εἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍʓʤχʤΡ̼˯̓˯̓ːἍЧ˜ʤ̓Ἅȹ̓Ἅ˯χʤ̼Ἅ

˯εἍ̞͔ȹʓʤʓἍ˅͔ΡἍʓʤʀϢːː˯̓ːἍΘϢΡΘ͔εʤεᶾἍÇ͔ΡἍʤаȹ̼Θ̞ʤ᷁Ἅ 

print ²­#P=;ML=< <MJAF? L@= DG9<AF? G> ',. >AD=K®³ 
#prm a = 1.234 ;  
print ( #out a)  

18.7 ..... ǋ͔Ρχ˯̓ːἍ͔ϢχΘϢχἍʀеἍʈ͔̞Ϣ̼̓εἍϢε˯̓ːἍḚε͔ΡχḚʓʤʈἍ͔ΡἍḚε͔ΡχḚ˯̓ʈ 

f͔̞Ϣ̼̓εἍʈȹ̓ἍʀʤἍε͔ΡχʤʓἍ˯̓Ἅȹεʈʤ̓ʓ˯̓ːἍ͔ΡἍʓʤεʈʤ̓ʓ˯̓ːἍ͔ΡʓʤΡἍϢε˯̓ːἍḚε͔ΡχḚ˯̓ʈἍ͔ ΡἍḚε͔ΡχḚʓʤʈἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍ

Ç͔ΡἍʤаȹ̼Θ̞ʤᶽἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈȹ̓ἍʀʤἍϢεʤʓἍχ͔Ἅε͔ΡχἍʀеἍʓᶓεΘȹʈ˯̓ːἍ˯̓Ἅʓʤεʈʤ̓ʓ˯̓ːἍ͔ΡʓʤΡἍȹ̓ʓἍχ˜ʤ̓ἍʀеἍ

ăḚ͔̓Ḛεʈȹ̞ʤḚΘ̕εἍ˯ ̓Ἅȹεʈʤ̓ʓ˯̓ːἍ͔ΡʓʤΡ᷁ 
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xdd ...  
   str ...  
      phase_out aac.txt  
         out_record  
            out_fmt "  d = %9.5f"  
            out_eqn = D_spacing; _sort_dec 1 
         out_record  
            out_fmt "  I_no_scale_pks = %9.5f"  
            out_eqn = I_no_scale_pks; _sort_inc 2 
         out_record      
            out_fmt "  2Th = %9.5f \ n"  
            out_eqn = 2 Rad Th;  

18.8  ..... fΡʤȹχ˯̓ːἍ̼ȹ̓еἍаʓʓεἍȹχἍ͔̓ʈʤἍϢε˯̓ːἍ̓ʤЧἍȹ̓ʓἍаʓʓḚ˅˯̞ʤ 

The new  keyword can be used to create many xdd s at once, for example:  

macro Create_XDDs(n)  
{  

move_to xdds  
move_to xdd_recs  
new(xdd, n)  

}  

See section 2.14 for usage of the macro Create_XDDs. 

18.9  ..... εʤʤʓᶽἍᶍεʤʤʓḚʤΞ̓ᶽἍεʤʤʓᶓχʈᶾχаχᶽἍεʤʤʓᶓχʀᶾχаχᶽἍƾȹ̓ʓ 

The command line Ǚfᶾ|Ȑ| increments the number in the file ǋ||qᶓǙfᶾǙȐǙ to seed the random number 

generator and then saves the incremented value back to ǋ||qᶓǙfᶾǙȐǙ file. If using the GUI version of 

the program Ǚ ᶾ|Ȑ|ᶽ then the number in the file ǋ||qᶓǙ^ᶾǙȐǙ is used . #seed  is similar , except it is 

executed at the pre -processor stage of loading INP files.  If a number follows seed  or #seed , then the 

random number generator is seeded with that number.  

#seed_eqn  seeds the random number generator at the preprocessor stage with the equation value; 

here are examples:  

#seed_eqn seed_1 = Rand(0,32767);  
prm value_fed_to_random_number_generator = #out seed_1;  
#seed_eqn seed_2 = Run_Number;  

Ǚ˜ʤἍΡȹ̓ʓἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅ἍʈḅḅἍΡʤχϢΡ̓εἍ˯̓χʤːʤΡεἍʀʤχЧʤʤ̓ἍᴝἍȹ̓ʓἍᴡᴟᴦᴥᴦᶾἍǙ˜˯εἍΡȹ̓ːʤἍ˯εἍʤаχʤ̓ʓʤʓἍʀеἍχ˜ʤἍƾȹ̓ʓἍ

˅Ϣ̓ʈχ˯͔̓ἍЧ˯χ˜Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔ʓʤ᷁ 

inline double Rand(double r1, double r2)  
{  

const double c0 = 1.0 / double(RAND_MAX);  
const double c1 = 1.0 / (1.0 + double(RAND_MAX));  
return (rand() + rand() * c0) * c1 * (r2 ¦ r1) + r1;  

}  
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18.10 ... Ǚ˜Ρʤȹʓ˯̓ː 

TOPAS is threaded, allowing the utilization of multiple processors and resulting in faster program ex-

ecution. The degree of speedup is computer -  and problem -dependent; for non - trivial problems, the 

gain is 2 to 4x on a 4 - core i7 laptop PC. Attention is pai d to reducing memory usage at the thread 

level, which is particularly apparent when using rigid bodies or occupancy merge. Except for a few 

penalties, all items are threaded, including peak generation, all convolutions, all derivatives that are a 

function of Ycalc , and equations that are a function of changing variables such as X, Th, D_spacing, 

etc., Pawley refinement, structure refinement, charge flipping, magnetic refinement, stacking faults, 

PDF refinement, the conjugate gradient solution method, and indexing.  

18.10.1......... Setting  the  maximum  number  of  threads  

The program defaults to using the maximum number of threads available. The user can limit this be-

havio ur by editing the file MaxNumThreads.txt. This file is read at program start -up and contains a 

single number , call it Max_Threads_File , that defines the maximum number of threads. Non -existence 

of the file, or a Max_Threads_File of zero, results in the program using the maximum number of threads 

available. If Max_Threads_File is negative, the maximum number of threads is set to the follow ing:  

Max_Number _Thread s = Max(1, Max_Thread s_File + Max_Thread s_Available);  

18.11 .... făÇ 

The following  macro s and Gʤχᶫs can be used to output  data  in CIF format:  

Out _CIF _STR(file)   
Out _CIF _ADPs(file)  
Out _CIF _STR(file,  with _id)  
Out _CIF _Bonds _Angles(file)  
Get(number _of _parameters)  
Get(refine _ls _shift _on_su _max)  
Get(weighting)  
Xi  = a reserved  parameter  name 

_refine _ls_shift  /  su_max can be acce ssed using  Get(refine _ls_shift _on_su_max)  when  do_error s is de-

fined  and when  continue _after _convergence  is NOT defined.  A message similar - to the following  is 

displayed  on calculation:   

refine _ls _shift _on_su_max 0.409610469  corresponds  to  parameter  m501b939c _3 of  object  
prm_10 

Get(weighting ) and Xi can be used as follow s: 

xdd _out  file  append  load  out _record  out _fmt  out _eqn  {  
 "  %9.0f"  = Xi;  
 "  %11.5f"  = X;  
 "  %11.5f"  = Ycalc ;  
 "  %11.5f"  = Yobs;  
 "  %11.5f \ n"  = Get(weighting);  
}  
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Get(weighting ) return s weighting  as defined by the User; if weighting  is not defined then the following  

is returned : 

1 / Max(1, Yobs )  if  Sigma Yobs  does not  exist 

1 /  Sigma Yobs ^2  if  Sigma Yobs  does exist 

Get(weighting ) returns zero for x -axis regions that are excluded using exclude . If  weighting  is a func-

tion  of  Ycalc  etc ... then  it return s the last weighting  calculated  depending  on recal _weighting _on_iter . 

18.12 ... Atomic  data  files  and  associated  sources  

 

Ǚȹʀ̞ʤἍᴞᴧᶓᴟʒ Çiles read  when  atomic  data  is sought.  The reference s refer  to the source  of  the data.  

In many  cases the format  of  the data  file  corre spond s to the original  source  format.  

ŪſŢqăǋƵᶾǙȐǙἍ: ˅ᶫ and ˅ᶫᶫ for  Laboratory  X- ray tube s. File is read  if  there  are no associated  

SSF\*.NFF file  or ifἍuse_tube _dispersion_coefficient sἍis defined.  

ǙŢǋf ǙᶾǙȐǙ : f0 or Elastic  Photon -Atom Scattering,  relativi stic  form  factor s; data from  

http://www.e srf.fr/computing/expg/ subgroup s/theory/ DABAX/dabax.html Ἅ 

ǙſŢḚfſŗſƾǋᶾq|ÇἍ: Red, Green,  Blue (RGB) CPK atom  color s fromἍ

http://www.bio.cmu.edu/ Courses/Biochem Mols/Periodic/ ElemList.htm . Used forἍassigning  

color s to atom s when  displaying  in OpenGL. 

ǙſŢḚƾ qăǦǋᶾq|ÇἍ: Atomic  radii  and Covalent  radii  fromἍ 

http://www.e srf.fr/cgi -bin/periodic  ʒ

ăǋſǙſƵ|ǋᶾǙȐǙἍ: Atomic  Weight s and Isotopic  Compo sition s for  All Element s fromἍhttp://phy s-

ics.nist.gov/ PhysRefData/ Compo sition s/  

Ţ Ëq Ǚ ᶾq ǙἍ: Data from  GSAS data file  via the International  table s. Data correction  for  V entry  

made  by Robert  Von Dreele.  

Ū|ǦǙǋf ǙᶾǙȐǙἍ: Neutron  scattering  length s fromἍhttp://www.ccp 14.ac.uk/ccp/web -mirror s/neu-

tron s/n -scatter/n - length s/LIST~1.HTMἍ 

ŪſḚƵſŗȖß|qƾ ᶾq|ÇἍ: Disables drawing  of  polyhedral  for  atom s listed.  

ǋǋÇᶒḞᶾŪÇÇἍ: Anomalou s scattering  factor s ˅ᶫ and ˅ᶫᶫ for  a range  of  wavelength s fromἍhttp://www -

cxro.lbl.gov/optical _con stant s/asf.html  

Ǚ̃ ʤἍΘΡʤεʤ̓χἍʓȹχȹἍ˯εἍ˯Ἅ̓χ˜ΡʤʤἍʈ͔̞Ϣ̼̓εἍɲ|ᵽʤȆᵾᶽ˅ᴞʑᴟ˅ɳἍЧ˜ʤΡʤἍ˅ ᶬḃ˅ᴞᶔȮἍȹ̓ʓἍ˅ ᶬᶬḃἍ˅ᴟἍȹ̓ʓἍχ˜ʤἍʈ͔̓УʤΡᶓ

ε˯ ͔Ἅ̓˅ Ρ͔Ἅ̼ЧȹУʤ̞ʤ̓ːχ˜ἍχἍ͔ʤ̓ʤΡːеἍεʈȹ̞ʤἍ˯ε᷁ 

|ᵽʤȆᵾḃᴞᴝḝᴣᶏᵽᴧʒᴝᴥᴣᴣᴢᴞḞŗȹ ʀ̼ʓȹᵽ̓ːᵾᵾᶾ 

Ţ fᶒȮŪŪᶾßǙŢŗἍ: X-Ray Mass Attenuation  Coefficient s from   

http://www.ni st.gov/pml/data/xraycoef/index.cfm Ἅ 

http://www.esrf.fr/computing/expg/subgroups/theory/DABAX/dabax.html
http://www.bio.cmu.edu/Courses/BiochemMols/Periodic/ElemList.htm
http://www.esrf.fr/cgi-bin/periodic
http://physics.nist.gov/PhysRefData/Compositions/
http://physics.nist.gov/PhysRefData/Compositions/
http://www.ccp14.ac.uk/ccp/web-mirrors/neutrons/n-scatter/n-lengths/LIST~1.HTM
http://www.ccp14.ac.uk/ccp/web-mirrors/neutrons/n-scatter/n-lengths/LIST~1.HTM
http://wwwcxro.lbl.gov/optical_constants/asf.html
http://wwwcxro.lbl.gov/optical_constants/asf.html
http://www.nist.gov/pml/data/xraycoef/index.cfm
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18.13 ... Ū͔χἍεȹУ˯̓ːἍʤаχΡȹΘ͔̞ȹχʤʓἍΘʤȹ̕εἍЧ˜ʤ̓Ἅʓ͔˯̓ːἍ˯̓χʤ̓ε˯χеἍʓʤΡ˯Уȹχ˯Уʤε 

[str ]...  

[dont_save_extrapolated_pks ] 

The process of adding peaks to a calculated profile from the peaks buffer can be computationally 

intensive. This process occurs many times during a refinement iteration when, for example, calculat-

ing the derivatives of a site fractional atomic coordinate. An in -between step is therefore performed 

where interpolated peak data is stored. The memory requirements for the interpolated data can be 

large and in cases where memory is an issue then the keyword dont_save_extrapolated_pks  can be 

used.  

18.14 ... Ç˯̞ʤἍχеΘʤεἍȹ̓ʓἍ˅͔Ρ̼ȹχε 

 

Ǚȹʀ̞ʤἍᴞᴧᶓᴡʒἍÇ˯ ̞ʤἍχеΘʤεʒ 

ḞƵʒƾſ ƵΡ͔̍ʤʈχἍ˅ ˯̞ʤεʒ 

ḞăʒŪƵ ă̓ ΘϢχἍ˅ ˯̞ʤἍ˯Ἅ̓ăŪƵἍ˅͔Ρ̼ȹχᶾ 

ḞſʒǦǙ ſϢχΘϢχἍ˅ ˯̞ʤἍʈΡʤȹχʤʓἍ͔ Ἅ̓χʤΡ̼˯̓ȹχ˯͔̓Ἅ͔ Ἅ˅Ρʤ˅˯̓ʤ̼ʤ̓χἍ˯Ἅ̓ăŪƵἍ˅͔Ρ̼ȹχᶾ 

ḞǋʒǙƾ ǋχΡϢʈχϢΡʤἍʓȹχȹᶾἍǋȹ̼ʤἍ˅͔Ρ̼ȹχἍȹεἍḞăʒŪƵʒ 

Ḟŗʒ Ţ ǋ͔ ϢΡʈʤἍʤ̼ε˯ε˯͔Ἅ̓ΘΡ͔˅˯̞ʤἍʓȹχȹᶾἍǋȹ̼ʤἍ˅͔Ρ̼ȹχἍȹεἍḞăʒŪƵʒ 

Ḟqʒ|Ç ƵΡ͔ːΡȹ̼Ἅʓʤ˅ȹϢ̞χεʒἍǋȹ̼ʤἍ˅ ͔Ρ̼ȹχἍȹεἍḞăʒŪƵʒ 

ḞŗʒſË ǙſƵǋʒ ŗſËἍȹ̓ʓἍǙfᶾŗſËʒἍǦεʤ˅Ϣ̞Ἅ˅͔ΡἍχΡȹʈ̕˯̓ːἍ˯ ̓ΘϢχἍʤΡΡ͔Ρεʒ 

Measurement  Data  

ḞᶾǋǋǙ Implies an equal x -axis and has the  format of ΕɲΨȹͻΨᶞỨΕΨʅͪᶞỨɴȹΨȹỨ̵ͪː̤ΨΕᶠᶟᶐ SST 

files can be used instead of *.XY files. As x-axis values are not used, t hey save 

space on creation as well as on loading. For equal x -axis data then the macro 

Out_XDD_SST can be used in the following manner:   

xdd  ¡ 
Out_XDD_SST(filename.sst) = Ycalc;        ª GMLML 7;9D; 
Out_XDD_SST(filename.sst) = Yobs ¦ Ycalc; ª GMLHML <A>>=J=F;= HDGL 

 

Ḟƾʒ ȉ Ρ̂Ϣ̕ʤΡἍȐǋἍʀ˯̓ȹΡ˯ʤεἍᵽqăÇÇƾ fἍǙἍȹ̓ʓἍqăÇÇƾ fͪ˿ςΕᵾ 

Ḟqʒ ǙʑἍḞȐʒqqʑἍḞfʒ ŗʑἍḞȐʒȖʑἍḞȐȖ|ʑἍḞᶾßqÇᴣ ǋfăăἍ˅ ˯̞ʤἍ˅ ͔Ρ̼ȹχεʑἍεʤʤἍǙȹʀ̞ʤἍ18-4Ἅ 

Ḟǋʒfƾ ǋfăăἍ˅ ˯̞ʤἍ˅ ͔Ρ̼ȹχἍʈ͔̼ΘΡ˯ε˯ ̓Ἅː̞ ˯̓ʤεἍ͔ Ἅ˅̃ Ἅʑʑ̕ Ἅ̞ʑἍ̼ ἍʑʓʑἍᴟqʑἍȹ̓ʓἍÇ͔ Ἅʒ 

Ḟßʒōŗ ǋ̃ ʤȐ̞ἍßōŗᴢἍ˅͔Ρ̼ȹχᶾἍ 

Structure  and  structure  factor  data  

ḞfʒăÇ fΡеεχȹ̞̞͔ːΡȹΘ˜˯ʈἍă̓ ˅͔Ρ̼ȹχ˯͔̓ἍÇ˯ ̞ʤ᷄ἍἍă̓ χʤΡ̓ȹχ˯͔̓ȹ̞ἍǦ̓ ˯͔̓Ἅ˅ ͔ΡἍfΡеεχȹ̞̞͔ːΡȹΘ˜еᶾ 

ḞÇʒfÇ făÇἍ˅ ˯̞ʤἍΡʤΘΡʤεʤ̓χȹχ˯͔̓Ἅ͔ Ἅ˅εχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡἍʓʤχȹ˯̞εἍεϢ˯χȹʀ̞ʤἍ˅ ͔ΡἍː ʤ̓ʤΡȹχ˯̓ːἍÇ͔ ϢΡ˯ʤΡἍ

̼ȹΘεἍϢε˯ ̓Ἅːǋ̃ ʤȐ̞ʒ 
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Ǚȹʀ̞ʤἍᴞᴧᶓᴢʒἍǋfăăἍ˯ ̓ΘϢχἍʓȹχȹἍ˅ ˯̞ʤἍ˅ ͔Ρ̼ȹχεʒἍḞȐʒȖʑἍḞȐʒȖ|ʑἍḞȐʒqqἍȹ̓ʓἍḞfʒ ŗἍȹΡʤἍЧ˜˯χʤἍεΘȹʈʤἍʓʤ̞˯̼˯χʤʓἍ

ȹ̓ʓἍʈȹἍ̓ʈ͔̓χȹ˯̓Ἅ̞ ˯̓ʤἍȹ̓ʓἍʀ̞͔ʈ̕Ἅʈ͔̼̼ʤ̓χεʒ 

Ḟqʒ ǙʑἍŗßƵŢᶏƾă|Ǚᴦᶏfǋƾă|Ǚ 

 ŗ˯ ̓ʤἍᴞᶓᴢ f͔ ̼̼ʤ̓χε 

 ŗ˯ ̓ʤἍᴣ ǋχȹΡχᶽἍǋχʤΘἍȹ̓ʓἍÇ˯ ̓˯ε̃Ἅȹ̓ː̞ʤ 

 ŗ˯ ̓ʤἍᴥἍθ  ſʀεʤΡУʤʓἍȐƾqἍʓȹχȹἍΘ͔˯̓χε 

Ëǋ ǋἍᵽεɰχʓἍᶓἍʈ͔ἐχᶭʑἍɰ ȹ̞χἍᶓἍΡȹ̞˅ᶭᵾἍʑϢεʤἍgsas_format  

 ŗ˯ ̓ʤἍᴞ ŗʤːʤ̓ʓ 

 ŗ˯ ̓ʤἍᴟ ăχʤἍ̼ᴡ᷁ἍŪϢ̼ʀʤΡἍ͔ Ἅ˅ʓȹχȹἍΘ͔˯̓χε 

 ŗ˯ ̓ʤἍᴡἍθ  qʤΘʤ̓ʓ˯̓ːἍ͔ Ἅ̓˯ χʤ̼ᴞᴝἍȹ̓ʓἍ˯ χʤ̼ᴣ 

 Ç͔ ΡἍ˯ χʤ̼ᴞᴝἍḃἍɰǋǙqɰἍȹ̓ʓἍ˯ χʤ̼ᴣἍḃἍɰfſŪǋǙɰ  

а̼˯Ἅ̓ḃἍ˯ χʤ̼ᴥᶏʓ˯У 

εχʤΘἍḃ˯χʤ̼ᴦᶏʓ˯У 

Ρʤȹʓᵽᴞᴝᵽᴟ˯ʑÇᴥʒᴝᵾἍ˯ ЧЧᵽ˯ᵾᶽеᵽ˯ᵾἍἍ˯ḃᴞʑἍ̓ Θχε 

ε˯ ː̼ȹᵽ˯ᵾḃεΞΡᵽеᵽ˯ᵾᶏ˯ЧЧᵽ˯ᵾᵾἍ˯ ḃᴞʑἍ̓ Θχε 

Ç͔ ΡἍ˯ χʤ̼ᴞᴝἍḃἍɰ ŗǙɰἍȹ̓ʓἍ˯ χʤ̼ᴣἍḃἍɰƾ ŗÇɰ 

а̼˯Ἅ̓ḃἍ˯ χʤ̼ᴥᶏᴡᴟ 

εχʤΘἍḃἍ˯ χʤ̼ᴦᶏᴡᴟ 

ΡʤȹʓᵽᴢᵽÇᴧʒᴝʑÇᴦʒᴢʑÇᴣʒᴢᵾἍаᵽ˯ᵾᶽἍеᵽ˯ᵾᶽἍε˯ ː̼ȹᵽ˯ᵾἍἍ˯ḃᴞʑἍ̓ Θχε 

аᵽ˯ᵾἍḃἍаᵽ˯ᵾᶏᴡᴟἍἍ˯ḃᴞʑἍ̓ Θχε 

ʓ Ἅ͔˯ἍḃἍᴞʑἍ̓ Θχεᶓᴞ 

ἍἍἍἍἍʓ˯УἍḃἍаᵽ˯ḅᴞᵾᶓаᵽ˯ᵾ 

ἍἍἍἍἍеᵽ˯ᵾἍḃᴞᴝᴝᴝἍḞἍеᵽ˯ᵾᶏʓ˯У 

ἍἍἍἍἍε˯ ː̼ȹᵽ˯ᵾἍḃἍᴞᴝᴝᴝἍḞἍε˯ ː̼ȹᵽ˯ᵾᶏʓ˯У 

ʤ̓ʓἍʓ  ͔

ΡἍ̕ᵽʈ͔̓εχȹ̓χἍЧȹУʤ̞ʤ̓ːχ˜Ἅʓȹχȹᵾ᷁Ἅʓ˯УἍḃἍᴞᴝᴝ 

ΡἍ̕ᵽχ˯̼ʤἍ͔ Ἅ˅˅ ̞˯ː˜χἍʓȹχȹᵾ᷁Ἅ ʓ˯УἍḃἍᴞ 

ÇϢ̞̞ƵΡ͔Ἅ˅ᵽăŪǋǙƾŢἍḃἍᴝ᷁Ἅ˅ ΡʤʤἍ˅ ͔Ρ̼ȹχἍ˅ ˯̞ʤᵾἍʑϢεʤἍfullprof _format  

 ŗ˯ ̓ʤἍᴞ ǋχȹΡχἍȹ̓ː̞ʤᶽἍεχʤΘἍЧ˯ʓχ˜ᶽἍ˅˯̓˯ε˜Ἅȹ̓ː̞ʤᶽἍʈ͔̼̼ʤ̓χε 

ŗ˯ ̓ʤἍᴟἍᶿ ſʀεʤΡУʤʓἍȐƾqἍʓȹχȹἍΘ͔˯̓χεἍᵽȹ̓еἍ̓Ϣ̼ʀʤΡἍ͔˅ἍΡ͔Чεᵾ 

ḞȐʒqqἍʑḞfʒ ŗ ŗ˯ ̓ʤἍᴞ ſΘχ˯͔̓ȹ̞Ἅ̞˯̓ʤἍ˅͔ΡἍʈ͔̼̼ʤ̓χε 

ŗ˯ ̓ʤἍᴟἍᶿ ǋχȹΡχᶽἍǋχʤΘἍȹ̓ʓἍÇ˯ ̓˯ε˜Ἅȹ̓ː̞ʤ 

 ŪʤаχἍχ˜ΡʤʤἍ̓Ϣ̼ʀʤΡεἍȹΡʤἍϢ̓Ϣεʤʓ 

 ſʀεʤΡУʤʓἍȐƾqἍʓȹχȹἍΘ͔˯̓χε 

ḞȐʒȖ  ᴟqἍȹ̓ʓἍ˯ ̓χʤ̓ε˯ χеἍʓȹχȹἍУȹ̞Ϣʤε 

ḞȐʒȖ|  ᴟqʑἍ˯ ̓χʤ̓ε˯ χеἍȹ̓ʓἍ˯ ̓χʤ̓ε˯ χеἍʤΡΡ͔ΡἍУȹ̞Ϣʤεʒ 
 

18.14.1......... HDF5 file format Copyright notice  
Copyright Notice and License Terms for HDF5 (Hierarchical Data Format 5) Software Library and Utilities  
 
HDF5 (Hierarchical Data Format 5) Software Library and Utilities  
Copyright 2006 -2016 by The HDF Group.  
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NCSA HDF5 (Hierarchical Data Format 5) Software Library and Utilities  
Copyright 1998 -2006 by the Board of Trustees of the University of Illinois.  
All rights reserved.  
 
Redistribution and use in source and binary forms, with or without modification, are permitted for any pur-
pose (including commercial purposes) provided that the following conditions are met:  
 
1. Redistributions of source code must retain the above copyright notice, this list of conditions, and the 
following disclaimer.  
2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions, and 
the following disclaimer in the documentation and/or materials provided with the distribution.  
3. Neither the name of The HDF Group nor the name of the University of Illinois may be used to endorse 
or promote products derived from this software without specific prior written permission.  
 
THIS SOFTWARE IS PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND...  

18.15 ... ̂ ȹχʈ˜Ἅ̼͔ʓʤἍ͔ΘʤΡȹχ˯͔̓ἍᶔἍǙfᶾ|Ȑ| 

The command  line program  tc.exe  provide s for  batch  mode  operation . Running  tc.exe  without  argu-

ment s display s help  information.  Running  an INP file  called Ƶ^ǋſᴢᶾăŪƵ is as follow s: 

tc  pbso4 

Macro s can be passed to the command  line.  To passing a file  name to an INP file , create  a Ǚ|Ţᶓ

Ƶŗ Ǚ|ᶾăŪƵ file  with  the required  refinement  detail s, this could  look  like:  

xdd  FI LE 
etc ...  

Ǚ|ŢƵŗ Ǚ|ᶾăŪƵ is fed  to Ǚfᶾ|Ȑ| at the  command  line; the word  FILE (within  Ǚ|ŢƵŗ Ǚ|ᶾăŪƵ) is expanded  

to whatever  the  macro  on the command  line contains ; for example :  

tc  ... \ file _directory \ template.inp  "macro  FI LE {  file.xy  }"  

The macro  called  FILE is described  on the command  line within  quotation  marks. On running  tc.exe  

the word  'FILE'  occurring  in Ǚ|ŢƵŗ Ǚ|ᶾăŪƵ is expanded  to 'file.xy'.  More than  one macro  can be de-

scribed  on the command  line.  To proce ss a whole  directory  of  data  file s, say *.XY file  for  example , 

then  execute  the following  DOS command  from  the file  directory : 

dir  *.xy  > ... \ main _ta _directory \ xy.bat  

The ȐȖᶾ^ Ǚ file  will  then  reside in the main TA directory.  

Edit  ᶾᶾᶾᶒŢ ăŪḚǙḚqăƾ|fǙſƾȖᶒȐȖᶾ^ Ǚ to look  like  the following:  

tc  ... \ file _directory \ template  "macro  FI LE {  file 1.xy  }"  
copy  ... \ file _directory \ template.out  ... \ file _directory \ file 1.out  
tc  ... \ file _directory \ template.inp  "macro  FI LE {  file 2.xy  }"  
copy  ... \ file _directory \ template.out  ... \ file _directory \ file 2.out  
etc ...  

After  each  run of  Ǚfᶾ|Ȑ| a Ǚ|ŢƵŗ Ǚ|ᶾſǦǙ file  is created  containing  refined  results. This file  is copied  

to file s Çăŗ|ᴞʒ ſǦǙ, Çăŗ|ᴟʒ ſǦǙ etc .... After  running  ȐȖᶾ^ Ǚ ʑa number  of  *.OUT file s is created , one for  
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each  *.XY file.  In summary , tc.exe  receive s Ǚ|ŢƵŗ Ǚ|ᶾăŪƵ to proce ss. Word s occurring  in Ǚ|Ţᶓ

Ƶŗ Ǚ|ᶾăŪƵ are expanded  depending  on the macro s described  on the command  line.  
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19. Ţ fƾſǋἍŪqἍăŪfŗǦq|ἍÇăŗ|ǋ 

ŢȹʈΡ͔εἍȹΘΘʤȹΡ˯̓ːἍ˯̓ἍăŪƵἍ˅ ˯̞ʤεἍȹΡʤἍʤаΘȹ̓ʓʤʓἍʀеἍχ˜ʤἍΘΡʤᶓΘΡ͔ʈʤεε͔ΡἍʒǙ˜ʤἍΘΡʤᶓΘΡ͔ʈʤεε͔ΡἍʈ͔̼ΘΡ˯εʤεἍχЧἍ͔

χеΘʤεἍ͔˅Ἅʓ˯Ρʤʈχ˯УʤεἍʑː̞͔ʀȹ̞ἍχеΘʤεἍȹ̓ʓἍχеΘʤεἍχ˜ȹχἍȹΡʤἍ˯̓У͔̕ʤʓἍ͔ Ἅ̼̓ ȹʈΡ͔ἍʤаΘȹ̓ε˯ ͔̓᷄Ἅʓ˯Ρʤʈχ˯УʤεἍʀʤː˯̓ἍЧ˯χ˜Ἅ

χ˜ʤἍʈ˜ȹΡȹʈχʤΡἍᶍἍȹ̓ʓἍȹΡʤ᷁ 

q˯ Ρʤʈχ˯УʤεἍЧ˯χ˜Ἅː̞͔ʀȹ̞Ἅεʈ͔Θʤ᷁ 

macro  $user_defined _macro _name { ... }  

#include  $ file  

#ingest $file  

#external_INP  $file  

#m_unique  $name  

#delete _macro s {  $macro s_to_be_deleted  }  

#define , #undef , #if , #ifdef , #ifndef , #else, #elseif , #endif , #prm , #out  

#seed  ᶔ initializes the random number generator at the pre -processor stage .  

q˯ Ρʤʈχ˯УʤεἍ˯ ̓У͔̕ʤʓἍ͔ Ἅ̼̓ȹʈΡἍ͔ʤаΘȹ̓ε˯ ͔̓᷁ 

#m_if , #m_ifarg , #m_elseif , #m_else, #m_endif  

#m_code , #m_eqn , #m_code _refine , #m_one_word  

#m_argu , #m_fir st_word , #m_unique _not_refine  

19.1 ..... Ǚ˜ʤἍ̼ȹʈΡ͔Ἅʓ˯Ρʤʈχ˯Уʤ 

ŢȹʈΡ͔εἍȹΡʤἍʓʤ˅˯̓ʤʓἍϢε˯ ̓Ἅːχ˜ʤἍmacroἍʓ˯Ρʤʈχ˯УʤἍ᷄̃ ʤΡʤᶬεἍȹἍ̓ʤаȹ̼Θ̞ʤ᷁ 

macro  Cubic(cv)  {  a cv  b = Get( a);  c = Get( a);  }  

ŢȹʈΡ͔εἍʈȹἍ̓̃ ȹУʤἍ̼ Ϣ̞χ˯Θ̞ʤἍȹΡːϢ̼ʤ̓χεἍ͔ ΡἍ̓ ͔̓ʤ᷄Ἅχ˜ʤἍCubic Ἅ̼ ȹʈΡ͔Ἅȹʀ͔УʤἍ̃ ȹεἍ͔ ̓ʤἍȹΡːϢ̼ʤ̓χ᷄Ἅ̃ ʤΡʤἍȹΡʤἍ

ε͔ ̼ʤἍʤаȹ̼Θ̞ʤἍϢεʤεἍ͔ Ἅ˅Cubic  ᷁

Cubic(4.50671)  
Cubic(a _lp  4.50671   min  4.49671   max 4.52671)  
Cubic(!a _lp  4.50671)  

The fir st instance  define s theἍa ἍʑbἍandἍcἍlattice  parameter s without  a parameter  name.ἍThe second  

define s the  lattice  parameter s with  a name indicating  refinement  of  theἍa_lpἍparameter.  In the third  

example , theἍa_lpἍparameter  is preceded  by the ! character.  ThisἍindicate s that  theἍa_lpἍparameter  is 

not  to be refined;  it can  however  be used in equation s. The definition  of  macro s need  not  precede  its 

use. For example , in the  segment:  
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xdd ...  
Emission _Profile  ª this  is  expanded  
macro  Emission _Profile  {  CuKa2(0.001)  }  

|УʤἍ̓χ˜͔Ϣː˜Ἅχ˜ʤἍEmission_Profile Ἅ̼ ȹʈΡ͔Ἅ˜ȹεἍʀʤʤἍ̓ʓʤ˅˯̓ʤʓἍȹ˅χʤΡἍ˯ χεἍϢεʤἍʑEmission_Profile Ἅ˯εἍʤаΘȹ̓ʓʤʓἍ

χἍ͔ɰfϢōȹᴟᵽᴝʒᴝᴝᴞᵾᶭᶾ 

ŢȹʈΡ͔Ἅ̓ ȹ̼ʤεἍ̓ ʤʤʓἍ̓ ͔χἍʀʤἍϢ̓˯ΞϢʤ᷄Ἅ˯ Ἅ̓ʈȹεʤεἍЧ˜ʤΡʤἍ̼ ͔ΡʤἍχ˜ȹ̓Ἅ͔ ̓ʤἍ̼ ȹʈΡ͔Ἅ̃ ȹУʤἍχ˜ʤἍεȹ̼ʤἍ̓ ȹ̼ʤʑἍχ˜ʤἍ

ȹʈχϢȹ̞Ἅ̼ ȹʈΡ͔ἍʤаΘȹ̓ʓʤʓἍ˯εἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹΡːϢ̼ʤ̓χεʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑ˯Ἅ˅χ˜ʤἍ̼ ȹʈΡ͔Ἅ

Slit_Widthᵽᴝʒᴞᵾ ε˯ἍϢεʤʓἍχ˜ʤ̓Ἅχ˜ʤἍSlit_WidthᵽУᵾἍ̼ ȹʈΡ͔Ἅ˯εἍʤаΘȹ̓ʓʤʓᶾἍſ̓ Ἅχ˜ʤἍ͔ χ˜ʤΡἍ̃ ȹ̓ʓʑἍ˯Ἅ˅χ˜ʤἍ̼ ȹʈΡ͔Ἅ

Slit_WidthᵽεЧʑἍʒᴞᵾἍ˯εἍϢεʤʓἍχ˜ʤ̓Ἅχ˜ʤἍSlit_WidthᵽʈʑἍУᵾἍ̼ ȹʈΡ͔Ἅ˯εἍʤаΘȹ̓ʓʤʓᶾἍŢȹʈΡ͔εἍʈȹἍ̓ȹε̞͔ἍʤаΘȹ̓ʓἍχἍ͔

̼ȹʈΡ͔Ἅ̓ ȹ̼ʤεʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑχ˜ʤἍCrystallite _SizeἍ̼ ȹʈΡ͔ἍʤаΘȹ̓ʓεἍχἍ͔CSἍȹ̓ʓἍε˯ ̓ʈʤἍCSἍ˯εἍȹἍ̼ ȹʈΡ͔Ἅχ˜ʤ̓Ἅ

χ˜ʤἍCSἍ̼ ȹʈΡ͔Ἅ˯ εἍʤаΘȹ̓ʓʤʓᶾ 

19.1.1 ........... Directives  with  global  scope  

#include Ἅ$user_defined _macro _file _name  

ă̓ ʈ̞ϢʓʤἍ˅ ˯̞ʤεἍȹΡʤἍϢεʤʓἍχἍ͔ː Ρ͔ϢΘἍ̼ ȹʈΡ͔εʒἍǙ̃ ʤἍ˅ ˯̞ʤἍǙſƵǋʒăŪfἍʈ͔̓χȹ˯̓εἍεχȹ̓ʓȹΡʓἍ̼ ȹʈΡ͔ε᷄Ἅ˯ χʟεἍȹἍː ͔͔ʓἍ

Θ̞ȹʈʤἍχἍ͔У˯ʤЧἍʤаȹ̼Θ̞ʤεʒἍǙʤаχἍЧ˯χ˜˯̓Ἅ˯ ̓ʈ̞ϢʓʤἍ˅ ˯̞ʤεἍ˯ εἍ˯̓εʤΡχʤʓἍȹχἍχ˜ʤἍΘ ε͔˯ χ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍ#include Ἅʓ˯ᶓ

Ρʤʈχ˯УʤἍʑχ˜ϢεἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁Ἅ 

#include  "my include  file.inc"  

inserts the text  within  "my  include  file.inc"  at the  position  of  theἍ#include  directive. ἍThe standard  

macro  file  ǙſƵ ǋᶾăŪf is alway s included  by default.Ἅ 

#delete _macro sἍ{  $macro s_to_be_deleted  }  

ŢȹʈΡ͔εἍʈȹἍ̓ʀʤἍʓʤ̞ʤχʤʓἍϢε˯ ̓Ἅː#delete _macro s Ἅʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ 

#delete _macros  {  LP_Factor  SW ZE }  

Ч˯̞̞Ἅʓʤ̞ʤχʤἍΘΡʤУ˯͔Ϣε̞ еἍʓʤ˅˯̓ʤʓἍ̼ ȹʈΡ͔εʑἍ˯ ΡΡʤεΘʤʈχ˯УʤἍ͔ Ἅ˅χ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹΡːϢ̼ʤ̓χεʑἍЧ˯χ˜Ἅχ˜ʤἍ̓ ȹ̼ʤεἍ

LP_Factor ἍʑSWἍȹ̓ʓἍZE Ἅʒ 

#define Ἅʑ#undef Ἅʑ#ifdef Ἅʑ#ifndef Ἅʑ#else Ἅʑ#endif  

Ǚ̃ ʤἍ#define Ἅȹ̓ʓἍ#undef Ἅʓ˯Ρʤʈχ˯УʤεἍЧ͔ΡἍ̕ε˯ ̼˯̞ȹΡᶓχἍ͔χ˜ʤἍʈἍΘΡʤᶓΘΡ͔ʈʤεε͔ΡἍʓ˯Ρʤʈχ˯УʤεἍ͔ Ἅ˅χ˜ʤἍεȹ̼ʤἍ

̓ȹ̼ʤᶾἍ#define Ἅȹ̓ʓἍ#undef Ἅ˯εἍχеΘ˯ʈȹ̞̞еἍϢεʤʓἍЧ˯χ˜Ἅ#ifdef Ἅʑ#else Ἅʑ#endif Ἅʓ˯Ρʤʈχ˯УʤεἍχἍ͔ʈ͔̓χΡ͔̞Ἅ̼ ȹʈΡ͔Ἅ

ʤаΘȹ̓ε˯ ͔Ἅ̓˯Ἅ̓ăŪƵἍ˅ ˯̞ʤεʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑχ˜ʤἍ˅ ͔̞̞͔Ч˯̓ː ᷁

#ifdef  STANDARD_MACROS  
xdd  ...  

