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      	actualize_set() (siman.classes.Calculation method)


      	add() (in module siman.calc_manage)


      	add_atom() (siman.classes.Structure method)


      	add_atoms() (siman.classes.Structure method)


      	add_calculation() (in module siman.calc_manage)


      	add_conv() (siman.set_functions.InputSet method)


      	add_conv_kpoint() (siman.set_functions.InputSet method)


      	add_conv_tsmear() (siman.set_functions.InputSet method)


      	add_des() (in module siman.calc_manage)


      	add_impurity() (in module siman.impurity)


      	add_loop() (in module siman.calc_manage)


  

  	
      	add_neb() (in module siman.neb)


      	add_new_name() (siman.classes.Calculation method)


      	add_potcar() (siman.classes.CalculationAims method)

      
        	(siman.classes.CalculationVasp method)


      


      	add_relax() (siman.classes.MP_Compound method)


      	add_to_archive_database() (in module siman.database)


      	add_vacuum() (siman.classes.Structure method)


      	add_z() (siman.classes.Structure method)


      	ads_en() (in module siman.analysis)


      	align_with_axes() (siman.classes.Structure method)


      	angle() (in module siman.small_functions)


      	around_alkali() (in module siman.analysis)
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      	b2s() (in module siman.small_functions)


      	bader() (siman.classes.CalculationVasp method)


      	bader_coseg() (siman.classes.CalculationVasp method)


  

  	
      	bash_chk_file_cmd() (in module siman.small_functions)


      	best_miller() (in module siman.geo)


      	block_print() (in module siman.small_functions)
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      	cal_chg_diff() (in module siman.chg.chg_func)


      	cal_chg_diff_files() (in module siman.chg.chg_func)


      	calc_ac() (in module siman.functions)


      	calc_bulk() (siman.classes.MP_Compound method)


      	calc_ec_es() (siman.classes.MP_Compound method)


      	calc_k_point_mesh() (in module siman.geo)


      	calc_kspacings() (in module siman.geo)

      
        	(siman.classes.Calculation method)


      


      	calc_ngkpt() (in module siman.small_functions)


      	calc_oxidation_states() (in module siman.analysis)


      	calc_recip_vectors() (in module siman.geo)


      	calc_redox() (in module siman.analysis)


      	calc_suf() (siman.classes.MP_Compound method)


      	calc_suf_stoich() (siman.classes.MP_Compound method)


      	calc_volume() (in module siman.geo)


      	CalcDict (class in siman.header)


      	calculate_nbands() (siman.classes.Calculation method)


      	calculate_voronoi() (in module siman.functions)


      	Calculation (class in siman.classes)


      	CalculationAbinit (class in siman.classes)


      	CalculationAims (class in siman.classes)


      	CalculationVasp (class in siman.classes)


      	cat_files() (in module siman.small_functions)


      	cd (class in siman.classes)


      	center() (siman.classes.Structure method)


      	center_on() (siman.classes.Structure method)


      	check() (in module siman.monte)


      	check_job_state() (siman.classes.Calculation method)


      	check_JT() (siman.classes.Structure method)


      	check_kpoints() (siman.classes.Calculation method)


      	check_output() (in module siman.functions)


      	check_poscar() (in module siman.monte)


      	check_selective() (siman.classes.Structure method)


      	chg_at_point() (in module siman.chg.chg_func)


      	chg_at_z_direct() (in module siman.chg.chg_func)


  

  	
      	chgarith() (in module siman.chg.vasputil_chgarith_module)


      	chgsum() (in module siman.analysis)


      	choose_cluster() (in module siman.calc_manage)


      	CIF2CELL (in module siman.default_project_conf)


      	cif2poscar() (in module siman.calc_manage)


      	clean_history_file() (in module siman.calc_manage)


      	combine() (siman.classes.Structure method)


      	combine_atoms() (siman.classes.Structure method)


      	complete_run() (in module siman.calc_manage)


      	convert2pymatgen() (siman.classes.Structure method)


      	copy() (siman.classes.Calculation method)

      
        	(siman.classes.MP_Compound method)


        	(siman.classes.Structure method)


      


      	copy_to_cluster() (siman.classes.CalculationAims method)

      
        	(siman.classes.CalculationVasp method)


      


      	cover_surface() (siman.classes.Structure method)


      	create_additional() (in module siman.calc_manage)


      	create_ads_molecule() (in module siman.geo)


      	create_antisite_defect() (in module siman.geo)


      	create_antisite_defect2() (in module siman.geo)


      	create_antisite_defect3() (in module siman.geo)


      	create_antisite_defect_old() (in module siman.geo)


      	create_c_array() (in module siman.impurity)


      	create_coseg_samples() (in module siman.pairs)


      	create_deintercalated_structure() (in module siman.geo)


      	create_interface_solid() (in module siman.geo)


      	create_phonopy_conf_file() (in module siman.calc_manage)


      	create_replaced_structure() (in module siman.geo)


      	create_segregation_cases() (in module siman.workflow_utilities)


      	create_single_antisite() (in module siman.geo)


      	create_supercell() (in module siman.geo)


      	create_surface() (in module siman.geo)


      	create_surface2() (in module siman.geo)


      	cubic_supercell() (in module siman.geo)


      	cwd() (in module siman.small_functions)
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      	del_atom() (siman.classes.Structure method)


      	del_layers() (siman.classes.Structure method)


      	Description (class in siman.classes)


      	deserialize() (siman.classes.Calculation method)


      	deserialize_json() (siman.classes.Calculation method)


      	det_gravity() (in module siman.dos_functions)


      	det_gravity2() (in module siman.dos_functions)


      	determine_barrier() (in module siman.analysis)


      	determine_file_format() (in module siman.calc_manage)


  

  	
      	determine_filenames() (siman.classes.CalculationVasp method)


      	determine_symmetry_positions() (in module siman.geo)

      
        	(siman.classes.Structure method)


      


      	determine_unique_final() (in module siman.neb)


      	determine_unique_voids() (in module siman.impurity)


      	determine_voids() (in module siman.impurity)


      	distance() (siman.classes.Structure method)


      	dos() (siman.classes.Calculation method)


      	download() (siman.classes.CalculationAims method)
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      	e0_at (siman.classes.Calculation attribute)


      	e0_fu() (siman.classes.Calculation method)


      	e_cohesive_calc() (siman.classes.MP_Compound method)


      	e_cohesive_from_MP() (siman.classes.MP_Compound method)


      	el_diff() (siman.classes.Structure method)


      	element_name_inv() (in module siman.functions)
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      	enable_print() (in module siman.small_functions)


      	ewald() (siman.classes.Structure method)


      	exchange_atoms() (in module siman.monte)


      	exchange_axes() (siman.classes.Structure method)


      	exchange_with_external() (in module siman.monte)
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      	fexists() (siman.SSHTools.SSHTools method)


      	file_exists_on_server() (in module siman.functions)


      	find_atom_num_by_xcart() (siman.classes.Structure method)


      	find_closest_atom() (siman.classes.Structure method)


      	find_closest_neighbor() (siman.classes.Structure method)


      	find_moving_atom() (in module siman.geo)


      	find_mul_mat() (in module siman.geo)


      	find_pairs() (in module siman.pairs)


      	find_polaron() (in module siman.analysis)


      	find_pores() (in module siman.impurity)


      	find_unique_topologies() (siman.classes.Structure method)


  

  	
      	find_voids() (in module siman.geo)


      	fit2host() (in module siman.geo)


      	fit_a() (in module siman.analysis)


      	fit_and_plot() (in module siman.picture_functions)


      	fit_hex() (in module siman.fit_hex)


      	fix_atoms() (siman.classes.Structure method)


      	fix_layers() (siman.classes.Structure method)


      	flatten() (in module siman.geo)


      	for_phonopy() (in module siman.calc_manage)


      	form_en() (in module siman.analysis)


      	full() (siman.classes.CalculationVasp method)
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      	gb_energy_volume() (in module siman.functions)


      	generate_charge_orders() (siman.classes.Structure method)


      	get() (siman.SSHTools.SSHTools method)


      	get_angles() (siman.classes.Structure method)


      	get_bader_ACF() (siman.classes.CalculationVasp method)


      	get_chg_file() (siman.classes.CalculationVasp method)


      	get_common_chemical_base() (in module siman.small_functions)


      	get_conventional_cell() (siman.classes.Structure method)


      	get_dipole() (siman.classes.Structure method)


      	get_el_name() (siman.classes.Structure method)


      	get_el_z() (siman.classes.Structure method)


      	get_element_xcart() (siman.classes.Structure method)


      	get_element_xred() (siman.classes.Structure method)


      	get_elements() (siman.classes.Structure method)


      	get_elements_z() (siman.classes.Structure method)


      	get_elements_zval() (siman.classes.Structure method)


      	get_file() (siman.classes.Calculation method)


      	get_file_by_version() (in module siman.calc_manage)


      	get_formula() (siman.classes.Structure method)


      	get_fractional_composition() (siman.classes.Structure method)


      	get_from_database() (in module siman.database)


      	get_from_server() (in module siman.functions)


      	get_kpoints_density() (siman.classes.Calculation method)


      	get_layers_pos() (siman.classes.Structure method)


      	get_mag_tran() (siman.classes.Structure method)


      	get_maglist() (siman.classes.Structure method)


      	get_mismatch() (in module siman.small_functions)


      	get_name() (siman.classes.Structure method)


      	get_natom() (siman.classes.Structure method)


      	get_numbers() (siman.classes.Structure method)


  

  	
      	get_nznucl() (siman.classes.Structure method)


      	get_occ_mat() (siman.classes.CalculationVasp method)


      	get_oxi_states() (siman.classes.Structure method)


      	get_path() (siman.classes.Calculation method)


      	get_pm_composition() (siman.classes.Structure method)


      	get_primitive_cell() (siman.classes.Structure method)


      	get_recip() (siman.classes.Structure method)


      	get_reduced_composition() (siman.classes.Structure method)


      	get_reduced_formula() (siman.classes.Structure method)


      	get_reduced_formula_and_factor() (siman.classes.Structure method)


      	get_refined_structure() (siman.classes.Structure method)


      	get_slice() (siman.classes.Structure method)


      	get_space_group_info() (siman.classes.Structure method)


      	get_specific_elements() (siman.classes.Structure method)


      	get_st() (siman.classes.MP_Compound method)


      	get_structure_from_cee_database() (in module siman.calc_manage)


      	get_structure_from_matproj() (in module siman.calc_manage)


      	get_surface_area() (siman.classes.Structure method)


      	get_surface_atoms() (siman.classes.Structure method)


      	get_surface_pos() (siman.classes.Structure method)


      	get_symmetry_operations() (siman.classes.Structure method)


      	get_symmetry_positions() (siman.classes.Structure method)


      	get_total_number_electrons() (siman.classes.Structure method)


      	get_transition_elements() (siman.classes.Structure method)


      	get_volume() (siman.classes.Structure method)


      	get_zr_range() (in module siman.monte)


      	gmt() (siman.classes.Calculation method)


      	grep_file() (in module siman.small_functions)


      	group_magmom() (siman.classes.Structure method)


      	gunzip_file() (in module siman.small_functions)
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      	headers() (in module siman.functions)


      	hex2rhombo() (in module siman.geo)


  

  	
      	hkl2uvw() (in module siman.geo)


      	hkl_slab() (in module siman.geo)


      	host (siman.SSHTools.SSHTools attribute)
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      	if_surface_atom() (siman.classes.Structure method)


      	image_distance() (in module siman.geo)

      
        	(siman.classes.Structure method)


      


      	inherit_icalc() (in module siman.calc_manage)


      	inherit_iset() (in module siman.set_functions)


      	inherit_ngkpt() (in module siman.calc_manage)


      	init_default_sets() (in module siman.set_functions)


      	initial_run() (in module siman.monte)


      	InputSet (class in siman.set_functions)


      	insert() (in module siman.impurity)


      	insert_atom() (in module siman.impurity)


  

  	
      	insert_cluster() (in module siman.impurity)


      	interface_en() (in module siman.analysis)


      	interpolate() (in module siman.geo)


      	invert() (in module siman.functions)


      	invert_axis() (siman.classes.Structure method)


      	invert_xred() (siman.classes.Structure method)


      	is_list_like() (in module siman.small_functions)


      	is_string_like() (in module siman.small_functions)


      	is_unique() (in module siman.small_functions)


      	isggau() (siman.classes.Calculation method)


      	items() (siman.header.CalcDict method)
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      	jmol() (siman.classes.Calculation method)

      
        	(siman.classes.Structure method)
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      	latex_chem() (in module siman.small_functions)


      	latex_spg() (in module siman.small_functions)


      	leave_only() (siman.classes.Structure method)


      	list2string() (in module siman.small_functions)


      	load() (siman.set_functions.InputSet method)


  

  	
      	local_surrounding() (in module siman.geo)


      	local_surrounding2() (in module siman.geo)


      	localize_polaron() (siman.classes.Structure method)


      	localize_polaron_dist() (siman.classes.Structure method)


      	log_func_exec() (in module siman.calc_manage)


      	log_history() (in module siman.functions)
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      	mag_diff() (siman.classes.Calculation method)


      	make_defect() (in module siman.workflow_utilities)


      	make_incar() (siman.classes.CalculationAims method)

      
        	(siman.classes.CalculationVasp method)


      


      	make_interface() (in module siman.impurity)


      	make_interface2() (in module siman.impurity)


      	make_kpoints_file() (siman.classes.CalculationAims method)

      
        	(siman.classes.CalculationVasp method)


      


      	make_neutral() (in module siman.geo)

      
        	(siman.classes.Structure method)


      


      	make_polarons() (siman.classes.Structure method)


      	make_run() (siman.classes.Calculation method)


  

  	
      	make_sets_for_conv() (in module siman.set_functions)


      	makedir() (in module siman.small_functions)


      	MANUALLY_ADDED (in module siman.default_project_conf)


      	manually_remove_from_struct_des() (in module siman.calc_manage)


      	matrix_diff() (in module siman.analysis)


      	me() (siman.classes.Calculation method)


      	merge_dics() (in module siman.small_functions)


      	metropolis() (in module siman.monte_functions)


      	mirror() (siman.classes.Structure method)


      	mov_atoms() (siman.classes.Structure method)


      	move_suf_en() (siman.classes.MP_Compound method)


      	MP_Compound (class in siman.classes)
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      	name_mod_supercell() (in module siman.calc_manage)


      	neb_analysis() (in module siman.analysis)


  

  	
      	new() (siman.classes.Structure method)


      	nn() (siman.classes.Structure method)


      	normal() (in module siman.small_functions)
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      	occ_diff() (siman.classes.Calculation method)


      	optimize_wrapper() (in module siman.workflow_utilities)
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      	ortho_vec_old() (in module siman.geo)
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      	PBC() (in module siman.pairs)


      	permutate_to_ref() (siman.classes.Structure method)


      	perturb() (siman.classes.Structure method)
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      	pkey (siman.SSHTools.SSHTools attribute)
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siman.chg package


Submodules



siman.chg.chg_func module


	
siman.chg.chg_func.cal_chg_diff(cl1, cl2, cl3=None, wcell=0, chg='CHGCAR')[source]

	1. Calculate differences of charge densities
Works on local computer
wcell = 0 or 1 - which cell to use to show atom (cl1 or cl2)
chg (str) - which file to use



	CHGCAR - the name as outcar

	if not exist CHG is used





PARCHG - partial charge, the name without any additions




TO DO:
instead of paths to files, work with objects
if cl3 is None


d = d(cl1) - d(cl2)





	else

	d = d(cl1) - [d(cl2)+d(cl3)]





d is calculated on server






	
siman.chg.chg_func.cal_chg_diff_files(chg_file1, chg_file2, cl3=None, wcell=0, chg='CHGCAR')[source]

	1. Calculate differences of charge densities
Works on local computer
wcell = 0 or 1 - which cell to use to show atom (cl1 or cl2)
chg (str) - which file to use



	CHGCAR - the name as outcar

	if not exist CHG is used





PARCHG - partial charge, the name without any additions




TO DO:
instead of paths to files, work with objects
if cl3 is None


d = d(cl1) - d(cl2)





	else

	d = d(cl1) - [d(cl2)+d(cl3)]





d is calculated on server






	
siman.chg.chg_func.chg_at_point(chgfile, xred1)[source]

	Return the the value of charge density at coordinate xred1; Actually it provides charge density for the closest grid point
Most probably the units are (el/A^3)

chgfile - full path to the file with charge density
xred1 - reduced coordinate;

RETURN: 
Charge density at given point






	
siman.chg.chg_func.chg_at_z_direct(cl, k_p=20, plot=None, filetype='CHGCAR')[source]

	Return the the value of charge density or electrostatic potential along z direction of slab;

chgfile - full path to the file with charge density
cl - Calculation() with slab structure; 
it is needed for the definition of the correct coordinates of points in a structure  in which  will be calculated of el/stat pot

RETURN: 
List of z-coordinates and respective average value of electrostatic pot in the z slice.







siman.chg.vasputil_chgarith_module module

Simple arithmetic operations (+,-,*,/) on CHG/CHGCAR files


	
siman.chg.vasputil_chgarith_module.chgarith(chgf1, chgf2, op, filename, wcell)[source]

	





Module contents
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Submodules



siman.3d_plot module



siman.SSHTools module


	
class siman.SSHTools.SSHTools

	Bases: object


	
fexists(filename)

	




	
get(source, dest)

	




	
host = ''

	




	
pkey = ''

	




	
pkeypath = ''

	




	
port = 22

	




	
put(source, dest)

	




	
run(command, noerror=False, printout=False)

	




	
setup(user='', host='', pkey='', port=22)

	




	
sget(source, dest, keeplocal=False)

	




	
user = ''

	









siman.analysis module


	
siman.analysis.ads_en(cl_slab_ads, cl_slab, ads_at='O')

	




	
siman.analysis.around_alkali(st, nn, alkali_ion_number)

	




	
siman.analysis.calc_oxidation_states(cl=None, st=None, silent=1)

	




	
siman.analysis.calc_redox(cl1, cl2, energy_ref=None, value=0, temp=None, silent=0, mode=None, scale=1, config_entropy=None, x_vac1=None, x_vac2=None)

	Calculated average redox potential and change of volume
cl1 (Calculation) - structure with higher concentration
cl2 (Calculation) - structure with lower concentration
energy_ref (float) - energy in eV per one alkali ion in anode; default value is for Li; -1.31 eV for Na, -1.02 eV for K

temp(float) - potential at temperature, self.F is expected from phonopy calculations


	mode (str) - special 

	electrostatic_only - use Ewald summation to obtain electrostatic energy
ewald_vasp





scale - experimental


	config_entropy - cacluculate configuration entropy change and add to redox potential

	x_vac - vacancy concentration - should be provided





return dic {‘redox_pot’, ‘vol_red’, …}






	
siman.analysis.chgsum(cll, el, site, silent=1)

	calculate sum of Bader charges for particular atoms






	
siman.analysis.determine_barrier(positions=None, energies=None)

	The sign of barrier determined by the curvuture at saddle point. Minimum at saddle point corresponds to negative barrier
The saddle point is determined as maximum deviation from energy in initial position






	
siman.analysis.find_polaron(st, i_alk_ion, out_prec=1, nstd=1.5)

	Find TM atoms with outlying magnetic moments, which 
is a good indication of being a small polaron

Can be problems with charged-ordered materials


	INPUT:

	i_alk_ion - number of ion from 0 to calculate distances to detected polarons
out_prec (int) - precision of magmom output

nstd - number of standart deviations to detect polaron



	RETURN:

	pol (dict of int) - numbers of atoms, where polarons are detected for each TM element 
magmom_tm (list of float) - just magmom for TM



	TODO:

	
	
	Add analysis of bond lengths to distinguish small polarons

	Janh-Teller







	Add treatment of charged-ordered













	
siman.analysis.fit_a(conv, n, description_for_archive, analysis_type, show, push2archive)

	Fit equation of state for bulk systems.

The following equation is used:

sjeos (default)
    A third order inverse polynomial fit 10.1103/PhysRevB.67.026103

                    2      3        -1/3
E(V) = c + c t + c t  + c t ,  t = V
        0   1     2      3

taylor
    A third order Taylor series expansion about the minimum volume

murnaghan
    PRB 28, 5480 (1983)

birch
    Intermetallic compounds: Principles and Practice,
    Vol I: Principles. pages 195-210

birchmurnaghan
    PRB 70, 224107

pouriertarantola
    PRB 70, 224107

vinet
    PRB 70, 224107

antonschmidt
    Intermetallics 11, 23-32 (2003)

p3
    A third order polynomial fit

 Use::

    eos = EquationOfState(volumes, energies, eos='sjeos')
    v0, e0, B = eos.fit()
    eos.plot()










	
siman.analysis.form_en(sources, products, norm_el=None)

	Calculate formation energy of reaction.

sources, products - list of tuples (x, cl), where x is multiplier and cl is calculation
norm_el  - which element to use for normalization


‘all’ - normalize by total number of atoms
‘el’ - normalize by this element
int - divide by this number









	
siman.analysis.interface_en(cl, cl1, cl2, mul1=1, mul2=1, silent=0, n_intefaces=1)

	Calculate surface energy
cl - slab or cell with interface
cl1 - slab or cell with phase 1, usually substrate
cl2 - slab or cell with phase 2, usually film
mul1, mul2, - multiply cells

n_intefaces - number of similar  interfaces in the system

Interface is assumed to be normal to R3!






	
siman.analysis.matrix_diff(cl1, cl2, energy_ref=0)

	




	
siman.analysis.neb_analysis(cl, show, up=None, push2archive=None, old_behaviour=None, results_dic=None, fitplot_args=None, style_dic=None, params=None)

	Analyse traectories and polarons


	params

	mep_shift_vector










	
siman.analysis.polaron_analysis(cl, readfiles)

	Plot MEP for polaron migration






	
siman.analysis.set_oxidation_states_guess(st)

	




	
siman.analysis.suf_en(cl1, cl2, silent=0, chem_pot=None, return_diff_energy=False, ev_a=0, normal=2, normalize_by=None)

	Calculate surface energy
cl1 - supercell with surface
cl2 - comensurate bulk supercell
the area is determined from r[0] and r[1];- i.e they lie in surface
chem_pot (dic) - dictionary of chemical potentials for nonstoichiometric slabs

normal - normal to the surface 0 - along a, 1 - along b, 2 - along c
normalize_by - name of element to normalize number of atoms in bulk and slab, if None, transition elements are used

return_diff_energy (bool) - in addtion to gamma return difference of energies






	
siman.analysis.suf_en_polar_layered(formula, cl_surf, dmu_a=0, dmu_b=0, dmu_c=0, printlog=True)

	




	
siman.analysis.voltage_profile(objs, xs=None, invert=1, xlabel='x in K$_{1-x}$TiPO$_4$F', ylabel='Voltage, V', ax=None, first=1, last=1, fmt='k-', label=None, color=None, filename='voltage_curve', xlim=None, ylim=None, last_point=1, exclude=None, formula=None, fit_power=4)

	objs - dict of objects with concentration of alkali (invert = 1) or vacancies (invert = 0) as a key
xs - choose specific concentrations
invert - 0 or 1 for concentration axis, see above
ax - matplotlib object, if more profiles on one plot are needed

exclude - list of objects to skip

formula - chemical formula used to calculate capacity in mAh/g

fit_power - power of fit polynomial






	
siman.analysis.wulff(st, miller_list=None, e_surf_list=None, show=0)

	





siman.bands module


	
siman.bands.plot_bands(vasprun_dos, vasprun_bands, kpoints, element, ylim=(None, None))

	




	
siman.bands.read_kpoint_labels(filename)

	Read commented kpoint labels from VASP KPOINTS file






	
siman.bands.rgbline(ax, k, e, red, green, blue, alpha=1.0)

	





siman.calc_manage module


	
siman.calc_manage.add(it, setlist, verlist, calc=None, varset=None, up='up2', inherit_option=None, id_from=None, inherit_args=None, confdic=None, i_atom_to_remove=None, coord='direct', savefile='oc', show='', comment='', input_geo_format=None, ifolder=None, input_geo_file=None, input_st=None, corenum=None, calc_method=None, u_ramping_region=None, it_folder=None, mat_proj_cell='', mat_proj_id=None, cee_args=None, ise_new=None, it_suffix=None, scale_region=None, n_scale_images=7, n_neb_images=None, occ_atom_coressp=None, ortho=None, mul_matrix=None, ngkpt=None, cluster=None, cluster_home=None, override=None, ssh_object=None, run=False, check_job=1, params=None)

	Main subroutine for creation of calculations, saving them to database and sending to server.

Input:



	it - arbitary name for your crystal structure


	setlist (list of str or str) - names of sets with vasp parameters from varset dictionary


	verlist - list of versions of new calculations


	calc, varset - database dictionaries; could be provided; if not then are taken from header


	input_geo_format - format of files in input geo folder


‘abinit’ - the version is determined from the value inside the file
‘vasp’, ‘cif’ -   the version is determined from the name of file; the names should be like POSCAR-1 for vasp files and 1.name.cif for cif
‘mat_proj’ - take structure from materialsproject.org; use it_folder, len(verlist) = 1






	up - string, possible values are: ‘up1’, ‘up2’, ‘no_base’; if empty then test run is performed without saving and sending


‘up1’ - needed for normal creation of calculation and copy to server all files
‘no_base’: only relevant for typconv
is the same as “up1”, but the base set is ommited
‘up2’ - update only unfinished calculations
‘up3’ - run only if id does not exist






	coord - type of cooridnates written in POSCAR:


‘direct’
‘cart’






	savefile - controls which files are saved during VASP run on server; check


‘ocvdawx’ - outcar, chgcar, chg, dos, AECCAR,WAVECAR, xml






	ifolder - explicit path to folder where to search for input geo file.


	input_geo_file - explicit file name of input file


	input_st - see in add_calculation()


	it_folder - section folder (sfolder) used in struct_des; here needed with input_geo_format = mat_proj


	show - only for read_results() ?.


	comment - arbitrary comment for history.




#inherit flags:
inherit_args (dict) - to pass parameters to inherit_icalc; 
confdic (dicts) - additional configuration parameters to inherit_icalc in dict, used for antisites
- inherit_option (str):



	
	‘continue’     - copy last contcar to poscar, outcar to prev.outcar and run again; on the next launch prev.outcar

	will be rewritten, please improve the code to save all previous outcars







	‘inherit_xred’ - if verlist is provided, xred are copied from previous version to the next


	all options available for inherit_icalc() subroutine (now only ‘full’ is tested)








	id_from - see inherit_icalc()


	ise_new (str) - name of new set for inherited calculation  (‘uniform_scale’)


	it_suffix (str) - additional suffix to modify the it part of name


	occ_atom_coressp (dict) see inherit_icalc()


	ortho, mul_matrix - transfered to inherit_icalc


	ngkpt (list) - the list of k-points provided explicitly added to struct_des


	corenum - number of cores used for calculation; overwrites header.corenum


	calc_method - provides additional functionality:



	‘u_ramping’    - realizes U ramping approach #Phys Rev B 82, 195128


	‘afm_ordering’ -


	
	‘uniform_scale’ - creates uniformly scaled copies of the provided calculations

	
	‘c_scale’ - scale across c axis










	‘scale’ - arbitrary scale according to mul_matrix




using scale_region  and n_scale_images (see scale_cell_uniformly())
The copies are available as versions from 1 to n_scale_images and
suffix .su, .sc, or .sm appended to it name
Copies to cluster fit utility that finds volume corresp. to energy minimum, creates 100.POSCAR and continues run 
- ‘monte’ - Monte-Carlo functionality


	‘polaron’ - polaron hopping, only input_st is supported


	
	‘atat’ - create all input for ATAT

	
	params[‘atat’]

	‘active_atoms’ - now dictionary of elements, which can be substituted by what e.g. {‘Li’:’Vac’}


















	u_ramping_region - used with ‘u_ramping’=tuple(u_start, u_end, u_step)


	cluster_home - override value of header.CLUSTERS




cee_args - arguments for taking files from cee database; see get_structure_from_cee_database



	cee_file (str) - name of file to be taken from cee database


	section (str) - CEStorage, Catalysts, ets








	run (bool) - complete the run file copy to server and run


	params (dic) - dictionary of additional parameters, please move here numerous arguments



	‘occmatrix’ - explicit path to occmatrix file


	‘update_set_dic’ (dict) - additional parameters to override the existing set


	‘monte’ - dictionary with parameters for Monte-Carlo regime



	‘xvoid’ - xcart coordinates of voids


	‘thickness’ - thickness of slice where Monte-Carlo changes are allowed (from top surface)


	‘mcsteps’ - number of Monte-Carlo steps


	‘temp’    - temperature (K) for Metropolis Algorithm


	‘normal’  - vector normal to surface









	‘charge’ - charge of the system, +1 - electrons are removed, -1 - electrons are added


	
	‘polaron’

	
	‘polaron_status’ (str) ‘new’ (default) or ‘existing’










	‘res_params’ - dictionary with parameters transfered to res_loop()


	‘nodes’ - number of nodes for sqedule system, currently works only for PBS














Comments:


!Check To create folders and add calculations add_flag should have value ‘add’




TODO:
Now number of images is taken from self.set.vasp_params[‘IMAGES’]; 
In the case of generalization to other codes, set.nimages should be added and used

Make class for cluster to save all information about cluster in one object, 
like schedule_system, cluster address, corenum and so on

read structure in add_loop, to add calculation provied only structure, mat_proj_st_id pass in structure


	occmatrix in params better to rename to occfile or something like this,


	first run function which read input structure in multiple ways and return structure object. All subsequent code works with object.




no duplication of different input is realized in different places






	
siman.calc_manage.add_calculation(structure_name, inputset, version, first_version, last_version, input_folder, blockdir, calc, varset, up='no', inherit_option=None, prevcalcver=None, coord='direct', savefile=None, input_geo_format='abinit', input_geo_file=None, calc_method=None, u_ramping_region=None, mat_proj_st_id=None, output_files_names=None, run=None, input_st=None, check_job=1, params=None)

	schedule_system - type of job scheduling system:’PBS’, ‘SGE’, ‘SLURM’, ‘none’

prevcalcver - version of previous calculation in verlist

output_files_names - the list is updated on every call

if inherit_option == ‘continue’ the previous completed calculation is saved in cl.prev list

input_st (Structure) - Structure object can be provided instead of input_folder and input_geo_file, has highest priority

TODO:
make init of seqset inside calculate_nbands(), actualize_set, check_kpoints






	
siman.calc_manage.add_des(struct_des, it, it_folder, des='Lazy author has not provided description for me :( ', override=False)

	Function adds description to struct_des dictionary;

###INPUT:



	struct_des (dict)         - dict from project database





	it (str)        - name of calculation


	it_folder (str) - path and name of folder used for calculation in current project both on local and remote machines


	des (str)       - description of calculation


	override (bool) - allows to override existing field







###RETURN:


None









	
siman.calc_manage.add_loop(it, setlist, verlist, calc=None, varset=None, up='up2', inherit_option=None, id_from=None, inherit_args=None, confdic=None, i_atom_to_remove=None, coord='direct', savefile='oc', show='', comment='', input_geo_format=None, ifolder=None, input_geo_file=None, input_st=None, corenum=None, calc_method=None, u_ramping_region=None, it_folder=None, mat_proj_cell='', mat_proj_id=None, cee_args=None, ise_new=None, it_suffix=None, scale_region=None, n_scale_images=7, n_neb_images=None, occ_atom_coressp=None, ortho=None, mul_matrix=None, ngkpt=None, cluster=None, cluster_home=None, override=None, ssh_object=None, run=False, check_job=1, params=None)

	Main subroutine for creation of calculations, saving them to database and sending to server.

Input:



	it - arbitary name for your crystal structure


	setlist (list of str or str) - names of sets with vasp parameters from varset dictionary


	verlist - list of versions of new calculations


	calc, varset - database dictionaries; could be provided; if not then are taken from header


	input_geo_format - format of files in input geo folder


‘abinit’ - the version is determined from the value inside the file
‘vasp’, ‘cif’ -   the version is determined from the name of file; the names should be like POSCAR-1 for vasp files and 1.name.cif for cif
‘mat_proj’ - take structure from materialsproject.org; use it_folder, len(verlist) = 1






	up - string, possible values are: ‘up1’, ‘up2’, ‘no_base’; if empty then test run is performed without saving and sending


‘up1’ - needed for normal creation of calculation and copy to server all files
‘no_base’: only relevant for typconv
is the same as “up1”, but the base set is ommited
‘up2’ - update only unfinished calculations
‘up3’ - run only if id does not exist






	coord - type of cooridnates written in POSCAR:


‘direct’
‘cart’






	savefile - controls which files are saved during VASP run on server; check


‘ocvdawx’ - outcar, chgcar, chg, dos, AECCAR,WAVECAR, xml






	ifolder - explicit path to folder where to search for input geo file.


	input_geo_file - explicit file name of input file


	input_st - see in add_calculation()


	it_folder - section folder (sfolder) used in struct_des; here needed with input_geo_format = mat_proj


	show - only for read_results() ?.


	comment - arbitrary comment for history.




#inherit flags:
inherit_args (dict) - to pass parameters to inherit_icalc; 
confdic (dicts) - additional configuration parameters to inherit_icalc in dict, used for antisites
- inherit_option (str):



	
	‘continue’     - copy last contcar to poscar, outcar to prev.outcar and run again; on the next launch prev.outcar

	will be rewritten, please improve the code to save all previous outcars







	‘inherit_xred’ - if verlist is provided, xred are copied from previous version to the next


	all options available for inherit_icalc() subroutine (now only ‘full’ is tested)








	id_from - see inherit_icalc()


	ise_new (str) - name of new set for inherited calculation  (‘uniform_scale’)


	it_suffix (str) - additional suffix to modify the it part of name


	occ_atom_coressp (dict) see inherit_icalc()


	ortho, mul_matrix - transfered to inherit_icalc


	ngkpt (list) - the list of k-points provided explicitly added to struct_des


	corenum - number of cores used for calculation; overwrites header.corenum


	calc_method - provides additional functionality:



	‘u_ramping’    - realizes U ramping approach #Phys Rev B 82, 195128


	‘afm_ordering’ -


	
	‘uniform_scale’ - creates uniformly scaled copies of the provided calculations

	
	‘c_scale’ - scale across c axis










	‘scale’ - arbitrary scale according to mul_matrix




using scale_region  and n_scale_images (see scale_cell_uniformly())
The copies are available as versions from 1 to n_scale_images and
suffix .su, .sc, or .sm appended to it name
Copies to cluster fit utility that finds volume corresp. to energy minimum, creates 100.POSCAR and continues run 
- ‘monte’ - Monte-Carlo functionality


	‘polaron’ - polaron hopping, only input_st is supported


	
	‘atat’ - create all input for ATAT

	
	params[‘atat’]

	‘active_atoms’ - now dictionary of elements, which can be substituted by what e.g. {‘Li’:’Vac’}


















	u_ramping_region - used with ‘u_ramping’=tuple(u_start, u_end, u_step)


	cluster_home - override value of header.CLUSTERS




cee_args - arguments for taking files from cee database; see get_structure_from_cee_database



	cee_file (str) - name of file to be taken from cee database


	section (str) - CEStorage, Catalysts, ets








	run (bool) - complete the run file copy to server and run


	params (dic) - dictionary of additional parameters, please move here numerous arguments



	‘occmatrix’ - explicit path to occmatrix file


	‘update_set_dic’ (dict) - additional parameters to override the existing set


	‘monte’ - dictionary with parameters for Monte-Carlo regime



	‘xvoid’ - xcart coordinates of voids


	‘thickness’ - thickness of slice where Monte-Carlo changes are allowed (from top surface)


	‘mcsteps’ - number of Monte-Carlo steps


	‘temp’    - temperature (K) for Metropolis Algorithm


	‘normal’  - vector normal to surface









	‘charge’ - charge of the system, +1 - electrons are removed, -1 - electrons are added


	
	‘polaron’

	
	‘polaron_status’ (str) ‘new’ (default) or ‘existing’










	‘res_params’ - dictionary with parameters transfered to res_loop()


	‘nodes’ - number of nodes for sqedule system, currently works only for PBS














Comments:


!Check To create folders and add calculations add_flag should have value ‘add’




TODO:
Now number of images is taken from self.set.vasp_params[‘IMAGES’]; 
In the case of generalization to other codes, set.nimages should be added and used

Make class for cluster to save all information about cluster in one object, 
like schedule_system, cluster address, corenum and so on

read structure in add_loop, to add calculation provied only structure, mat_proj_st_id pass in structure


	occmatrix in params better to rename to occfile or something like this,


	first run function which read input structure in multiple ways and return structure object. All subsequent code works with object.




no duplication of different input is realized in different places






	
siman.calc_manage.choose_cluster(cluster_name, cluster_home, corenum, nodes)

	cluster_name should be in header.project_conf.CLUSTERS dict
nodes - number of nodes






	
siman.calc_manage.cif2poscar(cif_file, poscar_file)

	




	
siman.calc_manage.clean_history_file(history_list)

	




	
siman.calc_manage.complete_run(close_run=True)

	




	
siman.calc_manage.create_additional(struct_des)

	Automatically make objects in struct_des
with .f and .fvac index






	
siman.calc_manage.create_phonopy_conf_file(st, path='', mp=[10, 10, 10], dim=[1, 1, 1], filetype='mesh')

	filetype
mesh - mesh.conf
band - band.conf






	
siman.calc_manage.determine_file_format(input_geo_file)

	




	
siman.calc_manage.for_phonopy(new_id, from_id=None, calctype='read', mp=[10, 10, 10], additional=None)

	




	
siman.calc_manage.get_file_by_version(geofilelist, version)

	Find file with needed version from filelist according to certain rules






	
siman.calc_manage.get_structure_from_cee_database(it, it_folder, ver, section='CEStorage', cee_struct_type='exp', cee_file=None)

	
	cee_struct_type (str) - 

	‘exp’ - experimental structures
‘’ - all










	
siman.calc_manage.get_structure_from_matproj(it=None, it_folder=None, ver=None, mat_proj_cell='', mat_proj_id=None)

	Take structures from Mat. projects

Find material with ‘it’ stoichiometry (lowest energy) from materialsproject.org, 
download and create field in struct_des and input POSCAR file
###INPUT:



	struct_des-


	it        - materials name, such as ‘LiCoO2’, …. By default the structure with minimum e_above_hull is taken


	it_folder - section folder in which the Poscar will be placed


	ver       - version of structure defined by user


	mat_proj_id (str) - the id can be provided explicitly


	
	mat_proj_cell (str)- 

	
	‘conv’ - conventional















###RETURN:



	?


	?












	
siman.calc_manage.inherit_icalc(inherit_type, it_new, ver_new, id_base, calc=None, st_base=None, id_from=None, confdic=None, atom_new=None, atom_to_replace=None, id_base_st_type='end', atoms_to_remove=None, del_pos=None, i_atom_to_remove=None, id_from_st_type='end', atom_to_shift=None, shift_vector=None, it_folder=None, occ_atom_coressp=None, ortho=None, mul_matrix=None, override=None, use_init=None)

	Function for creating new geo files in geo folder based on different types of inheritance
Input args:


it_new, ver_new - name of new structure,
id_base - new structure will be based on the final structure of this calculation;     (can be either Calculation() object or path to geo file)
id_from - can be additionally used to adopt for example rprimd from id_from to it_new; (can be either Calculation() object or path to geo file)

st_base - if not None then used instead of id_base; not implemented yet
confdic (dict) - to pass more parameters

inherit_type = ‘’:


full          - full inheritance of final state
full_chg      - full + chg file, works only if chg file is on the same cluster
‘full_nomag’  - full except magmom which are set to None
r2r3          - use r2 and r3 from id_from
r1r2r3        - use r1, r2 and r3 from id_from
remove_atoms  - removes atoms specified with atoms_to_remove (list of element names or list of atom numbers)


del_pos (int) - choose specific position if several positions exist for the same ion




replace_atoms - atoms of type ‘atom_to_replace’ in ‘id_base’ will be replaced by ‘atom_new’ type.
make_vacancy  - produce vacancy by removing ‘i_atom_to_remove’ starting from 0
occ           - take occ from id_from and create file OCCMATRIX for


OMC [https://github.com/WatsonGroupTCD/Occupation-matrix-control-in-VASP]
- occ_atom_coressp (dict) {iatom_calc_from:iatom_calc_base, … } (atomno starting from 0!!!)




supercell - create orthogonal supercel using ortho list [a,b,c] or mul_matrix (3x3) ( higher priority)
antisite  - create anitsite defect:



curent implimintation takes the first alkali cation and the closest to it transition metal and swap them




confdic



	st_from


	cation


	trans


	mode













id_base_st_type - use init or end structure of id_base calculation.
id_from_st_type  - init or end for id_from

atom_to_shift - number of atom to be shifted; starting from 1.
shift_vector - vector in decart cooridinates (Angstrom!!) by which the atom will be shifted


	it_folder - section folder


	use_init (bool) use init structure if end is empty







Result:


new geo file in the input geo folder




Output:


no




Depends from:


header.struct_des
header.calc




Comments:


changes len_units of new to Angstrom!!!
!nznucl is not calculated, since only geo is created here!
make use of new methods for atom manipulation
add to des which type of st is used: ‘end’, ‘init’









	
siman.calc_manage.inherit_ngkpt(it_to, it_from, inputset)

	inherit ngkpt from it_from to it_to






	
siman.calc_manage.log_func_exec()

	save to history the executed form






	
siman.calc_manage.manually_remove_from_struct_des(struct_des, key)

	




	
siman.calc_manage.name_mod_supercell(ortho=None, mul_matrix=None)

	




	
siman.calc_manage.prepare_run()

	
	INPUT:

	schedule_system - type of job scheduling system:’PBS’, ‘SGE’, ‘SLURM’










	
siman.calc_manage.read_phonopy_dat_file(filename)

	read .dat file from phonopy
for reading yaml see self.read_phonopy_data()
should be probably combined

freq - frequency in THz
tot - total energy for freq






	
siman.calc_manage.read_phonopy_data(filename, key='free_energy', convert=False)

	convert (bool) - convert kJ/mol to eV






	
siman.calc_manage.res(it, setlist, verlist, calc=None, varset=None, analys_type='no', b_id=None, typconv='', up='', imp1=None, imp2=None, matr=None, voronoi=False, r_id=None, readfiles=True, plot=True, show='fomag', comment=None, input_geo_format=None, savefile=None, energy_ref=0, ifolder=None, bulk_mul=1, inherit_option=None, calc_method=None, u_ramping_region=None, input_geo_file=None, corenum=None, run=None, input_st=None, ortho=None, mat_proj_cell=None, ngkpt=None, it_suffix=None, it_folder=None, choose_outcar=None, choose_image=None, cee_args=None, mat_proj_id=None, ise_new=None, push2archive=False, description_for_archive=None, old_behaviour=False, alkali_ion_number=None, cluster=None, ret=None, override=None, check_job=1, fitplot_args=None, style_dic=None, params=None)

	Read results
INPUT:


‘analys_type’ - (‘gbe’ - calculate gb energy and volume and plot it. b_id should be appropriete cell with


bulk material,
‘e_imp’ (‘e_imp_kp’, ‘e_imp_ecut’) - calculate impurity energy - just difference between cells with impurity and without.
‘fit_ac’ - fit a and c lattice constants using 2-dimensianal spline
‘clusters’ - allows to calculate formation energies of clusters
‘diff’ - difference of energies in meV, and volumes A^3; E(id) - E(b_id)
‘matrix_diff’ - difference normalized by matrix atoms

‘redox_pot’ - calculate redox potential relative to b_id() (deintercalated cathode) and energy_ref ( energy per one ion atom Li, Na in metallic state or in graphite)
‘neb’ - make neb path. The start and final configurations 
should be versions 1 and 2, the intermidiate images are starting from 3 to 3+nimages

‘xcarts’
)




voronoi - True of False - allows to calculate voronoi volume of impurities and provide them in output. only if lammps is installed
b_id - key of base calculation (for example bulk cell), used in several regimes; 
r_id - key of reference calculation; defines additional calculation (for example atom in vacuum or graphite to calculate formation energies); can contain directly the energy per one atom

up -


if equal to ‘up2’ the files are redownloaded; also can be used to download additional files can be ‘xo’ (deprecated?)
- if ‘un’ is found in up then siman will try to read unfinished outcars




readfiles (bool) - True - read from outcar, False - read from database;

The next three used for ‘clusters’ regime:    
imp1 - key of bulk cell with one imp1
imp2 - key of bulk cell with one imp2
matr - key of bulk cell with pure matrix.


	show - (str), allows to show additional information:



	mag - magnetic moments on magnetic atoms
maga


alkali_ion_number (int) - number of atom around which to sort mag moments from 1






	en  - convergence of total energy vs max force


	mep - neb path


	fo  - max force on each md step


	polaron - determine polaron positon, write local surroundin


	mig_path - write migration path xyz


	pickle - download all pickle and convert to CONTCAR (for Monte-Carlo regime)


	out - open OUTCAR, sublime text should be installed, not tested on windows


	op  - open containing folder


	qlog - log


	term  - terminal at folder


	freq - frequencies


	conv - convergence


	sur  - surround atoms


	efav - energy average force


	est - energy per step


	time - time per electronic iteration is seconds











energy_ref - energy in eV; substracted from energy diffs

bulk_mul - allows to scale energy and volume of bulk cell during calculation of segregation energies

choose_outcar (int, starting from 1)- if calculation have associated outcars, you can check them as well, by default
the last one is used during creation of calculation in write_sge_script()

choose_image (int) - relative to NEB, allows to choose specific image for analysis, by default the middle image is used


	push2archive (bool) - if True produced images are copied to header.project_conf.path_to_images


	description_for_archive - caption for images




ret (str) - return some more information in results_dic


‘energies’ - just list of full energies




check_job - (bool) check status on server, use 0 if no internet connection

fitplot_args - additional arguments for fit_and_plot function

style_dic - passed to plot_mep()


	ise_new - dummy


	inherit_option - dummy


	savefile - dummy


	cluster - used to override cluster name


	override - dummy


	params - dictionary of additional parameters to control internal, many arguments could me moved here


‘mep_shift_vector’ - visualization of mep in xyz format
‘charge’ (int) - charge of cell, +1 removes one electron











RETURN:


(results_dic,    result_list)
or 
(result_string, result_list)

result_list - list of results; was used in previous versions, now left for compatibility
results_dic - should be used in current version! actually once was used as list, now should be used as dict




TODO:


Make possible update of b_id and r_id with up = ‘up2’ flag; now only id works correctly









	
siman.calc_manage.res_loop(it, setlist, verlist, calc=None, varset=None, analys_type='no', b_id=None, typconv='', up='', imp1=None, imp2=None, matr=None, voronoi=False, r_id=None, readfiles=True, plot=True, show='fomag', comment=None, input_geo_format=None, savefile=None, energy_ref=0, ifolder=None, bulk_mul=1, inherit_option=None, calc_method=None, u_ramping_region=None, input_geo_file=None, corenum=None, run=None, input_st=None, ortho=None, mat_proj_cell=None, ngkpt=None, it_suffix=None, it_folder=None, choose_outcar=None, choose_image=None, cee_args=None, mat_proj_id=None, ise_new=None, push2archive=False, description_for_archive=None, old_behaviour=False, alkali_ion_number=None, cluster=None, ret=None, override=None, check_job=1, fitplot_args=None, style_dic=None, params=None)

	Read results
INPUT:


‘analys_type’ - (‘gbe’ - calculate gb energy and volume and plot it. b_id should be appropriete cell with


bulk material,
‘e_imp’ (‘e_imp_kp’, ‘e_imp_ecut’) - calculate impurity energy - just difference between cells with impurity and without.
‘fit_ac’ - fit a and c lattice constants using 2-dimensianal spline
‘clusters’ - allows to calculate formation energies of clusters
‘diff’ - difference of energies in meV, and volumes A^3; E(id) - E(b_id)
‘matrix_diff’ - difference normalized by matrix atoms

‘redox_pot’ - calculate redox potential relative to b_id() (deintercalated cathode) and energy_ref ( energy per one ion atom Li, Na in metallic state or in graphite)
‘neb’ - make neb path. The start and final configurations 
should be versions 1 and 2, the intermidiate images are starting from 3 to 3+nimages

‘xcarts’
)




voronoi - True of False - allows to calculate voronoi volume of impurities and provide them in output. only if lammps is installed
b_id - key of base calculation (for example bulk cell), used in several regimes; 
r_id - key of reference calculation; defines additional calculation (for example atom in vacuum or graphite to calculate formation energies); can contain directly the energy per one atom

up -


if equal to ‘up2’ the files are redownloaded; also can be used to download additional files can be ‘xo’ (deprecated?)
- if ‘un’ is found in up then siman will try to read unfinished outcars




readfiles (bool) - True - read from outcar, False - read from database;

The next three used for ‘clusters’ regime:    
imp1 - key of bulk cell with one imp1
imp2 - key of bulk cell with one imp2
matr - key of bulk cell with pure matrix.


	show - (str), allows to show additional information:



	mag - magnetic moments on magnetic atoms
maga


alkali_ion_number (int) - number of atom around which to sort mag moments from 1






	en  - convergence of total energy vs max force


	mep - neb path


	fo  - max force on each md step


	polaron - determine polaron positon, write local surroundin


	mig_path - write migration path xyz


	pickle - download all pickle and convert to CONTCAR (for Monte-Carlo regime)


	out - open OUTCAR, sublime text should be installed, not tested on windows


	op  - open containing folder


	qlog - log


	term  - terminal at folder


	freq - frequencies


	conv - convergence


	sur  - surround atoms


	efav - energy average force


	est - energy per step


	time - time per electronic iteration is seconds











energy_ref - energy in eV; substracted from energy diffs

bulk_mul - allows to scale energy and volume of bulk cell during calculation of segregation energies

choose_outcar (int, starting from 1)- if calculation have associated outcars, you can check them as well, by default
the last one is used during creation of calculation in write_sge_script()

choose_image (int) - relative to NEB, allows to choose specific image for analysis, by default the middle image is used


	push2archive (bool) - if True produced images are copied to header.project_conf.path_to_images


	description_for_archive - caption for images




ret (str) - return some more information in results_dic


‘energies’ - just list of full energies




check_job - (bool) check status on server, use 0 if no internet connection

fitplot_args - additional arguments for fit_and_plot function

style_dic - passed to plot_mep()


	ise_new - dummy


	inherit_option - dummy


	savefile - dummy


	cluster - used to override cluster name


	override - dummy


	params - dictionary of additional parameters to control internal, many arguments could me moved here


‘mep_shift_vector’ - visualization of mep in xyz format
‘charge’ (int) - charge of cell, +1 removes one electron











RETURN:


(results_dic,    result_list)
or 
(result_string, result_list)

result_list - list of results; was used in previous versions, now left for compatibility
results_dic - should be used in current version! actually once was used as list, now should be used as dict




TODO:


Make possible update of b_id and r_id with up = ‘up2’ flag; now only id works correctly









	
siman.calc_manage.smart_structure_read(filename=None, curver=1, calcul=None, input_folder=None, input_geo_format=None, input_geo_file=None)

	Wrapper for reading geometry files
calcul (Calculation()) - object to which the path and version read

curver (int) - version of file to be read
input_geo_file or filename (str) - explicitly provided input file, has higher priority
input_folder (str)   - folder with several input files, the names doesnot matter only versions
input_geo_format (str) - explicitly provided format of input file

returns Structure()






	
siman.calc_manage.update_des(struct_des, des_list)

	Manuall adding of information to struct_des dictionary


	###INPUT:

	
	struct_des (dict)         - dict from project database


	des_list (list of tuples) - list of new calculations to be added to database






	###RETURN:

	
	struct_des (dict)













	
siman.calc_manage.write_batch_header(batch_script_filename=None, schedule_system=None, path_to_job=None, job_name='SuperJob', number_cores=1)

	self-explanatory)
path_to_job (str) - absolute path to job folder







siman.classes module


	
class siman.classes.Calculation(inset=None, iid=None, output=None)

	Bases: object

Main class of siman. Objects of this class contain all information about first-principles calculation
List of important fields:



	init (Structure)


	end  (Structure)


	occ_matrices (dict) - occupation matrices, number of atom (starting from 0) is used as key








	
actualize_set(curset=None, params=None)

	Makes additional processing of set parameters, which also depends on calculation

adding parameters for atat






	
add_new_name(idd)

	just adding new key in database for that calculation
warning cl.id is updated; old name in db remains
the calculation folder remains the same

idd - key






	
calc_kspacings(ngkpt=None, sttype='init')

	Calculates reciprocal vectors and kspacing from ngkpt






	
calculate_nbands(curset, path_to_potcar=None, params=None)

	Should be run after add_potcar()
updates set, including number of electrons






	
check_job_state()

	




	
check_kpoints(ngkpt=None)

	The method updates init.ngkpt and ngkpt_dict_for_kspacings !!! as well provides possible options for it
TODO probably the method should transfered to Structure?
Attention: the order should be the same as in make_kpoints_file






	
copy(id=None)

	




	
deserialize(filename, encoding='')

	




	
deserialize_json(filename)

	limited support, should be generalized






	
dos(isym=None, el=None, i_at=None, iatoms=None, *args, **kwargs)

	Plot dos either for self or for children with dos
isym (int) - choose symmetry position to plot DOS,
otherwise use 
i_at - number of atom from 0
iatoms - list of atom numbers (from 0) to make one plot with several dos
el - element for isym, otherwise first TM is used
orbitals






	
e0_at

	




	
e0_fu(n_fu=None)

	




	
get_file(filetype='', nametype='', up='up1', root=0)

	allow to get any file of type filetype 
cl - (Calculation) 
filetype (str) - ‘CHG’, ‘CHGCAR’, etc just the name of file in calculation folder
nametype (str) - ‘asoutcar’ - update filetype to OUTCAR format
up (str) - control flag


‘1’ - do not update
‘2’ - update




root - root calculation folder location of file


	Comment

	initially used for chg files - rename!










	
get_kpoints_density()

	Number of k-points per atom






	
get_path()

	




	
gmt(*args, **kwargs)

	




	
isggau()

	




	
jmol(*args, **kwargs)

	




	
mag_diff(cl2, dm_skip=0.5, el='FeNiCoVMnO', more=0)

	rms difference of magmom, skippting large deviations, due to defects
dm_skip (float) - skip differences larger than this 
el (str) - only for this element, could be several 
more (bool) - show more info about mag diff at each pos
the order of elements should be the same!!!






	
make_run(schedule_system, run_name)

	Generate run file


	INPUT:

	schedule_system -










	
me()

	




	
occ_diff(cl2, li_at1=None, li_at2=None)

	difference bettween occupation matricies for atoms li_at1 from self and li_at2 from cl2

li_at1  -  list of atom numbers from self
li_at2  -  list of atom numbers from cl2
both lists should have the same length and the differences are taken between items at the same positions in lists

otherwise

self and cl2 should be commensurate, ideally having completly the same order of atoms
first five for spin up
then five for spin down






	
plot_locpot(filename=None)

	plot LOCPOT






	
poscar()

	




	
read_geometry(filename=None)

	Reads geometrical data from filename file in abinit format






	
run_on_server(command, addr=None)

	




	
serialize(filename)

	save as pickle object, return path






	
serialize_json(filename)

	save in json object - works
the problem is how to decode correctly






	
sfolder

	




	
show_force()

	




	
update_name()

	




	
write_geometry(geotype='init', description='', override=False, atomic_units=0)

	Writes geometrical data in custom siman format bases on abinit format to self.path[“input_geo”]






	
write_sge_script(input_geofile='header', version=1, option=None, prevcalcver=None, savefile=None, schedule_system=None, output_files_names=None, mode=None, batch_script_filename=None)

	Without arguments writes header, else adds sequence of calculatios
option - the same as inherit_option, ‘inherit_xred’ - control inheritance, or ‘master’ - run serial on master 
prevcalcver - ver of previous calc; for first none
savefile - ‘cdawx’, where c-charge, d-dos, a- AECCAR, w-wavefile, x-xml
schedule_system - type of job scheduling system:’PBS’, ‘SGE’, ‘SLURM’,


‘none’ - just run without any system





	mode - 

	body
footer










	
write_siman_geo(*args, **kwargs)

	Please rename write_geometry() to write_abinit_geo() everywhere and transfer the code here










	
class siman.classes.CalculationAbinit(inset=None, iid=None, output=None)

	Bases: siman.classes.Calculation

docstring for CalculationAbinit






	
class siman.classes.CalculationAims(inset=None, iid=None, output=None)

	Bases: siman.classes.Calculation

object for Aims code


	
add_potcar()

	




	
copy_to_cluster(list_to_copy, update)

	




	
download(load)

	




	
make_incar()

	




	
make_kpoints_file()

	




	
read_results(load='', out_type='', voronoi=None, show='', choose_outcar=None, alkali_ion_number=None)

	Aims

choose_outcar - for now is dummy
alkali_ion_number - for now is dummy
voronoi - dummy






	
write_structure(name_of_output_file, type_of_coordinates='dir', option=None, prevcalcver=None, path=None, state='init')

	








	
class siman.classes.CalculationVasp(inset=None, iid=None, output=None)

	Bases: siman.classes.Calculation

Methods for calculations made using VASP DFT code


	
add_potcar()

	Should be run for the first calculation only






	
bader()

	




	
bader_coseg()

	used in coseg project Ti- C,O






	
copy_to_cluster(list_to_copy, update)

	




	
determine_filenames(nametype='asoutcar')

	try to determine correct filenames






	
full(ise=None, up=0, fit=1, suf='', add_loop_dic=None, up_res='up1')

	Wrapper for full optimization
ise (str) - optimization set; if None then choosen from dict
up (int) - 0 read results if exist, 1 - update
fit (int) - 1 or 0
suf - additional suffix






	
get_bader_ACF(p=0)

	




	
get_chg_file(*args, **kwargs)

	just wrapper to get chgcar files






	
get_occ_mat(i)

	return occupation matrix for atom i (from zero)

TODO: probably it is better to move occ_matrix to structure class and make this method their






	
make_incar()

	Makes Incar file for current calculation and copy all
TO DO: there is no need to send all POSCAR files; It is enothg to send only one. However for rsync its not that crucial






	
make_kpoints_file()

	




	
plot_energy_conv()

	




	
plot_energy_force(force_type='max')

	




	
plot_energy_step()

	




	
read_pdos_using_phonopy(mode='pdos', poscar='', plot=1, up='up1')

	
	mode - 

	pdos
band
free - thermal properties, converted to eV!!!










	
read_poscar(filename, version=None)

	Read POSCAR file using st.read_poscar






	
read_results(load='', out_type='', voronoi=False, show='', choose_outcar=None, alkali_ion_number=None, only_load=False)

	Download and Read VASP OUTCAR file


	###INPUT:

	
	load (str) - ‘x’ - download xml, o - download outcar and contcar, un - read unfinished


	
	show (str) - print additional information

	alkali_ion_number - show mag around this ion







	choose_outcar - see description in res_loop(), from 1


	
	out_type - controls the return string

	see in code, add here
also controls reading of OUTCAR
‘xcarts’ read xcart every relaxation step and write into self.end.list_xcart







	only_load (bool) - if true - only load the files (used for database)






	###RETURN:

	?





###DEPENDS:
TODO:
please split into outcar parser, downloader, and checker-formatter






	
res(**argv)

	




	
run(ise, iopt='full_nomag', up='up1', vers=None, i_child=-1, add=0, it_suffix_del=True, *args, **kwargs)

	Wrapper for add_loop (in development).
On a first run create new calculation. On a second run will try to read results.
All children are saved in self.children list.
By default uses self.end structure
To overwrite existing calculation 
use combination of parameters: add = 1, up = ‘up2’.
Allows to use all arguments available for add_loop()


	INPUT:

	ise (str) - name of new set available in header.varset


	iopt (str) - inherit_option

	‘full_nomag’ - full without magmom
‘full’ - full with magmom
‘full_chg’ - full with magmom and including chg file



	up (str) - update key transferred to add_loop and res_loop;

	‘up1’ - create new calculation if not exist
‘up2’ - recreate new calculation overwriting old; for reading results redownload output files





vers (list of int) - list of version for which the inheritance is done


	i_child (int) - choose number of child in self.children to run res_loop(); can be relevant if more than one

	calculation exists for the same set



	add (bool) - 

	1 - overwrite existing children





it_suffix_del (bool) - needed to be false to use it_suffix with run. Provides compatibility with old behaviour; should be improved



	RETURN:

	cl (Calculation) - new created calculation





TODO:
1. if ise is not provided continue in the same folder under the same name,
however, it is not always what is needed, therefore use inherit_xred = continue






	
set_occ_mat(i, m)

	set occupation matrix m for atom i (from zero)

TODO: probably it is better to move occ_matrix to structure class and make this method their






	
vasp_dipole_center()

	Determine dipole center in reduced coordinates 
based on vasp definition, https://www.vasp.at/wiki/index.php/DIPOL
as only number of position of minimum charge density is given

TODO
works only in the case of dipole along z axis, as min_pos is read only for one direction






	
write_occmatrix()

	




	
write_structure(name_of_output_file, type_of_coordinates='dir', option=None, prevcalcver=None, path=None, state='init')

	Generates POSCAR file
type_of_coordinates - ‘direct’ (xred) or ‘cartesian’ (xcart)
option -inheritance option
prevcalcver - ver of first calc in calc list; for first None
state - ‘init’ or ‘end’










	
class siman.classes.Description(sectionfolder='forgot_folder', description='forgot_description')

	Bases: object

Objects of this class include just folder and description of specific calculation.
Mostly was needed for manual addition of new calculations

self.ngkpt_dict_for_kspacings (dict of lists) - the key is kspacing; the dict
contains k-meshes 
for all calculations
based on this geometry structure.
can be useful for fine tuning of k-mesh for specific kspacing.






	
class siman.classes.MP_Compound

	Bases: object

This class includes information about chemical compounds from MatProj and next operations (bulk calc, slab construction etc.)

db key is ‘pretty_formula.MP’: (‘AgC.MP’)


	
add_relax(**argv)

	




	
calc_bulk(ise, bulk_cl_name=['it', 'ise', '1'], it_folder='bulk/', status='add')

	




	
calc_ec_es(ev=0)

	




	
calc_suf(**argv)

	




	
calc_suf_stoich(**argv)

	




	
copy()

	




	
e_cohesive_calc(e_box)

	




	
e_cohesive_from_MP()

	




	
get_st(folder='geo/')

	check downloaded POSCAR files in geo/ folder
if not POSCAR of some structure - download it from Mat Proj

mat_in_list - data dict for any structure from MP,  result of get_fata(‘mp-…’)






	
move_suf_en(**argv)

	








	
class siman.classes.Structure

	Bases: object

This class includes only structure related information such as primitive vectors, coordinates, forces and so on


	
add_atom(xr=None, element='Pu', xc=None, selective=None)

	allows to add one atom using reduced coordinates or cartesian
xr - reduced
xc - cartesian
element - element name






	
add_atoms(atoms_xcart=None, element='Pu', return_ins=False, selective=None, atoms_xred=None, mag=None)

	appends at the end if element is new. Other case insertered according to VASP conventions
Updates ntypat, typat, znucl, nznucl, xred, magmom and natom
atoms_xcart (list of ndarray)
atoms_xred (list of coordinate lists) - if provided both, this has higher priority

selective (list of lists) - selective dynamics


	mag magnetic moment of added atoms, if None, than 0.6 is used

	magmom is appended with 0.6, 
please improve me! by using the corresponding list of magmoms



	if return_ins:

	Returns Structure(), int - place of insertion of first atom



	else:

	Structure()










	
add_vacuum(vector_i, thickness)

	Allows to add or remove vacuum along one of the rprimd vectors
vector_i (int) - index of vector along which vacuum should be added 0, 1, 2
thickness (float) - thickness of added (positive) or removed (negative) vacuum

TODO:
add capability to add vacuum normal to surface in case of non-orthogonal cells






	
add_z(z)

	




	
align_with_axes()

	Align with coordinate axes
First vector with x
Third vector with z






	
center(reduced=0)

	




	
center_on(i)

	




	
check_JT(criteria=0.03)

	




	
check_selective()

	check if some atoms should be frozen






	
combine(st_list, only_numbers=None)

	Combine several structures into one
using reduced coordinates






	
combine_atoms(d=0.1)

	Combine close-lying atoms into one
d (float) - all atoms with d less then d are combined into one in Angstrom






	
convert2pymatgen(oxidation=None, slab=False, chg_type='ox')

	oxidation (dict) - {‘Ti’:’Ti3+’}
if self.charges exist then it is used to update oxidation states of atoms
chg_type - ‘ox’ - oxidation states calculated from self.charges



	‘norm’ - normalized self.charges

	‘tot’ - just self.charges
‘pot’ - charges from potentials zval, number of valence electrons
‘pm’ - guess oxidation states using pymatgen, s








slab - if True return slab object is returned - limited functional is implemented






	
copy()

	




	
cover_surface(el, d=1)

	Covers both surfaces of the slab with element el, 
each surface atoms on top positions

the third vector should be parallel to z axis

el - element name 
d - distance in A






	
del_atom(iat)

	Now can delete only one atom with number iat (int), starting from 0. 
Takes care of magmom, ntypat, typat, znucl, nznucl, xred and natom
Returns Structure()






	
del_layers(xred_range=None, xcart_range=None)

	remove atoms normal to R3 in given range

xred_range (list) [from, to]
highlight - replace with Pu to check






	
determine_symmetry_positions(element)

	




	
distance(i1=None, i2=None, x1=None, x2=None, coord_type='xcart')

	Shortest distance between two atoms acounting PBC, from 0
i1 and i2 override x1 and x2

coord_type - only when x1 and x2 are provided






	
el_diff(st2, mul=1, silent=0)

	Determine difference in number of atoms between two structures self and st2
mul (int) - allows to compare supercells; self.natom = mul * st2.natom

RETURN:
dict[key], where key is element and the value is difference in number of atoms of this element






	
ewald(ox_st=None, site=None)

	




	
exchange_axes(i1_r, i2_r)

	




	
find_atom_num_by_xcart(x_tar, prec=1e-06, search_by_xred=1)

	take into account periodic conditions

search_by_xred - use xred to search with PBC
prec - difference in atomic positions in A; transformed to reduced difference using the longest vector

TODO:
make normal function that treats periodic boundary conditions normally!!!


done please test









	
find_closest_atom(xc=None, xr=None)

	Find closest atom in structure to xc (cartesian) or xr (reduced) coordinate

RETURN:
i shifts, and dist






	
find_closest_neighbor(i_at)

	




	
find_unique_topologies(el1, el2, nn=6, tol=0.5, told=0.005, tolmag=0.4, write_loc=0)

	Looks for unique topologies
Currently only octahedral and pentahedral are realized

el1, el2 (str) - elements that forms topology
nn (int) - number of neighbours for topology analysis
tol (float) - tolerance for unique centers defined by deviation, mA
told (float) - tolerance for distances applied for grouping bonds, A
tolmag (float) - tolerance for magnetic moments works with tol
write_loc (int) - write local topology






	
fix_atoms(numbers=None)

	




	
fix_layers(xred_range=None, xcart_range=None, highlight=False)

	fix atoms in layers normal to R3

xred_range (list) [from, to]
highlight - replace with Pu to check






	
generate_charge_orders(el, states=None, x=0.5)

	Method generates charge order for provided ion, oxidation states, and ratio (not realized yet)


	INPUT:

	el (str) - element with charge order
states (tuple) - two possible charge states  (e.g. +2 and +4)
x (float) - concentration of ions with state[0] charge state



	RETURN:

	oxi_states (list of lists) - list of oxi_state lists










	
get_angles()

	




	
get_conventional_cell()

	return conventional cell






	
get_dipole(ox_states=None, chg_type='ox')

	Return dipole moment in e*A calculated by pymatgen
ox_states (dict) - oxidation states of elements
chg_type (str) - type of charges  if provided in self.charges; see description of self.convert2pymatgen()

If you need to convert e*A to debye (D), use 1 D = 0.20819434 eA = 3.33564×10−30 Cm; 1 eA = 4.8 D






	
get_el_name(i)

	




	
get_el_z(i)

	




	
get_element_xcart(element)

	Get xred of element first occurance






	
get_element_xred(element)

	Get xred of element first occurance






	
get_elements()

	




	
get_elements_z()

	




	
get_elements_zval()

	




	
get_formula()

	




	
get_fractional_composition()

	




	
get_layers_pos(xred_range)

	




	
get_mag_tran(to_ox=None, silent=0)

	




	
get_maglist()

	return bool list of which  elements are magnetic (here all transition metals are searched!)
and dictionary with numbers in lists for each transition metal


	RETURN:

	ifmaglist (list of bool) - magnetic or not
mag_numbers (dict of int) - for each element using z, their numbers










	
get_name()

	




	
get_natom()

	




	
get_numbers(element)

	return numbers of specific element






	
get_nznucl()

	list of numbers of atoms of each type, order is as in typat and znucl
updated directly






	
get_oxi_states(typ='charges')

	Create and return list of oxidation states from charges and valences
self.charges should exist as full charges (e.g. from Bader analysis)


	INPUT:

	
	typ (str) 

	‘charges’ - from charges and zval
‘guess’   - from guess







	RETURN

	oxi (list) - list of oxidation states for each atom










	
get_pm_composition()

	




	
get_primitive_cell(international_monoclinic=True)

	return primitive cell






	
get_recip()

	Calculate reciprocal vectors






	
get_reduced_composition()

	




	
get_reduced_formula()

	




	
get_reduced_formula_and_factor()

	




	
get_refined_structure()

	Get the refined structure based on detected symmetry. 
The refined structure is a conventional cell setting with atoms moved to the expected symmetry positions.






	
get_slice(zr_range)

	




	
get_space_group_info(symprec=None)

	




	
get_specific_elements(required_elements=None, fmt='n', z_range=None, zr_range=None)

	Returns list of specific elements (chemical names. z, or numbers from 0) in the structure
required_elements - list of elements z of interest
z_range - (2 index tuple) range of z coordinates in A: only atoms from z1 to z2 are taken
fmt - format of output


‘names’
‘z’
‘n’ - numbers of atoms
‘x’ - xcart
‘xr’ - xred









	
get_surface_area()

	currently should be normal to rprim[0] and rprim[1]






	
get_surface_atoms(element=None, surface=0, surface_width=0.5)

	
	return numbers of surface atoms

	elememt (str) - which element is interesting? can be CoO to take two elements; if None than all elements are takes
surface_width - which atoms to consider as surface 
surface (int) - 0 or 1 - one of two surfaces; surface 1 has smaller z coordinate
TODO - 
now only along third vector, make more general
PBC may work incorrect










	
get_surface_pos(reduced=False)

	Allows to return positions of bottom and top surfaces (edge atoms) in cartesian
assumed normal to R3
small number is added or subtracted to/from edge atom to overcome further numericall errors


reduced - reduced coordinates




returns list of two z coordinates [bottom, top]






	
get_symmetry_operations(symprec=0.1)

	Return symmetry operations as a list of SymmOp objects. 
By default returns fractional coord symmops. But cartesian can be returned too.






	
get_symmetry_positions(element)

	




	
get_total_number_electrons()

	




	
get_transition_elements(fmt='names')

	Returns list of transition elements (chemical names or z) in the structure
fmt -


‘names’
‘z’
‘n’ - numbers of atoms









	
get_volume()

	




	
group_magmom(tol=0.3)

	Group magmom according to values 
tol - tolerance according to which the magmom are grouped






	
if_surface_atom(i)

	
	Based on reduced coordinates, 

	i - number of atom from zero










	
image_distance(*args, **kwargs)

	




	
invert_axis(axis)

	




	
invert_xred(axis)

	




	
jmol(shift=None, r=0, show_voids=False, rep=None, program='jmol')

	open structure in Jmol or vesta

INPUT:
shift (list) - shift vector  in reduced coordinates
r (int ) - parameter


0 - open POSCAR
1 - open OUTCAR to see optimization steps
2 - open mcif to see magnetic moments
3 - xyz




show_voids (bool) - replace voids (z = 300) with Po to visualize them
rep  (list 3*int) - replicate along vectors
program -


‘jmol’
‘vesta’









	
leave_only(atom_type=None)

	




	
localize_polaron(i, d, nn=6)

	Localize small polaron at transition metal by adjusting TM-O distances
i - number of transition atom, from 0
d - shift in angstrom; positive increase TM-O, negative reduce TM-O distance
nn - number of neigbours






	
localize_polaron_dist(i_center, d, nn=6, axis=None, direction=None, mode='axis_expand')

	localization small polaron at transition metal by adjusting TM-O distances
with distortions
i_center - number of transition atom, from 0
d - shift in angstrom; positive increase TM-O, negative reduce TM-O


or shift along direction




nn - number of neighbors
axis - axis of octahedra, 0, 1, 2,
direction - vector to shift central atom in reduced coordinates


Axes of octahedra are determined relative to cartesian coordinates





	mode 

	‘axis_expand’
‘shift_center’





TODO
Make it more general to include any ligands; now only O and F are supported
Make for other topologies, now tested only for octa






	
make_neutral(*args, **kwargs)

	




	
make_polarons(atoms, pol_type='hole', mag=None, silent=1)

	create polarons






	
mirror(axis)

	




	
mov_atoms(iat=None, to_x=None, to_xr=None, relative=False)

	Move one atom to xcart position to_x
relative (bool) - if shift is relative






	
new()

	




	
nn(i, n=6, ndict=None, only=None, silent=0, from_one=True, more_info=0, oxi_state=0, print_average=0)

	show neigbours

INPUT:
i - number of central atom, from 1 or 0 (from_one = True or False)
n - number of neigbours to return
ndict (dic) - number of specific neigbour atoms to take into account e.g ndict = {8:3} - 3 oxygen atoms will be considered
only - list of interesting z neighbours

more_info - return more output - takes time

from_one - if True, strart first atom from 1, otherwise from 0

oxi_state (bool) - if 1 then showing oxidation state as well

print_average (bool) - print more


	RETURN

	dict with the following keys:
‘av(A-O,F)’
‘numbers’
‘dist’
‘xcart’
‘st’ - surrounding



	Important:

	‘numbers’ from 0 in the new version!!!!!










	
permutate_to_ref(st_ref)

	Permutate atom numbers of self according to st
Structures should have the same amount of atoms and be quite similar
the self can have one extra type of atoms

#TODO: now extra atom types could be only in self structure






	
perturb(d=0.1)

	d is distance






	
printme()

	




	
pvec()

	print primitive vectors in formatted way






	
read_xyz(*args, **kwargs)

	




	
remove_at_in_zrange(z_range, del_range=0)

	




	
remove_atoms(atoms_to_remove, from_one=0, clear_magmom=1)

	remove atoms either of types provided in atoms_to_remove or having numbers provided in atoms_to_remove, starting from 0
st (Structure)
atoms_to_remove (list) - list of element names or numbers
from_one (int)- if 1 the numbers of atoms in provided list are starting from one
clear_magmom - by default magmom is cleared






	
remove_close_lying(rm_both=0, rm_first=0, tol=0.4)

	rm_both (bool) - if True than remove both atoms, if False than only the second atom is removed
rm_first (bool) - if True than the first atom of two overlapping is removed, otherwise the second atom is removed
tol (float) - atoms separated by distance less than tol A are removed

PBC is realized through image_distance


	SIDE:

	write _removed field to returned st



	TODO:

	Works incorrectly for more than one overlap !!!










	
remove_close_lying2(tol=0.4)

	Very fast removal, linear with respect to number of atoms
Support multiple overlaps
Makes a mesh with cubes and determine wich atoms appeared in the mesh

Leaves only the first entry, the rest are removed

TODO:
A problem may occur if two-close lying atoms goes into neibouring bins


This may be solved by making three additional meshes, 
where all atoms are shifted by (tol/2, 0, 0), (0, tol/2, 0), (0, 0, tol/2)





	Problem with PBC, not taken into account

	can be solved by making mesh for atoms with (tol, tol, tol) shift





Then all overlaps detected on any mesh are treated

Replace all overlapping atoms by their center of gravity.






	
remove_closest(*args, **kwargs)

	




	
remove_part(element, new_conc)

	element to remove
new_conc <1 - new concentration of element atoms (part of unity)






	
remove_vacuum(*args, **kwargs)

	




	
reorder(new_order)

	Reorder according to new_order list, len(new_order) should be equal to natom






	
reorder_element_groups(order=None, inplace=False)

	Group and order atoms by atom types; consistent with VASP
order (list) -required order e.g. [‘O’, ‘Li’] or str ‘alphabet’

return st






	
reorder_for_vasp(inplace=False)

	Group and order atoms by atom types; consistent with VASP
return st






	
replace_atoms(atoms_to_replace, el_new, mag_new=None, silent=1, mode=1)

	atoms_to_replace - list of atom numbers starting from 0
el_new - new element periodic table short name
mag_new - new magnetic moment
mode


1 - old behaviour, numbering is not conserved
2 - numbering is conserved if el_new already exists in self




TODO:
Now if el_new already exists in structure, numbering is conserved,
otherwise numbering is not conserved.
Make numbering conservation in case when new element is added
Both modes can be useful, as the first case is compat with VASP






	
replace_atoms2(el_old, el_new, concentration)

	Replace atoms using random

el_old - element to replace

el_new - new element

concentration - part of atoms el_old to replace by el_new. Number from 0 to 1.






	
replic(*args, **kwargs)

	




	
return_atoms_to_cell(shift=0)

	




	
rotate(axis, angle)

	Rotate relative to cartesian coordinates
axis - list of 3 elements, [0,0,1] in  cartesian coordinates
angle in degrees






	
rprimd_len()

	




	
selective_all()

	allow all atoms to relax






	
selective_byCompare(st2, tol=0.0001, freeze='present')

	set selective dynamics falgs in the calling structure (self) by freezing the atoms that are present (or missing) in the supplied structure (st2)
tol - tolerance for finding the same atoms in the two structures
freeze = ‘present’ or ‘missing’

TODO:
read st2 from file
optional save flag-changed atoms to cif (to check the result)






	
set_magnetic_config(element, moments)

	




	
sg(symprec=None, silent=0)

	




	
shake_atoms(amplitude=0.1, el_list=None)

	Randomly shake atoms around the lattice 
amplitude (float) - maximum shift in A it is multiplied by random vector
el_list (list of int) - shake only el atoms, None - shake all atoms






	
shift_atoms(vector_red=None, vector_cart=None, return2cell=1)

	Shift all atoms according to vector_red or vector_cart
Use return2cell if atoms coordinates should be inside cell






	
show_mag(i)

	




	
sizes()

	




	
swap_atoms(iat1, iat2)

	




	
update_from_pymatgen(stpm)

	stpm - pymatgen structure
update the current structure from pymatgen structure
stil experimental!!!!!

