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Theoretical background:


 The structure of disordered materials is commonly described in terms of radial distribution functions (RDFs) which give the probability of finding an atom at a distance r from a reference atom. RDFs are usually obtained by diffraction experiments employing X-rays, neutron or electrons. The relation between the reduced RDF, G(r), and the structure factor, S(q), which is the structure-dependant part of the diffraction spectrum recorded, is as follows:


                  G(r)  = (2/() � EMBED Equation.2  ���.





With IFO G(r) is not calculated by directly applying  the Fourier transformation given above. Instead, G(r) is calculated by minimazing the functional, Q,





              Q = ((2 + (I +  ((S1theor.- S1calc.(+ ((S2theor. -S2calc(,         





where      





 (2 = � EMBED Equation.2  ���(S(q)exp. - S(q)comp.)2, 


            


I = � EMBED Equation.2  ���� EMBED Equation.2  ���,  





 S1theor. =  � EMBED Equation.2  ��� ,      





 S2theor =� EMBED Equation.2  ��� 





and (, (, (, ( are Lagrange-type multipliers. The minimization is carried out through a Monte Carlo procedure. For more information see :


Petkov and R. Danev, J. Appl. Cryst. 31 (1998) 609-619.





To run IFO two files should be prepared in advance:


a data file, containing the experimental structure factor data


a command file, containing parameters guiding the Monte Carlo-type  procedure for calculating G(r)





2. Structure of the data file:  


   The file with experimental S(q) data have two columns of numbers in 


   free format- equidistant (q steps and S(q) values, respectively. 


    WARNING: IFO CAN HANDLE UP TO 10,000 data points. 


                                                                                                              


3. Structure of the command file: (for example see sn.ini; sin.ini; si.ini)





 Line one: the name of the file with the experimental structure factor, S(q),       


                data


Line two: the name of the file with G(r) data currently calculated by IFO





Line three: the sampling interval in real space, (r


Line four: the maximal real space distance to which G(r) is 


                calculated, rmax





Line five (lambda): Value of the respective Lagrange multiplier, (, 


Line six (mju): Value of the respective Lagrange multiplier, (,


Line seven (gamma):  Value of the respective Lagrange multiplier, (,


Line eighth (delta): Value of the respective Lagrange multiplier, (,





Line nine: (kappa): a constant determining the percentage of Monte Carlo 


               steps to be accepted





Line ten: (NMCS) the total number of Monte Carlo steps to be completed 





Line eleven: initial amplitude of the random change of a given 


                  G(r) data point


Line twelve: (powR) - provides some flexibility with the application of 


          the noise function, I. If, 


     powR = -1, the noise in the low-r part of G(r) is reduced preferentially 


     powR = 1, the noise in the high-r part of G(r) is reduced preferentially 


     powR = 0, (recommended) , no preferences





Line thirteen: (powS) value of the exponential pre-factor, (see the bottom 


                    line of the noise function, I, given above). powS = 1 or 2 is


                    recommended 





Line fourteen: flag for switching on/off the constraint requiring that G(r) 


                    behaves as -4(r(o at small values of r. When flag = 0 the 


                    constraint is off. When flag = 1 - on. 


                                                                                


Line fifteen: (rdown) the minimal r space distance to which the above 


                      constraint is applied, if switched on.


Line sixteen: ( (o ) average atomic number density of the material in 


                    (atoms/(3).


--------------------------------------------------------------------------------------


The command file can be redacted by any text editor. 


Important ! While editing, keep the file structure, including the blank lines and comments, intact. Simply replace the old names/values by new ones. 


 





 4. System requirements:


           Operating system: DOS 5.0 or higher/MS Windows 95,98, NT


           Hardware: PC386 or higher; minimum 2Mbytes of memory;  


           VGA/SVGA graphics card





5. Getting started:


make a directory with a name of your choice. Copy the files


    ifo.exe and dos4gw.exe in it. 


with the use of some text editor create/redact one xxx.ini file according the problem you explore. 


Supply/create a file with the experimental S(q) data and do not 


 forget to put its name in the xxx.ini file 


iv) In the DOS command field/line - 


     Type ifo xxx.ini  and press  Enter .  





6. Running IFO:


   When IFO runs the following information appears on screen: 


the names of the files with experimental S(q) and current G(r) data


rmax, (r, the number of sampling points in real space and the current 


   amplitude, dG, of the random change in the G(r) data points


the experimental qmax, (q and the number of sampling points in reciprocal space, 








the number of Monte Carlo steps completed (should increase with the progress of the calculations);


 the current percentage of accepted Monte Carlo steps (usually fluctuates); and the current values of :


(2 (should decrease), 


 the noise function I (should decrease), 


 the probability of accepting a given change (may fluctuate but usually decreases); 


 (o calculated according the S1 “sum-rule” (should approach the experimental value) 


 S2 “sum-rule” (should approach -1).


v) by pressing  I  the following graphics appear:


    the experimental S(q) data - blue


    the reconstructed S(q) data (current) - white


    the current changes in S(q) - red


    the current difference S(q)exp- S(q)calc - green (in the lower part of 


                                                                            the screen)


    To resume the calculations - press any key


by pressing  G  the following graphics appear:


    the current noise in G(r) - brown (upper part of the screen)


    the starting G(r) data - blue


    the calculated G(r) data (current) - white


    the current changes in G(r) - red


    the current difference G(r)start- G(r)calc - green (in the lower part of 


                                                                             the screen)


    To resume the calculations - press any key





The program stops when the pre-set number of Monte Carlo steps is completed or  Q is pressed. 








7. Results from running IFO:


   When the programs stops two new data files are created:


    Final.iff - q steps; reconstructed S(q) values; difference S(q)exp- 


                     S(q)calc, (three columns in free format, respectively) 


    Final.gr - r steps; calculated G(r) values; difference G(r)start- 


                     G(r)calc and calculated g(r)calc values (four columns in free 


                      format, respectively) 

















   If one would like to, could stop/resume the calculations several  


   times provided the file with current G(r)calc values has not been already


   deleted manually.


_ A new run with the same data may be started by simply deleting the file 


   mentioned above manually.





Test examples -  All these can be run by typing IFO xxx.ini & Enter.





Percus-Yevick hard-sphere liquid structure factor made noisy deliberately 


    sta.ini - command file


    sta.dat - noisy S(q) data


    sta.gr - current reconstructed G(r) data ( during the calculations the constraint requiring that G(r) behaves as - 4(r(o has not been switched on at all)


ii) Percus-Yevick hard-sphere liquid structure factor with added systematic errors having a short period in q


      sin.ini - command file


      sin.dat - distorted S(q) data


      sin.gr - current reconstructed G(r) data (during the calculations the constraint requiring that G(r) behaves as - 4(r(o has been temporarily switched on)


The original Percus-Yevick hard-sphere liquid structure factor, free of any systematic errors & noise, is also supplied. It is in file sniff.dat





real experimental data for vitreous silica glass


        si.ini - command file


        si