#endif  
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will  expand  to contain  theἍxddἍkeyword  if  STANDARD_MACROS has been  previou slyἍdefined  us-

ing aἍ#define Ἅdirective.  The following  will  also expand  to contain  theἍxddἍkeyword  if  STAND-

ARD_MACROS has not  been  defined  using aἍ#define Ἅdirective , 

#ifdef  !STANDARD_MACROS  
   #define  STANDARD_MACROS 
   xdd  ...  
#endif  

Ρ͔ʑἍ 

#ifndef  STANDARD_MACROS  
   #define  STANDARD_MACROS 
   xdd  ...  
#endif  

Ū͔ χʤἍχ˜ʤἍϢεʤἍ͔ Ἅ˅χ˜ʤἍᶅ ᵳᶫἍʈ˜ȹΡȹʈχʤΡἍΘ̞ȹʈʤʓἍʀʤ˅͔ΡʤἍǋǙ Ūq ƾqḚŢ fƾſǋἍЧ˜˯ʈ˜Ἅ̼ ʤȹἐἍ˯Ἅ˅ǋǙ Ūqᶓ

ƾqḚŢ fƾſǋἍ˯εἍ̓ ͔χἍʓʤ˅˯̓ʤʓᶾ 

#m_uniqueἍײεχΡ˯̓ːἍȹεε˯ː̓εἍȹἍϢ̓˯ΞϢʤἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍχ͔ἍײεχΡ˯̓ːἍЧ˯χ˜˯̓ἍȹἍ̼ȹʈΡ͔Ἅʀ͔ʓеᶽἍȹχἍχ˜ʤἍΘ͔˯̓χἍ

χ˜ʤἍ̼ȹʈΡ͔Ἅ˯εἍʤаΘȹ̓ʓʤʓἍᶓᶓἍ̞ ʤχχ˯̓ːἍȹἍ̼ȹʈΡ͔Ἅʓʤ˅˯̓ʤἍ̓ʤЧἍ˯̓χʤΡ̓ȹ̞ἍΘȹΡȹ̼ʤχʤΡεἍЧ˯χ˜͔ϢχἍχ˜͔εʤἍ̓ȹ̼ʤεἍ

ʈ̞ȹε˜˯̓ːἍȹʈΡ͔εεἍ̼Ϣ̞χ˯Θ̞ʤἍʤаΘȹ̓ε˯͔̓εἍ͔˅Ἅχ˜ʤἍεȹ̼ʤἍ̼ȹʈΡ͔ᶾἍÇ͔ΡἍʤаȹ̼Θ̞ʤ᷁Ἅ 

macro Some_macro(v) { prm #m_unique a = Cos(Th); : v }  

ᶬȹᶬἍ˯εἍȹεε˯ː̓ʤʓἍȹἍϢ̓˯ΞϢʤἍΘȹΡȹ̼ʤχʤΡἍ̓ȹ̼ʤἍεʈ͔ΘʤʓἍχ͔Ἅχ˜ȹχἍ̼ȹʈΡ͔Ἅʀ͔ʓеᶬεἍ͔Ч̓ἍʤаΘȹ̓ε˯͔̓ᶾἍǙ˜ʤἍƾ͔ᶓ

ʀϢεχḚƾʤ˅˯̓ʤ̼ʤ̓χἍȹ̓ʓἍǙfßȮḚƵʤȹ̕ḚǙеΘʤἍ̼ȹʈΡ͔εἍᵽ˯̓ἍǙ͔Θȹεᶾ˯̓ʈᵾἍȹΡʤἍЧ͔Ρ̕ʤʓἍʤаȹ̼Θ̞ʤεἍ͔˅Ἅ˯χεἍϢεʤἍᶓἍ

ƾ͔ʀϢεχḚƾʤ˅˯̓ʤ̼ʤ̓χᶽἍ˅͔ΡἍ˯̓εχȹ̓ʈʤᶽἍʓʤʈ̞ȹΡʤεἍΡ͔Ϣː˜̞еἍȹἍʓ͔эʤ̓Ἅ˯̓χʤΡ̓ȹ̞ἍΘȹΡȹ̼ʤχʤΡεἍᵽχʤεχᶽἍŪᶽἍΘᴝᶾᶾΘᴞᴝᶽἍ

χᵾἍʤȹʈ˜ἍУ˯ȹἍprmἍ#m_uniqueᶽἍε͔Ἅχ˜ʤἍ̼ȹʈΡ͔Ἅʈȹ̓ἍʀʤἍϢεʤʓἍ̼͔ΡʤἍχ˜ȹ̓Ἅ͔̓ʈʤἍ˯̓Ἅχ˜ʤἍεȹ̼ʤἍăŪƵἍ˅˯̞ʤἍЧ˯χ˜͔ϢχἍ

˯χεἍ͔Ч̓Ἅ˯̓χʤΡ̓ȹ̞ἍЧ͔Ρ̕˯̓ːἍΘȹΡȹ̼ʤχʤΡεἍʈ͔̞̞˯ʓ˯̓ːἍЧ˯χ˜Ἅʤȹʈ˜Ἅ͔χ˜ʤΡᶾ 

19.1.2 .......... Pre-processor  equations  and  #prm , #if , #elseif , #out   

Pre-proce ssor parameter s, called  hash parameter s, are defined  using the #prm  directive . #prm sʟ can 

be a function  of  other  #prm sʟ and they  can be used in #if , #elseif , #m_if  and #m_elseif  pre -proce ssor 

statement s. #prm sʟ are only  evaluated  at the pre -proce ssor stage  of  loading  INP file s (see Ǚ|ǋǙḚ|Ȑᶓ

ŢƵŗ|ǋᶒß ǋßḚƵƾŢᶾăŪƵ); they  are therefore  unknown  to the kernel  and are totally  separate  to param-

eter s defined  using prm . Pre-proce ssed output  can  be found  in the ǙſƵ ǋʒŗſË file , when  running  

Ǚ |ʒȐ|, or ǙfʒŗſË when  running  Ǚfʒ|Ȑ|.Ἅ 

#out  and #m_out  allow  pre -proce ssor #prm sʟ value s, which  can be string s or number s, to be placed  

into  the pre -proce ssed text.  For example , the  following :Ἅ 

#prm a = Constant(Rand(0,1));  
#out  a 
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will  output  a random  number  between  0 and 1 into  the  pre -proce ssed file  at the position  of  #out . INP 

file s can therefore  be manipulated  with  #prm sʟ and #if  statement s with  a means of  identifying  the 

manipulation  carried  out.  The following :Ἅ 

macro  Ex1(a)  {  
#m_if  a == "b";  

Yes b 
#m_elseif  a == ­;®  

Yes c 
#m_endif  

}  
Ex1("b")  

expand s to:Ἅ 

Yes b 

In the following : 

#prm ran  = Constant(Rand(0,1));  
#if  ran  < 0.5;  

view _structure  
#endif  
#if  ran  < 0.5;  

view _structure  
#endif  
#if  ran  < 0.5;  

view _structure  
#endif  

each  call  to rᶅan  ʟin the  #if  statement s would  return  the same value  becau se of  the use of  Constant.  

More complicated  INP file  manipulation  is shown  in the following: Ἅ 

#prm space _group _number  = 4;   
#if  And(space _group _number  >= 75,  space _group _number  <= 142);   

...  
#elseif  And(space _group _number  >= 16,  space _group _number  <= 74);   

...  
#endif  

19.1.3 .......... A macro that repeats text using #out  

A macro that repeats and modifies text can be formulated as follows:  

macro  Repeat (& n)  
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{  
   #if (n > 0)  
      A n  
      Repeat(n - 1)  
   #endif  
}  

Repeat(10)  

Output fr om the above looks like:  

A (10) A ((10) - 1) A (((10) - 1) - 1) A ((((10) - 1) - 1) - 1) A (((((10) - 1) - 1) - 1) - 1) A ((((((10) - 1) -

1) - 1) - 1) - 1) A (((((((10) - 1) - 1) - 1) - 1) - 1) - 1) A ((((((((10) - 1) - 1) - 1) - 1) - 1) - 1) - 1) A 

(((((((((10) - 1) - 1) - 1) - 1) - 1) - 1) - 1) - 1) A ((((((((((10) - 1) - 1) - 1) - 1) - 1) - 1) - 1) - 1) - 1)  

This output may be intended . However, what is often intended is:  

macro  Repeat(& n)  
{  
   #if ( n >  0)  
      #prm a = n;  
      #prm am1 = n -  1;  
      A #out  a 
      Repeat( #out am1 )  
   #endif  
}  

Repeat(10)  

and the o utput  is as follows : 

A 10  A 9  A 8  A 7  A 6  A 5  A 4  A 3  A 2  A 1   

More succinctly  again is to use the Numeric mac ro as follow:  

macro Numeric(& n)  
{  
   #prm a = n; #out a 
}  

macro  Repeat(& n)  
{  
   #if (n > 0)  
      A Numeric(n)  
      Repeat(Numeric(n - 1))  
   #endif  
}  

Repeat(10)  

19.1.4 .......... Directives  invoked  on  macro  expansion  

#m_if Ἅʑ#m_ifarg Ἅʑ#m_elseif Ἅʑ#m_else Ἅʑ#m_endif Ἅʑ#m_if , #m_out  

Ǚ̃ ʤεʤἍȹΡʤἍʈ͔ ̓ʓ˯χ˯͔̓ȹ̞Ἅʓ˯Ρʤʈχ˯УʤεἍχ˜ȹχἍȹΡʤἍ˯̓У͔̕ʤʓἍ͔ Ἅ̼̓ȹʈΡ͔ἍʤаΘȹ̓ε˯ ͔̓ᶾἍ#m_ifarg Ἅ͔ΘʤΡȹχʤεἍ͔ Ἅ̓χЧἍ͔εχȹχʤᶓ

̼ʤ̓χεἍ˯ ̼̼ʤʓ˯ȹχʤ̞еἍ˅ ͔̞̞͔Ч˯̓ːἍ˯ χεἍϢεʤἍ᷄χ˜ʤἍ˅ ˯ΡεχἍ̼ ϢεχἍΡʤ˅ʤΡἍχἍ͔ȹἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍȹ̓ʓἍχ˜ʤἍεʤʈ͔̓ʓἍʈȹἍ̓ʀʤἍ
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ȹ̓еἍ͔ Ἅ˅χ˜ʤἍ˅ ͔̞̞͔Ч˯̓ː᷁Ἅ#m_code Ἅʑ#m_eqn Ἅʑ#m_code _refine Ἅʑ#m_one_wordἍȹ̓ʓἍɲε͔ ̼ʤἍεχΡ˯̓ːᶯʒἍ#m_ifargἍ

ʤУȹ̞ϢȹχʤεἍχἍ͔χΡϢʤἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍΡϢ̞ʤεἍ͔ Ἅ˅Table  19-1. 

Ǚȹʀ̞ʤἍᴞᴨᶓᴞʒἍ#m_ifargἍεе̓χȹаἍȹ̓ʓἍ̼ ʤȹ̓˯̓ːᶾ 

 Evaluates  to true  if  the  following  is  true  

#m_ifargἍʈἍ#m_code  ă˅Ἅχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍʈἍ̃ȹεἍȹἍ̞ʤχχʤΡἍ͔ΡἍχ˜ʤἍʈ˜ȹΡȹʈχʤΡἍᵳἍȹεἍχ˜ʤἍ˅˯ΡεχἍ

ʈ˜ȹΡȹʈχʤΡἍȹ̓ʓἍ˯Ἅ˅˯ χἍ˯εἍ̓ ͔χἍȹἍ̓ʤΞϢȹχ˯͔̓ᶾ 

#m_ifargἍʈἍ#m_eqn  ă˅Ἅχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍʈἍ˯εἍȹἍ̓ʤΞϢȹχ˯͔̓ᶾ 

#m_ifargἍʈἍ#m_code _refine  ă˅Ἅχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍʈἍ̃ ȹεἍȹἍ̞ ʤχχʤΡἍȹεἍχ˜ʤἍ˅ ˯ΡεχἍʈ˜ȹΡȹʈχʤΡἍȹ̓ʓἍ˯Ἅ˅

˯χἍ˯εἍ̓ ͔χἍȹἍ̓ʤΞϢȹχ˯͔̓ᶾ 

#m_ifargἍʈἍɲε͔ ̼ʤḚεχΡ˯̓ːᶯ ă˅Ἅχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍʈἍḃḃἍɲε͔ ̼ʤḚεχΡ˯̓ːᶯᶾ 

#m_ifargἍУἍ#m_one_word  ă˅Ἅχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍУἍʈ͔ἐ˯εχεἍ͔ Ἅ˅͔ ̓ʤἍЧ͔Ρʓᶾ 

#m_argu Ἅʑ#m_fir st_word Ἅʑ#m_unique _not_refine  

Ǚ̃ ʤεʤἍ͔ ΘʤΡȹχʤἍ͔ Ἅ͔̓ ̓ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍЧ˯χ˜Ἅχ˜ʤἍ˯ ̓χʤ̓χ˯͔̓Ἅ͔ Ἅ˅ʈ˜ȹ̓ː˯̓ːἍχ˜ʤἍУȹ̞ϢʤἍ͔ Ἅ˅χ˜ʤἍȹΡːϢ̼ʤ̓χἍȹʈᶓ

ʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍΡϢ̞ʤεἍ͔ Ἅ˅Table  19-2  ʒ

Ǚȹʀ̞ʤἍᴞᴨᶓᴟʒἍq˯ Ρʤʈχ˯УʤεἍχ˜ȹχἍʈ˜ȹ̓ːʤἍχ˜ʤἍУȹ̞ϢʤἍ͔ Ἅ˅ȹἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χᶾ 

#m_arguἍʈ f̃ ȹ̓ːʤεἍχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍʈἍχἍ͔ȹἍϢ̓˯ΞϢʤἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍ˯Ἅ˅˯ χἍ

˜ȹεἍᶅἍȹεἍχ˜ʤἍ˅ ˯ΡεχἍʈ˜ȹΡȹʈχʤΡᶾ 

#m_unique _not_refineἍʈἍ f̃ ȹ̓ːʤεἍχ˜ʤἍ̼ ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍʈἍχἍ͔ȹἍϢ̓˯ΞϢʤἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍχ˜ȹχἍ

ε˯Ἅ̓ ͔χἍχἍ͔ʀʤἍΡʤ˅˯̓ʤʓᶾ 

#m_fir st_wordἍ$v  ƾʤΘ̞ȹʈʤἍχ˜ʤἍεχΡ˯̓ːἍ̼ȹʈΡ͔ἍȹΡːϢ̼ʤ̓χἍײУἍЧ˯χ˜Ἅχ˜ʤἍ˅˯ΡεχἍЧ͔ΡʓἍ͔ʈʈϢΡΡ˯̓ːἍ

˯Ἅ̓ײУ ʒ

19.1.5 .......... Defining  unique  parameters  within  macros  

#m_unique  $string  assigns a unique  parameter  name to $string  within  a macro.  This allow s new  

unique  parameter s to be defined  within  macro s whil st avoiding  name clashes. In the example:Ἅ 

macro  Some_macro(v)  {  prm #m_unique  a = Cos( Th);  :  v }  

'a'  is assigned  a unique  parameter  name and it has the  scope  of  the  macro  body  text.  The Robust_Re-

finement  and TCHZ_Peak_Type  macro s are good  example s of  its use, where  for  example , the former  

is defined  as: 

macro  Robust _Refinement  {  
ª Robust  refinement  algorithm   
prm #m_unique  test  = Get(r _exp);  
prm #m_unique  N = 1 /  test^2;  
prm #m_unique  p0 = 0.40007404;  
prm #m_unique  p1 = - 2.5949286;  
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prm #m_unique  p2 = 4.3513542;  
prm #m_unique  p3 = - 1.7400101;  
prm #m_unique  p4 = 3.6140845e - 1;  
prm #m_unique  p5 = - 4.45247609e - 2;  
prm #m_unique  p6 = 3.5986364e - 3;  
prm #m_unique  p7 = - 1.8328008e - 4;  
prm #m_unique  p8 = 5.7937184e - 6;  
prm #m_unique  p9 = - 1.035303e - 7;  
prm #m_unique  p10  = 7.9903166e - 10;  
prm #m_unique  t  = ( Yobs -  Ycalc )  /  SigmaYobs ;  
weighting  = If(  t  < 0.8,   N /  Max( SigmaYobs ^2,  1),   If(  t  < 21,  N ((((((((((p10  t  + 

p9)  t  + p8)  t  + p7)  t  + p6)  t  + p5)  t  + p4)  t  + p3)  t  + p2)  t  + p1)  t  + 
p0)  /  ( Yobs -  Ycalc )^2,  N (2.0131  Ln(t)  + 3.9183)  /  ( Yobs -  Ycalc )^2));  

recal _weighting _on_iter  
}  

19.2  ..... ă̓ːʤεχ˯̓ːἍ˅˯̞ʤεἍ˯̓χ͔Ἅȹ̓ἍăŪƵἍ˅˯̞ʤἍϢε˯̓ːἍᶍ˯̓ːʤεχ 

[#ingestἍ$file ]   

#ingest Ἅ˯ εἍȹἍΘΡʤᶓΘΡ͔ʈʤεε͔ΡἍʈ͔̼̼ȹ̓ʓἍχ˜ȹ̓Ἅʈ͔Θ˯ʤεἍȹἍ˅˯̞ʤἍ˯̓χ͔Ἅȹ̓ἍăŪƵἍ˅˯̞ʤᶽἍ˅͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

xdd¡ 
    str ¡ 

#ingest  common_str.txt  

Ǚ˜ʤἍ͔ϢχΘϢχἍ˅˯̞ʤἍЧ˯̞̞Ἅʈ͔̓χȹ˯̓Ἅχ˜ʤἍ˯̓ːʤεχʤʓἍχʤаχἍЧ˯χ˜ἍΡʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡεἍϢΘʓȹχʤʓᶾἍă̓Ἅ͔χ˜ʤΡἍЧ͔ΡʓεᶽἍ˯̓ːʤεχʤʓἍ

˅˯̞ʤεἍȹΡʤἍχΡʤȹχʤʓἍȹεἍΘȹΡχἍ͔˅Ἅχ˜ʤἍ͔Ρ˯ː˯̓ȹ̞ἍăŪƵἍ˅˯̞ʤᶾἍă̓ːʤεχʤʓἍ˅˯̞ʤεἍʈȹ̓ἍʀʤἍ̓ʤεχʤʓᶾἍײ˅˯̞ʤἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅ

̼ȹʈΡ͔εᶾ 

19.2.1 .......... #external_INP -  using external INP files  

[#external_INP  $file ] Examples 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒ|ȐǙ|ƾŪ ŗḚăŪƵᶒ|ȐǙḚăŪƵᶾăŪƵ 

#external_INP  ˯εἍȹἍΘΡʤᶓΘΡ͔ʈʤεε͔ΡἍʈ͔̼̼ȹ̓ʓἍχ˜ȹ̓Ἅ˯̓ʈ̞ϢʓʤεἍײ˅˯̞ʤἍ˯̓Ἅχ˜ʤἍΡʤ˅˯̓ʤ̼ʤ̓χἍЧ˯χ˜͔ϢχἍ˯̓ːʤεχ˯̓ːἍ˯χεἍ

χʤаχἍ˯̓χ͔Ἅχ˜ʤἍăŪƵἍ˅˯̞ʤᶾἍſ̓ἍΡʤ˅˯̓ʤ̼ʤ̓χἍʤ̓ʓᶽἍχ˜ʤἍʤаχʤ̓ε˯͔̓Ἅ͔˅Ἅײ˅˯̞ʤἍ˯εἍʈ˜ȹ̓ːʤʓἍχ͔ἍſǦǙἍȹ̓ʓἍ˯χεἍʈ͔̓χʤ̓χεἍȹΡʤἍ

ϢΘʓȹχʤʓἍЧ˯χ˜ἍΡʤ˅˯̓ʤʓἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤεᶾἍ|аȹ̼Θ̞ʤἍϢεȹːʤἍ˯εἍȹεἍ˅͔̞̞͔Чε᷁ 

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

#external_INPἍʈȹ̓ἍʀʤἍ̓ʤεχʤʓἍᶔἍχ˜ȹχἍ˯εᶽἍȹ̓Ἅ#external_INP Ἅ˅ ˯̞ʤἍ̼ȹеἍ˯χεʤ̞˅Ἅʈ͔̓χȹ˯̓Ἅ#external_INPἍʈ͔̼ᶓ

̼ȹ̓ʓεᶾἍײ˅˯̞ʤἍʈȹ̓ἍʀʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔˅Ἅ̼ȹʈΡ͔εᶾἍȉ˜ʤ̓ἍΡϢ̓̓˯̓ːἍŗȹϢ̓ʈ˜Ἅ̼͔ʓʤἍ˅Ρ͔̼Ἅχ˜ʤἍËǦăἍᵽǙ ᶾ|Ȑ|ᵾᶽἍȹ̞̞Ἅ

#external_INPἍſǦǙἍ˅˯̞ʤεἍȹΡʤἍΡʤ̓ȹ̼ʤʓἍχ͔ἍăŪƵἍ˅˯̞ʤεἍ˯˅Ἅχ˜ʤἍΘΡ͔̼ΘχἍ͔̓ἍΡʤ˅˯̓ʤ̼ʤ̓χἍχʤΡ̼˯̓ȹχ˯͔̓Ἅ˯εἍȹ̓εЧʤΡʤʓἍ

ȹ˅˅˯Ρ̼ȹχ˯Уʤ̞еᶾ 
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19.2.2  .......... Superfluous  parentheses  and  the  '&'  Type  for  macros  

The pre -proce ssor is an un- typed  language  meaning  that  it know s nothing  about  the type  of  text  

passed as macro  argument s. This is flexible but problematic.  For example , the following:  

macro  divide(a,  b)  {  a /  b }  
prm e = divide(a  + b,  c -  d);  

expand s to the unintended  result  of:  

prm e = a + b /  c -  d;  

The writer  of  the macro  could  solve  this problem  by rewriting  the macro  with  parenthe ses: 

macro  divide(a,  b)  {  (a)  /  (b)  }  

Alternatively , macro  argument s can be prefixed  with  the & character  signalling  that  the argument  is 

of  an equation  type,  for  example:  

macro  divide(&  a,  & b)  {  a /  b }  
prm e = divide(a  + b,  c -  d);  

The program inspects &- type  argument s and parenthe ses are included  as needed . This results in the 

correct  expan sion of:Ἅ 

prm e = (a  + b)  /  (c  -  d);  

Even  with  the use of  &- type s for  argument s, the following:   

macro  divide(&  a,  & b)  {  a /  b }  
prm e = divide(a  + b,  c -  d)^2;  

expand s to the unintended : 

prm e = (a  + b)  /  (c  -  d)^2;  

The writer  of  the macro  could  again  rewrite  the  macro  to include  more  parenthe ses:Ἅ 

macro  divide(a,  b)  {   ((a)  /  (b))   }  

Or define  the expan sion of  the macro  itself  to have  an &- type  by  placing  the  & character  before  the  

macro  name itself:Ἅ 

macro  & divide(&  a,  & b)  {   a /  b  }  

Expan sion of  prm  e = divide(a  + b, c -  d)^2 now  become s the intended: Ἅ 

prm e = ((a  + b)  /  (c  -  d))^2;  
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With the use of  the  &- type , macro s such  as Ramp defined  in Version 4 as:Ἅ 

macro  Ramp(x1,  x2,  n)  {  ((x1)+((x2) - (x1))  Mod(Cycle _Iter ,(n))/((n) - 1))  }  

can be written  with  less parenthe ses as follow s: 

macro  & Ramp(& x1,&  x2,&  n)  {  x1  + (x2  -  x1)  Mod(Cycle _Iter ,  n)  /  (n - 1)  }  

19.3  ..... ſУʤΡУ˯ʤЧ 

Ǚ̃ ʤἍ˅˯̞ʤἍǙſƵ ǋᶾăŪfἍ˯εἍ˯̓ʈ̞ϢʓʤʓἍ˯Ἅ̓ăŪƵἍ˅˯̞ʤεἍʀеἍʓʤ˅ȹϢ̞χ᷄Ἅit contain s commonly  used standard  macro s. The 

meaning  ofἍthe macro  argument s inἍǙſƵ ǋᶾăŪfἍcan be readily  determined  from  the following  conven-

tion s  ᷁

ΡːϢ̼ʤ̓χεἍʈȹ̞̞ʤʓἍɰ ʈἍɰʈ͔ΡΡʤεΘ͔̓ʓἍχἍ͔ȹἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶾ 

ΡːϢ̼ʤ̓χεἍʈȹ̞̞ʤʓἍɰ УἍɰʈ͔ΡΡʤεΘ͔̓ʓἍχἍ͔ȹἍΘȹΡȹ̼ʤχʤΡἍУȹ̞Ϣʤᶾ 

ΡːϢ̼ʤ̓χεἍʈȹ̞̞ʤʓἍɰ ʈУᶭἍʈ͔ΡΡʤεΘ͔̓ʓἍχἍ͔ȹἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍȹ̓ʓᶏ͔ΡἍУȹ̞Ϣʤᶾ 

Ç͔ ΡἍʤаȹ̼Θ̞ʤἍʑCubicᵽʈУᵾἍΡʤΞϢ˯ΡʤεἍȹἍУȹ̞ϢʤἍȹ̓ʓᶏ͔ΡἍȹἍΘȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍȹεἍȹἍ̓ȹΡːϢ̼ʤ̓χἍʑʒ˯ʤ ʒ

Cubic(a _lp  10.604)   
Cubic(10.604)  
Cubic(@  10.604   min  10.59  max 10.61)  

ßʤΡʤἍȹΡʤἍʤаȹ̼Θ̞ʤεἍ˅͔ΡἍχ˜ʤἍSlit_Width Ἅ̼ ȹʈΡ͔᷁ 

SW(@, 0.1)  
SW(sw,  0.1   min  = Val - .02;  max = Val +.02;)  
SW((ap+bp)/cp,  0)  ª where  ap,  bp and cp  are  parameters  defined  elsewhere  

19.3.1 .......... xdd  macros  

RAW(path _no_ext)  
RAW(path _no_ext,  range _num)  
DAT(path _no_ext)  
XDD(path _no_ext)  
XY(path _no_ext,  calc _step)  
XYE(path _ext)  
SCR(path _no_ext)  
SHELX_HKL4(path _no_ext)  

19.3.2  ......... Lattice  parameters  

Cubic(cv)  
Tetragonal(a _cv,  c_cv)  
Hexagonal(a _cv,  c_cv)  
Rhombohedral(a _cv,  al _cv)  

19.3.3  ......... Emission  profile  macros  

No_Th_Dependence  FeKa7_Holzer(y min ymax)  
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CuKa1(y min ymax)  
CuK1sharp(y min ymax)  
CuKa2_analyt(y min ymax)  
CuKa2(y min ymax)  
CuKa4_Holzer(y min ymax)  
CuKa5(y min ymax)  
CuKa5_Berger(y min ymax)  
CoKa3(y min ymax)  
CoKa7_Holzer(y min ymax)  
Cr Ka7_Holzer(y min ymax)  

MnKa7_Holzer(y min ymax)  
Ni Ka5_Holzer(y min ymax)  
MoKa2(y min ymax)  
CuKb4_Holzer(y min ymax)  
CoKb6_Holzer(y min ymax)  
Cr Kb5_Holzer(y min ymax)  
FeKb4_Holzer(y min ymax)  
MnKb5_Holzer(y min ymax)  
Ni Kb4_Holzer(y min ymax)  

 

19.3.4  ......... Instrument  and  instrument  convolutions  

Radius(rp,  rs) 

ƵΡ˯̼ȹΡеἍȹ̓ʓἍεʤʈ͔̓ʓȹΡеἍ˯ἐχΡϢ̼ʤ̓χἍΡȹʓ˯˯Ἅᵽ̼̼ᵾᶾἍÇ͔ ΡἍ̼ ε͔χἍʓ˯˅˅Ρȹʈχ͔̼ʤχʤΡεἍΡΘἍḃἍΡεʒ 

Specimen _Tilt(c,  v)  

ǋΘʤʈ˯̼ʤ̓Ἅχ˯̞χἍ˯Ἅ̼̓ ̼  ʒ

Slit_Width(c,  v) or SW(c,  v)  

ΘʤΡχϢΡʤἍ͔ Ἅ˅χ˜ʤἍΡʤʈʤ˯У˯̓ːἍε̞ ˯χἍ˯Ἅ̓χ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞ἍΘ̞ȹ̓ʤἍ˯Ἅ̼̓ ̼  ʒ

Sample _Thickne ss(dc,  dv)  

ǋȹ̼Θ̞ʤἍχ˜˯ʈ̓̕ʤεεἍ˯Ἅ̼̓ Ἅ̼˯Ἅ̓χ˜ʤἍʓ˯Ρʤʈχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍεʈȹχχʤΡ˯̓ːἍУʤʈχ͔Ρᶾ 

Divergence(c,  v)  

ß͔ Ρ˯э͔̓χȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍ͔ Ἅ˅χ˜ʤἍʀʤȹἍ̼˯Ἅ̓ʓʤːΡʤʤεἍ˯Ἅ̓χ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞ἍΘ̞ȹ̓ʤᶾ 

Variable _Divergence(c,  v)  

Variable _Divergence _Shape(c,  v)  

Variable _Divergence _Inten sity  

f͔ ἐχȹ̓χἍ˯ ̞̞Ϣ̼˯̓ȹχʤʓἍεȹ̼Θ̞ʤἍ̞ ʤ̓ːχ˜Ἅ˯ Ἅ̼̓ Ἅ̼˅ ͔ΡἍУȹΡ˯ȹʀ̞ʤἍε̞ ˯χεἍᵽ˯ᶾʤᶾἍУȹΡ˯ȹʀ̞ʤἍʀʤȹἍ̼ʓ˯УʤΡːʤ̓ʈʤᵾᶾἍǙ̃ ε˯Ἅ

Variable _Divergence Ἅ̼ ȹʈΡ͔ἍȹΘΘ̞˯ʤεἍʀ͔χ˜ἍȹἍε̃ ȹΘʤἍȹ̓ʓἍ˯ ̓χʤ̓ε˯ χеἍʈ͔ΡΡʤʈχ˯͔̓ᶾ 

Simple _Axial_Model(c,  v)  

ƾʤʈʤ˯У˯̓ːἍε̞ ˯χἍ̞ ʤ̓ːχ˜Ἅ̼ Ἅ̼˅ ͔ΡἍʓʤεʈΡ˯ʀ˯̓ːἍΘʤȹἍ̕ȹεе̼̼ʤχΡеἍʓϢʤἍχἍ͔ȹа˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤᶾ 

Full_Axial_Model(filament _cv,  sample _cv,  detector _cv,  psol_cv,  ssol_cv)  

ʈʈϢΡȹχʤἍ̼ ͔ʓʤ̞Ἅ˅͔ΡἍʓʤεʈΡ˯ʀ˯̓ːἍΘʤȹἍ̕ȹεе̼̼ʤχΡеἍʓϢʤἍχἍ͔ȹа˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤἍ͔ Ἅ˅χ˜ʤἍʀʤȹ̼ᶾ 

˅˯̞ȹ̼ʤ̓χḚʈУἍ᷁ǙϢʀʤἍ˅ ˯̞ȹ̼ʤ̓χἍ̞ ʤ̓ːχ˜Ἅ˯Ἅ̓ᵽ̼ ᵾ̼ʒ 

εȹ̼Θ̞ʤḚʈУἍ᷁ǋȹ̼Θ̞ʤἍ̞ ʤ̓ːχ˜Ἅ˯Ἅ̓ȹа˯ȹ̞Ἅʓ˯Ρʤʈχ˯͔̓Ἅ˯Ἅ̓ᵽ̼ ᵾ̼ʒ 

ʓʤχʤʈχ͔ΡḚʈУἍ᷁ŗʤ̓ːχ˜Ἅ͔ Ἅ˅χ˜ʤἍʓʤχʤʈχ͔ΡἍᵽḃἍΡʤʈʤ˯У˯̓ːᵾἍε̞ ˯χἍ˯Ἅ̓ᵽ̼ ᵾ̼ʒ 

Θε͔ Ḛ̞ʈУἍʑεε͔Ḛ̞ʈУἍ᷁ΘʤΡχϢΡʤἍ͔ Ἅ˅χ˜ʤἍΘΡ˯̼ȹΡеἍȹ̓ʓἍεʤʈ͔̓ʓȹΡеἍǋ͔ ̞̞ʤΡἍε̞ ˯χἍ˯Ἅ̓ᵽḪᵾʒ 

Finger _et_al(s2, h2) 

Ç˯ ̓ːʤΡἍʅΨỨȹ˿ʒἍᴞᴨᴨᴢʒἍ̼ ͔ʓʤ̞Ἅ˅͔ΡἍʓʤεʈΡ˯ʀ˯̓ːἍΘʤȹἍ̕ȹεе̼̼ʤχΡеἍʓϢʤἍχἍ͔ȹа˯ȹ̞Ἅʓ˯УʤΡːʤ̓ʈʤᶾἍ 
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εᴟʑἍ̃ᴟ᷁Ἅǋȹ̼Θ̞ʤἍ̞ ʤ̓ːχ˜ἍʑΡʤʈʤ˯У˯̓ːἍε̞ ˯χἍ̞ ʤ̓ːχ˜ᶾ 

Tube_Tails(source _width _c, source _width _v, z1_c, z1_v, z2_c, z2_v, z1z2_h_c, z1z2_h_v)  

Ţ͔ʓʤ̞Ἅ˅͔ΡἍʓʤεʈΡ˯Θχ˯͔̓Ἅ͔ Ἅ˅χϢʀʤἍχȹ˯̞εἍᵽ̂ʤΡː̼ȹ̓̓ᶽἍᴟᴝᴝᴝᵾἍʒ 

ε͔ ϢΡʈʤḚЧ˯ʓχ˜ḚʈἍʑε͔ ϢΡʈʤḚЧ˯ʓχ˜ḚУἍ᷁ǙϢʀʤἍ˅ ˯̞ȹ̼ʤ̓χἍЧ˯ʓχ˜Ἅ˯Ἅ̓ᵿ̼̼ᶁᶾ 

эᴞḚʈἍʑэᴞḚУἍ᷁|˅ ˅ʤʈχ˯УʤἍЧ˯ʓχ˜Ἅ͔ Ἅ˅χϢʀʤἍχȹ˯̞εἍ˯Ἅ̓χ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞ἍΘ̞ȹ̓ʤἍΘʤΡΘʤ̓ʓ˯ʈϢ̞ȹΡἍχἍ͔χ˜ʤἍȐᶓΡȹеἍʀʤȹἍ̼ᶓἍ

̓ʤːȹχ˯УʤἍэᶓʓ˯Ρʤʈχ˯͔̓Ἅᵽ̼ ᵾ̼ʒ 

эᴟḚʈἍʑэᴟḚУἍ᷁|˅ ˅ʤʈχ˯УʤἍЧ˯ʓχ˜Ἅ͔ Ἅ˅χϢʀʤἍχȹ˯̞εἍ˯Ἅ̓χ˜ʤἍʤΞϢȹχ͔Ρ˯ȹ̞ἍΘ̞ȹ̓ʤἍΘʤΡΘʤ̓ʓ˯ʈϢ̞ȹΡἍχἍ͔χ˜ʤἍȐᶓΡȹеἍʀʤȹἍ̼ᶓἍ

Θ ε͔˯ χ˯УʤἍэᶓʓ˯Ρʤʈχ˯͔̓Ἅᵽ̼ ᵾ̼ʒ 

эᴞḚэᴟḚ̃ḚʈἍʑэᴞḚэᴟḚ̃ḚУἍ᷁ÇΡȹʈχ˯͔̓ȹ̞Ἅ̃ ʤ˯ː˜χἍ͔ Ἅ˅χ˜ʤἍχϢʀʤἍχȹ˯̞εἍΡʤ̞ȹχ˯УʤἍχἍ͔χ˜ʤἍ̼ ȹ˯Ἅ̓ʀʤȹ̼ᶾ 

UVW(u, uv,  v, vv,  w,  wv)  

fȹː̞˯͔χχ˯ἍΡʤ̞ȹχ˯͔̓Ἅᵽfȹː̞˯͔χχ˯ἍʅΨỨȹ˿ʒἍʑᴞᴨᴣᴧᵾᶾ 

ϢἍʑУἍʑЧἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤεʒ 

ϢУἍʑУУἍʑЧУἍ᷁ßȹ̞˅Ч˯ʓχ˜ἍУȹ̞Ϣʤᶾ 

19.3.5 .......... Phase  peak _type's  
PV_Peak_Type(ha,  hav,  hb,  hbv,  hc,  hcv,  lora,  lorav,  lorb,  lorbv,  lorc,  lorcv)  

TCHZ_Peak_Type(u,  uv,  v, vv,  w,  wv,  z, zv , x, xv,  y, yv)  

PVII_Peak_Type(ha,  hav,  hb,  hbv,  hc,  hcv,  ma, mav,  mb,  mbv,  mc,  mcv)  

ƵεʤϢʓᶓ͔Ȇ͔ ˯ːχᶽἍǙfßȮἍΘεʤϢʓᶓ͔Ȇ͔ ˯ːχἍȹ̓ʓἍƵʤȹΡε͔ Ȇ̓ăăἍ˅ Ϣ̓ʈχ˯͔̓εʒἍÇ͔ ΡἍχ˜ʤἍʓʤ˅˯̓˯χ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍ˅ Ϣ̓ʈχ˯͔̓εἍ