TODO:






	
update_types(elements)

	




	
update_xcart()

	




	
update_xred()

	




	
vesta(*args, **kwargs)

	




	
vlen

	




	
write_cif(filename=None, mcif=False, symprec=0.1, write_prim=0)

	Find primitive cell and write it in cif format

filename (str) - name of produced cif file
mcif (bool) - if True, than write mcif file with magnetic moments included, primitive cell is not supported
symprec (float) - symmetry precision, symprec = None allows to write the structure as is
write_prim (bool) - convert structure to primitive






	
write_espresso(filename=None, shift=None)

	




	
write_lammps(*args, **kwargs)

	




	
write_poscar(filename=None, coord_type='dir', vasp5=True, charges=False, energy=None, selective_dynamics=False, shift=None)

	write

charges (bool) - write charges, self.charges should be available
energy - write total energy


	selective dynamics - 

	if at least one F is found than automatically switched on
!works only for coord_type = ‘dir’ and charges = False
None - not written





shift - shift atoms

NOTE
#void element type is not written to POSCAR


	TODO

	selective_dynamics for coord_type = ‘cart’
Velocity and predictor are not reordered; Can be used only for continiue MD










	
write_xyz(*args, **kwargs)

	




	
xcart2xred()

	




	
xred2xcart()

	








	
class siman.classes.cd(newPath)

	Bases: object

Context manager for changing the current working directory






	
class siman.classes.empty_struct

	Bases: object







siman.database module


	
siman.database.add_to_archive_database(cl, subgroup)

	cl is Calculation which should be added to database
subgroup (str) - subgroup folder






	
siman.database.get_from_database(x1, x2, mat, inquiry_keys=None, silent=None, ssh_object=None)

	inquiry_keys (list) - list of keys that should exist in filenames both for x1 and x2
ssh_object (SSHTools) - ssh object based on paramiko with access details






	
siman.database.push_figure_to_archive(local_figure_path, caption, figlabel=None, autocompl=True)

	




	
siman.database.read_cvs_database(columns)

	Allows to read cvs file with experimental results






	
siman.database.read_database(scratch=False, init_sets=0)

	Read database of calculations


	INPUT:

	scratch - not used
init_sets - required to reinit defaults sets in init_default_sets function



	RETURN:

	calc   - dict, contains all calculations of the project
conv   - dict, convergence sequences
varset - dict, parameter sets of the project
size_on_start, int - not used now










	
siman.database.write_database(calc=None, conv=None, varset=None, size_on_start=None)

	The function writes main dictionaries to database file calc.s
Also creates copy of calc.s


	INPUT:

	calc - dict, contains all calculations of the project
conv - dict, convergence sequences
varset - dict, parameter sets of the project
size_on_start - not used now



	RETURN:

	None











siman.default_project_conf module

Default control parameters for siman


	
siman.default_project_conf.CIF2CELL = True

	List of manually added calculations:






	
siman.default_project_conf.MANUALLY_ADDED = [('Li111', 'Li', '2 Li')]

	Naming conventions:

endings:
‘_ml’ - was used to show that this calculation uses manual equilibrium lattice determination and 
contains several versions of identical structures with different
lattice constants. Now not in use, because I always use this method. Usually 16 versions for hcp;

‘_r’ - calculation with structure constructed for fitted lattice constants; 
Now was replaced with ‘.f’; Usually one version.
‘.ur’ - unrelaxed
.r - relaxed atomic positions
.o - optimised cell and volume and atomic positions automatically
‘.f’  - fitted
‘.fr’ - means that current calculation based on the structure for which lattice constants were fitted and
positions of atoms were relaxed. However see description to know for wich set they were fitted and relaxed.
Calculations with ‘.f’ and ‘.fr’ can have different versions which are correspondig to different sets.

.m - only matrix, all impurities were removed and matrix was freezed

letters in name, wich are usually between didgits and element’s names:
b - stands for bulk, which denote ideal cells without boundaries.
g - cells with grain boundary;
v - means that impurity is in the volume of grain; far away from boundaries;
i - means that impurity is close to interface plane (grain boundary)

Versions:
20 - usually means that lattice constatns was used from other calculation and this is very good assumtion.






	
siman.default_project_conf.show_head = None

	List of constants determined during installation







siman.dos_functions module


	
siman.dos_functions.det_gravity(dos, Erange=(-100, 0), key=None)

	Determine center of gravity for DOS and return values of energy for d6 orbitals in list
INPUT:
dos - ase dos type with added d6 - sum of d orbitals over neighbors to impurity atoms
Erange - window of energy to determine center of gravity






	
siman.dos_functions.det_gravity2(energy, dos, Erange=(-100, 0))

	Determine center of gravity for DOS and return values of energy for dos
INPUT:
energy - list of energies
dos    - list of corresponding dos
Erange - window of energy to determine center of gravity






	
siman.dos_functions.plot_dos(cl1, cl2=None, dostype=None, iatom=None, iatom2=None, orbitals='s', up=None, neighbors=6, show=1, labels=None, path='dos', xlim=(None, None), ylim=(None, None), savefile=True, plot_param={}, suf2='', nsmooth=3, lts2='--', split_type='octa', plot_spin_pol=1, show_gravity=None, efermi_origin=True, efermi_shift=0, invert_spins=0, name_suffix='', image_name=None, color_dict=None)

	cl1 (CalculationVasp) - object created by add_loop()
dostype (str) - control which dos to plot:


‘total’   - plot total dos
‘diff_total’ - difference of total dos, use cl2 for second calculation
‘partial’ - partial dos





	orbitals (list of str) - 

	any from ‘s, p, d, py, pz, px, dxy, dyz, dz2, dxz, dx2’ where ‘p’ and ‘d’ are sums of projections
also to sum around neigbours use p6 and d6 and neighbors parameter





up - ‘up2’ allows to download the file once again
labels - two manual labels for cl1 and cl2 instead of auto

iatom (int) - number of atom starting from 1 to plot DOS;
iatom ([float]*3) - cartesian coordinates of point around which atoms will be found
show (bool) - whether to show the dos 
path (str)  - path to folder with images

neighbors - number of neighbours around iatom to plot dos on them using p6 or d6; only p6 is implemented to the moment in plot section

xlim, ylim (tuple)- limits for plot

color_dict (dict) - custom dict of colors for orbitals. eg: {‘s’:’g’, ‘p’:}


	plot_param - dict of parameters to fit_and_plot

	dashes - control of dahsed lines





suf2 - additional suffix for label
name_suffix - modify name

image_name - user image name

# nsmooth = 15 # smooth of dos
lts2 - style of lines for cl2


	split_type - 

	octa  - the names are t2g and eg
tetra - the names are t2 and e



	plot_spin_pol -

	0 - spin-polarized components are summed up



	show_gravity (list) - print gravity centers (i, type, range, ); i - 1 or 2 cl

	
	type (str)

	‘p6’ - for p orbitals of neighbors
‘p’







	efermi_origin 

	True - e-fermi is zero energy
False - e-fermi is left, its value is shown





efermi_shift (float) - additional shift of fermi energy in case if smearing is too large


	invert_spins

	invert spin up and spin down, now only for partial d and p





#0 s     1 py     2 pz     3 px    4 dxy    5 dyz    6 dz2    7 dxz    8 dx2 
#In all cases, the units of the l- and site projected DOS are states/atom/energy.







siman.fit_hex module


	
siman.fit_hex.fit_hex(shag_a, shag_c, npoint_a, npoint_c, it, ise, verlist, calc, gb_volume=False)

	





siman.functions module


	
siman.functions.calc_ac(a1, c1, a2, c2, a_b=0.1, c_b=0.1, type='two_atoms')

	Calculate values of hexagonal lattice parameters for cell with two different atoms.
The used assumption is:
1. Provided lattice constants are for large enougth cells, in which excess volume (dV) of impurity does not depend on the size of cell.
2. Two atoms do not interact with each other, which allows to use dV(CO) = dV(C) + dV(O)

Two regimes:
two_atoms - calculate cell sizes if additional atom was added
double_cell - if cell was doubled; only first cell and second_cell are needed

Input:
a1, c1 - lattice constants of cell with first impurity atom (first cell)
a2, c2 - lattice constants of cell with second impurity atom (second cell)
a_b, c_b - lattice constants of cell with pure hexagonal metall

Output:
a, c - lattice constants of cell with two atoms






	
siman.functions.calculate_voronoi(self, state='end')

	




	
siman.functions.check_output(filename, check_string, load)

	Check if file exist and it is finished by search for check_string






	
siman.functions.element_name_inv(el)

	




	
siman.functions.file_exists_on_server(file, addr)

	




	
siman.functions.gb_energy_volume(gb, bulk)

	




	
siman.functions.get_from_server(files=None, to=None, to_file=None, addr=None, trygz=True)

	Download files using either  paramiko (higher priority) or rsync; 
For paramiko header.ssh_object should be defined

files (list of str)  - files on cluster to download 
to (str)      - path to local folder ! 
to_file (str) - path to local file (if name should be changed); in this case len(files) should be 1

The gz file is also checked


	RETURN

	result of download





TODO:
now for each file new connection is opened, 
copy them in one connection






	
siman.functions.headers()

	




	
siman.functions.invert(el)

	




	
siman.functions.log_history(hstring)

	




	
siman.functions.plot_charge_den()

	Test function; Was not used






	
siman.functions.plot_interaction(calclist, calc)

	For calculation of interaction parameter alpha;
Take in mind that this parameter is obtained under aproximation of redular solution






	
siman.functions.push_to_server(files=None, to=None, addr=None)

	if header.ssh_object then use paramiko
to (str)     - path to remote folder !






	
siman.functions.read_charge_den_vasp()

	Read CHG vasp file and return ChargeDen object






	
siman.functions.read_list(token, number_of_elements, ttype, list_of_words)

	Input is token to find, number of elements to read, type of elements and list of words, 
where to search
Returns the list of elements for the last match






	
siman.functions.read_string(token, length, string)

	




	
siman.functions.read_vectors(token, number_of_vectors, list_of_words, type_func=None, lists=False)

	Returns the list of numpy vectors for the last match






	
siman.functions.return_atoms_to_cell(st)

	




	
siman.functions.rotate()

	




	
siman.functions.rotation_matrix(axis, theta)

	




	
siman.functions.rotation_matrix_from_vectors(vec1, vec2)

	Find the rotation matrix that aligns vec1 to vec2
:param vec1: A 3d “source” vector
:param vec2: A 3d “destination” vector
:return mat: A transform matrix (3x3) which when applied to vec1, aligns it with vec2.






	
siman.functions.run_on_server(command, addr=None)

	




	
siman.functions.salary_inflation()

	Calculate salary growth in Russia taking into account inflation






	
siman.functions.server_cp(copy_file, to, gz=True, scratch=False, new_filename=None)

	




	
siman.functions.smoother(x, n, mul=1, align=1)

	mul - additionally multiplies values
#align - find first non-zero point and return it to zero
#n - smooth value,


if algo = ‘gaus’ than it is sigma
use something like 0.8 
if algo = ‘my’


n of 10-15 is good












	
siman.functions.unique_elements(seq, idfun=None)

	




	
siman.functions.update_incar(parameter=None, value=None, u_ramp_step=None, write=True, f=None, run=False, st=None)

	Modifications of INCAR. Take attention that parameter will be changed to new value
if it only already exist in INCAR.  u_ramp_step-current step to determine u,
write-sometimes just the return value is needed. 
Returns U value corresponding to u_ramp_step.






	
siman.functions.words(fileobj)

	Generator of words. However does not allow to use methods of list for returned






	
siman.functions.wrapper_cp_on_server(file, to, new_filename=None)

	tries iterativly scratch and gz







siman.geo module


	
siman.geo.best_miller(hkl)

	




	
siman.geo.calc_k_point_mesh(rprimd, kspacing, silent=0)

	rprimd (list of lists 3x3 of floats) - vectors of cell (Angstroms)
kspacing (float) - required spacing between k-points in reciprocal space (A-1); paramter KSPACING in VASP

the provided optimal k-mesh has the smallest sum of squared deviations of kspacings

returns k-point mesh (list of int)






	
siman.geo.calc_kspacings(ngkpt, rprimd)

	Calculate kspacing from ngkpt and rprimd (A)
ngkpt (list of int) - k-point mesh






	
siman.geo.calc_recip_vectors(rprimd)

	




	
siman.geo.calc_volume(v1, v2, v3)

	




	
siman.geo.create_ads_molecule(st, molecule=['O'], mol_xc=[[0, 0, 0]], conf_i=[0], fix_layers=False, fix_xc_range=None, under_atom=0, find_args={'distance': 0.5, 'positions': ['ontop']})

	The function uses special module AdsorbateSiteFinder  from pymatgen

https://static-content.springer.com/esm/art%3A10.1038%2Fs41524-017-0017-z/MediaObjects/41524_2017_17_MOESM1_ESM.pdf
@article{montoya2017high,



title={A high-throughput framework for determining adsorption energies on solid surfaces},
author={Montoya, Joseph H and Persson, Kristin A},
journal={npj Computational Materials},
volume={3},
number={1},
pages={14},
year={2017},
publisher={Nature Publishing Group}




}




molecule -  ‘H’, ‘CO’ …
mol_xc - list with xcart of atoms in molecule: [[0,0,0]], [[0,0,0],[0,0,1.23]]
return structure with adsorbed molecule on the surface
conf_i - [0,1,2] - list of ads configuration numbers


key ‘all’ means all constructed configurations




under_atom return configuration with ads atom strongly under me and neme atoms in surface






	
siman.geo.create_antisite_defect(st, el1, el2, i_el2_list=None, tol=0.1, max_sep=4, iatom=None, return_with_table=False, disp_AS1=None, mag_AS1=None, disp_AS2=None, AP_on=False, i_AP=None, mag_AP=None, disp_AP=None, confs=None)

	Looks for all unique antisite pairs for el1 and el2
takes into account formation of polaron and change of oxidation state


	Antisite consisits of three parts:

	AS1 - el2_el1 (e.g. Ni_Li)
AS2 - el1_el2 (Li_Ni)
AP - additional polaron. if AS1 changes its oxidation state (e.g. from +3 to +2 in oxide then
additional polaron should compensate this by oxidizing from +3 to +4)



	INPUT:

	el1 - first element name from periodic table for exchange
el2 - second element name from periodic table for exchange
i_el2_list - use only this specific atom numbers searching AS (duplicates iatom)

tol - tolerance for determining unique antisite configurations (A)
max_sep - maximum separation between antisite components (A)
iatom (int) - create antistes using this atom number, from 0
return_with_table (bool) - in addition to structures return table with basic information


	disp_AS1 - polaronic displacement around first component (-0.2 for hole, +0.2 for electron)

	transition metal is assumed here





mag_AS1 - magnetic moment of TM in AS1

AP_on (bool) - turn on Additional polaron suggestion and creation
i_AP - number of AP TM atom. Positions are suggested by code depending on their position relative
to AS1 and AS2
mag_AP - magnetic moment of AP_nn atom
disp_AP - polaronic displacement around AP

confs (list) - create only this configurations, others are skipped



	RETURN:

	sts (list) - list of structures
if return_with_table:


table (list) - see code








Todo
#check that distances through  PBC could be two small






	
siman.geo.create_antisite_defect2(st_base, st_from, cation=None, trans=None, trans_pos=1, mode=None)

	exchange cation and transition metal
st_base (Structure) - basic structure in which defects are created
st_from (Structure) - structure from which the positions of cation are chosen;  st_from should be consistent with st_base 
cation (str) - element, position of which is extracted from st_from and added to st_base

trans (str) - element name transition metal for exchange
trans_pos (int) - number of non-equiv position of trans starting from 1


	mode - 

	‘add_alk’ or ‘a1’ - add alkali cation
‘mov_trs’ or ‘a2’ - mov trans to alkali pos
‘add_swp’ or ‘a3’ - add alk and swap with trans










	
siman.geo.create_antisite_defect3(st, el1, el2, i_el2_list=None, tol=0.1, max_sep=4, iatom=None, return_with_table=False, disp_AS1=None, mag_AS1=None, disp_AS2=None, AP_on=False, i_AP=None, mag_AP=None, disp_AP=None, confs=None)

	Looks for all unique antisite pairs for el1 and el2
takes into account formation of polaron and change of oxidation state


	Antisite consisits of three parts:

	AS1 - el2_el1 (e.g. Ni_Li)
AS2 - el1_el2 (Li_Ni)
AP - additional polaron. if AS1 changes its oxidation state (e.g. from +3 to +2 in oxide then
additional polaron should compensate this by oxidizing from +3 to +4)



	INPUT:

	el1 - first element name from periodic table for exchange
el2 - second element name from periodic table for exchange
i_el2_list - use only this specific atom numbers searching AS (duplicates iatom)

tol - tolerance for determining unique antisite configurations (A)
max_sep - maximum separation between antisite components (A)
iatom (int) - create antistes using this atom number, from 0
return_with_table (bool) - in addition to structures return table with basic information


	disp_AS1 - polaronic displacement around first component (-0.2 for hole, +0.2 for electron)

	transition metal is assumed here





mag_AS1 - magnetic moment of TM in AS1

AP_on (bool) - turn on Additional polaron suggestion and creation
i_AP - number of AP TM atom. Positions are suggested by code depending on their position relative
to AS1 and AS2
mag_AP - magnetic moment of AP_nn atom
disp_AP - polaronic displacement around AP

confs (list) - create only this configurations, others are skipped



	RETURN:

	sts (list) - list of structures
if return_with_table:


table (list) - see code








Todo
#check that distances through  PBC could be two small






	
siman.geo.create_antisite_defect_old(st, cation_positions=None)

	exchange cation and transition metal
st (Structure)

cation_positions (list of numpy arrays) - reduced coordinates of deintercalated cation positions






	
siman.geo.create_deintercalated_structure(st, element, del_pos=1)

	returns deintercalated structures

del_pos(int) - number of position starting from 1






	
siman.geo.create_interface_solid(st_host, st_oxide, suf_host, i_suf_host=0, seek_mode=0, seek_range=[0, 2], check_shift=None, hkl_lio=None, i_suf_lio=None, size=[5, 5], ads_pos=None, z_shift=1.5, lio_thick=8)

	




	
siman.geo.create_replaced_structure(st, el1, el2, rep_pos=1, only_one=False)

	allow to replace symmetry non-equivalent positions structures

rep_pos(int) - number of position starting from 1
only_one - replace only one first atom






	
siman.geo.create_single_antisite(st, el1, el2, i_el1, i_el2_list=None, tol=0.1, max_sep=4, iatom=None, return_with_table=False, disp_AS1=None, mag_AS1=None, disp_AS2=None, AP_on=False, i_AP=None, mag_AP=None, disp_AP=None, confs=None)

	Looks for all unique single antisites for el1 and el2
takes into account formation of polaron and change of oxidation state


	confs (dict)

	i_el1 - choose specific atom, from 0










	
siman.geo.create_supercell(st, mul_matrix, test_overlap=False, mp=4, bound=0.01, mul=(1, 1, 1), silent=0)

	st (Structure) -  
mul_matrix (3x3 ndarray of int) - for example created by ortho_    vec()

mul - multiply mul matrix - allows to choose fractions of new vectors

bound (float) - shift (A) allows to correctly account atoms on boundaries
mp    (int)  include additionall atoms before cutting supecell
test_overlap (bool) - check if atoms are overlapping -  quite slow






	
siman.geo.create_surface(st, miller_index, min_slab_size=10, min_vacuum_size=10, surface_i=0, oxidation=None)

	
	INPUT:

	
	st (Structure) - Initial input structure. Note that to

	ensure that the miller indices correspond to usual
crystallographic definitions, you should supply a conventional
unit cell structure.



	miller_index ([h, k, l]): Miller index of plane parallel to

	surface. Note that this is referenced to the input structure. If
you need this to be based on the conventional cell,
you should supply the conventional structure.



	oxidation (dic) - dictionary of effective oxidation states, e. g. {‘Y’:’Y3+’, ‘Ba’:’Ba2+’, ‘Co’:’Co2.25+’, ‘O’:’O2-‘}

	allows to calculate dipole moment





surface_i (int) - choose particular surface

min_slab_size (float) - minimum slab size

min_vacuum_size (float) - vacuum thicknes in A










	
siman.geo.create_surface2(st, miller_index, shift=None, min_slab_size=10, min_vacuum_size=10, surface_i=0, oxidation=None, suf='', primitive=None, symmetrize=False, cut_thickness=None, return_one=False, write_poscar=1, lll_reduce=0, silent=0)

	
	INPUT:

	
	st (Structure) - Initial input structure. Note that to

	ensure that the miller indices correspond to usual
crystallographic definitions, you should supply a conventional
unit cell structure.



	pymatgen-related:

	
	miller_index ([h, k, l]): Miller index of plane parallel to

	surface. Note that this is referenced to the input structure. If
you need this to be based on the conventional cell,
you should supply the conventional structure.



	oxidation (dic) - dictionary of effective oxidation states, e. g. {‘Y’:’Y3+’, ‘Ba’:’Ba2+’, ‘Co’:’Co2.25+’, ‘O’:’O2-‘}

	allows to calculate dipole moment





surface_i (int) - choose particular surface

min_slab_size (float) - minimum slab size

min_vacuum_size (float) - vacuum thicknes in A

symmetrize - try to make both surfaces exact

lll_reduce - try to find smaller basis vectors





my_paramters:
shift (float) - shift along z 
cut_thickness (float) - in A - allow to remove more layers from top
return_one (bool) - allows to return only one Structure, otherwise list of pymatgen slabs is returned 
write_poscar (bool) -self-explained










	
siman.geo.cubic_supercell(st, ortho_sizes)

	wrapper






	
siman.geo.determine_symmetry_positions(st, element, silent=0)

	determine non-equivalent positions for atoms of type element

element (str) - name of element, for example Li

return list of lists -  atom numbers for each non-equivalent position






	
siman.geo.find_moving_atom(st1, st2)

	find moving atom

The cells should have the same rprimd!

return number of atom which moves between two cell






	
siman.geo.find_mul_mat(rprimd1, rprimd2, silent=0)

	




	
siman.geo.find_voids(st1, st2)

	Function returns structure with voids in the position of removed atoms






	
siman.geo.fit2host(st_host, st_oxide)

	




	
siman.geo.flatten()

	chain.from_iterable(iterable) –> chain object

Alternate chain() constructor taking a single iterable argument
that evaluates lazily.






	
siman.geo.hex2rhombo(h, k, l)

	




	
siman.geo.hkl2uvw(hkl, rprimd)

	




	
siman.geo.hkl_slab(st, st_host, hkl, i_suf=None)

	




	
siman.geo.image_distance(x1, x2, r, order=1, sort_flag=True, return_n_distances=False, coord_type='xcart')

	Calculate smallest distance and the next smallest distance between two atoms 
correctly treating periodic boundary conditions and oblique cells.
x1, x2 - vector[3] xcart coordinates of two atoms
r - rprimd of cell
order - the order of periodic images which are accounted in the calcualtion of distances between atoms.
for cubic cells, order = 1 always provide correct result.
For highly oblique cell you should test and find the needed value of ‘order’ after which results are the same.
sort_flag (bool) - use False if you do not need sorting of distances

return_n_distances(bool) - returns required number of smallest distances, depending on order


	coord_type (str) 

	
	‘xred’


	‘xcart’








return d1, d2 - the smallest and next smallest distances between atoms






	
siman.geo.interpolate(st1, st2, images, write_poscar=0, poscar_folder='', omit_edges=1)

	Linear interpolation between two structures.
The number of atoms and order should be the same

INPUT:
images (int) - number of intermediate images
write_poscar (int) - starting from given number

omit_edges (bool) - first and last corresponding to st1 and st2 are omitted,






	
siman.geo.local_surrounding(x_central, st, n_neighbours, control='sum', periodic=False, only_elements=None, only_numbers=None, round_flag=1)

	Return list of distances to n closest atoms around central atom. (By defauld sum of distances)

Input:
- x_central - cartesian coordinates of central atom; vector
- st - structure with xcart list of coordinates of all atoms in system
- n_neighbours - number of needed closest neighbours


	
	control - type of output; 

	sum - sum of distances, 
av - average distance, 
avsq - average squared dist
avharm - average harmonic - it minimal average
‘mavm’: #min, av, max, av excluding min and max
av_dev - return (average deviation, maximum deviation) from average distance in mA.
list - list of distances; 
atoms  - coordinates of neighbours







	periodic - if True, then cell is additionaly replicated; needed for small cells





	Only for control = atoms

	
	only_elements - list of z of elements to which only the distances are needed;


	only_numbers  (list of int) - calc dist only to this atoms








round_flag (bool) - if 1 than reduce distance prec to 2 points

#TODO:
the periodic boundary conditions realized very stupid by replicating the cell!






	
siman.geo.local_surrounding2(x_central, st, n_neighbours, control='sum', periodic=False, only_elements=None, only_numbers=None, round_flag=1)

	!!! Attempt to improve speed of periodic conditions!
#control = ‘atoms’ could work wrong!!! check
#In case of small cell also works wrong with PBC. Does not take into account the several atoms should be counted more
than once

Return list of distances to n closest atoms around central atom. (By defauld sum of distances)

Input:
- x_central - cartesian coordinates of central atom; vector
- st - structure with xcart list of coordinates of all atoms in system
- n_neighbours - number of needed closest neighbours


	
	control - type of output; 

	sum - sum of distances, 
av - average distance, 
avsq - average squared dist
‘mavm’: #min, av, max, av excluding min and max
av_dev - return (average deviation, maximum deviation) from average distance in mA.
list - list of distances; 
atoms  - coordinates of neighbours







	periodic - if True, then cell is additionaly replicated; needed for small cells





	Only for control = atoms

	
	only_elements - list of z of elements to which only the distances are needed;


	only_numbers  (list of int) - calc dist only to this atoms








round_flag (bool) - if 1 than reduce distance prec to 2 points

#TODO:
the periodic boundary conditions realized very stupid by replicating the cell!






	
siman.geo.make_neutral(self, oxidation=None, at_fixed=None, mode='equal', return_oxidation=1, silent=1)

	Makes slab with total a charge equal to 0


	INPUT:

	st (Structure) - input structure 
oxidation (dir integer) - list of oxidation states


E.g oxi_state = {“Li”: 1, “La”: 2, “Zr”:4, “O”: -2}




at_fixed (dir string) - list of atoms with fixed oxidation states
mode (string) - how uncompensated charge will be redistributed between unfixed atoms


‘equal’ - equally between unfixed atoms 
‘propotional’ - proportionally to oxidation state






	RETURN:

	
	if (return_oxidation == True)

	returns a new structure with a neutral charge and new oxidation states



	else

	returns only a new structure









author - A. Burov






	
siman.geo.ortho_vec(rprim, ortho_sizes=None, silent=0)

	Function returns mul_mat - 3 vectors of integer numbers (ndarray)
By calculating np.dot(mul_matrix, rprim) you will get rprim of orthogonal supercell (actually as close as possible to it)






	
siman.geo.ortho_vec_old(rprim, ortho_sizes=None)

	old function
Function returns mul_mat - 3 vectors of integer numbers (ndarray)
By calculating np.dot(mul_matrix, st.rprimd) you will get rprim of orthogonal supercell (actually as close as possible to it)






	
siman.geo.primitive(st)

	




	
siman.geo.remove_atoms(st, atoms_to_remove)

	remove atoms either of types provided in atoms_to_remove or having numbers provided in atoms_to_remove
st (Structure)
atoms_to_remove (list) - list of element names or numbers






	
siman.geo.remove_closest(self, el, nn=6, n=0, x=0.0)

	Removes closest lying atoms of type el


	INPUT:

	st (Structure) - input structure 
el (int array) - list of elements to remove
nn (int) - number of closest atoms 
n (int array) - number of removing atoms 
x (float array) - relative number of removing atoms



	RETURN:

	st (Structure) - modified structure





author - A. Burov






	
siman.geo.remove_half(st, el, sg=None, info_mode=0)

	# works only for

sg - required space group

TODO
1. Take care about matching the initial cell and supercell from primitive
Now the manual shift is done


	Make full conversion from pymat structure to mine









	
siman.geo.remove_half_based_on_symmetry(st, sg=None, info_mode=0)

	Generate all possible configurations by removing half of atoms
sg (int) - give back structure with specific space group

info_mode (bool) if 1 then return list of possible space groups

return list of structures with sg space groups






	
siman.geo.remove_one_atom(st, element, del_pos=None, iat=0)

	removes one atom of element type from position del_pos
iat - number of atom inside subset






	
siman.geo.remove_vacuum(self, thickness=0.0)

	Removes vacuum from a structure


	INPUT:

	st (Structure) - input structure 
thickness (float) - remaining thickness of vacuum



	RETURN:

	slab with vacuum specified thickness





author - A. Burov






	
siman.geo.remove_x(st, el, sg=None, info_mode=0, x=None)

	Allows to remove x of element el from the structure.
You should know which space group you want to get.
If you don’t know the space group, first use info_mode = 1

st (Structure) - input structure
el (str) - element name, e.g. Li

x - remove x of atoms, for example 0.25 of atoms

info_mode (bool) - more information

sg - number of required space group obtained with info_mode = 1

TODO
1. Take care about matching the initial cell and supercell from primitive
Now the manual shift is done


	Make full conversion from pymat structure to mine









	
siman.geo.remove_x_based_on_symmetry(st, sg=None, info_mode=0, x=None)

	Generate all possible configurations by removing x of atoms

st (Structure) - structure with only one element!

sg (int) - give back structure with specific space group

info_mode (bool) if 1 then return list of possible space groups (and structures)

return list of structures (only first ten) with sg space groups






	
siman.geo.removed_atoms(st1, st2, tol=0.01)

	This function finds voids by comparing ideal structure and structure with removed atoms
Input: st1 - ideal, st2 - with removed atoms
Return list with atomic numbers of removed atoms






	
siman.geo.replace_x_based_on_symmetry(st, el1, el2, x=None, sg=None, info_mode=0, silent=0, mag=0.6, mode='rep')

	Generate all possible configurations by replacing x of element el1 by el2 from the structure.
You should know which space group you want to get.
If you don’t know the space group, first use info_mode = 1

st (Structure) - input structure
el1 (str) - element name to replace, e.g. Li
el2 (str) - replace by
mag (float) - magnetic moment of new element
x - replace x of atoms, for example 0.25 of atoms

info_mode (bool) - print all possible configurations


	mode 

	
	‘rep’ - replace atoms


	‘pol’ - create polarons








sg - number of required space group obtained with info_mode = 1
return list of structures with sg space groups






	
siman.geo.replic(structure, mul=(1, 1, 1), inv=1, only_atoms=None, cut_one_cell=None, include_boundary=(1, 1))

	Replicate structure() according to: mul[i]*rprimd[i]

Input:
structure - structure() type
mul[] - is tuple of three integer numbers
Use from structure:
xcart, typat, rprimd, natom, xred
inv - 1 or -1 allows to replicate in different directions

inv = 0 - cell is replicated in both directions by mul[i];  2 still gives -1 0 1 but 3 gives -2 -1 0 1 2; for ‘only_matrix’ may work not correctly


	only_atoms - allows to replicate only specific atoms; now 

	
	‘only_matrix’

	Warning - st.select is not working here









cut_one_cell - allows to cut only one cell with replicated edge atoms
include_boundary (A) - the width of region to include additional edge atoms (bottom, up)


	TODO:

	oxi_states are not added yet





Return:
replicated structure






	
siman.geo.rhombo2hex(h, k, l)

	




	
siman.geo.rms_between_structures(st1, st2)

	




	
siman.geo.rms_pos_diff(st1, st2)

	Calculate rms difference of atomic positions, excluding moving atom






	
siman.geo.scale_cell_by_matrix(st, scale_region=None, n_scale_images=7, parent_calc_name=None, mul_matrix=None)

	Scale  rprimd and xcart of structure() object st from scale_region[0] to scale_region[1]  (%) using n_scale_images images
and mul_matrix.
parent_calc_name is added to st.des
Return:
list of scaled Structure() objects

TODO: Take care of vol, recip and so on - the best is to create some method st.actual() that update all information






	
siman.geo.scale_cell_uniformly(st, scale_region=None, n_scale_images=7, parent_calc_name=None)

	Scale uniformly rprimd and xcart of structure() object st from scale_region[0] to scale_region[1]  (%) using n_scale_images images.
parent_calc_name is added to st.des
Return:
list of scaled Structure() objects

TODO: Take care of vol, recip and so on - the best is to create some method st.actual() that update all information






	
siman.geo.sl_misfit(st1, st2, silent=0)

	




	
siman.geo.stoichiometry_criteria(st1, st2)

	




	
siman.geo.stoichiometry_criteria2(st1, st2, silent=1)

	




	
siman.geo.supercell(st, ortho_sizes)

	wrapper






	
siman.geo.symmetry_criteria(st)

	




	
siman.geo.symmetry_criteria_at(st)

	




	
siman.geo.symmetry_multiply(st_ideal, st, el, ops=None, rm_ovrlp=None, name='')

	Allows to multiply atomic positions of atoms el in st according to symmetry of st_ideal
Usually st_ideal and st are commensurate crystal structures, but st has some defects, which are required to 
multiply according the symmetry of the ideal structure.

st_ideal (Structure) - the structure with required symmetry  
st (Structure) - the structure to be modified
el (str) - name of element, atoms of which should be multiplied; several elements can be given separated by space
rm_ovrlp (float) - atoms closer than rm_ovrlp (in A) will be removed, if None - nothing is done

ops (list ) - pymatgen type list of symmetry operations used in addition to that obtained from st_ideal

name (str)

TODO:


	RETURN:

	st (Structure) - the structure in which all atoms el are multiplied according to the given symmetry





Author: DA






	
siman.geo.test_transform_miller(rprimd1, rprimd2, hkl, silent=1)

	Different attempts to find correct way of index transformstion
rprimd1 (list of arrays) - primitive vectors 1
rprimd2 (list of arrays) - primitive vectors 2
hkl (list of int) - miller index for rprimd1






	
siman.geo.transform_miller(rprimd1, rprimd2, hkl, silent=1)

	Convert miller indicies between two choices of primitive vectors for the same lattice.
defined in rprimd1 to miller indicies defined in rprimd2. 
rprimd1 and rprimd2 are two primitive vectors chosen

Can be used for different homomorphic lattices, but first be 
sure that they are correctly oriented in space.

rprimd1 (list of arrays) - first set of vectors 
rprimd2 (list of arrays) - second set of vectors
hkl (list of int) - hkl - miller index for first set of vectors

RETURN
hkl2 - miller index for second set of vectors corresponding to hkl






	
siman.geo.triangle_area_points(v1, v2, v3)

	




	
siman.geo.two_cell_to_one(st1, st2)

	Join two cells 
st1 - first cell 
st2 - second cell






	
siman.geo.uvw2hkl(uvw, rprimd)

	




	
siman.geo.xcart2xred(xcart, rprimd)

	Convert from cartesian coordinates xcart to
dimensionless reduced coordinates 
Input: xcart - list of numpy arrays, rprimd - list of numpy arrays
Output: xred - list of numpy arrays






	
siman.geo.xred2xcart(xred, rprimd)

	Convert from dimensionless reduced coordinates to
cartesian coordinates xcart;


Input: xred - list of numpy arrays, rprimd - list of numpy arrays
Output: xcart - list of numpy arrays










siman.header module


	
class siman.header.CalcDict

	Bases: dict


	
items() → a set-like object providing a view on D's items

	








	
siman.header.pickle_module_migration_script()

	This script allows to update modules in database after moving them to siman package






	
siman.header.print_and_log(*logstrings, **argdic)

	‘’ - silent
e - errors and warnings
a - attentions
m - minimalistic output of scientific procedures - only obligatory mess are shown
M - maximalistic output of scientific procedures  
debug_level importance:


‘n’ - not important at all - for debugging
‘’  - almost all actions, no flag is needed
‘y’ - important - major actions
‘Y’ - super important, or output asked by user









	
siman.header.printlog(*logstrings, **argdic)

	‘’ - silent
e - errors and warnings
a - attentions
m - minimalistic output of scientific procedures - only obligatory mess are shown
M - maximalistic output of scientific procedures  
debug_level importance:


‘n’ - not important at all - for debugging
‘’  - almost all actions, no flag is needed
‘y’ - important - major actions
‘Y’ - super important, or output asked by user









	
siman.header.runBash(cmd, env=None, detached=False, cwd=None)

	Input - string; Executes Bash commands and returns stdout
Need: import subprocess






	
siman.header.run_win_cmd(cmd)

	





siman.helper_for_writing_beatiful_code module

Template for doc using markdown markup language [https://daringfireball.net/projects/markdown/]:

Function description;

###INPUT:



	parameter 1 (type) - description


	parameter 2 (type) - description







###RETURN:


None




###DEPENDS:



siman.impurity module


	
siman.impurity.add_impurity(it_new, impurity_type=None, addtype='central', calc=[], r_pore=0.5, it_to='', ise_to='', verlist_to=[], copy_geo_from='', find_close_to=(), add_to_version=0, write_geo=True, only_version=None, fine=4, put_exactly_to=None, check_pore_vol=0, replace_atom=None, override=False)

	Add impurities in pores.

Input:
it_new - name of new structure with impurity

impurity_type - name of impurity from Mendeley table, for example ‘C’

addtype - type of adding: [‘central’,]; ‘central’ means that impurity 
will be placed as close to the geometrical center of cell as possible.

it_to , ise_to , verlist_to - completed calculations in which impurity 
will be added

if ‘verlist_to’ is empty, function will try to find geometry files in ‘geo_folder + struct_des[it_to].sfolder’ folder;
even if ‘it_to’ is empty it will try to find files in ‘geo_folder + struct_des[it_new].sfolder+’/from’ ‘ folder.
‘ise_to’ also can be empty

if ‘copy_geo_from’ is not empty, then programm copy all files from folder ‘copy_geo_from’ to 
folder ‘geo_folder + struct_des[it_to].sfolder+”/”+it_to’ or  ‘geo_folder + struct_des[it_new].sfolder+”/from” ‘

‘find_close_to’ is tuple of three reduced coordinates of point close to which you want to find impurity. If empty - ignored;

‘add_to_version’ is integer number added to each ‘verlist_to’ number to produce ver_new.

‘only_version’ - if == [v,], then instertion will be provided only for v. If None insertion will be made in all found versions

If you want to add impurity to relaxed structure …

‘fine’ - integer number; allows to reduce number of small steps for defining center

Possible addtype’s:
‘central’ - add one atom to the pore which is most close to  the center of the cell but with reduced coordinates less than 0.5 0.5 0.5
‘all_pore’  - add atoms in every found pore
‘all_local’ - add atoms to every local point which allows to visualise topology of pores.
‘gb’ - uses self.gbpos and places atom close to this value assuming that it will be at gb
‘grain_vol’ - uses self.gbpos and assuming that cell contains two gb and two equal grains, places atom close to the centre of grain; y and z can be arbiratry

put_exactly_to - will add impurity to this point 
find_close_to - will try to find closest void and insert pore here.

check_pore_vol - allows to estimate volume of pores; has problems for big cells

replace_atom - if not None, than the specified atom is substituted

Side effects: creates new geometry folder with input structures;






	
siman.impurity.create_c_array(pylist, ctype)

	




	
siman.impurity.determine_unique_voids(st_pores, sums, avds)

	




	
siman.impurity.determine_voids(st, r_impurity, fine=1, step_dec=0.05)

	




	
siman.impurity.find_pores(st_in, r_matrix=1.4, r_impurity=0.6, step_dec=0.05, fine=0.3, prec=0.1, calctype='central', gbpos=0, find_close_to=(), check_pore_vol=0)

	st_in - input Structure() object
r_impurity (A)- all pores smaller than this radius will be found
r_matrix (A) - radius of matrix atoms disregarding to their type
step_dec - scanning step of the cell in Angstroms
fine - allows to change density of local points; local_step = step_dec/fine
prec - precicion of pore center determination
check_pore_vol - allows to estimate volume of pores; has problems for big cells

‘find_close_to’ - works in the cases of gb and grain_vol; allows to ignore all and find pore close to provided three reduced coordinates
return - instance of Structure() class with coordinates of pores. Number and type of included pores depend on the argument of ‘calctype’.






	
siman.impurity.insert(it_ins, ise_ins, mat_path, it_new, calc, type_of_insertion='xcart')

	For insertion of atoms to cells with changed lateral sizes
Input:
‘type_of_insertion = xred’ used to add xred coordinates  
mat_path - path to geo files which are supposed to be changed
it_ins - already existed calculation; xred will be used from this calculation.
it_new - new folder in geo folder for obtained structure

This function finds version of calculation in folder mat_path and tries to use the same version of it_ins






	
siman.impurity.insert_atom(st, el, i_void=None, i_void_list=None, r_imp=1.6)

	Simple Wrapper for inserting atoms

i_void (int) has higher priority than i_void_list


	return st_new, i_add, sts_by_one

	st_new - all positions are filled 
i_add - the number of last inserted atom
sts_by_one - list of structures with only one inserted atom in all found positions










	
siman.impurity.insert_cluster(insertion, i_center, matrix, m_center)

	Take care of orientation; typat should be consistent
Input:
insertion -  object of class Structure(), which is supposed to be inserted in matrix
in such a way that i_center will be combined with m_center.
matrix - object of class Structure().
i_center, m_center - numpy arrays (3) cartesian coordinates






	
siman.impurity.make_interface(main_slab, m_xc, second_slab, s_xc)

	Make interfaces
Both slabs should have close sizes along x and y and should be oriented correctly

Input:
main_slab (Structure) - slab
second_slab (Structure) - slab, scaled to coincide with the main slab
m_xc, s_xc (array(3)) - cartesian coordinates of pointis in main_slab and secondary slab to be combined

Return Slab with interface and scaled second slab






	
siman.impurity.make_interface2(st1, st2, shift, mesh=[5, 5], oxi={}, at_fixed=[], mode='top', tol=0.05)

	Creates interface from two input structures

INPUT:
st1 (Structure) - main input structure 
st2 (Structure) - appending input structure 
thickness (float) - remaining thickness of vacuum  
shift (float array) - shift atoms along axis 
tol (float) - relative difference between two steps with different meshes 
mode (str) - type of interfaces or interfaces that will be returned


‘top’ - returns one structure that was made from highest atoms from st1 and lowest atom from st2 
‘min’ - returns





	‘min’ mode requires these arguments:

	mesh (int array) - mesh in AB plane to find a structure with lowest Ewald energy
oxi (float dic) - dictionary oxidation states. Look siman.geo.make_neutral() for more details


E.g {“Li”: 1, “La”: 2, “Zr”:4, “O”: -1}




at_fixed (string array) - atoms with fixed oxidation states



	RETURN:

	interface and new structure st2.





author - A. Burov







siman.inout module


	
siman.inout.read_aims_out(cl, load='', out_type='', show='')

	




	
siman.inout.read_atat_fit_out(filename, filter_names=None, i_energy=1)

	read fit.out of atat
filter_names - do not read name numbers greater than filter_name
i_energy - 1 for fit.out, 2 for predstr.out
return - concentration list, energy list






	
siman.inout.read_csv(filename, delimiter=', ')

	




	
siman.inout.read_poscar(st, filename, new=True)

	




	
siman.inout.read_vasp_out(cl, load='', out_type='', show='', voronoi='', path_to_outcar='', path_to_contcar='')

	Try to read xred from CONCAR and calculate xcart






	
siman.inout.read_xyz(st, filename, rprimd=None)

	Read xyz file into st

rprimd (list of lists) - if None or [None, ] then Tv are read; if Tv does not exist then create automatically






	
siman.inout.write_geometry_aims(st, filename, coord_type='cart', periodic=True)

	




	
siman.inout.write_jmol(xyzfile, pngfile, scriptfile=None, atomselection=None, topview=0, orientation=None, axis=False, bonds=True, rprimd=None, shift=None, rotate=None, label=None, high_contrast=None, specialcommand=None, boundbox=2, atom_labels=None)

	atomselection - string in gmol format with number of atoms to be nrotateSelected
topview - additional top view, requires two models in xyz
orientation - additional rotation
axis - add axes
rotate - rotation of all atoms around view axis in degrees
label (tuple ()) - used for impurities, please decribe
atom_labels (bool) - turn on atom labels

help:
frame all - turn on all frames






	
siman.inout.write_lammps(st, filename='', charges=None)

	Writes structure in lammps format

charges (list of float) - list of charges for each atom type






	
siman.inout.write_occmatrix(occs, folder)

	




	
siman.inout.write_xyz(st=None, path=None, filename=None, file_name=None, include_vectors=True, repeat=1, shift_2view=1.0, replications=None, full_cell=False, analysis=None, show_around=None, show_around_x=None, nnumber=6, only_elements=None, gbpos2=None, gbwidth=1, withgb=False, include_boundary=2, imp_positions=[], imp_sub_positions=None, jmol=None, jmol_args=None, sts=None, mcif=0, suf='')

	Writes st structure in xyz format in the folder xyz/path
#void are visualized with Pu
if repeat == 2: produces jmol script
shift_2view - in rprimd[1][1] - shift of the second view
gbpos2 - position of grain boundary in A
gbwidth - atoms aroung gbpos2 will be colored differently

imp_positions - (x1,x2,x3, element, label)- xcart and element name coordinates additionally to be added to structure; to visulaze all impurity positions: for jmol, additional key ‘s’, ‘i’ can be added after element
imp_sub_positions - list of atom numbers; the typat of these atoms is changed: not used now


	analysis - additional processing, allows to show only specifice atoms, 

	‘imp_surrounding’ - shows Ti atoms only around impurity
nnumber - number of neighbours to show
show_around - choose atom number around which to show, from 1
show_around_x - show atoms around point, has higher priority
only_elements - see local_surrounding





replications - list of replications, (2,2,2)

full_cell - returns atoms to cell and replicate boundary atoms

include_vectors (bool) - write primitive vectors to xyz

jmol - 1,0 -  use jmol to produce png picture
jmol_args (dict) - arguments to write_jmol see write_jmol()
mcif - write magnetic cif for jmol

specialcommand - any command at the end of jmol script
suf - additional suffix for name

sts - list of Structure - write several structures to xyz file - other options are not working in this regime







siman.monte module

Program Monte-Carlo by Aksyonov Dmitry, Skoltech, Moscow


	
siman.monte.check(cl, exit=0)

	




	
siman.monte.check_poscar(filename)

	




	
siman.monte.exchange_atoms(st, xcart_voids, z2, thickness, zr=None, condition=None)

	Swap two atoms 
xcart_voids - list of xcart of voids
voidz - list with z voids; actually either None or [300]
zr - position of surface

condition (str) - possible additional conditions



	‘no_surface_TM’ - do not make swaps which reduce oxygen coordination of transition metals

	
	max_avdist_increase - maximum allowed increase of TM-O distance after swapping; 

	(for example larger than 0.5 A allows to exclude swaps to surface)

















	
siman.monte.exchange_with_external(st, zr, thickness, external=None)

	external (dict) - {‘Ni’:[‘Li’]} - atoms from external reservior which can replace existing elements, in this example Ni can replace Li






	
siman.monte.get_zr_range(st, thickness, zr)

	




	
siman.monte.initial_run(xcart_voids)

	
	Run initial calculation









	
siman.monte.vasp_run(n, des, vasprun_command=None)

	





siman.monte_functions module


	
siman.monte_functions.metropolis(E1, E2, T=1)

	Metropolis algorithm






	
siman.monte_functions.random() → x in the interval [0, 1).

	





siman.neb module


	
siman.neb.add_neb(starting_calc=None, st=None, st_end=None, it_new=None, ise_new=None, i_atom_to_move=None, up='up2', search_type='vacancy_creation', images=None, r_impurity=None, calc_method=['neb'], inherit_option=None, mag_config=None, i_void_start=None, i_void_final=None, atom_to_insert=None, atom_to_move=None, rep_moving_atom=None, end_pos_types_z=None, replicate=None, it_new_folder=None, it_folder=None, inherit_magmom=False, x_start=None, xr_start=None, x_final=None, xr_final=None, upload_vts=False, center_on_moving=True, run=False, add_loop_dic=None, old_behaviour=None, params=None)

	Prepare needed files for NEB
Provides several regimes controlled by search_type flag:



	existing_voids - search for voids around atom and use them as a final position


	vacancy_creation - search for neighbors of the same type and make a vacancy as a start position


	
	interstitial_insertion - search for two neighboring voids; use them as start and final positions

	by inserting atom atom_to_insert







	None - just use st and st2 as initial and final








	###INPUT:

	
	starting_calc (Calculation) - Calculation object with structure


	
	st (Structure) - structure, can be used instead of Calculation

	
	it_new (str) - name for calculation










	st_end (Structure) - final structure


	i_atom_to_move (int) - number of atom for moving starting from 0;


	mag_config (int ) - choose magnetic configuration - allows to obtain different localizations of electron


	replicate (tuple 3*int) - replicate cell along rprimd


	i_void_start,  i_void_final (int) - position numbers of voids (or atoms) from the suggested lists


	atom_to_insert  (str) - element name of atom to insert


	atom_to_move (str) - element name of atom to move


	it_new_folder or it_folder  (str) - section folder


	inherit_option (str) - passed only to add_loop


	inherit_magmom (bool) - if True than magmom from starting_calc is used, else from set


	end_pos_types_z (list of int) - list of Z - type of atoms, which could be considered as final positions in vacancy creation mode


	
	calc_method (list)

	
	‘neb’


	‘only_neb’ - run only footer










	x_start, x_final (array) - explicit xcart coordinates of moving atom for starting and final positions, combined with atom_to_insert


	xr_start, xr_final (array) - explicit xred


	rep_moving_atom (str)- replace moving atom by needed atom - can be useful than completly different atom is needed.


	upload_vts (bool) - if True upload Vasp.pm and nebmake.pl to server


	run (bool)  - run on server


	
	old_behaviour (str) - choose naming behavior before some date in the past for compatibility with your projects

	‘020917’
‘261018’ - after this moment new namig convention applied if end_pos_types_z is used







	add_loop_dic - standart parameters of add()


	params (dic) - provide additional parameters to add() # should be removed






	###RETURN:

	None





###DEPENDS:

###TODO
1. Take care of manually provided i_atom_to_move in case of replicate flag using init_numbers 
2. For search_type == None x_m and x_del should be determined for magnetic searching and for saving their coordinates
to struct_des; now their just (0,0,0)






	
siman.neb.determine_unique_final(st_pores, sums, avds, x_m)

	





siman.pairs module


	
siman.pairs.PBC(dx, r)

	can be incorrect
Realisation of periodic boundary conditions in common case
dx - vector[3] difference between coordinates of two atoms
r - rprimd of cell
return dx - the smallest distance between atoms






	
siman.pairs.create_coseg_samples(base_name, it_b, ise_b, ver, calc, path_template, imp_size=0.44, fine_mul=4, gbpos=None, segtyp=None, input_dlist_coseg=None, xcart1imp=None, xcart2imp=None, main_path=None)

	Create all cells for co-segregation calculations.

Input:
base_name - the names of seg and coseg cases will be started from this name

input_dlist_coseg - needed to construct corresponding segregation cases (segtyp = ‘segreg’), but in relaxed cell, where
one atom is in grain volume. Must be initialy constructed using segtyp = ‘coseg’;

1. it_b, ise_b, base cell with relaxed grain boundaries (self.gbpos - position of one gb) 
ver - version to create
and one carbon atom in the volume of one grain 
(can be several versions).

2. path_template - path to geo files with template cells with correct rprimd for cell with CO
(can be several versions).

imp_size - size of pores, which are being found trying to insert impurity






	
siman.pairs.find_pairs(base_name, segtyp, in_calc, central_atoms=[], xcart1imp=None, input_dlist_coseg=None, prec=2, gvolume_config_num=None, gbpos=None, take_final_rprimd_from=None, main_path=None, based_on=None, target_znucl=[22, 6, 8], max_dist_between_atoms=4.8, add_typat=[2, 3])

	Find uniq pairs of atoms and analyse them
Input:

segtyp - 
three regimes for cells with grain boundaries:
‘segreg’ assumes that in_calc contains carbon atom in grain volume, and creates all cases; 
‘coseg’ assumes pure cell and creates only coseg cases.
cosegregation cases of course should be the same for two regimes, however co-segregation configuations after ‘coseg’ is more easy to relax.
‘grainvol’ - searching for pairs in grain volume

two regimes for bulk cells:
‘bulk_triple’ - used for bulk cells without grain boundaries; first step is searching for pairs, second step for triples.
‘bulk_pairs’ - used for bulk cells without grain boundaries; searching for pairs.

new_name - name of created structures; at first should be added to struct_des[]
in_calc - Calculation() type or path to geo file
region - list of numbers which determine region
central_atoms - list of atoms for which pairs are constructed (Warinig! numbers in new array xcart_pores!);
- parameter to change mode;

xcart1imp - coordinates of first interstitial in the  grain interior

input_dlist_coseg - list of configurations with cosegregation cases. Needed to construct corresponding segregation cases. the format is quiet tricky

prec - precision of lengths used to determine unique positions.

gvolume_config_num - number of configuration with two atoms in grain volume choosen by user (usually should be the most favourable)

gbpos - position of grain boundary

take_final_rprimd_from - path to geo file from which rprimd will be used

target_znucl - numbers of target atoms

max_dist_between_atoms - now at least used for ‘bulk_pairs’ and ‘bulk_triple’; maximum length of found pairs.

add_typat - mannualy set please update






	
siman.pairs.wrapper_create_coseg()

	




	
siman.pairs.wrapper_create_coseg_C1()

	




	
siman.pairs.wrapper_create_coseg_CSL7s(calc)

	




	
siman.pairs.wrapper_create_coseg_T1s(calc)

	




	
siman.pairs.wrapper_create_coseg_T2(calc)

	




	
siman.pairs.wrapper_create_pairs_H(basename=None, add_typat=[2, 3], path2temp=None)

	





siman.picture_functions module


	
siman.picture_functions.fit_and_plot(ax=None, power=None, xlabel=None, ylabel=None, image_name=None, filename=None, show=None, pad=None, xlim=None, ylim=None, title=None, figsize=None, xlog=False, ylog=False, scatter=False, legend=False, ncol=1, fontsize=None, legend_fontsize=None, markersize=None, linewidth=None, hor=False, ver=True, fig_format='eps', dpi=300, ver_lines=None, hor_lines=None, xy_line=None, x_nbins=None, alpha=0.8, fill=False, first=True, last=True, convex=None, dashes=None, corner_letter=None, corner_letter_pos=None, hide_ylabels=None, hide_xlabels=None, annotate=None, params=None, **data)

	Plot multiple plots on one axes using data

return filename of saved plot

ax (axes) - matplotlib axes object - to create multiple axes plots


	data - each entry should be 

	(X, Y, fmt) 
or 
(X, Y, fmt, label) 
or
{‘x’:,’y’:, ‘fmt’:, ‘label’, ‘xticks’ }    not implemented for powers and scatter yet
or
(X, Y, R, fmt) - for scatter = 1, R - size of spots





first, last - allows to call this function multiple times to put several plots on one axes. Use first = 1, last = 0 for the first plot, 0, 0 for intermidiate, and 0, 1 for last

power (int) - the power of polynom, turn on fitting

scatter (bool) - plot scatter points - the data format is slightly different - see data

convex (bool) - plot convex hull around points like in ATAT

fill (bool) - fill under the curves

filename (str) - name of file with figure, image_name - deprecated
fig_format (str) - format of saved file.
dpi    - resolution of saved file

ver_lines - list of dic args for  vertical lines {‘x’:, ‘c’, ‘lw’:, ‘ls’:}
hor_lines
ver - vertical line at 0
hor - horizontal line at 0

hide_ylabels - just hide numbers

ncol - number of legend columns

corner_letter - letter in the corner of the plot
corner_letter_pos (list*2 float) - list with [x,y] corner position, default left upper corner is set

pad - additional padding, if dict than the same keys as in plt.subplots_adjust() are used

annotate - annotate each point, ‘annotates’ list should be in data dic!

linewidth - was 3 !
markersize - was 10

x_nbins - number of ticks


	params - dictionary with parameters 

	
	‘xlim_power’ - xlim for power


	‘y0’ - move plot to have y = 0


	‘xnbins’ - number of bins x








TODO:
remove some arguments that can be provided in data dict
move all rare arguments to params






	
siman.picture_functions.plot_and_annotate(power=2, xlabel='xlabel', ylabel='ylabel', image_name=None, xlim=None, ylim=None, title=None, fit=None, legend=None, **data)

	Should be used in two below sections!
Creates one plot with two dependecies and fit them;
return minimum fitted value of x2 and corresponding valume of y2; 
if name == “” image will not be plotted
power - the power of polynom

data - each entry should be (X, Y, ‘r-‘)






	
siman.picture_functions.plot_bar(xlabel='xlabel', ylabel='ylabel', xlim=None, ylim=None, image_name=None, title=None, bottom=0.18, hspace=0.15, barwidth=0.2, data1=[], data2=[], data3=[], data4=[], **data)

	




	
siman.picture_functions.plot_bar_simple(xlabel='xlabel', ylabel='ylabel', xlim=None, ylim=None, image_name=None, title=None, data=[])

	




	
siman.picture_functions.plot_conv(list_of_calculations=None, calc=None, type_of_plot=None, conv_ext=[], labelnames=None, cl=None, plot=1, filename=None)

	Allows to fit and plot different properties;
Input:
‘type_of_plot’ - (“fit_gb_volume”-fits gb energies and volume and plot dependencies without relaxation and after it,


‘dimer’




cl - calculation to use - new interface, please rewrite the old one






	
siman.picture_functions.plot_mep(atom_pos, mep_energies, image_name=None, filename=None, show=None, plot=1, fitplot_args=None, style_dic=None)

	Used for NEB method
atom_pos (list) - xcart positions of diffusing atom along the path or just coordinates along one line (for polarons)
mep_energies (list) - full energies of the system corresponding to atom_pos

image_name - deprecated, use filename
style_dic - dictionary with styles


‘p’ - style of points
‘l’ - style of labels
‘label’ - label of points




plot - if plot or not






	
siman.picture_functions.process_fig_filename(image_name, fig_format)

	





siman.project_funcs module



siman.set_functions module


	
class siman.set_functions.InputSet(ise=None, path_to_potcar=None)

	Bases: object

docstring for InputSet
The second important class which is used to store 
parameters of calculation

For VASP parameters self.vasp_params dict is used;
usually it contains the parameters in the same format as INCAR file.
However, several exceptions are:
for ‘LDAUU’, ‘LDAUJ’, ‘LDAUL’ you should provide
dictionaries with correponding values for each element in the form: {‘Co’:3.4,}.

self.potdir (dict) - name of POTCAR folder for each element, for example {3:’Li’, 8:’O’}

self.blockfolder (str) - additional subfolder will be created calculation with this set

self.save_last_wave (bool) - set True to save last WAVECAR in u-ramping mode

self.kpoints_file - if True, k-points file is created, if string then it is considered as path to external kpoints file

self.path_to_potcar (str) - explicit path to potcar, can be used instead of self.potdir

self.set_sequence (list)  - list of InputSet() objects to make multiset runs. The current set is used as a first one.

TODO
Describe the difference between update() and load() methods !


	
add_conv(arg, type_of_conv)

	




	
add_conv_kpoint(arg)

	




	
add_conv_tsmear(arg)

	




	
load(param, inplace=False)

	Update parameters of set from dict param






	
printme()

	




	
read_incar(filename)

	




	
read_universal(filename)

	




	
set_add_nbands(arg)

	




	
set_attrp(token, arg, des='see manual')

	set any attribute.






	
set_compare_with(arg)

	




	
set_ngkpt(arg)

	




	
set_potential(znucl, arg='')

	




	
set_relaxation_type(type_of_relaxation)

	




	
set_vaspp(token, arg, des='see manual')

	Used for setting vasp parameters.






	
toJSON()

	




	
toabinit(st)

	Convert from VASP (add more codes in the future) to Abinit






	
update()

	








	
siman.set_functions.inherit_iset(ise_new, ise_from, varset, override=False, newblockfolder=None)

	Create new set copying from existing and update some fields. If ise_from does not exist create new






	
siman.set_functions.init_default_sets(init=0)

	Pre-defined sets for Vasp






	
siman.set_functions.make_sets_for_conv(isefrom, conv, list_of_parameters, varset)

	




	
siman.set_functions.read_vasp_sets(user_vasp_sets, override_global=False)

	Read user sets and add them to project database
Now for VASP
###INPUT:



	varset (dict) - database dict with all sets of a project


	user_vasp_sets (list) - list of user sets that describes creation of new sets based on inheritance


	override - allows to recreate all sets; can be usefull than you want to add some new property to all your sets - very dangerous to do!








	###RETURN:

	
	user_vasp_sets (list)














siman.small_functions module


	
class siman.small_functions.TracePrints

	Bases: object


	
write(s)

	








	
siman.small_functions.angle(v1, v2)

	




	
siman.small_functions.b2s(b)

	




	
siman.small_functions.bash_chk_file_cmd(file)

	




	
siman.small_functions.block_print()

	Blocks standard output. It may be used in functions that do not have silent mode.






	
siman.small_functions.calc_ngkpt(recip, kspacing)

	




	
siman.small_functions.cat_files(files, output_file)

	




	
siman.small_functions.cwd(path)

	




	
siman.small_functions.enable_print()

	Enables standard output. It may be used in functions that do not have silent mode.






	
siman.small_functions.get_common_chemical_base(st1, st2)

	




	
siman.small_functions.get_mismatch(a, b)

	relative mistmatch between the lattice vectors a and b






	
siman.small_functions.grep_file(string, file, reverse=False)

	




	
siman.small_functions.gunzip_file(filename)

	




	
siman.small_functions.is_list_like(obj)

	




	
siman.small_functions.is_string_like(s)

	




	
siman.small_functions.is_unique(d, dist, prec=0.001)

	check if d is unique within the provided precision in the given list dist
return 1 if unique, else 0






	
siman.small_functions.latex_chem(formula)

	




	
siman.small_functions.latex_spg(spg)

	




	
siman.small_functions.list2string(ilist, joiner=' ')

	




	
siman.small_functions.makedir(path)

	path - path to some file 
Make dirname(path) directory if it does not exist






	
siman.small_functions.merge_dics(dic1, dic2)

	return dic






	
siman.small_functions.normal(v1, v2)

	




	
siman.small_functions.red_prec(value, precision=100.0)

	




	
siman.small_functions.return_xred(xr, shift=0)

	




	
siman.small_functions.setting_sshpass(cl=None, clust=None)

	Creates some variables for sshpass mode
cl (Caluculation) - object, should contain cluster dict, has higher priority
clust (dict) - cluster dicts







siman.table_functions module



siman.workflow_utilities module


	
siman.workflow_utilities.create_segregation_cases(it, ise, verlist, dist_gb, gbpos=None, ise_new=None, option=None, precip_folder=None, use_init=False, precision=None)

	Written for Ti-Fe project.
Allows to create segregation by substituting atoms;
dist_gb - distance from gb inside which the atoms are included

option = ‘precip’- adding additional impurities to the already existing at gb. Please use ‘precip_folder’
use_init - allows to use initial structure.

