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Disclaimer

This software was developed at the Institute of Physics, Polish Academy of Sciences (IP PAS). You can use it in any way you wish (no copyright). If you want to improve it however and modify it, please contact the authors—certainly they will appreciate your help.

IP PAS assumes no responsibility whatsoever for its use by other parties, and makes no guarantees, expressed or implied, about its quality, reliability, or any other characteristic.

We would appreciate acknowledgement if the software is used. When referencing, we recommend citing following paper:


…

1 Overview

The aim of this software is to support one dimensional (1D) periodic boundary conditions (PBC) in the OOMMF project.

To reach it, few new Oxs_Energy classes have been created for realization of PBC in exchange and in demagnetization interactions:

· Klm_UniformExchange,

· Klm_Demag_PBC,

· Klm_SimpleDemag_PBC.

PBC is here defined as “imagine your sample is infinite times repeated to the left and to the right”.

2 Installation

First of all you must have a working compilation environment. The way to check it is described in the installation section of the OOMMF user manual (look for “tclsh oommf.tcl +platform”).

Copy following files to the OOMMF oommf/app/oxs/local directory:

· kl_demag.cc, kl_demag.h. These are Klm_Demag_PBC class files.

· kl_pbc_util.cc, kl_pbc_util.h. These are utilities files.

· kl_simpledemag.cc, kl_simpledemag.h. These are Klm_SimpleDemag_PBC class files.

· kl_uniformexchange.cc, kl_uniformexchange.h. These are Klm_UniformExchange class files.

· progress.tcl. This file can be used by the demagnetization routines.
Maybe a better place to store it would be the OXS main path: oommf/app/oxs. Whatever place you choose for the storage, just remember it as you will have to specify it later.
Run the compilation script pimake according to the OOMMF programming manual. You should see a message about successful compilation of the appropriate *.cc files, then about the update of the OXS binary.

In case of any strange messages we recommend to contact the authors.

3 Usage

From the point of view of the user three new OXS objects are now available (listed in overview) which should be used instead of original OOMMF energies.

Below comes description of them and their parameters.

3.1 Klm_UniformExchange

This energy has exactly the same meaning and parameters as in non-PBC case with one extension, one new parameter.

Parameters (I list only non-PBC ones)

· kernel
Possible values (“6ngbr” is default):

· “6ngbr”
This value determines “standard” OOMMF exchange calculation.
· “6ngbrzperiod”
This value determines exchange calculation in case of 1D PBC. 
It means, for instance, that one given sample cell which is at the z-boundary (zpos=zmin) has six neighbors: five of them are in the directions +x, -x, +y, -y, +z and the sixth is at the other z-boundary (zpos=zmax).  
There are also other possible values, which are undocumented in the OOMMF manual I have. You may try to catch their purpose from the code…  

3.2 Klm_Demag_PBC

This is a complicated term with many parameters. Most of them have “reasonable” default values. Below they are described in order of their importance.

Parameters
· zPeriod
Possible values (0 is default) are integer numbers defining the PBC repetition period in units of cells.
Value 0 leads to a repetition by the whole sample z-length (according to the mesh definition).
Values larger than “sample z-length” allow evaluation of non-continuous periodic structures.
· progress_script
Possible values (“” is default) are strings defining the place of the progress.tcl script file (whole file path must be specified).
Calculation of the demagnetization tensor for large structures can be time-consuming. To see the work progress you must here specify the progress script. Empty value (“”) means “no progress show”.
· tensor_file_name
Possible values (“” is default) are strings defining the place where to store the demagnetization files (whole file path must be specified).
As the tensor computation can be time-consuming you can save your time and save the file for future. Because of technical reasons always two files must be saved.
The next time the program will run, it will try to use these files. If they are correct (the geometry has not changed), he will. If not, he will re-compute and re-fresh them.
Here you have two further possibilities:
· You save the files always under same names.
In this case you define with this parameter just the file name prefix. A suffix will be than added to it (as two files must be saved) and a second suffix will be added, defined by the tensor_file_suffix parameter.
For example parameter with value “/tmp/dt_” will lead to creation of two files: /tmp/dt_1.ovf and : /tmp/dt_2.ovf.
· You save the files in one directory with many names for many geometries.
In this case you define with this parameter just the file path (it must end with a slash “/”). The appropriate file names will be constructed (depending on the geometry) and the files will be kept in this directory.
· tensor_file_suffix
Possible values (“.ovf” is default) are strings defining the file extension for the tensor storage files.
· max_celldistance_img_diag, max_celldistance_img_OFFdiag
Possible values are float numbers affecting the periodicity computation method. Their default values are based on the best knowledge of the authors. See next chapter for details.
· max_no_of_sum_elements
Possible values are integer numbers affecting the periodicity computation method. Their default values are based on the best knowledge of the authors. See next chapter for details.
· error_img_dip_diag, error_img_dip_OFFdiag, err_ratio_cont_to_dip
Possible values are float numbers affecting the periodicity computation method. Their default values are based on the best knowledge of the authors. See next chapter for details.
3.2 Klm_SimpleDemag_PBC