ȹ̓ʓἍ˅ Ϣ̓ʈχ˯͔̓ἍΘȹΡȹ̼ʤχʤΡεἍΡʤ˅ʤΡἍχἍ͔εʤʈχ˯͔̓Ἅ6.2  ʒ

19.3.6  ......... Quantitative  Analysis  

Apply _Brindley _Spherical _R_PD( R, PD) 

ΘΘ̞˯ʤεἍχ˜ʤἍ̂Ρ˯̓ʓ̞ʤеἍʈ͔ΡΡʤʈχ˯͔̓Ἅ˅͔ΡἍΞϢȹ̓χ˯χȹχ˯УʤἍȹ̓ȹ̞еε˯εἍᵽ̂Ρ˯̓ʓ̞ʤеᶽἍᴞᴨᴢᴣᵾᶾ 

MVW(m_v, v_v, w_v)  

ƾʤχϢΡ̓εἍʈʤ̞̞Ἅ̼ ȹεεʑἍʈʤ̞̞ἍУ͔̞Ϣ̼ʤἍȹ̓ʓἍЧʤ˯ː˜χἍΘʤΡʈʤ̓χᶾ 

19.3.7  .......... 2Th  Corrections  

Zero_Error  or ZE(c,  v)  

ȮʤΡἍ͔Θ͔˯̓χἍʤΡΡ͔Ρᶾ 

Specimen _Displacement(c,  v) or SD(c,  v)  

ǋΘʤʈ˯̼ʤ̓Ἅʓε˯Θ̞ȹʈʤ̼ʤ̓χἍʤΡΡ͔Ρᶾ 

19.3.8  ......... Intensity  Corrections  

LP_Factor(c,  v)  

ŗ͔ Ρʤ̓χэἍȹ̓ʓἍL͔Ρʤ̓χэᶓƵ͔ ̞ȹΡ˯εȹχ˯͔̓Ἅ˅ȹʈχ͔Ρᶾ 
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ʈἍʑУἍ᷁Ţ͔͔̓ʈ˜Ρ͔̼ȹχ͔ΡἍȹ̓ː̞ʤἍ˯Ἅ̓ᵿḪᴟqᶁ 

ȆȹϢ̞ʤεἍ˅ ͔ΡἍ̼ ε͔χἍʈ͔̼̼͔̓Ἅ̼ ͔͔̓ʈ˜Ρ͔̼ȹχ͔ΡεἍᵽfϢἍΡȹʓ˯ȹχ˯͔̓ᵾἍȹΡʤ᷁ 

Ëʤ   Ἅ᷁ᴟᴦʒᴡḪ 

ËΡȹΘ˜˯χʤ Ἅ᷁ᴟᴥʒᴢḪ 

ƼϢȹΡχэ  Ἅ᷁ᴟᴥʒᴥḪ 

Lorentz _Factor  

ŗ͔ Ρʤ̓χэἍ˅ ȹʈχ͔ΡἍ˅͔ΡἍ˅ ˯аʤʓἍЧȹУʤ̞ʤ̓ːχ˜Ἅ̓ ʤϢχΡ͔̓ἍʓȹχȹᶾἍ 

Surface _Roughne ss_Pitschke _et_al(a1c, a1v, a2c, a2v)  

Surface _Roughne ss_Suortti(a 1c, a1v, a2c, a2v) 

ǋϢ͔Ρχχ˯Ἅȹ̓ʓἍƵ˯ χεʈ˜̕ʤἍʅΨỨȹ˿ʒἍ˯ ̓χʤ̓ε˯ χеἍʈ͔ΡΡʤʈχ˯͔̓εἍʤȹʈἍ̃Ч˯χ˜ἍχЧἍ͔ΘȹΡȹ̼ʤχʤΡεἍȹᴞἍȹ̓ʓἍȹᴟʒἍ 

Preferred _Orientation(c,  v, ang,  hkl)  or PO(c,  v, ang,  hkl)  

ƵΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʈ͔ΡΡʤʈχ˯͔̓ἍʀȹεʤʓἍ͔ Ἅ̓ŢȹΡʈ˜Ἅᵽᴞᴨᴡᴟᵾᶾ 

ʈἍʑУἍ᷁ŢȹΡʈ˜ἍΘȹΡȹ̼ʤχʤΡἍУȹ̞Ϣʤᶾ 

ȹ̓ːᶽἍ̃ ̞᷁̕Ἅŗȹχχ˯ʈʤἍʓ˯Ρʤʈχ˯͔̓ᶾ 

PO_Two_Direction s(c1, v1, ang1, hkl1, c2, v2, ang2, hkl2,  w1c, w1v)  

ƵΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʈ͔ΡΡʤʈχ˯͔̓ἍʀȹεʤʓἍ͔ Ἅ̓ŢȹΡʈ˜ἍᵽᴞᴨᴡᴟᵾἍʈ͔ἐ˯ ʓʤΡ˯̓ːἍχЧἍ͔ΘΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʓ˯ᶓ

Ρʤʈχ˯͔̓εʒ 

ʈᴞʑἍУᴞ᷁ἍŢȹΡʈ˜ἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤἍ˅͔ΡἍχ˜ʤἍ˅ ˯ΡεχἍΘΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʓ˯Ρʤʈχ˯͔̓ᶾ 

ȹ̓ᴞːʑἍ̃ ̕ᴞ̞᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤἍȹ̓ʓἍ̞ ȹχχ˯ʈʤἍΘ̞ȹ̓ʤἍ˅͔ΡἍχ˜ʤἍ˅ ˯ΡεχἍΘΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʓ˯Ρʤʈχ˯͔̓ᶾἍ 

ʈᴟʑἍУᴟ᷁ἍŢȹΡʈ˜ἍΘȹΡȹ̼ʤχʤΡἍУȹ̞ϢʤἍ˅͔ΡἍχ˜ʤἍεʤʈ͔̓ʓἍΘΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʓ˯Ρʤʈχ˯͔̓ᶾ 

ȹ̓ᴟːʑἍ̃ ̕ᴟ̞᷁Ἅŗȹχχ˯ʈʤἍʓ˯Ρʤʈχ˯͔̓Ἅ˅͔ΡἍχ˜ʤἍεʤʈ͔̓ʓἍΘΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʓ˯Ρʤʈχ˯͔̓ᶾἍ 

ЧᴞʈἍʑЧᴞУἍ᷁ÇΡȹʈχ˯͔̓Ἅ͔ Ἅ˅ʈΡеεχȹ̞εἍ͔ Ρ˯ʤ̓χʤʓἍ˯ ̓χ͔Ἅ˅ ˯ΡεχἍΘΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʓ˯Ρʤʈχ˯͔̓ᶾ 

PO_Spherical _Harmonic s(sh, order)  

ƵΡʤ˅ʤΡΡʤʓἍ͔ Ρ˯ʤ̓χȹχ˯͔̓Ἅʈ͔ΡΡʤʈχ˯͔̓ἍʀȹεʤʓἍ͔ Ἅ̓εΘ˜ʤΡ˯ʈȹ̞Ἅ̃ ȹΡ̼͔̓˯ʈεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔ňɉΡУ˯̓ʤ̓Ἅᵽᴞᴨᴨᴡᵾᶾ 

ᵽε̃ Ἅʑ͔ ΡʓʤΡᵾ᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍεΘ˜ʤΡ˯ʈȹ̞Ἅ̃ ȹΡ̼͔̓˯ʈεἍ͔ ΡʓʤΡᶾ 

19.3.9  ......... Bondlength  penalty  functions  
Anti_Bump(ton,  s1, s2, ro,  wby)  

AI_Anti_Bump( s1, s2, ro,  wby,  num_cycle _iter s), AI_Anti_Bump( s1, s2, ro,  wby)  

ΘΘ̞˯ʤεἍȹἍΘʤ̓ȹ̞χеἍ˅ Ϣ̓ʈχ˯͔̓ἍȹεἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅȹχ͔ε̼ʒἍǙ̃ ʤἍʈ̞ε͔ʤΡἍχ˜ʤἍȹχ͔ε̼ἍȹΡʤἍ

χ˜ʤἍ̃ ˯ː˜ʤΡἍχ˜ʤἍΘʤ̓ȹ̞χеἍ˯εʒἍ 

χ͔̓᷁ἍǋʤχεἍto_NἍ͔ Ἅ˅box _interaction Ἅʒ 

εᴞʑἍεᴟ᷁Ἅǋ˯ χʤεʒ 

Ρ͔Ἅ᷁q˯εχȹ̓ʈʤᶾ 

ЧʀеἍ᷁ƾʤ̞ȹχ˯УʤἍЧʤ˯ː˜χ˯̓ːἍː ˯Уʤ̓ἍχἍ͔χ˜ʤἍΘʤ̓ȹ̞χеἍ˅ Ϣ̓ʈχ˯͔̓ᶾ 
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Ç͔ ΡἍ̼ ͔ΡʤἍʓʤχȹ˯̞εἍΡʤ˅ʤΡἍχἍ͔box _interaction Ἅȹ̓ʓἍai_anti_bump  ʒ

Parabola _N(n1, n2, s1, s2, ro,  wby)  

ΘΘ̞˯ʤεἍȹἍΘʤ̓ȹ̞χеἍ˅ Ϣ̓ʈχ˯͔̓ἍȹεἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅χ˜ʤἍʓε˯χȹ̓ʈʤἍʀʤχЧʤʤ̓Ἅȹχ͔ε̼ʒἍǙ̃ ʤἍʈ̞ε͔ʤΡἍχ˜ʤἍȹχ͔ε̼ἍȹΡʤἍ

χ˜ʤἍ̃ ˯ː˜ʤΡἍχ˜ʤἍΘʤ̓ȹ̞χеἍ˯εʒἍ 

ᴞ̓᷁ἍǙ̃ ʤἍʈ̞ε͔ʤεχἍ̓ᴞἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹχ͔ε̼Ἅ͔ Ἅ˅χеΘʤἍεᴟἍ˯εἍε͔ ˅χἍʈ͔ἐχΡȹ˯̓ʤʓἍχἍ͔ȹἍʓε˯χȹ̓ʈʤἍΡἍ͔ȹЧȹеἍ˅ Ρ͔Ἅ̼εᴞἍʒ 

ᴟ̓᷁ἍǙ̃ ʤἍʈ̞ε͔ʤεχἍ̓ᴟἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹχ͔ε̼Ἅ͔ Ἅ˅χеΘʤἍεᴟἍᵽʤаʈ̞Ϣʓ˯̓ːἍχ˜ʤἍʈ̞ε͔ʤεχἍ̓ᴞἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹχ͔ε̼Ἅ͔ Ἅ˅χеΘʤἍ

εᴟᵾἍ˯εἍΡʤΘʤ̞̞ʤʓἍ˅ Ρ͔Ἅ̼εᴞʑἍ˅ ͔ΡἍʓε˯χȹ̓ʈʤεἍʀʤχЧʤʤ̓ἍεᴞἍȹ̓ʓἍεᴟἍ̞ ʤεεἍχ˜ȹ̓ἍΡ͔ᶾ 

εᴞʑἍεᴟ᷁Ἅǋ˯ χʤεʒ 

Ρ͔Ἅ᷁q˯εχȹ̓ʈʤᶾ 

ЧʀеἍ᷁ƾʤ̞ȹχ˯УʤἍЧʤ˯ː˜χ˯̓ːἍː ˯Уʤ̓ἍχἍ͔χ˜ʤἍΘʤ̓ȹ̞χеἍ˅ Ϣ̓ʈχ˯͔̓ᶾ 

Grs_Interaction( s1, s2, wqi,  wqj,  c, ro,  n) 

Ƶʤ̓ȹ̞χеἍ˅ Ϣ̓ʈχ˯͔̓ἍȹΘΘ̞е˯̓ːἍχ˜ʤἍËƾǋἍεʤΡ˯ʤεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔f͔ ʤ̞˜͔ἍᵱἍf̃ ʤȹΡеἍᵽᴞᴨᴨᴦᵾᶾ 

εᴞʑἍεᴟ᷁Ἅǋ˯ χʤεʒ 

ЧΞ˯ᶽἍЧΞ̍᷁ἍȆȹʤ̞̓ʈʤἍʈ˜ȹΡːʤἍ͔ Ἅ˅χ˜ʤἍȹχ͔ε̼ʒ 

ʈἍ᷁Ūȹ̼ʤἍ͔ Ἅ˅χ˜ʤἍËƾǋʒ 

Ρ͔Ἅ᷁q˯εχȹ̓ʈʤᶾ 

̓Ἅ᷁Ǚ̃ ʤἍʤаΘ͔̓ʤ̓χἍ͔ Ἅ˅χ˜ʤἍΡʤΘϢ̞ε˯ ͔Ἅ̓ΘȹΡχἍ͔ Ἅ˅χ˜ʤἍŗʤ̓̓ȹΡʓᶓň͔ ̓ʤεἍΘ͔χʤ̓χ˯ȹ̞ᶾ 

Ç͔ ΡἍ̼ ͔ΡʤἍʓʤχȹ˯̞εἍΡʤ˅ʤΡἍχἍ͔grs_interaction  ʒ

Grs_No_Repul sion(s1, s2, wqi,  wqj,  c)  

ǦεʤʓἍ˅͔ΡἍʈȹ̞ʈϢ̞ȹχ˯̓ːἍχ˜ʤἍŢȹʓʤ̞Ϣ̓ːἍʈ͔ἐχȹ̓χεʒ 

εᴞʑἍεᴟ᷁Ἅǋ˯ χʤεʒ 

ЧΞ˯ᶽἍЧΞ̍᷁ἍȆȹʤ̞̓ʈʤἍʈ˜ȹΡːʤἍ͔ Ἅ˅χ˜ʤἍȹχ͔ε̼ʒ 

ʈἍ᷁Ūȹ̼ʤἍ͔ Ἅ˅χ˜ʤἍËƾǋʒ 

Grs_BornMayer( s1, s2, wqi,  wqj,  c, ro,  b)  

ǦεʤεἍχ˜ʤἍËƾǋἍεʤΡ˯ʤεἍЧ˯χ˜ἍȹἍ͔̂Ρᶓ̓ŢȹеʤΡἍʤΞϢȹχ˯͔̓Ἅ˅͔ΡἍχ˜ʤἍΡʤΘϢ̞ε˯ ͔Ἅ̓χʤΡ̼ᶾ 

εᴞʑἍεᴟ᷁Ἅǋ˯ χʤεʒ 

ЧΞ˯ᶽἍЧΞ̍᷁ἍȆȹʤ̞̓ʈʤἍʈ˜ȹΡːʤἍ͔ Ἅ˅χ˜ʤἍȹχ͔ε̼ʒ 

ʈἍ᷁Ūȹ̼ʤἍ͔ Ἅ˅χ˜ʤἍËƾǋʒ 

Ρ͔Ἅ᷁ŢʤȹἍ̓ʓε˯χȹ̓ʈʤᶾ 

ʀἍ᷁ʀᶓʈ͔ἐχȹ̓χἍ˅ ͔ΡἍχ˜ʤἍΡʤΘϢ̞ε˯ ͔Ἅ̓ΘȹΡχἍ͔ Ἅ˅χ˜ʤἍ͔̂Ρᶓ̓ŢȹеʤΡἍΘ͔χʤ̓χ˯ȹ̞ᶾ 
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Distance _Restrain( sites, t, t_calc,  tol,  wscale)  

Angle_Restrain( sites, t, t_calc,  tol,  wscale)  

Flatten( sites, t_calc,  tol,  wscale)  

Distance _Restrain _Keep_Within( sites, r, wby,  num_cycle _iter s) 

Distance _Restrain _Keep_Out(sites, r, wby,  num_cycle _iter s) 

ΘΘ̞˯ʤεἍΘʤ̓ȹ̞χ˯ʤεἍΡʤεχΡȹ˯̓˯̓ːἍʓε˯χȹ̓ʈʤεἍȹ̓ʓἍȹ̓ː̞ʤεἍʀʤχЧʤʤ̓Ἅε˯ χʤεʒἍɱε˯ χʤεɱἍ̼ ϢεχἍʈ͔̼ΘΡ˯εʤἍχЧἍ͔ε˯ χʤεἍ

˅͔ΡἍχ˜ʤἍʓε˯χȹ̓ʈʤἍΡʤεχΡȹ˯̓χεἍȹ̓ʓἍχ˜ΡʤʤἍ˅͔ΡἍχ˜ʤἍȹ̓ː̞ʤἍΡʤεχΡȹ˯̓χεʒἍÇ͔ ΡἍÇ̞ ȹχχʤ̓ᶽἍɱε˯ χʤεɱἍ̼ ϢεχἍʈ͔̓χȹ˯̓Ἅ̼ ͔ΡʤἍ

χ˜ȹ̓Ἅχ˜ΡʤʤἍε˯ χʤεʒἍЧʀеἍ˯εἍȹἍεʈȹ̞˯̓ːἍʈ͔ἐχȹ̓χἍȹΘΘ̞˯ʤʓἍχἍ͔χ˜ʤἍΘʤ̓ȹ̞χеᶾ 

Keep_Atom _Within _Box(size).  

ΘΘ̞˯ʤεἍminᶏmax ʈ͔ἐχΡȹ˯̓χεἍεϢʈἍ̃χ˜ȹχἍχ˜ʤἍΘΡʤεʤ̓χἍε˯ χʤἍʈȹ͔̓̓χἍ̼͔ΡʤἍ͔ Ϣχε˯ ʓʤἍ͔ Ἅ˅ȹἍʀ͔аἍЧ˯χ˜ἍȹἍ̞ʤ̓ːχ˜Ἅ

͔Ἅ˅ᴟḞε˯ эʤᶾ 

19.3.10  ........ Reporting  macros  

Create _2Th_Ip_file(file)  

fΡʤȹχʤεἍȹἍ˅ ˯̞ʤἍЧ˯χ˜ἍΘ ε͔˯ χ˯͔̓εἍᵽᴟqᵾἍȹ̓ʓἍ˯ ̓χʤ̓ε˯ χ˯ʤεʒ 

Create _d_Ip_file(file)  

fΡʤȹχʤεἍȹἍ˅ ˯̞ʤἍЧ˯χ˜ἍΘ ε͔˯ χ˯͔̓εἍᵽʓᵾἍȹ̓ʓἍ˯ ̓χʤ̓ε˯ χ˯ʤεʒ 

Create _hklm _d_Th2_Ip_file(file)  

fΡʤȹχʤεἍȹἍ˅ ˯̞ʤἍЧ˯χ˜Ἅχ˜ʤἍ˅ ͔̞̞͔Ч˯̓ːἍ˯ ̓˅͔Ρ̼ȹχ˯͔̓Ἅ˅ ͔ΡἍʤȹʈἍ̃Θʤȹ᷁̕Ἅ̃ Ἅʑ̕ Ἅʑ̞Ἅʑ̼ Ϣ̞χ˯Θ̞˯ʈ˯χеᶽἍΘ ε͔˯ χ˯͔̓εἍʓἍȹ̓ʓἍᴟqἍ

ȹ̓ʓἍ˯ ̓χʤ̓ε˯ χ˯ʤεʒ 

Out_Yobs_Ycalc _and_Difference(file)  

ſϢχΘϢχεἍχ˜ʤἍаᶓȹаε˯ʑἍYobs ἍʑYcalcἍȹ̓ʓἍʓ˯˅˅ʤΡʤ̓ʈʤᶾ 

Out_X_Yobs(file),  Out_X_Ycalc (file),  Out_X_Difference(file)  

ſϢχΘϢχεἍχ˜ʤἍаᶓȹаε˯ʑἍYobs ἍʑYcalcἍȹ̓ʓἍʓ˯ ˅˅ʤΡʤ̓ʈʤἍχἍ͔˅ ˯̞ʤεʒ 

Out_F2_Detail s(file),  Out_A01_A11_B01_B11(file)  

ſϢχΘϢχεἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡἍʓʤχȹ˯̞εʑἍεʤʤἍεʤʈχ˯͔̓Ἅ17.4.2  ʒ

Out_FCF(file)  

ſϢχΘϢχεἍȹἍfăÇἍ˅ ˯̞ʤἍΡʤΘΡʤεʤ̓χȹχ˯͔̓Ἅ͔ Ἅ˅εχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡἍʓʤχȹ˯̞εἍεϢ˯χȹʀ̞ʤἍ˅ ͔ΡἍː ʤ̓ʤΡȹχ˯̓ːἍÇ͔ ϢΡ˯ʤΡἍ̼ ȹΘεἍ

Ϣε˯ ̓Ἅːǋ̃ ʤȐ̞ʒ 

Out_CIF_STR(file)  

ſϢχΘϢχεἍεχΡϢʈχϢΡʤἍʓʤχȹ˯̞εἍ˯Ἅ̓făÇἍ˅͔Ρ̼ȹχᶾ 

Absorption _With_Sample _Thickne ss_mm_Shape_Inten sity(u,  uv,  d, dv)  

f͔ ΡΡʤʈχεἍχ˜ʤἍΘʤȹἍ̕˯ ̓χʤ̓ε˯ χеἍ˅͔ΡἍȹʀε͔ ΡΘχ˯͔̓Ἅʤ˅˅ʤʈχεʒ 

ϢἍʑϢУἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍȹʀε͔ ΡΘχ˯͔̓Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χἍ˯Ἅ̓ʈ ᶓ̼ᴞʒ 

ʓἍʑʓУἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍεȹ̼Θ̞ʤἍχ˜˯ʈ̓̕ʤεεἍ˯Ἅ̼̓ ̼  ʒ
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CS_L(c,v)  or Crystallite _Size(c,  v) or  CS(c,  v)  

ΘΘ̞˯ʤεἍȹἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̓У͔̞Ϣχ˯͔̓ἍЧ˯χ˜ἍȹἍÇȉßŢἍχ˜ȹχἍУȹΡ˯ʤεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍΡʤ̞ȹχ˯͔̓Ἅ̞͔ΡḚ˅ Ч˜Ἅ̼ḃἍᴝʒᴞἍ

ƾȹʓἍŗȹ Ἅ̼ᶏἍᵽʈἍf͔ εᵽThᵾᵾᶾ 

ʈἍʑУἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍʈΡеεχȹ̞̞˯χʤἍε˯ эʤἍ˯Ἅ̓̓ ̼ ʒ

CS_G(c,  v) 

ΘΘ̞˯ʤεἍȹἍËȹϢεε˯ȹἍ̓ʈ͔̓У͔̞Ϣχ˯͔̓ἍЧ˯χ˜ἍȹἍÇȉßŢἍχ˜ȹχἍУȹΡ˯ʤεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍΡʤ̞ȹχ˯͔̓ 

gauss _fwhm = 0.1  Rad Lam /  (c  Cos( Th));  

ʈἍʑУἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍʈΡеεχȹ̞̞˯χʤἍε˯ эʤἍ˯Ἅ̓̓ ̼ ʒ

Strain _L(c,  v) or Micro strain(c,  v) or MS(c,  v)  

ΘΘ̞˯ʤεἍȹἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̓У͔̞Ϣχ˯͔̓ἍЧ˯χ˜ἍȹἍÇȉßŢἍχ˜ȹχἍУȹΡ˯ʤεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍΡʤ̞ȹχ˯͔̓Ἅ̞ ͔ΡḚ˅ Ч˜Ἅ̼ḃἍʈἍ

Ǚȹ̓ᵽThᵾᶾ 

Strain _G(c,  v)  

ΘΘ̞˯ʤεἍȹἍËȹϢεε˯ȹἍ̓ʈ͔̓У͔̞Ϣχ˯͔̓ἍЧ˯χ˜ἍȹἍÇȉßŢἍχ˜ȹχἍУȹΡ˯ʤεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍΡʤ̞ȹχ˯͔̓Ἅː ȹϢεεḚ˅ Ч˜Ἅ̼ḃἍ

ʈἍǙȹ̓ᵽThᵾᶾ 

LVol_FWHM_CS_G_L(k, lvol,  kf,  lvolf,  csgc,  csgv,  cslc,  cslv)  

fȹ̞ʈϢ̞ȹχʤεἍÇȉßŢἍȹ̓ʓἍă̂Ἅᵽ˯̓χʤːΡȹ̞ἍʀΡʤȹʓχ˜ᵾἍʀȹεʤʓἍУ͔̞Ϣ̼ʤᶓЧʤ˯ː˜χʤʓἍʈ͔̞Ϣ̼̓Ἅ̃ ʤ˯ː˜χεἍᵽŗȆ͔̞ᵾᶾἍÇ͔ ΡἍ

ʓʤχȹ˯̞εἍΡʤ˅ʤΡἍχἍ͔εʤʈχ˯͔̓Ἅ18.11ʒ 

̕Ἅʑ̞ У͔̞᷁Ἅε̃ ȹΘʤἍ˅ ȹʈχ͔ΡἍᵽ˅˯аʤʓἍχἍ͔ᴞᵾἍʑ˯ ̓χʤːΡȹ̞ἍʀΡʤȹʓχ˜ἍʀȹεʤʓἍŗȆ͔̞ᶾ 

̕˅Ἅʑ̞ У͔̞˅᷁Ἅε̃ ȹΘʤἍ˅ ȹʈχ͔ΡἍᵽʓʤ˅ȹϢ̞χεἍχἍ͔ᴝʒᴧᴨᵾἍʑÇȉßŢἍʀȹεʤʓἍŗȆ͔̞ᶾ 

ʈεː ʈἍʑʈεː УἍ᷁ƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍËȹϢεε˯ȹἍ̓ʈ͔̼Θ͔̓ʤ̓χᶾ 

ʈε̞ ʈᶽἍʈε̞ У᷁ἍƵȹΡȹ̼ʤχʤΡἍ̓ ȹ̼ʤᶽἍŗ͔ Ρʤ̓χэ˯ȹ̓Ἅʈ͔̼Θ͔̓ʤ̓χᶾ 

19.3.11 ......... Neutron  TOF 

TOF_XYE(path,  calc _step),  TOF_GSAS(path,  calc _step)  

ă̓ ʈ̞ϢʓʤεἍχ˜ʤἍneutron _dataἍ̕ ʤеЧ͔ΡʓἍȹ̓ʓἍχ˜ʤἍʈȹ̞ʈϢ̞ȹχ˯͔̓ἍεχʤΘἍε˯ эʤᶾ 

TOF_LAM(w_ymin _on_ymax)  

qʤ˅˯̓ʤεἍȹἍε˯ ̼Θ̞ʤἍʤ̼ε˯ε˯͔Ἅ̓ΘΡ͔˅˯̞ʤἍεϢ˯χȹʀ̞ʤἍ˅͔ΡἍǙſÇἍʓȹχȹ 

TOF_x_axis_calibration(t 0, t0v, t1, t1v, t2, t2v)  

ȉΡ˯χʤεἍχ˜ʤἍpk_xoἍʤΞϢȹχ˯͔̓Ἅ˯Ἅ̓χʤΡε̼Ἅ͔ Ἅ˅χ˜ʤἍχ˜ΡʤʤἍʈȹ̞˯ʀΡȹχ˯͔̓Ἅʈ͔ἐχȹ̓χεἍχᴝʑἍχᴞʑἍχᴟἍʈ͔̓УʤΡχ˯̓ːἍʓᶓεΘȹʈ˯̓ːἍ

χἍ͔аᶓȹаε˯ἍεΘȹʈʤᶾ 

TOF_Exponential(a 0, a0v, a1, a1v, wexp,  t1, lr)  

Ἅ̓ʤаΘ͔̓ʤ̓χ˯ȹ̞Ἅʈ͔̓У͔̞Ϣχ˯͔̓ἍȹΘΘ̞˯ʤʓἍχἍ͔χ˜ʤἍǙſÇἍΘʤȹε̕ἍᶓἍεʤʤἍʤаȹ̼Θ̞ʤἍǙſÇḚ̂ ŪōᴟḚᴞʒ ăŪƵ ʒ
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TOF_CS_L(c,  v, t1), TOF_CS_G(c,  v, t1) 

ŗ͔ Ρʤ̓χэ˯ȹ̓Ἅȹ̓ʓἍËȹϢεε˯ȹἍ̓ʈ͔̼Θ͔̓ʤ̓χεἍ˅ ͔ΡἍʈΡеεχȹ̞̞˯χʤἍε˯ эʤᶾἍχᴞἍ˯εἍχ˜ʤἍʈȹ̞˯ʀΡȹχ˯͔̓Ἅʈ͔ἐχȹ̓χἍȹΘΘʤȹΡ˯̓ːἍ

˯Ἅ̓χ˜ʤἍȹΡːϢ̼ʤ̓χἍ͔ Ἅ˅χ˜ʤἍ̼ ȹʈΡ͔ἍTOF_x_axis_calibration  ʒ

TOF_PV(fwhm,  fwhmv,  lor,  lorv,  t1) 

ἍΘεʤϢʓᶓ͔Ȇ͔ ˯ːχἍϢεʤʓἍχἍ͔ʓʤεʈΡ˯ʀʤἍχ˜ʤἍ˯ ἐχΡϢ̼ʤ̓χȹ̞ἍʀΡ͔ȹʓʤ̓˯̓ːἍχᴞἍ˯εἍχ˜ʤἍʈȹ̞˯ʀΡȹχ˯͔̓Ἅʈ͔ἐχȹ̓χἍȹΘᶓ

ΘʤȹΡ˯̓ːἍ˯Ἅ̓χ˜ʤἍȹΡːϢ̼ʤ̓χἍ͔ Ἅ˅χ˜ʤἍ̼ ȹʈΡ͔ἍTOF_x_axis_calibration ἍʑεʤʤἍʤаȹ̼Θ̞ʤεἍǙſÇḚ̂ ŗȮ ƾḚ̂ ƾᴞʒ ăŪƵἍ

ȹ̓ʓἍǙſÇḚ̂ ŗȮ ƾḚǋßᴞʒ ăŪƵ ʒ

19.3.12  ........ Mi scellaneous  

Temperature _Regime  

qʤ˅˯̓ʤεἍȹἍχʤ̼ΘʤΡȹχϢΡʤἍΡʤː˯̼ʤᶾἍǋʤʤἍχ˜ʤἍχʤ̼ΘʤΡȹχϢΡʤἍ̕ ʤеЧ͔Ρʓᶾ 

STR(sg) 

ǋ˯ ː̓ȹ̞εἍχ˜ʤἍεχȹΡχἍ͔ Ἅ˅εχΡϢʈχϢΡʤἍ˯ ̓˅͔Ρ̼ȹχ˯͔̓ἍЧ˯χ˜ἍȹἍεΘȹʈʤἍː Ρ͔ϢΘἍ͔ Ἅ˅εː  ʒ

Exclude  

qʤ˅˯̓ʤεἍʤаʈ̞ϢʓʤʓἍΡʤː˯͔̓εʒἍǋʤʤἍexclude  ʒ

Decompo se(diff _toll)  

qʤʈ͔̼Θ͔εʤἍȹἍʓ˯˅˅Ρȹʈχ˯͔̓ἍΘȹχχʤΡ̓Ἅʈ͔̼ΘΡ˯ε˯̓ːἍʓȹχȹἍΘ͔˯̓χεἍȹχἍΘʤȹἍ̕Θ ε͔˯ χ˯͔̓εἍ͔̞̓еᶾἍqȹχȹἍΘ͔˯̓χεἍʈ̞ε͔ʤΡἍ

χ˜ȹ̓Ἅʓ˯˅˅Ḛχ͔̞̞ἍχἍ͔ȹ͔̓χ˜ʤΡἍʓȹχȹἍΘ͔˯̓χἍȹΡʤἍ̓ ͔χἍ˯ ̓ʈ̞ϢʓʤʓᶾἍqʤʈ͔̼Θ͔εʤἍȹε̞͔ἍεʤχεἍx_calculation _stepἍχἍ͔

χ˜ʤἍУȹ̞ϢʤἍ͔ Ἅ˅ʓ˯˅˅Ḛχ͔̞̞ᶾ 

ADPs_Keep_PD 

Mixture _LAC_1_on_cm(mlac)  

Phase_Density_g_on_cm3(pd)  

Phase_LAC_1_on_cm(u)  

Gauss(xo,  fwhm),  Lorentzian(xo,  fwhm)  

Ἅ̓ʤΞϢȹχ˯͔̓Ἅʓʤ˅˯̓ʤεἍȹἍϢ̓˯χἍȹΡʤȹἍËȹϢεε˯ȹἍ͔̓ΡἍŗ͔ Ρʤ̓χэ˯ȹ̓ἍЧ˯χ˜ἍȹἍΘ ε͔˯ χ˯͔̓Ἅ͔ Ἅ˅аἍ͔ȹ̓ʓἍȹἍÇȉßŢἍ͔ Ἅ˅˅ Ч˜Ἅ̼ 
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20.  ăŪq|ȐăŪË 

Ǚ̃ ʤἍ˅͔̞̞͔Ч˯̓ːἍȹ̞ː͔Ρ˯χ˜̼Ἅ˯εἍʀȹεʤʓἍ͔̓Ἅχ˜ʤἍ˯χʤΡȹχ˯УʤἍ̼ʤχ˜͔ʓἍ͔˅Ἅf͔ ʤ̞˜͔ἍᵽᴟᴝᴝᴡᵾᶾἍǦ̓ ̞˯̕ʤἍlp_serach Ἅ˯ χἍΡʤΞϢ˯ΡʤεἍ

χ˜ʤἍʤаχΡȹʈχ˯͔̓Ἅ͔˅ἍʓᶓεΘȹʈ˯̓ːεᶾἍǙ̃ ʤἍăŪq|ȐăŪËἍʓ˯Ρʤʈχ͔ΡеἍʈ͔̓χȹ˯̓εἍʤаȹ̼Θ̞ʤἍăŪƵἍ˅ ˯̞ʤεᶽἍʤаȹ̼Θ̞ʤἍϢεȹːʤἍ˯εἍȹεἍ

˅͔̞̞͔Чε᷁ 

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

ă̓ ʓ˯У˯ʓϢȹ̞ἍεΘȹʈʤἍːΡ͔ϢΘεἍʈȹ̓ἍʀʤἍχΡ˯ʤʓἍ͔ΡἍ˅͔ΡἍε˯̼Θ̞˯ʈ˯χеἍȹ̞̞ἍΡ̂ȹУȹ˯εἍ̞ȹχχ˯ʈʤεἍʈȹ̓ἍʀʤἍχΡ˯ʤʓἍϢε˯̓ːἍεχȹ̓ʓȹΡʓἍ

̼ȹʈΡ͔εἍȹεἍ˅͔̞̞͔Чε᷁ 

Bravais_Cubic_sgs  
Bravais_Trigonal_Hexagonal_sgs  
Bravais_Tetragonal_sgs  
Bravais_Orthorhombic_sgs  
Bravais_Monoclinic_sgs  
Bravais_Triclinic_sgs  

Ǚ͔ ἍχΡеἍȹ̞̞ἍϢ̓˯ΞϢʤἍʤаχ˯̓ʈχ˯͔̓ἍεϢʀːΡ͔ϢΘἍεΘȹʈʤᶓː Ρ͔ϢΘεᶽἍȹἍ̼͔ΡʤἍʤа˜ȹϢεχ˯УʤἍȹΘΘΡ͔ȹʈ˜ᶽἍχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ

̼ȹʈΡ͔εἍʈȹ̓ἍʀʤἍϢεʤʓ᷁ 

Unique_Cubic_sgs  
Unique_Trigonal_Hexagonal_sgs  
Unique_Tetragonal_sgs  
Unique_Orthorhombic_sgs  
Unique_Monoclinic_sgs  
Unique_Triclinic_sgs  

ſ̓ ἍχʤΡ̼˯̓ȹχ˯͔̓Ἅ͔˅Ἅă̓ ʓʤа˯̓ːἍȹἍḞᶾŪqȐἍ˅ ˯̞ʤἍ˯εἍʈΡʤȹχʤʓᶽἍЧ˯χ˜ἍȹἍ̓ȹ̼ʤἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχ͔Ἅχ˜ʤἍ̓ȹ̼ʤἍ͔˅Ἅχ˜ʤἍăŪƵἍ

˅˯̞ʤἍȹ̓ʓἍΘ̞ȹʈʤʓἍ˯̓Ἅχ˜ʤἍεȹ̼ʤἍʓ˯Ρʤʈχ͔ΡеἍȹεἍχ˜ʤἍăŪƵἍ˅ ˯̞ʤᶾἍǙ̃ ʤἍḞᶾŪqȐἍ˅ ˯̞ʤἍʈ͔̓χȹ˯̓εἍε͔̞Ϣχ˯͔̓εἍȹεἍЧʤ̞̞ἍȹεἍȹἍ

ʓʤχȹ˯̞ʤʓἍεϢ̼̼ȹΡеἍ͔˅Ἅχ˜ʤἍʀʤεχἍᴟᴝἍε͔̞Ϣχ˯͔̓εᶾἍßʤΡʤᶫεἍȹ̓Ἅʤаȹ̼Θ̞ʤἍ͔˅Ἅȹ̓ἍŪqȐἍ˅ ˯̞ʤ᷁ 

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  ...    
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   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  
   0   1   0    8.765    8.750   - 0.015   10.084   10.101    0.017  

...  
*/  

20.1  ..... Ç˯ːϢΡʤἍ͔˅Ἅ̼ʤΡ˯χἍ 

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

ὓ ρ ὔ Ὠȟ
ὔ

ὔ
Ὠȟ Ὠȟὗ  

×ÈÅÒÅ    ὗ ύὔ Вύϳ    

ᵽᴟᴝᶓᴞᵾ 

Where do and dc are the observed and calculated d -spacings, No and Nc the number of observed and 

calculated lines used, Nuni the number of unindexed lines and the summations are over the used ob-

served indexing lines. Qi is a weighting that assists in the determination of extinction subgroups where 

w i could , for example , be the inverse of the error in the peak positions from a Pawley refinement (see 

ăŪq|ȐăŪËᶒŢËăƾᶒăŪq|ȐᶾăŪƵ). index _I correspond to w i. 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 ( Coelho, 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 

ᵽᴟᴝᶓᴟᵾ 

20.2  .... |аχ˯̓ʈχ˯͔̓ἍεϢʀːΡ͔ϢΘἍʓʤχʤΡ̼˯̓ȹχ˯͔̓ 

At the end of an indexing run , further indexing runs are internally performed across extinction sub-

groups 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. (ᴟᴝᶓᴞ). Extinction -subgroups can be explicitly searched using the macros defined 

ǙſƵ ǋᶾăŪf, see for example  Unique _Orthorhombic _sgs. 