!Warning PBC are not used in determination of seg positions






	
siman.workflow_utilities.make_defect(cl, el, st_type='end', option='vac', pos=None, ise=None, opt_vol=0, suf='', it_folder=None, el_rep='', pos_rep=1, pos_rep2=None, polaron_pos=None, occ_matrix=None, up=0, fit=0, outcar=None, only_read=0, Eref=0, compat1=False, add_loop_arg={})

	
	Function allow to create point defects and run them

	previous name: make_vacancy()





cl - starting Calculation 
st_type - starting structure of cl: ‘init’ or ‘end’ 
el - element to be removed or replaced


	option -

	‘vac’  - make vacancy
‘rep’  - replace one atom with ‘el_rep’, 
‘pair’ - make vacancy -Ti complex for V-Ti project





pos - unique position of el if non-eqivalent atoms exist - for vac
pos_rep - number of position to replace from 0

ise - new set
opt_vol (bool) - optimize volume

suf (str) - mannually added suffix
it_folder - mannually provided it_folder

up (bool) - [ 0, 1 ] update current calculation
fit = 0,  outcar = None, only_read = 0 - flow control as usual

polaron_pos - choose polaron position
occ_matrix - list of lists see format in classes

compat1 - compatability with previous calculations, which were used for Na2FePO4F project

Eref - reference energy for solution energy

TODO: rename to ?_point_defects()






	
siman.workflow_utilities.optimize_wrapper(cl, ise, add=0, show_fit=1, params=None)

	




	
siman.workflow_utilities.prepare(it_new, opt_vol, it_folder, ise, cl, st_type, option)

	




	
siman.workflow_utilities.process_modified(cl, mod_dic=None, scale_region=(-4, 4), opt_vol=1, fit=0, st_type='end', name=None, el_new=None, run=0, ise=None, it_folder=None, mode=None, add_loop_arg=None)

	inherited from create_charges - functionality is extended
The utility allows to (contrlolled by mode parameter):
1) create charged cells by removing specific atoms provided in del_dic
2) replace specific atoms

add_loop
res_loop


	mode - 

	delete
remove
None





mod_dic - dic of configurations with atom numbers starting from 1






	
siman.workflow_utilities.run_wrapper(sts, ise=None, add=0, cl=None, suf='w', it_folder=None, cls=None, ngkpt=None, acc=None, ise1=None, acc2=None, ise2=None, params=None)

	Add Several  structures

params - pass to add_loop


	if add == 0:

	read results





RETURN
cl with lowest energy







Module contents





          

      

      

    

  

    
      
          
            
  All modules for which code is available

	siman.SSHTools

	siman.analysis

	siman.bands

	siman.calc_manage

	siman.chg.chg_func

	siman.chg.vasputil_chgarith_module

	siman.classes

	siman.database

	siman.dos_functions

	siman.fit_hex

	siman.functions

	siman.geo

	siman.header

	siman.impurity

	siman.inout

	siman.monte

	siman.monte_functions

	siman.neb

	siman.pairs

	siman.picture_functions

	siman.set_functions

	siman.small_functions

	siman.workflow_utilities




          

      

      

    

  

    
      
          
            
  Source code for siman.SSHTools

# SSHTools module
#
# Andriy Zhugayevych (azh@ukr.net), Sergei Matveev(matseralex@yandex.ru)
# www.zhugayevych.me/python/SSHTools/index.htm
# created 21.08.2014, modified 12.09.2016

import paramiko
import os
import hashlib

[docs]class SSHTools:
	user=""; host=""; pkeypath=""; pkey=""; port=22
###############################################################################################
[docs]	def setup( self, user="", host="", pkey="", port=22 ):
		if user:
			self.user = user
		if host:
			self.host = host
		if pkey:
			self.pkeypath = pkey
		self.port = port
		self.ssh = paramiko.SSHClient()
		self.ssh.set_missing_host_key_policy(paramiko.AutoAddPolicy())
		self.pkey = paramiko.RSAKey.from_private_key_file(pkey)

###############################################################################################
[docs]	def run( self, command, noerror=False, printout=False ):
		if printout:
			print("command:",command)
		# print("command:",command)
		self.ssh.connect(self.host,username=self.user,pkey=self.pkey,port=self.port)
		stdin,stdout,stderr = self.ssh.exec_command(command)
		out=stdout.readlines()
		err=stderr.readlines()
		self.ssh.close()
		if err:
			if noerror:
				if printout:
					print("stderr:","".join(err))
				return ("".join(err)).strip()
			else:
				raise Warning("stderr: "+"".join(err))
		
		if printout:
			if len(out)==1:
				print("output:",out[0].rstrip())
			else:
				print("output:")
				for s in out:
					print(s.rstrip())
		return ("".join(out)).strip()

###############################################################################################
[docs]	def put( self, source, dest ):
		self.ssh.connect(self.host,username=self.user,pkey=self.pkey,port=self.port)
		sftp = self.ssh.open_sftp()
		
		# print(source, dest)
		# print(os.getcwd())
		# print(os.path.exists(source) )
		sftp.put(source,dest)

		sftp.close()
		self.ssh.close()
		return

###############################################################################################
[docs]	def get( self, source, dest ):
		# print(source, dest )
		self.ssh.connect(self.host,username=self.user,pkey=self.pkey,port=self.port)
		sftp = self.ssh.open_sftp()
		sftp.get(source,dest)
		sftp.close()
		self.ssh.close()
		return

###############################################################################################
[docs]	def sget( self, source, dest, keeplocal=False ):
		self.ssh.connect(self.host,username=self.user,pkey=self.pkey,port=self.port)
		sftp = self.ssh.open_sftp()
		sftp.get(source,dest)
		sftp.close()
		self.ssh.close()
		s=self.run("md5sum "+source)
		md5_remote=str(s).split()[0]
		md5_local=hashlib.md5(open(dest,'rb').read()).hexdigest()
		if md5_local!=md5_remote:
			print("md5 sums are different for",source,"and",dest,": ",md5_remote,"!=",md5_local)
			if not(keeplocal):
				os.remove(dest)
				print("Local copy is removed")
			raise Warning("Checksum error")
		return 0


###############################################################################################
[docs]	def fexists(self, filename):
#		return isinstance ( self.run ("ls "+ filename, noerror=True), str)
		return filename == self.run("ls " + filename, noerror = True)






          

      

      

    

  

    
      
          
            
  Source code for siman.analysis


# -*- coding: utf-8 -*- 
#Copyright Aksyonov D.A
from __future__ import division, unicode_literals, absolute_import 
import os, copy, shutil, sys
import numpy as np

try:
    import scipy
    from scipy import interpolate
    # from scipy.interpolate import spline 
    # print (scipy.__version__)
    # print (dir(interpolate))
except:
    print('analysis.py: scipy is not avail')

try:
    # sys.path.append('/home/aksenov/Simulation_wrapper/ase') #path to ase library
    from ase.eos import EquationOfState
    ase_flag = True
except:
    print('ase is not avail; run   pip install ase')
    ase_flag = False

try:
    from pymatgen.analysis.wulff import WulffShape
    from pymatgen.analysis.ewald import EwaldSummation

except:
    print('pymatgen is not avail; run   pip install pymatgen')


from siman import header
from siman.header import printlog, print_and_log, mpl, db
from siman.functions import element_name_inv, invert, get_from_server
from siman.picture_functions import plot_mep, fit_and_plot
from siman.geo import determine_symmetry_positions, local_surrounding, find_moving_atom, image_distance, rms_pos_diff, interpolate
from siman.database import push_figure_to_archive
from siman.small_functions import is_list_like, makedir
from siman.inout import write_xyz, read_xyz, write_occmatrix
from siman.calcul import site_repulsive_e


[docs]def set_oxidation_states_guess(st):
    # set from guess
    pm = st.convert2pymatgen()
    pm.add_oxidation_state_by_guess()
    st = st.update_from_pymatgen(pm)
    # print(pm)
    return st



[docs]def calc_oxidation_states(cl = None, st = None, silent = 1):

    #only use if charges are full charges from bader 
    if cl:
        st = cl.end
        ch = cl.charges
    # if st:
    #     ch  = st.charges
    
    # print(st.get_elements() )
    # print(ch)

    z_vals = []
    for j, z_val, el in zip(range(st.natom), st.get_elements_zval(), st.get_elements()):
        ox = z_val - ch[j]

        z_vals.append(ox)
        if not silent:
            ''
            print(j, st.xred[j][2], el, '{:3.1f}'.format(ox))
    # print(list(zip(z_vals, self.end.get_elements())))
    # print(z_vals)
    return z_vals





[docs]def determine_barrier(positions = None, energies = None):

    """
    The sign of barrier determined by the curvuture at saddle point. Minimum at saddle point corresponds to negative barrier
    The saddle point is determined as maximum deviation from energy in initial position

    """

    import scipy

    if positions is None:
        positions = range(len(energies))

    if energies is None:
        printlog('Error! Please provide at least energies')


    spl = scipy.interpolate.PchipInterpolator(positions, energies)

    spl_der = spl.derivative()
    spl_der2 = spl_der.derivative()
    mi = min(positions)
    ma = max(positions)
    r = spl_der.roots()


    # print(r)
    r = r[ np.logical_and(mi<r, r<ma) ] # only roots inside the interval are interesting


    e_at_roots = spl(r)
    if len(e_at_roots) > 0:
        # diff_barrier = max( e_at_roots ) # the maximum value 
        printlog('roots are at ', r, e_at_roots)

        #find r for saddle point. the energy at saddle point is most far away from the energy at initial position by definition
        de_s = np.abs(e_at_roots-energies[0])
        i_r_de_max = np.argmax(de_s)
        # print(de_s)
        # print(i_r_de_max)


        r_de_max = r[i_r_de_max]
        e = spl(r_de_max)
        curvuture_at_saddle = spl_der2(r_de_max)
        
        sign =  - np.sign(curvuture_at_saddle)
        if curvuture_at_saddle < 0:
            critical_point_type = 'maximum'
        elif curvuture_at_saddle > 0:
            critical_point_type = 'minimum'
        else:
            critical_point_type = 'undefined'

        # print(type(r_de_max), type(e), critical_point_type)
        print('Saddle point at {:.2f} {:.2f} is a local {:}'.format(r_de_max, float(e), critical_point_type)  )


    else:
        print_and_log('Warning! no roots')
        # diff_barrier = 0
        sign = 1


    mine = min(energies)
    maxe = max(energies)
    de = abs(mine - maxe)
    # if de > diff_barrier:
    diff_barrier = de * sign

    print('Migration barrier is {:.2f}'.format( diff_barrier))
    # plt.plot(spl(np.linspace(0, ma, 1000)))
    # plt.show()

    return diff_barrier








[docs]def calc_redox(cl1, cl2, energy_ref = None, value = 0, temp = None, silent = 0, mode = None, 
    scale = 1, config_entropy = None, x_vac1 = None, x_vac2 = None):
    """
    Calculated average redox potential and change of volume
    cl1 (Calculation) - structure with higher concentration
    cl2 (Calculation) - structure with lower concentration
    energy_ref (float) - energy in eV per one alkali ion in anode; default value is for Li; -1.31 eV for Na, -1.02 eV for K
    
    temp(float) - potential at temperature, self.F is expected from phonopy calculations
    
    mode (str) - special 
        electrostatic_only - use Ewald summation to obtain electrostatic energy
        ewald_vasp

    scale - experimental 
    
    config_entropy - cacluculate configuration entropy change and add to redox potential
        x_vac - vacancy concentration - should be provided

    return dic {'redox_pot', 'vol_red', ...}
    """
    if cl1 is None or cl2 is None:
        printlog('Warning! cl1 or cl2 is none; return')
        return
    if not hasattr(cl1.end, 'znucl') or not hasattr(cl2.end, 'znucl') :
        printlog('Warning! cl1 or cl2 is bad')
        return

    energy_ref_dict = {3:-1.9,  11:-1.31,  19:-1.02, 37:-0.93}
    #

    z_alk_ions = [3, 11, 19, 37]


    #normalize numbers of atoms by some element except Li, Na, K
    alk1l = [] 
    alk2l = []
    # print cl1.end.znucl
    for i, z in enumerate(cl1.end.znucl):
        # print i, z
        if z in z_alk_ions: 
            alk1l.append(i)
            # print 'i_alk is found'
            continue
        # print i, z

        for j, zb in enumerate(cl2.end.znucl):
            if zb in z_alk_ions: 
                # j_alk = j
                alk2l.append(j)
                continue

            if z == zb:
                # print "I use ", z, " to normalize"
                i_n1 = i
                i_n2 = j

    n1  = cl1.end.nznucl[i_n1]
    n2  = cl2.end.nznucl[i_n2]

    # print(n1,n2)

    nz1_dict = {}
    nz2_dict = {}
    n_alk1 = 0
    n_alk2 = 0
    for z in z_alk_ions:
        nz1_dict[z] = 0 
        nz2_dict[z] = 0 

    for i in alk1l:
        nz1_dict[ cl1.end.znucl[i] ] = cl1.end.nznucl[i]
    for i in alk2l:
        nz2_dict[ cl2.end.znucl[i] ] = cl2.end.nznucl[i]

    for z in z_alk_ions:
        mul = (nz1_dict[z] / n1 - nz2_dict[z] / n2)
        # print(mul)
        if abs(mul) > 0: #only change of concentration of one ion type is allowed; the first found is used
            printlog('Change of concentration detected for ', element_name_inv(z))
            if not energy_ref: #take energy ref from dict
                energy_ref = energy_ref_dict[ z ]
            break

    # print(energy_ref)
    # print(cl1.energy_sigma0, cl2.energy_sigma0, mul)


    if mode == 'electrostatic_only':
        # st1 = cl1.end.copy()
        # st2 = cl2.end.copy()
        st1 = cl1.end
        st2 = cl2.end      
        # st1 = set_oxidation_states(st1)
        # st2 = set_oxidation_states(st2)

        # st1 = st1.remove_atoms(['Ti'])
        st1.charges = cl1.charges
        st2.charges = cl2.charges
        # sys.exit()
        stpm1 = st1.convert2pymatgen(chg_type = 'ox')
        stpm2 = st2.convert2pymatgen(chg_type = 'ox')
        ew1 = EwaldSummation(stpm1)
        ew2 = EwaldSummation(stpm2)

        e1 = ew1.total_energy
        e2 = ew2.total_energy
        # print(ew1.get_site_energy(0), ew1.get_site_energy(4), ew2.get_site_energy(9) )
        



    elif mode == 'ewald_vasp':
        e1 = cl1.energy.ewald
        e2 = cl2.energy.ewald


    else:    
        e1 = cl1.e0 
        e2 = cl2.e0

    # print(e1,e2)





    if temp != None:
        #temperature corrections
        e1 += cl1.F(temp)
        e2 += cl2.F(temp)
        # print(cl1.F(temp), cl2.F(temp))
        # print(e1, cl1.energy_sigma0)
        # print(e2, cl2.energy_sigma0)


    if abs(mul) > 0:
        redox = -(  ( e1 / n1 -  e2 / n2 ) / mul  -  energy_ref  ) / scale
    else:
        redox = 0


    if config_entropy:
        ''



    # print(n1, n2)

    dV = cl1.end.vol / n1 - cl2.end.vol / n2 

    vol_red = dV / (cl1.end.vol/n1) * 100 # %

    # final_outstring = ("{:} | {:.2f} eV \n1".format(cl1.id[0]+'.'+cl1.id[1], redox  ))
    final_outstring = ("{:45} | {:30} | {:10.2f} V | {:10.1f} % | {:6.2f}| {:6.2f}| {:6.0f}| {:6.0f} | {:3.0f}".format(cl1.name,cl2.name, redox, vol_red, cl1.energy_sigma0, cl2.energy_sigma0, cl1.maxforce, cl2.maxforce, value ))
    
    if not silent:
        printlog( final_outstring, end = '\n', imp = 'y' )
    
    try:
        cl1.set.update()

        results_dic = {'is':cl1.id[0], 'redox_pot':redox, 'id_is':cl1.id, 'id_ds':cl2.id, 
        'kspacing':cl1.set.kspacing, 'time':cl1.time/3600.,
        'mdstep':cl1.mdstep, 'ecut':cl1.set.ecut, 'niter':cl1.iterat/cl1.mdstep,
        'set_is':cl1.id[1], 'vol_red':vol_red }
    except:
        results_dic = {'redox_pot':redox, 'vol_red':vol_red}


    return results_dic






[docs]def voltage_profile(objs, xs = None, invert = 1, xlabel = 'x in K$_{1-x}$TiPO$_4$F', ylabel = 'Voltage, V',
    ax = None, first = 1, last = 1, fmt = 'k-', label = None, 
    color =None, filename = 'voltage_curve', xlim = None, ylim = None, last_point = 1, exclude = None, 
    formula = None, fit_power = 4):
    """
    objs - dict of objects with concentration of alkali (*invert* = 1) or vacancies (*invert* = 0) as a key
    xs - choose specific concentrations
    invert - 0 or 1 for concentration axis, see above
    ax - matplotlib object, if more profiles on one plot are needed

    exclude - list of objects to skip

    formula - chemical formula used to calculate capacity in mAh/g

    fit_power - power of fit polynomial
    """

    if xs is None:
        xs = sorted(objs.keys())

    es2 = []
    xs2 = []
    x_prev = None
    V_prev = None

    if exclude is None:
        exclude = []
    # if last_point:


    for i in range(len(xs))[:-1] : 
        if i in exclude:
            continue

        x = xs[i]
        # process_cathode_material('KTiPO4F', step = 3, target_x = x, params = params , update = 0 ) #
        # es.append(obj.e0)
        # objs[xs[i]].res()
        # objs[xs[i]].run('1uTU32r', add = 0, up = 'up1')

        V = calc_redox(objs[xs[i+1]], objs[xs[i]])['redox_pot']
        # print(V)
        if V_prev is not None:
            es2.append(V_prev)
            xs2.append(x)
        es2.append(V)
        xs2.append(x)
        V_prev = V

    if last_point:
        xs2.append(1)
        es2.append(V_prev)

    if invert:
        es_inv = list(reversed(es2))
    else:
        es_inv = es2
    # xs_inv = list(reversed(xs2))

    # print( len(es_inv) )
    # print( len(xs2) )


    xf = [float(x) for x in xs2] #x float
    # formula = 0
    if formula:
        from pymatgen.core.composition import Composition
        # from 
        comp = Composition(formula)


        x = [x*header.F/comp.weight/3.6 for x in xf] # capacity in mA/g
        g = lambda x: x*header.F/comp.weight/3.6
        f = lambda x: x*comp.weight*3.6/header.F

    else:
        x = xf # just in concentration
        xlim = (0,1.2)
        f = None
        g = None

    x.insert(0, 0)
    es_inv.insert(0, 2.75)


    font = {'family' : 'Arial',
            # 'weight' : 'boolld',
            'size'   : 14}

    header.mpl.rc('font', **font)

    xi = [f(xi) for xi in x]
    print(xi )

    print('Full capacity is ', g(1)  )

    for i in range(len(x)):
        print('{:6.2f}, {:4.2f}, {:4.2f}'.format(x[i], float(xi[i]), es_inv[i]))



    fit_and_plot(ax = ax, first = first, last = last, power = fit_power,
        dE1 = {'x':x, 'x2_func':f, 'x2_func_inv':g, 
        'x2label':'x in Li$_{x}$TiPO$_4$', 
        'y':es_inv, 'fmt':fmt, 'label':label, 'color':color, },#'xticks':np.arange(0, 170, 20)}, 
        ylim = ylim, xlim = xlim, 
        legend = 'best', ver=0, alpha = 1,
        filename = 'figs/'+filename, fig_format = 'pdf',
        ylabel = ylabel, xlabel = xlabel, linewidth = 2, fontsize = None)
    return


























[docs]def matrix_diff(cl1, cl2, energy_ref = 0):
    #energy of substitutional impurity
    e = cl1.energy_sigma0
    v = cl1.end.vol
    n_m = cl1.end.nznucl[0]
    e_b = cl2.energy_sigma0
    n_m_b = cl2.end.nznucl[0]
    v_b = cl2.end.vol
    print(n_m_b, n_m)
    diffE = e - e_b/n_m_b*n_m - energy_ref
    
    return diffE, v - v_b




[docs]def form_en(sources, products, norm_el = None):
    """
    Calculate formation energy of reaction.

    sources, products - list of tuples (x, cl), where x is multiplier and cl is calculation
    norm_el  - which element to use for normalization

        'all' - normalize by total number of atoms
        'el' - normalize by this element
        int - divide by this number
    """

    El = []
    Nzl = []


    for ls in [sources, products]:
        E = 0
        Nz = {}
        for x, cl in ls:
            E += x*cl.e0 
            for i, z in enumerate(cl.end.znucl):
                if z not in Nz:
                    Nz[z] = 0
                Nz[z] += x*cl.end.nznucl[i]
        El.append(E)
        Nzl.append(Nz)

    for z in Nzl[0]:
        if abs(Nzl[0][z] - Nzl[1][z]) > 1e-5:
            printlog('Error! Number of', invert(z), 'atoms in source and product are different!')

    # norm = 1
    if 'all' == norm_el:
        norm = sum(Nzl[0].values())
    elif type(norm_el) == str:
        norm = Nzl[0][invert(norm_el)]
    elif norm_el != None:
        norm = norm_el
    else:
        norm = 1

    print('Normalizing by ', norm_el, norm, 'atoms')

    dE = (El[1]-El[0])/norm
    print('dE = {:4.2f} eV'.format(dE))


    return dE


[docs]def chgsum(cll, el, site, silent = 1):
    """
    calculate sum of Bader charges for particular atoms
    """


    for cl in cll:
        # print(cl.id, end = '  ')

        try:
            cl.chgsum[(el, site)] = 0
        except:
            pass
        if not hasattr(cl, 'charges') or len(cl.charges) == 0:
            cl.get_bader_ACF()
        # determine_symmetry_positions(cl.end, el, silent = 0)

    # print('')
    try:
        pos = determine_symmetry_positions(cll[0].end, el, silent = 1)
    except:
        printlog('chgsum() Warning!', cll[0].id, 'is broken!')
        return 0

    for p in pos[site]:
        ''
        for cl in cll:
            if not hasattr(cl, 'chgsum'):
                cl.chgsum = {}
                cl.chgsum[(el, site)] = 0

            cl.chgsum[(el, site)] += cl.charges[p]
        
            # print('{:5.3f}'.format(cl.charges[p]), end = '  ')
        # print('')
    if not silent:
        print('Sum of charges for ', el+str(site+1), ':')
    

    el_ind = cl.init.znucl.index(invert(el)) # index of element in znucl and zval and nznucl
    zval = cl.init.zval[el_ind] # number of electrons in chosen potential

    for cl in cll:
        cl.chgsum[(el, site)]/=len(pos[site])
        
        chgsum = zval - cl.chgsum[(el, site)]



        if cl == cll[0]:
            chgsum_ref = chgsum
        if not silent:

            print('{:5.2f}({:4.2f})'.format(chgsum, chgsum_ref-chgsum), )
    if not silent:
        print('\n')

    # print(cl.charges)
    return chgsum







[docs]def fit_a(conv, n, description_for_archive, analysis_type, show, push2archive):

    """Fit equation of state for bulk systems.

    The following equation is used::

       sjeos (default)
           A third order inverse polynomial fit 10.1103/PhysRevB.67.026103

                           2      3        -1/3
       E(V) = c + c t + c t  + c t ,  t = V
               0   1     2      3

       taylor
           A third order Taylor series expansion about the minimum volume

       murnaghan
           PRB 28, 5480 (1983)

       birch
           Intermetallic compounds: Principles and Practice,
           Vol I: Principles. pages 195-210

       birchmurnaghan
           PRB 70, 224107

       pouriertarantola
           PRB 70, 224107

       vinet
           PRB 70, 224107

       antonschmidt
           Intermetallics 11, 23-32 (2003)

       p3
           A third order polynomial fit

        Use::

           eos = EquationOfState(volumes, energies, eos='sjeos')
           v0, e0, B = eos.fit()
           eos.plot()

    """
    # e, v, emin, vmin       = plot_conv( conv[n], calc,  "fit_gb_volume2")



    alist = []
    vlist = []
    etotlist  = []
    magn1 = []
    magn2 = []
    alphas= []
    for id in conv[n]:
        cl = db[id]
        st = cl.end
        alist.append(cl.end.rprimd[0][0])
        etotlist.append(cl.energy_sigma0)
        vlist.append(cl.end.vol)
        magn1.append(cl.magn1)
        magn2.append(cl.magn2)
        alpha, beta, gamma = st.get_angles()
        alphas.append(alpha)
        print('alpha, energy: {:4.2f}, {:6.3f}'.format(alpha, cl.energy_sigma0))

    fit_and_plot(U1 = (alphas, etotlist, 'o-r'), 
        image_name = 'figs/angle', ylabel = 'Total energy, eV', xlabel = 'Angle, deg', xlim = (89, 92.6))

    if ase_flag:
        if 'angle' in analysis_type:
            eos = EquationOfState(alphas, etotlist, eos = 'sjeos')
        else:
            eos = EquationOfState(vlist, etotlist, eos = 'sjeos')
        # import inspect

        # print (inspect.getfile(EquationOfState))
        try:
            v0, e0, B = eos.fit()

            #print "c = ", clist[2]
            printlog( '''
            v0 = {0} A^3
            a0 = {1} A
            E0 = {2} eV
            B  = {3} eV/A^3'''.format(v0, v0**(1./3), e0, B), imp = 'Y'  )

            savedpath = 'figs/'+cl.name+'.png'
            makedir(savedpath)


            cl.B = B*160.218
            # plt.close()
            # plt.clf()
            # plt.close('all')
            if 'fit' in show:
                mpl.rcParams.update({'font.size': 14})

                eos.plot(savedpath, show = True)
                printlog('fit results are saved in ',savedpath, imp = 'y')
        except:
            printlog('Warning!, no minimum or something is wrong')
            v0 = 0
            e0 = 0
            B = 0

    else:
        printlog('Warning! To use fitting, install ase: pip install ase')
    # plt.clf()

    if push2archive:
        push_figure_to_archive(local_figure_path = savedpath, caption = description_for_archive)

    return







[docs]def around_alkali(st, nn, alkali_ion_number):
    #return numbers and distances to 
    #alkali_ion_number - number of interesting cation from 0
    #nn - number of neighbours

    n_neighbours = nn
    alkali_ions = []
    dist = []
    ifmaglist = st.get_maglist()

    for i, typ, x in zip(range(st.natom), st.typat, st.xcart):
        z = st.znucl[typ-1]
        if z in header.ALKALI_ION_ELEMENTS:
            alkali_ions.append([i, z, x])

    if len(alkali_ions) > 0:
        if alkali_ion_number:
            kk = alkali_ion_number

            chosen_ion = (kk, st.znucl[st.typat[kk]-1], st.xcart[kk])
        else:
            chosen_ion = alkali_ions[0] #just the first one is used
                # alkali_ions[min(alkali_ions)]

        sur   = local_surrounding(chosen_ion[2], st, n_neighbours = n_neighbours, control = 'atoms', 
        periodic  = True, only_elements = header.TRANSITION_ELEMENTS)

        # print (sur)
        dist = np.array(sur[3]).round(2)
        numb = np.array(sur[2])

    else:
        numb = ifmaglist # if no alk ions show for all mag atoms
        chosen_ion = None

    return numb, dist, chosen_ion




[docs]def find_polaron(st, i_alk_ion, out_prec = 1, nstd  =1.5):
    """
    Find TM atoms with outlying magnetic moments, which 
    is a good indication of being a small polaron

    Can be problems with charged-ordered materials

    INPUT:
        i_alk_ion - number of ion from 0 to calculate distances to detected polarons
        out_prec (int) - precision of magmom output

        nstd - number of standart deviations to detect polaron

    RETURN:
        pol (dict of int) - numbers of atoms, where polarons are detected for each TM element 
        magmom_tm (list of float) - just magmom for TM


    TODO:
        1. Add analysis of bond lengths to distinguish small polarons
            Janh-Teller
        2. Add treatment of charged-ordered


    """


    def zscore(s):
        # print(np.std(s))
        return (s - np.mean(s)) / np.std(s)



    magmom = np.array(st.magmom)
    if len(magmom) == 0 :
        printlog('Warning! magmom is empty')

    _, mag_numbers = st.get_maglist()

    pol = {}
    # for z in mag_numbers:
    #     pos = determine_symmetry_positions(st, invert(z))


    # sys.exit()
    magmom_tm = None
    for z in mag_numbers:
        printlog('Looking at polarons on transition atoms: ',invert(z) )
        numbs = np.array(mag_numbers[z])
        # print(numbs)
        # print(magmom)
        magmom_tm = magmom[numbs]
        dev = np.absolute(  zscore(magmom_tm) )
        # print(magmom_tm)
        # print(list(zip(magmom_tm, dev.round(1))))
        # p = np.where(dev>2)[0] # 2 standard deviations
        # print(dev>2)
        # print (type(numbs))
        # nstd = 1.5
        # nstd = 4
        i_pols = numbs[dev>nstd]

        if len(i_pols) > 0:
            x1 = st.xcart[i_alk_ion]
            d_to_pols = []
            for j in i_pols:
                x2 = st.xcart[j]
                d, _ = st.image_distance(x1, x2, st.rprimd)
                d_to_pols.append(d)
            print('polarons are detected on atoms', [i for i in i_pols], 'with magnetic moments:', magmom[i_pols], 'and distances: '+', '.join('{:2.2f}'.format(d) for d in d_to_pols), 'A'  )
            print('mag moments on trans. atoms:', magmom_tm.round(out_prec))
            
            pol[z] = i_pols
        else:
            print('no polarons is detected with nstd', nstd)
            print('mag moments on trans. atoms:', magmom_tm.round(out_prec))
            # print(' deviations                :', dev.round(1))
            pol[z] = None
    return pol, magmom_tm








[docs]def neb_analysis(cl, show, up = None, push2archive = None, old_behaviour = None, results_dic = None, fitplot_args = None, style_dic = None, params = None):
    """
    Analyse traectories and polarons

    params
        mep_shift_vector
    """

    def determing_rms_for_surrounding_atoms(sts):
        # change of rms on each step compared to first structure
        #here first and last structures should correspond to first and last images

        st1 = sts[0]

        st_interp = interpolate(sts[0], sts[-1], 1)[0]
        rms_list = []


        for st in sts:
            rms = rms_pos_diff(st_interp, st)
            rms_list.append(rms)
            print('rms is {:.3f}'.format(rms) )

        print('d rms is {:.3f}'.format(abs(rms_list[3]-rms_list[0])) )

        rms_change = abs(min(rms_list) - max(rms_list))


        return rms_change


    def determing_born_barrier(sts):
        #here first and last structures should correspond to first and last images
        local_born_e = []
        i = find_moving_atom(sts[0], sts[-1])

        for st in sts:
            local_born_e.append(  site_repulsive_e(st, i) )

        # import matplotlib.pyplot as plt
        # plt.plot(local_born_e)
        # plt.show()


        return abs(min(local_born_e) - max(local_born_e))



    if params is None:
        params = {}

    if results_dic is None:

        results_dic = {}

    calc = header.calc
    path2mep_s = cl.project_path_cluster+'/'+cl.dir+'/mep.eps'
    itise = cl.id[0]+'.'+cl.id[1]
    # print(cl.ldauu)
    # sys.exit()
    name_without_ext = 'mep.'+itise+'.U'+str(max(cl.ldauu))
    path2mep_l = cl.dir+name_without_ext+'.eps'
    # print(path2mep_l)
    if not os.path.exists(path2mep_l) or '2' in up:
        ''
        get_from_server(files = path2mep_s, to_file = path2mep_l, addr = cl.cluster_address, )
        movie_to = cl.dir+'/movie.xyz'
        get_from_server(files = cl.project_path_cluster+'/'+cl.dir+'/movie.xyz', to_file = movie_to, addr = cl.cluster_address, )
        
        if os.path.exists(movie_to):
            makedir('figs/'+name_without_ext+'.xyz')
            shutil.copyfile(movie_to, 'figs/'+name_without_ext+'.xyz')






    # trying to get one image closest to the saddle point
    if old_behaviour and cl.version == 2: #old behaviour, now created automatically in add callc
        im = cl.set.vasp_params['IMAGES']
        # if im % 2 > 0: #odd
        #     i = im//2 + 1
        # else:
        #     i = im/2
        # if choose_image:
        #     i = choose_image

        for i in range(im):
            i+=1
            cl_i = copy.deepcopy(cl)
            cl_i.version+=i
            cl_i.id = (cl.id[0], cl.id[1], cl_i.version)
            cl_i.name = str(cl_i.id[0])+'.'+str(cl_i.id[1])+'.'+str(cl_i.id[2])
            # print cl_i.name
            cl_i.path["output"] = cl_i.dir+'0'+str(i)+"/OUTCAR"
            # for i in range():

            cl_i.associated_outcars = [ aso[2:] for aso in cl_i.associated_outcars  ]

            # print cl_i.path["output"] 
            cl_i.state = '2. Ready to read outcar'
            # if not os.path.exists(cl_i.path["output"]):
            #     load = 'o'
            outst2 = ("%s"%cl_i.name).ljust(name_field_length)
            if readfiles:
                print(outst2+'|'+cl_i.read_results(loadflag, show = show, choose_outcar = choose_outcar) )
            else:
                print_and_log(outst2+' | File was not read')
            

            if cl_i.id in calc: #move creation of calcs with images to add_neb
                ''
                # print_and_log('Please test code below this message to save prev calcs')
                # if cl_i != calc[cl_i.id]
                #     if hasattr(calc[cl_i.id], 'prev') and calc[cl_i.id].prev:
                #         prevlist = calc[cl_i.id].prev
                #     else:
                #         prevlist = [calc[cl_i.id]]
                #     cl_i.prev = prevlist
                #     calc[cl_i.id] = cl_i
            else:
                calc[cl_i.id] = cl_i






    # print path2mep_l
    if 0:
        if os.path.exists(path2mep_l):
            # get_from_server(file = path2mep_s, to = path2mep_l, addr = cluster_address)

            runBash('evince '+path2mep_l)
        else:
            a =  glob.glob(cl.dir+'*mep*')
            if a:
                runBash('evince '+a[0])


    


    cl1 = calc[cl.id[0], cl.id[1], 1]

    cl2 = calc[cl.id[0], cl.id[1], 2]
    

    atom_num = find_moving_atom(cl1.end, cl2.end)
    # cl1.poscar()
    # cl2.poscar()

    # print('atom_num',atom_num)
    # sys.exit()

    #prepare lists
    ni = cl.set.vasp_params['IMAGES']
    vlist = [1]+list(range(3, ni+3) )+[2]
    # print( vlist)
    mep_energies = []
    atom_pos     = []



    pols = []
    sts = []
    sts_loc = []
    dAO2 = [] # A-(O,F) distance for each image
    dAO4 = [] # A-(O,F) distance for each image
    dAO6 = [] 
    dAO6harm = [] 
    dAO6dev = [] 

    for v in vlist:
        cli = calc[cl.id[0], cl.id[1], v]
        # if v == 1:
        #     cli = db['NaVP2O7_a.su.s101015v100.n5Na1v1ms.ifn.1mls.1']

        # print(cl.id[0], cl.id[1], v, cli.state)
        if '4' not in cli.state and 'un' not in up:
            printlog('Attention! res_loop(): analys_type == neb, Calc',cli.id,'is not finished; return')
            return {}, []
        # print cli.id
        # cli.end = return_to_cell(cli.end)
        # mep_energies.append(  min(cli.list_e_sigma0)   ) #use minimum energy - not very good, sometimes unconverged energy could be lower! 
        
        e0 = cli.energy_sigma0
        if params and params.get('neb_penult_e'): # allows to take  e from the previous relaxation step in case the calculation was aborted
            e0 = cli.list_e_sigma0[-2]

        mep_energies.append(  e0   ) #use last energy 
        atom_pos.append( cli.end.xcart[atom_num] )

        # Find polaron positions
        if 'polaron' in show: # if 1 cause error for nomag calc
            pol, mag = find_polaron(cli.end, atom_num)
            if pol:
                for key in pol:
                    if np.any(pol[key]):
                        for n in pol[key]:
                            if n not in pols:
                                pols.append(n)
            else:
                ''
                # print('Mag_moments on trans,', mag.round(1))
        
        
        if 0 or 'neb_geo' in show:
            #visualization of path
            # print(atom_num)
            st = copy.deepcopy(cli.end)
            # print('moving_atom', st.xcart[atom_num])
            info = st.nn(atom_num, 15, from_one = False, silent = 1)
            

            st.moving_atom_i = atom_num
            st_loc = info['st']


            # print(st_loc.xcart)
            # st_loc = st_loc.shift
            
            if v == vlist[0]:

                st1 = copy.deepcopy(st)

                if params.get('center_on_moving'):
                    vec = st.center_on(atom_num)
                    printlog('Centering by shifting the cell by ', vec, imp = 'y')
                else:
                    vec = np.asarray([0.,0.,0.])
                
            
                if params.get('mep_shift_vector'):
                    vec += np.array(params['mep_shift_vector']) # 
                    # print(params['mep_shift_vector'])

            # print(vec)
            st_loc = st_loc.shift_atoms(vec)
            if 0:
                st_loc.write_xyz()
            # st.write_cif('xyz/'+st.name)
            if 0:
                st.shift_atoms(vec).write_xyz()
            
            sts_loc.append(st_loc)

            st1 = st1.add_atom(st.xred[atom_num], 'Rb')

            sts.append(st.shift_atoms(vec))




            if 0 or 'neb_geo2' in show:
                printlog('\n\nVersion {:}:'.format(v), imp = 'y')
                info1 = st.nn(atom_num, 2, from_one = False, silent = 1, more_info = 1)
                print('Av.         dist  A-2(O,F) {:.3f} A'.format(info1['av(A-O,F)']))
                # print('Av. squared dist  A-2(O,F) {:.3f} A'.format(info1['avsq(A-O,F)']))
                dAO2.append(info1['av(A-O,F)'])

                info12 = st.nn(atom_num, 3, from_one = False, silent = 1)
                print('Average distance  A-3(O,F) {:.2f} A'.format(info12['av(A-O,F)']))

                info2 = st.nn(atom_num, 4, from_one = False, silent = 1)
                print('Average distance  A-4(O,F) {:.2f} A'.format(info2['av(A-O,F)']))
                dAO4.append(info2['av(A-O,F)'])


                info3 = st.nn(atom_num, 6, from_one = False, silent = 1, more_info = 1)
                print('Average_distance  A-6(O,F) {:.2f} A '.format(info3['av(A-O,F)']))
                print('Av. harm.   dist  A-6(O,F) {:.2f} A'.format(info3['avharm(A-O,F)']))
                print('Average_deviation A-6(O,F) {:.1f} mA'.format(info3['avdev(A-O,F)']))
                dAO6.append(info3['av(A-O,F)'])
                dAO6dev.append(info3['avdev(A-O,F)'])
                dAO6harm.append(info3['avharm(A-O,F)'])
    
    if 'neb_rms' in show:
        rms_change = determing_rms_for_surrounding_atoms(sts)
        results_dic['rms_change'] = rms_change
    
    if 'neb_born' in show:
        results_dic['born_barrier'] = determing_born_barrier(sts)
        print('Born barrier is {:.2f} eV '.format(results_dic['born_barrier']))

    # print(results_dic['rms_change'])
    # print('show is', show)
    # sys.exit()

    # print('flag ', 'neb_noxyz' not in show, show)
    if 'neb_noxyz' not in show and sts:
        write_xyz(sts = sts) # write traectory
        write_xyz(sts = sts_loc) # write traectory

        if 'jmol' in params:
            write_xyz(sts = sts, jmol  = 1, jmol_args = params['jmol']) # write jmol


        st1 = st1.shift_atoms(vec)
        st1.name +='_all'
        # st1.write_cif('xyz/'+st1.name)
        st1.write_xyz()
        st1.write_poscar()


    if dAO2: # find maximum change of distance during migration
        dAO2_change = abs(min(dAO2) - max(dAO2))
        results_dic['dAO2_change'] = dAO2_change
    if dAO4: # find maximum change of distance during migration
        dAO4_change = abs(min(dAO4) - max(dAO4))
        results_dic['dAO4_change'] = dAO4_change
    if dAO6: # 
        dAO6_change = abs(min(dAO6) - max(dAO6))
        results_dic['dAO6_change'] = dAO6_change
    if dAO6harm: # 
        results_dic['dAO6harm_change'] = abs(min(dAO6harm) - max(dAO6harm))
    if dAO6dev: # 
        results_dic['dAO6dev_change'] = abs(min(dAO6dev) - max(dAO6dev))

    results_dic['sts_loc'] = sts_loc # list of local structures, each structure contains dlist - distances from central cation to anions, and ellist - types of elements
    results_dic['sts'] = sts # list of mep structures, each structure contains moving_atom_i - number of moving atom


    if len(pols) > 0:
        print('During migration of alkali ions polarons are detected on atoms:', pols)
    elif len(pols) > 1:
        printlog('Attention! polaron is moving during migration! Obtained barrier is ambiguous')
    else:
        printlog('Compare magnetic moments above! In principle should be the same!')


    # print np.array(atom_pos)

    #test if the distances between points are not spoiled by PBC 
    nbc = range(-1, 2)
    jj=0
    for x in atom_pos:

        x2 = atom_pos[jj+1]
        # x = np.array(x)
        # x2 = np.array(x2)
        r = cl.end.rprimd
        d1, _ = image_distance(x, x2, r, order = 1) #minimal distance
        x2_gen = (x2 + (r[0] * i  +  r[1] * j  +  r[2] * k) for i in nbc for j in nbc for k in nbc) #generator over PBC images
        x2c = copy.deepcopy(x2)
        ii = 0
        while  np.linalg.norm(x - x2c) > d1: #find the closest PBC image position
            if ii > 100:
                break
            ii+=1
            x2c = next(x2_gen)
        atom_pos[jj+1] = x2c
        jj+=1
        if jj == len(atom_pos)-1: # the last point is not needed, we could not use slice since we need to use changed atom_pos in place
            break
        # print np.linalg.norm(x - x2c), d1



    _, diff_barrier = plot_mep(atom_pos, mep_energies, plot = 0, show = 0, fitplot_args = fitplot_args, style_dic = style_dic)

    results_dic['barrier'] = diff_barrier
    
    middle_image = len(vlist) // 2
    results_dic['dEm1']    = mep_energies[middle_image] - mep_energies[0]
    


    cl1.barrier = diff_barrier
    cl2.barrier = diff_barrier


    results_dic['atom_pos'] = [list(pos) for pos in atom_pos]
    results_dic['mep_energies'] = mep_energies

    cl1.atom_pos = results_dic['atom_pos']
    cl1.mep_energies = results_dic['mep_energies']


    if 'mep' in show:
        if 'mepp' in show:
            show_flag = True
        else:
            show_flag = False
        # sys.exit()

        plot_mep(atom_pos, mep_energies, image_name = 'figs/'+name_without_ext+'_my.eps', show = show_flag, fitplot_args = fitplot_args,  style_dic = style_dic)






    if push2archive:
        path2saved, _ = plot_mep(atom_pos, mep_energies, image_name = 'figs/'+name_without_ext+'_my', fitplot_args = fitplot_args, style_dic = style_dic)
        push_figure_to_archive(local_figure_path = path2saved, caption = description_for_archive)








        if 0: #copy files according to chosen outcar to run nebresults locally 
            wd = cl_i.dir
            out_i = cl_i.associated_outcars[choose_outcar-1]
            out_1 = calc[cl.id[0],cl.id[1], 1].associated_outcars[choose_outcar-1]
            out_2 = calc[cl.id[0],cl.id[1], 2].associated_outcars[choose_outcar-1]
            # print out_1
            # print out_2 
            shutil.copyfile(wd+out_1, wd+'00/OUTCAR')
            shutil.copyfile(wd+out_2, wd+'04/OUTCAR')
            for d in ['01/','02/','03/' ]:
                shutil.copyfile(wd+d+out_i, wd+d+'OUTCAR')

                # print wd+d+out_i

    return results_dic




[docs]def polaron_analysis(cl, readfiles):
    """
    Plot MEP for polaron migration
    """


    itise = cl.id[0]+'.'+cl.id[1]
    # print(cl.ldauu)
    # sys.exit()
    name_without_ext = 'polmep.'+itise+'.U'+str(max(cl.ldauu))

    cl = db[cl.id[0], cl.id[1], 1]
    cl2 = db[cl.id[0], cl.id[1], 2]
    images = cl.params['polaron']['images']
    iat1 = cl.params['polaron']['istart']
    iat2 = cl.params['polaron']['iend']
    mode = cl.params['polaron'].get('mode') or 'inherit'
    cl2.res(readfiles = readfiles)
    d = cl.end.distance(iat1, iat2)

    if mode == 'inherit':
        verlist1 = list(range(21, 21+images))  
        verlist2 = list(range(42, 42+images)) 
        atom_pos1 = np.linspace(0,d, len(verlist1))
        atom_pos2 = list(reversed(np.linspace(0,d, len(verlist2))))

        verlist = verlist1 + verlist2
        atom_pos = atom_pos1 + atom_pos2
    else:
        verlist = [1]+list(range(3, 3+images))+[2]

        atom_pos = np.linspace(0,d, images+2)

    mep_energies1 = []
    mep_energies2 = []
    # print(verlist)
    for i, v in enumerate(verlist1):
        cl = db[cl.id[0], cl.id[1], v]
        cl.res(readfiles = readfiles)
        if '4' in cl.state:
            mep_energies1.append( cl.list_e_sigma0[0] )
        else:
            mep_energies1.append(0)
    for i, v in enumerate(verlist2):
        cl = db[cl.id[0], cl.id[1], v]
        cl.res(readfiles = readfiles)
        if '4' in cl.state:

            mep_energies2.append( cl.list_e_sigma0[0] )
        else:
            mep_energies2.append(0)

    # print(len(atom_pos), len(mep_energies))

    if 1: 
        #plot simple
        n = 6
        pos1 = atom_pos1[0:n]
        e1   = mep_energies1[0:n]
        pos2 = atom_pos2[0:n]
        e2 = mep_energies2[0:n]

        # fit_and_plot(a1 = (pos1, e1, '-or'), b1 = (pos2, e2, '-og'), 
        #     # power = 2, 
        #     params = {'xlim_power':(0, 4), 'y0':1}, 
        #     ylim = (-0.02, 0.2)
        #     )

        pos1_fine = list(np.linspace(min(pos1), max(pos1), 1000))
        spl1 = scipy.interpolate.PchipInterpolator(pos1, e1)
        e1_fine = list(spl1(pos1_fine))

        pos2_fine = list(np.linspace(max(pos2), min(pos2) , 1000))
        pos2_fine_rev = list(reversed(pos2_fine))
        spl2_rev = scipy.interpolate.PchipInterpolator(list(reversed(pos2)), list(reversed(e2)) )
        e2_fine_rev = list(spl2_rev(pos2_fine_rev))
        e2_fine = list(reversed(e2_fine_rev))

        #combine 

        pos_fine = []
        e_fine = []
        for i, p2 in enumerate(pos2_fine_rev):
            j = int(1000*p2/max(pos1_fine))
            e2 = e2_fine_rev[i]
            if j < 1000:
                # print(j, e1_fine[j])
                e1 = e1_fine[j]
                if e2 < e1:
                    # e_fine.append()
                    e1_fine[j] = e2
            else:
                e1_fine.append(e2)
                pos1_fine.append(p2)

            # e = e1_fine

        fit_and_plot(
        # a1 = (pos1_fine, e1_fine, '-or'), b1 = (pos2_fine, e2_fine, '-og'), 
            a1 = (pos1_fine, e1_fine, '-or'),
            # power = 2, 
            params = {'xlim_power':(0, 4), 'y0':1}, 
            ylim = (-0.02, 0.2), ver = False,
            xlim = (-0.02, 0.02+max(pos1_fine)),
            filename = 'figs/'+name_without_ext,
            xlabel = 'Position, (${\AA}$)',
            ylabel = 'Energy, eV'
            )





    # _, diff_barrier = plot_mep(atom_pos, mep_energies, image_name = 'figs/'+name_without_ext+'_my.eps', show = 0, 
    #     # fitplot_args = fitplot_args, style_dic = style_dic
    #             )

    return




[docs]def interface_en(cl, cl1, cl2, mul1 = 1, mul2 = 1, silent = 0, n_intefaces = 1):
    """
    Calculate surface energy
    cl - slab or cell with interface
    cl1 - slab or cell with phase 1, usually substrate
    cl2 - slab or cell with phase 2, usually film
    mul1, mul2, - multiply cells

    n_intefaces - number of similar  interfaces in the system

    Interface is assumed to be normal to R3!

    """
    st = cl.end
    st1 = cl1.end
    st2 = cl2.end
    natom = st.natom
    natom1 = st1.natom
    natom2 = st2.natom


    A = np.linalg.norm( np.cross(st.rprimd[0], st.rprimd[1]) )
    A1 = np.linalg.norm( np.cross(st1.rprimd[0], st1.rprimd[1]) )*mul1
    A2 = np.linalg.norm( np.cross(st2.rprimd[0], st2.rprimd[1]) )*mul2


    print('Sets are {:} {:} {:}'.format(cl.id[1], cl1.id[1], cl2.id[1]))
    print('Max forces are {:.1f} {:.1f} {:.1f} meV/A'.format(cl.maxforce, cl1.maxforce, cl2.maxforce))
    print('Surface areas: {:.1f} {:.1f} {:.1f} A^2'.format(A, A1, A2))



    mul = natom/(natom1*mul1+natom2*mul2) # natom1 and natom2 should be scaled equally




    # print(mul)
    if natom != (natom1*mul1+natom2*mul2)*mul:
        printlog('Error! Number of atoms are different:', st.natom, st1.natom, st2.natom)

    diff  = cl.e0 - (cl1.e0*mul1 + cl2.e0*mul2)* mul  
    gamma = diff / A * header.eV_A_to_J_m / n_intefaces# inteface

    if not silent:
        print('Interface energy = {:3.2f} J/m2   | {:3.2f} eV '.format(gamma, diff))
    

    return gamma


[docs]def suf_en(cl1, cl2, silent = 0, chem_pot = None, return_diff_energy = False, ev_a = 0, normal = 2, normalize_by = None):
    """Calculate surface energy
    cl1 - supercell with surface
    cl2 - comensurate bulk supercell
    the area is determined from r[0] and r[1];- i.e they lie in surface
    chem_pot (dic) - dictionary of chemical potentials for nonstoichiometric slabs

    normal - normal to the surface 0 - along a, 1 - along b, 2 - along c
    normalize_by - name of element to normalize number of atoms in bulk and slab, if None, transition elements are used

    return_diff_energy (bool) - in addtion to gamma return difference of energies 
    """
    
    if chem_pot is None:
        chem_pot = {}


    st1 = cl1.end
    st2 = cl2.end
    # pm = st1.convert2pymatgen(oxidation = {'Y':'Y3+', 'Ba':'Ba2+', 'Co':'Co2.25+', 'O':'O2-'})
    natom1 = st1.get_natom()
    natom2 = st2.get_natom()

    if natom1%natom2:
        printlog('Warning! Non-stoichiometric slab, atom1/natom2 is', natom1/natom2)


    if normal == 0:
        A = np.linalg.norm( np.cross(st1.rprimd[1] , st1.rprimd[2]) )

    if normal == 1:
        A = np.linalg.norm( np.cross(st1.rprimd[0] , st1.rprimd[2]) )

    if normal == 2:
        A = np.linalg.norm( np.cross(st1.rprimd[0] , st1.rprimd[1]) )

    if not silent:
        print('Surface area is {:.2f} A^2, please check'.format(A))
    # get_reduced_formula
    # print(natom1, natom2)


    if normalize_by:
        ''
        z = invert(normalize_by)
        tra1 = st1.get_specific_elements([z])
        tra2 = st2.get_specific_elements([z])

    else:
        tra1 = st1.get_transition_elements()
        tra2 = st2.get_transition_elements()



    ntra1 = len(tra1)

    # if ntra1 == 0:

    if ntra1 == 0: 
        ntra1 = natom1
    ntra2 = len(tra2)
    if ntra2 == 0: 
        ntra2 = natom2
    rat1 = natom1/ntra1
    rat2 = natom2/ntra2
    mul = ntra1/ntra2

    # print(rat1, rat2, natom1, ntra1, natom2, ntra2,)
    if not silent:
        print('Number of bulk cells in slab is {:n}'.format(mul))


    if rat1 != rat2:
        printlog('Non-stoichiometric slab, ratios are ', 
            rat1, rat2, 'provide chemical potentials', imp = 'y')

        #get number of TM atoms in slab
        if len(set(tra1)) > 1:
            printlog('More than one type of TM is not supported yet')
            return

        els1 = st1.get_elements()
        els2 = st2.get_elements()
        uniqe_elements = list(set(els1))
        el_dif = {} # difference of elements between slab and normalized by transition metals bulk phase
        for el in uniqe_elements:
            dif = els1.count(el) - mul * els2.count(el)
            if not float(dif).is_integer():
                printlog('Error! difference of atom numbers is not integer for element ', el, 'something is wrong')
            if abs(dif) > 0:
                el_dif[el] = int(dif) 

        print('The following elements are off-stoicheometry in the slab', el_dif, 'please provide corresponding chemical potentials')
        
        E_nonst = 0
        for key in el_dif:
            if key not in chem_pot:
                printlog('Warning! no chemical potential for ', key, 'in chem_pot, return')
                return

            E_nonst += el_dif[key]*chem_pot[key]

    else:
        E_nonst = 0

    diff  = cl1.e0 - (cl2.e0 * mul + E_nonst)
    gamma = diff / 2 / A * header.eV_A_to_J_m
    gamma_ev = diff / 2 / A 
    # print(A)

    if not silent:
        print('Surface energy = {:3.2f} J/m2   | {:} | {:} '.format(gamma, cl1.id, cl2.id))
        if ev_a:
            print('Surface energy = {:3.2f} eV/A2   | {:} | {:} '.format(gamma_ev, cl1.id, cl2.id))
    
    if return_diff_energy:
        return gamma, diff
    else:
        return gamma


[docs]def suf_en_polar_layered(formula, cl_surf, dmu_a = 0, dmu_b = 0, dmu_c = 0, printlog = True):
    #This function calculates an energy of polar surface using chemical potentials for every elements
    #Ef = Etot(AxByCz) - (xμA + yμB + zμC)

    #cl1 - db[structure with surface]
    #cl2 - db[ideal structure]
    #dmu_x - the change of chemical pot at finite temp and pressure (and other add parameters) dmux = mu(T,p) - mu(0K)
    #a,b,c - type of element in the sequence as in formula: LiNiO2 (a - Li, b - Ni, c - O)

    mu_li = -1.8959 #my
    mu_na = -1.3125
    mu_O = -4.25919 #my

    mu_linio2 = -19.94887665 #my
    mu_licoo2 =  -22.9169
    mu_limno2 = 0


    mu_nanio2 = -18.8446
    mu_nacoo2 = -21.6857
    mu_namno2 = 0

    if printlog:
        print('\n\nOxide has a structural formula - ', formula)


    mu3 = mu_O + dmu_c # it is a standart for our systems

    #definition of mu1 (in our systems it can be Li or Na) and mu2(Ni, Co or Mn)
    if 'Li' in formula: 
        mu1 = mu_li + dmu_a
        if 'Ni' in formula:
            mu_cell = mu_linio2
        elif 'Co' in formula:
            mu_cell = mu_licoo2
        elif 'Mn' in formula:
            mu_cell = mu_limno2


    elif 'Na' in formula: 
        mu1 = mu_na + dmu_a
        if 'Ni' in formula:
            mu_cell = mu_nanio2
        elif 'Co' in formula:
            mu_cell = mu_nacoo2
        elif 'Mn' in formula:
            mu_cell = mu_namno2
    

    mu2 = mu_cell - 2*mu3-mu1        

    st1 = cl_surf.end


    n1 = st1.typat.count(1)
    n2 = st1.typat.count(2)
    n3 = st1.typat.count(3)

    if printlog:
        print('\nStructure with polar surface has the next atoms of every type - ',n1,n2,n3)

    A = np.linalg.norm( np.cross(st1.rprimd[0], st1.rprimd[1]) )
    # print(st1.natom,st2.natom)

    e = (cl_surf.energy_sigma0 - (n1*mu1 + n2*mu2 + n3*mu3))
    if printlog:
        print('E_difference = ',e)
    gamma = e/2/A*header.eV_A_to_J_m

    if printlog:
            print('Surface energy = {:3.2f} J/m2   | {:}  \n\n'.format(gamma, cl_surf.id))
    return gamma



[docs]def ads_en(cl_slab_ads, cl_slab, ads_at = 'O'):

    ads_at_dic = {'O':-1.52, 'H':-1.07}
    ads_at_dic = {'O':-4.22, 'H':-1.07} # half E of A2 mol    -1.36 per O2 mol overestimate error
    e_ads_at = ads_at_dic[ads_at]


    e_ads = cl_slab_ads.energy_sigma0 - cl_slab.energy_sigma0 - e_ads_at

    print('Adsorption energy of {} is {} eV\n'.format(ads_at, round(e_ads,2)))
    return e_ads



[docs]def wulff(st, miller_list = None, e_surf_list = None, show = 0):

    from pymatgen.core.structure import Structure
    stpm = st.convert2pymatgen()

    lat = stpm.lattice

    recp_lattice = stpm.lattice.reciprocal_lattice_crystallographic

    recp = Structure(recp_lattice, ["H"], [[0, 0, 0]])
    dire = Structure(stpm.lattice, ["H"], [[0, 0, 0]])

    print(dire.get_space_group_info())
    print(recp.get_space_group_info())
    # print(lat)
    from pymatgen.analysis.wulff import WulffShape
    WS = WulffShape(lat, miller_list, e_surf_list)
    # print(dir(WS))
    anisotropy = WS.anisotropy
    weighted_surface_energy = WS.weighted_surface_energy
    if show:
        WS.show()
    return anisotropy, weighted_surface_energy





          

      

      

    

  

    
      
          
            
  Source code for siman.bands

#!/usr/bin/env python
# -*- coding=utf-8 -*-

import sys
import numpy as np


import matplotlib.pyplot as plt
from matplotlib.collections import LineCollection
from matplotlib.gridspec import GridSpec

# import pymatgen.io
# print(dir(pymatgen.io))
from pymatgen.io.vasp import Vasprun
from pymatgen.electronic_structure.core import Spin, OrbitalType


from siman.small_functions import makedir

[docs]def rgbline(ax, k, e, red, green, blue, alpha=1.):
    # creation of segments based on
    # http://nbviewer.ipython.org/urls/raw.github.com/dpsanders/matplotlib-examples/master/colorline.ipynb
    pts = np.array([k, e]).T.reshape(-1, 1, 2)
    seg = np.concatenate([pts[:-1], pts[1:]], axis=1)

    nseg = len(k) - 1
    r = [0.5 * (red[i] + red[i + 1]) for i in range(nseg)]
    g = [0.5 * (green[i] + green[i + 1]) for i in range(nseg)]
    b = [0.5 * (blue[i] + blue[i + 1]) for i in range(nseg)]
    a = np.ones(nseg, np.float) * alpha
    lc = LineCollection(seg, colors=list(zip(r, g, b, a)), linewidth=2)
    ax.add_collection(lc)



[docs]def read_kpoint_labels(filename):
    """
    Read commented kpoint labels from VASP KPOINTS file 
    """
    labels = []
    with open(filename, 'r') as f:
        [f.readline() for i in range(4)]
        # next(f)
        lab = ''
        for line in f:
            # print (line)
            if '!' in line:
                lab_next = line.split('!')[1].strip()
                # print (lab_next, 'q')
                if lab_next and lab_next != lab:
                    # print (lab_next)
                    labels.append(lab_next)
                lab = lab_next
    return labels


# if __name__ == "__main__":
[docs]def plot_bands(vasprun_dos, vasprun_bands, kpoints, element, ylim = (None, None)):
    # read data
    # Credit https://github.com/gVallverdu/bandstructureplots
    # ---------

    # kpoints labels
    # labels = [r"$L$", r"$\Gamma$", r"$X$", r"$U,K$", r"$\Gamma$"]

    labels = read_kpoint_labels(kpoints)


    # density of states
    # dosrun = Vasprun(vasprun_dos)
    dosrun = Vasprun(vasprun_bands)
    spd_dos = dosrun.complete_dos.get_spd_dos()

    # bands
    run = Vasprun(vasprun_bands, parse_projected_eigen=True)
    bands = run.get_band_structure(kpoints,
                                   line_mode=True,
                                   efermi=dosrun.efermi)

    # set up matplotlib plot
    # ----------------------

    # general options for plot
    font = {'family': 'serif', 'size': 24}
    plt.rc('font', **font)

    # set up 2 graph with aspec ration 2/1
    # plot 1: bands diagram
    # plot 2: Density of States
    gs = GridSpec(1, 2, width_ratios=[2, 1])
    fig = plt.figure(figsize=(11.69, 8.27))
    # fig.suptitle("Bands diagram of copper")
    ax1 = plt.subplot(gs[0])
    ax2 = plt.subplot(gs[1])  # , sharey=ax1)

    # set ylim for the plot
    # ---------------------
    if ylim[0]:
        emin = ylim[0]
    else: 
        emin = -10.
    if ylim[1]:
        emax = ylim[1]
    else: 
        emax =  10.

    ax1.set_ylim(emin, emax)
    ax2.set_ylim(emin, emax)

    # Band Diagram
    # ------------
    name = element 
    pbands = bands.get_projections_on_elements_and_orbitals({name: ["s", "p", "d"]})
    # print(bands)

    # compute s, p, d normalized contributions
    contrib = np.zeros((bands.nb_bands, len(bands.kpoints), 3))
    # print(pbands)
    for b in range(bands.nb_bands):
        for k in range(len(bands.kpoints)):
            # print(Spin.up)
            sc = pbands[Spin.up][b][k][name]["s"]**2
            pc = pbands[Spin.up][b][k][name]["p"]**2
            dc = pbands[Spin.up][b][k][name]["d"]**2
            tot = sc + pc + dc
            if tot != 0.0:
                contrib[b, k, 0] = sc / tot
                contrib[b, k, 1] = pc / tot
                contrib[b, k, 2] = dc / tot

    # plot bands using rgb mapping
    for b in range(bands.nb_bands):
        rgbline(ax1,
                range(len(bands.kpoints)),
                [e - bands.efermi for e in bands.bands[Spin.up][b]],
                contrib[b, :, 0],
                contrib[b, :, 1],
                contrib[b, :, 2])

    # style
    ax1.set_xlabel("k-points")
    ax1.set_ylabel(r"$E - E_f$   /   eV")
    ax1.grid()

    # fermi level at 0
    ax1.hlines(y=0, xmin=0, xmax=len(bands.kpoints), color="k", linestyle = '--', lw=1)

    # labels
    nlabs = len(labels)
    step = len(bands.kpoints) / (nlabs - 1)
    for i, lab in enumerate(labels):
        ax1.vlines(i * step, emin, emax, "k")
    ax1.set_xticks([i * step for i in range(nlabs)])
    ax1.set_xticklabels(labels)

    ax1.set_xlim(0, len(bands.kpoints))

    # Density of states
    # ----------------

    ax2.set_yticklabels([])
    ax2.grid()
    ax2.set_xlim(1e-4, 5)
    ax2.set_xticklabels([])
    ax2.hlines(y=0, xmin=0, xmax=5, color="k", lw=2)
    ax2.set_xlabel("Density of States", labelpad=28)

    # spd contribution
    ax2.plot(spd_dos[OrbitalType.s].densities[Spin.up],
             dosrun.tdos.energies - dosrun.efermi,
             "r-", label="3s", lw=2)
    ax2.plot(spd_dos[OrbitalType.p].densities[Spin.up],
             dosrun.tdos.energies - dosrun.efermi,
             "g-", label="3p", lw=2)
    ax2.plot(spd_dos[OrbitalType.d].densities[Spin.up],
             dosrun.tdos.energies - dosrun.efermi,
             "b-", label="3d", lw=2)

    # total dos
    ax2.fill_between(dosrun.tdos.densities[Spin.up],
                     0,
                     dosrun.tdos.energies - dosrun.efermi,
                     color=(0.7, 0.7, 0.7),
                     facecolor=(0.7, 0.7, 0.7))

    ax2.plot(dosrun.tdos.densities[Spin.up],
             dosrun.tdos.energies - dosrun.efermi,
             color=(0.6, 0.6, 0.6),
             label="total DOS")

    # plot format style
    # -----------------
    ax2.legend(fancybox=True, shadow=True, prop={'size': 18})
    plt.subplots_adjust(wspace=0)

    # plt.show()
    makedir("figs/bands.png")
    plt.savefig("figs/bands.png")





          

      

      

    

  

    
      
          
            
  Source code for siman.calc_manage

# -*- coding: utf-8 -*- 
#Copyright Aksyonov D.A
from __future__ import division, unicode_literals, absolute_import 
from operator import itemgetter
import copy, traceback, datetime, sys, os, glob, shutil, re, io, json
from itertools import product

import numpy as np

try:
    # pmg config --add VASP_PSP_DIR $VASP_PSP_DIR MAPI_KEY $MAPI_KEY
    from pymatgen.ext.matproj import MPRester
    from pymatgen.io.vasp.inputs import Poscar
    from pymatgen.io.cif import CifParser
    pymatgen_flag = True 
except:
    print('pymatgen is not available')
    pymatgen_flag = False 

import siman
from siman import header
from siman.header import print_and_log, runBash, mpl, plt
from siman.small_functions import is_list_like, makedir, list2string, calc_ngkpt, setting_sshpass
from siman.classes import Calculation, CalculationVasp, Description, CalculationAims, Structure
from siman.functions import (gb_energy_volume, element_name_inv, get_from_server,  run_on_server, push_to_server, wrapper_cp_on_server)
from siman.inout import write_xyz, read_xyz, write_occmatrix
from siman.picture_functions import plot_mep, fit_and_plot, plot_conv
from siman.analysis import find_polaron, neb_analysis,polaron_analysis, calc_redox, matrix_diff, fit_a
from siman.geo import interpolate, replic, image_distance, scale_cell_uniformly, scale_cell_by_matrix, remove_atoms, create_deintercalated_structure, create_antisite_defect, create_antisite_defect2, local_surrounding, find_moving_atom
from siman.set_functions import init_default_sets
from siman.database import push_figure_to_archive


printlog = print_and_log

init_default_sets()




[docs]def log_func_exec():
    """
    save to history the executed form
    """
    ''






[docs]def write_batch_header(batch_script_filename = None,
    schedule_system = None, path_to_job = None, job_name = 'SuperJob', number_cores = 1):
    """
    self-explanatory)
    path_to_job (str) - absolute path to job folder 
    """
    NC = str(number_cores)
    with open(batch_script_filename,'w', newline = '') as f:


        if schedule_system == 'SGE':
            if 'shell' in header.cluster:
                def_shell = header.cluster['shell']
            else:
                def_shell = '/bin/tcsh'
            
            f.write("#!"+def_shell+"\n")
            # f.write("#$ -M aksenov@mpie.de\n")
            f.write("#$ -m be\n")
            f.write("#$ -S "+def_shell+"\n")
            f.write("#$ -cwd \n")
            f.write("#$ -R y \n")
            f.write("#$ -V  \n") # use variables
            f.write("#$ -o "+path_to_job+" -j y\n")
            if 'pe' in header.cluster:
                f.write("#$ -pe "+header.cluster['pe']+' '+NC+'\n')
            f.write("\n")


            f.write("cd "+path_to_job+"\n")

            if 'modules' in header.cluster:
                f.write(header.cluster['modules']+'\n')
            # f.write("module load sge\n")
            # f.write("module load vasp/parallel/5.2.12\n\n")


        if schedule_system == 'PBS':

            prefix = '#PBS'
            f.write("#!/bin/bash   \n")
            f.write("#PBS -N "+job_name+"\n")
            
            if 'walltime' in header.cluster:
                f.write("#PBS -l walltime="+str(header.cluster['walltime'])+'\n')
            else:
                if header.WALLTIME_LIMIT: #deprecated remove
                    f.write("#PBS -l walltime=72:00:00 \n")
            

            # f.write("#PBS -l nodes=1:ppn="+str(number_cores)+"\n")
            nodes = 1
            if 'nodes' in header.cluster:
                nodes = header.cluster['nodes']



            if header.PBS_PROCS or nodes == 0: # parameter in header
                f.write("#PBS -l procs="+str(number_cores)+"\n")
            else: #  node option 

                if type(nodes) is str:
                    f.write("#PBS -l nodes="+nodes+"\n")
                else:
                    f.write("#PBS -l nodes="+str(nodes)+":ppn="+str(number_cores)+"\n")
            


            if 'queue' in header.cluster:
                f.write("#PBS -q "+str(header.cluster['queue'])+'\n')


            
            if 'procmemgb' in header.cluster:
                f.write("#PBS -l pmem="+str(header.cluster['procmemgb'])+'gb\n')

            if 'feature' in header.cluster:
                f.write("#PBS -l feature="+header.cluster['feature']+"\n")



            f.write("#PBS -r n\n")
            f.write("#PBS -j eo\n")
            f.write("#PBS -m bea\n")

            if 'any_commands' in header.cluster:
                lines = header.cluster['any_commands']
                if not is_list_like(lines):
                    printlog('Error! Please use list for sbatch key in cluster description')
                for line in lines:
                    f.write(prefix+' '+line+'\n')



            f.write("cd $PBS_O_WORKDIR\n")
            

            if 'modules' in header.cluster:
                f.write(header.cluster['modules']+'\n')



        if schedule_system == 'PBS_bsu':
            f.write("#!/bin/bash   \n")
            f.write("#PBS -N "+job_name+"\n")
            if header.WALLTIME_LIMIT:
                f.write("#PBS -l walltime=72:00:00 \n")
            # f.write("#PBS -l nodes=1:ppn="+str(number_cores)+"\n")
            if header.PBS_PROCS:
                f.write("#PBS -l nodes=node07:ppn="+str(number_cores)+"\n")
            else: # 1 node option 
                f.write("#PBS -l nodes=node07:ppn="+str(number_cores)+"\n")
            # f.write("#PBS -l pmem=16gb\n") #memory per processor, Skoltech
            f.write("#PBS -r n\n")
            f.write("#PBS -j eo\n")
            f.write("#PBS -m bea\n")
            f.write("#PBS -M boev.anton.olegovich@gmail.com\n")
            f.write("cd $PBS_O_WORKDIR\n")
            f.write("echo $LD_LIBRARY_PATH \n")




        if schedule_system == 'none':
            f.write("#!/bin/bash   \n")
            if 'modules' in header.cluster:
                f.write(header.cluster['modules']+'\n')



        if schedule_system == 'SLURM':
            
            hc = header.cluster
            if '~' in path_to_job:
                print_and_log('Error! For slurm std err and out you need full paths')

            f.write("#!/bin/bash   \n")
            f.write("#SBATCH -J "+job_name+"\n")
            if 'walltime' in header.cluster:
                f.write("#SBATCH -t "+str(header.cluster['walltime'])+'\n')
            else:
                ''
                # f.write("#SBATCH -t 250:00:00 \n")

            f.write("#SBATCH -N 1\n")
            f.write("#SBATCH -n "+str(number_cores)+"\n")
            f.write("#SBATCH -o "+path_to_job+"sbatch.out\n")
            f.write("#SBATCH -e "+path_to_job+"sbatch.err\n")
            if header.MEM_CPU:
                f.write("#SBATCH --mem-per-cpu=7675\n")
            
            # print(header.cluster)
            # sys.exit()
            if 'partition' in hc:
                f.write('#SBATCH -p '+hc['partition']+'\n')

            if 'any_commands' in header.cluster:
                lines = header.cluster['any_commands']
                if not is_list_like(lines):
                    printlog('Error! Please use list for sbatch key in cluster description')
                for line in lines:
                    f.write('#SBATCH '+line+'\n')

            # f.write("#SBATCH -I other=avx\n") # AVX2 instructions for new node to improve speed by 18% 

            # f.write("#SBATCH --nodelist=node-amg03\n")
            if header.siman_run: #only for me
                if header.EXCLUDE_NODES:
                    f.write("#SBATCH --exclude=node-amg13\n")
                # f.write("#SBATCH --mail-user=d.aksenov@skoltech.ru\n")
                # f.write("#SBATCH --mail-type=END\n")
            f.write("cd "+path_to_job+"\n")
            # f.write("export OMP_NUM_THREADS=1\n")

            if 'modules' in header.cluster:
                f.write(header.cluster['modules']+'\n')
            # f.write("module add prun/1.0\n")
            # f.write("module add intel/16.0.2.181\n")
            # f.write("module add impi/5.1.3.181\n")
            
            # if header.siman_run: #only for me
            lib64 = header.cluster['homepath'] + '/tools/lib64'
            atlas = header.cluster['homepath'] + '/tools/atlas'
            # f.write("export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:"+lib64+'\n')
            # f.write("export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:"+atlas+'\n')
            
            f.write("export PATH=$PATH:"+header.cluster['homepath'] +"/tools/\n")
            

            f.write("touch RUNNING\n")


    return


























[docs]def clean_history_file(history_list):
    seen = set()
    seen_add = seen.add
    return [x for x in history_list if not (x in seen or seen_add(x))]






[docs]def prepare_run():
    """
    INPUT:
        schedule_system - type of job scheduling system:'PBS', 'SGE', 'SLURM'
    """
    schedule_system = header.schedule_system
    with open('run','w', newline = '') as f:
    
        if schedule_system == 'SGE':
            if 'shell' in header.cluster:
                f.write("#!"+header.cluster['shell']+'\n')

            else:
                f.write("#!/bin/tcsh\n")
            # if 'modules' in header.cluster:
                # f.write(header.cluster['modules']+'\n')
            # f.write("module load sge\n")
            # f.write("module load vasp/parallel/5.2.12\n")
        elif schedule_system in ('PBS', 'PBS_bsu', 'SLURM', 'none'):
            f.write("#!/bin/bash\n")
        else:
            ''
            # print_and_log('Please provide schedule_system!')
            # raise RuntimeError

    # f.close()
    return



[docs]def complete_run(close_run = True):
    header.first_run = False
    if close_run:

        with open('run','a', newline = '') as f:
            if header.schedule_system in ["PBS", 'PBS_bsu']:
                f.write("qstat\n")
                f.write("sleep 2\n")
            elif header.schedule_system == "SLURM":
                f.write("squeue\n")
            elif header.schedule_system == "SGE":
                f.write("qstat\n")
            elif header.schedule_system == "none":
                f.write("\n")
            f.write("mv run last_run\n")


        if header.copy_to_cluster_flag:
            push_to_server('run',  header.cluster_home, header.cluster_address)
            run_on_server('chmod +x run', header.cluster_address)
            printlog('run sent')
    
    return













[docs]def create_additional(struct_des):
    """
    Automatically make objects in struct_des
    with .f and .fvac index


    """
    for key in copy.deepcopy(struct_des):
        if 'auto-created' in struct_des[key].des: continue
        new = copy.deepcopy(struct_des[key])
        new.des+=' fitted; des auto-created;'
        struct_des[key+'.f'] = new

        new = copy.deepcopy(struct_des[key])
        new.des+=' fitted and relaxed; des auto-created;'
        struct_des[key+'.fr'] = new


        new = copy.deepcopy(struct_des[key])
        new.des+=' with vacancy; des auto-created;'
        struct_des[key+'.fvac'] = new


        new = copy.deepcopy(struct_des[key])
        new.des+=' with vacancy; des auto-created;'
        struct_des[key+'.r'] = new


    return struct_des


[docs]def add_des(struct_des, it, it_folder, des = 'Lazy author has not provided description for me :( ', override = False):
    """
    Function adds description to struct_des dictionary;


    ###INPUT:
        
        - struct_des (dict)         - dict from project database
        * it (str)        - name of calculation
        * it_folder (str) - path and name of folder used for calculation in current project both on local and remote machines
        * des (str)       - description of calculation
        * override (bool) - allows to override existing field


    ###RETURN:
        
        None
    """

    if it not in struct_des or override:
        struct_des[it] = Description(it_folder, des)
        # hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
        hstring = 'add_des("{:s}", "{:s}", "{:s}")    #on {:})'.format(it, it_folder, des, datetime.date.today())

        try:
            if hstring != header.history[-1]: header.history.append( hstring  )
        except:
            header.history.append( hstring  )
        print_and_log("New structure name "+it+ " added to struct_des dict"+"\n")


    else:
        print_and_log("Attention! "+it+' already exist in struct_des, skipping; use override = True if you really need it; or first remove using manually_remove_from_struct_des()')
        # raise RuntimeError


    return





[docs]def update_des(struct_des, des_list):
    """
    Manuall adding of information to struct_des dictionary
    

    ###INPUT:
        - struct_des (dict)         - dict from project database
        - des_list (list of tuples) - list of new calculations to be added to database


    ###RETURN:
        - struct_des (dict) 
    """



    for des in des_list:
        if des[0] not in struct_des:
            add_des(struct_des, *des)

    return create_additional(struct_des)



[docs]def cif2poscar(cif_file, poscar_file):




    if pymatgen_flag and not header.CIF2CELL:
        # print(cif_file)
        parser = CifParser(cif_file)
        # s = parser.get_structures(primitive = True)[0]
        s = parser.get_structures(primitive = 0)[0]
        

        si = s._sites[0]

        # print(dir(si))
        # print(si.specie)

        # from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
        # sf = SpacegroupAnalyzer(s, ) #
        # sc = sf.get_conventional_standard_structure() # magmom are set to None
        # print(sc)



        Poscar(s).write_file(poscar_file)
        printlog('File',poscar_file, 'created.')
    
    elif header.CIF2CELL: #using cif2cell for conversion

        print_and_log( runBash("cif2cell "+cif_file+"  -p vasp -o "+poscar_file)  )
        printlog('File',poscar_file, 'created.')

        #check
        if not os.path.exists(poscar_file):
            print_and_log("Error! cif2cell failed")

    else:
        printlog('Error! Support of cif files requires pymatgen or cif2cell; install it with "pip install pymatgen" or provide POSCAR or Abinit input file')


    return


[docs]def determine_file_format(input_geo_file):

    supported_file_formats = {'abinit':'.geo',   'vasp':'POSCAR',   'cif':'.cif', 'xyz':'.xyz'} #format name:format specifier

    if ('POSCAR' in input_geo_file or 'CONTCAR' in input_geo_file) and not '.geo' in input_geo_file:
        input_geo_format = 'vasp'
    elif '.vasp' in input_geo_file:
        input_geo_format = 'vasp'
    elif '.cif' in input_geo_file:
        input_geo_format = 'cif'
    elif '.geo' in input_geo_file:
        input_geo_format = 'abinit'
    elif '.xyz' in input_geo_file:
        input_geo_format = 'xyz'
    else:
        printlog("Attention! File format of",input_geo_file ,"is unknown, should be from ", supported_file_formats, 'skipping')
        input_geo_format = None
    return input_geo_format




[docs]def get_file_by_version(geofilelist, version):

    """
    Find file with needed version from filelist according to certain rules
    """
    curv = None
    
    matched_files = []
    # print(geofilelist)

    for input_geofile in geofilelist: 
        
        input_geofile = os.path.normpath(input_geofile)


        input_geo_format = determine_file_format(input_geofile)
        # sys.exit()

        printlog('For file', input_geofile, input_geo_format, ' format was detected', imp = 'n')

        if input_geo_format in ['abinit',]: #version determined from token 
            # curv = int( runBash("grep version "+str(input_geofile) ).split()[1] )
            
            with open(input_geofile, 'r') as f:
                for line in f:
                    if 'version' in line:
                        curv = int(line.split()[1])


        elif input_geo_format == 'vasp': #from filename
            if '-' in input_geofile:
                # print('create calculation for structure',input_geofile)
                curv = int(input_geofile.split('-')[-1] ) #!Applied only for phonopy POSCAR-n naming convention
                # print('create calculation for structure with version',curv)
            # try: 
            #     curv = int(input_geofile.split('-')[-1] ) #!Applied only for phonopy POSCAR-n naming convention
            # except:
            #     printlog('Error! Could not determine version of poscar file')

        elif input_geo_format == 'cif': #from filename
            printlog('I found cif file ', input_geofile)
            try:
                curv = int(os.path.basename(input_geofile).split('.')[0] )
            except:
                curv = None
                printlog('Failed to determine version, skipping')
        else:
            curv = None

        if curv == version:
            # print('curv = ',curv,' version = ',version)
            printlog('match', curv, version)
            matched_files.append(input_geofile)

    if len(matched_files) > 1:
        printlog('get_file_by_version(): Error! Several files have same versions:', matched_files)
    elif len(matched_files) == 0:
        input_geofile = None
    else:
        input_geofile = matched_files[0]


    return input_geofile






[docs]def smart_structure_read(filename = None, curver = 1, calcul = None, input_folder = None, input_geo_format = None, input_geo_file = None, ):
    """
    Wrapper for reading geometry files
    calcul (Calculation()) - object to which the path and version read

    curver (int) - version of file to be read
    input_geo_file or filename (str) - explicitly provided input file, has higher priority
    input_folder (str)   - folder with several input files, the names doesnot matter only versions
    input_geo_format (str) - explicitly provided format of input file 



    returns Structure()
    """

    search_templates =       {'abinit':'*.geo*', 'vasp':'*POSCAR*', 'vasp-phonopy': 'POSCAR*', 'cif':'*.cif'}

    if filename:
        input_geo_file = filename

    if input_geo_file:

        printlog("You provided the following geo file explicitly ", input_geo_file, 
            '; Version of file does not matter, I use *curver*=',curver, 'as a new version' )
        
    elif input_folder:

        print_and_log("I am searching for geofiles in folder "+input_folder+"\n" )

        if input_geo_format: 
            geofilelist = glob.glob(input_folder+'/'+search_templates[input_geo_format]) #Find input_geofile of specific format
        else:
            geofilelist = glob.glob(input_folder+'/*') 

        geofilelist = [file for file in geofilelist if os.path.basename(file)[0] != '.'   ]  #skip hidden files

        printlog('List of files:', geofilelist)

        input_geo_file = get_file_by_version(geofilelist, curver)
        # sys.exit()

        printlog('The result of getting by version', input_geo_file)

        if input_geo_file:
            printlog('File ', input_geo_file, 'was found')
        else:
            printlog('Error! No input file with version ', curver, 'was found in', input_folder)
    
    else:
        printlog('Neither *input_geo_file* nor *input_folder* were provided')


    input_geo_format = determine_file_format(input_geo_file)
    printlog(input_geo_format,' format is detected')


    if calcul:
        cl = calcul
    else:
        cl = CalculationVasp()


    if input_geo_format   == 'abinit':
        cl.read_geometry(input_geo_file)

    
    elif input_geo_format == 'vasp':
        cl.read_poscar(input_geo_file, version = curver)


    elif input_geo_format == 'cif':
        
        cif2poscar(input_geo_file, input_geo_file.replace('.cif', '.POSCAR'))
        input_geo_file = input_geo_file.replace('.cif', '.POSCAR')
        cl.read_poscar(input_geo_file)

    elif input_geo_format == 'xyz':
        #version = 1
        st = cl.init
        st = read_xyz(st, input_geo_file)
        cl.init = st
        cl.path["input_geo"] = input_geo_file
        cl.version = 1

    else:
        print_and_log("Error! smart_structure_read(): File format", input_geo_format, "is unknown")


    if cl.path["input_geo"] == None: 
        printlog("Error! Input file was not properly read for some reason")
    

    return cl.init









[docs]def name_mod_supercell(ortho = None, mul_matrix = None):

    if ortho:

        if len(set(ortho))==1:
            mod = '.s'+str(ortho[0])
        else:
            mod =  '.s'+list2string(ortho).replace(' ','')
    else:
        mod = '.s'+str(mul_matrix[0][0])+str(mul_matrix[1][1])+str(mul_matrix[2][2])

    return mod




[docs]def inherit_ngkpt(it_to, it_from, inputset):
    """
    inherit ngkpt from it_from to it_to

    """
    # print(it_to, it_from)
    
    struct_des = header.struct_des
    
    if it_to and it_from and it_from in struct_des:
        ks = inputset.vasp_params['KSPACING']

        for it in [it_to, it_from]: #just create ngkpt_dict_for_kspacings property
            if not hasattr(struct_des[it], 'ngkpt_dict_for_kspacings' ):
                struct_des[it].ngkpt_dict_for_kspacings = {}

        k_dict1 = struct_des[it_from].ngkpt_dict_for_kspacings
        k_dict2 = struct_des[it_to].ngkpt_dict_for_kspacings

        if ks in k_dict1:
            k_dict2[ks] = k_dict1[ks]
            printlog('inherit_ngkpt(): the k-grid from', it_from, 'was inherited to', it_to, imp = 'Y')
        else:
            printlog('no ngkpt for k-spacing', ks, 'in ngkpt_dict_for_kspacings of', it_from, 'ngkpt will determined from inputset k-spacing', imp = 'Y')
    
    return



[docs]def choose_cluster(cluster_name, cluster_home, corenum, nodes):
    """
    *cluster_name* should be in header.project_conf.CLUSTERS dict
    nodes - number of nodes
    """

    if cluster_name in header.CLUSTERS:
        printlog('We use', cluster_name,'cluster')
        clust = header.CLUSTERS[cluster_name]



    else:
        printlog('Attention!, cluster', cluster_name, 'is not found, using default', header.DEFAULT_CLUSTER)
        clust = header.CLUSTERS[header.DEFAULT_CLUSTER]

    clust['name'] = cluster_name
    header.cluster = clust # dict
    header.cluster_address = clust['address']
    header.CLUSTER_ADDRESS = clust['address']
    


    # print(clust)
    setting_sshpass(clust = clust)
    # if 'sshpass' in clust and clust['sshpass']:
    #     printlog('setting sshpass to True', imp = '')
    #     # sys.exit()

    #     header.sshpass = clust['sshpass']
    # else:
    #     header.sshpass = None



    #Determine cluster home using ssh
    # run_on_server('touch ~/.hushlogin', header.cluster_address)
    if header.copy_to_cluster_flag:
        header.cluster_home = run_on_server('pwd', header.cluster_address)
    else:
        header.cluster_home = ''
    
    clust['homepath'] = header.cluster_home

    printlog('The home folder on cluster is ', header.cluster_home)

    # if cluster_home is None:
    #     header.cluster_home    = clust['homepath']
    # else:
    #     header.cluster_home    = cluster_home
    



    if 'pythonpath' in clust:
        header.CLUSTER_PYTHONPATH    = clust['pythonpath']
    else:
        header.CLUSTER_PYTHONPATH = ''

    # header.SCHEDULE_SYSTEM    = clust['schedule']
    header.schedule_system    = clust['schedule']
    # header.CORENUM    = clust['corenum']
    
    if corenum:
        header.corenum    = corenum

    else:
        header.corenum    = clust['corenum']

    if nodes is not None:
        clust['nodes'] = nodes


    header.project_path_cluster = header.cluster_home +'/'+ header.PATH2PROJECT

    try:
        header.vasp_command = clust['vasp_com']
    except:
        header.vasp_command = None

    # print(clust)



    return






[docs]def add_loop(it, setlist, verlist, calc = None, varset = None, 
    up = 'up2', inherit_option = None, id_from = None, inherit_args = None, confdic = None,
    i_atom_to_remove = None,
    coord = 'direct', savefile = 'oc', show = '', comment = '', 
    input_geo_format = None, ifolder = None, input_geo_file = None, input_st = None,
    corenum = None,
    calc_method = None, u_ramping_region = None, it_folder = None, 
    mat_proj_cell = '',
    mat_proj_id = None, 
    cee_args = None,
    ise_new = None, it_suffix = None,
    scale_region = None, n_scale_images = 7,
    n_neb_images = None, occ_atom_coressp = None,ortho = None,
    mul_matrix = None,
    ngkpt = None,
    cluster = None, cluster_home = None,
    override = None,
    ssh_object = None,
    run = False, check_job  = 1, params = None,
    ):
    """
    Main subroutine for creation of calculations, saving them to database and sending to server.