This class is only for debugging purposes.

It runs slower then the Klm_Demag_PBC class and it has same parameters and functionality.

4 Details of PBC demagnetization computations

Here, the details of the demagnetization computations should be described.

Or some links should be given.

So far, I copy only the text from the source code:

The (MD's) idea was, to expand the initialization part, where original

 interactions between cells were computed using formulae and

 functions defined in the paper of Newell.

 PBC concept is based on the idea that interaction between a

 cell and an (inifinite) series of cells leads to an (infinite) 

 *summation* of the coeffitients for the interation cellC-cellS,

 where cellC is our "central cell" and cellS belongs to the

 series of "repetitions" of an originall cellO:

   
cellS(n) = Zshift(cellO,n*zPeriod),  where

 
n = -Infinity, ..., -1, 0, 1, ..., +Infinity

 
zPeriod is a "repetition period"

 The summation \sum _{n=-Infinity} ^{+Infinity} N(cellC,cellS)

 (N is the demagnetization tensor) will be broken into three parts:

   1. "Image", shortcut *img*

      I will often denote it as cube-cube. 

      Central part (small values of |n|) will be calculated using 

      Newells cell-cell formulae. This part (area) is limited by the 

      cell-cell formulea, which lead to increasing computational errors 

      for large cell-cell distances. 

      This critical distance / radius is defined by parameters

      >>max_celldistance_img_*<<.

      I have evaluated this parameter for Wintel platform

      (8 byte double precision), and it apears to be in the

      order of 30.

      In the code I will express this critical distance also 

      with n-values (n is PBC-repetition counter).

   2. "Dipole", shortcut *dip*

      Near distance cellS's (medium values of |n|) are evaluated

      using the dipole estimation.

      This area is limited (large |n|) by the case where we are

      able to introduce an approximation of the *dipole*

      formula. Namely for large |n| the relative difference

      between the *approximation* and (somehow exact) *dipole*

      will be smaller than a value defined by a parameter

      >>err_ratio_cont_to_dip*error_img_dip_APPRIOPRIATE<<

   3. "Continous", shortcut *cont*

      Other names appearing int the code are: "Summation up to 

      the infinites" or "approximation".

      This approximation is choosen in such a nice way, that 

      we know the analytical formula for the summation with

      infinite upper (or lower) limit.

      For this *approximation*, we have choosen the integral of

      the *dipole* formulae.

      We will use formulae (functions) which give us ready

      results of the summation from an finite to infinite 

      limit. These results will have a form of a difference

      "finite boundary limit" - "infinite boundary limit".

5 Restrictions, limitations

· So far, only 1D PBC. Moving to 2D is possible and from performance view (computation of the demagnetization tensor) seems realizable.

· 1D only in z-direction.
· Many of the files described here were written basing on appropriate original OOMMF files. I mean more than half of their volume was simply copied form the original distribution. The distribution we were basing on, was “oommf12a4pre-20051118”.
Future OOMMF distributions may contain improvements, which may need appropriate changes in this code as well.

· The tensor file storage lack some evaluation in the case of changed geometry. Namely space shift or rescaling should not be treated as geometry change. Instead some file mesh evaluation should be done.

6 Credits
This software was mainly written by Kristof M. Lebecki (lebecki@ifpan.edu.pl) of IP PAS.

The main idea of the demagnetization calculation method as well as many important remarks according PBC (and not only…) come form Michael Donahue of ITL/NIST. He is also the author of the progress.tcl script.

If you have bug reports, suggested improvements, feature requests, or other comments, please send them in an e-mail message to lebecki@ifpan.edu.pl
Acknowledgement is appreciated if the software is used. We recommend citing the following paper:

…