20.3  .... ƾʤΘΡ͔ʈʤεε˯̓ːἍε͔̞Ϣχ˯͔̓εἍᶓἍq|ǙἍ˅˯̞ʤε 

Details of solutions can be obtained at a later stage by including solution lines, found in the NDX file, 

in the INP file. For example, supposing details of solutions 50 and 51 were sought then the following 

(see example ăŪq|ȐăŪËᶒ|ȐᴞᴝᶾăŪƵ) could be used:  
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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  
    ...  
}  

˅χʤΡἍΡϢ̓̓˯̓ːἍχ˜˯εἍăŪƵἍ˅ ˯̞ʤᶽἍȹἍḞᶾq|ǙἍ˅ ˯̞ʤἍ˯εἍʈΡʤȹχʤʓἍʈ͔̓χȹ˯̓˯̓ːἍʓʤχȹ˯̞εἍ͔˅Ἅχ˜ʤἍεϢΘΘ̞˯ʤʓἍε͔̞Ϣχ˯͔̓εᶾ 

20.4  .... ōʤеЧ͔ΡʓεἍȹ̓ʓἍʓȹχȹἍεχΡϢʈχϢΡʤε 

 

Ǚ˯ ̓ʓʤа˯̓ː 

ᵿindex_lam   ᵳ|ᴞᶾᴣᴢᴝᴣᴨᴥᶁ 

ᵿindex_min_lp  ᵳ|ᴟᶁ  ᵿindex_max_lp  ᵳ|ᶁ 

ᵿindex_max_Nc_on_No  ᵳ|ᴣᶁ 

ᵿindex_max_number_of_solutions  ᶍᴡᴝᴝᴝᶁ 

ᵿindex_max_th2_error  ᵳ|ᴝᶾᴝᴣᶁ 

ᵿindex_max_zero_error  ᶍᴝᶾᴟᶁ 

ᵿindex_th2   ᵳ| |  index_d  ᵳ|ᶁᶾᶾᶾ 

ᵿindex _IἍἍ|ᴞἍᵿgoodᶁἍᶁ 

ᵿindex_x0  ᵳ|ᶁ 

ᵿindex_zero_error ᶁ 

ᵿno_extinction_subgroup_search ᶁ 

ᵿseed  ᵿᶍᶁᶁ 

ᵿtry_space_groups  $ᶁᶾᶾᶾ 

ᵿx_angle _scalerἍᶍᴝᶾᴞᶁ 

ᵿx_scalerἍᶍᶁ 

Values for most keywords are automatically determined or have defaults (appearing as numbers to 

the right) adequate for difficult indexing problems. In the following example from UPPW (service pro-

vided by Armel Le Bail to the SDPD mailing list at http://sdpd.univ - lemans.fr/uppw/ ), o̞̓еἍȹἍ˅ʤЧἍ̕ʤеᶓ

Ч͔ΡʓεἍȹΡʤἍ̓ʤʈʤεεȹΡеᶾἍ̞ε͔Ἅ͔̓χʤἍχ˜ʤἍϢεʤἍ͔˅Ἅdummy᷄Ἅχ˜˯εἍȹ̞̞͔ЧεἍ˅͔ΡἍχ˜ʤἍʤаʈ̞Ϣε˯͔̓Ἅ͔˅ἍᴟqἍȹ̓ʓἍăἍУȹ̞ϢʤεἍ

Ч˯χ˜͔ϢχἍ˜ȹУ˯̓ːἍχ͔Ἅʤʓ˯χἍχ˜ʤἍʈ͔̞Ϣ̼̓εἍ͔˅Ἅʓȹχȹᶾ 

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  
...  

}  

20.5  .... ōʤеЧ͔ΡʓεἍ˯̓Ἅʓʤχȹ˯̞ 

ᵿindex _lamἍἍᵳ|ᴞᴣʒᴢᴝᴣᴨᴥᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍЧȹУʤ̞ʤ̓ːχ˜Ἅ˯ ̓Ἅ%ʒ 

ᵿindex _min_lpἍᵳ|ᴟᶾᴣᶁἍᵿindex _max_lpἍᵳ|ᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍ̼˯̓˯̼Ϣ̼Ἅȹ̓ʓἍ̼ȹа˯̼Ϣ̼Ἅȹ̞̞͔ЧʤʓἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεᶾἍǙ˜ʤἍ̼ȹа˯̼Ϣ̼Ἅ˯εἍχеΘ˯ʈȹ̞̞еἍȹϢχ͔ᶓ

̼ȹχ˯ʈȹ̞̞еἍʓʤχʤΡ̼˯̓ʤʓᶾ 

ᵿindex _max_Nc_on_NoἍᵳ|ᴣᶁ 

qʤχʤΡ̼˯̓ʤεἍχ˜ʤἍ̼ȹа˯̼Ϣ̼ἍΡȹχ˯͔Ἅ͔˅Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅʈȹ̞ʈϢ̞ȹχʤʓἍχ͔Ἅ͔ʀεʤΡУʤʓἍ̞˯̓ʤεᶾἍǙ̃ ʤἍУȹ̞ϢʤἍ͔˅ἍᴥἍȹ̞ᶓ

̞͔ЧεἍ˅͔ΡἍϢΘἍχ͔ἍᴧᴡỦἍ͔˅Ἅ̼˯εε˯̓ːἍ̞ ˯̓ʤεᶾ 

ᵿindex _max_number _of_solutions ᶍᴞᴝᴝᴝᶁ 

Ǚ̃ ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍʀʤεχἍε͔̞Ϣχ˯͔̓εἍχ͔Ἅ̕ʤʤΘᶾ 

ᵿindex _max_th2_errorἍᵳ|ᴝᶾᴝᴣᶁ 

Used for determining impurity lines (un - indexed lines UNI in *. NDX). Large values, 1 for example, 

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 for Ἅindex _max_th2_errorἍwill speed up the 

indexing procedure.  

ᵿindex _max_zero _errorἍᵳ|ᴝᶾᴟᶁ 

|аʈ̞ϢʓʤεἍε͔̞Ϣχ˯͔̓εἍЧ˯χ˜ἍэʤΡ͔ἍʤΡΡ͔ΡεἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅindex _max_zero _error.  

ᵿindex _th2ἍἍᵳ|ἍᶐἍindex _dἍᵳ|ᶁᶾᶾᶾ 

ᵿindex _IἍἍ|ᴞἍᵿgoodᶁᶁ 

index _th2 ͔Ρ index _d ʓʤ˅˯̓ʤεἍȹἍΡʤ˅̞ʤʈχ˯͔̓Ἅʤ̓χΡеἍ˯̓ἍᴟqἍʓʤːΡʤʤεἍ͔ΡἍʓᶓεΘȹʈ˯̓ːἍ˯̓Ἅ%ʒ Ἅindex _IἍ˯ εἍχеΘ˯ʈȹ̞̞еἍ

εʤχἍχ͔Ἅχ˜ʤἍȹΡʤȹἍϢ̓ʓʤΡἍχ˜ʤἍΘʤȹ᷄̕Ἅ˯χἍ ˯εἍϢεʤʓἍχ͔ἍЧʤ˯ː˜χἍχ˜ʤἍΡʤ˅̞ʤʈχ˯͔̓ᶾἍgoodἍsignals that the 
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corresponding d -spacing is not an impurity line. A single use of Ἅgood on a large d -spacing de-

creases the number of possible solutions and hence speeds up the indexing Ἅprocess (see exam-

pleἍăŪq|ȐăŪËᶒ|ȐᴞᴝᶾăŪƵ).Ἅ 

ᵿindex _x0Ἅᵳ|ᶁ 

DefinesἍȐ̔ Ἅ̔in the reciprocal lattice equation of ᶾἍă̓ ἍȹἍχΡ˯ʈ̞˯̓˯ʈἍ̞ȹχχ˯ʈʤἍχ˜ʤἍ̞ȹΡːʤεχἍʓᶓεΘȹʈ˯̓ːἍʈȹ̓ἍΘΡ͔ʀᶓ

ȹʀ̞еἍʀʤἍ˯̓ʓʤаʤʓἍȹεἍᴞᴝᴝἍ͔ΡἍᴟᴝᴝἍʤχʈᶾἍǙ̃ Ϣε 

index_x0  = 1/(d max)^2;  

speeds up the indexing process (if, in this case, the first line can be indexed as 100) and addition-

ally the chance of finding the correct solution is enhanced, see Ἅ|ȐᴞᴡᶾăŪƵ. Note, if the data is in 2 Th 

degrees then the following can be used:  

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

The two macros ἍIndex _x0_from _dἍȹ̓ʓἍIndex _x0_from _th2Ἅsimplify the use of Ἅindex _x0  ʒ

ᵿindex _zero _errorᶁ 

ă̓ ʈ̞ϢʓʤεἍȹἍэʤΡ͔ἍʤΡΡ͔Ρᶾ 

ᵿno_extinction _subgroup _searchᶁ 

е̂Ἅʓʤ˅ȹϢ̞χἍʑʤаχ˯̓ʈχ˯͔̓ἍεϢʀːΡ͔ϢΘἍʓʤχʤΡ̼˯̓ȹχ˯͔̓Ἅ˯εἍΘʤΡ˅͔Ρ̼ʤʓἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅Ἅȹ̓Ἅ˯̓ʓʤа˯̓ːἍΡϢ̓᷄Ἅχ˜˯εἍʈȹ̓Ἅ

ʀʤἍ̓ʤːȹχʤʓἍʀеἍʓʤ˅˯̓˯̓ːἍno_extinction _subgroup _search  ʒ

ᵿseed ᵿᶍᶁᶁ 

ǋʤʤʓεἍχ˜ʤἍΡȹ̓ʓ͔̼Ἅ̓Ϣ̼ʀʤΡἍːʤ̓ʤΡȹχ͔ΡᶾἍ 

ᵿtry _space _groupsἍײᶁᶾᶾᶾ 

ᵿx_angle _scalerἍᶍᴝᶾᴞᶁ 

ᵿx_scalerἍᶍᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘεἍχ͔ἍʀʤἍεʤȹΡʈ˜ʤʓᶾἍǙ̃ ʤἍ̼ȹʈΡ͔εἍBravais _Cubic _sgsἍʤχʈ... ᵽεʤʤἍǙſƵ ǋᶾăŪfᵾἍ

ʓʤ˅˯̓ʤεἍ̞͔ЧʤεχἍεе̼̼ʤχΡеἍΡ̂ȹУȹ˯εἍεΘȹʈʤἍːΡ͔ϢΘεᶾἍăχἍ˯εἍχеΘ˯ʈȹ̞̞еἍεϢ˅˅˯ʈ˯ʤ̓χἍχ͔ἍϢεʤἍ͔̞̓еἍχ˜ʤεʤᶾἍß˯ ː˜ʤΡἍ

εе̼̼ʤχΡеἍεΘȹʈʤἍːΡ͔ϢΘεἍ˅͔ΡἍχ˜ʤἍΡ̂ȹУȹ˯εἍ̞ȹχχ˯ʈʤεἍʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχ͔Ἅχ˜ʤἍᴞᴝἍʀʤεχἍε͔̞Ϣχ˯͔̓εἍ˯εἍȹϢχ͔̼ȹχᶓ

˯ʈȹ̞̞еἍεʤȹΡʈ˜ʤʓἍȹχἍχ˜ʤἍʤ̓ʓἍ͔˅Ἅȹ̓Ἅ˯̓ʓʤа˯̓ːἍΡϢ̓ᶾἍßʤΡʤἍȹΡʤἍε͔̼ʤἍʤаȹ̼Θ̞ʤεἍ͔˅ἍϢε˯̓ː try _space _groups  ʒ

Search  Use 

ƵΡ˯̼˯χ˯УʤἍ̼͔͔̓ʈ̞˯̓˯ʈ try_space_groups  3 

Ţ͔͔̓ʈ̞˯̓˯ʈἍ^ΡȹУȹ˯εἍ̞ȹχχ˯ʈʤεἍ͔˅Ἅ̞͔ЧʤεχἍεе̼̼ʤχΡе Bravais_Monoclinic_sgs  

fᶓʈʤ̓χʤΡʤʓἍ̼͔͔̓ʈ̞˯̓˯ʈἍ͔˅Ἅ̞͔ЧʤεχἍεе̼̼ʤχΡе try_space_groups  5 

̞̞Ἅ͔Ρχ˜͔Ρ˜͔̼ʀ˯ʈἍεΘȹʈʤἍːΡ͔ϢΘεἍ˯̓ʓ˯У˯ʓϢȹ̞̞еἍ Unique_Orthorhombic_sgs  
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x_scaler ˯εἍȹἍεʈȹ̞˯̓ːἍ˅ȹʈχ͔ΡἍϢεʤʓἍ˅͔ΡἍʓʤχʤΡ̼˯̓˯̓ːἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍεχʤΘεἍχ͔ἍεʤȹΡʈ˜Ἅ˯̓ἍΘȹΡȹ̼ʤχʤΡἍ

εΘȹʈʤᶾἍx_scaler Ἅ̓ ʤʤʓεἍχ͔ἍʀʤἍ̞ʤεεἍχ˜ȹ̓ἍᴞᶾἍă̓ ʈΡʤȹε˯̓ːἍx_scalerἍεʤȹΡʈ˜ʤεἍΘȹΡȹ̼ʤχʤΡἍεΘȹʈʤἍ˯̓Ἅ˅˯̓ʤΡἍ

ʓʤχȹ˯̞ᶾἍqʤ˅ȹϢ̞χἍУȹ̞ϢʤεἍȹΡʤἍȹεἍ˅͔̞̞͔Чε᷁ 

fϢʀ˯ʈἍ     Ἅᴝᶾᴨᴨ 

ßʤаȹː͔̓ȹ̞ᶏǙΡ˯ː͔̓ȹ̞ Ἅᴝᶾᴨᴣ 

ǙʤχΡȹː͔̓ȹ̞Ἅ    Ἅᴝᶾᴨᴣ 

ſΡχ˜͔Ρ˜͔̼ʀ˯ʈἍ  ᴝᶾᴧᴨ 

Ţ͔͔̓ʈ̞˯̓˯ʈἍ  ᴝᶾᴧᴣ 

ǙΡ˯ʈ̞˯̓˯ʈἍ   ᴝᶾᴦᴟ 

x_angle _scalerἍis a scaling factor for determining the number of angular steps for monoclinic 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. Ἅ 

20.6  .... ăʓʤ̓χ˯˅е˯̓ːἍʓ͔̼˯̓ȹ̓χἍэ͔̓ʤε 

ßʤΡʤἍȹΡʤἍχЧ͔Ἅʤаȹ̼Θ̞ʤἍ͔ϢχΘϢχἍ̞˯̓ʤεἍ˅Ρ͔̼Ἅȹ̓ἍŪqȐἍ˅ ˯̞ʤᶾ 

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\ 
 

>    Ǚ̃ ʤἍᴞεχἍʈ͔̞Ϣ̼̓Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍΡȹ̓̕Ἅ͔˅Ἅχ˜ʤἍε͔̞Ϣχ˯͔̓ᶾ 

>    Ǚ̃ ʤἍᴟ̓ʓἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘᶾἍ 

>    Ǚ̃ ʤἍᴡΡʓἍʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍǋχȹχϢεἍ͔˅Ἅχ˜ʤἍε͔̞Ϣχ˯͔̓ἍȹεἍ˅͔̞̞͔Чε᷁ 

>    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.  

>    Ǚ̃ ʤἍᴢχ˜Ἅʈ͔̞Ϣ̼̓Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅ἍϢ̓ᶓ˯ ̓ʓʤаʤʓἍ̞˯̓ʤεᶾἍ 

>    Ǚ̃ ʤἍᴣχ˜Ἅʈ͔̞Ϣ̼̓Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍУ͔̞Ϣ̼ʤἍ͔˅Ἅχ˜ʤἍ̞ȹχχ˯ʈʤᶾ 

>    Ǚ̃ ʤἍᴥχ˜Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍː͔͔ʓ̓ʤεεἍ͔˅Ἅ˅˯χἍУȹ̞ϢʤᶾἍ 

>    Ǚ̃ ʤἍᴦχ˜Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχ͔Ἅχ˜ʤἍэʤΡ͔ἍʤΡΡ͔ΡἍ˯˅Ἅindex _zero _error Ἅ˯ εἍ˯̓ʈ̞Ϣʓʤʓᶾ 

>    f͔ ̞Ϣ̼̓εἍᴧἍχ͔ἍᴞᴡἍʈ͔̓χȹ˯̓Ἅχ˜ʤἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡε ʒ

Ǚ̃ ʤἍ̞ȹεχἍχЧ͔Ἅʈ͔̞Ϣ̼̓εᶽἍ̞ʤχἍʈȹ̞̞Ἅχ˜ʤ̼Ἅʈ͔̞Ϣ̼̓ἍƼᴞἍȹ̓ʓἍƼᴟʑ Ἅʈ͔̓χȹ˯̓Ἅχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔˅Ἅ͔̓̓ᶓэʤΡ͔Ἅᵽ˜ᴟἍḅἍ̕ᴟἍḅἍ˜Ἅ̕ᵾἍ

ȹ̓ʓἍ̞ᴟἍУȹ̞ϢʤεᶽἍΡʤεΘʤʈχ˯Уʤ̞еᶽἍϢεʤʓἍ˯̓Ἅχ˜ʤἍ˯̓ʓʤаʤʓἍ̞˯̓ʤεᶾἍƼᴞἍȹ̓ʓἍƼᴟἍΡʤΘΡʤεʤ̓χἍχ˜ʤἍ˜̞̕Ἅʈ͔ʤ˅˅˯ʈ˯ʤ̓χἍ˅͔ΡἍȐᴝἍ

ȹ̓ʓἍȐᴞἍΡʤεΘʤʈχ˯Уʤ̞еἍ˅͔ΡἍǙΡ˯ː͔̓ȹ̞ᶏßʤаȹː͔̓ȹ̞Ἅεеεχʤ̼εᶾἍȉ˜ʤ̓ἍƼᴞḃᶓᴨᴨᴨἍ͔ΡἍƼᴟḃᶓᴨᴨᴨἍχ˜ʤ̓Ἅχ˜ʤἍʈ͔ΡΡʤεΘ͔̓ʓᶓ

˯̓ːἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍȹΡʤἍ͔̓χἍΡʤΘΡʤεʤ̓χʤʓᶾἍǙ̃ ˯εἍ˅ȹʈ˯̞˯χеἍ˯εἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍ˯ʓʤ̓χ˯˅е˯̓ːἍʓ͔̼˯̓ȹ̓χἍэ͔̓ʤεᶾἍÇ͔ ΡἍ

ʤаȹ̼Θ̞ʤᶽἍ˯˅Ἅχ˜ʤἍε̼ȹ̞̞ʤεχἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡἍ˯εἍᴡ%Ἅand the smallest d -spacings is 4Å then it is impossible 

to determine the small lattice parameter. In such cases values of ᶔ999 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+k 2+l2      
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Hexagonal, Trigonal  h2+k 2+h k  l2     

Tetragonal  h2+k 2 l2     

Orhtorhombic  h2 k2 l2    

Monoclinic  h2 k2 l2 h l   

Triclinic  h2 k2 l2 h k  h l k l 

20.7  .... ḞḞḞἍƵΡ͔ʀȹʀ̞ʤἍʈȹϢεʤεἍ͔˅ἍÇȹ˯̞ϢΡʤἍḞḞḞ 

Ǚ̃ ʤἍ̼͔εχἍΘΡ͔ʀȹʀ̞ʤἍʈȹϢεʤἍ͔˅Ἅ˅ȹ˯̞ϢΡʤἍ˯εἍχ˜ʤἍ˯ ̓ʈ̞Ϣε˯͔̓Ἅ͔˅Ἅχ͔͔Ἅ̼ȹ̓еἍʓᶓεΘȹʈ˯̓ːεᶾἍă˅ Ἅ˯χἍ˯εἍȹεεϢ̼ʤʓἍχ˜ȹχἍχ˜ʤἍ

ε̼ȹ̞̞ʤεχἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡἍ˯εἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅᴡ%Ἅχ˜ʤ̓Ἅ˯χἍ˯εἍΘΡ͔ʀ̞ʤ̼ȹχ˯ʈἍχ͔Ἅ˯̓ʈ̞ϢʓʤἍʓᶓεΘȹʈ˯̓ːεἍЧ˯χ˜ἍУȹ̞ϢʤεἍ

̞ʤεεἍχ˜ȹ̓Ἅȹʀ͔ϢχἍᴟᶾᴣ%ἍЧ˜ʤ̓Ἅχ˜ʤΡʤἍȹΡʤἍȹ̞ΡʤȹʓеἍᴡᴝἍχ͔ἍᴢᴝἍΡʤ˅̞ʤʈχ˯͔̓εἍЧ˯χ˜ἍʓἍУȹ̞ϢʤεἍːΡʤȹχʤΡἍχ˜ȹ̓Ἅᴟᶾᴣ%ʒ Ἅ

ǋ͔ ̼ʤἍ͔˅Ἅχ˜ʤἍΘΡ͔ʀ̞ʤ̼εἍʈȹϢεʤʓἍʀеἍУʤΡеἍ̞͔ЧἍʓᶓεΘȹʈ˯̓ːεἍȹΡʤ᷁ 

The number of calculated lines increases dramatically and thus Ἅindex _max_Nc_on_NoἍЧ˯̞̞Ἅ̓ʤʤʓἍχ͔Ἅ

ʀʤἍ˯̓ʈΡʤȹεʤʓᶾ 

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

Ἅε˯χϢȹχ˯͔̓ἍЧ˜ʤΡʤἍ˯χἍ˯εἍ̓ʤʈʤεεȹΡеἍχ͔Ἅ˯̓ʈ̞ϢʓʤἍ̞͔ЧἍʓᶓεΘȹʈ˯̓ːεἍ˯εἍЧ˜ʤ̓Ἅχ˜ʤΡʤἍȹΡʤἍ͔̞̓еἍȹἍ˅ʤЧἍʓᶓεΘȹʈ˯̓ːεἍ

ȹУȹ˯̞ȹʀ̞ʤἍȹεἍ˯Ἅ̓̃ ˯ː˜ʤΡἍεе̼̼ʤχΡеἍ̞ȹχχ˯ʈʤεᶾ 

20.8  .... ǋΘȹʈʤἍːΡ͔ϢΘεἍЧ˯χ˜Ἅ˯ʓʤ̓χ˯ʈȹ̞Ἅȹʀεʤ̓ʈʤεἍᶔἍ|аχ˯̓ʈχ˯͔̓ἍεϢʀːΡ͔ϢΘε 

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  

ᴞἍᴟ ƵᴞἍƵᶓᴞ 

Monoclinic  

ᴨἍᴞᴣ fʈἍfᴟᶏʈ 

ᴣἍᴧἍᴞᴟ fᴟἍf̼Ἅfᴟᶏ̼ 

ᴞᴢ Ƶᴟᴞᶏʈ 

ᴦἍᴞᴡ ƵʈἍƵᴟᶏʈ 

ᴢἍᴞᴞ ƵᴟᴞἍƵᴟᴞᶏ̼ 

ᴡἍᴥἍᴞᴝ ƵᴟἍƵ̼ἍƵᴟᶏ̼ 

Orthorhombic  

ᴦᴝ Çʓʓʓ 

ᴢᴡ Çʓʓᴟ 

ᴟᴟἍᴢᴟἍᴥᴨ ÇᴟᴟᴟἍÇ̼̼ᴟἍÇ̼̼̼ 

ᴥᴧ fʈʈȹ 

ᴦᴡ ăʀʈȹ 
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ᴡᴦἍᴥᴥ fʈʈᴟἍfʈʈ̼ 

ᴢᴣἍᴦᴟ ăʀȹᴟἍăʀȹ̼Ἅ 

ᴢᴞἍᴥᴢ ʀȹᴟἍf̼ʈȹἍ 

ᴢᴥἍᴦᴢ ă̼ȹᴟἍă̼̼ȹἍ 

ᴡᴥἍᴢᴝἍᴥᴡ f̼ʈᴟᴞἍ ̼ȹᴟἍf̼ʈ̼Ἅ 

ᴡᴨἍᴥᴦ ʀ̼ᴟἍf̼̼ȹἍ 

ᴟᴝ fᴟᴟᴟᴞἍ 

ᴟᴡἍᴟᴢἍᴢᴢἍᴦᴞ ăᴟᴟᴟἍăᴟᴞᴟᴞᴟᴞἍă̼̼ᴟἍă̼̼̼Ἅ 

ᴟᴞἍᴡᴣἍᴡᴧἍᴥᴣ fᴟᴟᴟἍf̼̼ᴟἍ ̼̼ᴟἍf̼̼̼Ἅ 

ᴣᴟ Ƶ̓̓ȹἍ 

ᴣᴥ Ƶʈʈ̓Ἅ 

ᴥᴝ Ƶʀʈ̓Ἅ 

ᴥᴞ ƵʀʈȹἍ 

ᴢᴧ Ƶ̓̓̓Ἅ 

ᴣᴢ ƵʈʈȹἍ 

ᴣᴝ Ƶʀȹ̓Ἅ 

ᴡᴡἍᴥᴟ Ƶ̓ȹᴟᴞἍƵ̼̓ȹἍ 

ᴡᴢἍᴣᴧ Ƶ̓̓ᴟἍƵ̼̓̓Ἅ 

ᴡᴟἍᴣᴣ ƵʀȹᴟἍƵʀȹ̼Ἅ 

ᴡᴝἍᴣᴡ Ƶ̓ʈᴟἍƵ̼̓ȹἍ 

ᴟᴨἍᴣᴦ ƵʈȹᴟᴞἍƵʀʈ̼Ἅ 

ᴟᴦἍᴢᴨ ƵʈʈᴟἍƵʈʈ̼Ἅ 

ᴡᴞἍᴣᴨ Ƶ̼̓ᴟᴞἍƵ̼̼̓Ἅ 

ᴟᴥἍᴟᴧἍᴣᴞ Ƶ̼ʈᴟᴞἍƵ̼ȹᴟἍƵ̼̼ȹἍ 

ᴞᴨ ƵᴟᴞᴟᴞᴟᴞἍ 

ᴞᴧ ƵᴟᴞᴟᴞᴟἍ 

ᴞᴦ ƵᴟᴟᴟᴞἍ 

ᴞᴥἍᴟᴣἍᴢᴦἍἍ ƵᴟᴟᴟἍƵ̼̼ᴟἍƵ̼̼̼ 

Tetragonal  

ᴞᴢᴟ ăᴢᴞᶏȹʈʓ 

ᴞᴞᴝ ăᴢᴞʈʓ 

ᴞᴢᴞ ăᴢᴞᶏȹ̼ʓ 

ᴞᴝᴨἍᴞᴟᴟ ăᴢᴞ̼ʓἍăᶓᴢᴟʓ 

ᴞᴝᴧἍᴞᴟᴝἍᴞᴢᴝ ăᴢʈ̼ἍăᶓᴢʈᴟἍăᴢᶏ̼ʈ̼ 

ᴧᴧ ăᴢᴞᶏȹ 

ᴧᴝἍᴨᴧ ăᴢᴞἍăᴢᴞᴟᴟ 

ᴦᴨἍᴧᴟἍᴧᴦἍᴨᴦἍᴞᴝᴦἍᴞᴞᴨἍᴞᴟᴞἍᴞᴡᴨἍἍ ăᴢἍăᶓᴢἍăᴢᶏ̼ἍăᴢᴟᴟἍăᴢ̼̼Ἅăᶓᴢ̼ᴟἍăᶓᴢᴟ̼Ἅăᴢᶏ̼̼̼ 

ᴞᴡᴝ Ƶᴢᶏ̓ʈʈ 

ᴞᴟᴥ Ƶᴢᶏ̓̓ʈ 

ᴞᴡᴡ Ƶᴢᴟᶏ̓ʀʈ 

ᴞᴝᴡἍᴞᴟᴢ ƵᴢʈʈἍƵἍᴢᶏ̼ʈʈ 

ᴞᴝᴢἍᴞᴟᴧ Ƶᴢ̓ʈἍƵἍᴢᶏ̼̓ʈ 

ᴞᴝᴥἍᴞᴡᴣ ƵᴢᴟʀʈἍƵἍᴢᴟᶏ̼ʀʈ 

ᴞᴡᴦ Ƶᴢᴟᶏ̼̓ʈ 
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ᴞᴡᴧ Ƶᴢᴟᶏ̓ʈ̼ 

ᴞᴡᴢ Ƶᴢᴟᶏ̼̓̓ 

ᴞᴟᴣ Ƶᴢᶏ̓ʀ̼ 

ᴞᴞᴢ Ƶᶓᴢᴟᴞʈ 

ᴞᴝᴣἍᴞᴞᴟἍᴞᴡᴞ Ƶᴢᴟ̼ʈἍƵᶓᴢᴟʈἍƵᴢᴟᶏ̼̼ʈ 

ᴞᴝᴟἍᴞᴞᴧἍᴞᴡᴥ Ƶᴢᴟ̼̓ἍƵᶓᴢ̓ᴟἍƵᴢᴟᶏ̼̼̓ 

ᴞᴝᴞἍᴞᴞᴥἍᴞᴡᴟ Ƶᴢᴟʈ̼ἍƵᶓᴢʈᴟἍƵᴢᴟᶏ̼ʈ̼ 

ᴞᴝᴝἍᴞᴞᴦἍᴞᴟᴦ Ƶᴢʀ̼ἍƵᶓᴢʀᴟἍƵᴢᶏ̼ʀ̼ 

ᴧᴥ Ƶᴢᴟᶏ̓ 

ᴧᴣἍᴞᴟᴨ Ƶᴢᶏ̓ἍƵᴢᶏ̼̼̓ 

ᴨᴟἍᴨᴥ ƵᴢᴞᴟᴞᴟἍƵᴢᴡᴟᴞᴟ 

ᴨᴢ Ƶᴢᴟᴟᴞᴟ 

ᴦᴥἍᴦᴧἍᴨᴞἍᴨᴣ ƵᴢᴞἍƵᴢᴡἍƵᴢᴞᴟᴟἍƵᴢᴡᴟᴟ 

ᴦᴦἍᴧᴢἍᴨᴡ ƵᴢᴟἍƵἍᴢᴟᶏ̼ἍƵᴢᴟᴟᴟ 

ᴨᴝἍᴞᴞᴡ ƵᴢᴟᴞᴟἍƵᶓᴢᴟᴞ̼ 

ᴦᴣἍᴧᴞἍᴧᴡἍᴧᴨἍᴨᴨἍᴞᴞᴞἍᴞᴞᴣἍᴞᴟᴡἍἍἍ ƵᴢἍƵᶓᴢἍƵᴢᶏ̼ἍƵᴢᴟᴟἍƵᴢ̼̼ἍƵᶓᴢᴟ̼ἍƵᶓᴢ̼ᴟἍƵᴢᶏ̼̼̼ 

Trigonal & Hexagonal  

ᴞᴥᴞἍᴞᴥᴦ ƾᴡʈἍƾᶓᴡʈ 

ᴞᴢᴥἍᴞᴢᴧἍᴞᴣᴣἍᴞᴥᴝἍᴞᴥᴥ ƾᴡἍƾᶓᴡἍƾᴡᴟἍƾᴡ̼Ἅƾᶓᴡ  ̼

ᴞᴧᴢἍᴞᴨᴟ ƵᴥʈʈἍƵᴥᶏ̼ʈʈ 

ᴞᴣᴨἍᴞᴥᴡἍᴞᴧᴥἍᴞᴨᴝἍᴞᴨᴢ ƵᴡᴞʈἍƵᶓᴡᴞʈἍƵᴥᴡ̼ʈἍƵᶓᴥᴟʈἍƵᴥᴡᶏ̼̼ʈ 

ᴞᴣᴧἍᴞᴥᴣἍᴞᴧᴣἍᴞᴧᴧἍᴞᴨᴡ ƵᴡʈᴞἍƵᶓᴡʈᴞἍƵᴥᴡʈ̼ἍƵᶓᴥʈᴟἍƵᴥᴡᶏ̼ʈ̼ 

ᴞᴥᴨἍᴞᴦᴝἍᴞᴦᴧἍᴞᴦᴨ ƵᴥᴞἍƵᴥᴣἍƵᴥᴞᴟᴟἍƵᴥᴣᴟᴟ 

ᴞᴢᴢἍᴞᴢᴣἍᴞᴣᴞἍᴞᴣᴟἍᴞᴣᴡἍᴞᴣᴢἍᴞᴦᴞἍᴞᴦᴟἍᴞᴧᴝἍᴞᴧᴞ ƵᴡᴞἍƵᴡᴟἍƵᴡᴞᴞᴟἍƵᴡᴞᴟᴞἍƵᴡᴟᴞᴟἍƵᴡᴟᴟᴞἍƵᴥᴟἍƵᴥᴢἍƵᴥᴟᴟᴟἍƵᴥᴢᴟᴟ 

ᴞᴦᴡἍᴞᴦᴥἍᴞᴧᴟ ƵᴥᴡἍƵᴥᴡᶏ̼ἍƵᴥᴡᴟᴟ 

ᴞᴢᴡἍᴞᴢᴦἍᴞᴢᴨἍᴞᴣᴝἍᴞᴣᴥἍᴞᴣᴦἍᴞᴥᴟἍᴞᴥᴢἍᴞᴥᴧἍᴞᴦᴢἍᴞᴦᴣἍ

ᴞᴦᴦἍᴞᴧᴡἍᴞᴧᴦἍᴞᴧᴨἍᴞᴨᴞ 

ƵᴡἍƵᶓᴡἍƵᴡᴞᴟἍƵᴡᴟᴞἍƵᴡ̼ᴞἍƵᴡᴞ̼ἍƵᶓᴡᴞ̼ἍƵᶓᴡ̼ᴞἍƵᴥἍƵᶓᴥἍƵᴥᶏ̼Ἅ

ƵᴥᴟᴟἍƵᴥ̼̼ἍƵᶓᴥ̼ᴟἍƵᶓᴥᴟ̼ἍƵᴥᶏ̼̼̼ 

Cubic  

ᴟᴟᴧ Çʓᶓᴡʈ 

ᴟᴞᴨἍᴟᴟᴥ ÇᶓᴢᴡʈἍÇ̼ᶓᴡʈ 

ᴟᴝᴡἍᴟᴟᴦ ÇʓᶓᴡἍÇʓᶓᴡ  ̼

ᴟᴞᴝ Çᴢᴞᴡᴟ 

ᴞᴨᴥἍᴟᴝᴟἍᴟᴝᴨἍᴟᴞᴥἍᴟᴟᴣἍἍἍἍ ÇᴟᴡἍÇ̼ᶓᴡἍÇᴢᴡᴟἍÇᶓᴢᴡ̼ἍÇ̼ᶓᴡ  ̼

ᴟᴡᴝ ăȹᶓᴡʓ 

ᴟᴟᴝ ăᶓᴢᴡʓ 

ᴟᴝᴥ ăȹᶓᴡ 

ᴟᴞᴢ ăᴢᴞᴡᴟ 

ᴞᴨᴦἍᴞᴨᴨἍᴟᴝᴢἍᴟᴞᴞἍᴟᴞᴦἍᴟᴟᴨ ăᴟᴡἍăᴟᴞᴡἍă̼ᶓᴡἍăᴢᴡᴟἍăᶓᴢᴡ̼Ἅă̼ᶓᴡ  ̼

ᴟᴟᴟ Ƶ ᶓ̓ᴡ  ̓

ᴟᴞᴧἍᴟᴟᴡ Ƶᶓᴢᴡ̓ἍƵ̼ᶓᴡ  ̓

ᴟᴝᴞἍᴟᴟᴢ Ƶ ᶓ̓ᴡἍƵ̓ᶓᴡ  ̼

ᴟᴝᴣ Ƶȹᶓᴡ 

ᴟᴞᴟἍᴟᴞᴡ ƵᴢᴡᴡᴟἍƵᴢᴞᴡᴟ 

ᴞᴨᴧἍᴟᴝᴧ ƵᴟᴞᴡἍƵᴢᴟᴡᴟ 
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ᴞᴨᴣἍᴟᴝᴝἍᴟᴝᴦἍᴟᴞᴣἍᴟᴟᴞἍἍἍἍ ƵᴟᴡἍƵ̼ᶓᴡἍƵᴢᴡᴟἍƵᶓᴢᴡ̼ἍƵ̼ᶓᴡ  ̼

20.9  .... ă̓ʓʤа˯̓ːἍ|ΞϢȹχ˯͔̓εἍᶓἍ̂ȹʈ̕ːΡ͔Ϣ̓ʓ 

ȹʑ ἍʀἍȹ̓ʓἍʈἍ̞ ȹχχ˯ʈʤἍУʤʈχ͔ΡεἍʈȹ̓ἍʀʤἍʈ͔̓УʤΡχʤʓἍχ͔ἍfȹΡχʤε˯ȹ̓Ἅʈ͔͔Ρʓ˯̓ȹχʤεἍЧ˯χ˜ἍȹἍʈ͔̞̞˯̓ʤȹΡἍЧ˯χ˜Ἅχ˜ʤἍfȹΡχʤε˯ȹ̓Ἅ

БἍȹа˯εἍȹ̓ʓἍʀἍʈ͔Θ̞ȹ̓ȹΡἍЧ˯χ˜Ἅχ˜ʤἍfȹΡχʤε˯ȹ̓ἍБᶓЖἍΘ̞ȹ̓ʤἍȹεἍ˅͔̞̞͔Чε᷁ 

ȹἍḃἍȹаἍ˯ ʀἍḃἍɡаἍ˯ἍḅἍɡеἍ̍ ʈἍḃἍɩаἍ˯ἍḅἍʈеἍ̍ ἍἍḅἍɩэἍ̕ ᵽᴟᴝᶓᴡᵾ 

Ч˜ʤΡʤ 

ȹаἍḃἍȹ 

ɡаἍḃἍɡἍʈ͔εᵽgᵾᶽἍἍἍɡеἍḃἍɡἍε˯̓ᵽgᵾ 

ɩаἍḃἍɩἍʈ͔εᵽbᵾᶽἍἍἍɩеἍḃἍἍɩἍᵽʈ͔εᵽaᵾἍᶔἍʈ͔εᵽbᵾἍʈ͔εᵽgᵾᵾἍᶏἍε˯̓ᵽgᵾᶽἍἍἍɩэᴟἍḃἍɩᴟἍ-ἍᵽɩаᵾᴟᶔἍᵽɩеᵾᴟ 

aᶽἍbᶽἍcἍȹΡʤἍχ˜ʤἍ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍȹ̓ʓἍaʑ bʑ gἍχ˜ʤἍ̞ȹχχ˯ʈʤἍȹ̓ː̞ʤεᶾἍƾʤʈ˯ΘΡ͔ʈȹ̞Ἅ̞ȹχχ˯ʈʤἍУʤʈχ͔ΡεἍᶽἍ̂ʑ Ἅȹ̓ʓἍfἍ