    Input:

        - it - arbitary name for your crystal structure 
        - setlist (list of str or str) - names of sets with vasp parameters from *varset* dictionary
        - verlist - list of versions of new calculations
        - calc, varset - database dictionaries; could be provided; if not then are taken from header

        - input_geo_format - format of files in input geo folder 

            'abinit' - the version is determined from the value inside the file
            'vasp', 'cif' -   the version is determined from the name of file; the names should be like POSCAR-1 for vasp files and 1.name.cif for cif
            'mat_proj' - take structure from materialsproject.org; use it_folder, len(verlist) = 1


        - up - string, possible values are: 'up1', 'up2', 'no_base'; if empty then test run is performed without saving and sending 
            
            'up1' - needed for normal creation of calculation and copy to server all files
            'no_base': only relevant for typconv
            is the same as "up1", but the base set is ommited
            'up2' - update only unfinished calculations
            'up3' - run only if id does not exist
        
        - coord - type of cooridnates written in POSCAR:
            
            'direct'
            'cart'

        - savefile - controls which files are saved during VASP run on server; check
            
            'ocvdawx' - outcar, chgcar, chg, dos, AECCAR,WAVECAR, xml

        - ifolder - explicit path to folder where to search for input geo file.

        - input_geo_file - explicit file name of input file

        - input_st - see in add_calculation()

        - it_folder - section folder (sfolder) used in struct_des; here needed with input_geo_format = mat_proj

        - show - only for read_results() ?.

        - comment - arbitrary comment for history.



        #inherit flags:
        inherit_args (dict) - to pass parameters to inherit_icalc; 
        confdic (dicts) - additional configuration parameters to inherit_icalc in dict, used for antisites
        - inherit_option (str):
            
            - 'continue'     - copy last contcar to poscar, outcar to prev.outcar and run again; on the next launch prev.outcar
                will be rewritten, please improve the code to save all previous outcars 
            - 'inherit_xred' - if verlist is provided, xred are copied from previous version to the next
            - all options available for inherit_icalc() subroutine (now only 'full' is tested)
        
        - *id_from* - see inherit_icalc()
        
        - ise_new (str) - name of new set for inherited calculation  ('uniform_scale')

        - it_suffix (str) - additional suffix to modify the it part of name

        - occ_atom_coressp (dict) see inherit_icalc()
        
        - ortho, mul_matrix - transfered to inherit_icalc
        
        - ngkpt (list) - the list of k-points provided explicitly added to struct_des

        - corenum - number of cores used for calculation; overwrites header.corenum

        - calc_method - provides additional functionality:
            
            - 'u_ramping'    - realizes U ramping approach #Phys Rev B 82, 195128
            - 'afm_ordering' - 
            - 'uniform_scale' - creates uniformly scaled copies of the provided calculations
			- 'c_scale' - scale across c axis
            - 'scale' - arbitrary scale according to mul_matrix
            using *scale_region*  and *n_scale_images* (see *scale_cell_uniformly()*)
            The copies are available as versions from 1 to *n_scale_images* and
            suffix .su, .sc, or .sm appended to *it* name
            Copies to cluster *fit* utility that finds volume corresp. to energy minimum, creates 100.POSCAR and continues run 
            - 'monte' - Monte-Carlo functionality

            - 'polaron' - polaron hopping, only input_st is supported

            - 'atat' - create all input for ATAT
                params['atat']
                    'active_atoms' - now dictionary of elements, which can be substituted by what e.g. {'Li':'Vac'}


        - u_ramping_region - used with 'u_ramping'=tuple(u_start, u_end, u_step)


        - cluster_home - override value of header.CLUSTERS

        cee_args - arguments for taking files from cee database; see get_structure_from_cee_database
            
            - cee_file (str) - name of file to be taken from cee database
            - section (str) - CEStorage, Catalysts, ets

        - run (bool) - complete the run file copy to server and run

        - params (dic) - dictionary of additional parameters, please move here numerous arguments
            
            - 'occmatrix' - explicit path to occmatrix file
            - 'update_set_dic' (dict) - additional parameters to override the existing set
            - 'monte' - dictionary with parameters for Monte-Carlo regime
                
                - 'xvoid' - xcart coordinates of voids
                - 'thickness' - thickness of slice where Monte-Carlo changes are allowed (from top surface)
                - 'mcsteps' - number of Monte-Carlo steps
                - 'temp'    - temperature (K) for Metropolis Algorithm
                - 'normal'  - vector normal to surface
            - 'charge' - charge of the system, +1 - electrons are removed, -1 - electrons are added


            - 'polaron'
                - 'polaron_status' (str) 'new' (default) or 'existing'

            - 'res_params' - dictionary with parameters transfered to res_loop()

            - 'nodes' - number of nodes for sqedule system, currently works only for PBS

    Comments:
        
        !Check To create folders and add calculations add_flag should have value 'add' 


    TODO:
    Now number of images is taken from self.set.vasp_params['IMAGES']; 
    In the case of generalization to other codes, set.nimages should be added and used

    Make class for cluster to save all information about cluster in one object, 
    like schedule_system, cluster address, corenum and so on 
    
    read structure in add_loop, to add calculation provied only structure, mat_proj_st_id pass in structure

    - occmatrix in params better to rename to occfile or something like this, 

    - first run function which read input structure in multiple ways and return structure object. All subsequent code works with object.
    no duplication of different input is realized in different places

    """
    db = None

    def add_loop_prepare():

        nonlocal calc, db, it, it_folder, verlist, setlist, varset, calc_method, inherit_args, params, scale_region

        if not params:
            params = {}


        params['show'] = show
        # if header.copy_to_cluster_flag:
        # print(params["nodes"])
        choose_cluster(cluster, cluster_home, corenum, params.get("nodes"))
        
        if run:
            prepare_run()

        if header.first_run and header.copy_to_cluster_flag:
            prepare_run()
            header.first_run = False


        if not calc:
            calc = header.calc
            db = header.db
            varset = header.varset




        it = it.strip()
        
        if it_folder: 
            it_folder = it_folder.strip()

        if not is_list_like(verlist):
            verlist = [verlist]

        if not is_list_like(setlist):
            setlist = [setlist]
        # print(setlist)
        if None in setlist:
            printlog('Error! None detected in setlist:', setlist)
        setlist = [s.strip() for s in setlist]


        if not is_list_like(calc_method):
            calc_method = [calc_method]


        if inherit_args is None:
            inherit_args = {}






        if ifolder: 
            if it not in ifolder: # just to be consistent with names
                print_and_log('Check ifolder !!! it is not in ifolder')
                raise RuntimeError


        return


    def add_loop_inherit():
        """

        inherit options:
        full_chg - including chg file
        """
        nonlocal  it, setlist, id_base, it_suffix
        struct_des = header.struct_des

        printlog('add_loop: starting add_loop_inherit ...', imp ='n')
        #inherit option
        inh_opt_ngkpt = ['full', 'full_chg', 'full_nomag', 'occ', 'r1r2r3', 'remove_imp', 'replace_atoms', 'make_vacancy', 'antisite'] #inherit also ngkpt
        inh_opt_other = ['supercell', 'r2r3'] # do not inherit ngkpt
        # if inherit_option in inh_opt_ngkpt+inh_opt_other:
        omit_inh_opt = ['inherit_xred', 'continue']
        if inherit_option and inherit_option not in omit_inh_opt:
            
            if 'id_base_st_type' in inherit_args and inherit_args['id_base_st_type'] == 'init':
                iti = it+'.init'
            else:
                iti = it

            if inherit_option == 'full':
                it_new = iti+'.if'
            
            if inherit_option == 'full_chg':
                it_new = iti+'.ifc'
            
            elif inherit_option == 'full_nomag':
                it_new = iti+'.ifn'

            elif inherit_option == 'occ':
                #please add additional vars to control for which atoms the inheritance should take place (added)
                it_new = iti+'.ifo' #full inheritence + triggering OMC from some other source        

            elif inherit_option == 'supercell':
               mod = name_mod_supercell(ortho, mul_matrix)
               it_new = iti+mod

            elif 'antisite' in inherit_option:
                suf = inherit_option.split('.')[-1]
                it_new = iti+'.'+suf
                # print (it_new)
                # sys.exit()

            elif inherit_option == 'make_vacancy':
                it_new = iti+'.vac'



            if it_suffix: # add to default behaviour; make additional key, which can allow to override default behavior
                it_new = it_new+'.'+it_suffix
                it_suffix = None



            if 'up' in up:

                if it_folder:
                    section_folder = it_folder
                else:
                    section_folder = struct_des[it].sfolder

                for inputset in setlist:
                    for v in verlist:
                        id_base = (it,inputset,v)

                        inherit_icalc(inherit_option, it_new, v, id_base, calc, st_base = input_st, id_from = id_from, confdic = confdic,
                            it_folder = section_folder, occ_atom_coressp = occ_atom_coressp, i_atom_to_remove = i_atom_to_remove,
                            ortho = ortho, mul_matrix = mul_matrix, override =override, **inherit_args)
                
                    if inherit_option in inh_opt_ngkpt:
                        inherit_ngkpt(it_new, it, varset[inputset]) # 



            if ise_new:
                print_and_log('Inherited calculation uses set', ise_new)

                setlist = [ise_new,]

            else:
                print_and_log('Inherited calculation uses the same sets', setlist)


            it = it_new
        return


    def add_loop_modify():
        struct_des = header.struct_des

        nonlocal  it, setlist, verlist, id_base, it_suffix, input_st
        db = calc
        it_new = it
        v = verlist[0]

        if it_new not in struct_des:
            if it_folder:
                section_folder = it_folder
            else:
                section_folder = struct_des[it].sfolder

            add_des(struct_des, it_new, section_folder, 'scale: scaled "images" for '+it+'.'+str(setlist)+'.'+str(v)   )



        if 'polaron' in calc_method:
            pm = params['polaron']
            am = abs(pm['amp']) # amplitude of polaron, the sign is not important here

            existing = pm.get('polaron_status') and 'ex' in pm.get('polaron_status') 

            if pm['polaron_type'] == 'electron':
                if existing:
                    ''
                    #nothing is done
                else:
                    #create new polaron
                    params['charge'] = -1

            elif pm['polaron_type'] == 'hole':
                ''
                am = am * -1 
                if existing:
                    ''
                else:
                    #create new polaron

                    params['charge'] = +1

            if pm.get('st1'):
                st1 = pm['st1']
                st2 = pm['st2']
                st1.magmom = [None]

            elif existing:
                st1 = copy.deepcopy(input_st)
                st2 = input_st.localize_polaron(pm['iend'], am)
                st2 = st2.localize_polaron(pm['istart'], -am) # return back existing polaron to normal

            else:
                st1 = input_st.localize_polaron(pm['istart'],  am)
                st2 = input_st.localize_polaron(pm['iend'], am)



            st1_vis = st1.replace_atoms([pm['istart']], 'U')
            st2_vis = st2.replace_atoms([pm['iend']], 'U')
            st1_vis.write_poscar('xyz/'+it+'/1.POSCAR')
            st2_vis.write_poscar('xyz/'+it+'/100.POSCAR')
            sts = interpolate(st1, st2, images= pm['images'], write_poscar = 3, poscar_folder = 'xyz/'+it+'/' )
            del pm['st1'], pm['st2'] #not needed to serialize

            inputset =setlist[0]
            mode = 'inherit'
            if mode == 'independent':
                verst_list = [(i+1, s) for i, s in enumerate([st1, st2]+sts)]
            elif mode == 'inherit':

                # print(sts, sts.reverse())
                ver0 = [(1, st1), (2, st2)]
                ver1 = [(i+20, s) for i, s in enumerate([st1]+sts+[st2])]
                ver2 = [(i+42, s) for i, s in enumerate([st2]+list(reversed(sts))+[st1])]

                verst_list = ver0+ver1+ver2

            for ver_new, s in verst_list:
                
                # ver_new = i+ 1 # start from 1; before it was v+i
                id_s = (it,inputset,ver_new)
                cl_temp = CalculationVasp(varset[inputset], id_s)
                s.name = it_new+'.'+str(ver_new)
                cl_temp.init = s
                cl_temp.version = ver_new
                cl_temp.path["input_geo"] = header.geo_folder + struct_des[it_new].sfolder + '/' + \
                                            it_new+"/"+it_new+'.auto_created_for_polaron'+'.'+str(ver_new)+'.'+'geo'

                # write_xyz(s)

                if ver_new in [1]:
                    cl_temp.write_siman_geo(geotype = "init", 
                        description = s.des, override = True)
                else:
                    if ver_new ==2:
                        cl_temp.des = 'end position separatly prepared'
                    else:
                        cl_temp.des = 'init created from init start and end position on local machine. end from end start and end positions '

                    cl_temp.state = '2. separately prepared'
                    cl_temp.id = (it_new, inputset, ver_new)
                    blockdir = struct_des[it_new].sfolder+"/"+varset[inputset].blockfolder #calculation folder
                    # iid = cl_temp.id          
                    cl_temp.name = cl_temp.id[0]+'.'+cl_temp.id[1]+'.'+str(cl_temp.id[2])
                    cl_temp.dir = blockdir+"/"+ str(cl_temp.id[0]) +'.'+ str(cl_temp.id[1])+'/'
                    cl_temp.path["output"] = cl_temp.dir+str(cl_temp.version)+'.OUTCAR'
                    cl_temp.cluster      = header.cluster
                    cl_temp.cluster_address      = header.cluster_address
                    cl_temp.project_path_cluster = header.project_path_cluster
                    db[cl_temp.id] = cl_temp
                
                    if ver_new ==2:
                        cl_temp.write_structure("2.POSCAR") # create it already here, it will copied automatically since all POSCARs are copied             
 
            # input_st.write_poscar(cl_temp.dir+'/0.POSCAR')
            # st1.write_poscar(cl_temp.dir+'/1.POSCAR_test')
            
            verlist = [1] # only 1.POSCAR is created, the rest is controlled by python script on cluster
            input_st = st1


        if 'atat' in calc_method:

            ks = varset[setlist[0]].vasp_params['KSPACING']
            input_st = input_st.reorder_element_groups(order = 'alphabet') # required for correct work of ATAT

            N = calc_ngkpt(input_st.get_recip(), ks)
            # print(N)
            KPPRA = N[0]*N[1]*N[2]*input_st.natom # here probably symmetry should taken into account? not really good working

            if ks == 0.3:
                KPPRA = 1200
            else:
                KPPRA = 1200
                printlog('Warning! KPPRA = 1200 for all kspacings! please contact developer to improve or modify this code in calc_manage.py')

            printlog('Atat mode, KPPRA is', KPPRA, imp = 'Y')
            # sys.exit()
            exclude_new = []
            exclude = params['atat'].get('exclude_atoms_n')

            subatom = params['atat'].get('subatom') or None
            # print(exclude)
            # sys.exit()
            if exclude:
                for i in exclude:
                    exclude_new.append(input_st.old_numbers.index(i))
                # exclude = exclude_new
                params['atat']['exclude_atoms_n'] = exclude_new

            params['update_set_dic']={'add_nbands':None, 'USEPOT':'PAWPBE', 'KPPRA':KPPRA, 
            'MAGATOM':list2string(input_st.magmom), 
            'MAGMOM':None,
            'SUBATOM':subatom,
            'DOSTATIC':''}



    def add_loop_scale():

        struct_des = header.struct_des
        nonlocal it, verlist, setlist, input_st, it_suffix, scale_region
        u_scale_flag = False
        fitted_v100_id = None

        #print(calc_method)
        #sys.exit()
        if calc_method and ('c_scale' in calc_method or 'scale' in calc_method or 'uniform_scale' in calc_method):
            #print('Scale')
            #sys.exit()
            if 'uniform_scale' in calc_method:
                u_scale_flag = True

                it_new = it+'.su' #scale uniformly  
            elif 'c_scale' in calc_method:
                it_new = it+'.sc' #scale along c
                u_scale_flag = True
            else:
                it_new = it+'.sm' #scale according to mul_matrix
                #may not work correctly 

            if it_suffix:
                it_new = it_new+'.'+it_suffix
                it_suffix = None



            v = verlist[0]
            # printlog('add_loop_scale(): version is ', v)
            # sys.exit()


            # if up != 'up3':
            print_and_log('add_loop_scale(): Preparing   scale  calculation ... ', imp = 'Y')

            if len(verlist) > 1:
                print_and_log('Error! Currently   scale  is allowed only for one version')
            


            if it_new not in struct_des:
                if it_folder:
                    section_folder = it_folder
                else:
                    section_folder = struct_des[it].sfolder

                add_des(struct_des, it_new, section_folder, 'scale: scaled "images" for '+it+'.'+str(setlist)+'.'+str(v)   )




            verlist_new = []

            if ise_new and len(setlist) > 1:
                printlog('Error, ise_new and setlist > 1 detected!')


            for inputset in setlist:
                if inputset in varset:
                    inherit_ngkpt(it_new, it, varset[inputset])

                id_s = (it,inputset,v)




                if input_st:
                    st = input_st
                    pname = st.name
                    printlog('add_loop_scale():using input_st', pname)
                    input_st = None
                elif id_s in calc:
                    try:
                        st = calc[id_s].end
                        assert len(st.xcart) == st.natom
                        printlog('add_loop_scale(): end state of ', id_s, 'is used', st.name)
                    except:
                        st = calc[id_s].init
                        printlog('add_loop_scale(): init state of ', id_s, 'is used', st.name)

                    pname = str(id_s)
                else:
                    printlog('add_loop_scale(): starting to read input file')
                    st = smart_structure_read(curver = v, input_folder = struct_des[it].sfolder+'/'+it, 
                        input_geo_format = input_geo_format, input_geo_file = input_geo_file)
                    pname = st.name

                st = copy.deepcopy(st)
                st.magmom = [None] # added on 24.06.2017

                write_xyz(st, file_name = st.name+'_used_for_scaling')
                # print(scale_region)
                # sys.exit()
                if scale_region is None:
                    scale_region = (-4,4)

                printlog('Scale_region is', scale_region, imp = 'y')
                
                # printlog('Calc_method', calc_method, 'uniform_scale' in calc_method, imp = 'y')

                if 'uniform_scale' in calc_method:

                    sts = scale_cell_uniformly(st, scale_region = scale_region, n_scale_images = n_scale_images, parent_calc_name = pname)
                elif 'c_scale' in calc_method:
                    #print('scale_start')
                    #sys.exit()
                    sts = scale_cell_by_matrix(st, scale_region = scale_region, n_scale_images = n_scale_images, parent_calc_name = pname, mul_matrix = [[1,0,0],[0,1,0],[0,0,1.01]])
                else:
                    sts = scale_cell_by_matrix(st, scale_region = scale_region, n_scale_images = n_scale_images, parent_calc_name = pname, mul_matrix = mul_matrix)

                if ise_new:
                    inputset = ise_new
                    id_s = (it,inputset,v)

                #cl_temp = db[id_s].copy()
                #sys.exit()
                try:
                    cl_temp = db[id_s].copy()
                except:
                    cl_temp = CalculationVasp(varset[inputset], id_s)

                for i, s in enumerate(sts):
                    ver_new = i+ 1 # start from 1; before it was v+i
                    s.name = it_new+'.'+s.name
                    cl_temp.init = s
                    cl_temp.version = ver_new
                    cl_temp.path["input_geo"] = header.geo_folder + struct_des[it_new].sfolder + '/' + \
                                                it_new+"/"+it_new+'.auto_created_scaled_image'+'.'+str(ver_new)+'.'+'geo'

                    cl_temp.write_siman_geo(geotype = "init", 
                        description = s.des, override = True)
                    write_xyz(s)
                    verlist_new.append(ver_new)



                if 'uniform_scale' in calc_method or 'c_scale' in calc_method:
                    #print('Create 100')
                    #sys.exit()
                    #make version 100
                    cl_temp.version = 100
                    cl_temp.des = 'fitted with fit_tool.py on cluster, init is incorrect'
                    cl_temp.id = (it_new, inputset, 100)
                    cl_temp.state = '2. separately prepared'
                    blockdir = struct_des[it_new].sfolder+"/"+varset[inputset].blockfolder #calculation folder
                    # iid = cl_temp.id          
                    cl_temp.name = cl_temp.id[0]+'.'+cl_temp.id[1]+'.'+str(cl_temp.id[2])
                    cl_temp.dir = blockdir+"/"+ str(cl_temp.id[0]) +'.'+ str(cl_temp.id[1])+'/'
                    cl_temp.path["output"] = cl_temp.dir+str(cl_temp.version)+'.OUTCAR'
                    cl_temp.cluster      = header.cluster
                    cl_temp.cluster_address      = header.cluster_address
                    cl_temp.project_path_cluster = header.project_path_cluster
                    calc[cl_temp.id] = cl_temp
                    printlog(cl_temp.id, 'was created in database')
                    # sys.exit()

                    # cl_temp.init = None
                    fitted_v100_id = cl_temp.id


                verlist = verlist_new

                print_and_log(len(sts), 'scale images have been created.', imp = 'y')
            




            it      = it_new
            if ise_new:
                setlist = [ise_new]
            # sys.exit()
        return u_scale_flag, fitted_v100_id






    def add_loop_take_from_database():

        nonlocal input_geo_format, it

        mat_proj_st_id = None
        if mat_proj_id:
            input_geo_format = 'mat_proj'

        if input_geo_format == 'mat_proj':
            print_and_log("Taking structure "+it+" from materialsproject.org ...", imp = 'Y')
            if it_folder == None:
                print_and_log('Error! Please provide local folder for new ', it, 'structure using *it_folder* argument! ', imp = 'Y')
            
            st = get_structure_from_matproj(it, it_folder, verlist[0], mat_proj_cell, mat_proj_id)
            mat_proj_st_id = st.mat_proj_st_id
            input_geo_file = st.input_geo_file
            input_geo_format = 'vasp'

        elif input_geo_format == 'cee_database':
            
            if it_folder == None:
                print_and_log('Error! Please provide local folder for new ', it, 'structure using *it_folder* argument! ', imp = 'Y')

            get_structure_from_cee_database(it, it_folder, verlist[0], **cee_args) #will transform it to vasp
            input_geo_format = 'vasp'
        return mat_proj_st_id


    def add_loop_neb():
        
        nonlocal n_neb_images
        nebsets = []
        neb_flag = calc_method and not set(['neb', 'only_neb']).isdisjoint(calc_method)
        if neb_flag: #put nimage values for set_sequence
            curset = varset[ setlist[0] ]
            if not n_neb_images:
                n_neb_images = varset[curset.vasp_params['IMAGES']]

            if not n_neb_images:
                print_and_log('Error! You did not provide number of NEB images nor in *n_neb_images* nor in your set!')
                raise RuntimeError


            if header.corenum % n_neb_images > 0:
                print_and_log('Error! add_loop_neb(): Number of cores should be dividable by number of IMAGES', header.corenum, n_neb_images)
                raise RuntimeError

            nebsets = [curset]
            
            if hasattr(curset, 'set_sequence') and curset.set_sequence:
                for s in curset.set_sequence:
                    nebsets.append(s)

            for s in nebsets:
                s.init_images_value = copy.deepcopy(s.vasp_params['IMAGES'])
                s.vasp_params['IMAGES'] = n_neb_images
            #     print s.vasp_params['IMAGES']
            # sys.exit()
            print_and_log('Attention, I update number of images in the set to', n_neb_images, 'for this calculation; ', imp = 'y')
        return neb_flag, nebsets


    def add_loop_neb2(neb_flag, nebsets):
        if neb_flag:

            if len(setlist) > 1:
                print_and_log('In "neb" mode only one set is allowed' )
                raise RuntimeError
            print_and_log('Preparing   neb  calculation ... ')

            #create necessary calculations without
            nimages = varset[setlist[0]].vasp_params['IMAGES']
            # verlist+=[ 3+v for v in range(nimages)  ] #list of images starts from 3 (1 and 2 are final and start)

            # write_batch_list+=[False for v in range(nimages)] #not used now

            #probably the add_calculation() should be used instead of the duplicating for code below, but then 
            #the creation of footer should be taken out
            #from add_calculation and put in add_loop() in the end.
            cl = calc[it, setlist[0], 2]
            
            for i in range(nimages):
                i+=3
                cl_i = copy.deepcopy(cl)
                cl_i.version = i
                cl_i.id = (cl.id[0], cl.id[1], cl_i.version)
                cl_i.name = str(cl_i.id[0])+'.'+str(cl_i.id[1])+'.'+str(cl_i.id[2])
                
                n = i - 2
                if n < 10:
                    n_st = '0'+str(n)
                elif n < 100:
                    n_st = str(n)


                cl_i.path["output"] = cl_i.dir + n_st + "/OUTCAR"
                print_and_log(i , cl_i.path["output"], 'overwritten in database')

                cl_i.associated_outcars = list([a.replace('2.', '', 1) for a in cl.associated_outcars])




                cl_i.state = '2. Ready to read outcar'

                if cl_i.id in calc: # for 'continue' mode the add_calculation() takes care, but here it should be
                                    # repeated. Again think about using only add_calculation and  write_batch_list
                    ''
                    # print_and_log('Please test code below this message to save prev calcs')
                    # if cl_i != calc[cl_i.id]
                    #     if hasattr(calc[cl_i.id], 'prev') and calc[cl_i.id].prev:
                    #         prevlist = calc[cl_i.id].prev
                    #     else:
                    #         prevlist = [calc[cl_i.id]]
                    #     cl_i.prev = prevlist
                    #     calc[cl_i.id] = cl_i
                else:
                    ''
                calc[cl_i.id] = cl_i

            #return back images values
            for s in nebsets:
                s.vasp_params['IMAGES'] = s.init_images_value #return back


    def add_loop_prepare2():

        nonlocal it
        struct_des = header.struct_des

        # print(it)
        # sys.exit()
        if it_suffix:
            it = it+'.'+it_suffix

        if it not in struct_des:
            if not it_folder:
                printlog('Error! Structure',it,'is not in struct_des, Please provide *it_folder*')
            else:
                add_des(struct_des, it, it_folder, 'auto add_des '  )


        if ngkpt: # add to struct_des
            # print (setlist)
            if len(setlist) > 1:
                printlog('Error! add_loop(): *ngkpt* parameter is allowed only with one inputset')
            else:
                kspacing = varset[setlist[0]].kspacing
                if not kspacing:
                    printlog('Error! add_loop(): no kspacing. In order to use inheritence of ngkpt I should know corresponding approximate kspacing, please provide')

                printlog('add_loop(), you provided *ngkpt*, I add', ngkpt,'to description of',it,'for kspacing',kspacing, imp = 'Y')
                struct_des[it].ngkpt_dict_for_kspacings[kspacing] = ngkpt



    def add_loop_choose_input_folder():
        
        if ifolder:
            input_folder = ifolder
        else:
            input_folder = header.geo_folder+header.struct_des[it].sfolder+"/"+it

        return input_folder

    def add_loop_try_to_read():
        # check if it is possible to read as is; please improve that section
        #not this functional is in add_calculation, probably move here
        if id in header.calc:
            clc = header.calc[id]
            clc.res()
            if '3' in clc.state or '4' in clc.state:
                printlog(id, 'is running or already read', imp = 'y')
                # continue


    def add_loop_finalize(u_scale_flag, fitted_v100_id):
        nonlocal id_base
        if u_scale_flag:
            #modify output names for fitted version 100, since it is created manually above and 
            #by add_calculation; for u-ramping names are different
            cl = calc[it, setlist[0], 1]

            calc[fitted_v100_id].path["output"] = cl.path["output"].replace('/1.', '/100.')
            
            calc[fitted_v100_id].associated_outcars = [out.replace('1.', '100.', 1) for out in cl.associated_outcars]


            # print (fitted_v100_id, calc[fitted_v100_id].associated_outcars)
            # sys.exit()

        if ise_new and hasattr(varset[ise_new], 'k_band_structure') and varset[ise_new].k_band_structure: #copy chgcar
            
            # calc[id_base].path["charge"]
            printlog('Copying CHGCAR for band structure', imp = 'y')
            wrapper_cp_on_server(calc[id_base].path["charge"], header.project_path_cluster + '/' + calc[id].dir + '/', new_filename = 'CHGCAR')


        if inherit_option  == 'full_chg':

            # cl.path["charge"] = cl.path["output"].replace('OUTCAR', 'CHGCAR')
            # print(calc[id_base].path)
            printlog('Copying CHGCAR ...', imp = 'y')

            wrapper_cp_on_server(calc[id_base].path["charge"], header.project_path_cluster + '/' + calc[id].dir + '/', new_filename = 'CHGCAR')






        hstring = "res_loop('{:s}', {:s}, {:s}, show = 'fo'  )     # {:s}, on {:s}  ".format(
            it, str(setlist), str(verlist), comment, str(datetime.date.today() )  )

        if hstring != header.history[-1]: 
            header.history.append( hstring  )



        if up not in ('up1','up2','up3'): 
            print_and_log("Warning! You are in the test mode, to add please change up to up1; "); 
            sys.exit()
        
        if run: #
            complete_run() # for IPython notebook
            printlog(run_on_server('./run', header.CLUSTER_ADDRESS), imp= 'Y' )
            printlog('To read results use ', hstring, '; possible options for show: fit, fo, fop, en, mag, magp, smag, maga, occ, occ1, mep, mepp', imp = 'Y')

        return u_scale_flag




    # def add_loop_write 






    id_base = None

    # id1 = (it, setlist[0], verlist[0])

    add_loop_prepare()

    # print(verlist)

    mat_proj_st_id = add_loop_take_from_database()
    
    neb_flag, nebsets     = add_loop_neb()


    # if 
    u_scale_flag, fitted_v100_id = add_loop_scale()
    
    add_loop_inherit()
    
    add_loop_modify()

    add_loop_prepare2()

    """Main Loop by setlist and verlist"""
    output_files_names = []
    input_folder = add_loop_choose_input_folder()


    for inputset in setlist:

        prevcalcver = None # version of previous calculation in verlist

        for v in verlist:
            id = (it,inputset,v)

            
           
            blockdir = header.struct_des[it].sfolder+"/"+varset[inputset].blockfolder #calculation folder

            add_calculation(it,inputset,v, verlist[0], verlist[-1], 
                input_folder, blockdir, calc, varset, up, 
                inherit_option, prevcalcver, coord, savefile, input_geo_format, input_geo_file, 
                calc_method = calc_method, 
                u_ramping_region = u_ramping_region,
                mat_proj_st_id = mat_proj_st_id,
                output_files_names = output_files_names,
                run = run, input_st = input_st, check_job = check_job, params = params)
            
            prevcalcver = v


 
    add_loop_neb2(neb_flag, nebsets)

    add_loop_finalize(u_scale_flag, fitted_v100_id)
    

    return it













[docs]def add_calculation(structure_name, inputset, version, first_version, last_version, input_folder, blockdir, 
    calc, varset, up = "no",
    inherit_option = None, prevcalcver = None, coord = 'direct', savefile = None, input_geo_format = 'abinit', 
    input_geo_file = None, calc_method = None, u_ramping_region = None,
    mat_proj_st_id = None, output_files_names = None, run = None, input_st = None, check_job = 1, params = None):
    """

    schedule_system - type of job scheduling system:'PBS', 'SGE', 'SLURM', 'none'

    prevcalcver - version of previous calculation in verlist

    output_files_names - the list is updated on every call

    if inherit_option == 'continue' the previous completed calculation is saved in cl.prev list

    input_st (Structure) - Structure object can be provided instead of input_folder and input_geo_file, has highest priority


    TODO:
    make init of seqset inside calculate_nbands(), actualize_set, check_kpoints 

    """

    def write_parameters_for_monte(name, vasp_run_com, params):
        file = cl.dir +  'monte.json'  
        if 'monte' not in params:
            printlog('Error! no paramters for Monte-Carlo simulation were provided! please provide params["monte"] dictionary to add_loop')      
        pm = params['monte']
        st = cl.init
        els = st.get_elements()
        if 'void' in els:
            pm['xvoid'] = [ list(x) for x in st.get_specific_elements([300], fmt = 'x')]
        if 'bulk' in pm:
            del pm['bulk'] # is CalculationVasp object - cant be serialized

        pm['vasp_run'] = vasp_run_com + ' > ' + name+'.log'
        with io.open(  file, 'w', newline = '') as fp:
            json.dump(pm, fp,)

        return file

    def write_configuration_file_for_cluster(name, vasp_run_com, params):
        file = cl.dir +  'conf.json'  
        pm = params

        pm['vasp_run'] = vasp_run_com + ' > ' + name+'.log'
        with io.open(  file, 'w', newline = '') as fp:
            json.dump(pm, fp,)

        return file


    def write_lat_in(st, params):
        file = cl.dir +  'lat.in'
        to_ang = 1
        rprimd = st.rprimd
        with open(file, 'w') as f:
            for i in 0, 1, 2:
                f.write('{:10.6f} {:10.6f} {:10.6f}\n'.format(rprimd[i][0]*to_ang,rprimd[i][1]*to_ang,rprimd[i][2]*to_ang) )
                # f.write("\n")
            f.write(' 1 0 0\n 0 1 0\n 0 0 1\n')

            active_atoms = params['atat']['active_atoms'] #dict
            
            exclude = params['atat'].get('exclude_atoms_n') or []
            
            subs = []

            active_numbers = []
            subs_dict    = {}
            active_elements = []
            for el in set(st.get_elements()):
                for elan in active_atoms:
                    
                    if el not in elan:
                        continue


                    # print(elan)
                    active_elements.append(el)
                    elann = re.split('(\d+)',elan)
                    print('Exctracting symmetry position of Na ', elann)
                    if len(elann) > 2:
                        ela = elann[0]
                        isym   = int(elann[1])
                    else:
                        ela = elann[0]
                        isym = None
                    if isym:
                        natoms = st.determine_symmetry_positions(el)
                        a_numbers = natoms[isym-1]
                    else:
                        a_numbers = st.get_numbers(el)
            
                    for i in a_numbers:
                        subs_dict[i] = active_atoms[elan]
                    
                    active_numbers.extend(a_numbers)
            # print(active_numbers)
            # sys.exit()


            # st.printme()
            # sys.exit()


            for i, el in enumerate(st.get_elements()):
                if i not in exclude and i in active_numbers:
                    # print(el, i, st.xred[i])
                    subs.append(subs_dict[i])
                else:
                    subs.append(None)

            print(subs)
            # print(st.magmom)

            if None in st.magmom:
                magmom = st.natom*['']
            else:
                magmom = st.magmom

            # print(magmom)
            for x, el, sub, m in zip(st.xred, st.get_elements(), subs, magmom):
                # if el == 'O':
                #     m = 0
                # print(m)
                if abs(m) < 0.1:
                    m = 0
                # print(m, '{:+.0f}'.format(m))
                f.write('{:10.6f} {:10.6f} {:10.6f} {:s}{:+.0f}'.format(*x, el, m))
                
                if sub:
                    f.write(','+sub)
                f.write("\n")

        #highlight active atoms
        st_h = st.replace_atoms(active_numbers, 'Pu')
        st_h.write_poscar()
        printlog('Check active atoms', imp = 'y')



        return file

    struct_des = header.struct_des


    id = (structure_name, inputset, version)
    id_first = (structure_name, inputset, first_version)


    cl_prev = None
    if not params:
        params = {}

    if 'show' not in params:
        params['show'] = ''

    if 'update_set_dic' not in params:
        params['update_set_dic'] = {}



    if id in calc: 
        cl = calc[id]
        status = "exist"
        printlog('add_calculation():',str(calc[id].name), " has been already created and has state: ", str(calc[id].state),)# imp = 'y')

        # print(cl.state)


        if check_job:
            res_params = params.get('res_params') or {}
            # print(res_params)
            # sys.exit()
            if '2' in cl.state or '5' in cl.state:
                status = "ready"
                if up != 'up2':
                    cl.res(check_job = check_job, show = params['show'], **res_params) 
                    return

            if "3" in cl.state: #attention, should be protected from running the same calculation once again
                status = "running"
                cl.res(check_job = check_job, show = params['show'], **res_params)
                # print(check_job)
                # sys.exit()
                if '3' in cl.state and check_job: 
                    return

            elif "4" in cl.state: 
                status = "compl"
                if up == 'up2':
                    cl.init.select = None
                cl.res(check_job = check_job, show = params['show'], **res_params) 
                # sys.exit()

                if up != 'up2':
                    return


    else:
        status = "new"
        print_and_log( "There is no calculation with id "+ str(id)+". I create new with set "+str(inputset)+"\n" )        




    if "up" in up:

        header.close_run = True


        if status in ["exist","compl"]: 
            print_and_log("You asked to update existing calculation with id "+ str(id)+"; results are overwritten" )         

        if status == 'compl' and inherit_option == 'continue':
            print_and_log(id, 'is completed, I will make its copy in self.prev[]', imp = 'Y' )         

            cl_prev = copy.deepcopy(calc[id])

        if params.get('calculator') == 'aims':
            cl = CalculationAims( varset[id[1]] )

        else:
            #by default Vasp
            cl = CalculationVasp( varset[id[1]] )
        




        calc[id] = cl

        cl.id = id 
        cl.name = str(id[0])+'.'+str(id[1])+'.'+str(id[2]) # 
        cl.dir = blockdir+'/'+ str(id[0]) +'.'+ str(id[1])+'/'
        

        batch_script_filename = cl.dir +  cl.id[0]+'.'+cl.id[1]+'.run'        


        # all additional properties:

        if hasattr(cl.set, 'savefile'):
            for s in cl.set.savefile:
                if s not in savefile:
                    savefile+=s



        cl.calc_method = calc_method


        if hasattr(cl.set, 'u_ramping_nstep') and cl.set.u_ramping_nstep:
            print_and_log("Attention! U ramping method is detected from set\n\n")
            cl.calc_method.append('u_ramping')

        if hasattr(cl.set, 'afm_ordering'):
            print_and_log("Attention! afm_ordering method is detected from set\n\n")
            cl.calc_method.append('afm_ordering')



        #pass using object
        # if header.copy_to_cluster_flag:
        cl.cluster_address      = header.cluster_address
        cl.project_path_cluster = header.project_path_cluster
        cl.cluster_home = header.cluster_home
        cl.corenum = header.corenum 
        cl.schedule_system = header.schedule_system
        cl.cluster = header.cluster
        cl.params = params

        if mat_proj_st_id:
            cl.mat_proj_st_id = mat_proj_st_id




        if inherit_option == 'continue' and cl_prev:
            if hasattr(cl_prev, 'prev') and cl_prev.prev:
                cl.prev.extend(cl_prev.prev) #if 'continue' flag is used several times, we do not need cl.prev.prev.prev.... but cl.prev = [cl1, cl2 ..]
            else:
                cl.prev.append(cl_prev)


        if up in ['up1', 'up2', 'up3']:
            if not os.path.exists(cl.dir):
                os.makedirs(cl.dir)
                if header.copy_to_cluster_flag:
                    run_on_server("mkdir -p "+cl.dir, addr = cl.cluster_address)

            if id[2] == first_version:
                write_batch_header(batch_script_filename = batch_script_filename,
                    schedule_system = cl.schedule_system, 
                    path_to_job = header.project_path_cluster+'/'+cl.dir, 
                    job_name = cl.id[0]+"."+cl.id[1], number_cores = cl.corenum  )



        if input_st:
            
            if type(input_st) is not type(Structure()):
                printlog('Error! input_st should be of type Structure()')
            cl.init  = input_st
        else:
            cl.init = smart_structure_read(curver = cl.id[2], calcul = cl, input_folder = input_folder, 
                input_geo_format = input_geo_format, input_geo_file = input_geo_file)


        # print(cl.init.printme())
        # sys.exit()

        if cl.path["input_geo"]:

            calc_geofile_path = os.path.join(cl.dir, os.path.basename(cl.path["input_geo"]) )
            
            # sys.exit()
            if cl.path["input_geo"] != calc_geofile_path: # copy initial geo file and other files to calc folder

                makedir(calc_geofile_path)

                shutil.copyfile(cl.path["input_geo"] , calc_geofile_path)

                #copy OCCMATRIX file as well             
                dir_1 = os.path.dirname(cl.path["input_geo"] )
                dir_2 = cl.dir
                # sys.exit()

        if 'occmatrix' in params or ('OCCEXT' in cl.set.vasp_params and cl.set.vasp_params['OCCEXT'] == 1): #copy occfile
            if 'occmatrix' in params:
                shutil.copyfile(params['occmatrix'], cl.dir+'/OCCMATRIX' ) # file is provided explicitly

            else:
                try:
                    shutil.copyfile(dir_1+'/OCCMATRIX', cl.dir+'/OCCMATRIX' )
                except:
                    printlog('Attention! no OCCMATRIX file was found!!!')


        # if cl.des:
        cl.des = ' '+struct_des[id[0]].des + '; ' + varset[id[1]].des


        setseq = [cl.set]                                                                                                    
        if hasattr(cl.set, 'set_sequence') and cl.set.set_sequence:
            for s in cl.set.set_sequence:
                setseq.append(s)
    

        cl.check_kpoints()    
        

        for curset in setseq:
            if len(setseq) > 1:
                printlog('sequence set mode: set', curset.ise,':', end = '\n')
            curset.load(params['update_set_dic'], inplace = True)
            cl.actualize_set(curset, params = params)




        if up in ['up1', 'up2', 'up3']:
            
            cl.write_structure(str(id[2])+".POSCAR", coord, inherit_option, prevcalcver)
            
        
            out_name = cl.write_sge_script(str(version)+".POSCAR", version, 
                inherit_option, prevcalcver, savefile, 
                schedule_system = cl.schedule_system, mode = 'body',
                batch_script_filename = batch_script_filename)
            
        

            """Filenames section"""

            if params.get('calculator') == 'aims':
                cl.path["output"] = cl.dir+cl.name+'.log'

            else:
                if out_name:
                    cl.path["output"] = cl.dir+out_name
                else:
                    name_mod = ''
                    cl.path["output"] = cl.dir+str(version)+name_mod+".OUTCAR" #set path to output
                
                #paths to other files
                cl.path["charge"] = cl.path["output"].replace('OUTCAR', 'CHGCAR')



            output_files_names.append( cl.path["output"] )




            if id == id_first:
                path_to_potcar = cl.add_potcar()
            
            for curset in setseq: #for each set
                cl.calculate_nbands(curset, calc[id_first].path['potcar'], params = params)



            if id[2] == last_version:

                list_to_copy = []

                if 'monte' in cl.calc_method:
                    if 'external' in params['monte']:
                        monte_bulk = params['monte']['bulk']
                        monte_bulk.serialize_json(cl.dir +'bulk')
                        list_to_copy.append(cl.dir +'bulk.json')
                    monte_params_file = write_parameters_for_monte(cl.name, header.vasp_command, params)
                    list_to_copy.append(monte_params_file)

                if 'polaron' in cl.calc_method:
                    conf_file = write_configuration_file_for_cluster(cl.name, header.vasp_command, params['polaron'])
                    list_to_copy.append(conf_file)




                
                cl.write_sge_script(mode = 'footer', schedule_system = cl.schedule_system, option = inherit_option, 
                    output_files_names = output_files_names, batch_script_filename = batch_script_filename, savefile = savefile )
                
                list_to_copy.extend( cl.make_incar() )
                
                list_to_copy.extend( cl.make_kpoints_file() )

                list_to_copy.append(batch_script_filename)
                


                if 'atat' in cl.calc_method:
                    lat_in = write_lat_in(cl.init, params)
                    list_to_copy.append(lat_in)
                    wrap = cl.dir+'/vasp.wrap'
                    shutil.copyfile(cl.dir+'/INCAR', wrap)

                    with open(wrap, "r") as fwr:
                        wrap_cont = fwr.readlines()

                    with open(wrap, "w") as fwr:
                        fwr.write("[INCAR]\n"+"".join(wrap_cont[1:])) # remove first line with SYSTEM tag - not working in ATAT for some reason

                    list_to_copy.append(wrap)



                if header.copy_to_cluster_flag: 
                    cl.copy_to_cluster(list_to_copy, up)

                    batch_on_server = cl.project_path_cluster+'/'+batch_script_filename 

                    printlog('Setting executable rights for batch script on server', batch_on_server)
                    run_on_server('chmod +x '+batch_on_server, header.cluster_address)

                    if header.siman_run or run: #for IPython should be only for run = 1 
                        cl.make_run(cl.schedule_system, batch_on_server)

            cl.state = "2. Ready for start"



        if status == "compl": 
            cl.state = '2. Can be completed but was reinitialized' #new behavior 30.08.2016


        print_and_log("\nCalculation "+str(id)+" successfully created\n\n", imp = 'Y')




    return













[docs]def inherit_icalc(inherit_type, it_new, ver_new, id_base, calc = None, st_base = None,
    id_from = None, confdic = None,
    atom_new = None, atom_to_replace = None,  
    id_base_st_type = 'end', 
    atoms_to_remove = None, del_pos = None,
    i_atom_to_remove = None, 
    id_from_st_type = 'end',
    atom_to_shift = None, shift_vector = None,
    it_folder = None, occ_atom_coressp = None, ortho = None, mul_matrix = None, override = None, use_init = None,
    ):
    """
    Function for creating new geo files in geo folder based on different types of inheritance
    Input args: 
        
        it_new, ver_new - name of new structure,
        id_base - new structure will be based on the final structure of this calculation;     (can be either Calculation() object or path to geo file)
        id_from - can be additionally used to adopt for example rprimd from id_from to it_new; (can be either Calculation() object or path to geo file)

        st_base - if not None then used instead of id_base; not implemented yet
        confdic (dict) - to pass more parameters


        
        inherit_type = '':
            
            full          - full inheritance of final state
            full_chg      - full + chg file, works only if chg file is on the same cluster
            'full_nomag'  - full except magmom which are set to None
            r2r3          - use r2 and r3 from id_from
            r1r2r3        - use r1, r2 and r3 from id_from
            remove_atoms  - removes atoms specified with *atoms_to_remove* (list of element names or list of atom numbers)
                del_pos (int) - choose specific position if several positions exist for the same ion

            replace_atoms - atoms of type 'atom_to_replace' in 'id_base' will be replaced by 'atom_new' type.
            make_vacancy  - produce vacancy by removing 'i_atom_to_remove' starting from 0
            occ           - take occ from *id_from* and create file OCCMATRIX for 
                            OMC [https://github.com/WatsonGroupTCD/Occupation-matrix-control-in-VASP]
                            - occ_atom_coressp (dict) {iatom_calc_from:iatom_calc_base, ... } (atomno starting from 0!!!)
            supercell - create orthogonal supercel using *ortho* list [a,b,c] or *mul_matrix* (3x3) ( higher priority)
            antisite  - create anitsite defect:
                        curent implimintation takes the first alkali cation and the closest to it transition metal and swap them
                confdic
                   
                    - st_from
                    - cation
                    - trans
                    - mode 



        id_base_st_type - use init or end structure of id_base calculation.
        id_from_st_type  - init or end for id_from

        atom_to_shift - number of atom to be shifted; starting from 1.
        shift_vector - vector in decart cooridinates (Angstrom!!) by which the atom will be shifted

        - it_folder - section folder
        
        - use_init (bool) use init structure if end is empty

    Result: 
        
        new geo file in the input geo folder

    Output:
        
        no

    Depends from:
        
        header.struct_des
        header.calc


    Comments: 
        
        changes len_units of new to Angstrom!!!
        !nznucl is not calculated, since only geo is created here!
        make use of new methods for atom manipulation
        add to des which type of st is used: 'end', 'init'

    """


    # hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
    hstring = "inherit_icalc(it_new = '{:s}', ver_new = {:s}, id_base = {:s}, id_from = {:s})   # on {:s}".format(
        it_new, str(ver_new), str(id_base), str(id_from), str( datetime.date.today())   )
    if hstring != header.history[-1]: 
        header.history.append( hstring  )

    #if inherit_type not in header.history[-1] or \
    #it_new not in header.history[-1]:   header.history.append( hstring  )
    calc = header.calc
    struct_des = header.struct_des
    # override  = False
    if type(id_base) == str: #use function below for other formats
        printlog('Reading id_base from file', id_base)
        cl_base = CalculationVasp()
        cl_base.read_geometry(id_base)
        cl_base.id = ('from_file', 'from_file', cl_base.version)
        cl_base.name = id_base
        cl_base.end = cl_base.init

    else:
        # print(id_base)
            # id_base = (bytes(id_base[0]),bytes(id_base[1]),id_base[2])

        if id_base in calc and hasattr(calc[id_base], 'id'):
            ''
            valid_calc = False
            cl_base = calc[id_base]
            printlog('Taking id_base from calc:', id_base)
        

        else:

            cl_temp = CalculationVasp()
            input_folder = struct_des[id_base[0]].sfolder+'/'+id_base[0]
            printlog('Searching for id_base', id_base, 'in ',input_folder)

            cl_temp.init = smart_structure_read( curver = id_base[2], input_folder = input_folder)
            cl_temp.end = copy.deepcopy(cl_temp.init)
            cl_temp.name = id_base[0]+'from_file'
            cl_temp.id = ('temp','temp',id_base[2])
            cl_base = cl_temp





    if id_from:
        if type(id_from) == str: # if string - treated like file name
            print_and_log("I detect *id_from* path provided; taking some information from:", id_from)

            calc_from = CalculationVasp();
            calc_from.read_geometry(id_from)
            calc_from.end = calc_from.init
            calc_from_name = id_from
        else:
            print_and_log("I detect *id_from* Calculation(); taking some information from:", id_from, id_from_st_type)
            

            calc_from = calc[id_from]
            calc_from_name = calc_from.name

        if id_from_st_type == 'end':
            st_from = calc_from.end
        elif id_from_st_type == 'init':
            st_from = calc_from.init



        if cl_base.len_units != calc_from.len_units:
            print_and_log("Calculations have different len_units"); raise RuntimeError

        if it_new == id_from[0] and ver_new == id_from[2]:
            print_and_log("Warning! check your versions, you are trying to overwrite existing from structures, nothing done")
            raise RuntimeError 


    if it_new == cl_base.id[0] and ver_new == cl_base.id[2]:
        print_and_log("Warning! check your versions, you are trying to overwrite existing base structures, nothing done")
        raise RuntimeError
  



    new = copy.deepcopy(  cl_base  )

    new.len_units = 'Angstrom' #! Because from VASP

    # print(id_base_st_type)
    # sys.exit()

    new.version = ver_new

    if id_base_st_type == 'init':
        st = new.init
    elif id_base_st_type == 'end':
        st = new.end
        if not hasattr(st, 'znucl'):
            if use_init:
                st = new.init
                printlog('Attention! *use_init* flag detected, init is used instead of end')

            else:

                printlog('Error! end structure of', new.id, 'is empty! Use either init or finish calculation, check *use_init* flag!')

    # print(st.select)
    # sys.exit()


    #path to new calc
    if it_folder:
        # add_des(struct_des, it_new, it_folder, des = 'auto by inherit_icalc '+inherit_type) see below
        section_folder = it_folder

    else:
        if it_new not in struct_des:
            printlog('Error! please provide *it_folder*')
        section_folder = struct_des[it_new].sfolder


    it_new_folder = header.geo_folder + section_folder + '/' + it_new
    new.path["input_geo"] = it_new_folder + '/' +it_new+'.inherit.'+inherit_type+'.'+str(ver_new)+'.'+'geo'

    makedir(new.path["input_geo"])
    print_and_log('Path for inherited calc =', it_new_folder)




    if inherit_type == "r2r3":
        des = ' Partly inherited from the final state of '+cl_base.name+'; r2 and r3 from '+calc_from_name
        st.rprimd[1] = st_from.rprimd[1].copy()
        st.rprimd[2] = st_from.rprimd[2].copy()       
        st.update_xcart() #calculate new xcart from xred, because rprimd was changed


    elif inherit_type == "r1r2r3":
        des = ' Partly inherited from the final state of '+cl_base.name+'; r1, r2, r3 from '+calc_from_name
        st.rprimd = copy.deepcopy( st_from.rprimd )
        try:
            new.hex_a = calc_from.hex_a
            new.hex_c = calc_from.hex_c
        except:
            printlog('Attention! hex_a and hex_c were not found')

        st.update_xcart() #calculate new xcart from xred, because rprimd was changed


    elif inherit_type in ["full", ]:
        # print_and_log("Warning! final xred and xcart was used from OUTCAR and have low precision. Please use CONTCAR file \n");
        des = 'Fully inherited from the final state of '+cl_base.name


    elif inherit_type  == 'full_chg':

        des = 'Fully inherited (including chg file ) from the final state of '+cl_base.name

        # The file is copied in add_loop_finalize !!!

    elif inherit_type == "full_nomag":
        # print_and_log("Warning! final xred and xcart was used from OUTCAR and have low precision. Please use CONTCAR file \n");
        des = 'Fully inherited from the final state of '+cl_base.name+'; "magmom" set to [None]'
        st.magmom = [None]

    elif inherit_type == "occ":
        des = 'Fully inherited from the final state of '+cl_base.name+'; occupation matrix is taken from '+calc_from_name

        print_and_log('Inherit option: "occ", reading occupation matrices from',calc_from_name)
        
        if not calc_from.occ_matrices:
            print_and_log('Error! calc_from.occ_matrices is empty')
            raise RuntimeError


        #additional control to which atoms should be applied
        #if cells are different
        print_and_log('You can use *occ_atom_coressp* to control for which atoms you inherit occupations')



        if calc_from.end.natom != new.natom or occ_atom_coressp:
            
            if calc_from.end.natom != new.natom:
                print_and_log('Attention! Numbers of atoms are different. Please use *occ_atom_coressp* or I will try to use most closest to alkali ion d-atoms ')

            if not occ_atom_coressp:
                # raise RuntimeError
                print_and_log('Please run res_loop(show = "occ") for *id_base*=',id_base, ' and *id_from*=',id_from, 'to save self.dist_numb')


                occ_atom_coressp = {}
                occ_atom_coressp[calc_from.dist_numb[0][1] ] = new.dist_numb[0][1] 
            
            
            print_and_log('The occ matrices will be inherited from atom # in id_from to atom # in id_base:', end = '\n')
            occs = {}
                
            for iat_from in occ_atom_coressp: # key is atom number in id_from 
                iat_new = occ_atom_coressp[iat_from] #new is based on id_base
                occs[ iat_new ] = calc_from.occ_matrices[iat_from]
                print_and_log('        occ:',iat_from+1,'-->', iat_new+1)
        else:
            print_and_log('The cells seems to be consistent; full inheritence of occ_matrices')
            occs = calc_from.occ_matrices
        
        # sys.exit()

        write_occmatrix(occs, it_new_folder)


        # st.magmom = [None]
        



        # sys.exit()

    elif inherit_type == 'supercell':
        from siman.geo import ortho_vec, create_supercell
        print_and_log('       inherit_icalc(): starting supercell mode ...', imp = 'Y')
        # print_and_log('rprimd is \n', st.rprimd)
        
        if mul_matrix is None: #if *mul_matrix* is not provided, try to use *ortho*
            mul_matrix = ortho_vec(st.rprimd, ortho_sizes = ortho)
            printlog('*mul_matrix* was calculated from *ortho*')
        else:
            printlog('*mul_matrix* was explicitly provided')

        print_and_log('Mul matrix is\n',mul_matrix)
        st = create_supercell(st, mul_matrix)
        # sc.mul_matrix = mul_matrix.copy()
        # new.init = sc
        # new.end  = sc
        des = 'obtained from '+cl_base.name+' by creating supercell '+str(ortho)
        override = True
    

    elif inherit_type == "atom_shift":
        des = 'obtainded from final state of '+cl_base.name+' by shifting atom '+ str(atom_to_shift) +' by '+ str(shift_vector)
        
        st.xcart[atom_to_shift-1] += np.asarray(shift_vector) 
        st.xred = xcart2xred(new.end.xcart, new.end.rprimd)



    elif inherit_type == "remove_atoms":
        """
        remove atoms either of types provided in *atoms_to_remove* or having numbers provided in *atoms_to_remove*
        """

        des = 'All atoms of type ' + str(atoms_to_remove)+' removed from the final state of '+cl_base.name


        if del_pos:
            if len(atoms_to_remove) > 1 and not is_string_like(atoms_to_remove[0]):
                printlog('Error! When *del_pos* is given,  *atoms_to_remove* should be list with one element, but it is', atoms_to_remove)

            st = create_deintercalated_structure(st, atoms_to_remove[0], del_pos = del_pos)
        else:        
            st = remove_atoms(st, atoms_to_remove)




        new.init = st
        new.end  = st
        st.name = it_new+'_from_'+new.name
        override = True









    elif inherit_type == "make_vacancy":
        """Remove  atom 'i_atom_to_remove' from final state of id_base"""


        print_and_log('Warning! Please check inherit_type == "make_vacancy", typat can be wrong  if more than one element present in the system\n ',
            'Use del_atom() method ')
        # raise RuntimeError

        des = 'Atom '+str(i_atom_to_remove)+' removed from  '+cl_base.name

        del st.typat[i_atom_to_remove]
        del st.xcart[i_atom_to_remove]
        del st.xred[i_atom_to_remove]
        ntypat = len(set(st.typat))
        znucl_new = []
        for t in sorted(set(st.typat)):
            znucl_new.append( st.znucl[t-1]  )
        st.znucl = znucl_new
        st.natom -=1
        # new.write_geometry("end", des)      

        #make visualization by adding to vacancy hydrogen atom
        st_b_copy = copy.deepcopy(cl_base.end)
        st_b_copy.typat[i_atom_to_remove] = max(st_b_copy.typat)+1
        st_b_copy.ntypat+=1
        st_b_copy.znucl.append(1)
        write_xyz(st_b_copy, file_name = "test_of_vacancy_creation."+str(new.version)+"."+st_b_copy.name)






    elif inherit_type == "replace_atoms":
        """Simply replace in calculation one atoms by another """
        z_new     = element_name_inv(atom_new)
        z_replace = element_name_inv(atom_to_replace)




        znucl = st.znucl
        
        if z_replace not in znucl: 
            print_and_log("Error! Calc "+new.name+" does not have atoms of this type")
            raise RuntimeError

        if atom_to_replace not in id_base[0] or atom_new not in it_new:
            print_and_log("Error! inherit_icalc(): Something wrong with names of atom types")
            raise RuntimeError            
        print_and_log( "replace ", z_replace, "by", z_new)

        znucl = [int(z) for z in znucl] # convert to int
        i_r = znucl.index(z_replace)
        print_and_log( "index ", i_r)
        znucl[i_r] = z_new

        if znucl[-2] == znucl[-1]: #just for special case
            del znucl[-1]

            for i, t in enumerate(st.typat):
                if t == st.ntypat:
                    print_and_log( "found ntypat" ,t)
                    st.typat[i]-=1
                    #print t
            st.ntypat-=1
            #print st.typat
            #print new.end.typat
        
        st.znucl = znucl



        des = 'Fully inherited from the '+ id_base_st_type +' state of '+cl_base.name+\
        ' by simple replacing of '+atom_to_replace+' by '+atom_new

        override = 1



    elif 'antisite' in inherit_type:

        if 'as' in inherit_type:
            st = create_antisite_defect(st)
            des = 'Fully inherited from the '+ id_base_st_type +' state of '+cl_base.name+\
            ' by simple swapping of alkali and transition atoms'

        elif 'a' in inherit_type:
            st = create_antisite_defect2(st, st_from = confdic['st_from'], cation = confdic['cation'], trans = confdic['trans'], mode = confdic['mode'])
            des = 'create_antisite_defect2 '

        override = True






    else:
        print_and_log("Error! Unknown type of Calculation inheritance")



    




    #auto addition of description
    if it_new not in struct_des: 
        add_des(struct_des, it = it_new, it_folder = it_folder, des = 'auto '+des)
        new.des =  struct_des[it_new].des
    else:
        new.des = des + struct_des[it_new].des
        if it_folder:
            struct_des[it_new].sfolder = it_folder #update itfolder,




    if mul_matrix is not None:
        struct_des[it_new].mul_matrix = mul_matrix
    #write files

    # print new.end.xcart

    #print(len(new.end.xred))
    # print (id_base_st_type)
    new.init = st
    # print(new.init.select)
    # sys.exit()



    new.write_geometry('init', des, override = override)
    

    write_xyz(st)





    return





























[docs]def res_loop(it, setlist, verlist,  calc = None, varset = None, analys_type = 'no', b_id = None, 
    typconv='', up = "", imp1 = None, imp2 = None, matr = None, voronoi = False, r_id = None, readfiles = True, plot = True, show = 'fomag', 
    comment = None, input_geo_format = None, savefile = None, energy_ref = 0, ifolder = None, bulk_mul = 1, inherit_option = None,
    calc_method = None, u_ramping_region = None, input_geo_file = None, corenum = None, run = None, input_st= None,
    ortho = None, mat_proj_cell = None, ngkpt = None, it_suffix = None,
    it_folder = None, choose_outcar = None, choose_image = None, 
    cee_args = None, mat_proj_id = None, ise_new = None, push2archive = False,
    description_for_archive = None, old_behaviour  = False,
    alkali_ion_number = None, cluster = None, ret = None, override = None, check_job = 1, fitplot_args = None, style_dic = None, params = None):
    """Read results
    INPUT:
        
        'analys_type' - ('gbe' - calculate gb energy and volume and plot it. b_id should be appropriete cell with 
           
            bulk material,
            'e_imp' ('e_imp_kp', 'e_imp_ecut') - calculate impurity energy - just difference between cells with impurity and without.
            'fit_ac' - fit a and c lattice constants using 2-dimensianal spline
            'clusters' - allows to calculate formation energies of clusters
            'diff' - difference of energies in meV, and volumes A^3; E(id) - E(b_id)
            'matrix_diff' - difference normalized by matrix atoms

            'redox_pot' - calculate redox potential relative to b_id() (deintercalated cathode) and energy_ref ( energy per one ion atom Li, Na in metallic state or in graphite)
            'neb' - make neb path. The start and final configurations 
            should be versions 1 and 2, the intermidiate images are starting from 3 to 3+nimages

            'xcarts'
            )
        
        voronoi - True of False - allows to calculate voronoi volume of impurities and provide them in output. only if lammps is installed
        b_id - key of base calculation (for example bulk cell), used in several regimes; 
        r_id - key of reference calculation; defines additional calculation (for example atom in vacuum or graphite to calculate formation energies); can contain directly the energy per one atom

        up - 
            
            if equal to 'up2' the files are redownloaded; also can be used to download additional files can be 'xo' (deprecated?)
            - if 'un' is found in up then siman will try to read unfinished outcars


        readfiles (bool) - True - read from outcar, False - read from database; 



        The next three used for 'clusters' regime:    
        imp1 - key of bulk cell with one imp1
        imp2 - key of bulk cell with one imp2
        matr - key of bulk cell with pure matrix.


        - show - (str), allows to show additional information:
            
            - mag - magnetic moments on magnetic atoms
              maga
                *alkali_ion_number* (int) - number of atom around which to sort mag moments from 1
            - en  - convergence of total energy vs max force
            - mep - neb path
            - fo  - max force on each md step
            - polaron - determine polaron positon, write local surroundin
            - mig_path - write migration path xyz
            - pickle - download all pickle and convert to CONTCAR (for Monte-Carlo regime)
            - out - open OUTCAR, sublime text should be installed, not tested on windows
            - op  - open containing folder
            - qlog - log
            - term  - terminal at folder
            - freq - frequencies
            - conv - convergence
            - sur  - surround atoms
            - efav - energy average force 
            - est - energy per step
            - time - time per electronic iteration is seconds

        energy_ref - energy in eV; substracted from energy diffs
        
        bulk_mul - allows to scale energy and volume of bulk cell during calculation of segregation energies

        choose_outcar (int, starting from 1)- if calculation have associated outcars, you can check them as well, by default
        the last one is used during creation of calculation in write_sge_script()

        choose_image (int) - relative to NEB, allows to choose specific image for analysis, by default the middle image is used

        - push2archive (bool) - if True produced images are copied to header.project_conf.path_to_images
        - description_for_archive - caption for images

        ret (str) - return some more information in results_dic
            
            'energies' - just list of full energies
        
        check_job - (bool) check status on server, use 0 if no internet connection

        fitplot_args - additional arguments for fit_and_plot function

        style_dic - passed to plot_mep()

        - ise_new - dummy
        - inherit_option - dummy
        - savefile - dummy
        - cluster - used to override cluster name
        - override - dummy
        
        - params - dictionary of additional parameters to control internal, many arguments could me moved here 
            
            'mep_shift_vector' - visualization of mep in xyz format
            'charge' (int) - charge of cell, +1 removes one electron
    RETURN:
        
        (results_dic,    result_list)
        or 
        (result_string, result_list)

        result_list - list of results; was used in previous versions, now left for compatibility
        results_dic - should be used in current version! actually once was used as list, now should be used as dict

    TODO:
    
        
        Make possible update of b_id and r_id with up = 'up2' flag; now only id works correctly


    """


    """Setup"""



    if not is_list_like(verlist):
        verlist = [verlist]

    if not is_list_like(setlist):
        setlist = [setlist]


    if not calc:
        calc = header.calc
        db = header.db



    def override_cluster_address(cl):
        nonlocal cluster

        cluster_name = cluster
        if not hasattr(cl, 'cluster'):
            cl.cluster = {}
            cl.cluster['address'] = cl.cluster_address
            # cluster = cl.cluster 
        if header.override_cluster_address:
            
            # if cluster_name:
            if not cluster_name:
                cluster_name = cl.cluster.get('name')
            if not cluster_name:
                cluster_name = header.DEFAULT_CLUSTER

            cl.cluster['name'] = cluster_name


            if cl.cluster['address'] != header.CLUSTERS[cluster_name]['address']:
                cl.cluster['address'] = header.CLUSTERS[cluster_name]['address']
                # cl.cluster_address = cl.cluster['address'] # depricated should not be used
                printlog('Cluster address was overriden to ', header.CLUSTERS[cluster_name]['address'], imp = 'y')



    try:
        b_ver_shift = b_id[2] #add to version of base with respect to version of main
    except:
        b_ver_shift = 0



    if '2' in up:
        loadflag = up+'o'
    else:
        loadflag = up

    # if choose_outcar:


    name_field_length = 30

    header.show_head = 1 # head before the string of read_results()

    conv = {}
    base = 'base'; 
    n    = 'temp'
    conv[n] = []
    conv[base] = []
    conv[it] = []
    result_list = []
    energies = []

    # print(choose_outcar)
    # sys.exit()

    emin = 0
    if b_id:
        if b_id in calc:
            if len(b_id) == 3: # for all cases besides e_seg and coseg for wich b_id is determined every iteration
                # print "Start to read ", b_id
                # if '4' not in calc[b_id].state:
                if readfiles:
                    # print(choose_outcar)
                    # sys.exit()
                    calc[b_id].read_results(loadflag, choose_outcar = choose_outcar)
                
                e_b = 1e10; v_b = 1e10
                if '4' in calc[b_id].state:
                    e_b = calc[b_id].energy_sigma0
                    v_b = calc[b_id].end.vol
                else:
                    print_and_log('Warning! Calculation ',b_id, 'was not finished; please check, now skipping ...', important = 'y')
        else:
            printlog('Attention! res_loop(): b_id', b_id, 'does not exist. return {} []')
            # return {}, []

    #define reference values
    e1_r = 0
    if type(r_id) in (float, int):
        e1_r = r_id
    elif type(r_id) == tuple:
        # if '4' not in calc[r_id].state:
        #     print "Start to read reference:"
        if readfiles:
            print_and_log( calc[r_id].read_results(loadflag, choose_outcar = choose_outcar)  )
        e_r = calc[r_id].energy_sigma0 #reference calc
        nat_r = calc[r_id].end.natom # reference calc
        e1_r = e_r/nat_r # energy per one atom
        # print e1_r


    """Amendmend required before main loop """
    if analys_type == 'atat' and choose_outcar is not None:
        

        i = choose_outcar
        v = verlist[0]
        ise = setlist[0]
        idd = (it, ise, v)
        cl = db[idd]
        fit = cl.get_file('fit.out', root = 1, up = up)
        fit = cl.get_file('predstr.out', root = 1, up = up)
        fit = cl.get_file('gs.out', root = 1, up = up)
        
        # print(fit)
        fit_i_e = {} # dic, where concentration is a key
        with open(fit, 'r') as f:
            # lines = f.readlines()
            for line in f:
                # print(line)
                x = float(line.split()[0])
                k = int(line.split()[-1])
                e = float(line.split()[1]) # dft energy
                # print(x)
                if x not in fit_i_e:
                    fit_i_e[x] = []
                fit_i_e[x].append( (k, e) )
        # print(fit_i_e)
        fit_i_min = {}
        for key in fit_i_e:
            i_e = sorted(fit_i_e[key], key=lambda tup: tup[1]) 
            # print(i_e)
            fit_i_min[key] = i_e[0][0]

        # print(fit_i_min)
        xs = sorted(fit_i_min.keys())
        print("I read lowest energy configurations for the following concentration of vacancies", xs)
        verlist = []
        choose_outcar = None
        for x in xs:
            i = fit_i_min[x]
            idd_new = (it, ise, i)
            if i != v:
                db[idd_new] = cl.copy(idd_new)
                db[idd_new].update_name()
            db[idd_new].path['output'] = db[idd_new].dir+'/'+str(i)+'/OUTCAR.static'
            # print(db[idd_new].path['output'])
            verlist.append(i)
            # print(db[idd_new].id)


    """Main loop"""
    if it_suffix:
        it_suffix = '.'+it_suffix
    else:
        it_suffix = ''
    final_outstring = 'no calculation found'
    for inputset in setlist:
        for v in verlist:
            id = (it+it_suffix,inputset,v)
            # print(id)
            if id not in calc:
                printlog('Key', id,  'not found in calc!', imp = 'Y')
                continue #pass non existing calculations
            cl = calc[id]
            # print(cl.id, cl.path['output'])
            # setting_sshpass(cl) # checking if special download commands are needed - moved to get_file()
            

            override_cluster_address(cl)
            if readfiles and check_job:
                if '3' in cl.check_job_state():
                    printlog( cl.name, 'has state:',cl.state,'; I will continue', cl.dir, imp = 'y')
                    # cl.res()
                    continue


            if 'path' in show:
                printlog(os.getcwd()+'/'+cl.path['output'], imp = 'Y')
                # sys.exit()
                return
            
            if 'log' == show:

                path = cl.project_path_cluster +'/'+ cl.dir
                out = cl.run_on_server('ls '+path+'/*log', cl.cluster_address)
                # print(out)
                # sys.exit()
                files = out.splitlines()
                file = files[-1] #use last 
                name = os.path.basename(file)
                cl.get_file(name, )
                
                try:
                    header.PATH2EDITOR
                except:
                    print('Error! PATH2EDITOR parameter is not set. Please provide it in .simanrc or project_conf.py')

                runBash(header.PATH2EDITOR+' '+cl.dir+'/'+name)
                return

            if 'term' == show:
                #only fo linux
                header.open_terminal = True 
                cl.run_on_server('cd '+cl.dir)
                return

            if 'jmol' in show:
                # printlog(os.getcwd()+'/'+cl.path['output'], imp = 'Y')
                if 'r' in show:
                    r = 1
                else:
                    r = 0
                cl.jmol(r =r)
                # sys.exit()
                return

            if 'out' in show:
                runBash(header.PATH2EDITOR+' '+cl.path['output'])

            if 'op' in show:
                import webbrowser
                webbrowser.open('file:///' + os.getcwd()+'/'+cl.dir)
                # runBash('nautilus '+cl.dir)

            if 'pos' in show:
                cl.end.write_poscar()
                return

            if 'qlog' in show:

                path = cl.project_path_cluster +'/'+ cl.dir
                out = cl.run_on_server('ls '+path+'/*.e*', cl.cluster_address)
                # print(out)
                # sys.exit()
                files = out.splitlines()
                file = files[-1] #use last
                name = os.path.basename(file)
                i = name.split('-')[0]
                if not os.path.exists(cl.dir+'/'+name):
                    cl.get_file(name, )
                nodes_conf = None
                with open(cl.dir+'/'+name, 'r') as f:
                    for lll in f:
                        if 'Node(s):' in lll:
                            nodes_conf = lll
                print(nodes_conf)

            if 'pickle' in show:
                sys.modules['classes'] = siman.classes # temporary migration solution
                path = cl.project_path_cluster +'/'+ cl.dir
                # print(path)
                out = run_on_server('ls '+path+'/*.pickle', cl.cluster_address)
                files = out.splitlines()
                for file in files:
                    name = os.path.basename(file)
                    i = name.split('-')[0]
                    if not os.path.exists(cl.dir+'/'+name):
                        cl.get_file(name, )
                    cl_step = CalculationVasp().deserialize(cl.dir+'/'+name, encoding = 'latin1') # python2
                    cl_step.end.write_poscar(cl.dir+'/'+'CONTCAR-'+i)
                # sys.exit()



            if not hasattr(cl,'version'):
                cl.version = v

            
            if readfiles:
                printlog('Starting self.read_results() ...')
                outst = cl.read_results(loadflag, analys_type, voronoi = voronoi, show = show, 
                    choose_outcar = choose_outcar, alkali_ion_number = alkali_ion_number)
                
                if '5' in cl.state:
                    continue

            else:
                outst = ' output was not read '

            printlog('read_results() output', outst)



            if analys_type in ('e_seg', 'coseg'):
                try:
                    b_id[1] 
                    b_id = (b_id[0], b_id[1], id[2] + b_ver_shift)
                except:
                    b_id = (b_id[0], id[1], id[2] + b_ver_shift)
                printlog('b_id', b_id)


            # print(id)
            # sys.exit()
            e   = cl.energy_sigma0
            n_m = cl.end.nznucl[0] # number of matrix atoms


            try:
                v = cl.end.vol
            except:
                v = 0
            #print e
            if e < emin: 
                emin = e; 
                id_min = id
            
            conv[n].append(id)
            # print base
            conv[base].append(b_id)


            outst2 = ("db['{:s}']".format(calc[id].name)).ljust(name_field_length)
            


            outst2+='|'
            outst_end = '' 

            energies.append(cl.energy_sigma0)


            
            if   b_id :

                # if "4" not in calc[b_id].state:
                if readfiles:    
                    # print(b_id)
                    calc[b_id].read_results(loadflag, choose_outcar = choose_outcar)

                # print(b_id)
                if "4" in calc[b_id].state:    

                    if calc[id].set.ngkpt != calc[b_id].set.ngkpt:
                        print_and_log("Warning! you are trying to compare calcs with "+str(calc[id].set.ngkpt)+" and "+str(calc[b_id].set.ngkpt)+"\n")
                        pass

                    if calc[id].NKPTS != calc[b_id].NKPTS:
                        print_and_log("Warning! you are trying to compare calcs with "+str(calc[id].NKPTS)+" and "+str(calc[b_id].NKPTS)+" kpoints \n")

                    if 'gbe' in analys_type:      
                        outst2 = gb_energy_volume(calc[id], calc[b_id])
                
                    elif 'e_imp' in analys_type:
                        calc[id].e_imp = e - e_b
                        calc[id].v_imp = v - v_b

                        #calc[id].v_imp = e - e_b
                        outst2 += ("%.3f & %.2f  & %.2f &"% (e - e_b, v - v_b, (v - v_b)/v_b*100 ) )
                        conv['e_imp'].append(id)
                        a    = calc[id].hex_a;                     a_b  = calc[b_id].hex_a
                        c    = calc[id].hex_c;                     c_b  = calc[b_id].hex_c
                        ca = c/a;                                   ca_b = c_b/a_b
                        outst_end = " & {0:.1f} & {1:.1f} & {2:.1f} & {3:.3f}".format((a - a_b)/a_b*100,  (c - c_b)/c_b*100, (ca - ca_b)/ca_b*100, (e - e_b - e1_r) )

                    elif analys_type == 'e_2imp': #"""For calculation of energies of two impurities in big cell"""
                        calc[id].e_imp = e - e_b            
                        outst2 += ("%.0f "% ( (e - e_b)*1000 ) )  
                        conv[it].append(id)


                    elif analys_type in ('e_seg', 'coseg'): #"""For calculation of segregation and cosegregation energies"""
                        e_b = calc[b_id].energy_sigma0 * bulk_mul
                        n_m_b = calc[b_id].end.nznucl[0]
                        v_b = calc[b_id].end.vol * bulk_mul
                        # diffE = e - e_b/n_m_b*n_m
                        diffE = e - e_b

                        # outst2 += ("%.0f & %.2f "% ( (e - e_b)*1000, v - v_b ) )
                        
                        outst2 += " {:.3f} & {:.2f} ".format( (diffE - energy_ref), (v - v_b) ).center(6)
                        outst2 +='&'
                        # write_xyz(calc[id].end)
                        # write_xyz(calc[b_id].end)
                        result_list = [diffE - energy_ref, v - v_b]


                    elif analys_type == 'matrix_diff': #
                        print_and_log( 'Calculating matrix_diff...')
                        

                        diffE, diffV = matrix_diff(calc[id], calc[b_id], energy_ref)
                        outst2 += " {:.3f} & {:.2f} &".format( diffE, diffV ).center(6)
                        result_list = [diffE, diffV]


                    elif analys_type == 'diff': #
                        print_and_log( 'Calculating diff...')
                        e_b = calc[b_id].energy_sigma0
                        v_b = calc[b_id].end.vol
                        diffE = e - e_b
                        
                        outst2 += " {:.3f} & {:.2f} &".format( (diffE - energy_ref), (v - v_b) ).center(6)
                        result_list = [diffE - energy_ref, v - v_b]


            if analys_type == 'clusters':
                e1  = calc[imp1].energy_sigma0
                e2  = calc[imp2].energy_sigma0
                e_m = calc[matr].energy_sigma0
                n1 = calc[id].init.nznucl[1]
                if len(calc[id].init.nznucl) == 3:
                    n2 = calc[id].init.nznucl[2]
                else:
                    n2 = 0
                # print n1,n2
                outst2 += ("%.0f "% ( (e - n1*e1 - n2*e2 + (n1+n2-1)*e_m )*1000 / (n1+n2) ) )
            


            final_outstring = outst2+outst + outst_end     
            # print ([final_outstring])         
            print_and_log( final_outstring, end = '\n',  imp = 'Y')

        emin = 0
        





        """Aditional analysis, plotting"""
        results_dic = {} #if some part fill this list it will be returned instead of final_outstring
        if ret == 'energies':
            results_dic[ret] = energies

        cl = calc[id]


        if id not in calc or '4' not in calc[id].state:
            # printlog(calc[id].state, imp = 'Y')
            try:
                dire = cl.dir
            except:
                dire = ''
            print_and_log( "res_loop(): Calculation ",id, 'is unfinished; return \{\} []',dire, imp = 'Y')
            return {}, []
        

        if b_id: 
            bcl = calc[b_id]

        if analys_type == 'gbe':
            print_and_log("\nGrain boundary energy and excess volume fit:")
            plot_conv( conv[n], calc, "fit_gb_volume")

        elif analys_type == 'gbep':
            print_and_log("\nGrain boundary energy and excess volume fit:")
            # plot_conv( conv[n], calc, "fit_gb_volume")
            final_outstring = plot_conv( conv[n], calc, "fit_gb_volume_pressure")

        elif analys_type in ('e_seg', 'coseg') and len(verlist) > 3:

            #Test lateral sizes
            A   = calc[id].end.yzarea
            A_b = calc[b_id].end.yzarea
            
            if A != A_b: 
                print_and_log("Warning! you are trying to compare calcs with different lateral sizes: "+str(A)+" "+str(A_b))
                print_and_log( "Areas are ", A, A_b," A^3")
            
            #Show results 
            id1 = (it,inputset,verlist[0]) #choosen to save calculated values at first version of version set
            
            if readfiles and plot:           
                #print " \n\nImpurity at the interface :"
                e, v, emin, vmin       = plot_conv( conv[n], calc,  "fit_gb_volume2")
                #print " \n\nImpurity in the volume    :"
                e_b, v_b, e_bmin, v_bmin = plot_conv( conv[base], calc, "fit_gb_volume2")
                e_segmin = (emin - e_bmin) * 1000
                v_segmin =  vmin - v_bmin

                
                e_seg = (e - e_b * bulk_mul) * 1000
                v_seg =  v - v_b * bulk_mul


                # print(e_seg, e_segmin)

                calc[id1].e_seg = e_seg
                calc[id1].v_seg = v_seg
            
            if not hasattr(calc[id1], 'e_seg'): 
                print_and_log( "Warning! Calculation ", id1, 'does not have e_seg and v_seg. Try to run with readfiles = True to calculate it.')
                calc[id1].e_seg = 0; calc[id1].v_seg = 0
            


            natom = calc[id1].natom
            calc[id1].X = 1./natom
            v1 = v / natom
            calc[id1].Xgb = v1 / A # for grain boundary with 1 A width. For other boundaries should be divided by width. 
            #print ("__________________________________________________________________________")
            
            # print (" At zero pressure: segregation energy is %.0f  meV; Seg. volume is %.1f A^3; excess seg. vol. is %.2f A" %(e_seg, v_seg, v_seg/A ) )
            print ("At min: segregation energy is %.0f  meV; Seg. volume is %.1f A^3; excess seg. vol. is %.2f A" %(e_segmin, v_segmin, v_segmin/A ) )
            # print ("%s.fit.pe & %.0f & %.1f & %.2f & %.3f & %.1f" %(id[0]+'.'+id[1], e_seg, v_seg, v_seg/A, 1./A, 1./calc[id].natom * 100  ) )
            
            #Calculate distance from impurity to boundary and number of neighbours for version 2!
            id2 =(it,inputset, 2)
            st = calc[id2].end
            gbpos2 = calc[id2].gbpos 
            print_and_log( id2, 'is id2')
            # print gbpos2
            # print st.rprimd[0][0]/2.
            if gbpos2 == None:
                gbpos2 = 100
            gbpos1 = gbpos2 - st.rprimd[0][0]/2.
            d1 = abs(st.xcart[-2][0] - gbpos2)
            d2 = abs(st.xcart[-1][0] - gbpos2)
            dgb = d1; 
            iimp = -2
            if d2 < d1: 
                dgb = d2
                iimp = -1
            
            t = st.typat[iimp]
            z = st.znucl[t-1]
            segimp = element_name_inv(z) #Type of impurity closest to gb
            # print segimp, d

            id_m2   = (it+'.m',      '8'+inputset[1:], 2)
            
            if analys_type == 'e_seg':

                #calc e_seg2 and decomposition to mechanical and chemical contributions

                if id_m2 in calc: #additional analysis
                    b_id2 = (b_id[0],inputset, 2)
                    b_id_m2 = (b_id[0]+'.m', '8'+inputset[1:], 2)

                    e_seg2 = (calc[id2].energy_sigma0 - calc[b_id2].energy_sigma0) * 1000
                    e_m2   = (calc[id_m2].energy_sigma0 - calc[b_id_m2].energy_sigma0) * 1000
                    e_ch2  = e_seg2 - e_m2
                else:
                    e_seg2 = 0
                    e_m2   =0
                    e_ch2  =0


                #calculate number of close neibours around closest to gb imp
                x_central = st.xcart[iimp]
                st_r  = replic(st,   mul = (1,2,2), inv =  1 )
                st_rr = replic(st_r, mul = (1,2,2), inv = -1 ) # to be sure that impurity is surrounded by atoms

                dmax = 3
                nlist = [ x  for x, t  in zip(st_rr.xcart, st_rr.typat) if np.linalg.norm(x_central - x) < dmax and t == 1]
                nneigbours =  len(nlist)


                final_outstring = ("%s.fit.pe & %.0f & %.1f & %.2f & %.d & %4.0f & %4.0f & %4.0f & %s " %(
                    id2[0]+'.'+id2[1], calc[id1].e_seg, calc[id1].v_seg, dgb, nneigbours, e_seg2, e_ch2, e_m2, segimp  ))

                # final_outstring = ("%s.fit.pe & %.0f & %.0f & %.1f & %.1f & %.2f & %.d & %4.0f & %4.0f & %4.0f & %s " %(
                #     id2[0]+'.'+id2[1], calc[id1].e_seg, e_segmin, calc[id1].v_seg, v_segmin , dgb, nneigbours, e_seg2, e_ch2, e_m2, segimp  )) #e_segmin and v_segmin are minimum energy (but at some pressure) and corresponing volume



                results_dic = [id2[0]+'.'+id2[1], calc[id1].e_seg, calc[id1].v_seg, dgb, nneigbours, e_seg2, e_ch2, e_m2, segimp]
            
            elif analys_type == 'coseg' :
                calc[id2].e_seg = calc[id1].e_seg #save in version 2
                calc[id2].v_seg = calc[id1].v_seg
                final_outstring = ("%s.fit.pe & %.0f & %.1f & %.1f & %.1f" %(id[0]+'.'+id[1], calc[id2].e_seg, calc[id2].v_seg, d1, d2 ))




            print_and_log(  final_outstring)
            print_and_log( '\\hline')


        elif analys_type == 'e_2imp':
            # plot_conv( conv[it], calc,  analys_type, conv_ext) #instead use plot_conv( conv['hs443OO'], calc,  'e_2imp', [conv['hs443CO'],conv['hs443CC']]) 
            pass



        elif analys_type == 'fit_ac':

            print_and_log ("name %s_template          acell  %.5f  %.5f  %.5f # fit parameters are &%.5f &%.5f &%i &%i"  % (fit_hex(0.00002,0.00003,4000,6000, it, inputset, verlist, calc) )  )    

        elif 'fit_a' in analys_type:
            
            fit_a(conv, n, description_for_archive, analys_type, show, push2archive)


        elif analys_type == 'dimer':
            """Fit of md steps obtained from constant speed; see vasp description for dimer"""
            # print calc[id].list_e_sigma0
            # calc[id].list_dE = []
            # for E in calc[id].list_e_without_entr:

            #     calc[id].list_dE.append(E - 2*calc[b_id].e_without_entr)

            # print calc[id].list_e_without_entr
            # print calc[id].list_dE
            calc[id].e_ref = calc[b_id].e_without_entr

            plot_conv( [id], calc,  "dimer")


        elif analys_type == 'redox_pot':
            
            if '4' not in bcl.state:
                print_and_log("res_loop: Calculation ",bcl.id, 'is unfinished; return', imp = 'Y')
                return {}, []

            results_dic = calc_redox(cl, bcl, energy_ref)
            



        if analys_type == 'neb':
            results_dic = neb_analysis(cl, show, up, push2archive, old_behaviour, results_dic, fitplot_args, style_dic, params)

            # print(results_dic['rms_change'])

        if analys_type == 'polaron':
            # print(cl.id)
            results_dic = polaron_analysis(cl, readfiles = readfiles)


        if analys_type == 'atat':
            ''
            # atat_analysis(cl) / placeholder




    if results_dic:
        return results_dic, result_list
    else:
        return final_outstring.split('&'), result_list # only for last version or fit depending on type of analysis









[docs]def create_phonopy_conf_file(st, path = '', mp = [10, 10, 10],dim = [1, 1, 1], filetype = 'mesh'):

    """filetype
            mesh - mesh.conf
            band - band.conf
    """


    mpstr = " ".join(map(str, mp))


    if filetype == 'band':
        filename = path+'/band.conf'

    else:
        filename = path+'/mesh.conf'

    with open(filename, 'w', newline = '') as f:
        f.write("DIM = ")
        f.write(" ".join(map(str, dim)))
        f.write("\n")
        f.write("ATOM_NAME = ")
        for z in st.znucl:
            el = element_name_inv(z)
            f.write(el+' ')
        f.write('\n')

        # f.write("\nDIAG = .TRUE.\n")
        # f.write("DISPLACEMENT_DISTANCE = 0.03\n")    

        # f.write("TETRAHEDRON\n")
        # f.write("SIGMA = 0.1\n")
        if filetype == 'mesh':

            f.write("MP = {:}".format( mpstr ))
        
        if filetype == 'band':
            f.write("BAND = {:}\n".format( '0.5 0.5 0.5  0.0 0.0 0.0  0.5 0.5 0.0  0.0 0.5 0.0' ))





[docs]def read_phonopy_dat_file(filename):

    """
    read .dat file from phonopy
    for reading yaml see self.read_phonopy_data()
    should be probably combined

    freq - frequency in THz
    tot - total energy for freq
    """

    dos = {'tot':[], 'freq':[]}

    with open(filename, 'r', ) as f:
        f.readline()
        for line in f:
            val = line.split()
            dos['freq'].append(float(val[0]))
            dos['tot'].append(float(val[1]))

    return dos



[docs]def read_phonopy_data(filename, key = "free_energy", convert = False):
    """
    convert (bool) - convert kJ/mol to eV

    """
    # with open(filename, 'r') as f:
    #     f.readline()
    F = []
    T = []
    #     for line in f:
    #         T.append(float(line.split()[0]))
    #         F.append(float(line.split()[1]))
    #     # print T, F
    import yaml

    if convert:
        mul = header.kJ_mol2eV
    else:
        mul = 1
    # print(mul)

    f = open(filename)
    # use safe_load instead load
    dataMap = yaml.safe_load(f)
    f.close()
    prop = dataMap['thermal_properties']
    for i in range(len(prop)):
        T.append( prop[i]['temperature'] )
        F.append( prop[i][key]*mul     )

    coeffs1 = np.polyfit(T, F, 8)
    fit_func = np.poly1d(coeffs1)
    T_range = np.linspace(min(T), max(T))
    

    fit_and_plot(d1 = (T, F, 'b-', 'orig'), d2 = (T_range, fit_func(T_range), 'r--', 'fit'), show = 1)

    print_and_log( 'I return', key)

    return T_range, fit_func





[docs]def for_phonopy(new_id, from_id = None, calctype = 'read', mp = [10, 10, 10], additional = None):
    #creates file for phonopy, run phonopy
    #new_id - will add this calculation or read; if string then interpreted as filename of thermal_properties.yaml
    #from_id - tuple - than will take coordinates from the end; or path to input poscar file
    #type - 'create', 'read'
    #additional - list of calculation names, if calculation was splited into several parts

    mpstr = " ".join(map(str, mp))





    if calctype == 'create':
        work_path = header.struct_des[new_id[0]].sfolder+'/'+new_id[0]
        print(work_path)
    
        # log_history(  "{:}    #on {:}".format( traceback.extract_stack(None, 2)[0][3],   datetime.date.today() )  )

        # print type(from_id)
        if type(from_id) == str:
            from_cl = CalculationVasp()
            from_cl.read_poscar(from_id)
            state = 'init'
            from_st = from_cl.init
        else:
            from_cl = header.calc[from_id]
            state = 'end'
            from_st = from_cl.end

            # print  header.varset
            #create POSCAR
        posname = 'phonopy_input_poscar'
        from_cl.write_structure(name_of_output_file = posname, path = work_path, state = state)

        savedPath = os.getcwd()
        os.chdir(work_path)
        #create conf 
        confname = new_id[0]+'.conf'
        with open(confname, 'w', newline = '') as f:
            f.write("DIM = 1 1 1\n")
            f.write("ATOM_NAME = ")
            for z in from_st.znucl:
                el = element_name_inv(z)
                f.write(el+' ')
            f.write("\nDIAG = .TRUE.\n")
            f.write("DISPLACEMENT_DISTANCE = 0.03\n")

         
        #run phonopy
        print_and_log(
            runBash('export PYTHONPATH=~/installed/phonopy-1.9.5/lib/python:$PYTHONPATH; rm POSCAR-*;'+header.path_to_phonopy 
            +confname+' -c '+posname+' -d --tolerance=0.01'), imp = 'y' )

        ndis = len( glob.glob('POSCAR-*') )
        print( ndis, ' displacement files was created\n\n\n\n', )

        os.chdir(savedPath)


        #add
        # add_loop(new_id[0],   new_id[1], range(1,ndis+1), up = 'up1', savefile = 'ocdx')
        add_loop(new_id[0],   new_id[1], range(1,ndis+1), up = 'up1', input_geo_format = 'vasp-phonopy', savefile = 'ocdx')

        #copy SPOSCAR - an ideal cell
        src =  header.struct_des[new_id[0]].sfolder+'/'+new_id[0]
        dst = header.struct_des[new_id[0]].sfolder+'/'+new_id[0]+'.'+new_id[1]+'/'
        shutil.copy(src+'/SPOSCAR', dst)
        shutil.copy(src+'/disp.yaml', dst)

    if calctype == 'read':

        if type(new_id) == tuple:
            new_cl = header.calc[new_id]

            work_path = header.struct_des[new_id[0]].sfolder+'/'+new_id[0]+'.'+new_id[1]
            work_path_geo = header.struct_des[new_id[0]].sfolder+'/'+new_id[0]



            npos = len( glob.glob(work_path+'/*.POSCAR') )
            print(range(1,npos+1), 'range')
            if not os.path.exists(work_path+"/1.POSCAR"):
                res_loop(new_id[0],   new_id[1], range(1,npos+1), up = 'up1', input_geo_format = 'vasp', )

            if additional:
                for name in additional:
                    npos_new = len( glob.glob(header.struct_des[new_id[0]].sfolder+'/'+name+'.'+new_id[1]+'/*.POSCAR') )

                    if not os.path.exists(struct_des[new_id[0]].sfolder+'/'+name+'.'+new_id[1]+'/'+str(npos+1)+".POSCAR"):
                        res_loop(name,   new_id[1], range(npos+1, npos+npos_new+1), up = 'up1', input_geo_format = 'vasp', )
                    
                    npos = npos+npos_new

                    runBash("rsync "+header.struct_des[new_id[0]].sfolder+'/'+name+'.'+new_id[1]+'/*.vasprun.xml '+work_path)
                    # print 'Additional vasprun.xml files were copied to ', work_path

            savedPath = os.getcwd()
            os.chdir(work_path)


            #create conf 
            confname = new_id[0]+'_mesh.conf'
            with open(confname, 'w', newline = '') as f:
                f.write("DIM = 1 1 1\n")
                f.write("ATOM_NAME = ")
                print(new_cl.name)
                for z in new_cl.end.znucl:
                    el = element_name_inv(z)
                    f.write(el+' ')
                f.write("\nMP = {:}\n".format( mpstr ))
                f.write("\nTSTEP = {:}\n".format( 1 ))
                f.write("\nTMAX = {:}\n".format( 1155 ))

            if not os.path.exists("FORCE_SETS"):
                #run phonopy; read forces
                ndis = len( glob.glob('*.vasprun.xml') )
                print_and_log( ndis, ' displacement files was Found')
                print_and_log( runBash('export PYTHONPATH=~/installed/phonopy-1.9.5/lib/python:$PYTHONPATH; '+header.path_to_phonopy 
                    +'  -f {1..'+str(ndis)+'}.vasprun.xml --tolerance=0.01'), imp = 'Y' )

            #calculate thermal prop
            result = 'thermal_properties_'+mpstr.replace(" ", "_")+'.yaml'
            if not os.path.exists(result):

                posname = 'SPOSCAR'
                print_and_log( runBash('export PYTHONPATH=~/installed/phonopy-1.9.5/lib/python:$PYTHONPATH; '+header.path_to_phonopy 
                    +confname+' -c '+posname+' -t -p -s --tolerance=0.01'), imp = 'y' )

                shutil.copyfile('thermal_properties.yaml', result)
    

            T_range, fit_func = read_phonopy_data(result)

            os.chdir(savedPath)

        if type(new_id) == str:
            result = new_id
            T_range, fit_func = read_phonopy_data(result)



    # return T_range, fit_func
    return







[docs]def get_structure_from_cee_database(it, it_folder, ver, section = 'CEStorage', cee_struct_type = 'exp', cee_file = None):
    """
    cee_struct_type (str) - 
        'exp' - experimental structures
        '' - all

    """
    it_base = it.split('.')[0]
    print_and_log("Taking structure "+it_base+" from CEE CREI database of Skoltech ...", imp = 'Y')

    # database_server = 'aksenov@10.30.100.28'
    database_server = 'sd'
    # database_path   = '/home/Data/CEStorage/'
    database_path   = '/home/Data/'+section+'/'

    if 'exp' in cee_struct_type:
        templ = '*exp*.cif'
    else:
        templ = '*.cif'

    local_folder = it_folder+'/'+it+'/'

    makedir(local_folder)

    out = get_from_server(database_path+'/'+it_base+'/'+templ, local_folder, addr = database_server)

    geofiles = glob.glob(local_folder+templ)
    printlog(out, 'The following files have been downloaded', geofiles, imp ='Y'  )
    



    if len(geofiles) > 1:
        if cee_file:
            for file in geofiles:
                if cee_file in file :
                    geofile_from_server = file

        else:
            printlog('Error! More than one file, check what you need using *cee_file* parameter')
    else:
    
        geofile_from_server = geofiles[0]
    
    printlog('You have chosen', geofile_from_server)



    local_poscar_file = local_folder+it+'.POSCAR-'+str(ver)

    cif2poscar(geofile_from_server, poscar_file = local_poscar_file)

    add_des(header.struct_des, it, it_folder, des = 'taken automatically from cee_database: '+geofile_from_server)

    
    return







[docs]def get_structure_from_matproj(it = None, it_folder = None, ver = None, mat_proj_cell = '', mat_proj_id = None):
    """
    Take structures from Mat. projects

    Find material with 'it' stoichiometry (lowest energy) from materialsproject.org, 
    download and create field in struct_des and input POSCAR file
    ###INPUT:
        
        - struct_des-  
        - it        - materials name, such as 'LiCoO2', .... By default the structure with minimum *e_above_hull* is taken
        - it_folder - section folder in which the Poscar will be placed
        - ver       - version of structure defined by user
        - mat_proj_id (str) - the id can be provided explicitly
        - mat_proj_cell (str)- 
                - 'conv' - conventional

    ###RETURN:
        
        - ?
        - ?


    """
    with MPRester(header.pmgkey) as m:
        # print m.get_materials_id_references('mp-24850')
        # print m.get_structures('mp-24850')
        # mp_entries = m.get_entries_in_chemsys(["Co", "O"])
        # for e in mp_entries:
        #     if not 'is_hubbard = True' in e: continue
        # energy_per_atom
        # print mp_entries
        # print m.supported_task_properties
        # print it, 'it'
        # print type(it)
        # it = "LiFePO4"
        # print m.get_data(it, data_type='vasp', prop='e_above_hull')

        if mat_proj_id:
            groundstate_st_id = mat_proj_id
        else: 
            prop_dic_list =  m.get_data(it, data_type='vasp', prop='e_above_hull')




            newlist = sorted(prop_dic_list, key=itemgetter('e_above_hull')) 

            groundstate_st_id = newlist[0]['material_id']
            # print groundstate_st_id
            # print m.get_data(groundstate_st_id, data_type='vasp', prop='hubbards')
        
        st_pmg =  m.get_structure_by_material_id(groundstate_st_id, final=True)
        
        if 'conv' in mat_proj_cell:
            from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
            sf = SpacegroupAnalyzer(st_pmg, symprec = 0.01)
            st_pmg = sf.get_conventional_standard_structure()

        # print(st_pmg.lattice)
        # sys.exit()

    if it:
        add_des(header.struct_des, it, it_folder, des = 'taken automatically from materialsproject.org: '+groundstate_st_id,)
        path2poscar = it_folder+'/'+it+'/'+groundstate_st_id+".POSCAR-"+str(ver)
        makedir(path2poscar)
    else:
        path2poscar = groundstate_st_id+".POSCAR"

    
    Poscar(st_pmg).write_file(path2poscar, direct=True, vasp4_compatible=True, )
    print_and_log('Structure', groundstate_st_id, 'downloaded from materialsproject.org\n',
        'File '+path2poscar+" was written", imp = 'y')

    st = smart_structure_read(input_geo_file = path2poscar)
    st.groundstate_st_id = groundstate_st_id
    st.mat_proj_st_id    = groundstate_st_id
    st.input_geo_file    = path2poscar


    return st


    #pymatgen drafts, can be useful

    # with MPRester(pmgkey) as m:
    #     print dir(m)
    #     print m.supported_properties
    #     print m.get_data('mp-540111', data_type='vasp', prop='total_magnetization')
    #     # 'total_magnetization'

    #Pymatgen symmetry analyzer
    # from pymatgen.io.vasp.inputs import Poscar
    # from pymatgen.symmetry.analyzer import SpacegroupAnalyzer as SA
    # from pymatgen import Lattice, Structure, Molecule
    # a = Structure.from_file('/home/aksenov/scientific_projects/cathode/Li2FePO4F/scaled/Li2FePO4F.ir.su.4uis/100.CONTCAR' )
    # b = SA(a)
    # print(b.get_space_group_symbol())
    # print(a.get_space_group_info())
    # # lattice = Lattice(st.rprimd)
    # # print (lattice)

    # struct = Structure(st.rprimd, st.get_elements(), st.xred)
    # print(struct)








[docs]def manually_remove_from_struct_des(struct_des, key):
    """
    
    """
    del struct_des[key]
    print_and_log('Attention! Entry '+key+' was removed from struct_des dict/\n')










add = add_loop
res = res_loop





          

      

      

    

  

    
      
          
            
  Source code for siman.classes

# -*- coding: utf-8 -*- 
#Copyright Aksyonov D.A
from __future__ import division, unicode_literals, absolute_import, print_function
import itertools, os, copy, math, glob, re, shutil, sys, pickle, gzip, shutil, random
import re, io, json
import pprint

from textwrap import wrap

import numpy as np

#additional packages
try:
    from tabulate import tabulate
except:
    print('tabulate is not avail')
    tabulate = None
try:
    import pandas as pd
except:
    print('pandas is not avail')

# import pymatgen
# sys.exit()
from siman import header

try:
    import pymatgen
    from pymatgen.io.cif import CifWriter
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
    from pymatgen.core.surface import Slab
    from pymatgen.core.composition import Composition
    header.pymatgen_flag = True
except:
    print('pymatgen is not avail')
    header.pymatgen_flag = False

# import matplotlib.pyplot as plt

#siman packages

from siman.header import printlog, print_and_log, runBash, plt

from siman import set_functions
from siman.small_functions import return_xred, makedir, angle, is_string_like, cat_files, grep_file, red_prec, list2string, is_list_like, b2s, calc_ngkpt, setting_sshpass
from siman.functions import (read_vectors, read_list, words, read_string,
     element_name_inv, invert, calculate_voronoi, update_incar, 
    get_from_server, push_to_server, run_on_server, smoother, file_exists_on_server, check_output)
from siman.inout import write_xyz, write_lammps, read_xyz, read_poscar, write_geometry_aims, read_aims_out, read_vasp_out
from siman.geo import (image_distance, replic, calc_recip_vectors, calc_kspacings, xred2xcart, xcart2xred, 
local_surrounding, local_surrounding2, determine_symmetry_positions, remove_closest, remove_vacuum, make_neutral)
from siman.set_functions import InputSet, aims_keys


"""
Classes used in siman
TODO:
1. Please  combine calculate_nbands(), calc_kspacings(), magmom filling in make incar  with actualize_set() 
2. split make_incar_and_copy_all() into make_incar() and copy_calc_files_to_cluster()
3. split .read_results() into download_output_files() and .parse_outcar() and .analyze_output()
4. outcar name should be returned by write_sge_script in all cases and used, now only in u_ramping
5. write_sge() - в режиме inherit_option = continue - предыдущие outcar резервируются только один
раз с префиксом prev, повторный запуск перезатрет их, поэтому нужно писать спец код
типа
if test -f prev1.outcar
    cp name prev2+name
чтобы она находила prev3 с максимальным числом, и к этому числу прибавляла единицу для нового файла

NEW:
Calculation Structure():
    *self.magmom* (list) - magnetic moments for each ion in structure; has higher preference than self.set.magnetic_moments which
    include only moments for atom types


"""


[docs]class cd:
    """Context manager for changing the current working directory"""
    def __init__(self, newPath):
        self.newPath = os.path.expanduser(newPath)

    def __enter__(self):
        self.savedPath = os.getcwd()
        os.chdir(self.newPath)

    def __exit__(self, etype, value, traceback):
        os.chdir(self.savedPath)



[docs]class empty_struct(): # here it is needed for back-compatability for reading old databases
    def __init__(self):
        pass




[docs]class Description():
    """
    Objects of this class include just folder and description of specific calculation.
    Mostly was needed for manual addition of new calculations

    self.ngkpt_dict_for_kspacings (dict of lists) - the key is kspacing; the dict
    contains k-meshes 
    for all calculations
    based on this geometry structure.
    can be useful for fine tuning of k-mesh for specific kspacing.

    """
    def __init__(self, sectionfolder = "forgot_folder", description = "forgot_description"):
        self.des = description
        self.sfolder = sectionfolder
        self.ngkpt_dict_for_kspacings = {} #the key is kspacing







[docs]class Structure():
    """This class includes only structure related information such as primitive vectors, coordinates, forces and so on"""
    def __init__(self):
        self.name = ""
        self.des = ''
        self.hex_a = None
        self.hex_c = None
        self.gbpos = None
        self.rprimd = [np.zeros((3)) for i in [0,1,2] ]
        self.xcart = []
        self.xred = []
        self.magmom = []
        self.select = [] # flags for selective dynamics
        self.vel    = [] # velocities, could be empty
        self.predictor = None # string , predictor-corrector information to continiue MD run
        # self.pos = write_poscar()

[docs]    def copy(self):
        return copy.deepcopy(self)


[docs]    def new(self):
        return Structure()


[docs]    def selective_all(self):
        """
        allow all atoms to relax
        """
        st = copy.deepcopy(self)
        # if hasattr(self, 'select'):
        st.select = []
        # print(st.natom)
        for i in range(st.natom):
            st.select.append([True,True,True])
            # print('9')
        # print(st.select)
        return st 


[docs]    def check_selective(self):
        """
        check if some atoms should be frozen
        """
        selective_dyn = False
        if self.select is not None:
            for sel in self.select:
                # print (not all(sel))
                # print(sel)
                if not all(sel):
                    selective_dyn = True
        return selective_dyn


[docs]    def selective_byCompare(self, st2, tol = 0.0001, freeze = 'present' ):
        """
        set selective dynamics falgs in the calling structure (self) by freezing the atoms that are present (or missing) in the supplied structure (st2)
        tol - tolerance for finding the same atoms in the two structures
        freeze = 'present' or 'missing'

        TODO:
        read st2 from file
        optional save flag-changed atoms to cif (to check the result)

        """
        st1 = copy.deepcopy(self)
        if freeze == 'missing':
            flag_change = [True, True, True]
            flag_default = [False, False, False]
        else:
            flag_change = [False, False, False]
            flag_default = [True, True, True]
            if freeze != 'present':
                print('Warning! incorrect \'freeze\' argument, \'presnt\' is used')

        tol = tol ** 2  # ^2 tol instead sqrt(dist)

        totNatom1 = len(st1.typat)
        totNatom2 = len(st1.typat)
        if totNatom2 > totNatom1:
            printlog('Warning! struct to compare with has more atoms than original struct!')

        st1.select = [flag_default] * totNatom1

        natom1 = {} # dictionary of atom types (by znucl); each entry contains list of atom nubers of certain type
        for i, atype in enumerate(st1.typat):
            if st1.znucl[atype-1] in natom1:
                natom1[st1.znucl[atype-1]].append(i)
            else:
                natom1[st1.znucl[atype-1]] = [i]

        natom2 = {}  # dictionary of atom types (by znucl); each entry contains list of atom nubers of certain type
        for i, atype in enumerate(st2.typat):
            if st2.znucl[atype-1] in natom2:
                natom2[st2.znucl[atype-1]].append(i)
            else:
                natom2[st2.znucl[atype-1]] = [i]

        for ztype in natom2:
            for i2 in natom2[ztype]:
                for k, i1 in enumerate(natom1[ztype]):
                    dist = np.sum(np.square(st1.xred[i1] - st2.xred[i2])) # square distance between compared atoms
                    if dist < tol:
                        st1.select[i1] = flag_change # change SD flags for if the atoms are identical
                        del (natom1[ztype][k])
        return st1



[docs]    def fix_atoms(self, numbers = None):
        #fix all atom with numbers in numbers list
        
        #TODO allow choice of axis of fix 
        st = copy.deepcopy(self)
        
        if len(st.select) != st.natom:
            printlog('Warning! number of select atom is not equal to total number of atoms. First I make all moveable')
            st = st.selective_all()

        # print(st.select)
        for i in numbers:
            st.select[i] = [False, False, False]

        return st


[docs]    def fix_layers(self, xred_range = None, xcart_range = None, highlight = False):
        """
        fix atoms in layers normal to R3

        xred_range (list) [from, to]
        highlight - replace with Pu to check

        """
        st = copy.deepcopy(self)

        r3 = np.linalg.norm(st.rprimd[2])
        xcr = xcart_range
        if xcr:
            xred_range = [xcr[0]/r3, xcr[1]/r3]
            printlog('xcart_range converted to xred', xred_range)



        if not hasattr(st, 'select') or len(st.select)==0:
            st = st.selective_all()
        fixed = []
        
        # print(st.select)

        for i, xr in enumerate(st.xred):
            if xred_range[0]  < xr[2] < xred_range[1]:
                # print(xred_range[0],xr[2],xred_range[1])
                st.select[i] = [False, False, False] # fix
                fixed.append(i)
        
        st.name+='_fix'
        if highlight:
            st_h = st.replace_atoms(fixed, 'Pu')
            st_h.write_poscar()

        return st






[docs]    def get_layers_pos(self, xred_range):
        #return layer positions along vector 3 in xred_range
        st = self
        zred_req = []

        for i, xr in enumerate(st.xred):
            z =xr[2]
            if xred_range[0]  < z < xred_range[1]:
                if len(zred_req) == 0:
                    zred_req.append(z)

                m = min(np.abs(np.array(zred_req) - z))
                # print()
                if m > 0.05/np.linalg.norm(st.rprimd[2]): #tolerance 0.1 A
                    zred_req.append(xr[2])
        z_unique = sorted(zred_req)
        return z_unique



[docs]    def get_slice(self, zr_range):
        #return element numbers from the zr_range
        #slab should start from bottom
        st = self
        z2 = st.get_surface_pos()[1]
        nn = []
        for i, xr in enumerate(st.xred):
            if zr_range[0] < xr[2] <= zr_range[1]:
                nn.append(i)

        return nn




[docs]    def xcart2xred(self,):
        self.xred = xcart2xred(self.xcart, self.rprimd)
        self.natom = len(self.xred)

[docs]    def update_xred(self,):
        self.xred = xcart2xred(self.xcart, self.rprimd)
        self.natom = len(self.xred)



[docs]    def xred2xcart(self,):
        self.xcart = xred2xcart(self.xred, self.rprimd)


[docs]    def update_xcart(self,):
        self.xcart = xred2xcart(self.xred, self.rprimd)


[docs]    def exchange_axes(self, i1_r, i2_r):
        """
        
        """
        st = copy.deepcopy(self)
        r = copy.deepcopy(st.rprimd)

        st.rprimd[i1_r] = r[i2_r]
        st.rprimd[i2_r] = r[i1_r]

        st.update_xred()

        return st





[docs]    def get_volume(self):
        self.vol = np.dot( self.rprimd[0], np.cross(self.rprimd[1], self.rprimd[2])  ); #volume
        return self.vol


[docs]    def get_recip(self):
        """Calculate reciprocal vectors"""
        self.recip = calc_recip_vectors(self.rprimd)
        return self.recip


[docs]    def get_nznucl(self):
        """list of numbers of atoms of each type, order is as in typat and znucl
            updated directly
        """
        self.nznucl = []
        for typ in range(1,self.ntypat+1):
            self.nznucl.append(  self.typat.count(typ) )
        return self.nznucl


[docs]    def get_elements(self):
        #return list of elements names
        # print(self.typat)
        return [element_name_inv(self.znucl[t-1]) for t in self.typat]

    
[docs]    def get_el_name(self, i):
        #return name of element
        return self.get_elements()[i]


[docs]    def get_elements_z(self):
        #return list of elements names
        return [self.znucl[t-1] for t in self.typat]

[docs]    def get_el_z(self, i):
        #return name of element
        return self.get_elements_z()[i]

[docs]    def get_natom(self):
        #get number of real atoms, excluding voids
        # print([z for z in self.get_elements_z() if z != 300])
        return len([z for z in self.get_elements_z() if z != 300])


[docs]    def get_elements_zval(self):
        #return list with number of valence electrons for each atom
        zvals = []
        for z in self.get_elements_z():
            i = self.znucl.index(z)
            zv = self.zval[i]
            zvals.append(zv)
        return zvals





[docs]    def el_diff(self, st2, mul = 1, silent = 0):
        """
        Determine difference in number of atoms between two structures self and st2
        mul (int) - allows to compare supercells; self.natom = mul * st2.natom
        
        RETURN:
        dict[key], where key is element and the value is difference in number of atoms of this element
        """
        st1 = self

        els1 = st1.get_elements()
        els2 = st2.get_elements()
        uniqe_elements = list(set(els1+els2))
        el_dif = {} # difference of elements between slab and normalized by transition metals bulk phase
        for el in uniqe_elements:
            dif = els1.count(el) - mul * els2.count(el)
            if not float(dif).is_integer():
                printlog('Error! difference of atom numbers is not integer for element ', el, 'something is wrong')
            if abs(dif) > 0:
                el_dif[el] = int(dif) / mul

        if not silent:
            print('The following elements are off-stoicheometry in the slab', el_dif, 'please provide corresponding chemical potentials')
        return el_dif







[docs]    def get_total_number_electrons(self):
        zvals = self.get_elements_zval()
        return int(sum(zvals))



[docs]    def determine_symmetry_positions(self, element):
        from siman.geo import determine_symmetry_positions

        return determine_symmetry_positions(self, element)


[docs]    def get_symmetry_positions(self, element):
        #just another name
        from siman.geo import determine_symmetry_positions

        return determine_symmetry_positions(self, element)



[docs]    def get_maglist(self):
        """
        return bool list of which  elements are magnetic (here all transition metals are searched!)
        and dictionary with numbers in lists for each transition metal
        
        RETURN:
            ifmaglist (list of bool) - magnetic or not
            mag_numbers (dict of int) - for each element using z, their numbers
        """

        ifmaglist = []
        zlist = self.get_elements_z()
        mag_numbers = {}
        for i, z in enumerate(zlist): #
            if z in header.TRANSITION_ELEMENTS:
                if z not in mag_numbers:
                    mag_numbers[z] = []
                ifmaglist.append(True)
                mag_numbers[z].append(i)
            else:
                ifmaglist.append(False)
        ifmaglist = np.array(ifmaglist)

        return ifmaglist, mag_numbers


[docs]    def show_mag(self, i):
        # show magmom of i atoms, starting from 1
        i-=1
        m = self.magmom[i]
        el = self.get_elements()[i]
        print('Mag for {:s} = {:.2f}'.format(el, m))

        return 


[docs]    def group_magmom(self, tol = 0.3):
        """
        Group magmom according to values 
        tol - tolerance according to which the magmom are grouped

        """
        st = self
        lengths = list(np.around(st.magmom, 2))
        unique = []
        unique.append(lengths[0])
        groups_size = {}
        groups_nums = {}
        for l in lengths[1:]:
            if min(np.abs(unique-l)) > tol:
                unique.append(l)
        # print('lengths', lengths)
        # print('unique bonds are', unique)
        for u in unique:
            groups_size[u] = 0
            groups_nums[u] = []
            for i, l in enumerate(lengths):
                if abs(l-u) < tol:
                    groups_size[u] += 1
                    groups_nums[u].append(i)
        return groups_size, groups_nums



[docs]    def get_mag_tran(self, to_ox = None, silent = 0):
        #show formatted mag moments of transition metals 
        #to_ox - convert to oxidation state, substract from to_ox
        # if to_ox is negative, then m-to_ox
        l, mag_numbers = self.get_maglist()

        keys = list(mag_numbers.keys())#[0]
        print('The following TM are found:', keys)

        mag = list(np.array(self.magmom)[l])
        magnetic = None
        magnetic_all = []
        for key in keys:
        
            # print(mag)
            magnetic = mag[:len(mag_numbers[key])]
            mag = mag[len(mag_numbers[key]):]
            # print(magnetic)

            s = ' '.join(['{:5.2f} ']*len(magnetic))
            
            s0 = ' '.join(['{:5d} ']*len(magnetic))

            # print(*mag_numbers[key])
            if not silent:
                print('\n Znucl:  ', key)
                # print(' '+s0.format(*mag_numbers[key]))
                # print(magnetic)
                print(' '+s.format(*magnetic))
            magnetic_all += magnetic
            if to_ox:
                if to_ox > 0:
                    ox = [to_ox-abs(m) for m in magnetic]
                else:
                    ox = [abs(m)+to_ox for m in magnetic]
                s2 = ' '.join(['{:5.1f}+']*len(magnetic))
                if not silent:
                    print(s2.format(*ox))
                    print('Average {:5.1f}+'.format(sum(ox)/len(ox)))


        return magnetic_all








[docs]    def set_magnetic_config(self, element, moments):
        #set magnetic configuration based on symmetry non-equivalent positions
        # element (str) - elements for which moments should be set 
        # moments (list) - list of moments for non-equivalent positions - the same order as in determine
        #                  the length should be the same as number of unique postions

        st = copy.deepcopy(self)

        if not hasattr(st, 'magmom') or None in st.magmom:
            magmom = [0.6]*st.natom
        else:
            magmom = st.magmom

        pos = st.determine_symmetry_positions(element)

        for j, p in enumerate(pos):
            for i in p:
                magmom[i] = moments[j]

        # print(magmom)
        st.magmom = magmom

        return st


       


[docs]    def convert2pymatgen(self, oxidation = None, slab = False, chg_type = 'ox'):
        """
        oxidation (dict) - {'Ti':'Ti3+'}
        if self.charges exist then it is used to update oxidation states of atoms
        chg_type - 'ox' - oxidation states calculated from self.charges 
                   'norm' - normalized self.charges
                    'tot' - just self.charges
                    'pot' - charges from potentials zval, number of valence electrons
                    'pm' - guess oxidation states using pymatgen, s

        slab - if True return slab object is returned - limited functional is implemented
        """
        from siman.analysis import calc_oxidation_states
        from siman.analysis import set_oxidation_states_guess

        st = self

        site_properties = {}

        if hasattr(self, 'magmom') and any(self.magmom):
            site_properties["magmom"] = self.magmom







        if oxidation is None:
            elements = self.get_elements()
        else:
            elements = [oxidation[el] for el in self.get_elements()]

        if slab:
            # print(dir(pymatgen.core))
            pm = Slab(self.rprimd, elements, self.xred, 
                miller_index = [0,0,1], oriented_unit_cell = None, shift = None, scale_factor = None,reorient_lattice = False,
                site_properties = site_properties)
        else:
            # print(elements)
            # print(len(self.xred))
            # print(site_properties)

            pm = pymatgen.Structure(self.rprimd, elements, self.xred, site_properties = site_properties)

        oxi = None
        

        if chg_type == 'pot':
            
            printlog('Using zval as charges', imp = '')
            oxi = [z*-1 for z in self.get_elements_zval()           ]
            print(oxi)
            pm.add_oxidation_state_by_site(oxi)
        elif chg_type == 'pm':
            # oxi = set_oxidation_states(st)
            pm.add_oxidation_state_by_guess()
            oxi = None
        
        else:
            if hasattr(self, 'charges') and any(self.charges):

                # chg_type = 'ox' # 'norm', 'tot'

                # print(chg_type)
                if chg_type == 'norm': #normalize charges
                    t = sum(self.charges)/len(self.charges)
                    oxi = [c-t for c in self.charges ]
                    # print(t)
                
                elif chg_type == 'ox':
                    # print(self.charges)
                    oxi = calc_oxidation_states(st = self)
                    # print(chg)
                    # sys.exit()

                elif chg_type == 'tot':
                    oxi = self.charges
            if hasattr(self, 'oxi_state') and self.oxi_state and any(self.oxi_state):
                #simply use predefined oxi_state
                
                oxi = self.oxi_state


                if 0: #check total charge
                    # st = st.copy()
                    chg = copy.copy(chg)
                    tot = sum(chg)
                    print('Total charge is ', tot, 'I subtract it uniformly from each atom')
                    d = tot/self.natom
                    chg = [c - d for c in chg]




        if oxi and not oxidation:
            # print(oxi)
            try:
                pm.add_oxidation_state_by_site(oxi)
            except:
                printlog('Warning! oxidation states were not added')




        return pm



    # pm = convert2pymatgen



[docs]    def get_pm_composition(self):
        ''
        pm = self.convert2pymatgen()
        cm = Composition(pm.formula)
        return cm



[docs]    def get_reduced_formula(self):
        ''
        pm = self.convert2pymatgen()
        cm = Composition(pm.formula)
        # cm = Composition(self.get_elements())
        return cm.reduced_formula


[docs]    def get_name(self):
        from siman.small_functions import latex_chem
        return latex_chem(self.get_reduced_formula())


[docs]    def get_formula(self):
        ''
        # pm = self.convert2pymatgen()
        # cm = Composition(pm.formula)
        # cm = Composition(self.get_elements())
        return self.convert2pymatgen().formula


[docs]    def get_reduced_composition(self):
        ''
        pm = self.convert2pymatgen()
        cm = Composition(pm.formula)
        # cm = Composition(self.get_elements())
        return cm.reduced_composition


[docs]    def get_reduced_formula_and_factor(self):
        pm = self.convert2pymatgen()
        cm = Composition(pm.formula)
        # cm = Composition(self.get_elements())
        return cm.get_reduced_formula_and_factor()


[docs]    def get_fractional_composition(self):
        pm = self.convert2pymatgen()

        cm = Composition(pm.formula)
        # cm = Composition(self.get_elements())
        return cm.fractional_composition






[docs]    def update_types(self, elements):
        # update typat, ntypat, znucl, nznucl from elements - list of elements names
        st = copy.deepcopy(self)
        st.ntypat = len(set(elements))

        st.typat = []
        st.znucl = []
        unique = []
        curtyp = 0
        types = {}
        for el in elements:
            if el not in unique:
                curtyp += 1
                types[el] = curtyp
                if is_string_like(el):
                    z = invert(el)
                else:
                    z = el

                st.znucl.append(z)
                # nznucl.append(0)
                unique.append(el)
            st.typat.append(types[el])
        
        st.get_nznucl()

        # print(st.ntypat, st.typat, st.nznucl, st.znucl)

        return st


[docs]    def update_from_pymatgen(self, stpm):
        """
        stpm - pymatgen structure
        update the current structure from pymatgen structure
        stil experimental!!!!!

        TODO:


        """
        st = copy.deepcopy(self)
        if hasattr(stpm, '_lattice'):
            st.rprimd = [np.array(vec) for vec in stpm._lattice._matrix]
        else:
            st.rprimd = [[10,0,0],[0,10,0],[0,0,10]] #temporary workaround
        # for site in stpm._sites:
            # print(dir(site))
        if hasattr(stpm._sites[0], '_frac_coords'):
            st.xred   = [np.array(site._frac_coords) for site in stpm._sites]
            st.update_xcart()
        else:
            st.xcart   = [np.array(site.coords) for site in stpm._sites]
            st.xred = [None]
        # print(elements)

        s = stpm._sites[0]

        if 'magmom' in s.properties:
            for i in stpm._sites:
                if 'magmom' not in i.properties:
                    i.properties['magmom'] = 0
            st.magmom = [site.properties['magmom'] for site in stpm._sites]
        else:
            st.magmom = [None]

        # print( dir(s._lattice) )
        # print( dir(s) )
        # print( s.properties )
        # print( s._properties )
        # print( dir(s.specie) )
        # print( s.specie.name )
        # sys.exit()
        elements = [s.specie.name for s in stpm._sites]
        # print(s.specie.oxi_state)
        if hasattr(s.specie, 'oxi_state'):
            oxi_state = [s.specie.oxi_state for s in stpm._sites]
            st.oxi_state = oxi_state
        
        # if hasattr(s.specie, 'oxi_state'):
        #     charges = [s.specie.oxi_state for s in stpm._sites]
        #     st.charges = charges


        # print(st.charges)
        # else:
        #     charges = [None]
        # print(elements)
        # print(charges)
        # sys.exit()

        st = st.update_types(elements)

        # print(len(st.typat))
        st.natom = len(st.typat)
        # sys.exit()

        if st.natom != len(st.xcart):
            printlog('Error! number of atoms was changed, please improve this method')

        # print(st.xcart)


        st.name+='_from_pmg'
        return st



[docs]    def rotate(self, axis, angle):
        """
        Rotate relative to cartesian coordinates
        axis - list of 3 elements, [0,0,1] in  cartesian coordinates
        angle in degrees
        """
        from pymatgen.transformations.standard_transformations import RotationTransformation
        
        st = copy.deepcopy(self)
        rot = RotationTransformation(axis, angle)
        stpm = st.convert2pymatgen()
        stpmr1 = rot.apply_transformation(stpm)
        st_r1 = st.update_from_pymatgen(stpmr1)
        st_r1 = st_r1.return_atoms_to_cell()
        return st_r1


[docs]    def align_with_axes(self):
        """
        Align with coordinate axes
        First vector with x
        Third vector with z

        """
        from siman.small_functions import normal, angle
        r_orig = self.rprimd
        st = self.copy()
        r = st.rprimd

        st = st.rotate(normal(r[0], [1,0,0]), angle(r[0], [1,0,0])) #combine with x and y
        r = st.rprimd

        if angle(r[2], [0,0,1]) > 1:
            st = st.rotate(normal(r[2], [0,0,1]), angle(r[2], [0,0,1])) #combine with x and y
            r = st.rprimd

        with np.printoptions(precision=2, suppress=True):
            print('rprimd before:\n',np.array(r_orig))
            print('rprimd after :\n',np.array(r))
        return st


[docs]    def invert_axis(self, axis):
        #invert one vector
        st = copy.deepcopy(self)

        st.rprimd[axis] *= -1
        st.update_xred()
        st = st.return_atoms_to_cell()
        return st

[docs]    def invert_xred(self, axis):
        #invert xred coordinates along one vector axis
        st = copy.deepcopy(self)

        for i in range(st.natom):
            st.xred[i][axis] = 1 - st.xred[i][axis]
        st.update_xcart()
        # st = st.return_atoms_to_cell()
        return st


[docs]    def mirror(self, axis):
        #mirror along vector
        j = axis
        st = copy.deepcopy(self)
        for i, x in enumerate(st.xred):
            st.xred[i][j] = -x[j]
        st.update_xcart()
        st = st.return_atoms_to_cell()
        return st


[docs]    def sizes(self):
        #return sizes along x, y, and z

        # for x in self.xcart:
        xyz = list(map(list, zip(*self.xcart)))

        dx = max(xyz[0]) - min(xyz[0]) 
        dy = max(xyz[1]) - min(xyz[1]) 
        dz = max(xyz[2]) - min(xyz[2]) 
        return dx,dy, dz

[docs]    def rprimd_len(self):
        #return vector lengths
        r = self.rprimd
        n = np.linalg.norm
        return n(r[0]), n(r[1]), n(r[2])







[docs]    def pvec(self):
        """
        print primitive vectors in formatted way
        """
        with np.printoptions(precision=3, suppress=True):
            print( np.array(self.rprimd) )

        return



[docs]    def add_z(self, z):
        # method appends additional height to the cell
        # negative value of z appends to remove vacuum layer
        st = copy.deepcopy(self)

        st.rprimd[2][2] += z
        for i in st.xcart:
            i[2] += z
        st.update_xred()
        st = st.return_atoms_to_cell()
        return st



[docs]    def get_oxi_states(self, typ = 'charges'):
        """
        Create and return list of oxidation states from charges and valences
        self.charges should exist as full charges (e.g. from Bader analysis)
        
        INPUT:
            typ (str) 
                'charges' - from charges and zval
                'guess'   - from guess
        
        RETURN
            oxi (list) - list of oxidation states for each atom
        """
        st = self
        if typ == 'charges':
            printlog('Using zval as reference', imp = '')
            st = self
            oxi = []
            for j, z_val, el in zip(range(st.natom), st.get_elements_zval(), st.get_elements()):
                oxi.append( z_val - st.charges[j] )
            # st.oxi_state = oxi
        
        elif typ == 'guess':
            pm = st.convert2pymatgen()
            pm.add_oxidation_state_by_guess()
            st = st.update_from_pymatgen(pm)
            oxi = st.oxi_state


        return oxi



[docs]    def generate_charge_orders(self, el, states = None, x = 0.5):
        """
        Method generates charge order for provided ion, oxidation states, and ratio (not realized yet)
        
        INPUT:
            el (str) - element with charge order
            states (tuple) - two possible charge states  (e.g. +2 and +4)
            x (float) - concentration of ions with state[0] charge state 
        RETURN:
            oxi_states (list of lists) - list of oxi_state lists
        """


        def order(ls, i):
            """
            Find recursivly all possible orderings for the given x
            ls - initial list of atoms 
            i - index in ls  

            """
            # print(i)
            for s in 1,-1:
                
                ls[i] = s
                
                if i < len(ls)-1:
                
                    order(ls, i+1)
                
                else:
                    # print (ls.count(-1)/tot - x)
                    if abs(ls.count(-1)/tot - x ) < 0.001:
                        orderings.append(copy.deepcopy(ls) )  
            return

        st = self

        iels = st.get_specific_elements([invert(el)])
        oxi_state = st.oxi_state

        oxi_states = []
        orderings = []
        tot = len(iels)
        ls = [0]*tot
        # print(ls)
        order(ls, 0)
        
        print('Total number of charge orderings for x=',x,'is',len(orderings))

        for order in orderings:
            atoms_with_minor = [i for i, s in enumerate(order) if s < 0]
            # atoms_with_major = [i for i, s in enumerate(order) if s > 0]
            # print(atoms_with_minor)
            for iloc in range(tot):
                i = iels[iloc]
                if iloc in atoms_with_minor:
                    oxi_state[i] = states[0]
                else:
                    oxi_state[i] = states[1]
            oxi_states.append(copy.copy(oxi_state))
            # print(oxi_state[0:8])
        return oxi_states



[docs]    def make_neutral(self, *args, **kwargs):
        return make_neutral(self, *args, **kwargs)



[docs]    def get_conventional_cell(self):
        """
        return conventional cell 
        """
        st_mp = self.convert2pymatgen()

        # st_test = self.update_from_pymatgen(st_mp)
        # st_test.printme()

        sf = SpacegroupAnalyzer(st_mp, ) #symprec = 0.1

        sc = sf.get_conventional_standard_structure() # magmom are set to None

        # print(sc)
        st = self.update_from_pymatgen(sc)

        # print(st.rprimd)
        # print(len(st.xcart))
        # print(st.ntypat)

        return st





[docs]    def get_primitive_cell(self, international_monoclinic = True):
        """
        return primitive cell 
        """
        st_mp = self.convert2pymatgen()

        sf = SpacegroupAnalyzer(st_mp, ) #symprec = 0.1

        sc = sf.get_primitive_standard_structure(international_monoclinic=international_monoclinic) # magmom are set to None

        st = self.update_from_pymatgen(sc)

        return st


[docs]    def get_refined_structure(self, ):
        """
        Get the refined structure based on detected symmetry. 
        The refined structure is a conventional cell setting with atoms moved to the expected symmetry positions.
        """
        st_mp = self.convert2pymatgen()

        sf = SpacegroupAnalyzer(st_mp, ) #symprec = 0.1

        sc = sf.get_refined_structure() # magmom are set to None
        # sc = sf.get_symmetrized_structure() # magmom are set to None


        st = self.update_from_pymatgen(sc)

        return st



[docs]    def get_symmetry_operations(self, symprec = 0.1):
        """
        Return symmetry operations as a list of SymmOp objects. 
        By default returns fractional coord symmops. But cartesian can be returned too.
        """
        st_mp = self.convert2pymatgen()

        sf = SpacegroupAnalyzer(st_mp, symprec = symprec)

        sym_op = sf.get_symmetry_operations(cartesian=False)

        return sym_op





[docs]    def get_surface_pos(self, reduced = False):
        """
        Allows to return positions of bottom and top surfaces (edge atoms) in cartesian
        assumed normal to R3
        small number is added or subtracted to/from edge atom to overcome further numericall errors
            
            reduced - reduced coordinates

        returns list of two z coordinates [bottom, top]
        
        """
        st = self

        z1 = 100
        z2 = -100
        z = []
        # print(st.xcart)
        if reduced:
            l = st.xred
        else:
            l = st.xcart
        for x in l:
            if z1 > x[2]:
                z1 = x[2]
            if z2 < x[2]:
                z2 = x[2]

        # z1-=0.01
        # z2+=0.01
        printlog('Surfaces are ', z1, z2)

        z.append(z1)
        z.append(z2)

        return z



[docs]    def get_surface_atoms(self, element = None, surface = 0, surface_width = 0.5 ):
        """
        return numbers of surface atoms
            elememt (str) - which element is interesting? can be CoO to take two elements; if None than all elements are takes
            surface_width - which atoms to consider as surface 
            surface (int) - 0 or 1 - one of two surfaces; surface 1 has smaller z coordinate
            TODO - 
            now only along third vector, make more general
            PBC may work incorrect
        """

        st = self
        surface_atoms = [[],[]]
        
        z = st.get_surface_pos(reduced  = True)


        els = st.get_elements()

        suf_width_red = surface_width/np.linalg.norm(st.rprimd[2])


        for i, x in enumerate(st.xred):
            el = els[i]

            if element is None or el in element:
                # print(x[2])
                if z[0] <= x[2] < z[0]+suf_width_red:
                    surface_atoms[0].append(i)

                if z[1] - suf_width_red  < x[2] <= z[1]:
                    surface_atoms[1].append(i)


        return surface_atoms[surface]



[docs]    def cover_surface(self, el, d = 1):
        """
        Covers both surfaces of the slab with element el, 
        each surface atoms on top positions
        
        the third vector should be parallel to z axis

        el - element name 
        d - distance in A

        """


        suf0_at = self.get_surface_atoms(surface = 0)
        suf1_at = self.get_surface_atoms(surface = 1)
        # print(suf_at)
        st = self.copy()

        coords = []
        for i in suf0_at:
            coords.append(st.xcart[i]-np.array([0,0,d]))
        for i in suf1_at:
            coords.append(st.xcart[i]+np.array([0,0,d]))

        st = self.add_atoms(coords, element = el)

        return st 



[docs]    def  if_surface_atom(self, i):
        """
        Based on reduced coordinates, 
            i - number of atom from zero 
        """
        st = self
        suf = st.get_surface_pos(reduced = 1)
        sufd = min(abs(st.xred[i][2]-suf[0]),abs(st.xred[i][2]-suf[1]))
        if sufd < 0.5/np.linalg.norm(st.rprimd[2]):
            printlog('TM is on surface, sufd', sufd , imp = 'y')
            return True



[docs]    def get_surface_area(self):
        """
        currently should be normal to rprim[0] and rprim[1]
        """
        st = self
        # print()
        return np.linalg.norm( np.cross(st.rprimd[0] , st.rprimd[1]) )



[docs]    def printme(self):
        print(self.convert2pymatgen())
        return 



[docs]    def get_space_group_info(self, symprec = None):
        
        default = 0.01
        if not symprec:
            symprec = default
        # print(symprec)
        if hasattr(self, 'spg') and symprec == default:
            spg = self.spg
        else:
            # print('get')
            p = self.convert2pymatgen()
            spg = p.get_space_group_info(symprec, angle_tolerance=5.0)
        # p = self.convert2pymatgen()

        # print(p.get_symmetry_operations(symprec))


        return spg


[docs]    def sg(self,symprec = None, silent = 0):
        try:
            s = self.get_space_group_info(symprec)
        except:
            s = 'error'
        if not silent:
            print(s)
        return s


[docs]    def get_angles(self):
        R = self.rprimd
        alpha = angle(R[1], R[2])
        beta  = angle(R[0], R[2])
        gamma = angle(R[0], R[1])
        return alpha, beta, gamma


    # def __str__(self):
    #     # print(self.convert2pymatgen())
    #     return 


[docs]    def get_element_xred(self, element):
        """
        Get xred of *element* first occurance
        """
        i = self.get_elements().index(element)
        return self.xred[i]

    
[docs]    def get_element_xcart(self, element):
        """
        Get xred of *element* first occurance
        """
        i = self.get_elements().index(element)
        
        return self.xcart[i]


[docs]    def get_transition_elements(self, fmt = 'names'):
        """Returns list of transition elements (chemical names or z) in the structure
        fmt - 
            'names'
            'z'
            'n' - numbers of atoms
        """
        el = self.get_elements()
        tra = []
        ns = []
        for i, e in enumerate(el):
            for t in header.TRANSITION_ELEMENTS:
                if e == invert(t):
                    tra.append(e)
                    ns.append(i)
        
        if fmt == 'z':
            tra = [invert(t) for t in tra]
        elif fmt == 'n':
            tra = ns
        return tra



[docs]    def get_specific_elements(self, required_elements = None, fmt = 'n', z_range = None, zr_range = None):
        """Returns list of specific elements (chemical names. z, or numbers from 0) in the structure
        required_elements - list of elements z of interest
        z_range - (2 index tuple) range of z coordinates in A: only atoms from z1 to z2 are taken
        fmt - format of output
            'names'
            'z'
            'n' - numbers of atoms
            'x' - xcart
            'xr' - xred
        


        """
        el = self.get_elements()
        tra = []
        ns = []
        r3 = np.linalg.norm(self.rprimd[2])

        if zr_range is None and z_range is not None:
            zr_range = [z_range[0]/r3, z_range[1]/r3]

        if zr_range:
            def additional_condition(xr):
                return zr_range[0] < xr <= zr_range[1]
        else:
            def additional_condition(xr):
                return True

        xcart = []
        xred = []
        for i, e, xc, xr in zip( range(self.natom), el, self.xcart, self.xred ):
            Z = invert(e)
            if Z in required_elements and additional_condition(xr[2]):
                tra.append(e)
                ns.append(i)
                xcart.append(xc)
                xred.append(xr)
        
        if fmt == 'z':
            tra = [invert(t) for t in tra]
        elif fmt == 'n':
            tra = ns
        elif fmt == 'x':
            tra = xcart
        elif fmt == 'xr':
            tra = xred

        return tra



[docs]    def get_dipole(self, ox_states = None, chg_type = 'ox'):
        """ Return dipole moment in e*A calculated by pymatgen
        ox_states (dict) - oxidation states of elements
        chg_type (str) - type of charges  if provided in self.charges; see description of self.convert2pymatgen()
        
        If you need to convert e*A to debye (D), use 1 D = 0.20819434 eA = 3.33564×10−30 Cm; 1 eA = 4.8 D
        """
        slab = self.convert2pymatgen(slab = 1, oxidation = ox_states, chg_type = chg_type)
        return slab.dipole



[docs]    def add_atoms(self, atoms_xcart = None, element = 'Pu', return_ins = False, selective = None, atoms_xred = None, mag = None):
        """
        appends at the end if element is new. Other case insertered according to VASP conventions
        Updates ntypat, typat, znucl, nznucl, xred, magmom and natom
        atoms_xcart (list of ndarray)
        atoms_xred (list of coordinate lists) - if provided both, this has higher priority 

        selective (list of lists) - selective dynamics

        mag magnetic moment of added atoms, if None, than 0.6 is used
            magmom is appended with 0.6, 
            please improve me! by using the corresponding list of magmoms


        if return_ins:
            Returns Structure(), int - place of insertion of first atom
        else:
            Structure()
       


        """

        printlog('self.add_atoms(): adding atom ', element, imp = 'n')

        st = copy.deepcopy(self)

        # print(st.select)
        if selective: 
            if not hasattr(st, 'select') or st.select is None or len(st.select) == 0:
                st = st.selective_all()
        # print(st.select)
        # sys.exit()

        if atoms_xred is not None:
            atoms_xcart = xred2xcart(atoms_xred, st.rprimd)


        natom_to_add = len(atoms_xcart)
        if natom_to_add == 0:
            printlog('self.add_atoms(): Nothing to add, continiue')
            return st


        st.natom+=natom_to_add

        # print(element)
        # sys.exit()
        if type(element) is not str:
            printlog('Error! element is', element, 'but should be element name')

        el_z_to_add = element_name_inv(element)

        if hasattr(st, 'magmom') and any(st.magmom) or mag:
            magmom_flag = True
        else:
            magmom_flag = False

        if mag is None:
            mag = 0.6

        if el_z_to_add not in st.znucl:
            
            st.znucl.append( el_z_to_add )
            
            st.nznucl.append(natom_to_add)            

            st.ntypat+=1

            # print (st.typat)
            if st.typat:
                typ = max(st.typat)+1
            else:
                typ = 1
        
            st.xcart.extend(atoms_xcart)
            
            st.typat.extend( [typ]*natom_to_add )

            if selective is not None:
                st.select.extend(selective)
            elif hasattr(st, 'select') and st.select and len(st.select) > 0:
                # printlog('adding default selective', imp = 'y')

                st.select.extend( [[True,True,True] for i in range(natom_to_add)] )
            else:
                ''

            if magmom_flag:
                # print(mag, natom_to_add)

                # print('add_atoms: magmom = ',st.magmom)
                st.magmom.extend( [mag]*natom_to_add  )
                # print('add_atoms: magmom = ',st.magmom)

            j_ins = self.natom # first one

        else:
            i = st.znucl.index(el_z_to_add)
            
            st.nznucl[i]+=natom_to_add
            
            typ = i+1

            # print(el_z_to_add, typ)
            for j, t in enumerate(st.typat):
                if t == typ:
                    j_ins = j+1 # place to insert




            st.xcart[j_ins:j_ins] = atoms_xcart
            
            st.typat[j_ins:j_ins] = [typ]*natom_to_add

            # print(st.select)
            # sys.exit()
            if selective is not None:
                printlog('adding selective', imp = '')

                st.select[j_ins:j_ins] = selective
            elif hasattr(st, 'select') and  st.select and len(st.select) > 0:
                printlog('adding default selective', imp = '')
                st.select[j_ins:j_ins] = [[True,True,True] for i in range(natom_to_add)]
            else:
                ''

            if magmom_flag:
                st.magmom[j_ins:j_ins] =  [mag]*natom_to_add


        st.xcart2xred()
        


        # print(st.select)



        if return_ins:
            return st, j_ins
        else:
            return st



[docs]    def add_atom(self, xr = None, element = 'Pu', xc = None, selective = None):
        """
        
        allows to add one atom using reduced coordinates or cartesian
        xr - reduced
        xc - cartesian
        element - element name
        """

        if xr is not None:
            ''
            xc = xred2xcart([xr], self.rprimd)[0]
        
        elif xc is not None:
            ''

        else:
            ''
            printlog('Error! Provide reduced *xr* or cartesian *xc* coordinates!')


        if selective is not None:
            selective = [selective]

        st = self.add_atoms([xc], element = element, selective = selective)
        return st 








[docs]    def reorder_for_vasp(self, inplace = False):
        """
        
        Group and order atoms by atom types; consistent with VASP
        return st
        """
        ''
        if inplace:
            st = self
        else:
            st = copy.deepcopy(self)
        nt = range(st.ntypat)
        zxred  = [[] for i in nt]
        zxcart = [[] for i in nt]
        ztypat = [[] for i in nt]
        zmagmom= [[] for i in nt]
        ziat =   [[] for i in nt]
        i = 0
        # print(st.ntypat)
        for t, xr, xc in zip(st.typat, st.xred, st.xcart):
            # print ("t ", t, xr)
            zxred[ t-1].append(xr)
            zxcart[t-1].append(xc)
            ztypat[t-1].append(t)
            ziat[t-1].append(i)
            i+=1

        st.nznucl = [len(typat) for typat in ztypat]

        st.xcart = [item for sublist in zxcart for item in sublist]
        st.xred  = [item for sublist in zxred for item in sublist]
        st.typat = [item for sublist in ztypat for item in sublist]
        original_numbers  = [item for sublist in ziat for item in sublist]
        
        st.perm = [original_numbers.index(i) for i in range(st.natom)] # show the initial order of atoms; starting from 0

        if hasattr(st, 'magmom') and any(st.magmom):
            for t, m in zip(st.typat, st.magmom):
                zmagmom[t-1].append(m)
            st.magmom = [item for sublist in zmagmom for item in sublist]

        else:
            st.magmom = [None]

        # print(st.get_elements())

        # print(st.perm)

        

        return st



[docs]    def reorder_element_groups(self, order = None, inplace = False):
        """
        
        Group and order atoms by atom types; consistent with VASP
        order (list) -required order e.g. ['O', 'Li'] or str 'alphabet'

        return st
        """

        st = copy.deepcopy(self)

        # for z in st.znucl:
        #     print(z)
        
        typat = []
        xcart = []
        magmom = []
        znucl = []
        # st.write_poscar()


        els = st.get_elements()

        if 'alphabet' in order:
            order =  list(sorted(set(els)))
        # print(unique_sorted)
        # sys.exit()

        old_numbers = []
        t = 1
        for el in order:
            if el not in els:
                printlog('Error! Check *order* list')
            
            znucl.append( invert(el) )

            for i in range(st.natom):
                # old_numbers
                el_i = els[i]
                if el_i not in order:
                    printlog('Error! Check *order* list')

                if el_i == el:
                    # print(el)
                    typat.append(t)
                    xcart.append(st.xcart[i])
                    old_numbers.append(i)
                    if None not in st.magmom:
                        magmom.append(st.magmom[i])
            t+=1

        if len(magmom) == 0:
            magmom = [None]

        st.old_numbers = old_numbers
        st.xcart = xcart
        st.magmom = magmom
        st.typat = typat
        st.znucl = znucl
        st.update_xred()
        st.name+='_r'
        # st.write_poscar()

        return st


[docs]    def reorder(self, new_order):
        """
        Reorder according to new_order list, len(new_order) should be equal to natom

        """
        st = self.copy()
        els = self.get_elements()
        st = st.remove_atoms(atoms_to_remove = els,  clear_magmom=0)
        # print(st.natom)

        magmom_flag = False
        if len(self.magmom) == self.natom:
            magmom_flag = True
        # print(st.magmom)

        for i in new_order:
            x = self.xcart[i]
            el = els[i]

            if magmom_flag:
                m = self.magmom[i]
            else:
                m = None
            # print(m)
            st = st.add_atoms([x], el, mag = m)

        return st




[docs]    def permutate_to_ref(self, st_ref):
        """
        Permutate atom numbers of self according to st
        Structures should have the same amount of atoms and be quite similar
        the self can have one extra type of atoms

        #TODO: now extra atom types could be only in self structure

        """

        st = self.copy()
        els = st.get_elements()
        els_ref = st_ref.get_elements()
        # print(els, els_ref)
        extra = list(set(els)-set(els_ref))[0] # only one is implemented currently
        new_order = []
        for el1, x1 in zip(els_ref, st_ref.xcart):
            i,s,d = st.find_closest_atom(x1)
            # print(el1, st.get_elements()[i])
            new_order.append(i)
        
        for i in st.get_specific_elements([1]):
            # print(i, els[i])
            new_order.append(i)

        # sys.exit()


        if len(new_order) != st.natom:
            printlog('Error! something is wrong with number of atoms')

        # print('ref ', st_ref.get_elements())

        # print('init', st.get_elements())
        st = st.reorder(new_order)
        # print('reor', st.get_elements())

        return st





[docs]    def del_atom(self, iat):
        """
        Now can delete only one atom with number iat (int), starting from 0. 
        Takes care of magmom, ntypat, typat, znucl, nznucl, xred and natom
        Returns Structure()
        """


        # print_and_log('Warning! Method del_atoms() was not carefully tested ')
        st = copy.deepcopy(self)
        # print(st.nznucl)

        i = iat

        typ = st.typat[i]

        # printlog('del_atom(): I remove atom ',  st.get_elements()[i], imp = 'n')
        del st.typat[i]
        del st.xred[i]
        del st.xcart[i]

        # print ('Magmom deleted?')
        # print(st.magmom)
        if hasattr(st, 'magmom') and any(st.magmom):
            del st.magmom[i]
            # print ('Yes!')
        else:
            ''
            # print ('No!')



        st.natom-=1

        if typ in st.typat:
            st.nznucl[typ-1]-=1
        else:
            del st.nznucl[typ-1]
            del st.znucl[typ-1]
            st.ntypat-=1

            # for i, n in enumerate(st.nznucl):
            #     typ = i+1
            #     st.typat = [typ, ]

            for i, t in enumerate(st.typat):
                if t > typ:
                    st.typat[i]-=1


        # print(st.nznucl)

        return st








[docs]    def mov_atoms(self, iat = None, to_x = None, to_xr = None, relative = False):
        """
        Move one atom to xcart position *to_x*
        relative (bool) - if shift is relative

        """
        st = copy.deepcopy(self)
        
        if to_xr is not None:
            if relative:
                st.xred[iat] += to_xr
            else:
                st.xred[iat] = to_xr
            
            st.xred2xcart()



        else:
            if relative:
                st.xcart[iat] += to_x
            else:
                st.xcart[iat] = to_x
            
            st.xcart2xred()

        return st


[docs]    def swap_atoms(self, iat1, iat2):
        
        st = copy.deepcopy(self)
        els = st.get_elements()
        # printlog('You choose', els[iat1], 'and', els[iat2])

        x1 = st.xcart[iat1]
        st.xcart[iat1] = st.xcart[iat2]
        st.xcart[iat2] = x1
        st.xcart2xred()
        
        return st



[docs]    def leave_only(self, atom_type = None):
        #Remove all atoms except *atom_type*(str, mendeleev element name)
        
        print_and_log('Starting leave_only()', imp = 'n')

        st = copy.deepcopy(self)
        
        print_and_log('    N of atoms before = ',st.natom, imp = 'n')


        z = element_name_inv(atom_type)

        new_xred = []
        new_magmom = []
        
        if hasattr(st, 'magmom') and any(st.magmom):
            for t, xr, m in zip(st.typat, st.xred, st.magmom):
                if st.znucl[t-1] == z:
                    new_xred.append(xr)
                    new_magmom.append(m)
        else:
            for t, xr in zip(st.typat, st.xred):
                if st.znucl[t-1] == z:
                    new_xred.append(xr)


        st.magmom = new_magmom

        st.xred = new_xred

        st.natom = len(new_xred)

        st.ntypat = 1

        st.typat = [1]*st.natom

        st.znucl = [z,]

        st.nznucl = [st.natom,]

        st.xcart = xred2xcart(st.xred, st.rprimd)