ȹΡʤ᷁ 

ἍḃἍаἍ˯ἍḅἍеἍ̍ ἍἍḅἍэἍ̕ Ἅ̂ḃἍ̂еἍ̍ἍḅἍ̂эἍ̕ fἍḃἍfэἍ̕ 

Ǚ̃ ʤἍʤΞϢȹχ˯͔̓ἍΡʤ̞ȹχ˯̓ːἍʓᶓεΘȹʈ˯̓ːἍɴ̃ ̕Ἅ̞χ͔Ἅ˜̞̕Ἅ˯̓ἍχʤΡ̼εἍ͔˅Ἅχ˜ʤἍΡʤʈ˯ΘΡ͔ʈȹ̞Ἅ̞ȹχχ˯ʈʤἍΘȹΡȹ̼ʤχʤΡεἍ˯ε᷁ 

ὢ Ὤ ὢ Ὧ ὢὰ ὢ Ὤ Ὧ ὢ Ὤ ὰ ὢ Ὧ ὰ ρὨϳ  ᵽᴟᴝᶓᴢᵾ 

Ч̃ ʤΡʤ 

ὢ ὃ ὃ ὃ 

ὢ ὄ ὄ  

ὢ ὅ  

ὢ ςὃὄ ςὃὄ 

ὢ ςὃὅ 

ὢ ςὄὅ 

 

 



Charge-flipping 235 

 

235  Charge-flipping 

 

21. fß ƾË|ᶓÇŗăƵƵăŪË 

The charge - flipping  method  of  Oszlányi  & Süto  (2004 ) has been  implemented  (f͔ ʤ̞˜͔Ἅʑᴟᴝᴝᴦᵾ using 

the keyword s shown  in Table  21-2. Also included  is the  use of  the tangent  formula  (Hauptman  & Karle, 

1956) within  the iterative  charge - flipping  proce ss. Equation s appearing  in charge - flipping  keyword s 

can be function s of  the  items shown  in Table  21-1.ἍχἍχ˜ʤἍʤ̓ʓἍ͔ Ἅ˅ȹἍʈ˜ȹΡːʤἍ˅ ̞˯ΘΘ˯̓ːἍΘΡ͔ʈʤεεἍȹἍ˅ ˯̞ʤἍЧ˯χ˜Ἅ

χ˜ʤἍεȹ̼ʤἍ̓ ȹ̼ʤἍȹεἍχ˜ȹχἍː ˯Уʤ̓ἍʀеἍcf _hkl_file Ἅ˯εἍʈΡʤȹχʤʓἍʀϢχἍЧ˯χ˜ἍȹἍḞÇʒfἍʤаχʤ̓ε˯ ͔̓ᶾἍ̞̼ε͔χἍȹ̞̞Ἅʈ˜ȹΡːʤᶓ

˅̞˯ΘΘ˯̓ːἍ̕ ʤеЧ͔ΡʓεἍʈȹἍ̓ʀʤἍʤΞϢȹχ˯͔̓εʑἍȹ̞̞͔Ч˯̓ːἍ˅ ͔ΡἍː ΡʤȹχἍ˅ ̞ʤа˯ʀ˯̞˯χеἍ˯ ᶓ̓ΡʤːȹΡʓεἍχἍ͔ʈ˜ȹ̓ː˯̓ːἍΡʤε͔ ̞Ϣχ˯͔̓Ἅ

ʤχʈʒʒ ᶾἍ͔ Ἅ̓χ˜ʤἍ˅ ̞еᶾἍǙȹʀ̞ʤἍ21-3Ἅ̞ε˯χεἍʈ̃ ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍʤаȹ̼Θ̞ʤεἍ˅͔Ϣ̓ʓἍ˯Ἅ̓χ˜ʤἍfÇἍʓ˯Ρʤʈχ͔Ρеᶾ 

Ǚȹʀ̞ʤἍᴟᴞᶓᴞʒἍăχʤε̼Ἅχ˜ȹχἍʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ʈ˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍʤΞϢȹχ˯͔̓ε 

Ëʤχᵽ˯̍ᵾἍ 

Ëʤχᵽȹ̞Θ˜ȹḚεϢ ᵾ̼Ἅ 

Ëʤχᵽʓʤ̓ε˯ χеᵾ 

Ëʤχᵽʈеʈ̞ʤεḚε˯ ̓ʈʤḚ̞ ȹεχḚʀʤεχᵾ 

ËʤχᵽʓḚεΞϢȹΡʤʓḚ˯ ̓УʤΡεʤᵾ 

Ëʤχᵽ˯̓˯χ˯ȹ̞ḚΘ˜ȹεʤᵾ 

Ëʤχᵽ˯χʤΡεḚε˯ ̓ʈʤḚ̞ ȹεχḚʀʤεχᵾ 

ËʤχᵽÇᴝᴝᴝᵾ 

Get(max _density ) 

Get(max _density_at_cycle _iter _0) 

Ëʤχᵽ̓Ϣ̼ḚΡʤ˅̞ʤʈχ˯͔̓εḚȹʀ͔УʤḚʓḚ̼ ˯̓ᵾ 

ËʤχᵽΘ˜ȹεʤḚʓ˯˅˅ʤΡʤ̓ʈʤᵾ 

ËʤχᵽΡḚ˅ ȹʈχ͔ΡḚᴞᵾʑἍËʤχᵽΡḚ˅ ȹʈχ͔ΡḚᴟᵾ 

Ëʤχᵽχ˜Ρʤε̃ ͔̞ʓᵾ 

 

 

 

 

 

Ǚ̃ ʤεʤἍȹΡʤἍϢΘʓȹχʤʓἍ˯ ̓χʤΡ̓ȹ̞̞еἍʤȹʈἍ̃ʈ˜ȹΡːʤᶓ˅ ̞˯Θᶓ

Θ˯̓ːἍ˯ χʤΡȹχ˯͔̓Ἅ͔ ΡἍʈеʈ̞ʤἍ͔ ΡἍЧ˜ʤἍ̓̓ ʤʤʓʤʓ ʒ

Reserved  parameter  names:ἍCycle _Iter ἍʑCycle ἍʑIter ἍʑD_spacing  

Macros ᵽεʤʤἍǙſƵ ǋᶾăŪfᵾ 

RampᶽἍRamp_ClampᶽἍCycle _RampᶽἍTangentᶽἍRestart_CFᶽἍPickᶽἍPick_Best 

Out_for _cfᵽ˅˯̞ʤᵾἍ᷁ἍſϢχΘϢχεἍχ˜ʤἍἍ̼ ȹχΡ˯аἍ˅Ρ͔̼ἍȹἍƵȹЧ̞ʤеἍΡʤ˅˯̓ʤ̼ʤ̓χἍ˅͔ΡἍϢεʤἍ˯̓Ἅʈ˜ȹΡːʤἍ˅̞˯ΘΘ˯̓ː᷄ἍϢεʤεἍ

cf _in_A_matrixᶾἍǋʤʤἍʤаȹ̼Θ̞ʤἍfÇᶓfăŢ|ᶓƵ ȉŗ|ȖᶾăŪƵ ʒ

 

Ǚȹʀ̞ʤἍᴟᴞᶓᴟʒἍōʤеЧ͔ΡʓεἍχ˜ȹχἍʈȹἍ̓ʀʤἍϢεʤʓἍ˯Ἅ̓ʈ˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːᶾ 

charge _flipping  Default  

ᵿa ᵳ| b ᵳ| c ᵳ| ᵿal ᵳ|ᶁ ᵿbe ᵳ|ᶁ ᵿga ᵳ|ᶁ alἍḃἍbeἍḃἍgaἍḃἍᴨᴝ 

ᵿcf _hkl_file   ʤᶁ̞˯˅ײ 

ᵿcf _in_A_matrix [ʤ̞˯˅ײ    

ᵿscale_AijἍᵳ|ᶁ Ëʤχᵽ˯̍ᵾḝᴟ 

ᵿbreak _cycle _if_true  ᵳ|ᶁ  

ᵿdelete _observed _reflection s ᵳ|ᶁ  

ᵿextend _calculated _sphere _to ᵳ|ᶁ  

ᵿf_atom _type  $type  f_atom _quantity  ᵳ|ᶁʒ ᶾᶾ  

ᵿfind _origin  ᵳ|ᶁ ᴞ 
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ᵿfraction _density_to_flip  ᵳ|ᶁ ᴝʒᴦᴣ 

ᵿfraction _reflection s_weak  ᵳ|ᶁ ᴝ 

ᵿmin_d ᵳ|ᶁ ᴝ 

ᵿmin_grid _spacing  ᵳ|ᶁ  

ᵿneutron _dataᶁ  

ᵿspace _group  $ᶁ P1 

ᵿuse_Fcᶁ  

Electron  density  perturbations  
 

ᵿflip _equation  ᵳ|ᶁ  

ᵿflip _regime _2 ᵳ|ᶁ  

ᵿflip _regime _3 ᵳ|ᶁ  

ᵿhistogram _match _scale_fwhm  ᵳ|ᶁ  

ᵿhm_size_limit _in_fwhmἍᵳ|ᶁ ᴞ 

ᵿhm_covalent _fwhmἍᵳ|ᶁ ᴞ 

ᵿpick _atom s ײȹχ͔̼εᶁ...  

ᵿactivate  ᵳ|ᶁ ᴞ 

ᵿchoo se_fromἍᵳ|ᶁ  

ᵿchoo se_toἍᵳ|ᶁ  

ᵿchoo se_randomly Ἅᵳ|ᶁ  

ᵿomitἍᵳ|ᶁ  

ᵿdisplaceἍᵳ|ᶁ  

ᵿinsertἍᵳ|ᶁ  

ᵿscale_density_below _thre shold  ᵳ|ᶁ  

ᵿsymmetry _obey _0_to_1 ᵳ|ᶁ  

Phase  perturbations  
 

ᵿadd_to_phases_of_weak _reflection s ᵳ|ᶁ  

ᵿrandomize _phases_on_new _cycle _by  ᵳ|ᶁ ᴝ 

ᵿset_initial _phases_to ײ˅˯̞ʤᶁ  

ᵿmodify _initial _phasesἍᵳ|ᶁ  

ᵿtangent _num_h_read  ᵳ|ᶁ  

ᵿtangent _num_k_readἍᵳ|ᶁ  

ᵿtangent _num_h_keepἍᵳ|ᶁ  

ᵿtangent _max_triplet s_per_hἍᵳ|ᶁ ᴡᴝ 

ᵿtangent _min_triplet s_per_hἍᵳ|ᶁ ᴞ 

ᵿtangent _scale_difference _byἍᵳ|ᶁ ᴞ 

ᵿtangent _tinyἍᵳ|ᶁ ᴝʒᴝᴞ 

Mi scellaneous  
 

ᵿapply _exp_scale  ᵳ|ᶁ ᴞ 

ᵿcorrect _for _atomic _scattering _factor s ᵳ|ᶁ ᴞ 

ᵿcorrect _for _temperature _effect s ᵳ|ᶁ ᴞ 

ᵿhkl_plane  $hkl ]...  
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ᵿrandomize _initial _phases_by ᵳ|ᶁ ƾȹ̓ʓᵽᶓᴞᴧᴝʑᴞᴧᴝᵾ 

ᵿscale_E ᵳ|ᶁ ᴞ 

ᵿscale_F ᵳ|ᶁ ᴞ 

ᵿscale_F000  ᵳ|ᶁ ᴝ 

ᵿscale_weak _reflection s ᵳ|ᶁ  

ᵿuser_thre shold  ᵳ|ᶁ  

ᵿverbo se ᶍᶁ ᴞ 

GUI Related  
 

ᵿadd_to_cloud _N ᵳ| ᵿadd_to_cloud _when  ᵳ|ᶁᶁ  

ᵿpick _atom s_when  ᵳ|ᶁ  

ᵿview _cloud  ᵳ|ᶁ ᴞ 

21.1 ...... f˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍϢεȹːʤ 

CF work s well  on data  at good  resolution  (<1Å resolution).  For data  at poor  resolution  or for  difficult  

structure s then  inclu sion of  the tangent  formula  can facilitate  solution  and sharpen  electron  densities, 

see example  fÇᶓᴞᴦȖᶾăŪƵ. Powder  diffraction  data  usually  fall  under  the  poor  resolution/data  quality  

category  and as such  additional  symmetry  restraint s using symmetry _obey _0_to_1 can sharpen  elec-

tron  densities. Example  fÇᶓ ŗȆſᴢʒ ăŪƵ demon strate s the use of  the tangent  formula  on powder  data.Ἅ 

Ǚ̃ ʤἍʈ˜͔˯ʈʤἍȹ̓ʓἍȹ̼͔Ϣ̓χἍ͔ Ἅ˅ΘʤΡχϢΡʀȹχ˯͔̓Ἅ̓ʤʈʤεεȹΡеἍ˅͔ΡἍ˅ ˯̓ʓ˯̓ἍːȹἍε͔ ̞Ϣχ˯͔̓ἍȹΡʤἍ˯̼Θ͔Ρχȹ̓χἍʈ͔ἐ˯ ʓʤΡȹχ˯͔̓εʒἍ

Ū͔ χἍʤ͔̓Ϣː˜ἍΘʤΡχϢΡʀȹχ˯͔̓Ἅ̞ ʤȹʓεἍχἍ͔χ˜ʤἍεеεχʤἍ̼ʀʤ˯̓ːἍχΡȹΘΘʤʓἍЧ˯χ˜˯̓ἍȹἍ̞ ͔ʈȹ̞ἍΘȹΡȹ̼ʤχʤΡἍεΘȹʈʤ᷄Ἅχ͔Ἅ͔̼ ϢʈἍ̃

ΘʤΡχϢΡʀȹχ˯͔̓Ἅ̼ ȹеἍ̞ ʤȹʓἍχἍ͔ȹἍε͔ ̞Ϣχ˯͔̓Ἅ̓ ͔χἍʀʤ˯̓ːἍ˅ ͔Ϣ̓ʓἍʑȹ̓ʓἍ˯Ἅ̓ȹʓʓ˯χ˯͔̓Ἅʈ͔̓χΡȹεχἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔ΡεἍΘΡ˯͔ΡἍχἍ͔ȹ̓ʓἍ

ȹχἍʈ͔̓УʤΡːʤ̓ʈʤἍȹΡʤἍʓ˯̼˯̓˯ε̃ ʤʓ᷄Ἅχ˜˯εἍ̞ʤȹʓεἍχἍ͔ʓ˯˅˅˯ʈϢ̞χἍχἍ͔˯ʓʤ̓χ˯˅еἍε͔ ̞Ϣχ˯͔̓εʒἍŢȹ̓еἍ͔ Ἅ˅χ˜ʤἍʤаȹ̼Θ̞ʤεἍ˯Ἅ̓χ˜ʤἍ

fÇἍʓ˯Ρʤʈχ͔ΡеἍϢεʤἍχ˜ʤἍRampἍ̼ ȹʈΡ͔ἍχἍ͔ː ΡȹʓϢȹ̞̞еἍУȹΡеἍʈ͔̓χΡ͔̞ἍΘȹΡȹ̼ʤχʤΡεʑἍ̃ ʤΡʤἍȹΡʤἍε͔ ̼ʤἍʤаȹ̼Θ̞ʤε᷁ 

fraction _density _to _flip  = Ramp(0.85,  0.8,  100);  
fraction _reflections _weak = Ramp(0.5,  0,  100);  
flip _regime _2 = Ramp(1,  0,  200);  
flip _regime _3 = Ramp(0.25,  0.5,  200);    
symmetry _obey _0_to _1 = Ramp(0.5,  1,  100);   
tangent _scale _difference _by  = Ramp(0,  1,  100);  

f̃ ͔ε͔˯ ̓Ἅːʈ͔̓χΡ͔̞Ἅparameter sἍ˯Ἅ̓χ˜ε˯Ἅ̼ ȹ̓̓ʤΡἍː ΡȹʓϢȹ̞̞еἍʓʤʈΡʤȹεʤεἍΘʤΡχϢΡʀȹχ˯͔̓Ἅʑȹ̞̞͔Ч˯̓ːἍ˅ ͔ΡἍε͔ ̞Ϣχ˯͔̓εἍ

χἍ͔ʀʤἍ˅ ͔Ϣ̓ʓἍȹ̓ʓἍ˯ ʓʤ̓χ˯˅˯ʤʓᶾἍǙ̃ ε˯Ἅ˯εἍε˯ ̼˯̞ȹΡᶓχἍ͔ȹἍε˯ ̼Ϣ̞ȹχʤʓἍȹ̓̓ʤȹ̞˯̓ːἍΘΡ͔ʈʤεεἍЧ˜ʤΡʤἍχʤ̼ΘʤΡȹχϢΡʤεἍεχȹΡχἍ

ȹχἍ̃ ˯ː˜ἍУȹ̞ϢʤεἍȹ̓ʓἍȹΡʤἍχ˜ʤ̓ἍΘΡ͔ːΡʤεε˯Уʤ̞еἍ̞ ͔ЧʤΡʤʓ ʒ

21.1.1 ........... Perturbations  

Perturbation s can be categorized  as being  of  either  phase, structure  factor  inten sity  or electron  den-

sity  perturbation s as shown  in Table  21-2. Ǚ̃ ʤΡʤἍȹΡʤἍχЧἍ͔ʀϢ˯̞χἍ˯ Ἅ̓˅ ̞˯ΘΘ˯̓ːἍΡʤː˯̼ʤεʑἍflip _regime _2Ἅȹ̓ʓἍ

flip _regime _3 Ἅʑȹ̓ʓἍ͔ ̓ʤἍϢεʤΡἍʓʤ˅˯̓ʤʓἍΡʤː˯̼ʤἍflip _equation Ἅʒſ̓ ̞еἍ͔ ̓ʤἍʈȹἍ̓ʀʤἍϢεʤʓʑἍȹ̓ʓἍχ˜ʤеἍȹ̞̞Ἅ̼ ͔ʓ˯˅еἍ

χ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍʒă̓Ἅχ˜ʤἍȹʀεʤ̓ʈʤἍ͔ Ἅ˅ȹἍ˅ ̞˯ΘΘ˯̓ːἍΡʤː˯̼ʤἍʑχ˜ʤἍ˅ ͔̞̞͔Ч˯̓ːἍ˯εἍϢεʤʓἍwhere  d corre spond s 

to the electron  density  thre shold.  
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”
”           Ὢέὶ ” ‏
”              Ὢέὶ ” ‏

 ᵽᴟᴞᶓᴞᵾ 

Ǧε˯ ̓Ἅːχ˜ʤἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍ͔ Ἅ̓ʤ˯χ˜ʤΡἍʓ˯˅˅˯ʈϢ̞χἍεχΡϢʈχϢΡʤεἍ͔ ΡἍ͔ Ἅ̓ʓȹχȹἍȹχἍΘ͔͔ΡἍΡʤε͔ ̞Ϣχ˯͔̓Ἅ͔ ˅χʤ̓Ἅ̞ ʤȹʓεἍχἍ͔

ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εʒἍǦΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εἍʈȹἍ̓ʀʤἍȹУ͔˯ʓʤʓἍʀеἍ̼ ͔ʓ˯˅е˯̓ːἍχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍ

Ϣε˯ ̓ἍːȹἍ˅ ̞˯ΘΘ˯̓ːἍΡʤː˯̼ʤἍχ˜ȹχἍʓȹ̼Θʤ̓εἍ̃ ˯ː˜Ἅʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χ˯ʤεἍ͔ ΡἍʀеἍϢε˯ ̓Ἅːpick _atom s Ἅʒ 

Ǧε˯̓ːἍȹἍ̞ ȹΡːʤἍ̓Ϣ̼ʀʤΡἍ͔ Ἅ˅χΡ˯Θ̞ʤχεἍ˅͔ΡἍʤȹʈ˜Ἅ|̔ἍУȹ̞ϢʤἍᵽȹἍУȹ̞ϢʤἍ˅͔ΡἍtangent _max_triplet s_per_hἍː ΡʤȹχʤΡἍχ˜ȹ̓Ἅ

ᴞᴝᴝᵾʑἍΡʤʓϢʈʤεἍΘʤΡχϢΡʀȹχ˯͔̓Ἅʑ˯ ̓ʈΡʤȹεʤεἍ͔ʈʈϢΡΡʤ̓ʈʤεἍ͔ Ἅ˅ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εʑἍȹ̓ʓἍ˯ ̓ʈΡʤȹεʤεἍχ˜ʤἍ

ʈ̃ ȹ̓ʈʤεἍ͔ Ἅ˅˅ ˯̓ʓ˯̓ːἍȹἍε͔ ̞Ϣχ˯͔̓Ἅȹ˅χʤΡἍȹἍ̓˯ ̓˯χ˯ȹ̞ἍΘ˜ȹεʤἍΡȹ̓ʓ͔̼˯эȹχ˯͔̓ἍʒἍ̞ ȹΡːʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅χΡ˯Θ̞ʤχεἍЧ͔Ϣ̞ʓἍ

χеΘ˯ʈȹ̞̞еἍʀʤἍϢεʤʓἍ˅͔ΡἍΘ͔͔ΡἍΡʤε͔ ̞Ϣχ˯͔̓ἍʓȹχȹἍ᷄ʈ͔ΡΡʤεΘ͔̓ʓ˯̓ː̞еἍȹἍ˅̞˯ΘΘ˯̓ːἍΡʤː˯̼ʤἍχ˜ȹχἍȹУ͔˯ʓεἍϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼

ε͔ ̞Ϣχ˯͔̓εἍε̃ ͔Ϣ̞ʓἍʀʤἍʈ˜ε͔ʤ̓ʒἍƵʤΡχϢΡʀȹχ˯͔̓εἍ̼ ε͔χ̞еἍ˯̓ʈΡʤȹεʤἍΡȹ̓ʓ͔̼̓ʤεεἍ˯Ἅ̓χ˜ʤἍεеεχʤἍ̼Ч˯χ˜Ἅχ˜ʤἍʤаʈʤΘᶓ

χ˯͔̓εἍ͔ Ἅ˅χ˜ʤἍχȹ̓ːʤ̓χἍ˅͔Ρ̼Ϣ̞ȹἍʑscale_density_below _thre sholdἍȹ̓ʓἍhistogram _match _scale_fwhm  ʒ

21.1.2 .......... The  Ewald  sphere , weak  reflections  and  CF termination  

е̂Ἅʓʤ˅ȹϢ̞χἍʑfÇἍϢεʤεἍχ˜ʤἍ̼ ˯̓˯̼Ϣ̼Ἅ͔ ʀεʤΡУʤʓἍɴἍεΘȹʈ˯̓ːἍχἍ͔ʓʤ˅˯̓ʤἍχ˜ʤἍ|Чȹ̞ʓἍεΘ˜ʤΡʤἍ᷄ȹ̞χʤΡ̓ȹχ˯Уʤ̞еἍʑmin_dἍ

ʈȹἍ̓ʀʤἍϢεʤʓἍʒǙ̃ ʤἍ|Чȹ̞ʓἍεΘ˜ʤΡʤἍʈȹἍ̓ʀʤἍ˯ ̓ʈΡʤȹεʤʓἍϢε˯ ̓Ἅːextend _calculated _sphere _to᷄Ἅχ˜ε˯Ἅ˯ ἐʤΡχεἍ

̼ε˯ε˯̓ἍːΡʤ˅̞ʤʈχ˯͔̓εἍȹ̓ʓἍː˯УʤεἍχ˜ʤἍ̼χ˜ʤἍεχȹχϢεἍ͔ Ἅ˅ɲЧʤȹ̕ᶯἍʒȉʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍȹε̞͔Ἅ˯ἐʤΡχʤʓἍ˅͔ΡἍ̼ ε˯ε˯̓Ἅː

Ρʤ˅̞ʤʈχ˯͔̓εἍЧ˯χ˜˯̓Ἅχ˜ʤἍ|Чȹ̞ʓἍεΘ˜ʤΡʤᶾἍȉʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓ἍΘ˜ȹεʤεἍȹ̓ʓἍεχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡεἍʈȹἍ̓ʀʤἍ̼ ͔ʓ˯˅˯ʤʓἍ

Ϣε˯ ̓Ἅːscale_weak _reflection sἍȹ̓ʓἍadd_to_phases_of_weak _reflection s  ʒ

ƾʤ˅̞ʤʈχ˯͔̓εἍχ˜ȹχἍ̃ ȹУʤἍэʤΡ͔Ἅ˯ ̓χʤ̓ε˯ χ˯ʤεἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔χ˜ʤἍεΘȹʈʤἍː Ρ͔ϢΘἍȹΡʤἍ̓ ͔χἍ˯ ̓ʈ̞ϢʓʤʓἍ˯ Ἅ̓fÇ᷄Ἅʈ͔ΡΡʤᶓ

εΘ͔̓ʓ˯̓ː̞еἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔ Ἅ˅͔ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍΡʤ̼͔УʤʓἍ˯εἍΡʤΘ͔ΡχʤʓᶾἍǋχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡἍ˯̓χʤ̓ε˯ χ˯ʤεἍЧ˯χ˜˯̓Ἅ

ȹἍ˅ ȹ̼˯̞еἍ͔ Ἅ˅Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍȹУʤΡȹː˯̓ːἍχ˜ʤἍ͔ ʀεʤΡУʤʓἍεχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡεἍ˯ ̓χʤ̓ε˯ χ˯ʤεʒἍǙ̃ ε˯Ἅ

ȹУʤΡȹː˯̓ːἍ˯εἍȹε̞͔ἍΘʤΡ˅͔Ρ̼ʤʓἍ͔ Ἅ̓ʈȹ̞ʈϢ̞ȹχʤʓἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍʤȹʈἍ̃fÇἍ˯ χʤΡȹχ˯͔̓Ἅ˅͔ΡἍЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εʒ 

f̃ ȹ̓ː˯̓ːἍχ˜ʤἍεΘȹʈʤἍː Ρ͔ϢΘἍ˯εἍΘε͔ε˯ʀ̞ʤ᷄Ἅʈ˜ȹ̓ː˯̓ːἍχ˜ʤἍεΘȹʈʤἍː Ρ͔ϢΘἍχἍ͔ȹἍ̃ ˯ː˜ʤΡἍεе̼̼ʤχΡеἍ˅ Ρ͔Ἅ̼χ˜ȹχἍȹεἍ

˯̼Θ̞˯ʤʓἍ˯Ἅ̓χ˜ʤἍ˯̓ΘϢχἍ̃̕Ἅ̞˅ ˯̞ʤἍ͔˅χʤ̓Ἅ̼ȹ̕ʤεἍεʤἐʤἍʒf̃ ȹ̓ː˯̓ːἍχ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘἍχἍ͔ȹἍ̞͔ЧʤΡἍεе̼̼ʤχΡеἍ˯̼Θ̞˯ʤεἍ

̞ʤεεἍεе̼̼ʤχΡеἍȹ̓ʓἍ˯εἍϢεʤ˅Ϣ̞Ἅ˅͔ΡἍʈ˜ʤʈ̕˯̓ἍːЧ˜ʤχ˜ʤΡἍȹἍε˯ ː̓˯˅˯ʈȹ̓χ̞еἍʀʤχχʤΡἍƾᶓ˅ ȹʈχ͔ΡἍ˯εἍΡʤȹ̞˯эʤʓ ʒ

ǙеΘ˯ʈȹ̞̞еἍʑȹἍ˅ Ρȹʈχ˯͔̓Ἅ͔ Ἅ˅͔ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍ˯εἍː ˯Уʤ̓Ἅχ˜ʤἍεχȹχϢεἍ͔ Ἅ˅ɲ Чʤȹ̕ᶯἍϢε˯ ̓Ἅːfraction _reflec-

tion s_weak Ἅʒȉ˜ʤἍ̓ȹἍε͔ ̞Ϣχ˯͔̓Ἅ˯εἍ˅͔Ϣ̓ʓἍȹ̓ʓἍfÇἍχʤΡ̼˯̓ȹχʤεʑἍȹἍḞÇʒfἍ˅ ˯̞ʤἍ˯εἍεȹУʤʓ᷄Ἅχ˜ε˯Ἅ˅ ˯̞ʤἍʈ͔̼ΘΡ˯εʤεἍεχΡϢʈᶓ

χϢΡʤεἍ˅ ȹʈχ͔ΡεἍχ˜ȹχἍΘΡ͔ʓϢʈʤʓἍχ˜ʤἍʀʤεχἍƾᶓ˅ ȹʈχ͔ΡᶾἍἍ̓ ʤЧἍfÇἍΘΡ͔ʈʤεεἍʈȹἍ̓ʀʤἍ˯ ̓˯χ˯ȹχʤʓἍЧ˯χ˜ἍΘ˜ȹεʤἍ˯ ̓˅͔Ρᶓ

̼ȹχ˯͔̓ἍεȹУʤʓἍ˯Ἅ̓χ˜ʤἍḞÇʒfἍ˅ ˯̞ʤἍϢε˯ ̓Ἅːχ˜ʤἍRestart _CF ̼ȹʈΡ͔ᶾἍǙ͔Ἅ˅ ϢΡχ˜ʤΡἍʈ͔̼Θ̞ʤχʤἍχ˜ʤἍεχΡϢʈχϢΡʤἍʑχ˜ʤἍ̓ ʤЧἍ

fÇἍΘΡ͔ʈʤεεἍ̼ ȹеἍ˅͔ΡἍʤаȹ̼Θ̞ʤἍΡʤʓϢʈʤἍΘʤΡχϢΡʀȹχ˯͔̓εἍχἍ͔ε̃ ȹΡΘʤ̓Ἅχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χе ʒ

21.1.3 .......... Powder  data  considerations  

Ç͔ ΡἍΘ͔ЧʓʤΡἍʓȹχȹἍ˯ χἍ˯εἍϢεϢȹ̞̞еἍʀʤεχἍχἍ͔̼ ȹа˯̼˯эʤἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ʈ͔ἐχΡȹ˯̓χεἍʓϢʤἍχἍ͔Θ͔͔ΡἍʓȹχȹἍΞϢȹ̞˯χе᷄Ἅ˯ χἍ˯εἍ

ȹε̞͔ἍʀʤεχἍχἍ͔ϢεʤἍḞ Ἅʒ˅ ˯̞ʤεἍȹεἍː ʤ̓ʤΡȹχʤʓἍʀеἍȹἍƵȹЧ̞ʤеἍΡʤ˅˯̓ʤ̼ʤ̓χἍȹ̓ʓἍχἍ͔χ˜ʤ̓ἍϢεʤἍcf _in_A_matrix ἍʒŪ͔ Ἅ

ЧʤȹἍ͔̕ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍЧ˯χ˜˯̓Ἅχ˜ʤἍ͔ ʀεʤΡУʤʓἍ|Чȹ̞ʓἍεΘ˜ʤΡʤἍε̃ ͔Ϣ̞ʓἍʀʤἍȹεε˯ː̓ʤʓἍʀеἍεʤχχ˯̓ːἍfrac-

tion _reflection s_weakἍχἍ͔эʤΡ͔ᶾἍă̓εχʤȹʓἍʑЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍʈȹἍ̓ʀʤἍ˯ ̓ʈ̞ϢʓʤʓἍʀеἍʤаχʤ̓ʓ˯̓ːἍχ˜ʤἍ|Чȹ̞ʓἍ

εΘ˜ʤΡʤἍЧ˯χ˜Ἅε͔ ̼ʤχ˜˯̓ːἍ̞ ˯̕ʤ ᷁
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extend _calculated _sphere _to  1 
add_to _phases _of _weak_reflections  = 90 Ramp(1,  0,  100);  

ă˅Ἅχ˜ʤἍ|Чȹ̞ʓἍεΘ˜ʤΡʤἍ˯εἍʤаχʤ̓ʓʤʓἍεϢʈἍ̃χ˜ȹχἍχ˜ʤἍЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍ̼ ȹ̓еἍχ˜ʤ̓Ἅε͔ ̼ʤἍ͔ Ἅ˅χ˜ʤεʤἍЧʤȹἍ̕

Ρʤ˅̞ʤʈχ˯͔̓εἍʈ͔Ϣ̞ʓἍЧʤ̞̞ἍʀʤἍ͔ Ἅ˅̃ ˯ː˜Ἅ˯ ̓χʤ̓ε˯ χеᶾἍǋϢʀεʤΞϢʤ̓χ̞еἍ͔ ˅ε˅ʤχχ˯̓ːἍ̃ ˯ː˜Ἅ˯ ̓χʤ̓ε˯ χеἍЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍʀеἍ

ȹἍʈ͔ἐχȹ̓χἍʈ͔Ϣ̞ʓἍ̞ ʤȹʓἍχἍ͔χ͔Ἅ͔̼ ϢʈἍ̃ΘʤΡχϢΡʀȹχ˯͔̓Ἅȹ̓ʓἍχ˜ϢεἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ̼ ȹеἍʀʤἍΘΡʤ˅ʤΡʤ̓χ˯ȹ̞᷁ 

extend _calculated _sphere _to  1 
add_to _phases _of _weak_reflections  = Rand( - 180,180)  Ramp(1,  0,  100);  

ă̓ἍȹἍƵȹЧ̞ʤеἍΡʤ˅˯̓ʤ̼ʤ̓χἍχ˜ʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍȹχἍχ˜ʤἍ̞ ͔ЧἍɴᶓεΘȹʈ˯ ̓ἍːʤʓːʤἍȹΡʤἍ͔ ˅χʤ̓Ἅ˯ Ἅ̓ʤΡΡ͔Ρ᷄Ἅ˯ χἍ˯εἍ

χ˜ʤΡʤ˅͔ΡʤἍʀʤεχἍχἍ͔Ρʤ̼͔УʤἍχʤ̃εʤἍΡʤ˅̞ʤʈχ˯͔̓εἍϢε˯ ̓Ἅːdelete _observed _reflection s Ἅʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤ ᷁

delete _observed _reflections  = D_spacing  < 1.134;  

ἍχеΘ˯ʈȹ̞Ἅ˅ ˯ΡεχἍχΡеἍăŪƵἍ˅ ˯̞ʤἍχʤ̼Θ̞ȹχʤἍ˅͔ΡἍΘ͔ЧʓʤΡεἍ˯εἍȹεἍ˅͔̞̞͔Чε᷁ 

macro  Nr  {  100  }  
charge _flipping  

cf _in _A_matrix  PAWLEY_FI LE.A  
space _group  $ 
a # b # c al  # be # ga # 
delete _observed _reflections  = D_spacing  < #;  
extend _calculated _sphere _to  # 
add_to _phases _of _weak_reflections  = 90 Ramp(1,  0,  Nr);  
flip _regime _2 = Ramp(1,  0,  Nr);  
symmetry _obey _0_to _1 = Ramp(0.5,  1,  Nr);  
Tangent(0.3,  30)  
min _grid _spacing  0.3  
load  f _atom _type  f _atom _quantity  {  ...  }  

21.1.3.1.......... Powder  data,  the  A matrix  and  the  Tangent  formula  

In the case of  charge - flipping  from  powder  data  TOPAS uses the  diagonally  normalized  A-matrix  

cf _in_A_matrix  ᵽεʤʤἍʤаȹ̼Θ̞ʤἍfÇᶒfÇᶓfăŢ|ᶾăŪƵᵾʑἍwhich  we will  call  qʑ from  a Pawley  refinement  (see 

example  fÇᶒfÇᶓfăŢ|ᶓƵ ȉŗ|ȖᶾăŪƵ) to modify  normalized  structure  factor s |h calculated  during  the 

charge - flipping  proce ss; this produce s better  results than  using reflection s output  in a SHELX format  

(Whitfield  & Coelho , 2016). Equation  (ᴟᴞᶓᴟ) show s how  the structure  factor s are modified.  

%ȟ ȟ %ȟ
Ὅ ȟȟ

Ὅ ȟȟ
 

where       Ὅ ȟȟ  В $ȟὍ ȟ   ÁÎÄ   Ὅ ȟȟ  В $ȟὍ ȟ 

ᵽᴟᴞᶓᴟᵾ 

The subscript s h and k corre spond  to reflection s h and k respectively  and the summation  in k is over  

all reflection s. Icalc ,k and Iobs ,k corre spond s to observed  and calculated  inten sities. Equation  (1) modifie s 

the calculated  inten sities to include  inten sities from  overlapping  peaks. When χ˜ʤΡʤᶫs no overlap  Di,i=1 

and Di,j=0 and the  calculated  inten sities as well  as |h are not  modified.  When using  the direct -method s 
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tangent  formula  within  the  charge - flipping  proce ss as described  by  Coelho  (2007 ), the q matrix  is 

also used to modify  Eh value s used in triple  phase relation ships as shown  in equation  (2).  

Ὁ ȟȟ Ὁ ȟή Ὁ ȟ ρ ή  

×ÈÅÒÅ    ή  В $ȟ 

ᵽᴟᴞᶓᴡᵾ 

Eobs ,h and Ecalc ,h corre spond s to tangent  formula  Eh value s calculated  from  the  observed  and calculated  

inten sities respectively.  Ecalc ,h is typically  not  used in the tangent  formula , however , inten sities used 

for  determining  Eobs ,h can be gro ssly in error  due to peak  overlap.  Equation  (2) therefore  influence s 

triple  phase relation ships by weighing  Eobs ,h by  qh; when  χ˜ʤΡʤᶫs no overlap  qh=1 resulting  in no modi-

fication.  When χ˜ʤΡʤᶫs significant  overlap  then  qh is small  and the influence  of  triple  phase relatio n-

ships using the h- reflection  is reduced.  Equation  (2) also include s a (1-qh) portion  of  Ecalc ,h thus stating  

that  when  χ˜ʤΡʤᶫs significant  overlap  the calculated  Eh is to be more  trustworthy  than  the observed  Eh. 

Equation  (ᴟᴞᶓᴡ) correct  for  error s in Eh when  Iobs is similar - to Icalc ; this assists in reducing  the goodne ss 

of  fit  value , thus enhancing  the chance s of  solving  the  structure.  