        # print st.xred

        print_and_log('    N of atoms after  = ',st.natom, imp = 'n')


        return st



[docs]    def get_numbers(self, element):
        "return numbers of specific element "
        return [i for i, el in enumerate(self.get_elements()) if el == element]



[docs]    def remove_atoms(self, atoms_to_remove, from_one = 0, clear_magmom  = 1 ):
        """
        remove atoms either of types provided in *atoms_to_remove* or having numbers provided in *atoms_to_remove*, starting from 0
        st (Structure)
        atoms_to_remove (list) - list of element names or numbers
        from_one (int)- if 1 the numbers of atoms in provided list are starting from one
        clear_magmom - by default magmom is cleared
        """
        st = copy.deepcopy(self)
        # print(st.nznucl)

        numbers = list(range(st.natom))


        atom_exsist = True

        while atom_exsist:

            for i, (n, el) in enumerate(  zip(numbers, st.get_elements()) ):
                # print(i)

                if el in atoms_to_remove or n+from_one in atoms_to_remove:
                    # print(n)
                    # atoms_to_remove.remove(i)
                    st = st.del_atom(i)
                    del numbers[i]

                    break
            else:
                atom_exsist = False
        printlog('remove_atoms(): Atoms', atoms_to_remove, 'were removed')
        if clear_magmom:
            st.magmom = [None]

        # print(st.nznucl)

        # print(st.get_elements())
        return st



[docs]    def del_layers(self, xred_range = None, xcart_range = None):
        """
        remove atoms normal to R3 in given range

        xred_range (list) [from, to]
        highlight - replace with Pu to check

        """
        st = copy.deepcopy(self)
        # print(st.nznucl)
        r3 = np.linalg.norm(st.rprimd[2])
        # print('r3',r3 )
        xcr = xcart_range
        if xcr:
            xred_range = [xcr[0]/r3, xcr[1]/r3]
            printlog('xcart_range converted to xred', xred_range)
            
            # print('xcart_range converted to xred',xcart_range, xred_range)

        dels = []
        for i, xr in enumerate(st.xred):
            if xred_range[0]  < xr[2] <= xred_range[1]:
                # print(xred_range[0], xr[2], xred_range[1])
                dels.append(i)
        # print(dels)
        st = st.remove_atoms(dels)
        st.name+='_del'
        # print(st.nznucl)
        
        return st



[docs]    def remove_at_in_zrange(self, z_range, del_range = 0):
        # z_range - at 2 remove
        # del_range: if true  - remove atoms in z_range, if false - remove atoms out of given z_range

        st = copy.deepcopy(self)
        at2remove = []
        
        for i in range(0, st.natom):

            if (z_range[1]<st.xcart[i][2] or st.xcart[i][2]<z_range[0]) and not del_range:
                at2remove.append(i)

            if z_range[0]<=st.xcart[i][2]<=z_range[1]  and del_range:
                at2remove.append(i)

        st_new = st.remove_atoms(at2remove)
        return st_new  




[docs]    def replace_atoms(self, atoms_to_replace, el_new, mag_new = None, silent = 1, mode = 1):
        """
        atoms_to_replace - list of atom numbers starting from 0
        el_new - new element periodic table short name
        mag_new - new magnetic moment
        mode 
            1 - old behaviour, numbering is not conserved
            2 - numbering is conserved if el_new already exists in self

        TODO:
        Now if el_new already exists in structure, numbering is conserved,
        otherwise numbering is not conserved.
        Make numbering conservation in case when new element is added
        Both modes can be useful, as the first case is compat with VASP


        """
        st = copy.deepcopy(self)

        numbers = list(range(st.natom))
        z_new = invert(el_new)
        atom_exsist = True
        if silent:
            warn = 'n'
        else:
            warn = 'Y'


        while atom_exsist:


            for i, (n, el) in enumerate(  zip(numbers, st.get_elements()) ):
                # print(i)

                if n in atoms_to_replace:
                    xcart = st.xcart[i]

                    if mode == 2:
                        if st.get_elements().count(el) == 1:
                            printlog('Error! The functions replace_atoms() in mode == 2 works incorrectly if one atom of type ', el)
                        if el_new not in st.get_elements():
                            st.znucl.append(z_new)
                            # print(st.nznucl)
                            st.ntypat+=1
                        
                        it = st.znucl.index(z_new)+1
                        
                        st.typat[n] = it
                        # print('mag_new',mag_new)
                        # sys.exit()
                        st.magmom[n] = mag_new
                        # print(it, z_new, st.typat)
                        # print(st.get_elements())
                        # sys.exit()
                        del numbers[i]

                        printlog('replace_atoms(): atom', i, el, 'replaced with', st.get_elements()[n], '; Atom number stayed the same' , imp = warn)

                    else:
                        # atom number is changed, since new typat is added
                        el_rep = st.get_elements()[i]
                        st = st.del_atom(i)
                        del numbers[i]
                        # print(mag_new)
                        st = st.add_atoms([xcart], element = el_new, mag = mag_new)
                        printlog('replace_atoms(): atom', i, el_rep, 'replaced with', el_new, '; Atom number was changed', imp = warn)
                        # print('replace_atoms(): mag, magmom', mag_new, st.magmom)
                    break
            else:
                atom_exsist = False
        st.get_nznucl()
        # printlog('remove_atoms(): Atoms', atoms_to_remove, 'were removed')

        # print(st.get_elements())
        return st



[docs]    def replace_atoms2(self, el_old, el_new, concentration):
        """
        Replace atoms using random  

        el_old - element to replace

        el_new - new element

        concentration - part of atoms el_old to replace by el_new. Number from 0 to 1.
        """
        import random

        st = copy.deepcopy(self)

        numbers = list(range(st.natom))

        nums = []


        for i, (n, el) in enumerate(  zip(numbers, st.get_elements()) ):
            if el == el_old: nums.append(n)
            # print(nums)
        n_replace = int(len(nums)*concentration)
        c = float(n_replace/len(nums))
        if c != concentration: print('\n\nAttention! This concentraiton is impossible. Real concentration is - ', c) 
        print('\nI have found {} from {} random atoms of {} to replace by {} \n'.format(n_replace, len(nums), el_old, el_new ))
        random.shuffle(nums)

        atoms2replace = nums[0:n_replace]
        # print(num2replace)
        st = st.replace_atoms(atoms2replace, el_new)

        return st




[docs]    def remove_part(self, element, new_conc):
        """
        element to remove
        new_conc <1 - new concentration of element atoms (part of unity)
        """
        st = copy.deepcopy(self)


        numb = self.get_numbers(element)

        nat_el = int(np.ceil((len(numb)*new_conc)))
        printlog('New number of ', element, 'atoms is ', nat_el, imp = 'y')

        del_num = numb[nat_el:len(numb)]



        return st.remove_atoms(del_num)





[docs]    def add_vacuum(self, vector_i, thickness):
        """
        Allows to add or remove vacuum along one of the rprimd vectors
        vector_i (int) - index of vector along which vacuum should be added 0, 1, 2
        thickness (float) - thickness of added (positive) or removed (negative) vacuum 


        TODO:
        add capability to add vacuum normal to surface in case of non-orthogonal cells

        """
        st = copy.deepcopy(self)
        v = st.rprimd[vector_i]
        v_l = np.linalg.norm(v)
        new_len = v_l+thickness

        st.rprimd[vector_i]*=new_len/v_l

        st.update_xred()
        st.name+='_vac'
        # st.write_xyz()
        return st





    # def sum_of_coord(self):
    #     sumx = 0
    #     for x in self.xcart:
    #         sumx+=x
    #     sumx/=len(self.xcart)
    #     return sumx

[docs]    def return_atoms_to_cell(self, shift = 0):
        #shift - shift from the end of vectors between 0 and 1 - allows to collect atoms close to origin

        st = copy.deepcopy(self)
        bob = 0-shift; upb = 1-shift;
        n = 0 
        # print st.xred
        for xr in st.xred:
            for j in 0,1,2:
                if xr[j]  < bob:  
                    xr[j] = xr[j] - int(xr[j]) + 1 #allows to account that xr can be more than 2
                if xr[j]  >= upb:  
                    # print(xr[j], int(xr[j]))
                    xr[j] = xr[j] - int(xr[j]) 
        # n+=1
        # zmin = 100
        # for xr in st.xred:
        #     if xr[2]<zmin: zmin = xr[2]
        # if zmin < 0:
        #     for xr in st.xred:
        #         xr[2] = xr[2]-zmin



        st.xcart = xred2xcart(st.xred, st.rprimd)

        # print_and_log(str(n)+" atoms were returned to cell.\n")
        #print st.xred
        return st






[docs]    def combine(self, st_list, only_numbers = None):
        """
        Combine several structures into one
        using reduced coordinates
        """
        st_b = self.copy()

        if only_numbers is None:
            only_numbers = []

        for i, st in enumerate(st_list):
            # print(i)

            for j, xr, el in zip(list(range(st.natom)), st.xred, st.get_elements() ):
                if j in only_numbers:
                    st_b = st_b.add_atom(xr, el)


        return st_b





[docs]    def combine_atoms(self, d = 0.1):
        """
        Combine close-lying atoms into one
        d (float) - all atoms with d less then d are combined into one in Angstrom
        """
        st = self
        # copy()
        remove_list = []
        for i, x1 in enumerate(st.xcart):
            for ii, x2 in enumerate(st.xcart[i+1:]):
                j = ii+i+1
                dx = st.distance(x1=x1, x2=x2)
                xlist = []
                if dx < d:
                    xlist.append(x2)
                    remove_list.append(i)
                    # print(dx)
            if xlist:
                x_new = sum(xlist)/len(xlist)
                # print(x_new)
                st.xcart[i] = x_new
                print('Atom i= {:n}, {:s} replaced with average position'.format(i, st.get_elements()[i]) )

        st = st.remove_atoms(remove_list)



        return st







[docs]    def perturb(self, d=0.1):
        """
        d is distance
        """
        st = self.copy()
        pm = st.convert2pymatgen()
        pm.perturb(d)
        st = st.update_from_pymatgen(pm)
        return st


[docs]    def find_atom_num_by_xcart(self, x_tar, prec = 1e-6, search_by_xred = 1 ):
        """take into account periodic conditions

        search_by_xred - use xred to search with PBC
        prec - difference in atomic positions in A; transformed to reduced difference using the longest vector
        
        TODO:
        make normal function that treats periodic boundary conditions normally!!!
            done please test

        """

        [xr_tar] = xcart2xred([x_tar], self.rprimd)
        printlog('find_atom_num_by_xcart(): xr_tar = ', xr_tar)
        #PBC!!!
        if 1:
            for i in [0,1,2]:
                if xr_tar[i] < 0:
                    xr_tar[i]+= 1
                    
                if xr_tar[i] >= 1:
                    xr_tar[i]-= 1
        
        printlog('find_atom_num_by_xcart(): xr_tar after periodic = ', xr_tar)

        # print(xr_tar)
        # print(self.rprimd)
        [x_tar] = xred2xcart([xr_tar], self.rprimd)
        
        printlog('find_atom_num_by_xcart(): x_tar after periodic = ', x_tar)
        # sys.exit()
        # print(x_tar)
        self = self.return_atoms_to_cell() # please solve the problem, as neb not always works correctly!

        # for i, x in enumerate(self.xcart): # xcart
        #     if np.linalg.norm(x-x_tar) < prec:
        #         printlog('Atom', i+1, 'corresponds to', x_tar)
        #         return i
        
        vmax = max(self.vlength)
        prec_xr = prec/vmax
        print('Reduced precision is', prec_xr, '')

        i_matched = None
        d_min = 100

        for i, x in enumerate(self.xred): # xred
            # d = np.linalg.norm(x-xr_tar)
            # print(d)
            # if d >= 0.5:
                # d = abs(d-1)
            dv = []
            for j in 0,1,2:
                di = abs(x[j]-xr_tar[j])
                if di >= 0.5:
                    di=di-1
                dv.append(di)
            dvl = np.linalg.norm(dv)

            # print(dvl)
            if dvl < prec_xr:
                print('Difference is ', dvl*vmax, 'A', 'for atom', i)
                if dvl < d_min:
                    i_matched = i
                    d_min = dvl
                    d_xc = np.linalg.norm(self.xcart[i]-x_tar)

                    printlog('Atom', i, self.xcart[i], 'corresponds to the requested atom with difference', d_xc, 'A',  imp = 'Y')



        if i_matched is None:
            printlog('Attention, atom ', x_tar, 'was not found' )



        return i_matched




[docs]    def shift_atoms(self, vector_red = None, vector_cart = None, return2cell = 1):
        """
        Shift all atoms according to *vector_red* or *vector_cart*
        Use *return2cell* if atoms coordinates should be inside cell
        """
        st = copy.deepcopy(self)
        if vector_cart is not None:
            vec_cart = np.array(vector_cart)
            for xc in st.xcart:
                xc+=vec_cart
            st.update_xred()
            
        elif vector_red is not None:
            vec = np.array(vector_red)
            for xr in st.xred:
                xr+=vec
            st.xred2xcart()

        
        if return2cell:
            st = st.return_atoms_to_cell()
        return st



[docs]    def shake_atoms(self, amplitude = 0.1, el_list = None, ):
        """
        Randomly shake atoms around the lattice 
        amplitude (float) - maximum shift in A it is multiplied by random vector
        el_list (list of int) - shake only el atoms, None - shake all atoms
        """
        st = self.copy()

        ru = random.uniform
        for i, el in enumerate(st.get_elements()):
            # print(el, el_list)
            if el_list is None or el in el_list:
                rand_vec = amplitude*np.array([ru(-1, 1),ru(-1, 1),ru(-1, 1)])
                # print(rand_vec) 

                st.xcart[i]+=rand_vec
        st.update_xred()

        return st


[docs]    def replic(self, *args, **kwargs):

        return replic(self, *args, **kwargs)


[docs]    def image_distance(self, *args, **kwargs):

        return image_distance(*args, **kwargs)



[docs]    def distance(self, i1=None, i2=None, x1=None, x2 = None, coord_type = 'xcart'):
        """
        Shortest distance between two atoms acounting PBC, from 0
        i1 and i2 override x1 and x2

        coord_type - only when x1 and x2 are provided

        """
        # print(self.xcart)
        if i1:
            x1 = self.xcart[i1]
        if i2:
            x2 = self.xcart[i2]
        return image_distance(x1, x2, self.rprimd, coord_type = coord_type)[0]


[docs]    def remove_close_lying(self, rm_both = 0, rm_first = 0, tol = 0.4):
        """
        rm_both (bool) - if True than remove both atoms, if False than only the second atom is removed
        rm_first (bool) - if True than the first atom of two overlapping is removed, otherwise the second atom is removed
        tol (float) - atoms separated by distance less than *tol* A are removed

        PBC is realized through image_distance

        SIDE:
            write _removed field to returned st

        TODO:
            Works incorrectly for more than one overlap !!!


        """
        st = copy.deepcopy(self)    
        removed = False
        x1_del = []
        x2_del = []
        numbers = range(st.natom)
        count = 0
        for i, x1 in enumerate(st.xcart):
            for j, x2 in list(zip(numbers, st.xcart))[i+1:]:
                # print(i,j)
                # if all(x1 == x2):
                #     continue
                # if all(x1 == x1_del) or (x2 == x2_del):
                #     continue
                if self.image_distance(x1, x2, r = self.rprimd)[0] < tol:
                    count+=1
                    if count > 1:
                        raise RuntimeError # for detecting multiple overlaps please make this function more universal - removing not by numbers, but by coordinates or more intelligent- see remove_atoms()
                    x1_del = x1
                    x2_del = x2
                    if rm_both:
                        printlog('remove_close_lying(): Atoms', i,j, 'of types ', st.get_elements()[i], st.get_elements()[j], 'are removed')

                        st = st.remove_atoms([i, j])
                        removed = True
                    else:
                        printlog('remove_close_lying(): Atom', j, 'of type ', st.get_elements()[j], 'is removed')
                        
                        if rm_first:
                            st = st.remove_atoms([i]) # the existing atom is removed
                        else:
                            st = st.remove_atoms([j]) # the added atom is removed
                        
                        removed = True
        st._removed = removed

        return st, x1_del, x2_del



[docs]    def remove_close_lying2(self, tol = 0.4):
        """
        Very fast removal, linear with respect to number of atoms
        Support multiple overlaps
        Makes a mesh with cubes and determine wich atoms appeared in the mesh 

        Leaves only the first entry, the rest are removed

        
        TODO:
        A problem may occur if two-close lying atoms goes into neibouring bins
            This may be solved by making three additional meshes, 
            where all atoms are shifted by (tol/2, 0, 0), (0, tol/2, 0), (0, 0, tol/2)

        Problem with PBC, not taken into account
            can be solved by making mesh for atoms with (tol, tol, tol) shift 

        Then all overlaps detected on any mesh are treated 

        Replace all overlapping atoms by their center of gravity.


        """
        st = copy.deepcopy(self)    
        
        st = st.return_atoms_to_cell()
        vl = np.array(st.rprimd_len() )
        t = tol/vl
        # print(meshes)
        # sys.exit()
        # shifts_xc = [[0,0,0], [tol, tol, tol], [tol/2, 0, 0], [0, tol/2, 0], [0, 0, tol/2]]
        # shifts = [[0,0,0], [0.5,0.5,0.5], [t[0]/2, 0, 0], [0, t[1]/2, 0], [0, 0, t[2]/2]]
        # shifts = [[0,0,0], [1.5*t[0], 0, 0], [0, 1.5*t[1], 0], [0, 0, 1.5*t[2]]]
        shifts = []
        space = np.linspace(1.9,2.9,3)
        if 1:
            for s1 in space:
                for s2 in space:
                    for s3 in space:
                        s = np.array([s1,s2,s3])
                        # print(s*t) 
                        shifts.append(s*t)
        
        else:
            for i in 0,1,2:
                v = [0,0,0]
                for s in space:
                    v[i] = s
                    # print(v*t)    
                    shifts.append(v*t)

        # sys.exit()


        # print(t)
        print('Number of shifts is ', len(shifts) )


        meshes = [{} for i in shifts]

        
        NML = (vl/tol).astype(int) # mesh sizes

        # print('Mesh sizes are', NML, )#np.array([1/31, 1/27, 1/36])*NML)
        for i, xr in enumerate(st.xred):
            for m, s in zip(meshes, shifts):
                # print(xr)
                xrs = return_xred(xr+s)
                # print(xrs,'\n')
                p = (xrs*NML).astype(int)
                pos = str(p[0])+' '+str(p[1])+' '+str(p[2])
                # print()
                # print(pos)

                if pos in m:
                    m[pos].append(i)
                else:
                    m[pos] = [i]
            # print('\n')
        rem_lists = []
        for i, m in enumerate(meshes):
            rem_list_m = []
            for key in m:
                if len(m[key]) > 1:
                    # x = sum([st.xcartxr for ]  )
                    rem_list_m.extend(m[key][1:])
                    # print(x)
            # print('For mesh', i, 'the list of atoms to remove is ',rem_list_m )
            rem_lists.append(rem_list_m)

        # print( list(set(rem_lists[0]).symmetric_difference(set(rem_lists[1]))) )
        # print( list(set(rem_lists[2]).symmetric_difference(set(rem_lists[3]))) )
        rem_flat_list = [item for sublist in rem_lists for item in sublist]
        # print(rem_flat_list)
        # print(list(set(rem_flat_list)))
        nat_before = st.natom
        st = st.remove_atoms(rem_flat_list)
        print(nat_before- st.natom, 'atoms were removed')

        return st



[docs]    def remove_closest(self, *args, **kwargs):
        return remove_closest(self, *args, **kwargs)




[docs]    def remove_vacuum(self, *args, **kwargs):
        return remove_vacuum(self, *args, **kwargs)



[docs]    def find_closest_atom(self, xc = None, xr = None):
        """
        Find closest atom in structure to xc (cartesian) or xr (reduced) coordinate

        RETURN:
        i shifts, and dist
        """
        if xc is not None:
            x = np.asarray(xc)
            coord_type = 'xcart'
            coords = self.xcart
        if xr is not None:
            x = np.asarray(xr)
            coord_type = 'xred'
            coords = self.xred

        # abs_shifts = [np.linalg.norm(x-x1) for x1 in self.xcart]
        
        abs_shifts = [self.distance(x1 = x, x2 = x1, coord_type = coord_type) for x1 in coords]
        # print(sorted(abs_shifts))
        i = np.argmin(abs_shifts)
        return i, abs_shifts[i], self.distance(x1 = x, x2 = coords[i], coord_type = coord_type)


[docs]    def find_closest_neighbor(self,i_at):
        #find closest atom in structure to i_at

        x = self.xcart[i_at]
        abs_shifts = []
        for x1 in self.xcart:
            if list(x1) != list(x):
                abs_shifts.append(np.linalg.norm(x-x1))
        i = np.argmin(abs_shifts)
        return i, abs_shifts[i], x - self.xcart[i]


[docs]    def nn(self, i, n = 6, ndict = None, only = None, silent = 0, 
        from_one = True, more_info = 0, oxi_state = 0, print_average = 0):
        """
        show neigbours

        INPUT:
        i - number of central atom, from 1 or 0 (from_one = True or False)
        n - number of neigbours to return
        ndict (dic) - number of specific neigbour atoms to take into account e.g ndict = {8:3} - 3 oxygen atoms will be considered
        only - list of interesting z neighbours

        more_info - return more output - takes time

        from_one - if True, strart first atom from 1, otherwise from 0

        oxi_state (bool) - if 1 then showing oxidation state as well

        print_average (bool) - print more

        RETURN
            dict with the following keys:
            'av(A-O,F)'
            'numbers'
            'dist'
            'xcart'
            'st' - surrounding


        Important:
            'numbers' from 0 in the new version!!!!!


        """

        if from_one:
            i -= 1
            mod = 1
        else:
            mod = 0 # for table 
        st = self
        zn = st.znucl
        x = st.xcart[i]
        out_or = local_surrounding(x, st, n, 'atoms', True, only_elements = only)
        # out =  (xcart_local, typat_local, numbers, dlist )
        # print(out_or)
        out = list(out_or)
        # out[0] = list(itertools.chain.from_iterable(out[0]))
        out[1] = [invert(zn[o-1]) for o in out[1]]
        numbers = copy.copy(out[2]) 
        out[2] = [o+mod for o in out[2]]

        out_tab = [range(0, len(out[2])), out[2], out[1], out[3]]

        tab = np.asarray(out_tab).T.tolist()

 
        # df = pd.DataFrame(tab)
        # print(df)
        if  silent:
            imp = ''
        else:
            imp = 'Y'
        printlog('Neighbors around atom', i+mod, st.get_elements()[i],':', imp = imp)
        # if not silent:
        
        headers = ['nn', 'No.', 'El', 'Dist, A']
        if oxi_state:
            headers.append('Oxi state')
            i = 0 
            oxi = st.get_oxi_states()
            for t in tab:
                i_at = numbers[i]
                t.append(oxi[i_at])
                i+=1


        if tabulate:
            printlog( tabulate(tab[1:], headers = headers, tablefmt='psql', floatfmt=".2f"), imp = imp )
        else:
            printlog(tab[1:], imp = imp )

        info = {}
        info['numbers'] = out_or[2]
        info['dist'] = out_or[3]
        info['xcart'] = out_or[0]


        el = st.get_elements()
        info['el'] = [el[i] for i in out_or[2]]
        info['av(A-O,F)'] = local_surrounding(x, st, n, 'av', True, only_elements = [8,9], round_flag = 0)

        if more_info:
            info['avsq(A-O,F)'] = local_surrounding2(x, st, n, 'avsq', True, only_elements = [8,9])
            info['avharm(A-O,F)'] = local_surrounding2(x, st, n, 'avharm', True, only_elements = [8,9])
            info['avdev(A-O,F)'], _   = local_surrounding2(x, st, n, 'av_dev', True, only_elements = [8, 9])
            info['sum(A-O,F)'] = local_surrounding2(x, st, n, 'sum', True, only_elements = [8,9])

        t = set(out_or[2])
        s = set(range(st.natom)) 
        d = s.difference(t) 
        # d = d.remove(i)
        # print(t)
        # print(i)
        # print(d)
        st_left = st.remove_atoms(d)
        st_left.name+='_loc'
        # sys.exit()
        st_left.dlist = out_or[3] # distances to neighbours
        st_left.ellist = info['el'] # types of neighbours
        info['st'] = st_left

        if ndict:
            info['av(A-O)']   = local_surrounding(x, st, ndict[8], 'av', True, only_elements = [8])
            info['avdev(A-O)'], _   = local_surrounding(x, st, ndict[8], 'av_dev', True, only_elements = [8])
            info['min(A-O)'], _ ,info['max(A-O)']    = local_surrounding(x, st, ndict[8], 'mavm', True, only_elements = [8])
            atoms = local_surrounding(x, st, ndict[8], 'atoms', True, only_elements = [8])
            info['Onumbers'] = atoms[2][1:] # exclude first, because itself!
            # print(info['Onumbers'])

        if print_average:
            print('av(A-O,F)', info['av(A-O,F)'])

        return info


[docs]    def check_JT(self, criteria = 0.03):
        #Check Yan-Teller effect
        #check average TM-O distance in the cell and find the outstanding bonds 
        #return TM-O dist list
        #criteria - value in % of average bond length when bond is outstanding
        #

        tra = self.get_transition_elements()
        
        if len(tra): 
            print('Starting...\n\n I ve obtained  %i TM atoms \n\n\n'%len(tra))
        else:
            print('Starting...\n\n I ve obtained  no TM atoms \n\n\n')
            return 
        


        el = self.get_elements()

        aver_list = []
        dist_list = []


        # print(self.nn(1, silent = 1)['dist'][1:],self.nn(1, silent = 1)['numbers'][1:])

        for i in range(0, len(el)):
            d = []
            if el[i] in tra:
                dist = self.nn(i+1, silent = 1)['dist'][1:]
                numbers = self.nn(i+1, silent = 1)['numbers'][1:]
                # print(numbers)
                n = self.nn(i+1, silent = 1)['numbers'][0]
                for k in range(0,len(dist)):
                    if el[numbers[k]] == 'O':
                        d.append(dist[k])
                        dist_list.append([round(dist[k],4),n,numbers[k]])
                aver_list.append(round(np.mean(d),2))
        # print(dist_list)
        # print(aver_list)
        aver_distance = round(np.mean(aver_list),2)
        print('Average TM-O bond length is %s A \n'%aver_distance)
       
        k = 0

        min_dist = []
        max_dist = []


        for i in dist_list:
            if (el[i[1]] == 'O' or el[i[2]] == 'O'):
                if i[0] > aver_distance*(1+criteria): 
                    max_dist.append(i[0])    
                    # print('Outstanding bond length %.4s between %s (%s) and %s (%s) \n'%(i[0],i[1], el[i[1]],i[2], el[i[2]]))
                    k = 1

                if i[0] < aver_distance*(1-criteria):
                    min_dist.append(i[0])    
                    # print('Outstanding bond length %.4s between %s (%s) and %s (%s) \n'%(i[0],i[1], el[i[1]],i[2], el[i[2]]))
                    k = 1

        if k:
            maxd = round(np.mean(max_dist),2)
            mind = round(np.mean(min_dist),2)

            if maxd and mind: 
                print('Jahn-Teller effect is found\n Average min TM-O length is %s \n Average max TM-O length is %s \n'%(mind, maxd) )


        if not k: print('Ok! None outstanding bonds found\n')

        return dist_list



[docs]    def find_unique_topologies(self, el1, el2, nn = 6, tol = 0.5, told = 0.005, tolmag = 0.4, write_loc = 0):

        """
        Looks for unique topologies
        Currently only octahedral and pentahedral are realized

        el1, el2 (str) - elements that forms topology
        nn (int) - number of neighbours for topology analysis
        tol (float) - tolerance for unique centers defined by deviation, mA
        told (float) - tolerance for distances applied for grouping bonds, A
        tolmag (float) - tolerance for magnetic moments works with tol
        write_loc (int) - write local topology


        """

        def group_bonds(lengths, tol):
            #
            lengths = list(np.around(lengths, 2))
            unique = []
            unique.append(lengths[0])
            groups = {}
            for l in lengths[1:]:
                if min(np.abs(unique-l)) > tol:
                    unique.append(l)
            # print('lengths', lengths)
            # print('unique bonds are', unique)
            for u in unique:
                groups[u] = 0
                for l in lengths:
                    if abs(l-u) < tol:
                        groups[u] += 1
            return groups


        st = self
        z1 = invert(el1)
        z2 = invert(el2)
        n1 = self.get_specific_elements([z1])


        unique_centers = [] # numbers of unique topology centers 
        unique_deviations = []
        unique_magmoms = []
        av_dev5 = 0
        for i in n1:
            x = st.xcart[i]

            av_dev, _   = local_surrounding2(x, st, nn, 'av_dev', True, only_elements = [z2], round_flag = 0 )
            # if av_dev > 100:
                #probably surface atom, deviation is too much
            mag = st.magmom[i]
            print('Deviation for atom {:d} is {:.1f}'.format(i, av_dev) )
            if len(unique_centers) == 0:
                unique_centers.append(i)
                unique_deviations.append(av_dev)
                unique_magmoms.append(mag)
                continue
            # print(unique_centers)
            # print(av_dev, min(np.abs(np.array(unique_deviations-av_dev))))
            # print(np.array(unique_magmoms-mag)) 
            if min(np.abs(np.array(unique_deviations-av_dev))) < tol and min(np.abs(np.array(unique_magmoms)-mag)) < tolmag:
                continue
            else:
                unique_centers.append(i)
                unique_magmoms.append(mag)
                unique_deviations.append(av_dev)
        
        # pretty = pprint.PrettyPrinter(width=30)

        print('Unique centers are ', unique_centers,'. number, deviation6, deviation5, magmom, and topology of polyhedra and  for each:')
        for i, d in zip(unique_centers, unique_deviations):
            dic = st.nn(i, only = [z2], from_one = 0, silent = 1)
            lengths = dic['dist'][1:]
            av = dic['av(A-O,F)']
            if d > 100:
                x = st.xcart[i]
                av_dev5, _   = local_surrounding2(x, st, 5, 'av_dev', True, only_elements = [z2], round_flag = 0 )
                st.name+=str(i)
                if write_loc:
                    st.write_xyz(show_around=i+1, analysis = 'imp_surrounding', only_elements = [z2])
            # print(lengths)
            groups = group_bonds(lengths, told)
            print( '{:2d} | {:4.1f} | {:4.1f} | {:4.1f} :'.format(i, d, av_dev5, st.magmom[i]))
            print(groups, 'av={:.2f} \n'.format(av))

        return


[docs]    def center(self, reduced = 0):
        #return cartesian or reduced center of the cell
        if reduced:
            center = np.sum(self.xred, 0)/self.natom
        else:
            center = np.sum(self.xcart, 0)/self.natom

        return center


[docs]    def center_on(self, i):
        #calc vector which alows to make particular atom in the center 
        if i and i < len(self.xred):
            x_r = self.xred[i]
            center = np.sum(self.xred, 0)/self.natom
            # print(center)
            # sys.exit()
            # print(x_r)
            dv = center - x_r
            # print(dv)
            # print(dv+x_r)
        else:
            dv = None
        return dv








[docs]    def localize_polaron(self, i, d, nn = 6):
        """
        Localize small polaron at transition metal by adjusting TM-O distances
        i - number of transition atom, from 0
        d - shift in angstrom; positive increase TM-O, negative reduce TM-O distance
        nn - number of neigbours

        """
        # nn

        st = copy.deepcopy(self)
        TM = st.get_el_z(i)
        TM_name = st.get_el_name(i)
        if TM not in header.TRANSITION_ELEMENTS:
            printlog('Warning! provided element ', TM_name, 'is not a transition metal, I hope you know what you are doing. ')

        silent = 1
        if 'n' in header.warnings or 'e' in header.warnings:
            silent = 0
        # silent = 0


        dic = st.nn(i, nn, from_one = 0, silent = silent, only = [8,9])
        printlog('Average TM-O distance before localization is {:.2f}'.format(dic['av(A-O,F)']), imp = '')

        #updated xcart
        xc = st.xcart[i]
        for j, x in zip(dic['numbers'][1:], dic['xcart'][1:]):
            x1 = st.xcart[j]
            
            # print(xc, x)
            v = xc-x
            # print(v)
            vn = np.linalg.norm(v)
            mul = d/vn
            # print(vn, mul)
            dv = v * mul
            # print(st.xcart[j])
            st.xcart[j] = st.xcart[j] -  dv 
            # print(st.xcart[j])

        st.update_xred()

        dic = st.nn(i, nn, from_one = 0, silent = silent, only = [8,9])
        printlog('Average TM-O distance after localization is {:.2f}'.format(dic['av(A-O,F)']), imp = '')

        st.name+='pol'+str(i+1)

        return st



[docs]    def localize_polaron_dist(self, i_center, d, nn = 6, axis = None, direction = None, mode = 'axis_expand'):
        """
        
        localization small polaron at transition metal by adjusting TM-O distances
        with distortions
        i_center - number of transition atom, from 0
        d - shift in angstrom; positive increase TM-O, negative reduce TM-O
            or shift along *direction* 
        nn - number of neighbors
        axis - axis of octahedra, 0, 1, 2,
        direction - vector to shift central atom in reduced coordinates

            Axes of octahedra are determined relative to cartesian coordinates
        mode 
            'axis_expand'
            'shift_center'

        TODO
        Make it more general to include any ligands; now only O and F are supported
        Make for other topologies, now tested only for octa

        """
        st = copy.deepcopy(self)
        TM = st.get_el_z(i_center)
        TM_name = st.get_el_name(i_center)
        if TM not in header.TRANSITION_ELEMENTS:
            printlog('Warning! provided element ', TM_name, 'is not a transition metal, I hope you know what you are doing. ')

        silent = 1
        if 'n' in header.warnings or 'e' in header.warnings:
            silent = 0
        # silent = 0

        np.set_printoptions(formatter={'float': '{: 6.2f}'.format})

        dic = st.nn(i_center, nn, from_one = 0, silent = silent)
        av = dic['av(A-O,F)']
        printlog('Average TM-O distance before localization is {:.2f}'.format(av), imp = '')

        xc = st.xcart[i_center]
        ligand_xcart = [x-xc for x in  dic['xcart'][1:]]
        # print(np.array(ligand_xcart))
        ligand_order     = copy.copy(list(dic['numbers'][1:]))



        # find octahedron axes
        pairs = []# first, second, and third pair are along first, second, and third octahedron axes
        order = []
        # if id(x1) in map(id, checked):
        i=0
        for i1, x1 in zip(ligand_order, ligand_xcart):
            for i2, x2 in zip(ligand_order[i+1:], ligand_xcart[i+1:]):
                # print( x1+x2 )
                ssum = np.linalg.norm(x1+x2 ) # for ideal octa should be zero for axis
                if ssum < av/2: #should work even for highly distorted octahedra
                    pairs.append(x1)
                    pairs.append(x2)
                    order.append(i1)
                    order.append(i2)
                    # print(av, ssum)
            i+=1
        if len(pairs) < len(ligand_xcart):
            #only two axes detected; i.e. pyramid; the third axis is determined relative to the center
            for i1, x1 in zip(ligand_order, ligand_xcart):
                # if x1 in pairs:
                if id(x1) in map(id, pairs):
                    continue
                else:
                    pairs.append(x1)
                    pairs.append(xc-xc)
                    order.append(i1)
                    order.append(dic['numbers'][0])

        # print(np.array(pairs))

        # check the order of pairs; to have first vector in positive xy quater
        # and third vector #determine pair along z

        pairs_new = [0]* len(pairs)
        order_new = [0]* len(order)
        # print(xc)
        # print(np.array(dic['xcart'][1:]))
        # print(np.array(pairs))
        # print(order)
        iz = np.argmax(np.abs(np.array(pairs).dot([0,0,1]) ))//2
        pairs_new[4] = copy.copy(pairs[iz*2])
        pairs_new[5] = copy.copy(pairs[iz*2+1])
        order_new[4] = order[iz*2]
        order_new[5] = order[iz*2+1]
        del pairs[iz*2+1] # 
        del pairs[iz*2]
        del order[iz*2+1] # 
        del order[iz*2]        
        ix = np.argmax(np.array(pairs).dot([1,0,0]) )//2
        iy = np.argmax(np.array(pairs).dot([0,1,0]) )//2
        
        q1 = sum(np.sign(pairs[0][0:2]))-sum(np.sign(pairs[1][0:2])) # for positive quater should be 4, for negative zero
        q2 = sum(np.sign(pairs[2][0:2]))-sum(np.sign(pairs[3][0:2]))
        # print(q1, q2)

        if q1 > q2:
            pairs_new[0:4] = order
            order_new[0:4] = order
        else:
            #swap axis 
            pairs_new[0:2] = pairs[2:4]
            pairs_new[2:4] = pairs[0:2]
            order_new[0:2] = order[2:4]
            order_new[2:4] = order[0:2]

        # print(order)
        # print(order_new)


        if mode == 'shift_center':
            #shift along lattice vectors
            #a12 
            ''
            v = np.dot( direction, st.rprimd) # cart
            vn = np.linalg.norm(v)
            dv = v/vn*d
            # print(dv)
            st.xcart[i_center] = st.xcart[i_center] + dv

        if mode == 'axis_expand':
            #expand or shring alond one of the axes by d
            # axis = 0
            # print(order_new[axis*2:axis*2+2])
            for i in order_new[axis*2:axis*2+2]:
                x = st.xcart[i]
                print(x)
                v = xc-x
                vn = np.linalg.norm(v)
                if vn < 0.1:
                    mul = 0 # central atom will not move! exatly what we need
                else:
                    mul = d/vn
                dv = v * mul
                st.xcart[i] = st.xcart[i] -  dv 
                print(st.xcart[i] )

        # sys.exit()

        st.update_xred()

        dic = st.nn(i, 6, from_one = 0, silent = silent)
        printlog('Average TM-O distance after localization is {:.2f}'.format(dic['av(A-O,F)']), imp = '')

        st.name+='pol'+str(i+1)

        return st



[docs]    def make_polarons(self, atoms, pol_type = 'hole', mag = None, silent = 1):
        """
        create polarons
        """
        st = self.copy()
        for i in atoms:
            st = st.localize_polaron(i, d=-0.1, nn = 6)
            st.magmom[i] = mag


        return st


[docs]    def ewald(self, ox_st = None, site = None):
        # ox_st 
        #   # 1 - oxidation states from guess
            # 2 - from potential
            # None - from charge
        # site if provided (from 0), than site energy is printed
        from pymatgen.analysis.ewald import EwaldSummation
        # from siman.analysis import set_oxidation_states

        st = copy.deepcopy(self)

        if ox_st == 1:
            # st = set_oxidation_states(st)
            #st.printme()
            stpm = st.convert2pymatgen(chg_type = 'pm')
            # print('The following oxi states were set', st.oxi_state)
        elif ox_st == 2:
            stpm = st.convert2pymatgen(chg_type = 'pot')
        else:
            stpm = st.convert2pymatgen()
        
        ew = EwaldSummation(stpm)
        if site is not None:
            site_e = 2*ew.get_site_energy(site)
            print('Energy for site ', st.get_elements()[site], site_e)

            return ew.total_energy,  site_e
        else:
            return ew.total_energy



[docs]    def write_espresso(self, filename = None, shift = None):
        st = copy.deepcopy(self)
        st = st.remove_atoms(['void']) # remove voids
        if shift:
            st = st.shift_atoms(shift)
        if not filename:
            filename = ('xyz/espresso_'+st.name).replace('.', '_')

        makedir(filename)

        printlog('Starting writing Quantum Espresso', filename)

        with io.open(filename,'w', newline = '') as f:
            f.write('ATOMIC_POSITIONS\n')
            for el, x in zip(st.get_elements(), st.xred):
                f.write(" {:2s}   {:12.10f}  {:12.10f}  {:12.10f} \n".format(el, x[0], x[1], x[2]) )




        return



[docs]    def write_poscar(self, filename = None, coord_type = 'dir', vasp5 = True, charges = False, energy = None, selective_dynamics = False, shift = None):
        """
        write 

        charges (bool) - write charges, self.charges should be available
        energy - write total energy

        selective dynamics - 
            if at least one F is found than automatically switched on
            !works only for coord_type = 'dir' and charges = False
            None - not written

        shift - shift atoms
        
        NOTE
        #void element type is not written to POSCAR

        TODO
            selective_dynamics for coord_type = 'cart'
            Velocity and predictor are not reordered; Can be used only for continiue MD
        """




        st = copy.deepcopy(self)
        st = st.remove_atoms(['void']) # remove voids
        if shift:
            st = st.shift_atoms(shift)


        to_ang = 1
        rprimd = st.rprimd
        xred   = st.xred
        xcart  = st.xcart
        typat = st.typat  
        znucl = st.znucl
        els   = st.get_elements()


        # print(st.convert2pymatgen())

        # print()
        try:
            select = st.select
        except:
            st = st.selective_all()
            select = st.select

        # print(select)

        if selective_dynamics is False:
            selective_dynamics = st.check_selective()

        # print(selective_dynamics)


        if not filename:
            filename = os.getcwd()+('/xyz/POSCAR_'+st.name).replace('.', '_')

        makedir(filename)

        printlog('Starting writing POSCAR', filename, 'Vasp5:', vasp5)

        # print 
        """1. Generate correct nznucl and zxred and zxcart"""
        zxred  = [[] for i in znucl]
        zxcart = [[] for i in znucl]
        zchar = [[] for i in znucl]
        zelem = [[] for i in znucl]
        zselect = [[] for i in znucl]
        zmagmom = [[] for i in znucl] # not used for the moment
        ziatom = [[] for i in znucl]
        iatom = range(st.natom)
        # nznucl = []
        if len(typat) != len(xred) or len(xred) != len(xcart):
            raise RuntimeError
        

        # print(xred)
        # print(typat)

        for t, xr, xc, el, i in zip(typat, xred, xcart, els, iatom ):
            # print ("t ", t-1, xr)
            zxred[ t-1].append(xr)
            zxcart[t-1].append(xc)
            zelem[t-1].append(el)
            ziatom[t-1].append(i)
        
        if selective_dynamics:
            for t, s in zip(typat, select):
                zselect[t-1].append(s)

        # print(zselect)
        # print(zxred)


        # print(charges)
        if charges:
            charg = self.charges

            for t, ch in zip(typat, charg):
                zchar[t-1].append(ch)

        if st.magmom:
            '' # if needed put it here

        poscar_atom_order = []
        for iatom in ziatom:
            for i in iatom:
                poscar_atom_order.append(i)


        self.poscar_atom_order = poscar_atom_order

        nznucl = [len(xred) for xred in zxred]
        # print(nznucl)
        # sys.exit()

        elnames = [element_name_inv(z) for z in znucl]



        with io.open(filename,'w', newline = '') as f:
            """Writes structure (POSCAR) in VASP format """
            if energy:
                energy_string = 'e0='+str(energy)+' ; '
            else:
                energy_string = ''

            f.write('i2a=['+list2string(elnames).replace(' ', ',') + '] ; '+energy_string)
            
            if hasattr(self, 'tmap'):
                f.write('tmap=[{:s}] ; '.format(list2string(st.tmap).replace(' ', ',') ))

            # print(self.name)
            f.write(self.name)


            f.write("\n{:18.15f}\n".format(1.0))
            
            for i in 0, 1, 2:
                f.write('{:10.6f} {:10.6f} {:10.6f}'.format(rprimd[i][0]*to_ang,rprimd[i][1]*to_ang,rprimd[i][2]*to_ang) )
                f.write("\n")

            if vasp5:
                for el in elnames:
                    f.write(el+' ')
                f.write('\n')


            for n in nznucl:    
                f.write(str(n)+' ')
                # print(str(n)+' ')
            f.write('\n')

            if selective_dynamics:
                f.write("Selective dynamics\n")



            if "car" in coord_type:
                print_and_log("Warning! Cartesian regime of coordination may be obsolete and incorrect !!!", imp = 'Y')
                f.write("Cartesian\n")
                for xcart in zxcart:
                    for x in xcart:
                        f.write(str(x[0]*to_ang)+" "+str(x[1]*to_ang)+" "+str(x[2]*to_ang))
                        f.write("\n")

                

            elif "dir" in coord_type:
                f.write("Direct\n")
                
                if charges:
                    for xred, elem, char in zip(zxred, zelem, zchar, ):
                        for x, el, ch in zip(xred, elem, char):
                            f.write("  {:12.10f}  {:12.10f}  {:12.10f}  {:2s}  {:6.3f}\n".format(x[0], x[1], x[2], el, ch) )
                elif selective_dynamics:
                    for xred, select in zip(zxred, zselect):
                        for x, s in zip(xred, select):
                            # print(x,s)
                            f.write("  {:19.16f}  {:19.16f}  {:19.16f}  {:s} {:s} {:s}\n".format(x[0], x[1], x[2], b2s(s[0]), b2s(s[1]), b2s(s[2])) )
                else:
                    for xred  in zxred :
                        for x in xred :
                            f.write("  {:19.16f}  {:19.16f}  {:19.16f}\n".format(x[0], x[1], x[2]))

            


            elif 'None' in coord_type:
                pass

            else:
                print_and_log("Error! The type of coordinates should be 'car' or 'dir' ")
                raise NameError



            # print('write_poscar(): predictor:\n', st.predictor)
            if hasattr(st, 'vel') and len(st.vel)>0:
                printlog("Writing velocity to POSCAR ", imp = 'y')
                # f.write("Cartesian\n")
                f.write("\n")
                for v in st.vel:
                    f.write( '  {:18.16f}  {:18.16f}  {:18.16f}\n'.format(v[0]*to_ang, v[1]*to_ang, v[2]*to_ang) )

            if hasattr(st, 'predictor') and st.predictor:
                printlog("Writing predictor POSCAR ", imp = 'y')
                f.write("\n")
                f.write(st.predictor)


        

        f.close()
        # if os.getcwd() not in filename:
        #     print('rep', str(os.getcwd()), filename)
        #     path = os.getcwd()+'/'+filename
        # else:
        path = filename
        print_and_log("POSCAR was written to", path, imp = 'y')
        return path




[docs]    def write_cif(self, filename = None, mcif = False, symprec = 0.1, write_prim = 0):
        """
        Find primitive cell and write it in cif format
        
        filename (str) - name of produced cif file
        mcif (bool) - if True, than write mcif file with magnetic moments included, primitive cell is not supported
        symprec (float) - symmetry precision, symprec = None allows to write the structure as is
        write_prim (bool) - convert structure to primitive 
        

        """
        
        if mcif:
            m = 'm'
        else:
            m = ''

        if filename == None:
            filename = os.getcwd()+'/cif/'+self.name


        makedir(filename)

        st_mp = self.convert2pymatgen()

        # print(st_mp)

        try:
            sg_before =  st_mp.get_space_group_info() 


            sf = SpacegroupAnalyzer(st_mp, symprec = symprec)

            st_mp_prim = sf.find_primitive()

            sg_after = st_mp_prim.get_space_group_info()

        except:
            sg_before = [None]
            sg_after = [None]
            st_mp_prim = None
            printlog('Warning! could not analyze space group')

        if sg_before[0] != sg_after[0]:
            printlog('Attention! the space group was changed after primitive cell searching', sg_before, sg_after)
            printlog('I will save supercell in cif Pay attention that CifWriter can symmetrize and change vectors. Also use *write_prim*')
            # st_mp_prim = st_mp
            # symprec = 0.001
            # symprec = None

        if mcif:
            cif = CifWriter(st_mp, symprec = symprec, write_magmoms=mcif)
        else:
            if st_mp_prim:
                cif_prim = CifWriter(st_mp_prim, symprec = symprec, )
            
            cif = CifWriter(st_mp, symprec = symprec, )

        
        cif_name =  filename+'.'+m+'cif'
        cif_prim_name =  filename+'_prim.'+m+'cif'
        

        cif.write_file( cif_name  )
        if write_prim:
            cif_prim.write_file( cif_prim_name  )
        
        printlog('Writing cif', cif_name, imp = 'y')

        return cif_name


[docs]    def write_xyz(self, *args, **kwargs):
        #see description for write_xyz()
        return write_xyz(self, *args, **kwargs)




[docs]    def write_lammps(self, *args, **kwargs):
        return write_lammps(self, *args, **kwargs)



[docs]    def read_xyz(self, *args, **kwargs):
        
        # print(self.perm)
        return read_xyz(self, *args, **kwargs)





[docs]    def jmol(self, shift = None, r = 0, show_voids = False, rep = None, program = 'jmol'):
        """open structure in Jmol or vesta
        
        INPUT:
        shift (list) - shift vector  in reduced coordinates
        r (int ) - parameter
            0 - open POSCAR
            1 - open OUTCAR to see optimization steps
            2 - open mcif to see magnetic moments
            3 - xyz
        show_voids (bool) - replace voids (z = 300) with Po to visualize them
        rep  (list 3*int) - replicate along vectors
        program - 
            'jmol'
            'vesta'
        
        """
        st = copy.deepcopy(self)

        if rep:
            st = st.replic(rep)

        if shift:
            st = st.shift_atoms(shift)

        if show_voids:
            atom_numbers = st.get_specific_elements([300])
            st = st.replace_atoms(atom_numbers, 'Po')

        # filename, _ = st.write_xyz()
        if r == 1:
            filename = st.outfile 
        elif r == 2:
            filename = st.write_cif(mcif = 1)
        elif r == 3:
            filename = st.write_xyz()[0]
        else:
            filename = st.write_poscar(vasp5 = 1)
        
        # print(r, filename)
        # sys.exit()
        if 'jmol' in program :
            runBash(header.PATH2JMOL+' '+filename, detached = True)
        elif 'vesta' in program:
            runBash(header.PATH2VESTA+' '+filename, detached = True)

        return


[docs]    def vesta(self, *args, **kwargs):
        kwargs['program'] = 'vesta'
        self.jmol(*args, **kwargs)




    @property
    def vlen(self):
        #return vector lengths
        r = self.rprimd
        n = np.linalg.norm
        return n(r[0]), n(r[1]), n(r[2])



[docs]class Calculation(object):
    """Main class of siman. Objects of this class contain all information about first-principles calculation
        List of important fields:
            - init (Structure)
            - end  (Structure)
            - occ_matrices (dict) - occupation matrices, number of atom (starting from 0) is used as key


    """
    def __init__(self, inset = None, iid = None, output = None):
        #super(CalculationAbinit, self).__init__()
        self.name = "noname"
        if inset:
            self.set = copy.deepcopy(inset)
        else:
            self.set = InputSet()
        
        # if self.set.set_sequence:



        self.init = Structure()
        self.end = Structure()
        self.children = [] # inherited calculations 
        self.state = "0.Initialized"
        self.path = {
        "input":None,
        "input_geo":None,
        "potential":None,
        "output":output}
        self.calc_method = None #
        self.prev = [] # list of previous calculations
        if iid:
            self.id = iid
            self.name = str(iid[0])+'.'+str(iid[1])+'.'+str(iid[2])
        else:
            self.id = (output,'0', 1)
        header.db[self.id] = self
        self.cluster_address = ''
        self.project_path_cluster = ''
[docs]    def get_path(self,):
        path = os.path.dirname(os.getcwd()+'/'+self.path['output'])
        print( path)
        return path


[docs]    def read_geometry(self, filename = None):
        """Reads geometrical data from filename file in abinit format"""
        if self.path["input_geo"] == None:
            self.path["input_geo"] = filename



        with open(filename,"r") as file:
            #For large files can be time consuming
            memfile = file.read()
            gen_words = memfile.split()

            self.des = '';  
            for line in memfile.splitlines():
                if 'des' in line: 
                    # print line; 
                    self.des = line.split('des ')[1]+';'
                
                self.build = empty_struct()                
                if 'BEGIN BUILD INFORMATION' in line:
                    print_and_log("File contain build information! Start to read", imp = 'n')
                    # self.build = Structure()
                    # # self.build.rprimd = None
                    # # self.build.xred = None
                    # # self.build.xcart = None
                    # # self.build.des = None
                    # # self.build.name = None

                    self.build.calctype = read_list("calctype", 1, str, gen_words)[0]
                    self.build.a_c_conv = read_list("a_c_conv", 4,float, gen_words)
                    self.build.build_natom = read_list("build_natom", 1, int, gen_words)[0]
                    self.build.build_acell = read_vectors("build_acell", 1, gen_words)
                    self.build.build_rprim = read_vectors("build_rprim", 3, gen_words)
                    self.build.build_xred = read_vectors("build_xred", self.build.build_natom, gen_words)
                    self.build.build_ntypat = read_list("build_ntypat", 1, int, gen_words)[0]
                    self.build.build_typat = read_list("build_typat", self.build.build_natom, int, gen_words)
                    self.build.build_znucl = read_list("build_znucl", self.build.build_ntypat, float, gen_words)
                    self.build.hkl1 = read_vectors("hkl1", 1, gen_words)
                    self.build.uvw1 = read_vectors("uvw1", 1, gen_words)
                    self.build.uvw2 = read_vectors("uvw2", 1, gen_words)
                    self.build.uvw3 = read_vectors("uvw3", 1, gen_words)
                    self.build.mul  = read_vectors("mul", 1, gen_words)
                    self.build.nadded = read_list("nadded", 1, int, gen_words)[0] #total number of added atoms after building structure
                    self.build.listadded = read_list("listadded", self.build.nadded, int, gen_words) #list of added atoms corresponding to xred 

                    print_and_log("Build information has been read")




            self.init = Structure()

            #sys.exit()
            self.useable = 0
            #Read total number of atoms
           # nznucl, since We will have more impurity atoms of different types
           #  command="""grep -w -m 1 "natom " """+filename
#             s1=runBash(command)
            self.natom = read_list("natom", 1, int, gen_words)[0]
            # print command
            # print s1
#             self.natom_str = s1
#             if s1=='':
#                 self.natom = 0
#                 print_and_log( """Warning! In filename """+filename+""" not found natom! set to zero.
#                 It is very likely that other parameters was not 
#                 found too, Calculation completely unusable!!!""")
#                 raise RuntimeError
#             else:
#                 self.natom=int(s1.split()[1]) 

            self.acell = read_list("acell", 3, float, gen_words)
            self.rprim = read_vectors("rprim", 3, gen_words)

            self.rprimd = copy.deepcopy( self.rprim )
            for i in 0,1,2:
                self.rprimd[i] = self.rprim[i] * self.acell[i]         #Calculate rprimd
            
            self.vol = np.dot( self.rprimd[0], np.cross(self.rprimd[1], self.rprimd[2])  ); #volume
                      
            self.recip = calc_recip_vectors(self.rprimd) #Determine reciprocal vectors


            self.ntypat = read_list("ntypat", 1, int, gen_words)[0]
            self.typat = read_list("typat", self.natom, int, gen_words)
            if 0 in self.typat:
                print_and_log('Error; 0 in typat is not allowed')
                raise RuntimeError

            self.nznucl = []

            for typ in range(1,self.ntypat+1):
                self.nznucl.append(  self.typat.count(typ) )


            self.znucl = read_list("znucl", self.ntypat, float, gen_words)
            self.xcart = read_vectors("xcart", self.natom, gen_words)
            
            self.xred = read_vectors("xred", self.natom, gen_words)
            #print self.xred
            # print(self.xcart)
            if self.xred is [None]:
                print_and_log("Convert xcart to xred")
                self.xred = xcart2xred(self.xcart, self.rprimd)
            
            if self.xcart is [None]:
                print_and_log("Convert xred to xcart")
                self.xcart = xred2xcart(self.xred, self.rprimd)

            self.hex_a = read_list("hex_a", 1, float, gen_words)[0]
            self.hex_c = read_list("hex_c", 1, float, gen_words)[0]
            self.len_units = read_list("len_units", 1, str, gen_words)[0]

            self.version = read_list("version", 1, int, gen_words)[0]

            self.gbpos = read_list("gbpos", 1, float, gen_words)[0]



            self.init.hex_a = self.hex_a
            self.init.hex_c = self.hex_c
            self.init.gbpos = self.gbpos
            self.init.name = self.name+'.init'
            self.init.xcart = self.xcart 
            self.init.xred = self.xred
            self.init.rprimd = self.rprimd
            self.init.recip = self.recip
            self.init.vol = self.vol
            self.init.znucl = self.znucl
            self.init.nznucl = self.nznucl 
            self.init.typat = self.typat
            self.init.ntypat = self.ntypat 
            self.init.natom = self.natom 



            vel = read_vectors("vel", self.natom, gen_words)
            if vel[0] is not None: 
                self.init.vel = vel

            #read magnetic states; name of vasp variable
            curset = self.set
#             if hasattr(curset, 'magnetic_moments') and curset.magnetic_moments and ('ISPIN' in curset.vasp_params.keys()) and curset.vasp_params['ISPIN'] == 2:
            self.init.magmom = read_list("magmom", self.natom, float, gen_words)
            # if magmom[0] is not None:
            #     self.init.magmom = magmom


            select = read_vectors("select", self.natom, gen_words, type_func = lambda a : int(a), lists = True )
            if None not in select: 
                self.init.select = select

            predictor_length = read_list("pred_length", 1, int, gen_words)[0]
            # print('pred_length', predictor_length)
            # sys.exit()
            if predictor_length:
                predictor = read_string('predictor', predictor_length, memfile)
                # print('predictor', predictor)
                self.init.predictor = predictor




            self.state = "1.Geometry has been read"



        #file.close();

        print_and_log( "If no warnings, geometry has been succesfully read from file "+filename+" \n")

        return






[docs]    def write_geometry(self, geotype = "init", description = "", override = False, atomic_units = 0):
        """Writes geometrical data in custom siman format bases on abinit format to self.path["input_geo"]"""
        geo_dic = {}
        geofile = self.path["input_geo"]
        geo_exists = os.path.exists(geofile)
        # print (os.path.exists(geofile))
        
        if atomic_units:
            en = 1/header.to_eV
            le = 1/header.to_ang
        else:
            en = 1
            le = 1            



        if geo_exists:
            if override:
                print_and_log("Warning! File "+geofile+" was replaced"); 
            else: 
                print_and_log("Error! File "+geofile+" exists. To replace it set parameter override"); 
                return False
                #raise RuntimeError
        # print "geofile name, classes:",  geofile
        # print "folder :",  os.path.dirname(geofile)
        if not os.path.exists(os.path.dirname(geofile)):
            os.makedirs(os.path.dirname(geofile))

        if geotype == "init": #write initial structure
            st = self.init
        elif geotype == "end":
            st = self.end
            # if not hasattr(st, 'natom'):  st.natom = self.init.natom
            # if not hasattr(st, 'ntypat'): st.ntypat = self.init.ntypat
            # if not hasattr(st, 'typat'): st.typat = self.init.typat
            # if not hasattr(st, 'znucl'): st.znucl = self.init.znucl 
        else: print_and_log("Error! Unknown geotype \n"); raise RuntimeError                                  

        if st.natom != len(st.xred) != len(st.xcart) != len(st.typat) or len(st.znucl) != max(st.typat): 
            print_and_log("Error! write_geometry: check your arrays.", imp = 'Y')
            raise RuntimeError

        # print (st.magmom)
        # sys.exit()
        with open(self.path["input_geo"],"w", newline = '') as f:
            f.write("des "+description+"\n")
            f.write("len_units "+self.len_units+"\n")
            
            if hasattr(st, 'hex_a'):
                f.write("hex_a "+str(st.hex_a)+"\n")
            if hasattr(st, 'hex_c'):
                f.write("hex_c "+str(st.hex_c)+"\n")

            # try: self.gbpos
            # except AttributeError:
            #     self.gbpos = None
            if hasattr(st, 'gbpos'):
                f.write("gbpos "+str(st.gbpos)+"\n")
            
            if hasattr(self, 'version'):

                f.write("version "+str(self.version)+"\n")
            
            try: 
                st.magmom
            except AttributeError:
                st.magmom = [None]
            # print st.magmom 
            # sys.exit()
            if len(st.typat) != len(st.xred) or len(st.xred) != len(st.xcart):
                printlog('Error! Check sizes of your atom lists')


            if len(st.magmom) > 0 and not None in st.magmom:
                mag_str = ' '.join(np.array(st.magmom).astype(str))
                f.write("magmom "+'\n'.join( wrap(mag_str) ) +"\n")
                if len(st.typat) != len(st.magmom):
                    printlog('Error! Check size of your magmom list')


            f.write("acell 1 1 1\n")

            f.write("natom  " +str(st.natom) +"\n")
            
            f.write("ntypat " +str(st.ntypat) +"\n")
            
            f.write("znucl  ")
            for z in st.znucl:
                f.write(str(z)+" ")
            
            f.write("\ntypat  ")
            i = 0
            for t in st.typat:
                f.write("%i "%(t)  ); i+=1;
                if i >= 20: f.write("\n"); i = 0;

            f.write("\nrprim  ")
            for v in st.rprimd:
                f.write("%.12f %.12f %.12f \n"%(v[0]*le, v[1]*le, v[2]*le)  )

            f.write("xred  ")
            #print st.xred
            if len(st.xred) != st.natom: print_and_log("Warning! write_geometry(): xred is empty or overfull\n");raise RuntimeError 
            for v in st.xred:
                f.write("%.12f %.12f %.12f \n"%(v[0], v[1], v[2])  )

            f.write("xcart  ")
            if len(st.xcart) != st.natom: 
                print_and_log("Warning! write_geometry(): xcart is empty or overfull, I make it from xred\n");#raise RuntimeError
                st.xcart = xred2xcart(st.xred, st.rprimd) 
            for v in st.xcart:
                f.write("%.12f %.12f %.12f \n"%(v[0]*le, v[1]*le, v[2]*le)  )

            if hasattr(st, 'select') and len(st.select) > 0 and not None in st.select:
                f.write("\nselect  ")
                for v in st.select:
                    # print(type(v[0]))
                    # sys.exit()
                    for i in 0,1,2:
                        if v[i] == 'T' or v[i] is True:
                            v[i] = 1
                        else:
                            v[i] = 0
                    f.write("{:d} {:d} {:d}\n".format(v[0], v[1], v[2])  )
                    # print(v)
            if hasattr(st, 'vel') and len(st.vel) > 0:
                f.write("\nvel ")
                for v in st.vel:
                    f.write("{:18.16f} {:18.16f} {:18.16f}\n".format(v[0], v[1], v[2])  )

            if hasattr(st, 'predictor') and st.predictor:
                
                f.write("\npred_length "+str(len(st.predictor)))
                f.write("\npredictor ")
                f.write(st.predictor)

            #Write build information
            try:
                self.build
            except AttributeError:
                pass
            else:
                f.write("\n\n\n#BEGIN BUILD INFORMATION!!!\n")
                #print self.build.__dict__
                for name in self.build.__dict__:
                    val = getattr(self.build, name)
                    if val == None or val == [None]: continue
                    if hasattr( val, '__iter__'):
                        temp = " ".join( map(str,val))
                        temp = temp.replace('[','')
                        temp = temp.replace(']','')
                        #print temp
                        f.write("%s %s\n" %(name,temp ))  # iterable
                    else:
                        f.write("%s %s\n" %(name, val)  )                    # not iterable
                f.write("\n#END BUILD INFORMATION!!!\n")


        return True



[docs]    def write_siman_geo(self, *args, **kwargs):
        """
        Please rename write_geometry() to write_abinit_geo() everywhere and transfer the code here
        """
        return self.write_geometry(*args, **kwargs)


[docs]    def serialize(self, filename):
        """
        save as pickle object, return path
        """
        file = filename+'.pickle'
        makedir(file)
        with open(file, 'wb') as f:
            pickle.dump(self, f, 2)
        return file


[docs]    def deserialize(self, filename, encoding = ''):
        
        # import chardet  
        # with open(filename, 'rb') as f:
        #     result = chardet.detect(f.read(10000))  
        # print(result)
        # sys.exit()
        with open(filename, 'rb') as f:
            if encoding:
                self = pickle.load(f, encoding = encoding)
            else:
                self = pickle.load(f, )
        # printlog('Calculation object succesfully read from ', filename)
        return self



[docs]    def serialize_json(self, filename):
        """
        save in json object - works
        the problem is how to decode correctly
        """
        cl = copy.deepcopy(self)
        for st in cl.init, cl.end:
            st.xcart = [list(xc) for xc in st.xcart]
            st.xred = [list(xc) for xc in st.xred]
            st.rprimd = [list(xc) for xc in st.rprimd]
            st.recip = [list(xc) for xc in st.recip]
        for mat in cl.occ_matrices:
            cl.occ_matrices[mat] = [list(line) for line in cl.occ_matrices[mat]]

        cl.ldauu = list(cl.ldauu)

        file = filename+'.json'
        makedir(file)
        # print(cl.__dict__)
        # print(cl.e0)
        with open(file, 'w') as f:
            json.dump(cl, f, default=lambda o: o.__dict__, 
            sort_keys=True, indent=4)
        


        # print(cl.__dict__)

        return file


[docs]    def deserialize_json(self, filename):
        """
        limited support, should be generalized
        """
        with open(filename, 'r') as fp:
            d = json.load(fp,) # works incorrect

        cl = CalculationVasp()
        
        sup = {}
        ats = ['set', 'init', 'end']
        for attr in ats: 
            sup[attr] = d[attr]
            del d[attr]
        cl.__dict__.update(d)
        # for attr in sup: 
            # print(sup[attr])
            # setattr(cl, attr+'.__dict__', sup[attr])
        cl.set.__dict__ = sup['set']
        cl.init.__dict__ = sup['init']
        cl.end.__dict__ = sup['end']
        # print(cl.end.rprimd)
        return cl

[docs]    def get_kpoints_density(self):
        """
        Number of k-points per atom
        """
        print(self.NKPTS*self.end.natom) #KPPRA - k-points per reciprocal atom? 





[docs]    def copy(self, id = None):
        # make entry with new id
        clcopy = copy.deepcopy(self)
        if id is not None:
            header.db[id] = clcopy
            header.db[id].id = id
        return clcopy


[docs]    def jmol(self, *args, **kwargs):
        self.end.jmol(*args, **kwargs)

[docs]    def poscar(self):
        self.end.write_poscar()


[docs]    def me(self):
        self.end.printme()

[docs]    def gmt(self, *args, **kwargs):
        return self.end.get_mag_tran(*args, **kwargs)



[docs]    def isggau(self):
        #check if calculation is gga+u
        #TODO - please finish
        ''



[docs]    def mag_diff(self, cl2, dm_skip = 0.5, el = 'FeNiCoVMnO', more = 0):

        """
        rms difference of magmom, skippting large deviations, due to defects
        dm_skip (float) - skip differences larger than this 
        el (str) - only for this element, could be several 
        more (bool) - show more info about mag diff at each pos
        the order of elements should be the same!!!

        """
        m1 = self.end.magmom
        m2 = cl2.end.magmom
        el1 = self.end.get_elements()
        el2 = cl2.end.get_elements()
        
        ms = 0
        tot=0
        maxdm = 0
        for i in range(len(m1)):
            if el1[i] != el2[i]:
                print('Warinig! el1 is not equal el2 for i=', i, el1[i], el2[i])
            
            dm = abs(m1[i]-m2[i])
            if dm > dm_skip:
                print('For i=', i, el1[i], 'dm= {:0.3f} muB'.format(dm), ', which is larger than dm_skip =', dm_skip, '; probably defect, skipping')
                continue
            if el and el1[i] not in el:
                continue

            if more:
                print('For ', i, el1[i], el2[i], 'dm= {:0.3f} muB'.format(dm))

            if dm > maxdm:
                maxdm = dm
            ms+= (dm)**2
            tot+=1
        rms = (ms/tot)**0.5

        if el:
            print('For '+el+' atoms RMS difference is {:0.3f} muB; dE is {:0.3f} eV'.format(rms, self.e0-cl2.e0))
            print('For '+el+' atoms max difference is {:0.3f} muB; dE is {:0.3f} eV'.format(maxdm, self.e0-cl2.e0))

        else:
            print('For rest atoms RMS difference is {:0.3f} muB; dE is {:0.3f} eV'.format(rms, self.e0-cl2.e0))
        mag1 = sum(self.end.magmom)
        mag2 = sum(cl2.end.magmom)
        mag_abs1 = sum([abs(m) for m in self.end.magmom])
        mag_abs2 = sum([abs(m) for m in cl2.end.magmom])

        el = 'NiCoO'
        w= 1
        st1 = self.end
        st2 = cl2.end
        suf_at1 = self.end.get_surface_atoms(el, surface = 0, surface_width=w)+self.end.get_surface_atoms(el, surface = 1, surface_width=w)
        suf_at2 = cl2.end.get_surface_atoms(el, surface = 0, surface_width=w)+cl2.end.get_surface_atoms(el, surface = 1, surface_width=w)
        # print(suf_at2)
        mag_sufabs1 = sum([abs(st1.magmom[i]) for i in suf_at1 ])
        mag_sufabs2 = sum([abs(st2.magmom[i]) for i in suf_at2  ])

        # self.end.jmol(r=2)

        print('Absolute magnetizations {:0.1f} muB, {:0.1f} muB'.format(mag_abs1, mag_abs2) )
        print('Absolute suf magnetizat {:0.1f} muB, {:0.1f} muB'.format(mag_sufabs1, mag_sufabs2) )
        print('Diff of summed magnetizations = {:0.1f} muB, total = {:0.1f} muB, absolute = {:0.1f} muB and abs suf = {:0.1f} muB'.format(mag1-mag2, self.mag_sum[-1][0]-cl2.mag_sum[-1][0], mag_abs1 - mag_abs2, mag_sufabs1 - mag_sufabs2) )


        return rms





[docs]    def occ_diff(self, cl2, li_at1 = None, li_at2 = None):
        """
        difference bettween occupation matricies for atoms li_at1 from self and li_at2 from cl2

        li_at1  -  list of atom numbers from self
        li_at2  -  list of atom numbers from cl2
        both lists should have the same length and the differences are taken between items at the same positions in lists


        otherwise

        self and cl2 should be commensurate, ideally having completly the same order of atoms
        first five for spin up
        then five for spin down



        """
        if li_at1 or li_at2:
            TM1 = li_at1
            TM2 = li_at2

        else:
            TM1 = self.end.get_transition_elements(fmt = 'n')
            TM2 = self.end.get_transition_elements(fmt = 'n')
        # print(TM)
        max_diff = 0.01
        nodiff  = True
        for i_at1, i_at2 in zip(TM1, TM2):
            occ1 = self.occ_matrices.get(i_at1)
            occ2 = cl2.occ_matrices.get(i_at2)

            if not occ1:
                print('Warning! no', i_at1, 'in self, skipping')
                continue
            if not occ2:
                print('Warning! no', i_at2, 'in cl2, skipping')
                continue

            occ1 = np.array(occ1)
            occ2 = np.array(occ2)

            # print(occ1-occ2)
            docc = occ1-occ2
            l05 = len(docc)//2

            # print(occ1[0:l05])
            det1 = np.linalg.det(docc[0:l05])
            det2 = np.linalg.det(docc[l05:])
            # m1 = np.matrix.max(np.matrix(docc))
            m1 = max(docc.min(), docc.max(), key=abs)
            # print(det1, det2, m1)
            df = pd.DataFrame(docc).round(5)

            if abs(m1) > max_diff:
                nodiff = False
                printlog('max diff larger than ', max_diff, 'was detected', imp = 'y')
                printlog('For atom ', i_at1, 'and atom', i_at2,  'max diff is ', '{:0.2f}'.format(m1), imp = 'y')
                printlog(tabulate(df, headers = ['dxy', 'dyz', 'dz2', 'dxz', 'dx2-y2'], floatfmt=".2f", tablefmt='psql'),end = '\n', imp = 'Y'  )
        if nodiff:
            printlog('No diffs larger than', max_diff, '; Last matrix:', imp = 'y')
            printlog(tabulate(df, headers = ['dxy', 'dyz', 'dz2', 'dxz', 'dx2-y2'], floatfmt=".2f", tablefmt='psql'),end = '\n', imp = 'Y'  )
        else:
            printlog('No more diffs', imp = 'y')


        return





[docs]    def dos(self, isym = None, el = None, i_at = None, iatoms = None,  *args, **kwargs):
        """
        Plot dos either for self or for children with dos
        isym (int) - choose symmetry position to plot DOS,
        otherwise use 
        i_at - number of atom from 0
        iatoms - list of atom numbers (from 0) to make one plot with several dos
        el - element for isym, otherwise first TM is used
        orbitals

        """
        from siman.header import db
        from siman.dos_functions import plot_dos
        # print(self.children)


        pm = kwargs
        x_nbins = pm.get('x_nbins')
        ylim = pm.get('ylim') or (-6,7)
        xlim = pm.get('xlim') or (-8,6)
        fontsize = pm.get('fontsize') or 13
        ver_lines = pm.get('ver_lines')
        corner_letter = pm.get('corner_letter')
        orbitals = pm.get('orbitals')
        efermi_origin = pm.get('efermi_origin')
        nsmooth = pm.get('nsmooth') or 0.0001
        linewidth = pm.get('linewidth') or 0.8
        efermi_shift = pm.get('efermi_shift') or 0
        labels = pm.get('labels')
        image_name = pm.get('image_name')
        fig_format = pm.get('fig_format') or 'pdf'

        if efermi_origin is None:
            efermi_origin = 1


        if corner_letter is None:
            corner_letter = 1
        # print(corner_letter)
        # sys.exit()

        ifdos = False
        if hasattr(self, 'children'):
            for id in self.children:
                # print(s[1])
                if 'dos' in id[1]:
                    printlog('Child with DOS set is found', id, imp = 'y')
                    id_dos = id
                    ifdos = True

                    break
            else:
                ifdos = False 
        if not ifdos:
            printlog('No children were found, using self', self.id, imp = 'y')
            id = self.id

        cl = db[id]

        cl.res()

        if orbitals is None:
            orbitals = ['d', 'p6']

        st = cl.end
        if isym is not None:

            if el:
                n = st.get_specific_elements(required_elements = [invert(el)], fmt = 'n')
            else:
                n = st.get_transition_elements(fmt = 'n')

            iTM = n[0]
            el = st.get_elements()[iTM]
            pos = determine_symmetry_positions(st, el)
            iTM = pos[isym][0]
            print('Choosing ', isym, 'atom ',iTM)
        else:
            iTM = i_at

        if not iatoms:
            #just one plot
            plot_dos(cl,  iatom = iTM+1,  
            dostype = 'partial', orbitals = orbitals, 
            labels = labels, 
            nsmooth = nsmooth, 
            image_name = image_name, 
            # invert_spins = invert_spins,
            efermi_origin = efermi_origin,
            efermi_shift = efermi_shift,
            show = 0,  plot_param = {
            'figsize': (6,3), 
            'linewidth':linewidth, 
            'fontsize':fontsize,
            'ylim':ylim, 'ver':1, 'fill':1,
            # 'ylim':(-1,1), 
            'ver_lines':ver_lines,
            'xlim':xlim, 
            'x_nbins':x_nbins,
            # 'xlim':(-0.5,0.1), 
            'dashes':(5,1), 'fig_format':fig_format, 'fontsize':fontsize})

        if iatoms:


            if fontsize:
                # header.mpl.rcParams.update({'font.size': fontsize+4})
                # fontsize = 2
                SMALL_SIZE = fontsize
                MEDIUM_SIZE = fontsize
                BIGGER_SIZE = fontsize

                header.mpl.rc('font', size=SMALL_SIZE)          # controls default text sizes
                header.mpl.rc('axes', titlesize=SMALL_SIZE)     # fontsize of the axes title
                header.mpl.rc('axes', labelsize=MEDIUM_SIZE)    # fontsize of the x and y labels
                header.mpl.rc('xtick', labelsize=SMALL_SIZE)    # fontsize of the tick labels
                header.mpl.rc('ytick', labelsize=SMALL_SIZE)    # fontsize of the tick labels
                header.mpl.rc('legend', fontsize=SMALL_SIZE)    # legend fontsize
                header.mpl.rc('figure', titlesize=BIGGER_SIZE)  # fontsize of the figure title


            color_dicts = [None, {'s':'k', 'p':'r', 'p6':'#FF0018', 'd':'g'}]

            total = len(iatoms)*1
            # letters = ['(a)', '(b)', '(c)', '(d)']*10
            letters = [str(i) for i in iatoms]
            font = 8
            fig, axs = plt.subplots(total,1,figsize=(6,total*3))    
            fig.text(0.03, 0.5, 'PDOS (states/atom/eV)', size = font*1.8, ha='center', va='center', rotation='vertical')
        
            i = 0
            first = 0
            last = 0
            hide_xlabels = 1
            xlabel = None
            ylabel = None
            # i_last = 1

            for iat in iatoms:
            # for cl, iat in zip([RbVsd, KVsd, Vsd], [13, 61, 53]):

                ax = axs[i]

                if corner_letter:
                    letter = letters[i]
                else:
                    letter = None
                
                # print(letter)
                # sys.exit()
                if i == 0:
                    first = True
                    last = False
                if i == total-1:
                    last = True
                    hide_xlabels = 0
                    xlabel = "Energy (eV)"
                plot_dos(cl,  iatom = iat+1,  efermi_origin = efermi_origin,
                dostype = 'partial', orbitals = orbitals, 
                labels = ['', ''], 
                nsmooth = 1, 
                color_dict = color_dicts[i%2],
                image_name = image_name, 

                # invert_spins = invert_spins,
                show_gravity = (1, 'p6', (-10, 10)), 
                show = 0,  plot_param = {
                # 'figsize': (6,3), 
                'linewidth':linewidth, 
                'fontsize':fontsize, 'legend_fontsize':font+3,
                'first':first, 'last':last, 'ax':ax, 'pad':1, 'hide_xlabels':hide_xlabels,
                'xlabel':xlabel, 'ylabel':ylabel,
                'corner_letter':letter,
                'ylim':ylim, 'ver':1, 'fill':1,
                # 'ylim':(-1,1), 
                'ver_lines':ver_lines,
                'xlim':xlim, 
                'x_nbins':x_nbins,
                # 'xlim':(-0.5,0.1), 
                'dashes':(5,1), 'fig_format':fig_format})

                i+=1



        return 



[docs]    def plot_locpot(self, filename = None):
        'plot LOCPOT'
        from siman.chg.chg_func import chg_at_z_direct
        from siman.picture_functions import fit_and_plot

        z_coord1, elst1 =  chg_at_z_direct(self, filetype = 'LOCPOT', plot = 0)

        if filename:
            show = False
            filename='figs/'+filename
        else:
            show = True

        fit_and_plot(pot=(z_coord1, elst1, '-b', ),
            xlabel = 'Z coordinate, $\AA$', 
            ylabel = 'Potential, eV', legend = None, fontsize = 12,
            show = show, hor_lines = [{'y':elst1[0]}],
            filename = filename
            )










[docs]    def add_new_name(self, idd):
        """
        
        just adding new key in database for that calculation
        warning cl.id is updated; old name in db remains
        the calculation folder remains the same
        
        idd - key
        """
        if idd in header.db:
            printlog('Error! ',idd,'already used in database! Choose another name')
            
        header.db[idd] = self
        header.struct_des[idd[0]] = header.struct_des[self.id[0]]


[docs]    def check_kpoints(self, ngkpt = None):
        """
        The method updates init.ngkpt and ngkpt_dict_for_kspacings !!! as well provides possible options for it
        TODO probably the method should transfered to Structure?
        Attention: the order should be the same as in make_kpoints_file
        """
        struct_des = header.struct_des
        # to_ang_local = header.to_ang
        to_ang_local = 1
        
        # try:
        #     if "Ang" in self.len_units:
        #         to_ang_local = 1
        #         #print "units angs"
        # except AttributeError:
        #     print_and_log("Warning! no len_units for "+self.name+" calculation, I use Bohr \n") 
        
        N_from_kspacing = []

        it = self.id[0]


        if not hasattr(struct_des[it], 'ngkpt_dict_for_kspacings'): #compatibiliy issues
            struct_des[it].ngkpt_dict_for_kspacings = {}

        ngkpt_dict = struct_des[it].ngkpt_dict_for_kspacings

        # if self.set.kpoints_file  == False:#self.set.vasp_params['KSPACING']:
        #     N = N_from_kspacing
        kspacing = self.set.vasp_params['KSPACING']
        # print(kspacing)
        # sys.exit()
        # print (struct_des)
        if ngkpt:
            N = ngkpt

        elif kspacing in ngkpt_dict:
            N = ngkpt_dict[kspacing]
            printlog('check_kpoints(): k-points will be used from *ngkpt_dict* of',it, N)
        
        elif self.set.ngkpt:
            N = self.set.ngkpt
            printlog('check_kpoints(): k-points will be used from set.ngkpt of',self.set.ise)


        elif kspacing:
            # print(self.init.rprimd)
            self.init.recip = self.init.get_recip()
            N_from_kspacing = calc_ngkpt(self.init.recip, kspacing)

            N = N_from_kspacing
            printlog('check_kpoints(): k-points are determined from kspacing',kspacing)

        elif self.set.kpoints_file:
            print_and_log("K-points file was provided", self.set.kpoints_file)
            N = None

        else:
            # print(self.dir)
            N = None
            if self.set.periodic:
                print_and_log("Error! check_kpoints(): no information about k-points for periodic calculation\n")



        self.init.ngkpt = N

        if kspacing != None and kspacing not in ngkpt_dict:
            ngkpt_dict[kspacing] = N
            printlog('check_kpoints(): I added ',N,'as a k-grid for',kspacing,'in struct_des of', it)


        print_and_log("check_kpoints(): Kpoint   mesh is: ", N, imp = 'Y')


        if not hasattr(struct_des[it], 'ngkpt_dict_for_kspacings') or  kspacing not in struct_des[it].ngkpt_dict_for_kspacings:
            print_and_log('Several other options instead of automatically determined ngkpt = ',N,np.array(self.calc_kspacings(N) ).round(2), ':', end = '\n', imp = 'y')
            print_and_log('ngkpt              |    actual kspacings       ', end = '\n', imp = 'y' )
            
            if N:
                for ngkpt in itertools.product([N[0]-1, N[0], N[0]+1], [N[1]-1, N[1], N[1]+1], [N[2]-1, N[2], N[2]+1]):
                    print_and_log(ngkpt, np.array(self.calc_kspacings(ngkpt) ).round(2), end = '\n', imp = 'y' )

            # user_ngkpt = input('Provide ngkpt:')
            # print(user_ngkpt)
            # sys.exit()

        else:
            print_and_log("check_kpoints(): The actual k-spacings are ", np.array(self.calc_kspacings(N) ).round(2), imp = 'Y')
        return N



[docs]    def calc_kspacings(self, ngkpt = None, sttype = 'init'):
        """Calculates reciprocal vectors and kspacing from ngkpt"""
        # to_ang_local = header.to_ang
        # try:
        #     if "Ang" in self.len_units:
        #         to_ang_local = 1
        #         #print "units angs"
        # except AttributeError:
        #     print_and_log("Warning! no len_units for "+self.name+" calculation, I use Bohr \n")
        

        if sttype == 'init':
            st = self.init
        if sttype == 'end':
            st = self.end 


        self.kspacing = []
        st.kspacings = []

        if not ngkpt:
            ngkpt = self.set.ngkpt

        k = [0,0,0]

        if ngkpt:
            k = calc_kspacings(ngkpt, st.rprimd)
            self.kspacing = copy.deepcopy(k)
            st.kspacing   = copy.deepcopy(k)

        return  k


[docs]    def actualize_set(self, curset = None, params = None):
        """
        Makes additional processing of set parameters, which also depends on calculation
    
        adding parameters for atat

        """


        #check if some parameters should be filled according to number of species
        #make element list
        el_list = [element_name_inv(el) for el in self.init.znucl]
        if not curset:
            curset = self.set
        vp = curset.vasp_params

        # print(['LDAU'])
        # print(vp)
        # print(vp['LDAU'])

        if 'LDAUL' in vp and vp['LDAUL'] is not None: 
            # print(vp['LDAU'])
            # if 
            for key in ['LDAUL', 'LDAUU', 'LDAUJ']:
                # print( vp[key])
                try:
                    if set(vp[key].keys()).isdisjoint(set(el_list)): #no common elements at all
                        print_and_log('\n\n\nAttention! The '+str(key)+' doesnt not contain values for your elements! Setting to zero\n\n\n')
                        # raise RuntimeError

                    new = []
                    for el in el_list:
                        
                        if el in vp[key]:
                            val = vp[key][el]
                            
                            if 'S' in el_list:  # use another value in the format of Fe/S
                                kk = el+'/S' 
                                if kk in vp[key]:
                                    val = vp[key][kk]
                    





                        else:
                            if key == 'LDAUL':
                                val = -1
                            else:
                                val =  0

                        new.append(val)
                    
                    vp[key] = new
                
                except AttributeError:
                    printlog('Error! LDAU* were not processed')
                    pass

        """Process magnetic moments"""
        if self.calc_method and 'afm_ordering' in self.calc_method:
            self.init.magmom = [None]



        # print(hasattr(self.init, 'magmom') and hasattr(self.init.magmom, '__iter__') and not None in self.init.magmom)
        # print(self.init.magmom)
        # print(None in self.init.magmom)
        # sys.exit()
        if hasattr(self.init, 'magmom') and hasattr(self.init.magmom, '__iter__') and not None in self.init.magmom and bool(self.init.magmom):

            print_and_log('actualize_set(): Magnetic moments are determined from self.init.magmom:',self.init.magmom, imp = 'y')

        elif hasattr(curset, 'magnetic_moments') and curset.magnetic_moments:
            print_and_log('actualize_set(): Magnetic moments are determined using siman key "magnetic_moments" and corresponding dict in set', end = '\n')
            print_and_log('curset.magnetic_moments = ', curset.magnetic_moments)
            
            mag_mom_other = 0.6 # magnetic moment for all other elements
            magmom = []
            for iat in range(self.init.natom):
                typ = self.init.typat[iat]
                el  = el_list[typ-1]
                if el in curset.magnetic_moments:
                    magmom.append(curset.magnetic_moments[el])
                else:
                    magmom.append(mag_mom_other)
            

            #convert magmom to vasp ordering

            zmagmom = [[] for x in range(0,self.init.ntypat)]

            # print zmagmom

            for t, m in zip(self.init.typat, magmom):
                # print "t, m = ", t, m
                zmagmom[t-1].append(m)
                # print t-1, zmagmom[3]

            # print 'sdfsdf', zmagmom[3], 
            poscar_ordered_magmom = [m for mag in zmagmom for m in mag  ]
            # sys.exit()
               
            vp['MAGMOM'] = poscar_ordered_magmom

            #check possible antiferromagnetic configurations:
            spec_mom_is = []
            for i, m in enumerate(magmom):
                if m != mag_mom_other: #detected some specific moment
                    spec_mom_is.append(i)

            if len(spec_mom_is) % 2 == 0 and len(spec_mom_is) > 0:
                print_and_log('Number of elements is even! trying to find all antiferromagnetic orderings:', imp = 'y')
                ns = len(spec_mom_is); 
                number_of_ord = int(math.factorial(ns) / math.factorial(0.5 * ns)**2)
                
                if number_of_ord > 10000:
                    printlog('Attention! Too much orderings (1000), skipping ...')
                else:
                    nords = 71
                    use_each = number_of_ord // nords  # spin() should be improved to find the AFM state based on the number of configuration 
                    if use_each == 0:
                        use_each = 1

                    if number_of_ord > nords:
                        print_and_log('Attention! Number of orderings is', number_of_ord, ' more than', nords, ' - I will check only each first ', imp = 'y')
                # else:

                    ls = [0]*len(spec_mom_is)
                    # print ls
                    orderings = []
                    



                    def spin(ls, i):
                        """
                        Find recursivly all possible orderings
                        ls - initial list of mag moments
                        i - index in ls  

                        """
                        # nonlocal i_current
                        if len(orderings) < nords:

                            for s in 1,-1:
                                
                                ls[i] = s
                                
                                if i < len(ls)-1:
                                
                                    spin(ls, i+1)
                                
                                else:
                                    if sum(ls) == 0:
                                        i_current['a']+=1  
                                        # print (i_current)

                                        if 1: #  i_current % use_each == 0:  # every use_each will be calculated; two slow even for sampling!
                                            orderings.append(copy.deepcopy(ls) )  
                                            # print (i_current)
                        return

                    i_current = {'a':0}
                    spin(ls, 0)

                    mag_orderings = []
                    mag_orderings.append(magmom)
                    printlog('Only '+str(nords)+' orderings equally sampled along the whole space are checked !')




                    for j, order in enumerate(orderings):
                        
                        # if j >nords: # old behaviour - just first ten orderings were checked
                        #     break

                        new_magmom = copy.deepcopy(magmom)
                        for i, s in zip(spec_mom_is, order):
                            # print i
                            new_magmom[i] = s * magmom[i]
                        

                        printlog(j, new_magmom,)
                        
                        mag_orderings.append(new_magmom)

                    # print orderings
                    print_and_log('Total number of orderings is ', len(orderings),imp = 'y')
                    
                    if self.calc_method and 'afm_ordering' in self.calc_method:
                        self.magnetic_orderings = mag_orderings
                  
            self.init.magmom = magmom # the order is the same as for other lists in init

        
        elif 'MAGMOM' in vp and vp['MAGMOM']: #just add * to magmom tag if it is provided without it
            print_and_log('Magnetic moments from vasp_params["MAGMOM"] are used\n')
            
            # if "*" not in vp['MAGMOM']:
            #     vp['MAGMOM'] = str(natom) +"*"+ vp['MAGMOM']
        


        # print (self.init.magmom, 'asdfaaaaaaaaaaaa')
        
        # sys.exit()

        # number of electrons

        if vp.get('MAGATOM') is not None: # for ATAT
            # print (vp['MAGATOM'])
            del vp['MAGMOM']
            # self.init.magmom = [None]
            # sys.exit()

        if self.calculator == 'aims':
            if None not in self.init.magmom:
                ''
                # vp['default_initial_moment'] = 0.6 # per atom - not good, since for different elements you need different moments




        return


[docs]    def write_sge_script(self, input_geofile = "header", version = 1, option = None, 
        prevcalcver = None, savefile = None, schedule_system = None,
        output_files_names = None,
        mode = None,
        batch_script_filename = None):
        """Without arguments writes header, else adds sequence of calculatios
            option - the same as inherit_option, 'inherit_xred' - control inheritance, or 'master' - run serial on master 
            prevcalcver - ver of previous calc; for first none
            savefile - 'cdawx', where c-charge, d-dos, a- AECCAR, w-wavefile, x-xml
            schedule_system - type of job scheduling system:'PBS', 'SGE', 'SLURM', 
                'none' - just run without any system
            mode - 
                body
                footer
        """


        # print 'Starting write_sge()', input_geofile
        varset = header.varset
        
        f = open(batch_script_filename,'a', newline = '') #

        # print(savefile)
        # sys.exit()


        def prepare_input(prevcalcver = None, option = None, input_geofile = None, name_mod_prev = '', write = True, 
            curver = None, copy_poscar_flag = True):
            """1. Input files preparation

                curver - current version
            """  


            if write:
                # if not 'only_neb' in self.calc_method:
                precont = str(prevcalcver)+name_mod_prev+'.CONTCAR' #previous contcar
                if option == 'inherit_xred' and prevcalcver:
                    if copy_poscar_flag:

                        f.write('grep -A '+str(self.init.natom)+ ' "Direct" '+precont+' >> '+input_geofile+ ' \n')

                if copy_poscar_flag: # only for first set 
                    if option == 'continue': #test for the case of sequence set - OK
                        ''
                        precont = str(curver)+name_mod_prev+'.CONTCAR ' #previous contcar
                        preout  = str(curver)+name_mod_prev+'.OUTCAR ' #previous outcar
                        f.write("cp "+precont+" POSCAR  # inherit_option = continue\n")
                        f.write("cp "+preout+'prev.'+preout+" # inherit_option = continue\n")
                        f.write('mv CHGCAR prev.CHGCAR   # inherit_option = continue\n')
                    
                    else:
                        f.write("cp "+input_geofile+" POSCAR\n")
        



            return





        def run_command(option, name, parrallel_run_command, condition = False, write = True):
            """2. write commands for running vasp. condition = true allows override additional conditions""" 

            if write:
                # if not condition:
                #     condition = (not 'only_neb' in self.calc_method)

                # if condition:


                if option == 'master':
                    f.write("vasp >"+name+".log\n")

                elif 'monte' in self.calc_method:
                    f.write("python "+header.cluster_home+'/'+ header.cluster_tools+'/siman/monte.py > monte.log\n')

                elif 'polaron' in self.calc_method:
                    f.write("python "+header.cluster_home+'/'+ header.cluster_tools+'/siman/polaron.py > polaron.log\n')

                elif 'atat' in  self.calc_method:
                    f.write('maps -d&\npollmach runstruct_vasp mpirun\n')


                else:
                    f.write(parrallel_run_command +" >"+name+".log\n")
                



                f.write("sleep 20\n")
            return


        def mv_files_according_versions(savefile, v, name_mod = '', write = True, rm_chg_wav = 'cw',
            ):    
            """3. Out files saving block
                
                rm_chg_wav - if True than CHGCAR and WAVECAR are removed

                savefile (str) - key, which determines what files should be saved
                    'o' - OUTCAR
                    'i' - INCAR
                    'v' - CHG
                    'c' - CHGCAR
                    'p' - PARCHG
                    'l' - LOCPOT
                    'd' - DOSCAR
                    'a' - AECCAR0, AECCAR2
                    'x' - vasprun.xml
                    't' - XDATCAR
                    'z' - OSZICAR
                    'w' - WAVECAR

            """   
            printlog('The value of savefile is', savefile)
            
            if 'polaron' in self.calc_method:
                write = 0 # not needed, since files are automatically saved by python script

            pre = v + name_mod
            contcar = pre+'.CONTCAR'

            if write:

                if "o" in savefile:

                    f.write("mv OUTCAR "          + v + name_mod +  ".OUTCAR\n")
                    f.write("mv CONTCAR "         + contcar+'\n')

                if "i" in savefile:
                    f.write("cp INCAR "           + v + name_mod +  ".INCAR\n")
                
                if "v" in savefile: # v means visualization chgcar
                    chg  = pre + '.CHG'
                    f.write("mv CHG "+chg+"\n")
                    f.write("gzip -f "+chg+"\n")
                
                if 'c' in savefile: # 
                    fln = 'CHGCAR'
                    chgcar  = pre +'.'+fln
                    f.write('cp '+fln+' '+chgcar+'\n') #use cp, cause it may be needed for other calcs in run
                    f.write('gzip -f '+chgcar+'\n')                

                if 'p' in savefile: # 
                    fln = 'PARCHG'
                    parchg  = pre +'.'+fln
                    f.write('cp '+fln+' '+parchg+'\n') #use cp, cause it may be needed for other calcs in run
                    f.write('gzip -f '+parchg+'\n') 

                if 'l' in savefile: # 
                    fln = 'LOCPOT'
                    locpot  = pre +'.'+fln
                    f.write('cp '+fln+' '+locpot+'\n') #use cp, cause it may be needed for other calcs in run
                    f.write('gzip -f '+locpot+'\n') 


                # else:
                #     f.write("rm CHG \n") #file can be used only for visualization


                if "d" in savefile:
                    fln = 'DOSCAR'
                    doscar  = pre +'.'+fln
                    f.write('mv '+fln+' '+doscar+'\n')
                    f.write('gzip -f '+doscar+'\n')                
                


                if "a" in savefile:
                    f.write("mv AECCAR0 "     + v + name_mod + ".AECCAR0\n")
                    f.write("mv AECCAR2 "     + v + name_mod + ".AECCAR2\n")
                
                if 'x' in savefile:
                    f.write("mv vasprun.xml " + v + name_mod + ".vasprun.xml\n")

                if 't' in savefile:
                    f.write("mv XDATCAR " + v + name_mod + ".XDATCAR\n")

                if 'z' in savefile:
                    f.write("mv OSZICAR " + v + name_mod + ".OSZICAR\n")
               
               
               
                if 'w' in savefile:
                    fln = 'WAVECAR'
                    wavecar  = pre +'.'+fln
                    # f.write("mv WAVECAR "     + v + name_mod + ".WAVECAR\n")
                    f.write('mv '+fln+' '+wavecar+'\n') #
                    f.write('gzip -f '+wavecar+'\n')  
                    rm_chg_wav = rm_chg_wav.replace('w','')
                # else:
                #     f.write("rm WAVECAR\n")


                if 'c' in rm_chg_wav:
                    f.write("rm CHGCAR   # rm_chg_wav flag\n") #file is important for continuation
                if 'w' in rm_chg_wav:
                    ''
                    f.write("rm WAVECAR  # rm_chg_wav flag\n") #
                if 'v' in rm_chg_wav: #chgcar for visualization
                    ''
                    f.write("rm CHG   # rm_chg_wav flag\n") #


            return contcar


        def analysis_script(write = True):
            #now only for u-ramping
            if write:
                f.write("touch ENERGIES\n")                

                for outcar in self.associated_outcars:
                    f.write("grep 'energy  without entropy' "+outcar+" | awk '{print $7}' >> ENERGIES\n")


        def name_mod_U_last():
            name_mod_last = 'U'+str(
                        update_incar(parameter = 'LDAUU', 
                            u_ramp_step = self.set.u_ramping_nstep-1, write = False, f = f, st = self )).replace('.','') #used to det last U

            return name_mod_last


        if schedule_system == 'SGE':
            # parrallel_run_command = "mpirun -x PATH vasp" # MPIE
            parrallel_run_command = header.vasp_command
        elif schedule_system in ['PBS', 'PBS_bsu', 'none']:
            # parrallel_run_command = "mpiexec --prefix /home/aleksenov_d/mpi/openmpi-1.6.3/installed vasp" bsu cluster
            # parrallel_run_command = "mpirun  vasp_std" #skoltech cluster
            parrallel_run_command = header.vasp_command #skoltech cluster
        
        elif schedule_system == 'SLURM':
            # parrallel_run_command = "prun /opt/vasp/bin/vasp5.4.1MPI"
            parrallel_run_command = header.vasp_command
        else:
            raise RuntimeError


        run_name = batch_script_filename     
        job_name = self.id[0]+"."+self.id[1]
        neb_flag = ('neb' in self.calc_method or 'only_neb' in self.calc_method)

        if hasattr(self.set, 'set_sequence') and self.set.set_sequence and any(self.set.set_sequence):
            sets = [self.set]+[se for se in self.set.set_sequence]
        else:
            sets = [self.set]




 
        def write_body(v = None, savefile = None, set_mod = '', copy_poscar_flag = True,
            final_analysis_flag = True, penult_set_name = None, curset = None):
            """
            set_mod (str) - additional modification of names needed for *set_sequence* regime, should be '.setname'
            """
            if 'only_neb' in self.calc_method:
                write = False
                write_poscar = False
            else:
                write = True
                write_poscar = True                

            #neb
            if 'neb' in self.calc_method: 
                if write: 
                    f.write("#NEB run, start and final configurations, then IMAGES:\n") 
                update_incar(parameter = 'IMAGES', value = 0, write = write, f = f, st = self) # start and final runs

            
            if 0: #experimental preliminary non-magnetic run
                ''
                #     if self.set.vasp_params['ISPIN'] == 2:
                #         print_and_log('Magnetic calculation detected; For better convergence',
                #          'I add first non-magnetic run', imp = 'Y')
                #         write = True
                #         name_mod_last = '.'+'NM'
                #         name_mod = '.NM'

                #         if write: 
                #             f.write("#Preliminary non-magnetic run:\n")  
                #         prepare_input(prevcalcver = prevcalcver, option = option,
                #          input_geofile = input_geofile, name_mod_prev = name_mod_last, write = write, curver = version)

                #         update_incar(parameter = 'ISPIN', value = 1, write = write) #
                        
                #         run_command(option = option, name = self.name+name_mod, parrallel_run_command = parrallel_run_command, write = write)

                #         if write:
                #             f.write("cp CONTCAR POSCAR  #prepare for basic run\n")
                #             write_poscar = False  

                #         mv_files_according_versions('co', v, name_mod = name_mod, write = write, rm_chg_wav = '')

                #         update_incar(parameter = 'ISPIN', value = 2, write = write) #




            if 'u_ramping' in self.calc_method:

                if write: 
                    f.write("#U-ramping run:\n")  

                # name_mod_last = '.'+name_mod_U_last()
                name_mod_last = '.U00' #since u_ramp starts from u = 00, it is more correct to continue from 00
                if penult_set_name:
                    name_mod_last += '.'+penult_set_name #however, for multiset run, the structure for u=00 exists only
                                                      #for penult set or maybe even for the first only set
                    # print (name_mod_last, penult_set_name)
                    # sys.exit()
                    
                # print 'prevcalver', prevcalcver

                if write and copy_poscar_flag: 
                    f.write("rm CHGCAR    #u-ramp init from scratch\n")                

                prepare_input(prevcalcver = prevcalcver, option = option,
                 input_geofile = input_geofile, name_mod_prev = name_mod_last, write = write_poscar, curver = version,
                 copy_poscar_flag = copy_poscar_flag)

                if copy_poscar_flag:
                    usteps = range(self.set.u_ramping_nstep)
                else:
                    usteps = [self.set.u_ramping_nstep-1]  # now it the case of sequence_set for contin sets only the last U is used

                u_last = 100
                for i_u in usteps:

                    u = update_incar(parameter = 'LDAUU', u_ramp_step = i_u, write = write, f = f , st = self)
                    if u == u_last:
                        continue
                    name_mod   = '.U'+str(u).replace('.', '')+set_mod
                   
                    run_command(option = option, name = self.name+name_mod, parrallel_run_command = parrallel_run_command, write = write)

                    if write: 
                        if copy_poscar_flag:

                            f.write("cp CONTCAR POSCAR   #u-ramp preparation\n")                

            # print(savefile)
                    contcar_file = mv_files_according_versions(savefile, v, name_mod = name_mod, write = write, rm_chg_wav = '')
                


                    self.associated_outcars.append( v + name_mod +  ".OUTCAR"  )
                    u_last = u
                
                if final_analysis_flag:
                    rm_chg_wav = 'w' #The wavcar is removed for the sake of harddrive space
                
                else:
                    rm_chg_wav = ''

                if curset.save_last_wave:
                    save_last = 'cw'
                else:
                    save_last = 'c'


                mv_files_according_versions(savefile = save_last, v=v, name_mod = name_mod, rm_chg_wav = rm_chg_wav) #save more files for last U
                

                analysis_script(write = write)
                # print self.associated





            elif 'afm_ordering' in self.calc_method:

                #Comment - inherit_xred option is not available here
                f.write("rm CHGCAR\n")                
                if not savefile: 
                    savefile = 'o'

                for i, magmom in enumerate(self.magnetic_orderings):

                    name_mod   = '.AFM'+str(i)+set_mod

                    update_incar(parameter = 'MAGMOM', value = magmom, write = write, f = f, st = self)

                    prepare_input(prevcalcver = prevcalcver, option = option, input_geofile = input_geofile,
                        copy_poscar_flag = copy_poscar_flag)
                    
                    run_command(option = option, name = self.name+name_mod, parrallel_run_command = parrallel_run_command)

                    contcar_file = mv_files_according_versions(savefile, v, name_mod = name_mod)
                
                    self.associated_outcars.append( v + name_mod +  ".OUTCAR"  )

                analysis_script()
            

            else: #simple run
                
                if not savefile: 
                    savefile = 'vco'

                if write: 
                        f.write("#Basic run:\n")  

                name_mod   = set_mod
                name_mod_last = ''

                prepare_input(prevcalcver = prevcalcver, option = option, name_mod_prev = name_mod_last,
                    input_geofile = input_geofile, write = write_poscar, curver = version,
                    copy_poscar_flag = copy_poscar_flag)

                run_command(option = option, name = self.name+name_mod, parrallel_run_command = parrallel_run_command, write = write)

                if final_analysis_flag:
                    rm_chg_wav = 'w' #The wavcar is removed for the sake of harddrive space
                
                else:
                    rm_chg_wav = ''


                contcar_file = mv_files_according_versions(savefile, v, write = write, name_mod = name_mod, rm_chg_wav = rm_chg_wav)

                self.associated_outcars.append( v + name_mod +  ".OUTCAR"  )

            return contcar_file
        


        def write_footer(set_mod = '', run_tool_flag = True, savefile = None, final_analysis_flag = True):
            """footer"""
            
            def u_ramp_prepare():
                if 'u_ramping' in self.calc_method:
                    u = update_incar(parameter = 'LDAUU', u_ramp_step = self.set.u_ramping_nstep-1, write = False, f = f, st = self)
                    name_mod   = '.U'+str(u).replace('.', '')
                    # name_mod_last = name_mod_U_last()+'.'
                    name_mod_last = '.'+'U00' #since u_ramp starts from u = 00, it is more correct to continue from 00
                
                else:
                    name_mod_last = ''
                    name_mod   = ''                

                return name_mod, name_mod_last

            def u_ramp_loop(ver_prefix = '', subfolders = None, run_name_prefix = None, set_mod = ''):

                if not subfolders:
                    subfolders = ['.']

                

                if run_tool_flag:
                    usteps = range(self.set.u_ramping_nstep)
                else:
                    usteps = [self.set.u_ramping_nstep-1]  # now it the case of sequence_set for contin sets only the last U is used


                u_last = 100

                for i_u in usteps:


                    u = update_incar(parameter = 'LDAUU', u_ramp_step = i_u, write = 1,  f = f, st = self)
                    if u == u_last:
                        continue

                    name_mod   = ver_prefix+'U'+str(u).replace('.', '')+set_mod

                    
                    run_command(option = option, name = run_name_prefix+'.'+name_mod, 
                        parrallel_run_command = parrallel_run_command, write = True)
                    
                    u_last = u


                    for n_st in subfolders:

                        f.write('cp '+n_st+'/CONTCAR '+n_st+'/POSCAR'+'               #u_ramp_loop()\n' )
                        f.write('cp '+n_st+'/OUTCAR  '+n_st+'/'+name_mod+'.OUTCAR'+'  #u_ramp_loop()\n' )
                        contcar = name_mod+'.CONTCAR'
                        f.write('cp '+n_st+'/CONTCAR  '+n_st+'/'+contcar+'            #u_ramp_loop()\n' )

                        # self.associated_outcars.append( v + name_mod +  ".OUTCAR"  )


                return contcar

            subfolders = None
            contcar_file = None
            
            if neb_flag:
                print_and_log('Writing scripts for NEB method', important = 'n')
                nim = self.set.vasp_params['IMAGES']
                nim_str = str(nim)

                subfolders = []
                for n in range(1, nim+1):
                    if n < 10:
                        n_st = '0'+str(n)
                    elif n < 100:
                        n_st = str(n)
                    subfolders.append(n_st)


                name_mod, name_mod_last = u_ramp_prepare()


                start = '1'+name_mod+'.OUTCAR '
                final = '2'+name_mod+'.OUTCAR '



                f.write("\n\n#Starting NEB script \n")

                if option and 'continue' in option:
                    prevout = name_mod_last+'OUTCAR '

                    for n_st in subfolders:
                        f.write('cp '+n_st+'/'+prevout+n_st+'/'+'prev.'+prevout+'  # inherit_option = continue\n' )
                        f.write('cp '+n_st+'/CONTCAR '+n_st+'/POSCAR  # inherit_option = continue\n')
                        f.write('mv '+n_st+'/CHGCAR '+n_st+'/prev.CHGCAR   # inherit_option = continue\n')

                else:
                    
                    if run_tool_flag:
                        f.write('export PATH=$PATH:'+header.cluster_home+'/tools/vts/\n') #header.project_path_cluster

                        f.write('nebmake.pl '+ start.replace('OUT','CONT') + final.replace('OUT','CONT') + nim_str +' \n')


                if nim+1 < 10: 
                    nim_plus_one_str = '0'+str(nim+1)

                if run_tool_flag:
                    f.write('cp '+start +  '00/OUTCAR\n')
                    f.write('cp '+final +  nim_plus_one_str + '/OUTCAR\n' )


                update_incar(parameter = 'IMAGES', value = nim, write  =1, f  = f , st = self)


                if 'u_ramping' in self.calc_method:


                    contcar_file = u_ramp_loop(subfolders = subfolders, 
                        run_name_prefix = self.name+'.n_'+nim_str, 
                        set_mod = set_mod)
              

                else:

                    run_command(option = option, name = self.name+set_mod+'.n_'+nim_str+name_mod, 
                    parrallel_run_command = parrallel_run_command, write = True)
                    # print(set_mod)
                    # sys.exit()
                    if '.' in set_mod and set_mod[0] == '.':
                        set_mod_loc = set_mod[1:]
                    else:
                        set_mod_loc = set_mod

                    name_mod   = set_mod_loc
                    if name_mod:
                        contcar = name_mod+'.CONTCAR'
                        outcar  = name_mod+'.OUTCAR'
                        for n_st in subfolders:
                            f.write('cp '+n_st+'/OUTCAR  '+n_st+'/'+outcar  +'  #sequence set: save file\n' )
                            f.write('cp '+n_st+'/CONTCAR  '+n_st+'/'+contcar+'  #sequence set: save file\n' )
                    else:
                        contcar = 'CONTCAR'

                    contcar_file = contcar






                if final_analysis_flag:
                    # f.write('export PATH=$PATH:'+header.cluster_home+'/tools/gnuplot/bin/ \n')
                    # f.write(header.cluster_home+'/tools/vts/nebresults.pl  \n')
                    f.write('find . -name WAVECAR -delete\n')
                    f.write('find . -name PROCAR -delete\n')
                # for n in range



            # print (calc[id].calc_method )
            # sys.exit()
            if 'uniform_scale' in self.calc_method or 'c_scale' in self.calc_method:
                # print (input_geofile)
                name_mod = set_mod
                
                if run_tool_flag:
                    f.write("\n\n#Starting fitting tool \n")
                    outputs = [ os.path.basename(out) for out in output_files_names ]
                    # f.write('export PYTHONPATH=$PYTHONPATH:'+CLUSTER_PYTHONPATH+'\n')
                    # f.write('/home/aksenov/tools/fit_tool.py '+list2string(outputs)+'\n' )
                    f.write('python '+header.cluster_home+'/tools/fit_tool.py '+list2string(outputs)+'\n' )
                    

                    f.write('cp 100.POSCAR POSCAR \n')
                
                if 'u_ramping' in self.calc_method:
                    

                    contcar_file = u_ramp_loop(ver_prefix = '100.', run_name_prefix = self.id[0]+'.fitted', set_mod = set_mod)

                else:
                    if final_analysis_flag:
                        rm_chg_wav = 'w' #The wavcar is removed for the sake of harddrive space
                    
                    else:
                        rm_chg_wav = ''




                    run_command(option = option, name = self.id[0]+'.'+self.id[1]+'.100'+name_mod+'.fitted', 
                        parrallel_run_command = parrallel_run_command, write = True)

                    # print(final_analysis_flag)
                    # sys.exit()

                    contcar_file = mv_files_according_versions(savefile, '100', name_mod = name_mod, write = True, rm_chg_wav = rm_chg_wav)

                # sys.exit()


            #clean at the end
            if final_analysis_flag: 
                if header.final_vasp_clean:
                    f.write('rm LOCPOT CHGCAR CHG PROCAR DOSCAR OSZICAR PCDAT REPORT XDATCAR vasprun.xml\n')
                f.write('rm RUNNING\n')



            return contcar_file, subfolders




        nsets = len(sets)
        footer_flag = not set(self.calc_method).isdisjoint(['uniform_scale', 'neb', 'only_neb' ])




        if mode == "body": #control part of script
            self.associated_outcars = []

        penult_set_name = None

        for k, curset in enumerate(sets):
            
            if nsets > 1: #the incar name is modified during creation only if more than 1 set is detected
                if mode == 'body' or footer_flag:
                    f.write('\n#sequence set: '+curset.ise+' \n')
                    f.write('cp '+curset.ise+'.INCAR  INCAR\n')
                    if hasattr(curset, 'savefile') and len(curset.savefile) > 0:
                        savefile = curset.savefile 


                penult_set_name = sets[-2].ise
            

            if k < nsets-1:
                set_mod = '.'+curset.ise
                final_analysis_flag = False
            else: #last set
                set_mod = '' # the last step do not use modifications of names 
                final_analysis_flag = True #for footer



            if k == 0: # additional control of prepare_input routine and footer
                copy_poscar_flag = True # the flag is also used to detect first set
                run_tool_flag = True
            else:
                copy_poscar_flag = False
                run_tool_flag  = False

            if mode == "body":
                
                contcar_file = write_body( v = str(version), savefile = savefile, 
                    set_mod = set_mod, copy_poscar_flag = copy_poscar_flag, 
                    final_analysis_flag = final_analysis_flag, penult_set_name = penult_set_name, curset = curset)

                

            elif mode == 'footer':
                if copy_poscar_flag: 
                    f.write('\n#Footer section: \n')


                # print(savefile)
                # sys.exit()
                contcar_file, subfolders = write_footer(set_mod = set_mod, run_tool_flag = run_tool_flag, savefile = savefile,
                 final_analysis_flag = final_analysis_flag)

            
            if k < nsets-1 and contcar_file:
                if 'o' in savefile:
                    if neb_flag and mode == 'footer':
                        for n_st in subfolders:
                            f.write('cp '+n_st+'/'+contcar_file+' '+n_st+'/POSCAR  # sequence_set: preparation of input geo for next neb set\n' )
                    else:
                        f.write('cp '+contcar_file+' POSCAR  #sequence_set: preparation of input geo for next set\n')










        if hasattr(self, 'associated_outcars') and  self.associated_outcars:
            out = self.associated_outcars[-1]
        else:
            out = None
        # print 'write_sge() out=', out
        f.close()
        
        return  out#return OUTCAR name

    



[docs]    def make_run(self, schedule_system, run_name):
        """Generate run file

        INPUT:
            schedule_system - 
        """

        with open('run','a', newline = '') as f:

            if schedule_system == 'SGE':
                #'qsub -pe 'mpi*' NCORES -l CLUSTER_TAG script.parallel.sh' for mpi-jobs which should run on CLUSTER_TAG (cmmd or cmdft)
                #IMPORTANT: NCORES must be a multiple of 8(24) on cmdft(cmmd). 
                # f.write("qsub -pe 'mpi*' "+str(header.corenum)+" "+header.queue+" "+run_name+"\n") #str(self.set.np) #-l cmmd; on MPIE
                
                f.write("qsub "+" "+run_name+"\n") 
            
                # f.write('sleep 5\n')
                # runBash('chmod +x run')
            
            elif schedule_system in ['PBS', 'PBS_bsu']:
                if header.PATH2PROJECT == '':
                    header.PATH2PROJECT = '.'

                f.write("cd "+header.PATH2PROJECT+'/'+self.dir+"\n")
                f.write("qsub "+run_name.split('/')[-1]+"\n") 
                f.write("cd -\n")
                f.write('sleep 1\n')                        
            elif schedule_system in ['none']:
                if header.PATH2PROJECT == '':
                    header.PATH2PROJECT = '.'

                f.write("cd "+header.PATH2PROJECT+'/'+self.dir+"\n")
                f.write('./'+run_name.split('/')[-1]+"\n") 
                f.write("cd -\n")
                # f.write('sleep 1\n')     

            
            elif schedule_system == 'SLURM':
                f.write("squeue\n") 
                f.write("sbatch " + run_name+"\n") 
                # f.write("sbatch -p AMG " + run_name+"\n") 
            else:
                printlog('Error! Unknown schedule_system', schedule_system)
                



        printlog("\nRun file created\n")     
        return


[docs]    def calculate_nbands(self, curset, path_to_potcar = None, params = None):
        """Should be run after add_potcar()
            updates set, including number of electrons
        """
        #1 add additional information to set
        if not curset:
            curset = self.set
        vp = curset.vasp_params
        st = copy.deepcopy(self.init)
        st = st.remove_atoms(['void']) # remove voids

        if path_to_potcar:
            # path_to_potcar = self.dir+'/POTCAR'
            self.init.zval = []
            # print path_to_potcar
            for line in open(path_to_potcar,'r'):
                if "ZVAL" in line:
                    # print line
                    self.init.zval.append(float(line.split()[5]))
            
            try: 
                curset.add_nbands
            except AttributeError: 
                curset.add_nbands = None

            if curset.add_nbands != None:
                tve =0
                for i in range(st.ntypat):
                    # print self.init.zval
                    tve += self.init.zval[i] * st.nznucl[i] #number of electrons 
                    # print(self.init.zval[i], self.init.nznucl[i])
                nbands_min = math.ceil(tve / 2.)
                self.nbands = int ( round ( nbands_min * curset.add_nbands ) )
                # print(self.nbands)
                

                vp['NBANDS'] = self.nbands
                printlog('I found that at least', nbands_min, ' bands are required. I will use', self.nbands, 'bands; add_nbands = ', curset.add_nbands)





            if 'LSORBIT' in vp and vp['LSORBIT']:
                # print (vp)
                printlog('SOC calculation detected; increasing number of bands by two', imp = 'Y')
                vp['NBANDS']*=2




            if params and 'charge' in params and params['charge']:
                vp['NELECT'] = int(tve - params['charge'])


        else:
            printlog('Attention! No path_to_potcar! skipping NBANDS calculation')

        return


[docs]    def show_force(self,):
        force_prefix = ' tot '

        printlog("\n\nMax. F."+force_prefix+" (meV/A) = \n{:};".format(np.array([m[1] for m in self.maxforce_list ])[:]  ), imp = 'Y'  )


[docs]    def check_job_state(self):
        #check if job in queue or Running

        cl = self
        if header.check_job == 1:
            job_in_queue = ''
            if hasattr(cl,'schedule_system'):


                check_string =  cl.id[0]+'.'+cl.id[1]
                if 'SLURM' in cl.schedule_system:


                    job_in_queue = check_string in run_on_server("squeue -o '%o' ", cl.cluster['address'])
                    printlog(cl.id[0]+'.'+cl.id[1], 'is in queue or running?', job_in_queue)

                elif 'PBS' in cl.schedule_system:
                    job_in_queue = check_string in run_on_server("qstat -x ", cl.cluster['address'])

                elif 'SGE' in cl.schedule_system:
                    job_in_queue = check_string in run_on_server("qstat -xml ", cl.cluster['address'])
                
                elif 'none' in cl.schedule_system:
                    job_in_queue = ''
                    
                else:
                    print_and_log('Attention! unknown SCHEDULE_SYSTEM='+cl.schedule_system+'; Please teach me here! ', imp = 'y')
                    job_in_queue = ''


            if file_exists_on_server(os.path.join(cl.dir, 'RUNNING'), addr = cl.cluster['address']) and job_in_queue: 
                
                cl.state = '3. Running'

            elif job_in_queue:
                
                cl.state = '3. In queue'
       
            else:
                ''
                if '3' in cl.state:
                    cl.state = '2. Unknown'

        else:
            cl.state = '2. Unknown'




        return cl.state 




[docs]    def get_file(self, filetype = '', nametype = '', up = 'up1', root = 0):
        """
        allow to get any file of type filetype 
        cl - (Calculation) 
        filetype (str) - 'CHG', 'CHGCAR', etc just the name of file in calculation folder
        nametype (str) - 'asoutcar' - update filetype to OUTCAR format
        up (str) - control flag 
            '1' - do not update
            '2' - update

        root - root calculation folder location of file

        Comment
            initially used for chg files - rename!
        """

        setting_sshpass(self)
        # print(filetype)

        if nametype == 'asoutcar':
            path_to_file = self.path['output'].replace('OUTCAR',filetype)
        else:
            if root:
                path_to_file = self.dir +'/'+ filetype
            else:
                path_to_file = os.path.dirname(self.path['output']) +'/'+ filetype
        if 'CHGCAR' in filetype:
            self.path['chgcar'] = path_to_file
            self.path['charge'] = path_to_file
        elif 'xml' in filetype:
            self.path['xml'] = path_to_file


        # print(self.cluster_address)
        # print(self.project_path_cluster+'/')
        # sys.exit()
        if hasattr(self, 'cluster'):
            address = self.cluster['address']
        if header.override_cluster_address:
            if hasattr(self, 'cluster') and self.cluster.get('name'):
                clust = header.CLUSTERS[self.cluster['name']]
            else:
                printlog('Youve chosen to override cluster_address, but name of cluster is None, trying default', imp = 'Y')
                clust = header.CLUSTERS[header.DEFAULT_CLUSTER]

            self.project_path_cluster = clust['homepath']
            address = clust['address']


        path2file_cluster = self.project_path_cluster+'/'+path_to_file

        # print(self.project_path_cluster)
        # sys.exit()

        if os.path.exists(path_to_file) and '2' not in up: 
            out = None
        else:
            # printlog('File', path_to_file, 'was not found. Trying to update from server')
            out = get_from_server(path2file_cluster, os.path.dirname(path_to_file), addr = address)


        if out:
            printlog('File', path2file_cluster, 'was not found, trying archive:',header.PATH2ARCHIVE, imp = 'Y')
            # printlog('Charge file', path_to_file, 'was not found')
            try:
                pp = self.project_path_cluster.replace(self.cluster_home, '') #project path without home
            except:
                pp = ''
            # print(pp)
            path_to_file_scratch = header.PATH2ARCHIVE+'/'+pp+'/'+path_to_file

            out = get_from_server(path_to_file_scratch, os.path.dirname(path_to_file), addr = self.cluster['address'])
            
            if out:
                printlog('File', path_to_file_scratch, 'was not found', imp = 'Y')
                path_to_file = None
           
        printlog('File', path_to_file, ' was download', imp = 'e')
        
        return path_to_file


[docs]    def run_on_server(self, command, addr = None):
        setting_sshpass(self)
        if addr is None:
            addr = self.cluster['address']
        out = run_on_server(command, addr)
        return out


[docs]    def update_name(self): 
        self.name = str(self.id[0])+'.'+str(self.id[1])+'.'+str(self.id[2])
        return self.name





    @property
    def sfolder(self):
        self._x = header.struct_des[self.id[0]].sfolder
        return self._x

[docs]    def e0_fu(self, n_fu = None):
        # please improve
        #n_fu - number of atoms in formual unit
        if n_fu:
            n1 = self.end.natom/n_fu
            print('e0_fu: Normalization by provided n_fu', n_fu)

        else:
            self.end.get_nznucl()
            n1 = self.end.nznucl[0]
            print('e0_fu: Normalization by element z=', self.end.znucl[0])

        e0_fu = self.e0/n1
        print('e0_fu: e0_fu=',e0_fu)
        
        return e0_fu


    @property
    def e0_at(self,):
        return self.e0/self.end.natom





[docs]class CalculationAbinit(Calculation):
    """docstring for CalculationAbinit"""
    pass



[docs]class CalculationAims(Calculation):
    """object for Aims code """
    def __init__(self, inset = None, iid = None, output = None):
        super(CalculationAims, self).__init__(inset, iid, output)
        self.len_units = 'Angstrom'
        self.calculator = 'aims'

[docs]    def write_structure(self, name_of_output_file, type_of_coordinates = 'dir', option = None, prevcalcver = None, path = None, state = 'init'):

        if path == None: 
            path = self.dir
        
        if state == 'init':
            st  = self.init
        elif state == 'end':
            st  = self.end
        else: 
            raise RuntimeError 
        
        filename = os.path.join(path, 'geometry.in')

        makedir(filename)

        write_geometry_aims(st, filename, coord_type = type_of_coordinates, periodic = self.set.periodic)



[docs]    def add_potcar(self):

        d = self.dir

        incar = d+'control.in'

        with open(self.set.path_to_potcar, 'r') as f:
            fil = f.read()

        with open(incar, 'w') as f:
            f.write(fil)

        self.path['potcar'] = self.set.path_to_potcar


[docs]    def make_incar(self):
        d = self.dir
        
        incar = d+'control.in'
        with open(incar, 'r') as f:
            fil = f.read()
        vp = self.set.params
        
        N = self.check_kpoints()
        # print(N)
        # self.exit()
        if N:
            vp['k_grid'] = list2string(N)

        with open(incar, 'w') as f:
            f.write(vp['universal'])
            f.write('\n')
            for key in vp:
                if key in aims_keys:
                    # print(key, self.set.params[key])
                    if vp[key] is not None:
                        f.write(key+' '+str(vp[key])+'\n')
            f.write(fil)
        
        return [incar]


[docs]    def make_kpoints_file(self):
        printlog( "Attention! ngkpt for kpoints file are created from kspacing\n")
        N = self.check_kpoints()
        self.set.ngkpt = N
        return ['']



[docs]    def copy_to_cluster(self, list_to_copy, update):
        d = self.dir
        list_to_copy.extend( glob.glob(   os.path.join(d, '*geometry*')  ) )
        
        if "up" in update: #Copy to server
            printlog('Files to copy:', list_to_copy)

            push_to_server(list_to_copy,  self.project_path_cluster +'/'+ self.dir, self.cluster_address)


[docs]    def download(self, load):

        path_to_outcar  = self.path["output"]

        # print(path_to_outcar)
        # sys.exit()

        self.get_file(os.path.basename(path_to_outcar), up = load)

        return path_to_outcar


[docs]    def read_results(self, load = '', out_type = '', voronoi = None, show = '', choose_outcar = None, alkali_ion_number = None):

        """
        Aims

        choose_outcar - for now is dummy
        alkali_ion_number - for now is dummy
        voronoi - dummy
        """
        cl = self
        filename = cl.download(load) # wrapper for downloading output files


        cl.state = check_output(filename, 'Have a nice day', load)
        
        if "4" in cl.state:

            outstr = read_aims_out(cl, out_type, show)
            
            printlog(outstr)

        else:
            
            printlog('Status of calculation is', cl.state, 'continiue', imp = 'y')
            outstr = cl.state
        

        return outstr






[docs]class CalculationVasp(Calculation):
    """Methods for calculations made using VASP DFT code"""
    def __init__(self, inset = None, iid = None, output = None):
        super(CalculationVasp, self).__init__(inset, iid, output)
        self.len_units = 'Angstrom'
        self.calculator = 'vasp'



[docs]    def read_poscar(self, filename, version = None):
        """
        Read POSCAR file using st.read_poscar 
        

        """


        if self.path["input_geo"] == None:
            self.path["input_geo"] = filename
        self.path["poscar"] = filename
        

        self.hex_a = None
        self.hex_c = None
        self.gbpos = None


        #Determine version
        if version:
            self.version = version
        else:
            print_and_log('Trying to find version at the end of filename POSCAR-v ...')
            try:
                ver = int(filename.split('-')[-1])
                print_and_log('OK\n')

            except:
                print_and_log('\nTrying to find version at the begenning of filename v.POSCAR...')

                try:
                    ver = int(os.path.basename(filename).split('.')[0] )
                    print_and_log('OK\n')
               
                except:
                    print_and_log('No version, using 1\n')
                    ver = 1

            self.version = ver

        self.init = Structure()
        self.init = read_poscar(self.init, filename)
        self.des = self.init.des

        return

    



[docs]    def write_structure(self, name_of_output_file, type_of_coordinates = 'dir', option = None, prevcalcver = None, path = None, state = 'init'):
        """Generates POSCAR file
           type_of_coordinates - 'direct' (xred) or 'cartesian' (xcart)
           option -inheritance option
           prevcalcver - ver of first calc in calc list; for first None
           state - 'init' or 'end' 
        """
        #units
        # try:
        #     if "ang" in self.len_units or "Ang" in self.len_units: 
        #         global to_ang; to_ang = 1.0; print_and_log("Conversion multiplier to_ang is "+str(to_ang) )
        # except AttributeError:
        #     pass

        if option == 'inherit_xred' and 'car' in type_of_coordinates: 
            raise RuntimeError 

        if option == 'inherit_xred' and prevcalcver: 
            type_of_coordinates = 'None' # do not write xred or xcart if they will be transfered on cluster
        
        if path == None: 
            path = self.dir
        
        if state == 'init':
            st  = self.init
        elif state == 'end':
            st  = self.end
        else: 
            raise RuntimeError 
        
        filename = os.path.join(path, name_of_output_file)

        makedir(filename)

        st.write_poscar(filename, coord_type = type_of_coordinates)



        return




[docs]    def add_potcar(self):
        """Should be run for the first calculation only"""
        #Add POTCAR

        path_to_potcar = os.path.join(self.dir, 'POTCAR')
        potcar_files   = []

        if hasattr(self.set, 'path2pot' ) and self.set.path2pot:
            path2pot = self.set.path2pot
        else:
            path2pot = header.PATH2POTENTIALS
        printlog('Potentials from ', path2pot, 'are taken')

        if self.set.potdir:
            # print (self.set.potdir)
            for z in self.init.znucl:
                if z == 300:
                    continue # skip voids
                potcar_files.append(os.path.join(path2pot, self.set.potdir[ int(z) ], 'POTCAR') )

            printlog("POTCAR files:", potcar_files)        
            # print(path_to_potcar)            
            cat_files(potcar_files, path_to_potcar)

        


        elif self.set.path_to_potcar:
            printlog('Attention! set.path_to_potcar is used !', self.set.path_to_potcar)
            shutil.copyfile(self.set.path_to_potcar, path_to_potcar)
            printlog('POTCAR was copied to', path_to_potcar)
            path_to_potcar = self.set.path_to_potcar


        else:
            printlog('Error! set.potdir and set.path_to_potcar are empty; no POTCAR was not created!')
            path_to_potcar = None
        
        self.path['potcar'] = path_to_potcar

        return path_to_potcar













[docs]    def make_incar(self):
        """Makes Incar file for current calculation and copy all
        TO DO: there is no need to send all POSCAR files; It is enothg to send only one. However for rsync its not that crucial
        """
        #print "Begin make---------------------------------------------"
        
        
        #Generate incar
        varset = header.varset
        d = self.dir
        natom = self.init.natom
        poscar_atom_order = self.init.poscar_atom_order # order of atoms in POSCAR, can be different from init!!!! used for magmom
        incar_list = []

        setseq = [self.set]
        
        if hasattr(self.set, 'set_sequence') and self.set.set_sequence:
            for s in self.set.set_sequence:
                setseq.append(s)


        nsets = len(setseq)
        for i, curset in enumerate(setseq):

            if nsets == 1:
                name_mod = ''
            else:
                name_mod = curset.ise+'.'

            incar_filename = d+name_mod+'INCAR'
            vp = curset.vasp_params
            

            with open(incar_filename,'w', newline = '') as f:

                f.write( 'SYSTEM = ')
                if hasattr(self.init, 'perm'):
                    f.write( 'perm=[{:s}] ; '.format( list2string([i+1 for i in self.init.perm]).replace(' ', ',') )) #write permuations
                f.write( '{:s}\n'.format(self.des) )


                for key in sorted(vp):
    
                    if key == 'SYSTEM':
                        ''
                    elif key == 'MAGMOM' and hasattr(self.init, 'magmom') and self.init.magmom and any(self.init.magmom): #
                        mag = self.init.magmom
                        magmom_aligned_with_poscar = [mag[i] for i in poscar_atom_order ]
                        f.write('MAGMOM = '+list2string(magmom_aligned_with_poscar)+"\n") #magmom from geo file has higher preference
                   
                    elif vp[key] == None:
                        ''

                    elif key == 'KSPACING' and self.set.kpoints_file: #attention! for k-points only the base set is used!!
                        '' # since VASP has higher priority of KSPACING param, it should not be written 

                    elif is_list_like(vp[key]):
                        lis = vp[key]
                        f.write(key + " = " + ' '.join(['{:}']*len(lis)).format(*lis) + "\n")
                   
                    else:
                        f.write(key+" = "+str( vp[key] ) +"\n")
               

                f.write("\n")




            print_and_log(incar_filename, "was generated\n")
        
            incar_list.append(incar_filename)
        

        return incar_list





    
[docs]    def make_kpoints_file(self):

        struct_des = header.struct_des
        #Generate KPOINTS
        kspacing = self.set.vasp_params['KSPACING']

        filename = os.path.join(self.dir, "KPOINTS")

        it = self.id[0]



        if hasattr(self.set, 'k_band_structure') and self.set.k_band_structure:
            k = self.set.k_band_structure
            printlog('Writing k-points file for band structure calculation.', imp = 'y')
            
            with open(filename, 'w', newline = '') as f:
                f.write('k-points along high symmetry lines\n')
                f.write('{:} ! intersections\n'.format(k[0]))
                f.write('Line-mode\n')
                f.write('rec\n') # now only reciprocal are supported
                ps= k[1]
                for pn in k[2:]:
                    # pn  = next(k)
                    f.write('{:6.3f} {:6.3f} {:6.3f} ! {:s}\n'.format(ps[1], ps[2], ps[3], ps[0]) ) 
                    f.write('{:6.3f} {:6.3f} {:6.3f} ! {:s}\n\n'.format(pn[1], pn[2], pn[3], pn[0]) ) 
                    ps = pn





        elif self.set.kpoints_file:
            if self.set.kpoints_file == True:

                print_and_log( "You said to generate KPOINTS file.\n")
                self.calc_kspacings()
                #Generate kpoints file

                #
                if hasattr(struct_des[it], 'ngkpt_dict_for_kspacings') and kspacing in struct_des[it].ngkpt_dict_for_kspacings:
                    N =    struct_des[it].ngkpt_dict_for_kspacings[kspacing]
                    print_and_log( 'Attention! ngkpt = ',N, 
                        ' is adopted from struct_des which you provided for it ',it, ' and kspacing = ',kspacing)
                    nk1 = N[0]; nk2 = N[1]; nk3 = N[2]
                    self.set.ngkpt = N

                elif self.set.ngkpt:
                    nk1 = self.set.ngkpt[0]; nk2 = self.set.ngkpt[1]; nk3 = self.set.ngkpt[2];
                    print_and_log( "Attention! ngkpt was used for kpoints file\n")

                
                elif kspacing:
                    print_and_log( "Attention! ngkpt for kpoints file are created from kspacing; ngkpt is empty\n")
                    N = self.check_kpoints()
                    self.set.ngkpt = N
                    nk1 = N[0]; nk2 = N[1]; nk3 = N[2]
                
                else:
                    print_and_log( "Error! could not find information about k-points\n")



                with open(filename,'w', newline = '') as f:

                    f.write("Automatic Mesh\n") #Comment
                    f.write("0 \n")#Number of points; 0-Auto
                    if 'KGAMMA' in self.set.vasp_params and self.set.vasp_params["KGAMMA"] in (1,'.TRUE.', 'True', '1'): 
                        f.write("Gamma\n")
                    else: 
                        f.write("Monkhorst Pack\n")
                    f.write('%i %i %i \n'%(nk1, nk2, nk3) )
                    f.write("0 0 0\n") # optional shift

                print_and_log( "KPOINTS was generated\n")
            
            else:
                # print()
                shutil.copyfile(self.set.kpoints_file, filename)
                print_and_log( "KPOINTS was copied from"+self.set.kpoints_file+"\n")



        else:
            print_and_log( "This set is without KPOINTS file.\n")
            filename = ''



        return [filename]


[docs]    def copy_to_cluster(self, list_to_copy, update):
        d = self.dir
        list_to_copy.append( os.path.join(d, 'POTCAR')  )
        list_to_copy.extend( glob.glob(   os.path.join(d, '*POSCAR*')  ) )
        # list_to_copy.extend( glob.glob(   os.path.join(d, '*.run*'  )  ) )

        if 'OCCEXT' in self.set.vasp_params and self.set.vasp_params['OCCEXT'] == 1:
            list_to_copy.append(  os.path.join(d, 'OCCMATRIX')   )

        
        if "up" in update: #Copy to server
            printlog('Files to copy:', list_to_copy)

            # command = ' mkdir -p {:}'.format( os.path.join(self.project_path_cluster, self.dir)  )

            # run_on_server(command, self.cluster_address)

            push_to_server(list_to_copy,  self.project_path_cluster +'/'+ self.dir, self.cluster_address)


        return









[docs]    def plot_energy_force(self, force_type = 'max'):
        # print(self.maxforce)
        if 'max' in force_type:
            force = [m[1] for m in self.maxforce_list ]
            lab = 'Max.'
        elif 'av' in force_type:
            # print(self.average_list)
            force = [m for m in self.average_list ]
            lab = 'Av.'


        # print(maxf)
        plt.plot(force, 1000*(np.array(self.list_e_sigma0)-self.energy_sigma0) , '-o')
        # plt.xlabel('MD step')
        # plt.ylabel('Energy per cell (eV')
        plt.xlabel(lab+' force on atom (meV/$\AA$)')
        plt.ylabel('Energy per cell relative to min (meV)')

        plt.show()
        return


[docs]    def plot_energy_step(self,):
        # print(self.maxforce)
        # maxf = [m[1] for m in self.maxforce_list ]
        # print(maxf)
        steps = range(len(self.list_e_sigma0))
        plt.plot(steps, 1000*(np.array(self.list_e_sigma0)-self.energy_sigma0) , '-o')
        # plt.xlabel('MD step')
        # plt.ylabel('Energy per cell (eV')
        plt.xlabel('Step')
        plt.ylabel('Energy per cell relative to min (meV)')

        plt.show()
        return


[docs]    def plot_energy_conv(self,):
        # print(self.maxforce)
        # maxf = [m[1] for m in self.maxforce_list ]
        # print(maxf)
        en = self.list_e_conv[10:]
        steps = range(len(en))
        plt.plot(steps, (np.array(en)-self.energy_sigma0) , '-o')
        # plt.xlabel('MD step')
        # plt.ylabel('Energy per cell (eV')
        plt.xlabel('SCF Step')
        plt.ylabel('Energy per cell relative to min (eV)')

        plt.show()
        return





[docs]    def read_results(self, load = '', out_type = '', voronoi = False, show = '', choose_outcar = None, alkali_ion_number = None, only_load = False):

        """
        Download and Read VASP OUTCAR file

        ###INPUT:
            - load (str) - 'x' - download xml, o - download outcar and contcar, un - read unfinished
            - show (str) - print additional information
                alkali_ion_number - show mag around this ion
            - choose_outcar - see description in res_loop(), from 1
            - out_type - controls the return string
                see in code, add here
                also controls reading of OUTCAR
                'xcarts' read xcart every relaxation step and write into self.end.list_xcart

            - only_load (bool) - if true - only load the files (used for database)

        ###RETURN:
            ?

        ###DEPENDS:
        TODO:
        please split into outcar parser, downloader, and checker-formatter

        """

        # print (choose_outcar, hasattr(self, 'associated_outcars'), self.associated_outcars)
        join = os.path.join
        dirname = os.path.dirname

        if header.show:
            show +=header.show

        if not hasattr(self, 'dir'):
            self.dir = os.path.dirname(self.path['output'])

        # print(self.associated_outcars)

        # print(choose_outcar)
        # sys.exit()
        if choose_outcar and hasattr(self, 'associated_outcars') and self.associated_outcars and len(self.associated_outcars) >= choose_outcar and len(self.associated_outcars) > 1:
            # print ('associated outcars = ',self.associated_outcars)
            printlog('read_results(): choose_outcar', choose_outcar)

            path_to_outcar = join( dirname(self.path["output"]), self.associated_outcars[choose_outcar-1] )

            printlog(self.associated_outcars)
        else:
            path_to_outcar  = self.path["output"]
        
        # print(path_to_outcar)
        if 'OUTCAR' in path_to_outcar:
            path_to_contcar = path_to_outcar.replace('OUTCAR', "CONTCAR")
            path_to_poscar = path_to_outcar.replace('OUTCAR', "POSCAR")
            path_to_xml     = path_to_outcar.replace('OUTCAR', "vasprun.xml")
        else:
            path_to_contcar = ''
            path_to_xml     = ''


        if self.calc_method  and not set(self.calc_method  ).isdisjoint(  ['u_ramping', 'afm_ordering']):
            '' 
            # print self.associated_outcars
            # lor = self.associated_outcars[-1]
            # path_to_outcar  = self.dir + lor
            # path_to_contcar = self.dir + lor.replace('OUTCAR', 'CONTCAR')
            # path_to_xml     = self.dir + lor.replace('OUTCAR', 'vasprun.xml')         
            # print 'sdf', path_to_outcar, path_to_contcar, path_to_xml

            # energies_str = runBash("ssh "+self.cluster_address+" cat "+self.dir+"ENERGIES")
            
            # print "ssh "+self.cluster_address+" cat "+self.dir+"ENERGIES"
            # print (  energies_str )
            # if not 'cat' in energies_str:
            #     self.associated_energies = [float(e) for e in energies_str.split()]
            
            # self.u_ramping_u_values = np.arange(*self.u_ramping_list)
            # print 'associated_energies:', self.associated_energies
        print_and_log('read_results() path to outcar', path_to_outcar)
        # sys.exit()



        if not os.path.exists(path_to_outcar):
            load = load+'o'




        """Copy from server """

        printlog('The load flag is ', load)

        if 'o' in load and hasattr(self, 'cluster_address'):

            #reduce size of downloadable file by removing occupations: vasp 4 and 5
            command_reduce = """ssh {0:s} nbands=\`grep \\"NBANDS=\\" \{1:s} \| awk \\'{{print \$NF - 1}}\\'\`\; sed -i -e \\"/band No./,+\${{nbands}}d\\" \{1:s} """.format(
                self.cluster['address'], join(self.project_path_cluster, path_to_outcar) )


            # runBash(command_reduce)


            if 'un2' in load:
                out_name  = os.path.basename(path_to_outcar)
                cont_name = os.path.basename(path_to_contcar)
                path_to_outcar = path_to_outcar.replace(out_name, 'OUTCAR')
                path_to_contcar = path_to_contcar.replace(cont_name, 'CONTCAR')
                # self.path['output'] = path_to_outcar

            files = [ self.project_path_cluster+'/'+path_to_outcar, self.project_path_cluster+'/'+path_to_contcar ]
            # print(load)
            # print(files)
            # get_from_server(files = files, to = os.path.dirname(path_to_outcar),  addr = self.cluster_address)
            for file in files:
                self.get_file(os.path.basename(file), up = load)


        if 'x' in load:

            # get_from_server(files = join(self.project_path_cluster, path_to_xml), to = os.path.dirname(path_to_outcar),  
            #     addr = self.cluster_address)
            
            self.get_file(os.path.basename(path_to_xml), up = load)





        if os.path.exists(path_to_outcar):
            outcar_exist   = True
        else:
            outcar_exist   = False
            path_to_zip = path_to_outcar+'.gz'
            if os.path.exists(path_to_zip):
                with gzip.open(path_to_zip, 'rb') as f_in:      # unzip OUTCAR
                    with open(path_to_outcar, 'wb') as f_out:
                        shutil.copyfileobj(f_in, f_out)
                if os.path.exists(path_to_outcar):
                    outcar_exist = True


        """Start reading """

        self.state = check_output(path_to_outcar, 'General timing', load)
        
        outst = self.state


        if "4" in self.state:
            
            outst  = read_vasp_out(self, load = load, out_type = out_type, show = show, voronoi = voronoi,
                path_to_outcar = path_to_outcar, path_to_contcar = path_to_contcar)


        else:
            cl = self
            try:
                os.rename(cl.path['output'], cl.path['output']+"_unfinished") 
                printlog('read_results():',cl.id, 'is unfinished, continue:', cl.dir, cl.cluster['address'], imp = 'y')
                cl.state = '5. Unfinished'
            except:
                printlog('read_results():',cl.id, 'probably was not submitted:', cl.dir, imp = 'y')


        return outst





[docs]    def determine_filenames(self, nametype = 'asoutcar'):
        """
        try to determine correct filenames
        """
        if nametype == 'asoutcar':
            for filetype in 'CHGCAR', 'AECCAR0', 'AECCAR2':
                self.path[filetype.lower()] = self.path['output'].replace('OUTCAR',filetype)
                printlog('determine_filenames()',self.path[filetype.lower()])






[docs]    def get_chg_file(self, *args, **kwargs):
        """just wrapper to get chgcar files """
        if 'CHGCAR' in kwargs:
            del kwargs['CHGCAR']
        # print(self.path['charge'])
        # return self.get_file(filetype = str(self.id[2])+'.CHGCAR', **kwargs)
        return self.get_file(filetype = 'CHGCAR', **kwargs)





[docs]    def bader(self):
        chgcar = self.path['chgcar']
        acf = self.dir+'/ACF.dat'
        printlog('Bader should be installed', imp = 'Y')
        if not os.path.isfile(acf):
            cwd = os.getcwd()
            os.chdir(self.dir)
            print(runBash('bader ' + os.path.basename(chgcar) ) )
            os.chdir(cwd)

        else:
            charges = []
            with open(acf, 'r') as f:
                for line in f:
                    try:
                        charges.append(round(float(line.split()[4]), 3))
                    except:
                        pass
            print(dict(zip(charges, self.end.get_elements())))




[docs]    def get_bader_ACF(self, p = 0):
        #Make bader on server
        #assumes that bader is installed
        from siman.small_functions import bash_chk_file_cmd
        self.res()
        v = str(self.version)
        path = self.project_path_cluster+'/'+self.dir
        ppc = self.project_path_cluster+'/'
        self.determine_filenames()

        # print()
        CHG_scratch_gz  = header.PATH2ARCHIVE+'/'+self.dir+'/'+v+".CHGCAR.gz"

        CHG     = ppc + self.path['chgcar']
        AECCAR0 = ppc + self.path['aeccar0']
        AECCAR2 = ppc + self.path['aeccar2']
        CHGCAR_sum = path+v+".CHGCAR_sum"
        baderlog =  path+v+".bader.log"
        ACF      = path+v+'.ACF.dat'
        self.path['acf'] = ACF



        run_chgsum = "cd "+path+"; ~/tools/vts/chgsum.pl "+AECCAR0+" "+AECCAR2+"; "+\
        "mv CHGCAR_sum "+CHGCAR_sum+";" # on cluster

        command_chg_gunzip = 'gunzip '+CHG+'.gz ' # on cluster
        
        restore_CHG = "rsync "+CHG_scratch_gz+' '+path+' ; gunzip '+CHG+'.gz ' # on cluster
        restore_AEC = "rsync "+header.PATH2ARCHIVE+'/'+self.path['aeccar0']+' '+ header.PATH2ARCHIVE+'/'+self.path['aeccar2']+' '+path # on cluster


        mv = v+".bader.log; mv ACF.dat "+v+".ACF.dat; mv AVF.dat "+v+".AVF.dat; mv BCF.dat "+v+".BCF.dat; cat "+v+".bader.log"
        
        bader_on_sum = "cd "+path+"; ~/tools/bader "+CHG+" -ref "+CHGCAR_sum+" > "+mv
        bader_on_chg = "cd "+path+"; ~/tools/bader "+CHG+" > "+mv #simple
        command_cat_ACF    = " cat "+path+v+".ACF.dat"
        
        no_CHG_sum = bash_chk_file_cmd(CHGCAR_sum) #true if file not exists
        no_CHG     = bash_chk_file_cmd(CHG)
        no_ACF     = bash_chk_file_cmd(ACF)
        no_AECCAR0 = bash_chk_file_cmd(AECCAR0)
        no_AECCAR2 = bash_chk_file_cmd(AECCAR2)
        
        def remote(cmd):
            return run_on_server(cmd, self.cluster['address'])



        #Calculate CHGCAR_sum
        if remote(no_CHG_sum): 
            printlog(  CHGCAR_sum, "does not exist. trying to calculate it ...", imp = 'Y')
            
            if remote(no_AECCAR0) or remote(no_AECCAR2):
                printlog(  AECCAR0, "does not exist, trying to take it from archive ...", imp = 'Y')
                printlog(remote(restore_AEC)+'\n', imp = 'y')

            if not remote(no_AECCAR0):
                printlog( remote(run_chgsum)+'\n', imp = 'Y' ) 
                printlog( remote(" rm "+path+v+".ACF.dat")+'\n', imp = 'Y' ) 
        # sys.exit()

        #Check chgcar
        if remote(no_CHG): #true if file not exists
            printlog( 'Warning! File ', CHG, "does not exist. Checking .gz .. ", imp = 'Y')

            printlog( remote(command_chg_gunzip)+'\n', imp = 'y' ) 

        if remote(no_CHG): #true if file not exists
            printlog( 'Warning! File ', CHG, "does not exist. Trying to restore it from archive .. ", imp = 'Y')

            printlog( remote(restore_CHG)+'\n', imp = 'y' ) 



        def run_bader(command, ):        
            
            if remote(no_ACF): #true if file not exists
                printlog(  ACF, " does not exist. trying to calculate Bader ... ", imp = 'Y')
                printlog( remote(command)+'\n', imp = 'y' ) 
                
            ACF_text = remote(command_cat_ACF)

            return ACF_text

        ACF_text = run_bader(bader_on_sum)

        if 'No such file or directory' in ACF_text:
            printlog('Warning! Probably you have problems with',CHGCAR_sum)
            printlog('Trying to calculate charges from CHGCAR ...', imp = 'Y')
            
            ACF_text = run_bader(bader_on_chg)

        print('ACF_text = ', ACF_text)


        if ACF_text:
            ACF_l = ACF_text.splitlines()
        charges = []
        

        for line in ACF_l:
            try:
                charges.append(round(float(line.split()[4]), 3))
            except:
                pass
        
        self.charges = charges

        # print(charges[[1,2]])
        if p:
            print(list(zip(charges, self.end.get_elements())))


        return charges

        


[docs]    def get_occ_mat(self, i):
        """
        return occupation matrix for atom i (from zero)


        TODO: probably it is better to move occ_matrix to structure class and make this method their
        """
        st = self.end
        # i_tran = st.get_transition_elements('n')
        # print(st.get_elements())
        # print(i_tran[21])
        # i_mag = i_tran.index(i)
        # print(i, i_mag)
        # print( self.occ_matrices )

        return self.occ_matrices.get(i)


[docs]    def set_occ_mat(self, i, m):
        """
        set occupation matrix m for atom i (from zero)


        TODO: probably it is better to move occ_matrix to structure class and make this method their
        """
        cl = self.copy()
        st = cl.end
        # i_tran = st.get_transition_elements('n')
        # print(st.get_elements())
        # print(i_tran[21])
        # i_mag = i_tran.index(i)
        # print(i_mag)
        cl.occ_matrices[i] = m

        return cl



[docs]    def write_occmatrix(self):

        #write occmatrix file to calculation folder
        from siman.inout import write_occmatrix
        # print(self.get_path())
        # sys.exit()

    

        return write_occmatrix(self.occ_matrices, self.get_path())



[docs]    def vasp_dipole_center(self):
        """
        Determine dipole center in reduced coordinates 
        based on vasp definition, https://www.vasp.at/wiki/index.php/DIPOL
        as only number of position of minimum charge density is given
        
        TODO
        works only in the case of dipole along z axis, as min_pos is read only for one direction
        
        """

        if hasattr(self, 'ngxf'):
            dc = return_xred([0,0, self.dipole_min_pos[-1]/self.ngxf[2]+0.5])[2]
        else:
            dc = None

        return dc





[docs]    def bader_coseg():

        "used in coseg project Ti- C,O" 
        ACF = self.get_bader_ACF()