21.1.3.2  ......... The  algorithm  of  Oszlányi  & Süto  (2005)  and  F000  

Normalized  structure  factor s enhance  the chance s of  finding  a solution  (Oszlányi  & Süto, 2006 ) and 

are realized  by inclu sion of  f_atom _type sʟ and when  correct _for _temperature _effect s is non-zero.  Ex-

ample  fÇᶓᴞᴦȖᶓË ^ſƾᶾăŪƵ implement s the algorithm  of  Oszlányi  & Süto  (2005 ) with  normalized  struc-

ture  factor s. In the original  algorithm  the amount  of  charge  flipped  is a function  of  the maximum  elec-

tron  density;  this can be realized  using:  

user _threshold  = 0.2  Get(max _density _at _cycle _iter _0);  

Get(max _density_at_cycle _iter _0) is a different  value  at the start  of  each  CF proce ss as phases are 

cho sen randomly.  An alternative  means of  defining  the thre shold  is:  

fraction _density _to _flip  0.83  

Ǚ̃ ʤἍfÇἍΘΡ͔ʈʤεεἍ˯εἍεʤἐ˯ χ˯УʤἍχἍ͔χ˜ʤἍχ˜Ρʤε̃ ͔̞ʓἍУȹ̞ϢʤᶾἍἍУȹ̞ϢʤἍ͔ Ἅ˅ᴝʒᴧᴡἍ˅ ͔ΡἍfraction _density_to_flip Ἅ˯εἍ͔ Θχ˯ᶓ

̼Ϣ Ἅ̼˅ ͔ΡἍ1A7YἍȹ̓ʓἍΘΡ͔ʓϢʈʤεἍȹἍε͔ ̞Ϣχ˯͔̓Ἅ˯Ἅ̓ḋᴞᴝᴝᴝἍ˯ χʤΡȹχ˯͔̓εʒἍἍε͔ ̞Ϣχ˯͔̓Ἅ˯εἍ̓ ͔χἍ˅ ͔Ϣ̓ʓἍ̃ ͔ЧʤУʤΡἍȹχἍᴝʒᴦᴣἍ͔ ΡἍ

ᴝʒᴧᴣʒἍǙ͔Ἅ͔ УʤΡʈ͔̼ʤἍχ˜ε˯Ἅεʤἐ˯ χ˯У˯χеἍχ˜ʤἍfraction _density _to_flipἍΘȹΡȹ̼ʤχʤΡἍʈ͔Ϣ̞ʓἍʀʤἍΡȹ̼ΘʤʓἍȹεἍȹἍ˅ Ϣ̓ʈᶓ

χ˯͔̓Ἅ͔ Ἅ˅˯ χʤΡȹχ˯͔̓Ἅ˅ Ρ͔Ἅ̼ȹἍ̃ ˯ː˜ἍУȹ̞ϢʤἍχἍ͔ȹἍ̞ ͔ЧἍУȹ̞ϢʤἍʑ͔ ΡʑἍ 

fraction _density _to _flip  = Ramp(0.85,  0.8,  100);  

ă̼ Θ̞ʤ̼ʤ̓χȹχ˯͔ Ἅ͔̓ Ἅ˅εϢʈἍ̃ȹἍΡȹ̼ΘἍε͔ ̞УʤεἍᴞȹᴦеἍ˯Ἅ̓ḋᴟᴝᴝᴝἍ˯ χʤΡȹχ˯͔̓εʒἍ 

ÇᴝᴝᴝἍ˯εἍȹ̞̞͔ЧʤʓἍχ͔Ἅ˅̞͔ȹχἍЧ˜ʤἍ̓scale_F000 Ἅ˯εἍεʤχἍχἍ͔ᴞʒἍă̓Ἅχ˜ʤἍOszlányi  & Süto  (2005 )Ἅȹ̞ː͔Ρ˯χ˜̼ἍʑȹἍ˅̞͔ȹχ˯̓ːἍ

ÇᴝᴝᴝἍΘΡ͔ʓϢʈʤεἍχ˜ʤἍʀʤεχἍΡʤεϢ̞χεἍ˅͔ΡἍε͔ ̼ʤἍεχΡϢʈχϢΡʤεἍʀϢχἍ̓ ͔χἍ˅ ͔ΡἍ͔ χ˜ʤΡεἍᵽεʤʤἍεʤʈχ˯͔̓ἍᴟᴞᶾᴟᶾᴡᵾἍʒȉ˜ʤἍ̓χ˜ʤἍ

ʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍ˯εἍΘʤΡχϢΡʀʤʓἍχ˜ʤ̓ἍȹἍ˅ ̞͔ȹχ˯̓ːἍÇᴝᴝᴝἍ͔ ˅χʤ̓ἍΘΡ͔ʓϢʈʤεἍϢ̓˅ȹУ͔ϢΡȹʀ̞ʤἍ͔εʈ˯̞̞ȹχ˯͔̓εἍ˯Ἅ̓ƾᶓ˅ ȹʈᶓ

χ͔ΡεʒἍă̓Ἅː ʤ̓ʤΡȹ̞Ἅʑχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍ˯εἍʀʤεχἍ̞ ʤ˅χἍϢ̓ΘʤΡχϢΡʀʤʓἍЧ˜ʤἍ̓scale_F000 Ἅ˯εἍ̓ ͔ᶓ̓эʤΡ͔ᶾἍExample  

fÇᶓᴞᴦȖᶓË ^ſƾᶾăŪƵ does not  seem to solve  at a lower  resolution , try  for  example:  
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delete _observed _reflections  = D_spacing  < 1.1;  

ſ̓ Ἅχ˜ʤἍ͔ χ˜ʤΡἍ̃ ȹ̓ʓʑἍЧ˜ʤἍ̓scale_F000 Ἅ˯εἍэʤΡ͔Ἅχ˜ʤ̓Ἅʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍΘʤΡχϢΡʀȹχ˯͔̓εἍȹΡʤἍΘε͔ε˯ʀ̞ʤ᷄Ἅ

fÇḚᴞᴦȖᶾăŪƵἍε͔ ̞УʤεἍᴞᴦȖἍȹχἍᴞʒᴞἍ̓εːχΡ͔Ἅ̼ᵽ˯̓ʈ̞ϢʓʤἍɲdelete _observed _reflection s ḃἍD_spacing Ἅ᷿Ἅᴞʒᴞɳ ᵾ᷄Ἅ

fÇḚᴞᴦȖᶾăŪƵἍϢεʤεἍflip _regime _2Ἅȹ̓ʓἍχ˜ʤἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹᶾ 

21.2 ..... f˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍă̓Уʤεχ˯ːȹχ˯͔̓εἍᶏἍǙϢχ͔Ρ˯ȹ̞ε 

Ǚ̃ ʤἍʤ˅˅ʤʈχεἍ͔ Ἅ˅fÇἍ̕ ʤеЧ͔ΡʓεἍʈȹἍ̓ʀʤἍ˯ ̓Уʤεχ˯ːȹχʤʓἍʀеἍ˯ ̓ʈ̞Ϣε˯ ͔̓ᶏʤаʈ̞Ϣε˯ ͔Ἅ͔̓ Ἅ˅̕ ʤеЧ͔ΡʓεἍ͔ ΡἍʀеἍʈ˜ȹ̓ː˯̓ːἍ

ʤΞϢȹχ˯͔̓εʒἍǙ̃ ε˯Ἅεʤʈχ˯͔̓Ἅ̞ε˯χεἍε͔ ̼ʤἍ˯ ̓Уʤεχ˯ːȹχ˯УʤἍʤаȹ̼Θ̞ʤεἍȹ̓ʓἍ̃ ˯ː˜̞˯ː˜χεἍχ˜ʤἍϢεʤἍ͔ Ἅ˅̕ ʤеЧ͔ΡʓεἍ̓ ʤʈʤεᶓ

εȹΡеἍχἍ͔ε͔ ̞УʤἍʤаȹ̼Θ̞ʤεἍ˅͔Ϣ̓ʓἍ˯Ἅ̓χ˜ʤἍfÇἍʓ˯Ρʤʈχ͔Ρе ʒ

21.2.1 .......... Preventing  uranium  atom  solutions  using  pick _atoms  

|аȹ̼Θ̞ʤἍfÇᶓᴞᴦȖᶓſŢăǙᶾăŪƵἍϢεʤεἍpick _atomsἍχἍ͔̼ ͔ʓ˯˅еἍΘʤȹε̕Ἅ͔ Ἅ˅χ˜ʤἍ̃ ˯ː˜ʤεχἍ˯ ̓χʤ̓ε˯ χеἍȹχ͔ε̼ʑἍ͔ Ρᶽ 

pick _atoms  *    choose _to  5    omit  = Rand(1,  1.1);  

Ǚ̃ ε˯Ἅʤаȹ̼Θ̞ʤἍȹʓʓ˯χ˯͔̓ȹ̞̞еἍϢεʤεἍχ˜ʤἍχȹ̓ːʤ̓χἍ˅͔Ρ̼Ϣ̞ȹἍȹ̓ʓἍᴞᴦȖἍε͔ ̞УʤεἍ˯Ἅ̓ḋᴞᴝᴝἍ˯χʤΡȹχ˯͔̓εἍȹ̓ʓἍЧ˯χ˜ἍȹἍ̞ȹΡːʤἍ

ʈ͔̓χΡȹεχἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔ΡεἍʀʤ˅͔ΡʤἍȹ̓ʓἍȹχἍʈ͔̓УʤΡːʤ̓ ʈʤʒἍ͔̓χ˜ʤΡἍ̼ ʤȹἐἍχἍ͔̼ ͔ʓ˯˅еἍχ˜ʤἍΘʤȹε̕ἍȹΡʤ᷁ 

pick _atoms  *    choose _to  5    insert  = Rand( - .1,  1);  

Ǚ̃ ʤἍinsertἍʈȹεʤἍ˯εἍε̞ ˯ː˜χ̞еἍε̞ ͔ЧʤΡἍχ˜ȹ̓Ἅχ˜ʤἍomitἍʈȹεʤἍȹεἍχ˜ʤἍᴣἍȹχ͔ε̼ἍȹΡʤἍ˅ ˯ΡεχἍ͔ ̼˯χχʤʓἍʀʤ˅͔ΡʤἍ˯ἐʤΡχ˯͔̓ᶾἍ

|ȹʈἍ̃ʈȹεʤἍ̃ ͔ЧʤУʤΡἍε͔ ̞УʤεἍᴞᴦȖἍ˯̓ἍȹἍε˯ ̼˯̞ȹΡἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅˯ χʤΡȹχ˯͔̓εʒ 

|аȹ̼Θ̞ʤἍfÇᶓᴞᴦȖᶓŪſᶓǙ ŪË|ŪǙᶾăŪƵἍ˯εἍε˯ ̼˯̞ȹΡἍʀϢχἍЧ˯χ˜͔ϢχἍχ˜ʤἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍʑᴞᴦȖἍ˯Ἅ̓χ˜ε˯ἍʈȹεʤἍε͔ ̞УʤεἍ

˯Ἅ̓ḋᴞᴝᴝᴝἍ˯ χʤΡȹχ˯͔̓εʒ 

21.2.2  .......... The  tangent  formula  on powder  data  

ă̓ἍfÇᶓ ŗȆſᴢʒ ăŪƵἍʈ͔̼̼ʤ̓χἍ͔ ϢχἍχ˜ʤἍǙȹ̓ːʤ̓χἍ̞ ˯̓ʤἍȹεἍ˅ ͔̞̞͔Чε᷁ 

ª Tangent(.5,  50)  

ƾϢἍ̓fÇᶓ ŗȆſᴢʒ ăŪƵἍȹ̓ʓἍχϢΡ̓Ἅ͔ Ἅ̓ſʈχȹ˜ʤʓΡȹἍУ˯ʤЧ˯̓ːἍ˯Ἅ̓χ˜ʤἍſΘʤË̓ŗἍЧ˯̓ʓ͔ЧᶾἍȆ˯εϢȹἍ̞˯ἐΘʤʈχ˯͔̓Ἅ͔ Ἅ˅Θ˯ʈ̕ʤʓἍ

ȹχ͔ε̼Ἅε̃ ͔Ϣ̞ʓἍε̃ ͔ЧἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χ˯ʤεἍχ˜ȹχἍȹΡʤἍ̓ ͔χἍΡʤʈ͔ː̓˯эȹʀ̞ʤἍȹεἍʈ͔ΡΡʤʈχἍε͔ ̞Ϣχ˯͔̓εʒ 

ă̓ ʈ̞ϢʓʤἍχ˜ʤἍǙȹ̓ːʤ̓χἍ̞ ˯̓ʤἍȹ̓ʓἍΡʤΡϢ̓᷄Ἅȹ˅χʤΡἍȹἍ̼ ˯̓ϢχʤἍ͔ ΡἍχЧἍ͔ȹ̓ʓἍȹχἍχ˜ʤἍʀ͔χχ͔̼Ἅ͔ Ἅ˅χ˜ʤἍƾȹ̼ΘεἍУε˯ϢȹἍ̞˯ ̓ᶓ

εΘʤʈχ˯͔̓Ἅ͔ Ἅ˅Θ˯ʈ̕ʤʓἍȹχ͔ε̼Ἅε̃ ͔Ϣ̞ʓἍε̃ ͔ЧἍȹἍЧʤ̞̞ᶓʓʤ˅˯̓ʤʓἍε͔ ̞Ϣχ˯͔̓ᶾ 

Ǚ̃ ϢεʑἍϢεʤἍ͔ Ἅ˅χ˜ʤἍχȹ̓ːʤ̓χἍ˅͔Ρ̼Ϣ̞ȹἍȹεε˯εχεἍ˯Ἅ̓ε͔ ̞У˯̓ἍːfÇᶓ ŗȆſᴢʒ ăŪƵ ʒ

21.2.3  .......... Pseudo  symmetry  ᶔ 441 atom  oxide  

fÇἍЧ͔Ρε̕ἍЧʤ̞̞Ἅ͔ Ἅ̓ΘεʤϢʓἍ͔εе̼̼ʤχΡ˯ʈἍstructure s (Oszlányi  et al., 2006 ). Example  fÇᶓƵŪᶓᴝᴟʒăŪƵ is an 

oxide  structure  that  contain s 441 atom s in the asymmetric  unit  (Lister  et al., 2004 ); run  CF to conver-

gence.  Pick ing  atom s and turn ing on Octahedra  viewing  should show well formed polyhedra . Thus, 
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CF work s extrem ely fast and trivialize s the solving  of  such  structure s. The content s of  the INP file  is 

as follow s: 

charge _flipping  
cf _hkl _file  020pn.hkl  
space _group  Pn 
a 24.1332   b 19.5793   c 25.1091   be 99.962  
fraction _reflections _weak 0.4  
symmetry _obey _0_to _1 0.3  
Tangent( 0.25,  30)  
load  f _atom _type  f _atom _quantity  {  

MO = 42 2;  
P  = (126  -  42)  2;  
O  = (441  -  126)  2;   

}  

The tangent  formula  is used to assist symmetry _obey _0_to_1Ἅȹ̓ʓἍχἍ͔ȹεε˯εχἍin finding  the solution  

faster;  it is not  nece ssary, however , for  this example . The Oszlányi  & Süto (2005 ) algorithm  can be 

used by  replac ing symmetry _obey _0_to_1Ἅȹ̓ʓἍχ˜ʤἍǙȹ̓ːʤ̓χἍ̞ ˯̓ʤἍЧ˯χ˜Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁ 

scale _F000 1 
fraction _reflections _weak 0.4  
add_to _phases _of _weak_reflections  90 
user _threshold  = 0.15  Get(max _density _at _cycle _iter _0);  

Slow  convergence  is observed  due to the use of  F000 . This is oppo site to the  case of  1a7y in fÇᶓᴞᴦȖᶓ

Ë ^ſƾᶾăŪƵ where  F000  is nece ssary.  Setting  scale_F000  to zero  greatly  increa ses the rate  of  conver-

gence.  

21.2.4  ......... Origin  finding  and  symmetry _obey _0_to_1 

ȉ˜ʤ ̓symmetry _obey _0_to_1 isἍʓʤ˅˯̓ʤʓἍ͔ Ρ˯ː˯̓Ἅ˅ ˯̓ʓ˯̓ːἍ˯εἍΘʤΡ˅͔Ρ̼ʤʓἍʤȹʈἍ̃˯ χʤΡȹχ˯͔̓Ἅ͔ Ἅ˅ʈ˜ȹΡːʤἍ˅ ̞˯ΘΘ˯̓ːᶾἍ

ǋе̼̼ʤχΡеἍʤ̞ʤ̼ʤ̓χεἍ͔ Ἅ˅χ˜ʤἍεΘȹʈʤἍːΡ͔ϢΘἍȹΡʤἍϢεʤʓἍ˯Ἅ̓˅ ˯̓ʓ˯̓ːἍȹἍ͔̓Ρ˯ː˯̓Ἅʒſ̓ Ἅ˅ ˯̓ʓ˯̓ːἍȹἍ͔̓Ρ˯ː˯̓Ἅχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅ

ʓʤἐ˯ χеἍ˯εἍε̃ ˯˅χʤʓἍχἍ͔ȹἍΘ ε͔˯ χ˯͔̓Ἅχ˜ȹχἍʀʤεχἍ̼ ȹχʈ˜ʤεἍχ˜ʤἍεе̼̼ʤχΡеἍ͔ Ἅ˅χ˜ʤἍεΘȹʈʤἍː Ρ͔ϢΘᶾἍʓʓ˯χ˯͔̓ȹ̞̞еἍʑȹἍ

ΡʤεχΡȹ˯̓χἍ˯εἍΘ̞ȹʈʤʓἍ͔ Ἅ̓χ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍΘ˯аʤ̞εἍ˅ ͔Ρʈ˯̓ːἍεе̼̼ʤχΡеἍχἍ͔ʀʤἍ͔ ʀʤеʤʓᶾ 

ƾϢἍ̓fÇᶓ |ᴞᴢʒăŪƵἍχἍ͔ʈ͔̓УʤΡːʤ̓ʈʤ᷄Ἅ̓ ͔χ˯ʈʤἍχ˜ʤἍƵᵴ״Ἅεе̼̼ʤχΡеᶾἍƾʤ̼͔УʤἍsymmetry _obey _0_to_1Ἅȹ̓ʓἍΡϢἍ̓χἍ͔

ʈ͔̓УʤΡːʤ̓ʈʤ᷄Ἅχ˜ʤἍ͔ Ρ˯ː˯̓Ἅε̃ ͔Ϣ̞ʓἍ̓ ͔ЧἍʀʤἍȹΡʀ˯χΡȹΡеᶾ 

21.2.5  .......... symmetry _obey _0_to _1 on  poor  resolution  data  

ƾϢἍ̓fÇᶓ |ᴣʒ ăŪƵἍϢ̓χ˯̞ἍȹἍε͔ ̞Ϣχ˯͔̓Ἅ˯εἍ˅ ͔Ϣ̓ʓἍ᷄χʤΡ̼˯̓ȹχʤἍfÇʑἍχ˜ε˯ἍεȹУʤεἍχ˜ʤἍΘ˜ȹεʤἍ˯ ̓˅͔Ρ̼ȹχ˯͔̓ἍχἍ͔χ˜ʤἍ˅ ˯̞ʤἍ

|ᴣʒ ÇfʒἍf͔ ΘеἍ|ᴣʒ ÇfἍχἍ͔|ᴣᶓǋ Ȇ|ᶾÇfἍʒƵ̞ ȹʈʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ̞ ˯̓ʤεἍ˯ ̓χ͔Ἅχ˜ʤἍ˅ ˯̞ʤἍfÇᶓ |ᴣᶓƵſſƾᶾăŪƵ: 

set _initial _phases _to  ae5- save.fc  
randomize _initial _phases _by  0 

Ǚ̃ ε˯Ἅε˯ ̼Θ̞еἍεχȹΡχεἍfÇἍЧ˯χ˜Ἅ͔ Θχ˯̼Ϣ̼ἍΘ˜ȹεʤἍУȹ̞ϢʤεʒἍ ε̞͔Ἅ˯ ̓ʈ̞ϢʓʤἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ̞ ˯̓ʤ᷁ 
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symmetry _obey _0_to _1 0.75  

ƾϢἍ̓fÇᶓ |ᴣᶓƵſſƾᶾăŪƵἍ᷄χ˜ʤἍȹχ͔Ἅ̼Θ ε͔˯ χ˯͔̓εἍȹ˅χʤΡἍΘ˯ʈ̕˯̓ːἍε̃ ͔Ϣ̞ʓἍУε˯Ϣȹ̞̞еἍΘΡ͔ʓϢʈʤἍχ˜ʤἍʈ͔ΡΡʤʈχἍΡʤεϢ̞χᶾἍ

f͔ ̼̼ʤ̓χἍ͔ϢχἍsymmetry _obey _0_to_1Ἅȹ̓ʓἍΡʤΡϢἍ̓fÇᶓ |ᴣᶓƵſſƾᶾăŪƵἍʒƾᶓ˅ ȹʈχ͔ΡεἍε̃ ͔Ϣ̞ʓἍʓ˯УʤΡːʤἍȹ̓ʓἍΘ˯ʈ̕ʤʓἍ

ȹχ͔ε̼Ἅε̃ ͔Ϣ̞ʓἍε̃ ͔ЧἍȹἍ̓ ͔ᶓ̓ε͔ ̞Ϣχ˯͔̓ᶾἍǙ̃ ϢεʑἍsymmetry _obey _0_to_1Ἅȹεε˯εχεἍ˯Ἅ̓ε͔ ̞У˯̓ːἍfÇᶓ |ᴣᶓƵſſƾᶾăŪƵ ʒ

ă̓ ʈ̞ϢʓʤἍsymmetry _obey _0_to_1Ἅȹ̓ʓἍΡʤ̼͔УʤἍset_initial _phases_toἍȹ̓ʓἍrandomize _initial _phases_byἍȹ̓ʓἍ

χ˜ʤ̓ἍΡʤΡϢἍ̓fÇᶓ |ᴣᶓƵſſƾᶾăŪƵἍʒἍε͔ ̞Ϣχ˯͔̓Ἅε̃ ͔Ϣ̞ʓἍʀʤἍ͔ʀχȹ˯̓ʤʓἍ˯Ἅ̓ȹἍ˅ʤЧἍ̼ ˯̓ϢχʤεʒἍŪ͔ χʤἍχ˜ȹχἍ˯Ἅ̓χ˜ε˯Ἅʤаȹ̼Θ̞ʤἍ

χ˜ʤἍʓʤ˅ȹϢ̞χἍ˅̞˯ΘΘ˯̓ːἍΡʤː˯̼ʤἍ̞ʤȹʓεἍχἍ͔ΡʤːϢ̞ȹΡἍ͔ʈʈϢΡΡʤ̓ʈʤεἍ͔ Ἅ˅ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓ε᷄Ἅχ˜ε˯ἍʈȹἍ̓ʀʤἍχΡ˯У˯ȹ̞̞еἍ

ȹεʈʤΡχȹ˯̓ʤʓἍʀеἍУ˯ʤЧ˯̓ːἍχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеᶾἍǙ͔ἍΡʤʓϢʈʤἍχ˜ʤἍ͔ ʈʈϢΡΡʤ̓ʈʤεἍ͔ Ἅ˅ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εἍ

χ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˅ ̞˯ΘΘ˯̓ːἍΡʤː˯̼ʤἍ˯εἍϢεʤʓ᷁ 

flip _regime _3 0.5  

21.2.6  .......... Sharpening  clouds  -  extend _calculated _sphere _to  

|аȹ̼Θ̞ʤἍfÇᶓ |ᴨᶓƵſſƾᶾăŪƵἍʓʤ̼͔ἐχΡȹχʤεἍχ˜ʤἍ̞˯̼˯χἍχἍ͔Ч˜˯ʈ˜Ἅχ˜ʤἍΘΡʤεʤ̓χἍfÇἍ˯̼Θ̞ʤ̼ʤ̓χȹχ˯͔̓ἍʈȹἍ͔̓ΘʤΡȹχʤᶾἍ

ǋ˯ ̓ː̞ʤἍʈΡеεχȹ̞ἍʓȹχȹἍ˯εἍΘϢΡΘ͔εʤ̞еἍʈ˜ε͔ʤἍ̓χἍ͔˯ε͔ ̞ȹχʤἍΡʤε͔ ̞Ϣχ˯͔̓Ἅʤ˅˅ʤʈχεἍȹ̓ʓἍ̓ ͔χἍ˯ ̓χʤ̓ε˯ χеἍʤΡΡ͔ΡεʒἍǙ̃ ʤἍχȹ̓ᶓ

ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍ˯εἍʈΡ˯χ˯ʈȹ̞ἍЧ˜ʤΡʤἍЧ˯χ˜͔ϢχἍ˯ χἍχ˜ʤἍfÇἍΘΡ͔ʈʤεεἍ˯εἍʤаχΡʤ̼ʤ̞еἍΘʤΡχϢΡʀʤʓἍȹ̓ʓἍϢἐχȹʀ̞ʤᶾἍᶅflip _re-

gime _3ἍᴝʒᴣʟἍ˯εἍϢεʤʓἍʓϢʤἍχἍ͔͔ ʈʈϢΡΡʤ̓ʈʤεἍ͔ Ἅ˅ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εʒἍ 

Ǚ̃ ʤΡʤἍȹΡʤἍ̓ Ἅ͔Ρȹ̼ΘεʑἍ˯ἐχʤȹʓἍχ˜ʤἍfÇἍΘΡ͔ʈʤεεἍ˯εἍΡʤεχȹΡχʤʓἍЧ˜ʤἍ̓χ˜ʤἍƾᶓ˅ ȹʈχ͔ΡἍ˅ ȹ˯̞εἍχἍ͔ʓʤʈΡʤȹεʤἍ˅ ͔ΡἍᴞᴝᴝἍ

ʈ͔ἐʤʈϢχ˯УʤἍ˯ χʤΡȹχ˯͔̓εʑἍ͔ Ρʑ 

break _cycle _if _true  = Get(iters _since _last _best)  > 100;  
randomize _phases _on_new_cycle _by  = Rand( - 180,  180);  

ßȹ̞Ἅ˅͔ Ἅ˅χ˜ʤἍ͔ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍʈ͔ἐ˯ ʓʤΡʤʓἍЧʤȹἍ̕ȹ̓ʓἍȹʓʓ˯χ˯͔̓ȹ̞̞еἍ̼ ε˯ε˯̓ἍːΡʤ˅̞ʤʈχ˯͔̓εἍϢΘἍχἍ͔ᴞἍ̓ːᶓ

εχΡ͔Ἅ̼ȹΡʤἍ˯ ̓ʈ̞ϢʓʤʓἍȹ̓ʓἍʈ͔ἐ˯ ʓʤΡʤʓἍЧʤȹἍ̕Ϣε˯ ̓ː᷁ 

fraction _reflections _weak 0.5  
extend _calculated _sphere _to  1 

Ǚ̃ ʤἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍ͔ Ἅ˅ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍ̞ ʤ˅χἍϢ̓χ͔Ϣʈ˜ʤʓἍȹ̓ʓἍ˯ἐχʤȹʓἍȹἍƵ˯ ᶏᴟἍΘ˜ȹεʤἍε̃ ˯˅χἍ˯εἍΡȹ̓ʓ͔̼̞еἍȹΘᶓ

Θ̞˯ʤʓἍχἍ͔ḋᴡᴝỦἍ͔ Ἅ˅ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹεἍ˅͔̞̞͔Чε᷁ 

add_to _phases _of _weak_reflections  = If(Rand(0,  1)  < .3,  90,  0);  

Ἅsymmetry _obey _0_to_1Ἅ͔ Ἅ˅ᴝʒᴦἍ˯εἍϢεʤʓἍ̓ ͔χἍ̼ ʤΡʤ̞еἍχἍ͔˅ ˯̓ʓἍȹἍ͔̓ Ρ˯ː˯̓ἍʀϢχἍΡȹχ˜ʤΡἍχἍ͔ΘΡʤУʤ̓χἍχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅ

ʓʤἐ˯ χеἍ˅ Ρ͔Ἅ̼εχΡȹе˯̓ːᶾ 

ƾϢἍ̓fÇᶓ |ᴨᶓƵſſƾᶾăŪƵἍȹ̓ʓἍȹἍε͔ ̞Ϣχ˯͔̓Ἅε̃ ͔Ϣ̞ʓἍʀʤἍʈ̞ʤȹΡ̞еἍΡʤʈ͔ː̓˯эȹʀ̞ʤἍȹ˅χʤΡἍȹἍ˅ ʤЧἍ̼ ˯̓ϢχʤεʒἍf̃ ȹ̓ːʤᶏΡʤᶓ

̼͔УʤἍ̕ʤеЧ͔ΡʓεἍȹ̓ʓἍΡʤΡϢ̓ἍχἍ͔У˯ʤЧἍʤ˅˅ʤʈχεʒἍ|аȹ̼Θ̞ʤεἍfÇᶓfăŢ|ᶓƵſſƾᶾăŪƵἍȹ̓ʓἍfÇᶓ |ᴣᶓƵſſƾᶾăŪƵἍȹΡʤἍε˯ ̼ᶓ

˯̞ȹΡᶾ 
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21.2.7  .......... A difficult  powder,  CF-SUCROSE.INP 

fÇᶓǋǦfƾſǋ|ăʒŪƵἍЧ˯χ˜͔ϢχἍscale_density_below _thre shold =0Ἅʤа˜˯ʀ˯χεἍ̞ ȹΡːʤἍ͔εʈ˯̞̞ȹχ˯͔̓εἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔ΡεἍΡʤᶓ

εϢ̞χ˯̓ːἍ˯ Ἅ̓ε͔ ̞Ϣχ˯͔̓εἍχ˜ȹχἍȹΡʤἍʓ˯˅˅˯ʈϢ̞χἍχἍ͔˯ ʓʤ̓χ˯˅еἍ᷄χ˜ε˯ἍʈȹἍ̓ʀʤἍΘΡʤУʤ̓χʤʓἍʀеἍ˯ ̓ʈΡʤȹε˯ ̓Ἅːχ˜ʤἍȹ̼͔Ϣ̓χἍ͔ Ἅ˅

ʈ˜ȹΡːʤἍ˅ ̞˯ΘΘʤʓἍȹ̓ʓἍ˯ ̓ʈ̞Ϣʓ˯̓ːἍscale_density_below _thre shold =0 Ἅʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍ 

fraction _density _to _flip  0.83  
scale _density _below _threshold  0 

ȉ˜ʤ ̓scale_density_below _thre shold =0Ἅ˯εἍϢεʤʓʑἍχ˜ʤἍΘʤΡʈʤ̓χȹːʤἍ͔ Ἅ˅ʈ˜ȹΡːʤἍχ˜ȹχἍ˯εἍ̞ʤεεἍχ˜ȹ̓Ἅχ˜ʤἍχ˜Ρʤε̃ ᶓ

͔̞ʓἍʀʤ˅͔ΡʤἍχ˜ʤἍȹΘΘ̞˯ʈȹχ˯͔̓Ἅ͔ Ἅ˅scale_density_below _thre sholdἍ˯εἍΡʤΘ͔Ρχʤʓ᷄Ἅχ˜ʤἍʓ˯˅˅ʤΡʤ̓ʈʤἍʀʤχЧʤʤ̓Ἅχ˜ε˯Ἅ

ΡʤΘ͔ΡχʤʓἍУȹ̞ϢʤἍȹ̓ʓἍᵽᴞᶓfraction _density_to_flipᵾἍː˯УʤεἍχ˜ʤἍ˅̞˯ΘΘʤʓἍΘ˯аʤ̞εἍχ˜ȹχἍεϢΡУ˯УʤʓἍscale_density_be-

low _thre shold ἍʒχἍfraction _density_to_flip Ἅ͔ Ἅ˅ᴝʒᴧᴡʑἍȹΘΘΡ͔а˯̼ȹχʤ̞еἍᴟᴡỦἍ͔ Ἅ˅Θ˯аʤ̞εἍεϢΡУ˯Уʤε scale_den-

sity_below _thre shold =0 Ч˜˯ʈ˜Ἅ˯Ἅ̓ʤ˅˅ʤʈχἍ̼ ʤȹἐἍχ˜ȹχἍ͔ ̞̓еἍᴟᴡỦἍ͔ Ἅ˅Θ˯аʤ̞εἍȹΡʤἍ˅ ̞˯ΘΘʤʓἍ͔ ϢχἍ͔ Ἅ˅χ˜ʤἍ͔ Ρ˯ː˯̓ȹ̞Ἅ

ᴧᴡỦ  ʒ

Ǚ̃ ʤἍ˅ ͔̞̞͔Ч˯̓ːἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔͔ ̼˯χἍᴡᴝỦἍ͔ Ἅ˅ȹχ͔ε̼᷁ 

pick _atoms  *  
activate  = Cycle _Iter  == 0;  
insert  = If(Rand(0,  1)  > 0.3,  10,  0);  

Ū͔ χʤἍχ˜ȹχἍȹχ͔ε̼ἍȹΡʤἍ˯ἐʤΡχʤʓἍȹχἍȹἍ̓˯ ̓χʤ̓ε˯ χеἍχ˜ȹχἍ˯εἍᴞᴝἍχ˯̼ʤεἍχ˜ʤἍȹУʤΡȹːʤἍ˯ ̓χʤ̓ε˯ χеᶾἍǙ̃ ε˯Ἅ˯ ̓ʈΡʤȹεʤεἍχ˜ʤἍ

Чʤ˯ː˜χἍ͔ Ἅ˅˯ἐʤΡχʤʓἍȹχ͔ε̼ἍΡʤ̞ȹχ˯УʤἍχἍ͔ʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍ̓ ͔ε˯ʤἍʒăχἍȹε̞͔Ἅ˯ ̓˯χ˯ȹ̞̞еἍː ˯УʤεἍ̼ ͔ΡʤἍЧʤ˯ː˜χἍχἍ͔ЧʤȹἍ̕

Ρʤ˅̞ʤʈχ˯͔̓εʒ 

ǦεʤἍ͔ Ἅ˅scale_density_below _thre shold  ͔˅χʤ̓ἍΡʤεϢ̞χεἍ˯Ἅ̓fÇἍΡʤΞϢ˯Ρ˯̓ːἍ̼ ͔ΡʤἍ˯ χʤΡȹχ˯͔̓εἍχἍ͔ε͔ ̞Ϣχ˯͔̓᷄ἍȹἍε͔ ̞Ϣᶓ

χ˯͔̓Ἅ̃ ͔ЧʤУʤΡἍ˯εἍΘΡʤ˅ʤΡȹʀ̞ʤἍχἍ͔̓ Ἅ͔ε͔ ̞Ϣχ˯͔̓ᶾ 

21.2.8  .......... Increasing  contrast  in  R- factors  

Ǚ̃ ʤἍȹʈχἍ͔ Ἅ˅˅ ̞˯ΘΘ˯̓ːἍ˯ ̓χΡ͔ʓϢʈʤεἍȹἍ̓ȹΘΘΡʤʈ˯ȹʀ̞ʤἍȹ̼͔Ϣ̓χἍ͔ Ἅ˅Ϣ̓Чȹ̓χʤʓἍ̃ ˯ː˜Ἅ˅ ΡʤΞϢʤ̓ʈ˯ʤεἍ˯Ἅ̓χ˜ʤἍεχΡϢʈχϢΡʤἍ

˅ȹʈχ͔ΡεʒἍǙ̃ ε˯Ἅʤ˅˅ʤʈχἍʈȹἍ̓ʀʤἍΡʤʓϢʈʤʓἍʀеἍʓȹ̼Θʤ̓˯̓ːἍ̃ ˯ː˜Ἅ˅ ΡʤΞϢʤ̓ʈ˯ʤεἍϢε˯ ̓Ἅːapply _exp_scaleἍЧ˜˯ʈ˜Ἅ˯εἍ

ſŪἍʀеἍʓʤ˅ȹϢ̞χᶾἍapply _exp_scale  change s ƾᶓ˅ ȹʈχ͔ΡεἍȹ̓ʓἍ̓ ͔χἍΘ˜ȹεʤεʑἍʓ˯Ρʤʈχ˯͔̓εἍχȹ̕ʤ̓ἍʀеἍfÇἍȹΡʤἍϢ̓ᶓ

ʈ˜ȹ̓ːʤʓ ʒ

ƾϢἍ̓fÇᶓᴞᴦȖʒăŪƵἍϢ̓χ˯̞Ἅʈ͔̓УʤΡːʤ̓ʈʤᶾἍǙ̃ ʤἍʓ˯˅˅ʤΡʤ̓ʈʤἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔ΡεἍʀʤ˅͔ΡʤἍȹ̓ʓἍȹχἍʈ͔̓УʤΡːʤ̓ʈʤἍε̃ ͔Ϣ̞ʓἍʀʤἍ

ḋᴝʒᴡᴨἍᵽ˯ʒʤἍʒᴝʒᴧᴞἍȹ̓ʓἍᴝʒᴢᴟᵾἍʒǙϢΡἍ̓ſÇÇἍapply _exp_scaleἍʀеἍ˯ ̓ʈ̞Ϣʓ˯̓ːἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ̞ ˯̓ʤ᷁ 

apply _exp _scale  0 

ƾʤΡϢ̓ἍfÇᶓᴞᴦȖʒăŪƵἍϢ̓χ˯̞Ἅʈ͔̓УʤΡːʤ̓ʈʤᶾἍǙ̃ ʤἍʓ˯˅˅ʤΡʤ̓ʈʤἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔ΡεἍʀʤ˅͔ΡʤἍȹ̓ʓἍȹχἍʈ͔̓УʤΡːʤ̓ʈʤἍε̃ ͔Ϣ̞ʓἍ

͔̓ЧἍʀʤἍḋᴝʒᴟᴨἍᵽᴝʒᴧᴞἍȹ̓ʓἍᴝʒᴣᴟᵾʒἍǙ̃ ϢεἍapply _exp_scaleἍ˯ ̓ʈΡʤȹεʤεἍʈ͔̓χΡȹεχἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔ΡεʒἍŪ͔ χʤἍχ˜ȹχἍ̼ ε͔χἍ

͔Ἅ˅χ˜ʤἍ˯ ̓ʈΡʤȹεʤἍεʤʤε̼ἍχἍ͔ʀʤἍΡʤȹ̞˯эʤʓἍ˅ Ρ͔Ἅ̼ʓᶓεΘȹʈ˯̓ːεἍ̞ ʤεεἍχ˜ȹ̓ἍᴞἍ̓εːχΡ͔̼ᶾ 



Charge-flipping 245 

 

245  Charge-flipping 

 

21.3  ..... f˜ȹΡːʤἍÇ̞˯ΘΘ˯̓ːἍȹ̓ʓἍ̓ʤϢχΡ͔̓Ḛʓȹχȹ 

neutron _data  inform s the charge  flipping  routine  that  neutron  scattering  length s are to be used. It also 

results in the following  default  neutron  flipping  routine  being  used:  

flip _equation  = 
If(And(Get(density)<  Get(threshold),Get(density)  > 0.4  Get(min _density)),  

- Get(density),  
 Get(density)  

);  

flip _neutron  can be used to change  the 0.4 value  occur ring in the above  equation,  for  example:  

flip _neutron  = 0.5;  

The tangent  formula  is made  less accurate  due  to the negative  scattering  of  H atom s. However , if  

positive  scattering  length s are dominant  then  the tangent  formula  can stabilize  refinement.  For exam-

ple (see Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒfÇᶒŪ|ǦǙƾſŪᶓfăŢ|ᶒfÇᶓŪ|ǦǙƾſŪᶾăŪƵ), try:  

Tangent(0.3,  30)  tangent _scale _difference _by  = Ramp(1,  0,  Nc);  

21.4  ..... f˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍ|аȹ̼Θ̞ʤε 

 

Ǚȹʀ̞ʤἍᴟᴞᶓᴡʒἍ|аȹ̼Θ̞ʤεἍ˅ ͔Ϣ̓ʓἍ˯Ἅ̓χ˜ʤἍfÇἍʓ˯Ρʤʈχ͔ΡеἍʒŪϢ̼ʀʤΡἍ͔ Ἅ˅ȹχ͔ε̼Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅

͔̓ᶓ̓̃ еʓΡ͔ːʤ̓Ἅȹχ͔ε̼ἍЧ˯χ˜˯̓Ἅχ˜ʤἍȹεе̼̼ʤχΡ˯ʈἍϢ̓˯χᶾ 

Single  crystal  data  Num  atoms  in  asymmetric  unit  Space  group  

fÇᶓᴞᴦȖᶾăŪƵ 

fÇᶓᴞᴦȖᶓË ^ſƾᶾăŪƵ 

fÇᶓᴞᴦȖᶓſŢăǙᶾăŪƵ 

fÇᶓᴞᴦȖᶓŪſᶓǙ ŪË|ŪǙᶾăŪƵ 

 

ᴡᴞᴢ 

 

Ƶ״ 

fÇᶓ |ᴞᴢʒăŪƵ ᴢᴡ Ƶᵴ״ 

fÇᶓ |ᴣʒ ăŪƵ 

fÇᶓ |ᴣᶓƵſſƾᶾăŪƵ 

ᴟᴡ fᴀᵰɩ 

fÇᶓ |ᴨʒ ăŪƵ 

fÇᶓ |ᴨᶓƵſſƾᶾăŪƵ 

ᴣᴡ Ƶᵴ״ 

fÇᶓË|^ ᶾăŪƵ ᴞᴦ Ƶᴃ״ᴀ״ᴀ 

fÇᶓƵŪᶓᴝᴟʒăŪƵ ᴢᴢᴞ Ƶ̤  

fÇᶓȖŗăqŢᶾăŪƵ ᴞᴦ Ƶᴀ״ᴀ״ᴀ״ 

Powder  data  

fÇᶓ ŗȆſᴢʒ ăŪƵ 

fÇᶓ ŗȆſᴢᶓƵ ȉŗ|ȖᶾăŪƵ 
ᴞᴧ 0Ȥυ 

fÇᶓfăŢ|ᶓƵ ȉŗ|ȖᶾăŪƵ   
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fÇᶓfăŢ|ᶾăŪƵ 

fÇᶓfăŢ|ᶓßăǋǙſᶾăŪƵ 

fÇᶓfăŢ|ᶓƵſſƾᶾăŪƵ 

fÇᶓfăŢ|ᶓƵſſƾᶓßăǋǙſᶾăŪƵ 

ᴞᴦ 0φυȾÁ 

fÇᶓǋǦfƾſǋ|ᶾăŪƵ 

fÇᶓǋǦfƾſǋ|ᶓƵ ȉŗ|ȖᶾăŪƵ 
ᴟᴡ 0φυ 

21.5 ..... ōʤеЧ͔ΡʓεἍ˯Ἅ̓ʓʤχȹ˯̞ 

ᵿadd_to_cloud _NἍᵳ|ᶁ 

ᵿadd_to_cloud _whenἍᵳ|ᶁ 

Ǚ̃ ʤἍʈϢΡΡʤ̓χἍʈ̞͔ϢʓἍ˯εἍȹʓʓʤʓἍχἍ͔χ˜ʤἍËǦăἍʈ̞͔ϢʓἍʈΡʤȹχ˯̓ːἍȹἍΡϢ̓̓˯̓ːἍȹУʤΡȹːʤἍʈ̞͔ϢʓἍ˅͔ΡἍʓε˯Θ̞ȹеἍΘϢΡΘ͔εʤεʒἍ

add_to_cloud _NἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅̼ ε͔χἍΡʤʈʤ̓χἍʈ̞͔ϢʓεἍχἍ͔˯ ̓ʈ̞ϢʓʤἍ˯Ἅ̓χ˜ʤἍΡϢ̓̓˯̓ːἍȹУʤΡᶓ

ȹːʤᶾἍadd_to_cloud _whenἍʓʤχʤΡ̼˯̓ʤεἍЧ˜ʤἍ̓χ˜ʤἍʈϢΡΡʤ̓χἍʈ̞͔ϢʓἍ˯εἍχἍ͔ʀʤἍ˯ ̓ʈ̞ϢʓʤʓἍ˯Ἅ̓χ˜ʤἍΡϢ̓̓˯̓ːἍȹУᶓ

ʤΡȹːʤ᷄Ἅ̃ ʤΡʤᶫεἍȹἍ̓ʤаȹ̼Θ̞ʤ᷁ 

add_to _cloud _N 10 add_to _cloud _when = Mod(Cycle _Iter ,  2);  

УʤΡȹːʤʓἍʈ̞͔ϢʓεἍʤ̞˯̼˯̓ȹχʤἍ̓ ͔ε˯ʤἍȹ̓ʓἍȹΡʤἍʤ˅˅ʤʈχ˯УʤἍ˯Ἅ˅χ˜ʤἍʈ̞͔ϢʓἍΡʤ̼ȹ˯̓εἍεχȹχ˯͔̓ʤΡеἍʑЧ˜˯ʈ˜Ἅ˯εἍːʤ̓ʤΡᶓ

ȹ̞̞еἍχ˜ʤἍʈȹεʤἍʒŪ͔ χʤἍχ˜ȹχἍadd_to_phases_of_weak _reflection sἍʈȹἍ̓ΘΡ͔ʓϢʈʤἍχΡȹ̓ε̞ ȹχ˯͔̓εἍ͔ Ἅ˅χ˜ʤἍʈ̞͔ϢʓἍ

ȹ̓ʓἍε̃ ͔Ϣ̞ʓἍ̓ ͔χἍʀʤἍ˯ ̓ʈ̞ϢʓʤʓἍЧ˜ʤἍ̓ȹУʤΡȹː˯̓ːἍʈ̞͔Ϣʓεʒ 

ᵿadd_to_phases_of_weak _reflection sἍᵳ|ᶁ 

̞̞͔ЧεἍ˅ ͔ΡἍ̼ ͔ʓ˯˅˯ʈȹχ˯͔̓ἍχἍ͔Θ˜ȹεʤεἍ͔ Ἅ˅ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εʒἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑχἍ͔ȹʓʓἍpᶏᴟἍχἍ͔χ˜ʤἍΘ˜ȹεʤεἍ͔ Ἅ˅

ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

add_to _phases _of _weak_reflections  90 

ȉ˜ʤἍ̓add_to_phases_of_weak _reflection sἍ˯εἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓Ἅχ˜ʤἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍ͔ Ἅ˅ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍ

͔̓χἍεʤχἍχἍ͔эʤΡ͔᷄Ἅ˯ἐχʤȹʓἍχ˜ʤеἍȹΡʤἍ̞ ʤ˅χἍϢ̓χ͔Ϣʈ˜ʤʓἍ̼ ʤȹ̓˯̓ːἍχ˜ȹχἍχ˜ʤ˯ΡἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍȹΡʤἍεʤχἍχἍ͔χ˜ʤἍУȹ̞ϢʤεἍ

ȹεἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍχ˜ʤἍ˯ ̓УʤΡεʤἍÇ͔ ϢΡ˯ʤΡἍχΡȹ̓ε˅ ͔Ρ̼ᶾἍǋʤʤἍȹε̞͔Ἅscale_weak _reflection s  ʒ

ᵿapply _exp_scaleἍᵳ|ᶁ 

qʤχʤΡ̼˯̓ʤεἍȹἍȹ̓ʓἍɡἍʤȹʈἍ̃fÇἍ˯ χʤΡȹχ˯͔̓ἍεϢʈἍ̃χ˜ȹχἍχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍ˯εἍȹἍ̼ ˯̓˯̼Ϣ̼᷁ 

ƾᶓ˅ ȹʈχ͔ΡἍḃἍḴᶐἍȹἍ|аΘᵽɡἍᶏἍD_spacing ḝᴟᵾἍFcἍᶔἍFoἍᶐ 

Ч˜ʤΡʤἍFcἍȹ̓ʓἍFoἍȹΡʤἍχ˜ʤἍʈȹ̞ʈϢ̞ȹχʤʓἍȹ̓ʓἍ͔ ʀεʤΡУʤʓἍ̼ ͔ʓϢ̞˯ἍΡʤεΘʤʈχ˯Уʤ̞еᶾἍǦεʤἍ͔ Ἅ˅apply _exp_scale  

ʈ͔ΡΡʤʈχεἍƾᶓ˅ ȹʈχ͔ΡεἍ˯Ἅ̓ʈȹεʤἍ͔ Ἅ˅ȹἍ̓˯ ̓ʈ͔ΡΡʤʈχἍχʤ̼ΘʤΡȹχϢΡʤἍ˅ȹʈχ͔ΡἍʈ͔ΡΡʤʈχ˯͔̓ἍȹεἍȹΘΘ̞˯ʤʓἍЧ˜ʤἍ̓̓ ͔Ρ̼ȹ̞ᶓ

˯э˯̓ːἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡεʒἍǦεʤἍ͔ Ἅ˅apply _exp_scaleἍχеΘ˯ʈȹ̞̞еἍ˯ ̓ʈΡʤȹεʤεἍχ˜ʤἍʓ˯˅˅ʤΡʤ̓ʈʤἍʀʤχЧʤʤ̓Ἅƾᶓ˅ ȹʈᶓ

χ͔ΡεἍΘΡ˯͔ΡἍχἍ͔ȹ̓ʓἍȹχἍʈ͔̓УʤΡːʤ̓ʈʤᶾἍapply _exp_scaleἍ˯εἍϢεʤʓἍʀеἍʓʤ˅ȹϢ̞χἍʑεʤχχ˯̓ːἍ˯ χἍχἍ͔эʤΡ͔ἍΘΡʤУʤ̓χεἍ˯χεἍ

Ϣεʤ ʒ
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ᵿcf _hkl_fileἍײ˅˯̞ʤᶁ 

qʤ˅˯̓ʤεἍχ˜ʤἍ˯ ̓ΘϢχἍ̃ ̕Ἅ̞˅ ˯̞ʤᶾ 

ᵿcf _in_A_matrixἍײ˅˯̞ʤἍᵿscale_AijἍᵳ|ᶁ ]  

Data input  is from  a file  created  using out_A_matrix  from  a previou s Pawley  refinement.  The cor-

relation s in $file  are used to partition  inten sities during  each  iteration  of  charge - flipping.  This par-

titioning  is applied  to structure  factor s as used by  CF and as used by the tangent  formula.  scale_Aij 

can be used to modify  the A matrix  off -diagonal  coefficient s, here  are some example s: 

scale _Aij  = Get(Aij);  
scale _Aij  = Get(Aij)^2;  ª The default  
scale _Aij  = 0;           ª Equivalent  to  using  a Pawley  generated  hkl  file  

CF on powder  data  can also be initiated  using standard  hkl  file s. 

ᵿbreak _cycle _if_trueἍᵳ|ᶁἍ 

ă̓ χʤΡΡϢΘχεἍʈ˜ȹΡːʤἍ˅ ̞˯ΘΘ˯̓ːἍχἍ͔ʤаʤʈϢχʤἍrandomize _phases_on_new _cycle _by.  Cycle _IterἍ˯εἍεʤχἍχἍ͔

эʤΡ͔Ἅȹ̓ʓ Cycle Ἅ˯εἍ˯ ̓ʈΡʤ̼ʤ̓χʤʓ ʒ

ᵿcorrect _for _atomic _scattering _factor sἍᵳ|ᶁ 

ǋχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡεἍȹΡʤἍ̓ ͔Ρ̼ȹ̞˯эʤʓἍЧ˜ʤἍ̓correct _for _atomic _scattering _factor sἍ˯εἍ̓ ͔ᶓ̓эʤΡ͔Ἅȹ̓ʓἍ

Ч˜ʤἍ̓f_atom _type εʟἍȹΡʤἍʓʤ˅˯̓ʤʓᶾἍǋχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡεἍȹΡʤἍ̓ ͔Ρ̼ȹ̞˯эʤʓἍʀеἍʓʤ˅ȹϢ̞χ ʒ

ᵿcorrect _for _temperature _effect sἍᵳ|ᶁ 

χχʤ̼ΘχεἍχἍ͔Ρʤ̼͔УʤἍ˯ε͔ χΡ͔Θ˯ʈἍχʤ̼ΘʤΡȹχϢΡʤἍʤ˅˅ʤʈχεἍ˅ Ρ͔Ἅ̼χ˜ʤἍεχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡεʒἍcorrect _for _temper-

ature _effect sἍ˯εἍſŪἍʀеἍʓʤ˅ȹϢ̞χἍʑεʤχχ˯̓ːἍ˯ χἍχἍ͔эʤΡ͔ἍЧ˯̞̞ἍΘΡʤУʤ̓χἍχ˜˯εἍʈ͔ΡΡʤʈχ˯͔̓ᶾἍŪ͔ Ρ̼ȹ̞˯эʤʓἍεχΡϢʈχϢΡʤἍ

˅ȹʈχ͔ΡεἍȹΡʤἍΡʤȹ̞˯эʤʓἍЧ˜ʤἍ̓correct _for _temperature _effect sἍ˯ε ſŪἍȹ̓ʓἍχ˜ʤἍϢ̓˯χἍʈʤ̞̞Ἅʈ͔̓χʤ̓χεἍȹΡʤἍ

ʓʤ˅˯̓ʤʓἍϢε˯ ̓Ἅːf_atom _typeἍȹ̓ʓἍf_atom _quantity  ʒ

ᵿdelete _observed _reflection s ᵳ|ᶁ 

ƾʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍʓʤ̞ʤχʤʓἍʀʤ˅͔ΡʤἍʤ̓χʤΡ˯̓ːἍfÇἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔delete _observed _reflection s Ἅ᷄˯ χἍʈȹἍ̓ʀʤἍȹἍ

˅Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅D_spacing Ἅʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

delete _observed _reflections  = D_spacing  < 1.1;  

ſ̓ ʈʤἍʓʤ̞ʤχʤʓἍʑ͔ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍʈȹ͔̓̓χἍʀʤἍΡʤ˯̓εχȹχʤʓἍʀеἍʈ˜ȹ̓ː˯̓ːἍmin_d  ʒ

ᵿextend _calculated _sphere _toἍᵳ|ᶁ 

ǦεʤʓἍχἍ͔ε̃ ȹΡΘʤ̓Ἅʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍʈ̞͔ϢʓεἍʀеἍ˅ ˯̞̞˯̓ːἍ˯ Ἅ̼̓ ε˯ε˯̓ἍːΡʤ˅̞ʤʈχ˯͔̓ε᷄ἍȹʓʓʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍ

ː˯Уʤ̓Ἅχ˜ʤἍεχȹχϢεἍ͔ Ἅ˅ɲ Чʤȹ̕ᶯᶾἍextend _calculated _sphere _toἍʈȹἍ̓ʀʤἍϢεʤʓἍ˯ Ἅ̓ʈ͔̓̍Ϣ̓ʈχ˯͔̓ἍЧ˯χ˜Ἅ

scale_weak _reflection sἍȹ̓ʓἍadd_to_phases_of_weak _reflection sἍχἍ͔̼ ͔ʓ˯˅еἍɲ Чʤȹ̕ᶯἍΡʤ˅̞ʤʈχ˯͔̓Ἅ

̼ȹː̓˯χϢʓʤεἍȹ̓ʓἍΘ˜ȹεʤεἍΡʤεΘʤʈχ˯Уʤ̞еἍᵽεʤʤἍεʤʈχ˯͔̓ἍᴟᴞᶾᴟᶾᴥᵾἍ᷄̃ ʤΡʤᶫεἍȹἍ̓ʤаȹ̼Θ̞ʤ᷁ 
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extend _calculated _sphere _to  1 
add_to _phases _of _weak_reflections  = If(Rand(0,  1)  < .3,  90,  0);  

ᵿf_atom _typeἍײχеΘʤἍf_atom _quantity Ἅᵳ|ᶁʒ ᶾᶾ 

qʤ˅˯̓ʤεἍȹχ͔Ἅ̼χеΘʤεἍȹ̓ʓἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹχ͔ε̼ἍЧ˯χ˜˯̓Ἅχ˜ʤἍϢ̓˯χἍʈʤ̞̞᷄ἍϢεʤʓἍʀеἍχ˜ʤἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍ˯Ἅ̓ʓʤᶓ

χʤΡ̼˯̓˯̓ːἍ|̔ἍУȹ̞ϢʤεἍȹ̓ʓἍʀеἍχ˜ʤἍſΘʤË̓ŗἍʓε˯Θ̞ȹеἍ˅ ͔ΡἍΘ˯ʈ̕˯̓ːἍȹχ͔ε̼ʒἍÇ͔ ΡἍχ˜ʤἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍχ˜ʤ̓Ἅ

Ρʤȹ̞χ˯УʤἍΞϢȹ̓χ˯χ˯ʤεἍȹΡʤἍ˯ ̼Θ͔Ρχȹ̓χᶾ 

ᵿfind _originἍᵳ|ᶁ 

ă˅Ἅʓʤ˅˯̓ʤʓἍȹ̓ʓἍ̓ ͔ᶓ̓эʤΡ͔Ἅʑχ˜ʤ̓Ἅ͔ Ρ˯ː˯̓Ἅ˅ ˯̓ʓ˯̓ːἍ˯εἍχϢΡ̓ʤʓἍſŪʒἍsymmetry _obey _0_to_1Ἅʓʤ˅˯̓ʤεἍ

find _originἍʀеἍʓʤ˅ȹϢ̞χᶾἍsymmetry _obey _0_to_1ἍʈȹἍ̓ʀʤἍϢεʤʓἍЧ˯χ˜͔ϢχἍfind _originἍʀеἍʓʤ˅˯̓˯̓ːἍȹ̓ʓἍ

εʤχχ˯̓ːἍfind _originἍχἍ͔эʤΡ͔ᶾ 

ᵿflip _equationἍᵳ|ᶁ 

̞̞͔ЧεἍ˅͔ΡἍȹἍϢεʤΡἍʓʤ˅˯̓ʤʓἍ˅ ̞˯Θ᷄Ἅ̃ ʤΡʤᶫεἍȹἍ̓ʤаȹ̼Θ̞ʤ᷁ 

flip _equation  = If(Get(density)<Get(threshold), - Get(density),  Get(density));  

ᵿflip _regime _2Ἅᵳ|ᶁ 

Ǚ̃ ʤἍʤʤ̞ʈχΡ͔̓Ἅʓʤἐ˯ χеἍ˯εἍ̼ ͔ʓ˯˅˯ʤʓἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔|ΞἍʒᵽ21-1ᵾἍȹ̓ʓἍχ˜ʤ̓Ἅ˅ ϢΡχ˜ʤΡἍ̼ ͔ʓ˯˅˯ʤʓἍϢε˯ ̓ː᷁ 

” ” ὋὩὸ˅̞ ˯ΘΡͅʤː˯̼ʤᴟͅᵾ”Ⱦ”  

flip _regime _2Ἅ˯εἍχеΘ˯ʈȹ̞̞еἍΡȹ̼ΘʤʓἍ˅ Ρ͔Ἅ̼ᴞἍχἍ͔ᴝʒἍ 

ᵿflip _regime _3Ἅᵳ|ᶁ 

Ǚ̃ ʤἍʤʤ̞ʈχΡ͔̓Ἅʓʤἐ˯ χеἍ˯εἍ̼ ͔ʓ˯˅˯ʤʓἍȹʈʈ͔Ρʓ˯̓ːἍχἍ͔|ΞἍʒᵽ21-1ᵾἍȹ̓ʓἍχ˜ʤ̓Ἅ˅ ϢΡχ˜ʤΡἍ̼ ͔ʓ˯˅˯ʤʓἍϢε˯ ̓ː᷁ 

”
”ȟ                  ÆÏÒ ” ‏

ὓὭὲ”ȟ” 'ÅÔÆÌÉÐÒͅÅÇÉÍÅσͅ ȟ   ÆÏÒ ”  ‏
 

ἍУȹ̞ϢʤἍ͔ Ἅ˅ᴝʒᴣἍ˅ ͔ΡἍflip _regime _3Ἅ˯ ̓χΡ͔ʓϢʈʤεἍ̞ ˯χχ̞ʤἍΘʤΡχϢΡʀȹχ˯͔̓ἍЧ˜˯̞εχἍΡʤʓϢʈ˯̓ːἍχ˜ʤἍ͔ ʈʈϢΡΡʤ̓ ʈʤἍ͔ Ἅ˅

ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εʒἍăχἍ˯εἍΡʤʈ͔̼̼ʤ̓ʓʤʓἍχ˜ȹχἍflip _regime _3ἍʀʤἍϢεʤʓἍ˯ Ἅ̓ʈȹεʤεἍЧ˜ʤΡʤἍflip _re-

gime _2Ἅ ΘΡ͔ʓϢʈʤεἍ ϢΡȹ̓˯Ϣ̼Ἅ ȹχ͔Ἅ̼ ε͔ ̞Ϣχ˯͔̓εʒἍ Ἅ̓ ȹʓʓ˯χ˯͔̓ȹ̞Ἅ ΘʤΡχϢΡʀȹχ˯͔̓Ἅʑ εϢʈἍ̃ ȹεἍ

aɲdd_to_phases_of_weak _reflection sḃᴨᴝ᷄Ἅɳ̼ ȹеἍʀʤἍ̓ ʤʈʤεεȹΡеᶾ 

ᵿfraction _density_to_flipἍᵳ|ᶁ 

Ǚ̃ ʤἍȹ̼͔Ϣ̓χἍ͔ Ἅ˅ʈ˜ȹΡːʤἍ˅ ̞˯ΘΘʤʓἍ˯εἍ˅ Ρȹʈχ˯͔̓ȹ̞̞еἍʀȹεʤʓἍʒἍУȹ̞ϢʤἍ͔ Ἅ˅ᴝʒᴥʑἍ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍʑεʤχεἍχ˜ʤἍχ˜Ρʤε̃ ͔̞ʓἍ

d such  that  χ˜ʤἍε˯ ːἍ͔̓ Ἅ˅χ˜ʤἍ̞ ͔ЧʤεχἍᴥᴝỦἍ͔ Ἅ˅ʈ˜ȹΡːʤἍ˯εἍʈ˜ȹ̓ːʤʓᶾἍËʤχᵽthre sholdᵾἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔Ρʤᶓ

χΡ˯ʤУʤἍd. 
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ᵿfraction _reflection s_weakἍᵳ|ᶁἍ 

qʤ˅˯̓ʤεἍχ˜ʤἍ˅ Ρȹʈχ˯͔̓Ἅ͔ Ἅ˅͔ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍχἍ͔˅ ̞ȹːἍȹεἍɲ Чʤȹ̕ᶯᶾἍȉ˜ʤἍ̓scale_weak _reflection s Ἅʑ

add_to_phases_of_weak _reflection sἍȹ̓ʓἍextend _calculated _sphere _toἍȹΡʤἍȹ̞̞Ἅ̓ ͔χἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓Ἅ˯ ̓ᶓ

χʤἐ˯ χ˯ʤεἍ͔ Ἅ˅ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍεʤχἍχἍ͔эʤΡ͔Ἅʤ˅˅ʤʈχ˯Уʤ̞еἍΡʤ̼͔У˯̓ːἍχ˜ʤἍ̼˅ Ρ͔Ἅ̼χ˜ʤἍʈ˜ȹΡːʤἍ˅ ̞˯ΘΘ˯̓ːἍ

ΘΡ͔ʈʤεεʒἍſχ˜ʤΡЧ˯εʤʑἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍ͔ Ἅ˅ЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍȹΡʤἍ̓ ͔χἍεʤχἍχἍ͔эʤΡ͔᷄Ἅ˯ἐχʤȹʓἍʑχ˜ʤеἍȹΡʤἍ̞ ʤ˅χἍϢ̓ᶓ

χ͔Ϣʈ˜ʤʓἍΘΡ˯͔ΡἍχἍ͔scale_weak _reflection sἍȹ̓ʓἍadd_to_phases_of_weak _reflection sἍȹ̓ʓἍεΘȹʈʤἍ

ːΡ͔ϢΘἍ˅ ȹ̼˯̞еἍȹУʤΡȹː˯̓ː ʒ

ᵿhistogram _match _scale_fwhmἍᵳ|ᶁ 

ᵿhm_size_limit _in_fwhmἍᵳ|ᶁ 

ᵿhm_covalent _fwhmἍᵳ|ᶁ 

An implementation  of  Histogram  Matching  (bBaerlocher  et al., 2007 ) where  the distribution  of  pix-

els within  the unit  cell  is restrained  to one that  matches Gaussian atom s with  inten sities corre-

sponding  to the atom s defined  by f_atom _type sᶅ. The Histogram  matching  operation  is performed  

when   histogram _match _scale_fwhmἍʤУȹ̞ϢȹχʤεἍχἍ͔ȹἍ̓ ͔ᶓ̓эʤΡ͔ἍУȹ̞ϢʤᶾἍǋϢʀεʤΞϢʤ̓χ̞еἍχ˜ʤἍ˅ Ϣ̞̞ἍЧ˯ʓχ˜Ἅ

ȹχἍ̃ ȹ̞˅Ἅ̼ ȹа˯̼Ϣ̼ἍᵽÇȉßŢᵾἍ͔ Ἅ˅χ˜ʤἍËȹϢεε˯ȹἐἍᵽ͔ʀχȹ˯̓ʤʓἍ˅ Ρ͔Ἅ̼χ˜ʤἍ˅ ˯̞ʤἍǙſŢḚƾ qăǦǋʒ q|ÇᵾἍ˯εἍεʈȹ̞ʤʓἍ

ʀеἍhistogram _match _scale_fwhm.  hm_size_limit _in_fwhmἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍʤаχʤ̓χἍχἍ͔Ч˜˯ʈ˜Ἅχ˜ʤἍ

ËȹϢεε˯ȹἐἍȹΡʤἍʈȹ̞ʈϢ̞ȹχʤʓἍ˯Ἅ̓Ϣ̓˯χεἍ͔ Ἅ˅ÇȉßŢʒἍf͔ Уȹ̞ʤ̓χἍΡȹʓ˯˯ἍȹΡʤἍϢεʤʓἍ˯Ἅ˅hm_covalent _fwhm  evalu-

ates χἍ͔ȹἍ̓ ͔ᶓ̓эʤΡ͔ἍУȹ̞ϢʤἍ͔ χ˜ʤΡЧ˯εʤἍ˯ ͔̓˯ʈἍΡȹʓ˯˯ἍȹΡʤἍϢεʤʓἍʒ|аȹ̼Θ̞ʤἍϢεȹːʤἍε˯ἍȹεἍ˅͔̞̞͔Чε᷁ 

histogram _match _scale _fwhm = If(Mod( Cycle _Iter ,  3),  0,  1);  
hm_size _limit _in _fwhm 1 
hm_covalent _fwhm 1 

ƾʤΘ͔ΡχʤʓἍ͔ Ἅ̓˯εἍχ˜ʤἍ˅ Ρȹʈχ˯͔̓Ἅ͔ Ἅ˅Θ˯аʤ̞εἍ̼ ͔ʓ˯˅˯ʤʓ᷄ἍУȹ̞ϢʤεἍ͔ Ἅ˅ᴞἍ˅ ͔ΡἍʀ͔χ˜Ἅhistogram _match _scale_fwhmἍ

ȹ̓ʓἍhm_size_limit _in_fwhmἍεʤʤἍ̼͔ Θχ˯̼ȹ̞ἍʑЧ˜ʤΡʤἍχеΘ˯ʈȹ̞̞еἍḋᴞᴣἍχἍ͔ᴟᴝỦἍ͔ Ἅ˅Θ˯аʤ̞εἍȹΡʤἍ̼ ͔ʓ˯˅˯ʤʓᶾἍǦεʤἍ

͔Ἅ˅̃ε˯χ͔ːΡȹ̼Ἅ̼ ȹχʈ˜˯̓ːἍε̃ ͔Ϣ̞ʓἍΘΡ͔ʓϢʈʤἍƾᶓ˅ ȹʈχ͔ΡεἍȹχἍʈ͔̓УʤΡːʤ̓ʈʤἍχ˜ȹχἍȹΡʤἍʤΞϢȹ̞ἍχἍ͔͔ ΡἍχ˜ȹ̓Ἅ̞ ʤεεἍƾᶓ

˅ȹʈχ͔ΡεἍΘΡ͔ʓϢʈʤʓἍЧ˜ʤἍ̓̓ ͔χἍϢε˯ ̓Ἅː̃ε˯χ͔ːΡȹ̼Ἅ̼ ȹχʈ˜˯̓ːᶾἍß˯εχ͔ːΡȹ̼Ἅ̼ȹχʈ˜˯̓ːἍε̃ ȹΡΘʤ̓εἍχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅ

ʓʤἐ˯ χеἍʈ̞͔ϢʓἍ˅ ͔ΡἍʓȹχȹἍȹχἍΘ͔͔ΡἍΡʤε͔ ̞Ϣχ˯͔̓ἍᵽεʤʤἍʤаȹ̼Θ̞ʤεἍfÇᶓfăŢ|ᶓßăǋǙſᶾăŪƵ and fÇᶓfăŢ|ᶓƵſſƾᶓ

ßăǋǙſᶾăŪƵᵾʒ 

ᵿmin_dἍᵳ|ᶁ 

qʤχʤΡ̼˯̓ʤεἍ˯ Ἅ̓ÅἍχ˜ʤἍΡʤε͔ ̞Ϣχ˯͔̓Ἅ͔ Ἅ˅͔ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍχἍ͔Ч͔ΡἍ̕Ч˯χ˜᷄Ἅ͔ ̞̓еἍ͔ ʀεʤΡУʤʓἍΡʤ˅̞ʤʈχ˯͔̓εἍ

Ч˯χ˜ἍȹἍʓᶓεΘȹʈ˯̓ːἍȹʀ͔УʤἍmin_dἍȹΡʤἍʈ͔ἐ˯ ʓʤΡʤʓᶾἍmin_dἍ˯εἍʤУȹ̞ϢȹχʤʓἍʤȹʈἍ̃fÇἍ˯ χʤΡȹχ˯͔̓ᶾἍËʤχᵽnum_ob-

served _reflection s_above _d_minᵾἍ˯εἍϢΘʓȹχʤʓἍЧ˜ʤἍ̓ȹἍʈ˜ȹ̓ːʤἍ˯ Ἅ̓min_dἍ˯εἍʓʤχʤʈχʤʓᶾἍǋʤʤἍȹε̞͔Ἅex-

tend _calculated _sphere _toἍȹ̓ʓἍdelete _observed _reflection s Ἅʒ 

ᵿmin_grid _spacingἍᵳ|ᶁ 

ă˅Ἅʓʤ˅˯̓ʤʓἍʑχ˜ʤ̓Ἅχ˜ʤἍːΡ˯ʓἍεΘȹʈ˯̓ːἍϢεʤʓἍ˯εἍεʤχἍχἍ͔χ˜ʤἍε̼ ȹ̞̞ʤΡἍ͔ Ἅ˅min_dᶏᴟἍȹ̓ʓἍmin_grid _spacing Ἅ᷄Ϣεʤ˅Ϣ̞Ἅ

˅͔ΡἍ͔ ʀχȹ˯̓˯̓ːἍ̼ ȹ̓еἍː Ρ˯ʓἍΘ͔˯̓χεἍ˅͔ΡἍː ΡȹΘ˜˯ʈȹ̞ἍΘϢΡΘ͔εʤεʒ 
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ᵿneutron _dataᶁ 

ǋ˯ ː̓ȹ̞εἍχ˜ȹχἍχ˜ʤἍ˯ ̓ΘϢχἍʓȹχȹἍ˯εἍ͔ Ἅ˅̓ ʤϢχΡ͔̓ἍχеΘʤᶾἍǦεʤʓἍ˯ Ἅ̓χ˜ʤἍΘ˯ʈ̕˯̓ːἍ͔ Ἅ˅ȹχ͔ε̼Ἅȹ̓ʓἍȹʓʓ˯χ˯͔̓ȹ̞̞еἍ|̔Ἅ

Уȹ̞ϢʤεἍȹΡʤἍ̓ ͔χἍʈ͔ΡΡʤʈχʤʓἍ˅ Ρ͔Ἅ̼ȹ̓еἍʓʤ˅˯̓ʤʓἍf_atom_typeἍȹ̓ʓἍf_atom _quantity Ἅ̕ ʤеЧ͔Ρʓεʒ 

ᵿpick _atom sἍײȹχ͔̼εᶁʒ ᶾᶾἍ 

ᵿactivate  ᵳ|ᶁ 

ᵿchoo se_fromἍᵳ|ᶁ 

ᵿchoo se_toἍᵳ|ᶁ 

ᵿchoo se_randomly Ἅᵳ|ᶁ 

ᵿomitἍᵳ|ᶁ 

ᵿdisplaceἍᵳ|ᶁ 

ᵿinsertἍᵳ|ᶁ 

pick _atom sἍ̼ ͔ʓ˯˅˯ʤεἍχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍʀȹεʤʓἍ͔ Ἅ̓Θ˯ʈ̕ʤʓἍȹχ͔ε̼ʒἍײȹχ͔̼Ἅʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍȹχ͔Ἅ̼

χеΘʤεἍχἍ͔ʀʤἍ͔ ΘʤΡȹχʤʓἍ͔ ̓᷄Ἅ˯ χἍʈȹἍ̓ʈ͔̓χȹ˯̓Ἅχ˜ʤἍЧ˯̞ʓἍʈȹΡʓἍʈ˜ȹΡȹʈχʤΡἍᶅ ḞᶫἍȹ̓ʓἍχ˜ʤἍ̓ ʤːȹχ˯͔̓Ἅʈ˜ȹΡȹʈχʤΡἍᶅ ᵳᶫἍʑ

εʤʤἍεʤʈχ˯͔̓ἍᴞᴧᶾᴞἍ˅ ͔ΡἍʓʤχȹ˯̞εʒἍǙ̃ ʤἍ͔ ΘʤΡȹχ˯͔̓εἍ͔ Ἅ˅pick _atom sἍȹΡʤἍ˯ ̓У͔̕ʤʓἍЧ˜ʤἍ̓activateἍʤУȹ̞ϢȹχʤεἍχἍ͔

ȹἍ̓ ͔ᶓ̓эʤΡ͔ἍУȹ̞ϢʤἍʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤ ʑ

pick _atoms  ­- !®  
activate  = Mod(Cycle _Iter ,  20)  == 0;   

Ǚ̃ ʤἍΘ˯ʈ̕˯̓ːἍΡ͔Ϣχ˯̓ʤἍȹχχʤ̼ΘχεἍχἍ͔̞ ͔ʈȹχʤἍχ˜ʤἍȹχ͔Ἅ̼χеΘʤεἍ˅ ͔Ϣ̓ʓἍ˯Ἅ̓ײȹχ͔̼ἍʀȹεʤʓἍ͔ Ἅ̓χ˜ʤἍ˯ ̓χʤ̓ε˯ χ˯ʤεἍ͔ Ἅ˅

Θ˯ʈ̕ʤʓἍȹχ͔ε̼Ἅȹ̓ʓἍχ˜ʤἍεʈȹχχʤΡ˯̓ːἍΘ͔ЧʤΡἍ͔ Ἅ˅χ˜ʤἍȹχ͔ε̼Ἅʓʤ˅˯̓ʤʓἍ˯Ἅ̓f_atom _type ἍʒÇ͔ ΡἍʤаȹ̼Θ̞ʤ ʑ

load  f _atom _type  f _atom _quantity  {  Ca 2 O 10 C 12 }  
pick _atoms  ­- !® 

ßʤΡʤἍχЧἍ͔fȹἍȹχ͔ε̼ἍȹΡʤἍ˅ ˯ΡεχἍΘ˯ʈ̕ʤʓἍȹ̓ʓἍχ˜ʤ̓ἍᴞᴝἍſἍȹχ͔ε̼Ἅȹ̓ʓἍχ˜ʤ̓ἍᴞᴟἍfἍȹχ͔ε̼ʒἍǙ̃ ʤἍΘ˯ʈ̕ʤʓἍȹχ͔ε̼Ἅ

͔ΘʤΡȹχʤʓἍ͔ Ἅ̓Ч˯̞̞ἍʀʤἍχ˜ʤἍſἍȹ̓ʓἍfἍȹχ͔ε̼ἍЧ˯χ˜Ἅχ˜ʤἍfȹἍȹχ͔ε̼Ἅ˯ ː͔̓Ρʤʓᶾ 

choo se_fromἍȹ̓ʓἍchoo se_toἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔̞ ˯̼˯χἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅ȹχ͔ε̼Ἅ͔ ΘʤΡȹχʤʓἍ͔ ̓ʒἍŪ͔ χʤʑἍχ˜ȹχἍ

Θ˯ ʈ̕ʤʓἍȹχ͔ε̼ἍЧ˯χ˜˯Ἅ̓pick _atomsἍȹΡʤἍε͔ ΡχʤʓἍ˯Ἅ̓ʓʤʈΡʤȹε˯ ̓Ἅː˯ ̓χʤ̓ε˯ χеἍ͔ ΡʓʤΡᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤἍʑχἍ͔̓ ͔χἍ͔ Θᶓ

ʤΡȹχʤἍ͔ Ἅ̓χ˜ʤἍ˅ ˯ΡεχἍχΡ̃ʤʤἍſἍȹχ͔ε̼Ἅȹ̓ʓἍχ˜ʤἍ̞ ȹεχἍᴟἍfἍȹχ͔ε̼Ἅχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

choose _from  4 
choose _to  20 

choo se_randomly Ἅ˅ ϢΡχ˜ʤΡἍΡʤʓϢʈʤεἍχ˜ʤἍȹχ͔ε̼Ἅ͔ ΘʤΡȹχʤʓἍ͔ Ἅ̓ȹ̓ʓἍ˯εἍʤаʤʈϢχʤʓἍȹ˅χʤΡἍchoo se_fromἍȹ̓ʓἍ

choo se_to  ʒ

omitἍΡʤ̼͔УʤεἍ͔ ΘʤΡȹχʤʓᶓ͔ ᶓ̓ȹχ͔ε̼Ἅ˅ Ρ͔Ἅ̼χ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеᶾἍχ͔ε̼ἍʈȹἍ̓ʀʤἍΘȹΡχ˯ȹ̞̞еἍΡʤ̼͔УʤʓἍʀеἍ

εʤχχ˯̓ːἍomitἍχἍ͔Уȹ̞ϢʤεἍ̞ ʤεεἍχ˜ȹ̓ἍᴞʒἍȆȹϢ̞ʤεἍː ΡʤȹχʤΡἍχ˜ȹ̓ἍᴞἍʈȹἍ̓ȹε̞͔ἍʀʤἍϢεʤʓʑἍχ˜ʤἍʤ˅˅ʤʈχἍ˯εἍχἍ͔ʈ˜ȹ̓ːʤἍ

χ˜ʤἍε˯ ːἍ͔̓ Ἅ˅χ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеᶾἍomit Ἅ͔ ΘʤΡȹχ˯̓ːἍ͔ Ἅ̓ȹἍ˅ ʤЧἍ͔ Ἅ˅χ˜ʤἍ̃ ˯ː˜ʤεχἍ˯ ̓χʤ̓ε˯ χеἍȹχ͔ε̼Ἅ˯εἍȹἍ̓ʤаᶓ

χΡʤ̼ʤ̞еἍʤ˅˅ʤʈχ˯УʤἍ̼ ʤȹἐἍ͔ Ἅ˅ΘΡʤУʤ̓χ˯̓ːἍχ˜ʤἍ͔ ʈʈϢΡΡʤ̓ʈʤἍ͔ Ἅ˅ϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣχ˯͔̓εʑἍεʤʤἍfÇᶓᴞᴦȖᶓ

ſŢăǙʒăŪƵ᷄Ἅ˅ ͔ΡἍʤаȹ̼Θ̞ʤ᷁ 
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pick _atoms  *  
choose _to  5 
omit  = Rand(1,  1.1);  

Omitting  atom s randomly  is a technique  referred  to as ᶮΡȹ̓ʓ͔̼ omit  maps  ɳin ShelXD, (Schneider  

and Sheldrick , 2002 ). 

insert  inserts operated  on atoms; a value  of  1 inserts the atoms with  an inten sity  that  is equal  to 

the average  of  the  picked  atoms. Values of  less than  1 decrea ses the  inten sity  of  the inserted  

atoms. When insert  is defined  then  omit  is internally  defined  if  it  does not  already  exist. Thus, 

atoms are removed  before  insertion  by  default.  

displaceἍʓε˯Θ̞ȹʈʤεἍ˯ Ἅ̓Å ȹχ͔Ἅ̼Θ ε͔˯ χ˯͔̓εἍ˅ Ρ͔Ἅ̼χ˜ʤ˯ΡἍΘ˯ʈ̕ʤʓἍΘ ε͔˯ χ˯͔̓ε᷄Ἅ˯ χἍ˯εἍʤУȹ̞ϢȹχʤʓἍʀʤ˅͔ΡʤἍinsert Ἅʒ

Ç͔ ΡἍʤаȹ̼Θ̞ʤἍʑχἍ͔Ρȹ̓ʓ͔̼̞еἍʓε˯Θ̞ȹʈʤἍȹχ͔ε̼ἍʀеἍᴝʒᴡἍ%Ἅχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

displace  = Rand(0.4,  0.6);  
insert  1 

Ǚ̃ ʤΡʤἍʈȹἍ̓ʀʤἍ̼ ͔ΡʤἍχ˜ȹ̓Ἅ͔ ̓ʤἍ͔ ʈʈϢΡΡʤ̓ʈʤἍ͔ Ἅ˅pick _atom s Ἅʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤἍχἍ͔̞ ˯̼˯χἍϢΡȹ̓˯Ϣ̼Ἅȹχ͔Ἅ̼ε͔ ̞Ϣᶓ

χ˯͔̓εἍχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ἍːʈȹἍ̓ʀʤἍϢεʤʓ᷁ 

pick _atoms  *  
choose _to  5 
insert  = Rand( - .1,  1);  

Ǚ͔ἍΡȹ̓ʓ͔̼̞еἍΡʤ̼͔УʤἍȹἍ˅ϢΡχ˜ʤΡἍḋᴡᴡỦἍ͔ Ἅ˅ȹχ͔ε̼Ἅχ˜ʤ̓Ἅχ˜ʤἍ˅͔̞̞͔Ч˯̓ːἍʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

Break _cycle _if _true  = Get(iters _since _last _best)  > 10;  
pick _atoms  *  

activate  = Cycle _Iter  == 0;  
insert  = If(Rand(0,  1)  > 0.33,  10,  0);  

Ū͔ χʤἍχ˜ȹχἍ˯Ἅ̓χ˜ε˯Ἅʤаȹ̼Θ̞ʤἍȹχ͔ε̼ἍȹΡʤἍ˯ἐʤΡχʤʓἍȹχἍχʤἍ̓χ˯̼ʤεἍχ˜ʤἍȹУʤΡȹːʤἍΘ˯ʈ̕ʤʓἍ˯ ̓χʤ̓ε˯ χе᷄Ἅχ˜ε˯Ἅε˯ ̼Θ̞еἍ

ː˯УʤεἍ̼͔ΡʤἍЧʤ˯ː˜χἍχἍ͔Θ˯ʈ̕ʤʓἍȹχ͔ε̼ἍΡʤ̞ȹχ˯УʤἍχἍ͔ʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍ͔̓ε˯ʤἍʒʓʓ˯χ˯͔̓ȹ̞̞ еἍЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓εἍ

ȹΡʤἍȹε̞͔Ἅː ˯Уʤ̓Ἅ̼ ͔ΡʤἍЧʤ˯ː˜χ˯̓ːᶾ 

ᵿpick _atom s_whenἍᵳ|ᶁ 

χ͔ε̼ἍȹΡʤἍΘ˯ʈ̕ʤʓἍ˯Ἅ̓χ˜ʤἍſΘʤË̓ŗἍʓε˯Θ̞ȹеἍЧ˜ʤἍ̓pick _atoms_whenἍʤУȹ̞ϢȹχʤεἍχἍ͔ȹἍ̓ ͔ᶓ̓эʤΡ͔ἍУȹ̞ϢʤἍʑ

˜ʤΡʤᶫεἍȹἍ̓ʤаȹ̼Θ̞ʤ᷁ 

pick _atoms _when = Mod(Cycle _Iter  + 1,  10)  == 0;  

Ū͔ χʤἍχ˜ȹχἍΘ˯ʈ̕˯̓ːἍʈȹἍ̓ʀʤἍ̼ ȹ̓Ϣȹ̞̞еἍ˯ ̓˯χ˯ȹχʤʓἍ˅ Ρ͔Ἅ̼χ˜ʤἍf̞ ͔ϢʓἍʓ˯ȹ̞͔ːἍ͔ Ἅ˅χ˜ʤἍſΘʤË̓ŗἍʓε˯Θ̞ȹеᶾἍἍχʤаχἍ

ʓʤεʈΡ˯Θχ˯͔̓Ἅ͔ Ἅ˅Θ˯ʈ̕ʤʓἍȹχ͔ε̼ἍʈȹἍ̓ʀʤἍ͔ ʀχȹ˯̓ʤʓἍʀеἍ͔ Θʤ̓˯̓ːἍχ˜ʤἍɲǙʤ̼Θ͔ΡȹΡеἍ͔ ϢχΘϢχἍɳχʤаχἍЧ˯̓ʓ͔ЧἍ͔ Ἅ˅

χ˜ʤἍſΘʤË̓ŗἍЧ˯̓ʓ͔Чᶾ 
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ᵿrandomize _initial _phases_byἍᵳ|ᶁ 

ă̓ ˯χ˯ȹ̞˯эʤεἍΘ˜ȹεʤεʒἍǙ͔ἍεχȹΡχἍȹἍΘΡ͔ʈʤεεἍЧ˯χ˜Ἅȹ̞ΡʤȹʓеἍεȹУʤʓἍΘ˜ȹεʤἍ˯ ̓˅͔Ρ̼ȹχ˯͔̓Ἅχ˜ʤ̓Ἅχ˜ʤἍ˅ ͔̞̞͔Ч˯̓ːἍ

ʈ͔Ϣ̞ʓἍʀʤἍϢεʤʓ᷁ 

set _initial _phases _to  aleady _saved.fc  
randomize _initial _phases _by  0 ª this  has  a default  of  0 

ᵿrandomize _phases_on_new _cycle _byἍᵳ|ᶁ 

randomize _phases _on_new_cycle _by  = Rand( - 180,  180);  ª an example  

ᵿscale_density_below _thre sholdἍᵳ|ᶁ 

|̞ ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍΘ˯аʤ̞εἍχ˜ȹχἍȹΡʤἍ̞ ʤεεἍχ˜ȹ̓Ἅχ˜ʤἍχ˜Ρʤε̃ ͔̞ʓἍУȹ̞ϢʤἍȹΡʤἍεʈȹ̞ʤʓἍʀеἍscale_density_be-

low _thre shold ἍʒȆȹϢ̞ʤεἍ˅͔ ΡἍscale_density_below _thre sholdἍχ˜ȹχἍȹΡʤἍ̞ ʤεεἍχ˜ȹ̓ἍᴞἍχʤ̓ʓεἍχἍ͔ε̃ ȹΡΘʤ̓Ἅχ˜ʤἍ

ʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍȹ̓ʓἍχἍ͔ΡʤʓϢʈʤἍ̞ ȹΡːʤἍ͔εʈ˯̞̞ȹχ˯͔̓εἍ˯Ἅ̓ƾᶓ˅ ȹʈχ͔Ρε᷄Ἅχ˜ʤἍ̞ ȹχχʤΡἍ͔ ʈʈϢΡεἍ˅ ͔ΡἍʀȹʓἍʓȹχȹἍʑεʤʤἍ

ʤаȹ̼Θ̞ʤἍfÇᶓǋǦfƾſǋ|ăʒŪƵʒἍἍУȹ̞ϢʤἍ͔ Ἅ˅эʤΡ͔Ἅ˅ ͔ΡἍscale_density_below _thre shold  results in lɲow  den-

sity  elimination  ɳsimilar- to that  of  Shiono  & Woolf son (1992). 

ᵿscale_EἍᵳ|ᶁ 

Ū͔ Ρ̼ȹ̞˯эʤʓἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡεἍᵽ|̔ἍУȹ̞ϢʤεᵾἍȹΡʤἍȹἍ˅Ϣ̓ʈχ˯͔̓Ἅ͔Ἅ˅correct _for _temperature _effect s ȹ̓ʓἍϢ̓˯χἍ

ʈʤ̞̞Ἅʈ͔̓χʤ̓χεʒἍscale_EἍȹ̞̞͔ЧεἍ˅͔ΡἍȹἍ̓ȹʓʓ˯χ˯͔̓ȹ̞Ἅεʈȹ̞˯̓ːἍ͔ Ἅ˅|̔ἍУȹ̞Ϣʤεʒ 

ᵿscale_FἍᵳ|ᶁ 

fÇἍЧ͔Ρε̕ἍЧ˯χ˜Ἅ͔̓Ρ̼ȹ̞˯эʤʓἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡεἍʀеἍʓʤ˅ȹϢ̞χᶾἍscale_FἍ˯εἍȹἍ̓ȹʓʓ˯χ˯͔̓ȹ̞Ἅεʈȹ̞˯̓ːἍ͔ Ἅ˅εχΡϢʈχϢΡʤἍ

˅ȹʈχ͔ΡεʒἍǙ̃ ʤἍʓʤȹ˅Ϣ̞χἍscale_FἍʀΡ͔ȹʓʤ̓εἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍΘʤȹε̕ἍχἍ͔ȹУ͔˯ʓἍΘ˯а˯̞ȹχ˯͔̓Ἅʤ˅˅ʤʈχεἍȹ̓ʓἍ˯εἍ

ː˯Уʤ̓Ἅʀе᷁ 

scale _F = Exp( - 0.2  Get(d _squared _inverse));  

ᵿscale_F000Ἅᵳ|ᶁ 

ǋʈȹ̞ʤἍε̃ ͔Ϣ̞ʓἍʀʤἍεʤχἍχἍ͔ᴞἍ˅ ͔ΡἍʈ͔̼Θ̞˯ȹ̓ʈʤἍЧ˯χ˜Ἅχ˜ʤἍȹ̞ː͔Ρ˯χ˜̼Ἅof  Oszlányi  & Süto  (2004 ). When 

scale_F000  is non-zero , modif ication s to the electron  density  produce  unfavourable  effect s. 

ᵿscale_weak _reflection sἍᵳ|ᶁ 

е̂Ἅʓʤ˅ȹϢ̞χἍʑЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓ἍεχΡϢʈχϢΡʤἍ˅ȹʈχ͔ΡεἍȹΡʤἍεʤχἍχἍ͔эʤΡ͔᷄Ἅ͔̃ЧʤУʤΡἍʑЧ˜ʤἍ̓ʤ˯χ˜ʤΡἍscale_weak _re-

flection s ͔Ρ add_to_phases_of_weak _reflection sἍ˯εἍʓʤ˅˯̓ʤʓἍχ˜ʤ̓ἍЧʤȹἍ̕Ρʤ˅̞ʤʈχ˯͔̓ἍεχΡϢʈχϢΡʤἍ˅ ȹʈχ͔ΡεἍ

ȹΡʤἍ˯ἐχʤȹʓἍ̼ ͔ʓ˯˅˯ʤʓἍȹʈʈ͔Ρʓ˯̓ː̞еἍʑ˅ ͔ΡἍʤаȹ̼Θ̞ʤ᷁ 

scale _weak_reflections  = Rand( - 0.2,  0.4);  

scale_weak _reflection s ͔Ρ add_to_phases_of_weak _reflection sἍʈȹἍ̓ʀʤἍȹἍ˅ Ϣ̓ʈχ˯͔̓Ἅ͔ Ἅ˅D_spacing  ʒ
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ᵿset_initial _phases_toἍײ˅˯̞ʤᶁ 

ᵿmodify _initial _phasesἍᵳ|ᶁ 

ǋʤχεἍ˯ ̓˯χ˯ȹ̞ἍΘ˜ȹεʤεἍχἍ͔χ˜ε͔ʤἍȹΘΘʤȹΡ˯̓ːἍ˯Ἅ̓ײ˅˯̞ʤᶾἍǙеΘ˯ʈȹ̞̞еἍʑײ˅˯̞ʤἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔ȹἍḞÇʒfἍ˅ ˯̞ʤἍεȹУʤʓἍ˯Ἅ̓ȹἍ

ΘΡʤУ˯͔ϢεἍʈ˜ȹΡːʤᶓ˅ ̞˯ΘΘ˯̓ːἍΘΡ͔ʈʤεεʒἍmodify _initial _phasesἍ˯εἍʤаʤʈϢχʤʓἍʤȹʈἍ̃fÇἍ˯χʤΡȹχ˯͔̓᷄Ἅ˯ χἍʈȹἍ̓ʀʤἍ

ϢεʤʓἍχἍ͔ΡʤεχΡȹ˯̓Ἅχ˜ʤἍΘ˜ȹεʤεἍ͔ Ἅ˅ײ˅˯̞ʤᶾἍÇ͔ ΡἍʤаȹ̼Θ̞ʤ ʑ

modify _initial _phases  = Get(initial _phase)  + Mi n(Abs(Get(phase _differ ence)),45);  

Ч˜ʤΡʤἍΘ˜ȹεʤḚʓ˯˅˅ʤΡʤ̓ʈʤἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍʓ˯˅˅ʤΡʤ̓ʈʤἍʀʤχЧʤʤ̓Ἅχ˜ʤἍʈϢΡΡʤ̓χἍΘ˜ȹεʤἍȹ̓ʓἍχ˜ʤἍ˯ ̓˯χ˯ȹ̞Ἅ

Θ˜ȹεʤ᷄Ἅ˯ χἍ̃ ȹεἍȹἍУȹ̞ϢʤἍʀʤχЧʤʤ̓ἍḉᴨᴝḬʒἍmodify _initial _phasesἍʈȹἍ̓ʀʤἍϢεʤʓἍχἍ͔ʈ͔ἐχΡȹ˯̓ἍΘ˜ȹεʤεἍχἍ͔

χ˜ε͔ʤἍȹεἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍ̃ ˯ː˜ἍΡʤε͔ ̞Ϣχ˯͔̓ἍχΡȹ̓ε̼ ε˯ε˯͔Ἅ̓ʤ̞ʤʈχΡ͔̓Ἅ̼ ˯ʈΡ͔εʈ͔ΘеἍßƾǙ|ŢἍᵽȹBaerlocher  et 

al. , 2007ᵾ. 

ᵿspace _groupἍײᶁ 

ă˅Ἅʓʤ˅˯̓ʤʓἍʑχ˜ʤ̓Ἅχ˜ʤἍcf _hkl_file Ἅ˯εἍȹεεϢ̼ʤʓἍχἍ͔ʈ͔̼ΘΡ˯εʤἍ̼ ʤΡːʤʓἍ̃ ̕ε̞Ἅʈ͔ΡΡʤεΘ͔̓ʓ˯̓ːἍχἍ͔χ˜ʤἍʓʤ˅˯̓ʤʓἍ

εΘȹʈʤἍː Ρ͔ϢΘ᷄Ἅ͔ χ˜ʤΡЧ˯εʤʑἍχ˜ʤ cf _hkl_file Ἅ˯εἍȹεεϢ̼ʤʓἍχἍ͔ʀʤἍ͔ Ἅ˅εΘȹʈʤἍː Ρ͔ϢΘἍχеΘʤỨƵɜ״ 

ᵿsymmetry _obey _0_to_1Ἅᵳ|ᶁ 

ă˅ἍȹἍεΘȹʈʤἍː Ρ͔ϢΘἍ˯εἍʓʤ˅˯̓ʤʓἍʑχ˜ʤ̓Ἅεе̼̼ʤχΡеἍ˯εἍȹʓ˜ʤΡʤʓἍχἍ͔ȹʈʈ͔Ρʓ˯̓ːἍχἍ͔symmetry _obey _0_to_1ʒἍ

symmetry _obey _0_to_1 ʈȹἍ̓ʀʤἍχ˜͔Ϣː˜χἍ͔ Ἅ˅ȹεἍȹἍΡʤȹ̞ἍεΘȹʈʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍΡʤεχΡȹ˯̓χ᷄Ἅ˯ χεἍУȹ̞ϢʤἍ

ε̃ ͔Ϣ̞ʓἍΡȹ̓ʤːἍʀʤχЧʤʤ̓ἍᴝἍȹ̓ʓἍᴞʒἍă˅ἍᴞἍχ˜ʤ̓Ἅεе̼̼ʤχΡеἍ˯εἍ͔ ʀʤеʤʓἍᴞᴝᴝỦ Ἅ᷄˯Ἅ˅ᴝἍχ˜ʤ̓Ἅ˅͔ ΡἍȹἍΘȹΡχ˯ʈϢ̞ȹΡἍεʤχἍ͔ Ἅ˅

ʤΞϢ˯Уȹ̞ʤ̓χἍː Ρ˯ʓἍΘ͔˯̓χεʑἍȹεἍʓʤχʤΡ̼˯̓ʤʓἍʀеἍχ˜ʤἍʤΞϢ˯Уȹ̞ʤ̓χἍΘ ε͔˯ χ˯͔̓εἍ͔ Ἅ˅χ˜ʤἍεΘȹʈʤἍː Ρ͔ϢΘἍʑȹἍ̓ȹУʤΡȹːʤἍ

ʓʤἐ˯ χеἍrȹУἍː˯εἍ͔ ʀχȹ˯̓ʤʓᶾἍǙ̃ ʤἍʤʤ̞ʈχΡ͔̓Ἅʓʤἐ˯ χ˯ʤεἍ͔ Ἅ̓χ˜ʤἍː Ρ˯ʓἍΘ͔˯̓χεἍȹΡʤἍχ˜ʤ̓Ἅȹʓ̍ϢεχʤʓἍȹεἍ˅͔̞̞͔Чε᷁ 

r̓ʤЧἍḃἍrἍᵽᴞἍ-Ἅsymmetry _obey _0_to_1ᵾἍḅἍsymmetry _obey _0_to_1ἍrȹУ ː

Ǚ̃ ʤἍχʤаχἍ͔ϢχΘϢχἍɱεе̼̼ʤχΡеἍʤΡΡ͔ΡᶬἍȹεἍʓε˯Θ̞ȹеʤʓἍЧ˜ʤἍ̓symmetry _obey _0_to_1Ἅ˯εἍϢεʤʓἍȹ̓ʓἍε˯Ἅʓʤ˅˯̓ʤʓἍ

ȹεἍ˅͔̞̞͔Чε᷁ 

ᴂίώάάὩὸὶώ Ὡὶὶέὶ
В” ”

Вȿ”ȿ
 

where  the summation  is over  all electron  density  grid  point s. symmetry _obey _0_to_1Ἅʓʤ˅˯̓ʤεἍ

find _originἍʀеἍʓʤ˅ȹϢ̞χᶾἍfind _origin Ἅ˯εἍȹΘΘ̞˯ʤʓἍʀʤ˅͔ΡʤἍsymmetry _obey _0_to_1ʒ  find _originἍε̃ ˯˅χεἍχ˜ʤἍ

ʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеἍεϢʈἍ̃χ˜ȹχἍȹἍ̓ȹΘΘΡ͔а˯̼ȹχʤἍʤΡΡ͔ΡἍ˯Ἅ̓ɱεе̼̼ʤχΡеἍʤΡΡ͔ΡᶬἍ˯εἍ̼ ˯̓˯̼˯эʤʓ᷄Ἅχ˜ϢεἍfind _originἍ

ȹεε˯εχεἍ˯Ἅ̓χ˜ʤἍsymmetry _obey _0_to_1ἍΡʤεχΡȹ˯̓χᶾ 
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ᵿtangent _num_h_readἍᵳ|ᶁ 

ᵿtangent _num_k_readἍᵳ|ᶁ 

ᵿtangent _num_h_keepἍᵳ|ᶁ 

ᵿtangent _max_triplet s_per_hἍᵳ|ᶁ 

ᵿtangent _min_triplet s_per_hἍᵳ|ᶁ 

ᵿtangent _scale_difference _byἍᵳ|ᶁ 

tangent _num_h_readἍȹ̓ʓἍtangent _num_k_readἍʓʤ˅˯̓ʤεἍχ˜ʤἍ̓Ϣ̼ʀʤΡἍ͔ Ἅ˅̃ ˯ː˜ʤεχἍ̔Ἅȹ̓ʓἍ̃ ˯ː˜ʤεχἍ˶ἍΡʤᶓ

˅̞ʤʈχ˯͔̓εἍχἍ͔ΡʤȹʓἍ˯ Ἅ̓ʓʤχʤΡ̼˯̓˯̓ːἍχΡ˯Θ̞ʤχεʒἍtangent _num_h_keepἍʓʤ˅˯̓ʤεἍχ˜ʤἍ̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅̃ ˯ː˜ʤεχἍ̔Ἅ

Ρʤ˅̞ʤʈχ˯͔̓εἍχἍ͔˯ ̓ʈ̞ϢʓʤἍ˅ ͔ΡἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍϢΘʓȹχ˯̓ːᶾἍtangent _max_triplet s_per_hἍȹ̓ʓἍtan-

gent _min_triplet s_per_hἍʓʤ˅˯̓ʤεἍχ˜ʤἍ̼ ȹа˯̼Ϣ̼Ἅȹ̓ʓἍ̼ ˯̓˯̼Ϣ Ἅ̼̓ Ϣ̼ʀʤΡἍ͔ Ἅ˅χΡ˯Θ̞ʤχεἍΘʤΡἍΡʤ˅̞ʤʈχ˯͔̓Ἅ̔ Ἅʒ

ƾʤ˅̞ʤʈχ˯͔̓εἍЧ˯χ˜Ἅ̞ ʤεεἍχ˜ȹ̓Ἅtangent _min_triplet s_per_hἍȹΡʤἍ̓ ͔χἍ˯ ̓ʈ̞ϢʓʤʓἍ˅ ͔ΡἍχȹ̓ːʤ̓χἍ˅ ͔Ρ̼Ϣ̞ȹἍϢΘʓȹχᶓ

˯̓ːᶾἍtangent _scale_difference _byἍʈ͔ ΡΡʤεΘ͔̓ʓεἍχἍ͔SἍ˯Ἅ̓χ˜ʤἍ˅͔̞̞͔Ч˯̓ː᷁Ἅ 

ᶮȟ ᶮȟ Ὓ ‌ ᶮȟ ᶮȟ  

ὸὥὲɲȟ Ὕ ὄϳ  

Ὕ В ὉὉὉ ίὭὲɲ ᶮ   

ὄ ὉὉὉ ὧέίɲ ᶮ  

‌ ὓ ὓ ȟϳ  ȟ   ὓ Ὕ ὄ  

ᵿuser_thre sholdἍᵳ|ᶁ 

By default , Get( thre shold ) is determined  using fraction _density _to_flip . When defined  then  

user_thre shold  ͔УʤΡΡ˯ʓʤε fraction _density_to_flip . Electron  density  pixel s are normalized  to have  

a maximum  value  of  1, thus typical  value s for  user_thre sholdἍΡȹ̓ːʤἍʀʤχЧʤʤ̓ἍᴝἍȹ̓ʓἍᴝʒᴞʒ 

ᵿuse_Fcᶁ 

ǋʤχεἍ˯̓˯χ˯ȹ̞ἍΘ˜ȹεʤεἍχἍ͔χ˜ε͔ʤἍεȹУʤʓἍ˯Ἅ̓ȹἍΘΡʤУ˯͔ϢεἍḞÇʒfἍ˅˯̞ʤᶾἍǙ̃ ʤἍÇfἍ˅˯̞ʤἍϢεʤʓἍʈ͔ΡΡʤεΘ͔̓ʓεἍχἍ͔χ˜ʤἍεȹ̼ʤἍ

̓ȹ̼ʤἍȹεἍχ˜ʤἍʓȹχȹἍ˅ ˯̞ʤἍʑʓʤ˅˯̓ʤʓἍϢε˯ ̓Ἅːcf _hkl_file  ͔Ρ cf _in_A_matrix ἍʑʀϢχἍЧ˯χ˜ἍȹἍÇfἍʤаχʤ̓ε˯ ͔̓ᶾἍuse_FcἍ

ε˯Ἅε˯ ̼˯̞ȹΡᶓχἍ͔set_initial _phases_toἍʤаʈʤΘχἍχ˜ȹχἍχ˜ʤἍ˅ ˯̞ʤἍ˯εἍ˯ ̼Θ̞˯ʤʓᶾ 

ᵿverbo seἍᶍᶁ 

ἍУȹ̞ϢʤἍ͔ Ἅ˅ᴞἍ͔ ϢχΘϢχεἍχʤаχἍ˯Ἅ̓ȹἍУʤΡʀ͔εʤἍ̼ ȹ̓̓ʤΡᶾἍἍУȹ̞ϢʤἍ͔ Ἅ˅ᴝἍ͔ ϢχΘϢχεἍχʤаχἍЧ˜ʤἍ̓χ˜ʤἍƾᶓ˅ ȹʈχ͔ΡἍ˯ εἍ̞ʤεεἍ

χ˜ȹχἍȹἍΘΡʤУ˯͔ϢεἍУȹ̞ϢʤἍʤ̓ʈ͔Ϣ̓χʤΡʤʓἍЧ˯χ˜˯̓ἍȹἍΘȹΡχ˯ʈϢ̞ȹΡἍfеʈ̞ ʤᶾ 

ᵿview _cloudἍᵳ|ᶁ 

ă̓ ˅͔Ρ̼εἍȹἍʓʤχʤʈχʤʓἍËǦăἍχἍ͔ʓε˯Θ̞ȹеἍχ˜ʤἍʤ̞ʤʈχΡ͔̓Ἅʓʤἐ˯ χеᶾἍßʤΡʤἍȹΡʤἍε͔ ̼ʤἍʤаȹ̼Θ̞ʤε᷁ 
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view _cloud  1 ª Update  cloud  every  charge - flipping  iteration  
view _cloud  = Mod(Cycle _Iter ,  10)  == 0;  
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22.  ËǦăἍÇǦŪfǙăſŪ ŗăǙȖ 

22.1 ..... ̓χ˯ȹ̞˯ȹε˯̓ːἍȹ̓ʓἍſΘʤ̓Ëŗ 

Enable Antialiasing on your graphics card to display smooth lines in OpenGL; this affects all OpenGL 

displays.  Depending  on the graphics card , Antialiasing  can also be enabled in a program -specific 

manner.  

22.2  .... ǋʈȹᶓ̓Ч˯̓ʓ͔ЧἍУ˯ʤЧ˯̓ːἍ͔ΘʤΡȹχ˯͔̓ε 

The following described operation of the scan window where LMB and RMB correspond to Left and 

Right mouse button s. 

 ſΘʤΡȹχ˯͔̓ 

Mouse -Wheel  ǋʈΡ͔̞̞ἍΘ̞͔χεἍ̞ʤ˅χᶏΡ˯ː˜χ 

Shift Mouse -Wheel  f͔̼ΘΡʤεεᶏʤаΘȹ̓ʓἍаᶓȹа˯ε 

LMB forwards rectangle  Ȯ͔͔̼ 

LMB backwards rectangle  Ǧ̓э͔͔̼ 

LMB forwards/backwards rectangle to-

wards 1st and 3rd quadrants  

f˜ȹ̓ːʤἍεχȹΡχᶏʤ̓ʓἍ͔˅Ἅаᶓȹа˯εἍЧ˯̓ʓ͔ЧἍʓʤΘʤ̓ʓ˯̓ːἍ͔̓ἍΘΡ͔аᶓ
˯̼˯χеἍχ͔ἍЧ˯̓ʓ͔ЧἍ̞˯̼˯χεᶾἍ 

RMB click  Context menu . 

RMB down and scroll  Ƶȹ̓̓˯̓ːᶽἍε˯̼˯̞ȹΡᶓχ͔ἍεʈΡ͔̞̞˯̓ːἍϢε˯̓ːἍ̼͔ϢεʤἍЧ˜ʤʤ̞ ʒ

LMB click on hkl tick mark or tick mark 

row  

ß˯ː˜̞˯ː˜χἍȹ̞̞Ἅχ˯ʈ̕Ἅ̼ȹΡ̕εἍ˅Ρ͔̼Ἅεȹ̼ʤἍΘ˜ȹεʤᶾἍq˯εΘ̞ȹеἍȹεᶓ
ε͔ʈ˯ȹχʤʓἍΘ˜ȹεʤᶾ 

Mouse close to tick mark  ǋ˜͔ЧἍ˜̞̕Ἅȹ̓ʓἍʓᶓεΘȹʈ˯̓ːἍ͔̓ἍεʈΡʤʤ̓ ʒ

Mouse close to phase line  ß˯ː˜̞˯ː˜χεἍΘ˜ȹεʤἍȹ̓ʓἍȹεε͔ʈ˯ȹχʤʓἍχ˯ʈ̕Ἅ̼ȹΡ̕εᶾ 

22.3  .... ǋʤ̞ʤʈχ˯̓ːἍ˅˯̞ʤεἍ˅͔ΡἍʓ˯εΘ̞ȹеἍϢε˯̓ːἍːΡʤΘἍΡʤːϢ̞ȹΡἍʤаΘΡʤεε˯͔̓ε 

Grep regular expressions can be used to simplify the selection of scans for display; this is useful when 

χ˜ʤΡʤἍȹΡʤἍ̼ȹ̓еἍΘȹχχʤΡ̓εἍ̞͔ȹʓʤʓᶾἍËΡʤΘἍʈȹ̓ἍʀʤἍȹʈʈʤεεʤʓἍχ˜Ρ͔Ϣː˜Ἅχ˜ʤἍᶮË̞͔ʀȹ̞ᶏÇ˯̞χʤΡἍεʈȹ̓εἍ˅͔ΡἍʓ˯εΘ̞ȹеᶯἍ

option in the TreeView pane as seen in the following : 
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In the above, every 100 th εʈȹ̓Ἅ˯εἍʓ˯εΘ̞ȹеʤʓἍϢε˯̓ːἍχ˜ʤἍΡʤːϢ̞ȹΡἍʤаΘΡʤεε˯͔̓Ἅ͔˅ἍᶮḚᵿᴞ-ᴨᶁᴝᴝᶯᶾ 

22.4  .... ː Ϣ˯ḚχʤаχἍ̕ʤеЧ͔ΡʓἍ͔̓ЧἍ˯ː͔̓ΡʤʓἍʀеἍχ˜ʤἍ̕ʤΡ̓ʤ̞ 

For the commercial version of TOPAS, the gui_text  keyword allows for INP format text to be used in 

GUI mode refinement. In Launch mode , the gui_text  keyword is ignored but with the INP text within 

the gui_text  block included in the refinement. The means that INP files are GUI mode compliant and 

moving between GUI and Launch mode is a smooth operation. For example, the following INP file can 

be run in both Launch and GUI modes without modification:  

XDD(ceo2)  
   CuKa5(0.0001)  
   Full_Axial_Model(12, 20, 12, 5.1, sl 5)  
   Radius(173)  
   LP_Factor(17)  
   Divergence(1)  
   Slit_Width(0.1)  
   bkg  @ 0 0 0 0 0  
   Zero_Error(@, 0)  
   gui_text {  
      prm b0 0  
      prm b1 0  
      fit_obj = b0 + b1 (X2 - X1) / 2;  
   }  
   str          
      space_group F_M_3_M  
      scale @ 0.001  
      Cubic(@ 5.410)  
      site Ce1                       occ Ce+4 1 beq 1 
      site O1  x 0.25 y 0.25 z 0.25  occ O- 2  1 beq 1 
      CS_L(@, 100)  
      MVW(0,0,0)  
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22.5  .... q˯εΘ̞ȹе˯̓ːἍȹἍΘ˜ȹεʤἍЧ˯χ˜Ἅȹ̓ʓἍЧ˯χ˜͔ϢχἍʀȹʈ̕ːΡ͔Ϣ̓ʓ 

 

Phases can be plotted with  or without background  by cycling through the three states of the phase -

display icon.  

22.6  .... ß͔ЧἍȹχ͔̼εἍȹΡʤἍʓ˯εΘ̞ȹеʤʓἍ˯̓ἍſΘʤ̓Ëŗ 

Atoms colo urs and radii are defined in the files  ǙſŢḚfſŗſƾǋᶾq|Ç and ǙſŢḚƾ qăǦǋᶾq|Ç respectively. 

A site defined as:  

site S1 occ Al+3 1 beq 1 

will be displayed as a Sulphur atom. If the Site Name, minus the numbers, is not found in ǙſŢḚfſŗᶓ

ſǦƾǋᶾq|Ç then the atom type defined at the first site occupancy is used. Thus, a site defined as:  

site _S1 occ Al+3 1 beq 1 

will be displayed as an Alumin ium atom . 

22.7  .... ǙΡȹʈ̕˯̓ːἍȹχ͔̼˯ʈἍ̼͔Уʤ̼ʤ̓χεἍːΡȹΘ˜˯ʈȹ̞̞е 

[strᶿᶁ 

[ track_buffer !E]  

[site ]ᶿἍ[ track  !E] 

Examples 

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒ ŗȆſᴢ ᶾăŪƵ 

Atomic movements can be tracked using the site dependent keyword track . For example, the follow-
ing:  

site *T ¡track = Mod(Cycle_Iter, 2) == 0;  

will store the Al1 site position every second iteration. Doing this for every site in AlVO4 produces:  
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Saved positions are Faded with a Fade value of 4. A Fade value of 0 does nothing; a Fade value of 10 

results in black atoms. The str  dependent track_buffer  keyword determines the number of previous 

atomic positions to keep; the default value is 10.  

22.8  .... ǦεʤΡἍʓʤ˅˯̓ʤʓἍΘ˜ȹεʤἍʈ͔̞͔ϢΡᶽἍ̞˯̓ʤἍЧ˯ʓχ˜Ἅȹ̓ʓἍΘ͔˯̓χἍε˯эʤἍᵽḚʈ̞Θᵾ 

_clp #red #green #blue #line_width #point_size  Examples  

Ǚ|ǋǙḚ|Ȑ ŢƵŗ|ǋᶒȮƾſᴟᶾăŪƵ 

The colour, line width and data point size of phase plots can be entered in INP files using the phase 

or bkg  dependent keyword _clp. The first three numbers correspond to red, green and blue colour 

weightings with value ranging between 0 and 1. #line_wdith and #point_size can be between 0 and 

15. The file fſŗſǦƾǋᶾăŪf contains standard colours. Example usage is as follows:  

#include colours.inc  
bkg ¡ 

_clp 0. 5 0. 5 0.5  3 2 ªGrey with a line width of 3 and a data point size of 2 
str ¡ 

_clp 0.2 0.2 1 1 0   ª  DM=ish  with a line width of 1 and a data point size of 0 
fit_obj !fs  = 1000 X;  

Plot_Fit_Obj(fs,  Some_bkg)  
_clp  Blue  2 2  ªBlue c olour from colours.inc  

22.9  .... ß˯ː˜̞˯ː˜χ˯̓ːᶏʓ˯εΘ̞ȹе˯̓ːἍΘ˜ȹεʤεἍȹ̓ʓἍ˜̞̕Ἅχ˯ʈ̕Ἅ̼ȹΡ̕ε 

Highlighting a phase in a multi -phase pattern or patterns can be performed in many ways:  

>    Displaying phase names on the right of the plot window and moving the mouse over the phase 

name.  

>    Clicking on the row of the hkl tick marks. This displays the associated phase and tick marks 

highlighted, for example:  
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If individual phases are displayed using , then moving the mouse over the pattern highlights the 

pattern as well as tick marks associated with the phase.  

If there are too many tick rows, then the program displays all phase ticks from all patterns in one row. 

Moving the mouse close to a tick mark, displays tick mark information on the screen as well as dis-

playing the associated range name on the status bar. Additionally , clicking the left mouse button on a 

phase tick mark, highlights all tick marks associated with that phase and displays the phase pattern 

highlighted; for example:  

 

hkl tick marks are also now displayed in 2D -Offset mode as see n in the following:  

 

In 2D-offset mode, ticks marks from a particular pattern are placed on a common tick mark row. 

Clicking on an individual tick mark, highlights all tick marks from the corresponding phase and high-

lights and displays the corresponding phase pattern. As in th e non -2D-offset mode, a phase pattern 

and its associated tick marks are highlighted when the mouse is close to the phase pattern.  

22.10  .. ǙſÇἍаᶓȹа˯εἍʈȹἍ̓ʀʤἍʓ˯εΘ̞ȹеʤʓἍȹεἍʓᶓεΘȹʈ˯̓ːᶽἍƼἍ͔ΡἍχ͔˅ 

 

The x-axis of  TOF data  can  be displayed  as either  tof , d-spacing  or Q by  cycling  the x-axis button . 




