        ACF = ACF.splitlines()[2:] #list of lines with charges for each atom

        # print ACF[0]
        if self.end.znucl[1] == 8:
            imp_valence_chg = 6 #!!should be taken from potential
        elif self.end.znucl[1] == 6:
            imp_valence_chg = 4 #!!should be taken from potential
        if self.end.znucl[0] == 22:
            mat_valence_chg = 12 #!!should be taken from potential



        local_atoms = local_surrounding(self.xcart[-1], self.end, 6, control = 'atoms')
        numbers = local_atoms[2] # first atom is impurity
        # print numbers
        imp_partial_chg = imp_valence_chg - float(ACF[numbers[0]].split()[4])

        mat_partial_chg = [mat_valence_chg - float(ACF[i].split()[4]) for i in numbers[1:] ]
        print_and_log( "Partial charge of impurity ", imp_partial_chg, imp = 'Y' )
        print_and_log( "Partial charges of neibouring Ti atoms", " ".join("{:.2f}".format(m) for m in mat_partial_chg), imp = 'Y' )
        print_and_log( "Partial charge of matrix", sum(mat_partial_chg), imp = 'Y' )
        
        print_and_log( "Sum of mat and imp charges:", sum(mat_partial_chg)+imp_partial_chg, imp = 'Y' )

        return path_to_file







[docs]    def res(self, **argv):
        from siman.calc_manage import res_loop
        # print(argv)
        # sys.exit()
        res_loop(*self.id, **argv)


[docs]    def run(self, ise, iopt = 'full_nomag', up = 'up1', vers = None, i_child = -1, add = 0, it_suffix_del = True, *args, **kwargs):
        """
        Wrapper for add_loop (in development).
        On a first run create new calculation. On a second run will try to read results.
        All children are saved in self.children list.
        By default uses self.end structure
        To overwrite existing calculation 
        use combination of parameters: add = 1, up = 'up2'.
        Allows to use all arguments available for add_loop()


        INPUT:
            ise (str) - name of new set available in header.varset

            iopt (str) - inherit_option
                'full_nomag' - full without magmom
                'full' - full with magmom
                'full_chg' - full with magmom and including chg file
            
            up (str) - update key transferred to add_loop and res_loop;
                'up1' - create new calculation if not exist
                'up2' - recreate new calculation overwriting old; for reading results redownload output files

            vers (list of int) - list of version for which the inheritance is done

            i_child (int) - choose number of child in self.children to run res_loop(); can be relevant if more than one
                calculation exists for the same set
            
            add (bool) - 
                1 - overwrite existing children

            it_suffix_del (bool) - needed to be false to use it_suffix with run. Provides compatibility with old behaviour; should be improved


        RETURN:
            cl (Calculation) - new created calculation 


        TODO:
        1. if ise is not provided continue in the same folder under the same name,
        however, it is not always what is needed, therefore use inherit_xred = continue
        """

        add_flag  = add
        if add:
            up = 'up2'

        from siman.calc_manage import add_loop

        if not iopt:
            iopt = 'full'

        if iopt == 'full_nomag':
            suffix = '.ifn'
        if iopt == 'full':
            suffix = '.if'
        if iopt == 'full_chg':
            suffix = '.ifc'




        if 'it_suffix' in kwargs:
            it_suffix = '.'+kwargs['it_suffix']
        else:
            it_suffix = ''
        
        if it_suffix_del:
            if kwargs.get('it_suffix'):
                del kwargs['it_suffix']


        # if self.id[1] != ise:
        if 1:
            if not hasattr(self, 'children'):
                self.children = []

            if not add and len(self.children)>0:
                print('Children were found in self.children:', len(self.children), ' childs, by default reading last, choose with *i_child* ')
                
                idd = None
                for i in self.children:
                    # print(i, ise, i[1], i[1] == ise)
                    # print(i[0], self.id[0]+it_suffix)
                    if self.id[0]+suffix+it_suffix == i[0] and i[1] == ise:
                        # print(i)
                        idd = i
                        # add = True
                        # break

                if idd is None:
                    add = True
                    # idd  = self.children[i_child]
                # print(idd)
                # sys.exit()

                if idd:
                    # print('setaset')
                    cl_son = header.calc[idd]
                    try:
                        res_params = kwargs['params'].get('res_params') or {}
                    except:
                        res_params = {}

                    cl_son.res(up = up, **res_params, **kwargs)
                    child = idd
                    add = 0
                else:
                    child = None
            

            vp = header.varset[ise].vasp_params
            ICHARG_or = 'impossible_value'

            # print(add, len(self.children) )
            # sys.exit()

            if add or len(self.children) == 0:
                

                if iopt  == 'full_chg':
                    if 'ICHARG' in vp and vp['ICHARG'] != 1:
                        printlog('Warning! Inheritance of CHGCAR and ICHARG == 0; I change locally ICHARG to 1')
                        ICHARG_or = vp['ICHARG']
                        vp['ICHARG'] = 1
                    


                if not vers:
                    vers = [self.id[2]]

                idd = self.id
                it_new = add_loop(idd[0],idd[1], vers, ise_new = ise, up = up, inherit_option = iopt, override = 1, *args, **kwargs)
                # it_new = add_loop(*self.id, ise_new = ise, up = up, inherit_option = iopt, override = 1)
                child = (it_new, ise, self.id[2])

                if child not in self.children:
                    self.children.append(child)


                if ICHARG_or != 'impossible_value':
                    vp['ICHARG'] = ICHARG_or  #return original value
 

        return header.calc[child]



[docs]    def full(self, ise = None, up = 0, fit = 1, suf = '', add_loop_dic  = None, up_res = 'up1'):
        """
        Wrapper for full optimization
        ise (str) - optimization set; if None then choosen from dict
        up (int) - 0 read results if exist, 1 - update
        fit (int) - 1 or 0
        suf - additional suffix
        """
        from siman.project_funcs import optimize
        if ise is None:
            if 'u' in self.id[1]:
                ise = '4uis'
        st = self.end.copy()
        it = self.id[0]
        child = (it+suf+'.su', ise, 100)
        #st.printme()
        if not hasattr(self, 'children'):
            self.children = []
        if not up and child in self.children:
            optimize(st, it+suf, ise = ise, fit = fit, add_loop_dic = add_loop_dic,up_res = up_res) # read results
        else:
            #run
            optimize(st, it+suf, ise = ise, add = 1, add_loop_dic = add_loop_dic, up_res = up_res)
            self.children.append(child)

        return







[docs]    def read_pdos_using_phonopy(self, mode = 'pdos', poscar = '', plot = 1, up = 'up1'):
        """
        mode - 
            pdos
            band
            free - thermal properties, converted to eV!!!
        """

        if plot == 1:
            p = ' -p '
        else:
            p = ''

        from siman.calc_manage import create_phonopy_conf_file, read_phonopy_data
        from siman.header import PATH2PHONOPY as phonopy_command
        
        self.get_file('vasprun.xml', nametype = 'asoutcar', up = up)
        create_phonopy_conf_file(self.end, mp = [10, 10, 10], dim = [1, 1, 1], path = self.dir)
        # create_phonopy_conf_file(self.end, mp = [36, 36, 36], path = self.dir) #almost no difference was found for Na2X
        create_phonopy_conf_file(self.end, path = self.dir, filetype = 'band', dim = [1, 1, 1]) #create band file



        cwd = os.getcwd()


        os.chdir(self.dir)
        print(self.dir)
        out = runBash(phonopy_command+' --fc '+os.path.basename(self.path['xml']))

        printlog('phonopy out: ', out)



        if 'poscar' not in self.path:
            self.path['poscar'] = self.path['output'].replace('OUTCAR','POSCAR')

        if not poscar:
            poscar = os.path.basename(self.path['poscar'])

        if mode == 'pdos':
            # print('phonopy -c '+os.path.basename(self.path['poscar'])+p+'  mesh.conf --readfc ')
            # runBash('phonopy -c '+os.path.basename(self.path['poscar'])+p+' mesh.conf --readfc ')
            print(phonopy_command+' -c '+poscar+p+'  mesh.conf --readfc ')
            print(runBash(phonopy_command+' -c '+poscar+p+' mesh.conf --readfc '))

        from siman.calc_manage import read_phonopy_dat_file

        self.pdos = read_phonopy_dat_file('total_dos.dat')


        #phonons
        

        if mode == 'band':
            print(phonopy_command+' -c '+os.path.basename(self.path['poscar'])+' -p band.conf --readfc ')
            runBash(phonopy_command+' -c '+os.path.basename(self.path['poscar'])+' -p band.conf --readfc ')

        if mode == 'free':
            print(phonopy_command+' -c '+os.path.basename(self.path['poscar'])+' -t -p mesh.conf --readfc ')

            runBash(phonopy_command+' -c '+os.path.basename(self.path['poscar'])+' -t' +p+' mesh.conf --readfc ')


            Trange, func = read_phonopy_data('thermal_properties.yaml', convert = 1)

            self.F = func # free energy function in eV, still for the whole supercell!
            # print(self.id, self.F)
            Trange, func = read_phonopy_data('thermal_properties.yaml', key = 'entropy', convert = 1)
            self.entropy = func/1000 # entropy function in eV/K, still for the whole supercell!
            Trange, func = read_phonopy_data('thermal_properties.yaml', key = 'energy', convert = 1)
            self.Uvib = func # internal energy (phonon, including zero-point) function in eV, still for the whole supercell!



        os.chdir(cwd)

        return





[docs]class MP_Compound():
    """This class includes information about chemical compounds from MatProj and next operations (bulk calc, slab construction etc.)

    db key is 'pretty_formula.MP': ('AgC.MP')
    """
    def __init__(self):
        self.pretty_formula = ""
        self.material_id = "material_id"
        self.elements = []
        self.sg_symbol =''
        self.sg_crystal_str = ''
        self.band_gap = None
        self.e_above_hull = None
        self.icsd_ids = None
        self.total_magnetization = None
        self.price_per_gramm = None


        self.bulk_cl = None
        self.bulk_status = 'Unknown'


[docs]    def copy(self):
        return copy.deepcopy(self)







[docs]    def calc_bulk(self, ise, bulk_cl_name = ['it','ise', '1'], it_folder = 'bulk/', status = 'add'):
        from siman.header import db
        from siman.calc_manage   import add_loop, res_loop

        name = '.'.join(bulk_cl_name)

        it = '.'.join([self.pretty_formula, self.sg_crystal_str])
        st = self.get_st()
        self.bulk_cl = name


        if status == 'add':
            # if bulk_cl_name[0] not in header.struct_des:

                add_loop(it,ise,1, input_st = st, it_folder = it_folder, override = 1)
                self.bulk_status = 'run'

        if status == 'res':
            res_loop(it,ise,1)
            try: 
                if max(db[name].maxforce_list[-1]) > 50:
                    self.bulk_status = 'big max_f'
                else:
                    self.bulk_status = 'calculated'

            except AttributeError:
                    self.bulk_status = 'Error!'
                    print(name, '\tUnfinished calculation!!!\n\n')

        if status == 'add_scale':
            # if bulk_cl_name[0] not in header.struct_des:

                add_loop(it,ise,1, input_st = st, calc_method = 'uniform_scale',  scale_region = (-9, 5), n_scale_images = 10, it_folder = it_folder)
                self.bulk_status_scale = 'run_scale'
        
        if status == 'res_scale':
            # if bulk_cl_name[0] not in header.struct_des:

                name_scale = '.'.join([it,'su',ise,'100'])
                self.bulk_cl_scale = name_scale

                try:
                    # res_loop(it+'.su',ise,list(range(1,11))+[100], up = 'up2', show = 'fit', analys_type = 'fit_a')
                    res_loop(it+'.su',ise,[100], up = 'up2')
                except ValueError:
                    self.bulk_status_scale = 'Error!'
                    print('\n\nValueError!!!\n\n')
                    return
                try: 
                    if max(db[name_scale].maxforce_list[-1]) > 50:
                        self.bulk_status_scale = 'big max_f'
                    else:
                        self.bulk_status_scale = 'calculated'

                except AttributeError:
                    self.bulk_status_scale = 'Error!'
                    print(name_scale, '\tUnfinished calculation!!!\n\n')



[docs]    def calc_suf(self, **argv):
        from siman.matproj_functions import calc_suf_mat
        calc_suf_mat(self, **argv)


[docs]    def calc_suf_stoich(self, **argv):
        from siman.matproj_functions import calc_suf_stoich_mat
        calc_suf_stoich_mat(self, **argv)


[docs]    def add_relax(self, **argv):
        from siman.matproj_functions import add_relax_mat
        add_relax_mat(self, **argv)

[docs]    def move_suf_en(self, **argv):
        from siman.matproj_functions import move_suf_en_mat
        move_suf_en_mat(self, **argv)



[docs]    def get_st(self, folder = 'geo/'):
        """
        check downloaded POSCAR files in geo/ folder
        if not POSCAR of some structure - download it from Mat Proj

        mat_in_list - data dict for any structure from MP,  result of get_fata('mp-...')
        """

        from siman.calc_manage import  get_structure_from_matproj, smart_structure_read
        
        
        name = self.material_id+'.POSCAR'
        # st = get_structure_from_matproj(mat_proj_id = self.material_id, it_folder = folder)

        if name not in os.listdir(folder):
            os.chdir(folder)
            st = get_structure_from_matproj(mat_proj_id = self.material_id, it_folder = folder)
            os.chdir('..')
        else:
            st = smart_structure_read(folder+name)
            # print('ok')
        return st


[docs]    def e_cohesive_calc(self, e_box):
        from siman.header import db
        '''
        return cohesive energy

        e_box - dict{element: energy_of_element_in_box}
        '''
        
        # print(self.bulk_cl_scale)
        try:
            cl_bulk = db[self.bulk_cl_scale]
            e_bulk = cl_bulk.energy_sigma0
            n_at_sum = cl_bulk.end.natom
            el_list = cl_bulk.end.get_elements()

            e_at_sum = 0
            for el in el_list:
                e_at = e_box[el]
                e_at_sum+=e_at

            e_coh = (e_at_sum-e_bulk)/n_at_sum
            print('{}  \t\tE_coh = {} eV'.format(self.pretty_formula, round(e_coh,1)))
            self.e_cohesive = round(e_coh,2)
            
        except AttributeError:
            self.e_cohesive = None



[docs]    def e_cohesive_from_MP(self):


        try:
            from pymatgen.ext.matproj import MPRester
            from pymatgen.io.vasp.inputs import Poscar
            from pymatgen.io.cif import CifParser
            pymatgen_flag = True 
        except:
            print('pymatgen is not available')
            pymatgen_flag = False 

        with MPRester(header.pmgkey) as m:
            material_id = self.material_id
            ec = round(m.get_cohesive_energy(material_id, per_atom = 1),2)
            self.e_cohesive_MP = ec
            print(self.pretty_formula, ec)



[docs]    def calc_ec_es(self, ev = 0):
        from siman.header import db
        '''
        
        '''

        ec_es = []

        try:
            print(self.e_cohesive)
            for i in self.suf_en.keys():
                # print(self.suf_en)
                if self.suf_en[i] !='Error':
                    # print(self.suf_en[i])
                    if ev:
                        ec_es.append(round(float(self.e_cohesive)/float(self.suf_en[i]/ header.eV_A_to_J_m), 2))
                    else:
                        ec_es.append(round(float(self.e_cohesive)/float(self.suf_en[i]), 2))
                else:
                    ec_es.append('None')

            self.ec_es = ec_es
        except AttributeError:
            self.ec_es = None


        




          

      

      

    

  

    
      
          
            
  Source code for siman.database

#Copyright Aksyonov D.A
from __future__ import division, unicode_literals, absolute_import 

import shelve, sys, datetime, shutil, tempfile, os, json, re, glob
import json

try:
    import pandas as pd
except:
    print('no pandas')

from siman import header
from siman.header import runBash, printlog
from siman.small_functions import makedir
from siman.set_functions import init_default_sets
from siman.functions import invert
# from siman import classes

"""
Module contains utilities for project database management
and working with external databases

TODO:
1) in write_database() make update of history file more clever
"""
calc_key       = 'calc'
conv_key       = 'conv'
varset_key     = 'varset'
history_key    = 'history'
struct_des_key = 'struct_des'


[docs]def read_database(scratch = False, init_sets = 0):
    """
    Read database of calculations

    INPUT:
        scratch - not used
        init_sets - required to reinit defaults sets in init_default_sets function
    RETURN:
        calc   - dict, contains all calculations of the project
        conv   - dict, convergence sequences
        varset - dict, parameter sets of the project
        size_on_start, int - not used now
    """

    # databasefile = 'calc.s' #was used with python2
    # databasefile = 'calc.gdbm'
    databasefile3 = 'calc.gdbm3'
    # if header.RAMDISK:
    #     databasefile3 = header.RAMDISK+databasefile3

    # sys.exit()


    # if scratch == True: databasefile =   '/scratch/aksenov/calc.s'
    
    printlog("\nLaunch at "+str( datetime.datetime.today() )+'\n')
    
    # mod = __import__("gdbm")
    # d = shelve.Shelf(mod.open(databasefile, protocol=1))

    with shelve.open(databasefile3, protocol = 3) as d:

        try: 
            header.conv = d[conv_key] #dictionary of convergence lists
        except KeyError:
            printlog( "There is no dictionary of convergence lists. I create new"); 
            header.conv = {}   
        


        try: 
            header.varset = d[varset_key] 
        except KeyError:
            printlog( "There is no dictionary of inputsets. I create new");  
            header.varset = {} 
        


        try: 
            header.history = d[history_key] 
        except KeyError:
            header.history = ['Project started on '+ str( datetime.date.today() ) ]

            printlog( "There is still no history in database. The list is in header module ");
        

        try: 
            header.struct_des = d[struct_des_key] 
        except KeyError:
            printlog( "There is no struct_des in database. The dict is in header module "); 

    #print history
    init_default_sets(init_sets)


    return header.conv, header.varset, sys.getsizeof(d)



[docs]def write_database(calc = None, conv = None, varset = None, size_on_start = None):
    """
    The function writes main dictionaries to database file calc.s
    Also creates copy of calc.s

    INPUT:
        calc - dict, contains all calculations of the project
        conv - dict, convergence sequences
        varset - dict, parameter sets of the project
        size_on_start - not used now

    RETURN:
        None    

    """
    #size_on_finish = sys.getsizeof(dbase)
    #if size_on_finish != size_on_start:
    # runBash("cp calc.s calc_copy.s") #create copy before writing
    databasefile3 = 'calc.gdbm3'

    # if header.RAMDISK:
    #     databasefile3 = header.RAMDISK+databasefile3
    size = os.path.getsize


    



    if os.path.isfile(databasefile3) and os.path.isfile('calc_copy.gdbm3'):
        if size(databasefile3) < size('calc_copy.gdbm3') - 200000:

            print(size(databasefile3), size('calc_copy.gdbm3'))
            printlog('Error! actual database file is smaller than reserve copy, something is wrong! Check')

        else:
            ''
            shutil.copyfile(databasefile3, 'calc_copy.gdbm3')
    


    if 0:
        d = shelve.open('calc.s', protocol=1) #Write database of calculations
        d[calc_key]       = calc
        d[conv_key]       = conv
        d[varset_key]     = varset
        d[history_key]    = header.history
        d[struct_des_key] = header.struct_des 
        d.close()

    python2 = False
    if python2:
        import gdbm# use in python2

        d = shelve.Shelf(gdbm.open('calc.gdbm', 'c'), protocol=1) #Write dbm database for python3
        d[unicode(calc_key)]       = calc
        d[unicode(conv_key)]       = conv
        d[unicode(varset_key)]     = varset
        d[unicode(history_key)]    = header.history
        d[unicode(struct_des_key)] = header.struct_des 
        d.close()
    else: #python3 
        import dbm

        d = shelve.Shelf(dbm.open(databasefile3, 'c'), protocol = 3) #Write dbm database for python3 / it was n key, now c, working on new python
        
        # print(header.varset['test'])
        d[conv_key]       = header.conv
        d[varset_key]     = header.varset
        d[history_key]    = header.history
        d[struct_des_key] = header.struct_des 
        # print(d[struct_des_key]['test'])


        d.close()   

        if 0: #please run me from time to time to reduce the size of the database file, calc
            with dbm.open(databasefile3, 'w') as d:
                d.reorganize()


        printlog('Opening ', header.calc_database, 'for writing')

        with shelve.Shelf(dbm.open(header.calc_database, 'c'), protocol = 3) as d:
            for key in header.db:
                printlog('saving key:', key, imp = '')
                # print(key)
                # print(key, header.calc[key].inh_id)
                d[str(key)] = header.db[key]
        
        if header.reorganize: #please run me from time to time to reduce the size of the database file
            with dbm.open(header.calc_database, 'w') as d:
                d.reorganize()


    printlog("\nEnd of work at "+str(datetime.datetime.now())+'\n')

    try:
        header.log.close()
    except:
        pass

    #Update history file
    with  open('history','w') as his:
        #print history
        for i in header.history:
            #print i
            his.write(i+"\n")
    
    print("\nDatabase has been successfully updated\n")
    
    return







[docs]def get_from_database(x1, x2, mat, inquiry_keys = None, silent = None, ssh_object = None):
    """
    inquiry_keys (list) - list of keys that should exist in filenames both for x1 and x2
    ssh_object (SSHTools) - ssh object based on paramiko with access details

    """
    from siman.classes import CalculationVasp

    def check(key, inquiry_keys):
        return all([k in key for k in inquiry_keys])


    path2database = '/home/Data/CEStorage/'

    hash_dict_file = 'hash_dict.json'

    cluster_path2hash = os.path.join(path2database, hash_dict_file)

    if inquiry_keys is None:
        inquiry_keys = []

    if ssh_object:
        # ssh_object.get()
        tempdir = tempfile.gettempdir()
        local_path2hash = os.path.join(tempdir, hash_dict_file)

        ssh_object.get(cluster_path2hash,  local_path2hash  )

        # sys.exit()

    with open(local_path2hash, 'r') as fp:
        hash_dict = json.load(fp)

    # print(hash_dict)
    x1s = []
    x2s = []
    # print(hash_dict)
    for key, val in hash_dict.items():
        if check(key, inquiry_keys+[x1, mat]):
            x1s.append(key)

        if check(key, inquiry_keys+[x2, mat]):
            x2s.append(key)

    x1s = sorted(x1s, key = lambda el: len(el) )
    x2s = sorted(x2s, key = lambda el: len(el) )


    for xi, xis in (x1, x1s), (x2, x2s):
        if not silent:
            print('\nFiles for',xi,':')
        for i, f in enumerate(xis):
            if not silent:
            
                print(i+1,f)


    if len(x1s) == 0 or len(x2s) == 0:
        print('No information in database for this inquire:', x1, x2, mat, str(inquiry_keys) )
        return None, None
    
    key1 = x1s[0]
    key2 = x2s[0]

    if not silent:

        print('\nI choose first entries for both concentrations:',key1, 'and', key2,'\n')
    # print('Use *inquiry_keys* arg to clarify the output results.\n')

    #get files
    loc1 = os.path.join(tempdir, hash_dict[key1])
    loc2 = os.path.join(tempdir, hash_dict[key2])
    makedir(loc1)
    makedir(loc2)
    # print()/

    ssh_object.get(os.path.join(path2database, hash_dict[key1]), loc1  )
    ssh_object.get(os.path.join(path2database, hash_dict[key2]), loc2  )



    cl1 = CalculationVasp().deserialize(loc1)
    cl2 = CalculationVasp().deserialize(loc2)

    return cl1, cl2





[docs]def push_figure_to_archive(local_figure_path, caption, figlabel = None, autocompl = True ):
    shutil.copy(local_figure_path, header.path_to_images)
    print_and_log('push_figure_to_archive():', local_figure_path, 'copied to', header.path_to_images, imp = 'y')
    
    name_without_ext =   '.'.join( os.path.basename(local_figure_path).split('.')[:-1]) 
    figfile = '{{'+name_without_ext+'}}'

    if not figlabel:
        figlabel = '.'.join(name_without_ext.split('.')[:-1])
    
    if autocompl:
        caption+=' for '+figlabel 

    tex_text = \
    ("\\begin{{figure}} \n\includegraphics[width=\columnwidth]{{{:s}}}\n"
    "\caption{{\label{{fig:{:s}}} {:s} }}\n"
    "\end{{figure}}\n").format(figfile, figlabel, caption )


    # print (tex_text)
    with open(header.project_conf.path_to_paper+'/auto_fig.tex', 'a+', newline = '') as f:
        f.seek(0)
        a = f.read()
        # print (a)
        if tex_text not in a:
            f.write(tex_text)
    return






[docs]def read_cvs_database(columns):
    """
    Allows to read cvs file with experimental results
    """

    dfs = pd.read_csv(r'database/literature.csv')[columns]
    dfs.drop(0, inplace=True)
    dfs.dropna(inplace=True)
    dfs.set_index('is', inplace = True)
    dfs = dfs.apply(lambda x: pd.to_numeric(x, errors='ignore'))
    # dfs['owner'] = 'world'    
    # print(dfs.sort_index())
    # print(dfs)
    # sys.exit()
    return dfs





[docs]def add_to_archive_database(cl, subgroup):
    """
    cl is Calculation which should be added to database
    subgroup (str) - subgroup folder

    """

    from pymatgen.core.composition import Composition
    from pymatgen.io.cif import CifWriter
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer


    join = os.path.join
    basename = os.path.basename
    dirname  = os.path.dirname


    save_format = 'azh'
    dbpath = header.PATH2DATABASE
    it = cl.id[0]

    # print(cl.path)
    sub_folder = cl.path['output'].split('/')[0] # usually basic chemical formula
    # sub_folder = header.struct_des[it].sfolder.split('/')[0] # usually basic chemical formula

    print( 'Processing ', cl.id)
    cl.read_results()

    if '4' not in cl.state:
        return
    st = cl.end

    # print(cl.end.typat)
    # sys.exit()


    if 1:
        #determine x
        #universal method, supports several alkali elements
        #requires cl.base_formula in 'Na2FePO4F' format
        #requires pymatgen, would be nice to remove dependency
        cmb = Composition(cl.base_formula)
        cm  = st.get_pm_composition()

        rc = cl.end.get_reduced_composition().as_dict() #reduced composition dict
        rcb = cmb.reduced_composition.as_dict()   
        
        # print(rc, rcb)

        alk = list(set(st.get_specific_elements(header.ALKALI_ION_ELEMENTS))) # list of unique alkali elements
        tra = list(set(st.get_specific_elements(header.TRANSITION_ELEMENTS)))
        # print(alk, tra)
        el_for_norm = tra[0] #first element used for normalization

        nnb = rcb[el_for_norm] #number of norm elements in base
        nn  = rc[el_for_norm]      #number of norm elements in interesting structure 
        # print(nb, n)
        mul = nn/nnb # multiplier that garanties normalization

        # print(rcb)
        nab = sum([rcb[invert(z)] for z in header.ALKALI_ION_ELEMENTS if invert(z) in rcb])
        

        na  = sum([rc[el] for el in alk])
        x = na / mul / nab

        # determine formula
        # cm = st.get_pm_composition() #get pymatgen composition class
        # print( (cm/4).formula)

        # print('Material detected:', formula, 'sub_folder:', sub_folder)

        #obtain base without alk
        formula = (cm.reduced_composition/mul).formula
        # formula = formula.replace('1 ', '').replace(' ', '')
        # print(formula)
        cl.formula = formula
        # print(Composition('Na0.75'))
        print('Material detected:', formula, 'sub_folder:', sub_folder)

        # sys.exit()





    if 0:
        #Old method, not robust at all!
        #determine x for alkali ion from structure name
        parsed = re.findall(r'([A-Z][a-z]*)(\d*)', formula)
        parsed = [(el, x if x else '1') for (el, x) in parsed ]
        print(parsed)
        print('detected element is ', parsed[0][0])

        if parsed[0][0] in [invert(z) for z in header.ALKALI_ION_ELEMENTS]:
            x = parsed[0][0]

            if hasattr(cl, 'max_alk_ion_content'):
                x = float(x)/cl.max_alk_ion_content
            else:
                x = '1'

        else:
            x = '0'




    

    sfolder = os.path.join(dbpath, sub_folder)

    name = []

    if 'azh' in save_format:
        #1. Single point calculation of total energy
        # print(sfolder)
        makedir( join( sfolder, 'dummy')  )

        if x < 1:
            x = int(round(100*x, 0))
        else:
            x = int(round(x, 0))

        print('Concentration x:', x)

        name.append('x'+str(x))
        # sys.exit()
        
        # if formula in ['LiCoO2', 'LiTiO2', 'LiFePO4', 'NaFePO4', 'LiMnPO4', 
        # 'LiNiO2', 'LiTiS2', 'LiMn2O4', 'LiVP2O7', 'LiVPO4F', 
        # 'NaMnAsO4', 'Na2FePO4F', 'Na2FeVF7', 'KFeSO4F', 'NaLiCoPO4F', 'KVPO4F' ]: 
        sfolder = join(sfolder, subgroup)
        makedir( join(sfolder,'dummy') )

        cl.set.update()


        # print(cl.potcar_lines)
        potcar1_m = cl.potcar_lines[0][0]

        if '_' in potcar1_m:
            (pot, _) = potcar1_m.split('_')
        else:
            pot = potcar1_m

        xc = cl.xc_inc
        if '-' in xc:
            xc = cl.xc_pot

        if xc == 'PE':
            func = 'PBE'
        elif xc == 'CA':
            func = 'LDA'
        elif xc == 'PS':
            func = 'PBEsol'
        else:
            print('uknown xc type:', xc)
            sys.exit()

        
        if cl.set.spin_polarized:
            func = 'U'+func #unrestricted

        u_ramping_flag = False
        if hasattr(cl.set, 'u_ramping_nstep') and cl.set.u_ramping_nstep:
            func += '-UR'
            u_ramping_flag = True

        elif cl.set.dftu:
            func += '-U'
        else:
            func += '-'

        func+=pot.lower()
        ecut = str(round(cl.set.ecut ))

        func+=ecut
        # print(func)
        name.append(func)

        name.extend([it.replace('.', '_')]+[cl.id[1]]+[str(cl.id[2])])

        name_str = '_'.join(name)
        # print('_'.join(name) )

        # sys.exit()



        outcar_name = name_str+'.out'

        shutil.copyfile(cl.path["output"], join(sfolder, outcar_name)  )

        if u_ramping_flag:
            print(cl.associated_outcars)
            for i, u_outcar in enumerate(cl.associated_outcars[:-1]): # except the last one, which was copied above
                u = u_outcar.split('.')[1]
                # print(u)
                path_to_outcar = join( dirname(cl.path["output"]), u_outcar )

                cl.read_results(load = 'o', choose_outcar = i+1, only_load  = 1)
                
                shutil.copyfile(path_to_outcar, join(sfolder, name_str+'_'+u+'.out')  )

            # sys.exit()


        cl.end.write_xyz(path = sfolder, filename =  name_str)


        pickle_file = cl.serialize(os.path.join(sfolder, 'bin', name_str) )
        # cl




        #write input, problem with fitted version 100, which does not have input geometry, since they are created on cluster
        # makedir(sfolder+'input/dummy')
        # shutil.copyfile(cl.path["input_geo"], sfolder+'input/'+name_str+'.geo')


        st_mp = cl.end.convert2pymatgen()
        sg_before =  st_mp.get_space_group_info() 
        # from pymatgen.symmetry.finder import SymmetryFinder
        # sf = SymmetryFinder(st_mp_prim)
        symprec = 0.1
        sf = SpacegroupAnalyzer(st_mp, symprec = symprec)

        st_mp_prim = sf.find_primitive()
        # st_mp_prim = sf.get_primitive_standard_structure()
        # st_mp_prim = sf.get_conventional_standard_structure()


        # st_mp_conv = sf.get_conventional_standard_structure()
        # print(st_mp_conv)
        # print(st_mp_conv.lattice.matrix)
        # print(st_mp_prim)
        # print(st_mp_prim.lattice)

        sg_after = st_mp_prim.get_space_group_info()

        if sg_before[0] != sg_after[0]:
            printlog('Attention! the space group was changed after primitive cell searching', sg_before, sg_after)
            printlog('I will save supercell in cif and reduce symprec to 0.01')
            st_mp_prim = st_mp
            symprec = 0.01

        if st_mp_prim:
            cif = CifWriter(st_mp_prim, symprec = symprec)
            cif_name =  name_str+'.cif'
            cif.write_file(  join(sfolder, cif_name)  )
            printlog('Writing cif', cif_name)

        if 0:
            #get multiplication matrix which allows to obtain the supercell from primitive cell.
            #however this matrix is not integer which is not convinient.
            print(st_mp.lattice.matrix.round(2))
            print(st_mp_prim.lattice.matrix.round(2))

            mul_matrix = np.dot(st_mp.lattice.matrix, np.linalg.inv(st_mp_prim.lattice.matrix) )

            print(mul_matrix.round(1))

            rprimd = np.dot(mul_matrix, st_mp_prim.lattice.matrix  )

            print(rprimd.round(2))

        #write chg
        if 1:
            path_to_chg = cl.get_chg_file('CHGCAR')
            if path_to_chg:
                makedir( join(sfolder,'bin','dummy') )
                printlog('path to chgcar',path_to_chg)
                gz = '.gz'
                if gz not in path_to_chg:
                    gz = ''
                shutil.copyfile(path_to_chg, join( sfolder, 'bin', name_str+'.chg'+gz)  )


        #write dos
        if subgroup in ['dos', 'DOS']:
            DOSCAR = cl.get_file('DOSCAR', nametype = 'asoutcar'); 
            if DOSCAR:
                printlog('path to DOSCAR', DOSCAR)
                gz = '.gz'
                if gz not in path_to_chg:
                    gz = ''
                shutil.copyfile(DOSCAR, join( sfolder, 'bin', name_str+'.dos'+gz)  )                

        if subgroup in ['BAD']: #bader
            cl.get_bader_ACF()
            acf = cl.get_file(basename(cl.path['acf']))
            # print(acf)
            # sys.exit() 
            if acf:
                shutil.copyfile(acf, join( sfolder, 'bin', name_str+'.acf')  )                



        if subgroup in ['ph', 'PH']: #bader
            # cl.get_bader_ACF()
            xml = cl.get_file('vasprun.xml', nametype = 'asoutcar')
            # print(acf)
            # sys.exit() 
            if xml:
                shutil.copyfile(xml, join( sfolder, 'bin', name_str+'.xml')  )                










        #make dat
        #incars
        makedir(  join(sfolder, 'dat','dummy')  )
        incars = glob.glob(  join(cl.dir, '*INCAR*')  )
        # print(incars)
        for inc in incars:

            dest = join(sfolder, 'dat')
            # inc_name = 
            if not os.path.exists(join(dest, basename(inc) )):
                shutil.copy(  inc, dest  )


        #kpoints
        if it in header.struct_des:
            with open(  join(sfolder, 'dat', 'kpoints_for_kspacings.json'), 'w', newline = '') as fp:
                json.dump(header.struct_des[it].ngkpt_dict_for_kspacings, fp,)
        else:
            printlog('Warning!, it not in struct_des:',it )
        # print(cl.set.toJSON())


        #prepare for neb
        # makedir(sfolder+'neb_'+name_str+'/dummy')

    return





          

      

      

    

  

    
      
          
            
  Source code for siman.dos_functions

# -*- coding: utf-8 -*-
import sys, os


import numpy as np
import numpy


try:
    from scipy.integrate import simps, trapz
    from scipy import signal
    from scipy.interpolate import interp1d
    from scipy import interpolate
    from scipy.stats.stats import pearsonr 
    from scipy.spatial.distance import sqeuclidean
except:
    print('Warning scipy is not available, some dos functions will not work')

try:
    from ase.calculators.vasp import VaspDos
except:
    print('Warning ase is not installed. I need ase to parse to DOSCAR. install ase with    pip install ase')


from siman import header
from siman.header import printlog
from siman.picture_functions import fit_and_plot
from siman.functions import element_name_inv, smoother
from siman.geo import local_surrounding, determine_symmetry_positions
from siman.small_functions import latex_chem




[docs]def det_gravity2(energy, dos, Erange = (-100, 0)):
    """Determine center of gravity for DOS and return values of energy for dos
    INPUT:
    energy - list of energies
    dos    - list of corresponding dos
    Erange - window of energy to determine center of gravity
    """

    sum_dos   = 0
    sum_dos_E = 0

    for i, E in enumerate(energy):
        
        if E < Erange[0]: 
            continue

        if E > Erange[1]: 
            break
        
        sum_dos   += dos[i] 
        sum_dos_E += dos[i]*E 

    gc = sum_dos_E/sum_dos

    return gc


[docs]def det_gravity(dos, Erange = (-100, 0), key = None):
    """Determine center of gravity for DOS and return values of energy for d6 orbitals in list
    INPUT:
    dos - ase dos type with added d6 - sum of d orbitals over neighbors to impurity atoms
    Erange - window of energy to determine center of gravity
    """

    if key is None:
        key = 'd6'

    sum_dos_E = {}
    sum_dos   = {}
    sum_dos[key] = 0
    sum_dos_E[key] = 0

    for i, E in enumerate(dos.energy):
        
        if E < Erange[0]: 
            continue

        if E > Erange[1]: 
            break
        if key == 'd6':
            sum_dos['d6']   += dos.d6[i] 
            sum_dos_E['d6'] += dos.d6[i]*E 

        else:
            pass

    d6_gc = sum_dos_E[key]/sum_dos[key]





    if 0: #old
        nn =13
        sum_dos_E = [0 for i in range(nn)]
        sum_dos = [0 for i in range(nn)]

        i=-1
        for E in st.dos[0]:

            i+=1
            if E < -6: continue
            if E >0: break
            l = 1 #s
            sum_dos_E[l] += st.dos[l][i] * E; sum_dos[l] += st.dos[l][i]
            l = 2 #p
            sum_dos_E[l] += st.dos[l][i] * E; sum_dos[l] += st.dos[l][i]
            l = 3 #d
            sum_dos_E[l] += st.dos[l][i] * E; sum_dos[l] += st.dos[l][i]
            l = 0 #p+d
            sum_dos_E[l] += (st.dos[2][i] + st.dos[3][i]) * E; sum_dos[l] += st.dos[2][i] + st.dos[3][i]
            l = 11 #full
            sum_dos_E[l] += st.dos[l][i] * E; sum_dos[l] += st.dos[l][i]
            l = 12 #s+p+d
            sum_dos_E[l] += (st.dos[1][i] + st.dos[2][i] + st.dos[3][i]) * E; sum_dos[l] += st.dos[1][i] + st.dos[2][i] + st.dos[3][i]


        #Determine center of DOS
        st.Ec = [0 for i in range(nn)]
        #    if debug: print "Gravity Centers for s,p,d are (eV):"

        for l in 1,2,3,0,11,12:
            if sum_dos[l] <=0 : 
                printlog('err 123'); 
                sum_dos[l] = 0.00001
            st.Ec[l] = sum_dos_E[l] / sum_dos[l]
            # if debug: print st.Ec[l]


    return d6_gc








[docs]def plot_dos(cl1, cl2 = None, dostype = None, iatom = None, iatom2= None,
    orbitals = ('s'), up = None, neighbors = 6, show = 1, labels = None,
    path = 'dos', xlim = (None, None), ylim = (None,None), savefile = True, plot_param = {}, suf2 = '', nsmooth = 3,
    lts2 = '--', split_type = 'octa', plot_spin_pol = 1, show_gravity = None, 
    efermi_origin = True, efermi_shift = 0, invert_spins  = 0, name_suffix = '', image_name = None, color_dict = None):
    """
    cl1 (CalculationVasp) - object created by add_loop()
    dostype (str) - control which dos to plot:
        'total'   - plot total dos
        'diff_total' - difference of total dos, use cl2 for second calculation
        'partial' - partial dos

    orbitals (list of str) - 
        any from 's, p, d, py, pz, px, dxy, dyz, dz2, dxz, dx2' where 'p' and 'd' are sums of projections
        also to sum around neigbours use p6 and d6 and neighbors parameter

    up - 'up2' allows to download the file once again
    labels - two manual labels for cl1 and cl2 instead of auto

    iatom (int) - number of atom starting from 1 to plot DOS;
    iatom ([float]*3) - cartesian coordinates of point around which atoms will be found
    show (bool) - whether to show the dos 
    path (str)  - path to folder with images

    neighbors - number of neighbours around iatom to plot dos on them using p6 or d6; only p6 is implemented to the moment in plot section

    xlim, ylim (tuple)- limits for plot

    color_dict (dict) - custom dict of colors for orbitals. eg: {'s':'g', 'p':}

    plot_param - dict of parameters to fit_and_plot
        dashes - control of dahsed lines

    suf2 - additional suffix for label
    name_suffix - modify name

    image_name - user image name

    # nsmooth = 15 # smooth of dos
    lts2 - style of lines for cl2

    split_type - 
        octa  - the names are t2g and eg
        tetra - the names are t2 and e


    plot_spin_pol -
        0 - spin-polarized components are summed up

    show_gravity (list) - print gravity centers (i, type, range, ); i - 1 or 2 cl
        type (str)
            'p6' - for p orbitals of neighbors
            'p'


    efermi_origin 
        True - e-fermi is zero energy
        False - e-fermi is left, its value is shown
    efermi_shift (float) - additional shift of fermi energy in case if smearing is too large


    invert_spins
        invert spin up and spin down, now only for partial d and p


    #0 s     1 py     2 pz     3 px    4 dxy    5 dyz    6 dz2    7 dxz    8 dx2 
    #In all cases, the units of the l- and site projected DOS are states/atom/energy.

    """


    if dostype == 'partial'  :
        eld1, eld2 = {}, {}
        for i, el in enumerate(cl1.end.get_elements()):
            eld1[i+1] = el
        
        if cl2:
            for i, el in enumerate(cl2.end.get_elements()):
                eld2[i+1] = el

        if not iatom:
            printlog('Warning! Please choose atom number *iatom* from the following list:\n')
            print(eld1)
            sys.exit()
        else:
            printlog('cl1: Atom', iatom, 'of type', eld1[iatom], 'is choosen', imp = 'y')
            printlog('cl1: Atom numbers:', eld1, imp = 'y')
            printlog('cl1:', determine_symmetry_positions(cl1.end, eld1[iatom]), imp = 'y')

            # print(cl2)
            if cl2:
                if not iatom2:
                    printlog('Error! provide iatom2!')
                printlog('cl2: Atom', iatom2, 'of type', eld2[iatom2], 'is choosen', imp = 'y')


                printlog('cl2:', determine_symmetry_positions(cl2.end, eld2[iatom2]), imp = 'y')

    if iatom:
        iatom-=1
    
    if cl2:
        if not iatom2:
            printlog('Error!, provide *iatom2*!')
        iatom2-=1



    if 'figsize' not in plot_param:
        plot_param['figsize'] = (4,6)
    if 'legend' not in plot_param:
        plot_param['legend'] = 'best'

    pm = plot_param
    lw = pm.get('linewidth') or 0.8


    """1. Read dos"""
    printlog("------Start plot_dos()-----", imp = 'Y')
    

    dos = [] # main list for cl1 and cl2


    for cl in cl1, cl2:
        if cl == None: 
            continue

        if not hasattr(cl, "efermi"):
            cl.read_results('o')

        printlog(cl.name, 'e_fermi', cl.efermi, imp = 'Y')
     
        DOSCAR = cl.get_file('DOSCAR', nametype = 'asoutcar'); 
        printlog('DOSCAR file is ', DOSCAR)
        if efermi_origin:
            dos.append( VaspDos(DOSCAR, cl.efermi) )
        else:
            dos.append( VaspDos(DOSCAR, 0) )

    

    #determine number of zero energy    
    i_efermi = int(len(dos[0].energy)  *  -dos[0].energy[0] / (dos[0].energy[-1] - dos[0].energy[0])) # number of point with zero fermi energy
    if cl2:
        i_efermi_e = int(len(dos[1].energy)  *  -dos[1].energy[0] / (dos[1].energy[-1] - dos[1].energy[0])) # number of point with zero fermi energy

    


    if len(dos[0].dos) == 2:
        spin_pol = True
    else:
        spin_pol = False

    gc = None

    """2. Plot dos for different cases"""
    if dostype == 'total':
        # print(dos[0].dos)
        ylabel = "DOS (states/eV)"

        if spin_pol:
            dosplot = {'Tot up':{'x':dos[0].energy,    'y':smoother(dos[0].dos[0], nsmooth), 'c':'b', 'ls':'-'}, 
                        'Tot down':{'x':dos[0].energy, 'y':-smoother(dos[0].dos[1], nsmooth),'c':'r', 'ls':'-'}}
        else:
            dosplot = {'Total':{'x':dos[0].energy, 'y':smoother(dos[0].dos, nsmooth), 'c':'b', 'ls':'-'}}


        # args[nam_down] = {'x':d.energy, 'y':-smoother(d.site_dos(iat, i_orb_down[orb]), nsmooth), 'c':color[orb], 'ls':l, 'label':None}


# xlabel = "Energy (eV)", ylabel = "DOS (states/eV)"
        # print(plot_param)
        image_name = os.path.join(path, cl1.name+'.dosTotal')
        fit_and_plot(show = show, image_name = image_name, hor = True,
            **plot_param,
            **dosplot)



    elif dostype == 'diff_total': #no spin-polarized!!!!
        ylabel = "DOS (states/eV)"

        if len(dos) > 1:    
            #calculate dos diff 
            dosd = [(d0 - d1)*e for d0, d1, e in zip(dos[0].dos, dos[1].dos, dos[0].energy)] #calculate difference
            area = trapz(dosd[:i_efermi], dx=1)
            printlog("area under dos difference = ", -area, imp = 'Y')

            fit_and_plot(show = show, image_name = cl1.name+'--'+cl2.name+'.dosTotal_Diff', xlabel = "Energy (eV)", ylabel = "DOS (states/eV)", hor = True,
                **plot_param,
                Diff_Total = (dos[0].energy, smoother(dosd, nsmooth), 'b-'))
        else:
            printlog('You provided only one calculation; could not use diff_total')





    elif 'partial' in dostype:
        #Partial dos
        #1  p carbon,  d Ti
        #0 s     1 py     2 pz     3 px    4 dxy    5 dyz    6 dz2    7 dxz    8 dx2 
       
        ylabel = "PDOS (states/atom/eV)"


        try:
            dos[0].site_dos(0, 4)
        except:
            printlog('Error! No information about partial dxy dos in DOSCAR; use LORBIT 12 to calculate it')



        """Determine neighbouring atoms """
        # printlog("Number of considered neighbors is ", neighbors, imp = 'y')

        if type(iatom) == int: #for the cases when we need to build surrounding around specific atom in this calculation - just use number of atom
            t = cl1.end.typat[iatom]
            z = cl1.end.znucl[t-1]
            el = element_name_inv(z)
            printlog('Typat of chosen imp atom in cl1 is ', el, imp = 'y')
            surround_center = cl1.end.xcart[iatom]
        else: #for the case when coordinates of arbitary point are provided.
            surround_center = iatom
            el = 'undef'

        local_atoms = local_surrounding(surround_center, cl1.end, neighbors, control = 'atoms', periodic = True)

        numbers = local_atoms[2] 
        els = cl1.end.get_elements()
        el_sur = els[numbers[1]] # element of surrounding type
        
        printlog("Numbers of local atoms:", [n+1 for n in numbers], imp = 'Y' )
        
        printlog("Elements of local atoms:", [els[i] for i in numbers], imp = 'Y' )

        printlog("List of distances", [round(d,2) for d in local_atoms[3]], imp = 'Y' )


        iX = numbers[0]# first atom is impurity if exist
        # printlog
        numbers_list = [numbers] # numbers_list is list of lists
        calcs = [cl1]
        if cl2:
            numbers_list.append([iatom2]) # for cl2 only one atom is supported
            calcs.append(cl2)


        for cl, d, numbers in zip(calcs, dos, numbers_list):
            
            d.p = [] #central and surrounding
            d.d = []
            d.p_up = []
            d.p_down = []
            d.p_down = [] #central and and surrounding
            d.d_up = [] #central atom and surrounding atoms
            d.d_down = [] #central atom and surrounding atoms
            d.t2g_up = []
            d.t2g_down = []
            d.eg_up = []
            d.eg_down = []



            d.p_all = [] #sum over all atoms
            d.d_all = [] #sum over all atoms

            d.p_all_up = [] #sum over all atoms
            d.d_all_up = [] #sum over all atoms
            d.p_all_down = [] #sum over all atoms
            d.d_all_down = [] #sum over all atoms



            if 'p_all' in orbitals or 'd_all' in orbitals:
                #sum over all atoms
                p = []
                p_up = []
                p_down = []
                dd = []
                d_up = []
                d_down = []
                els = cl.end.get_elements()
                for i in range(cl.end.natom):
                    # if 'O' not in els[i]:
                    #     continue
                        
                    if spin_pol:
                        plist_up   = [d.site_dos(i, l)  for l in (2,4,6) ]
                        plist_down = [d.site_dos(i, l)  for l in (3,5,7) ]
                        plist = plist_up + plist_down

                        p_up.append(   [ sum(x)  for x in zip(*plist_up)   ] )
                        p_down.append( [ sum(x)  for x in zip(*plist_down) ] )
                        p.append(  [ sum(x) for x in zip(*plist) ] )


                    else:
                        plist = [d.site_dos(i, l)  for l in (1,2,3) ]
                        p.append(  [ sum(x) for x in zip(*plist) ] )


                    if spin_pol:
                        dlist_up   = [d.site_dos(i, l)  for l in (8,10,12,14,16) ] #
                        dlist_down = [d.site_dos(i, l)  for l in (9,11,13,15,17) ] #
                        dlist = dlist_up + dlist_down

                        d_up.append(  [ sum(x) for x in zip(*dlist_up) ]   )
                        d_down.append(  [ sum(x) for x in zip(*dlist_down) ]   )
                        dd.append(  [ sum(x) for x in zip(*dlist) ] )

                    else:
                        dlist = [d.site_dos(i, l)  for l in (4,5,6,7,8) ] #
                        dd.append(  [ sum(x) for x in zip(*dlist) ] )


                d.p_all = [ sum(pi) for pi in zip(*p) ] #sum over all atoms
                d.d_all = [ sum(di) for di in zip(*dd) ] 
                
                if spin_pol:
                    d.p_all_up   = [ sum(pi) for pi in zip(*p_up)   ] 
                    d.p_all_down = [ sum(pi) for pi in zip(*p_down) ] 
                
                    d.d_all_up   = [ sum(pi) for pi in zip(*d_up)   ] 
                    d.d_all_down = [ sum(pi) for pi in zip(*d_down) ] 
                











            #sum by surrounding atoms atoms
            n_sur = len(numbers)
            for i in numbers: #Now for surrounding atoms in numbers list:

                if spin_pol:
                    plist_up   = [d.site_dos(i, l)  for l in (2,4,6) ]
                    plist_down = [d.site_dos(i, l)  for l in (3,5,7) ]
                    d.p_up.append(   [ sum(x)  for x in zip(*plist_up)   ] )
                    d.p_down.append( [ sum(x)  for x in zip(*plist_down) ] )
                    plist = plist_up + plist_down

                    d.p.append(  [ sum(x) for x in zip(*plist) ] )


                else:
                    plist = [d.site_dos(i, l)  for l in (1,2,3) ]
                    d.p.append(  [ sum(x) for x in zip(*plist) ] )



                if spin_pol:
                    dlist_up   = [d.site_dos(i, l)  for l in (8,10,12,14,16) ] #
                    dlist_down = [d.site_dos(i, l)  for l in (9,11,13,15,17) ] #
                    
                    dlist = dlist_up + dlist_down

                    d.d.append(  [ sum(x) for x in zip(*dlist) ] )


                    d.d_up.append(  [ sum(x) for x in zip(*dlist_up) ]   )
                    d.d_down.append(  [ sum(x) for x in zip(*dlist_down) ]   )

                    t2g_down = [d.site_dos(i, l)  for l in (9, 11, 15) ]
                    eg_down  = [d.site_dos(i, l)  for l in (13, 17) ]
                    
                    t2g_up   = [d.site_dos(i, l)  for l in (8, 10, 14) ]
                    eg_up    = [d.site_dos(i, l)  for l in (12, 16) ]
                    
                    d.t2g_down.append(  [ sum(x) for x in zip(*t2g_down) ]   )
                    d.eg_down.append(  [ sum(x) for x in zip(*eg_down) ]   )
                    d.t2g_up.append(  [ sum(x) for x in zip(*t2g_up) ]   )
                    d.eg_up.append(  [ sum(x) for x in zip(*eg_up) ]   )




                else:
                    dlist = [d.site_dos(i, l)  for l in (4,5,6,7,8) ] #
                    d.d.append(  [ sum(x) for x in zip(*dlist) ] )



            d.p6 = [ sum(pi)/n_sur for pi in zip(*d.p) ] #sum over neighbouring atoms now only for spin up
            
            if spin_pol:
                d.p6_up   = [ sum(pi)/n_sur for pi in zip(*d.p_up)   ] #sum over neighbouring atoms now only for spin up
                d.p6_down = [ sum(pi)/n_sur for pi in zip(*d.p_down) ] #sum over neighbouring atoms now only for spin up
            

            d.d6 = [ sum(di) for di in zip(*d.d) ] #sum over neighbouring atoms













        """Plotting"""
        # nsmooth = 15 # smooth of dos
        d1 = dos[0]
        ds = [d1]
        names = []



        names = [cl1.id[0]+'_at_'+eld1[iatom+1]+str(iatom+1)]
        
        atoms = [iatom]
        els   = [eld1[iatom+1]]
        lts = ['-',] #linetypes
        if cl2:
            ds.append(dos[1])
            d2 = dos[1]
            
            # if labels:
            #     names.append(labels[1])
            # else:
            names.append(cl2.id[0]+'_at_'+eld2[iatom2+1]+str(iatom2+1))
            

            lts.append(lts2)
            atoms.append(iatom2)
            els.append(eld2[iatom2+1])

 

        if not spin_pol:
            plot_spin_pol = 0 # could not plot spin polarization for non-spin polarization plot

        if 'dashes' in plot_param:
            dashes = plot_param['dashes']
            del plot_param['dashes']
        else:
            dashes=(5, 1)

        dds = [(None,None), dashes, (None,None), dashes] # loop over orbitals and atoms
        # print(dds)
        # sys.exit()
        if invert_spins:
            mul = -1
        else:
            mul = 1



        energy1 = dos[0].energy
        args = {}
        if spin_pol:
            i_orb =      {'s':0, 'py':2, 'pz':4, 'px':6, 'dxy':8, 'dyz':10, 'dz2':12, 'dxz':14, 'dx2':16}
            i_orb_down = {'s':1, 'py':3, 'pz':5, 'px':7, 'dxy':9, 'dyz':11, 'dz2':13, 'dxz':15, 'dx2':17}

        else:
            i_orb = {'s':0, 'py':1, 'pz':2, 'px':3, 'dxy':4, 'dyz':5, 'dz2':6, 'dxz':7, 'dx2':8}
        # color = {'s':'k', 'p':'#F14343', 'd':'#289191', 'py':'g', 'pz':'b', 'px':'c', 'dxy':'m', 'dyz':'c', 'dz2':'k', 'dxz':'r', 'dx2':'g', 't2g':'b', 'eg':'g', 'p6':'k'}
        
        if color_dict:
            color = color_dict
        else:
            #default dict
            color = {'s':'k', 'p':'#FF0018', 'd':'#138BFF', 'py':'g', 'pz':'b', 'px':'c', 'dxy':'m', 'dyz':'c', 'dz2':'k', 'dxz':'r', 'dx2':'g', 't2g':'#138BFF', 'eg':'#8E12FF', 'p6':'#FF0018', 'p_all':'r', 'd_all':'b'} #http://paletton.com/#uid=54-100kwi++bu++hX++++rd++kX
        

        # color = {'s':'k', 'p':'r', 'd':'g', 'py':'g', 'pz':'b', 'px':'c', 'dxy':'m', 'dyz':'c', 'dz2':'m', 'dxz':'r', 'dx2':'g'}
        j = 0
        for orb in orbitals:
            i = 0
            for n, l, iat, el, d in zip(names, lts, atoms,els, ds):
                if el in ['Ti','Fe', 'Co', 'V', 'Mn', 'Ni'] and orb in ['p', 's', 'p_all']:
                    continue
                if el == 'O' and orb in ('d', 't2g', 'eg', 'dxy', 'dyz', 'dxz', 'dz2', 'dx2', 'd_all'):
                    continue
                nam = orb
                nam_down = nam+'_down'
                # print('name', n)
                # print('lts', l)
                if labels:
                    formula = labels[i]
                else:
                    formula = latex_chem(n.split('.')[0])

                dashes = dds[j]
                # print('dashes ',dashes,j,'\n\n\n\n\n\n\n\n')
                i+=1
                j+=1
                if spin_pol:
                    nam+=''
                suf = '; '+n
                nam+=suf
                nam_down+=suf



                # print(nsmooth)
                # sys.exit()
                if orb == 'p':


                    if plot_spin_pol:
                        args[nam] = {'x':d.energy, 'y':mul*smoother(d.p_up[0], nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb, 'dashes':dashes}

                        args[nam_down] = {'x':d.energy, 'y':mul*-smoother(d.p_down[0], nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}
                        color[orb] = 'c'

                    else:
                        args[nam] = {'x':d.energy, 'y':smoother(d.p[0], nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb, 'dashes':dashes}

                elif orb == 'p6':

                    # now spin-polarized components could not be shown
                    if plot_spin_pol:
                        args[nam]      = {'x':d.energy, 'y':smoother(d.p6_up, nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el_sur+suf2+' p', 'dashes':dashes}
                        args[nam_down] = {'x':d.energy, 'y':-smoother(d.p6_down, nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}


                    else:
                        args[nam] = {'x':d.energy, 'y':smoother(d.p6, nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el_sur+suf2+' p', 'dashes':dashes}




                elif orb == 'd':
                    
                    if plot_spin_pol:
                        args[nam] = {'x':d.energy, 'y':mul*smoother(d.d_up[0], nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb, 'dashes':dashes}
                        args[nam_down] = {'x':d.energy, 'y':mul*-smoother(d.d_down[0], nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}
                        color[orb] = 'm'

                    else:
                        args[nam] = {'x':d.energy, 'y':smoother(d.d[0], nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb, 'dashes':dashes}



                elif orb == 't2g':
                    if split_type == 'octa':
                        orb_name = orb
                    elif split_type == 'tetra':
                        orb_name = 't2'

                    args[nam] = {'x':d.energy, 'y':smoother(d.t2g_up[0], nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb_name, 'dashes':dashes}
                    if spin_pol:
                        args[nam_down] = {'x':d.energy, 'y':-smoother(d.t2g_down[0], nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}
                
                elif orb == 'eg':
                    if split_type == 'octa':
                        orb_name = orb
                    elif split_type == 'tetra':
                        orb_name = 'e'


                    args[nam] = {'x':d.energy, 'y':smoother(d.eg_up[0], nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb_name, 'dashes':dashes}
                    if spin_pol:
                        args[nam_down] = {'x':d.energy, 'y':-smoother(d.eg_down[0], nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}


                elif orb == 'p_all':
                    
                    if plot_spin_pol:
                        args[nam] = {'x':d.energy, 'y':smoother(d.p_all_up, nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+suf2+' '+orb, 'dashes':dashes}
                        args[nam_down] = {'x':d.energy, 'y':-smoother(d.p_all_down, nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}
                        # color[orb] = 'm'

                    else:
                        args[nam] = {'x':d.energy, 'y':smoother(d.p_all, nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+suf2+' '+orb, 'dashes':dashes}



                elif orb == 'd_all':
                    
                    if plot_spin_pol:
                        args[nam] = {'x':d.energy, 'y':smoother(d.d_all_up, nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+suf2+' '+orb, 'dashes':dashes}
                        args[nam_down] = {'x':d.energy, 'y':-smoother(d.d_all_down, nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}
                        # color[orb] = 'm'

                    else:
                        args[nam] = {'x':d.energy, 'y':smoother(d.d_all, nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+suf2+' '+orb, 'dashes':dashes}






                else:
                    # args[nam] = (d.energy, smoother(d.site_dos(iat, i_orb[orb]), nsmooth), color[orb]+l)
                    # print(i_orb.keys(), color.keys())
                    # sys.exit()
                    args[nam] = {'x':d.energy, 'y':smoother(d.site_dos(iat, i_orb[orb]), nsmooth), 'c':color[orb], 'ls':l, 'label':formula+' '+el+suf2+' '+orb, 'dashes':dashes}
                    
                    if spin_pol:
                        args[nam_down] = {'x':d.energy, 'y':-smoother(d.site_dos(iat, i_orb_down[orb]), nsmooth), 'c':color[orb], 'ls':l, 'label':None, 'dashes':dashes}

                        # args[nam_down] = (d.energy, -smoother(d.site_dos(iat, i_orb_down[orb]), nsmooth), color[orb]+l)



        """Additional dos analysis; to be refined"""
        gc = None
        # print(plot_param['ver_lines'])
        if 'ver_lines' not in plot_param or plot_param['ver_lines'] is None:
            plot_param['ver_lines'] = []

        # print(plot_param['ver_lines'])

        if show_gravity:
            if show_gravity[0] == 1:
                d = d1
            elif show_gravity[0] == 2:
                d = d2

            if show_gravity[2]:
                erange = show_gravity[2]
            else:
                erange = (-100, 0)

            mod = show_gravity[1]

            if mod == 'p6':
                
                gc = det_gravity2(d.energy, d.p6, erange)
                # gc = det_gravity2(d.energy, d.d[0], erange)
                # printlog('Gravity center for cl1 for d for {:} is {:5.2f}'.format(erange, gc), imp = 'Y')
            

            elif show_gravity[1] == 'p':
                gc = det_gravity2(d.energy, d.p[0], erange) # for first atom for cl2

            elif show_gravity[1] == 'p_all':
                gc = det_gravity2(d.energy, d.p_all, erange) # for first atom for cl2

            elif mod == 'd':
                gc = det_gravity2(d.energy, d.d[0], erange) # for first atom for cl2

            printlog('Gravity center for cl1 for {:} for {:} is {:5.2f}'.format(mod , erange, gc), imp = 'Y')


            
            plot_param['ver_lines'].append({'x':gc, 'c':'k', 'ls':'--'})

        if efermi_origin:
            if plot_param['ver']:
                plot_param['ver_lines'].append({'x':efermi_shift, 'c':'k', 'ls':'-', 'lw':lw})

        else:
            #fermi levels
            plot_param['ver_lines'].append({'x':cl1.efermi + efermi_shift, 'c':'k', 'ls':'-', 'lw':lw})
            if cl2:
                plot_param['ver_lines'].append({'x':cl2.efermi + efermi_shift, 'c':'k', 'ls':'-', 'lw':lw})
        plot_param['ver'] = False
        """Plot everything"""
        if image_name is None:
            image_name = os.path.join(path, '_'.join(names)+'.'+''.join(orbitals)+'.'+el+str(iat+1))+name_suffix


        if 'xlabel' not in plot_param:
            plot_param['xlabel'] = "Energy (eV)"

        if 'ylabel' not in plot_param:
            plot_param['ylabel'] = ylabel


        fit_and_plot(show = show, image_name = image_name, hor = True,
        # title = cl1.name.split('.')[0]+'; V='+str(round(cl1.vol) )+' $\AA^3$; Impurity: '+el,
        **plot_param, 
        **args
        )
        # printlog("Writing file", image_name, imp = 'Y')




        if 0:
            """Calculate d DOS at Fermi level"""
            nn = 50 #number to integrate in both directions 
            x1 = dos[0].energy[i_efermi-nn:i_efermi+nn]
            y1 = smoother(dos[0].d6, nsmooth)[i_efermi-nn:i_efermi+nn]
            x2 = dos[1].energy[i_efermi_e-nn:i_efermi_e+nn]
            y2 = smoother(dos[1].d6, nsmooth)[i_efermi_e-nn:i_efermi_e+nn]
            f1 = interp1d(x1, y1, kind='cubic')
            f2 = interp1d(x2, y2, kind='cubic')
            # if debug: print '\n'
            # if debug: print dos[0].d6[i_efermi] - dos[1].d6[i_efermi_e], " - by points; change of d Ti DOS at the Fermi level due to the carbon"
            # if debug: print f2(0), f1(0)
            e_at_Ef_shift = f1(0) - f2(0)

            printlog("{:5.2f} reduction of d dos at Fermi level; smoothed and interpolated".format( e_at_Ef_shift ), imp = 'Y' )
        
        if 0:
            """Calculate second derivative of d at the Fermi level"""
            # tck1 = interpolate.splrep(x1, y1, s=0)
            # tck2 = interpolate.splrep(x2, y2, s=0)
            # e_at_Ef_shift_spline = interpolate.splev(0, tck1, der=0) - interpolate.splev(0, tck2, der=0)
            # if debug: print "{:5.2f} smoothed and interpolated from spline".format( e_at_Ef_shift_spline )
            # # if debug: print type(interpolate.splev(0, tck1, der=2))
            # if debug: print "{:5.2f} {:5.2f} gb and bulk second derivative at Fermi from spline".format( float(interpolate.splev(0, tck1, der=2)), float(interpolate.splev(0, tck2, der=2)) )




        if 0:
            """Calculate shift of d orbitals after adding impurity"""
            d_shift = det_gravity(dos[0],  Erange = (-2.8, 0)) - det_gravity(dos[1],  Erange = (-2.8, 0) ) #negative means impurity shifts states to negative energies, which is favourable
            printlog( "{:5.2f} Shift of Ti d center of gravity".format( d_shift ), imp = 'Y' )
            # if debug: print det_gravity(dos[0],  Erange = (-2.8, 0)), det_gravity(dos[1],  Erange = (-2.8, 0))
            """Calculate correlation between imp p and matrix d"""
            def rmsdiff(a, b):
                # rms difference of vectors a and b:
                #Root-mean-square deviation
                rmsdiff = 0
                for (x, y) in zip(a, b):
                    rmsdiff += (x - y) ** 2  # NOTE: overflow danger if the vectors are long!
                
                return math.sqrt(rmsdiff / min(len(a), len(b)))

            pd_drms = 1/rmsdiff(dos[0].p, dos[0].d6) # the higher the number the higher hybridization
            printlog("{:5.2f} p-d hybridization estimate".format( pd_drms ) , imp = 'Y')

            # if debug: print "sqeuclidean", sqeuclidean(dos[0].p, dos[0].d6)/len(dos[0].d6)

            # if debug: print "pearsonr", pearsonr(dos[0].p, dos[0].d6) #Pearson correlation coefficient; only shape; the larger number means more similarity in shape

            # def autocorr(x):
            #     result = np.correlate(x, x, mode='full')
            #     return result[result.size/2:]


        


    printlog("------End plot_dos()-----\n\n")


    return {'name':cl1.name, 'filename':image_name, 'gc':gc}





          

      

      

    

  

    
      
          
            
  Source code for siman.fit_hex

import sys, os
sys.path.append(os.path.dirname(__file__)+'../../savelyev')
sys.path.append(os.path.dirname(__file__)+'../../alglib_cpython')
# print sys.path
#from read_write_i import ReadWrite as RW
try:
    from SPL_i import ALGLIB as ALB
except:
    print('Cant import SPL_I, check paths to savelyev')
#from plot_3d_i import Plot_3D as Pl3d

[docs]def fit_hex(shag_a,shag_c,npoint_a,npoint_c,it,ise,verlist,calc,gb_volume = False ):




    acell_list = []
    etotal_list = []
    #i = 1     
    for v in verlist:
        #if i in (1,6,11,16,21): i+=1; continue #Cheking for reduced meshes
        #if i in (2,7,12,17,22): i+=1; continue
        #if i in (3,8,13,18,23): i+=1; continue     
        #i+=1
        #if v-25 in (11,12,13,14,15): continue
        #if v-25 in (3,8,13,18,23): continue
        id1 = (it,ise,v)
        acell = []
        if gb_volume:
            acell.append(calc[id1].v_gb); acell.append(calc[id1].v_gb); acell.append(0.1)
            acell_list.append( acell )
            etotal_list.append ( calc[id1].energy_sigma0 )
            acell = []
            acell.append(calc[id1].v_gb); acell.append(calc[id1].v_gb); acell.append(0.2)
        else:            
            acell.append(calc[id1].hex_a); acell.append(calc[id1].hex_a); acell.append(calc[id1].hex_c)
        acell_list.append( acell )
        etotal_list.append ( calc[id1].energy_sigma0 )

    # print acell_list
    # print etotal_list



    if not os.path.exists('a_c_convergence'):
        os.makedirs('a_c_convergence')

    f0 = open('a_c_convergence/fit_hex.out', 'w')
  
  
    f0.write('Calc equilibrium acell for\n')

    
    
    # 
    a=[]; c=[];
    for acell in acell_list:
        assert acell[0]-acell[1]==0, 'acell[0]-acell[1]!=0'
        if acell[0] not in a: a.append(acell[0])
        if acell[2] not in c: c.append(acell[2])
        
    f0.write('Read number points acell = '+ str(len(a))+'\n')
    f0.write('Read number points ccell = '+ str(len(c))+'\n\n')
    print ('Read number points acell = '+ str(len(a))+'\n')
    print ('Read number points ccell = '+ str(len(c))+'\n\n')

    f0.write('Limits acell read from file = ' + str(min(a))+'  '+ str(max(a)) + '; (max(a)-min(a))/2 = ' + str((max(a)-min(a))/2) +'\n')
    f0.write('Limits ccell read from file = ' + str(min(c))+'  '+ str(max(c)) + '; (max(c)-min(c))/2 = ' + str((max(c)-min(c))/2) +'\n\n')
          
    
    etot = [None for i in range(len(a)*len(c))]

    #      

    for i in range(len(etotal_list)):
        acell = acell_list[i]
        jj=0
        exit = False
        for j in c:
            if exit==True: break
            for k in a:
                if acell[0]==k and acell[2]==j:
                    etot[jj] = etotal_list[i]
                    exit = True
                    break
                else: jj+=1

    # print etot
    assert None not in etot, 'None in etot'
    
    # 
    e2 = ALB()
    e2.build_2d_bicubic_spline(a, len(a), c, len(c), etot, 1)
    
    #
    etot_min = min(etot)
    f0.write('Etot_min (without spline) = '+ str(etot_min)+' eV\n\n')
    ii=0; exit = False
    for i in c:
        if exit==True: break
        for j in a:
            if etot[ii]==etot_min:
                amin = j
                cmin = i
                exit = True
                break
            else: ii+=1
    f0.write('acell_min (without spline) = '+ str(amin)+' Angstrom\n')
    f0.write('ccell_min (without spline) = '+ str(cmin)+' Angstrom\n\n\n')
    f0.write('Found min etot for limitation:\n')
    f0.write('Acell = '+str(amin)+' +/- '+str(npoint_a*shag_a)+'  Angstrom'+' (shag = '+str(shag_a)+')'+'\n')
    f0.write('Ccell = '+str(cmin)+' +/- '+str(npoint_c*shag_c)+'  Angstrom'+' (shag = '+str(shag_c)+')'+'\n\n\n')    
    
    # 
    assert abs(e2.calc(amin,cmin,0)-etot_min)<10**(-10), 'e2.calc(amin,cmin,0)!=etot_min'
 
    e_min = 10**(8)
    for i in range(-npoint_c, npoint_c):
        c_cur = cmin+i*shag_c
        for j in range(-npoint_a, npoint_a):
            a_cur = amin+j*shag_a
            e_cur = e2.calc(a_cur,c_cur,0)
            if e_cur < e_min:
                e_min = e_cur
                a_min = a_cur
                c_min = c_cur
    f0.write('Etot_min (with spline) = '+ str(e_min)+' eV\n\n')                
    f0.write('acell_min (with spline) = '+ str(a_min)+' Angstrom\n')
    f0.write('ccell_min (with spline) = '+ str(c_min)+' Angstrom\n\n\n')
    
    
    # 
    al = amin-npoint_a*shag_a; ar = amin+npoint_a*shag_a
    cl = cmin-npoint_c*shag_c; cr = cmin+npoint_c*shag_c
    aspl_l = a_min - shag_a; aspl_r = a_min + shag_a
    cspl_l = c_min - shag_c; cspl_r = c_min + shag_c
    
    if (aspl_l-10**(-3))<=al or (aspl_r+10**(-3))>=ar:
        f0.write('Предупреждение!!!\n Найденный из сплайна минимум acell лежит на краю исследованной области!!!\n Увеличте исследуемую область по данному параметру!!!\n\n')
        print ('Предупреждение!!!\n Найденный из сплайна минимум acell лежит на краю исследованной области!!!\n Увеличте исследуемую область по данному параметру!!!\n\n')
    if (cspl_l-10**(-3))<=cl or (cspl_r+10**(-3))>=cr: 
        f0.write('Предупреждение!!!\n Найденный из сплайна минимум ccell лежит на краю исследованной области!!!\n Увеличте исследуемую область по данному параметру!!!\n\n')    
        print ('Предупреждение!!!\n Найденный из сплайна минимум ccell лежит на краю исследованной области!!!\n Увеличте исследуемую область по данному параметру!!!\n\n')    
    if a_min<min(a) or a_min>max(a): f0.write('Предупреждение!!!\n Найденный минимум энергии с использованием сплайна по параметру acell лежит вне рассчитанной области, считанной из файла!!!!\n Поэтому полученный из сплайн интерполяции результат не может считаться надежным.\n\n\n')
    if c_min<min(c) or c_min>max(c): f0.write('Предупреждение!!!\n Найденный минимум энергии с использованием сплайна по параметру ccell лежит вне рассчитанной области, считанной из файла!!!!\n Поэтому полученный из сплайн интерполяции результат не может считаться надежным.\n\n\n')
    
    f0.close()
    
    
    # 
        
    # 
    if len(acell_list)!=len(etotal_list): raise RuntimeError ('Не равны длины списков len(acell_list)!=len(etotal_list) для построения 3D рисунка!')
    acell_list1 = [tuple(i) for i in acell_list]
    setca_ac_dict = dict(zip(acell_list1, etotal_list))
    x_setca, y_setca, z_setca = [], [], []
    x1, y1, z1 = [], [], []
    ii = 0
    for key in sorted(setca_ac_dict):
        if ii==0: 
            key_cur = key
            ii=1
        if abs(key[0]-key_cur[0])<10**(-10): 
            x1.append(key[0])
            y1.append(key[2])
            z1.append(setca_ac_dict[key])
        else:
            key_cur = key
            x_setca.append(x1)
            y_setca.append(y1)
            z_setca.append(z1)
            x1 = [key[0]]; y1 = [key[2]]; z1 = [setca_ac_dict[key]];
    else:
        x_setca.append(x1)
        y_setca.append(y1)
        z_setca.append(z1)
    
    # 
    for i in range(len(z_setca)):
        for j in range(len(z_setca[i])): z_setca[i][j] -= e_min
       
    # 
    #e5 = Pl3d()
    #if show_plot_3d: show = True
    #else: show = False
    #e5.plot_surface('plot_ac_cell_energ', x_setca, y_setca, z_setca, show = show, write_axes=['a_cell, A','c_cell, A','e, eV'], title_graph = 'Файл данных '+file_data)
           
        
    #return it+'.f.'+ise, e_min/calc[id1].natom, a_min, c_min, shag_a, shag_c, npoint_a, npoint_c
    return "{:s}_fit {:.4f} {:.4f} {:.4f}".format(it+'.f.'+ise, a_min, a_min, c_min, shag_a, shag_c, npoint_a, npoint_c)

    
    
    
    
    
    
    




          

      

      

    

  

    
      
          
            
  Source code for siman.functions


from __future__ import division, unicode_literals, absolute_import 
import os, tempfile, copy, math, itertools, sys
import numpy as np
from operator import itemgetter
from itertools import product

try:
    import scipy

except:
    print('functions.py: no scipy, smoother() will not work()')

from siman import header
from siman.header import print_and_log, printlog, runBash, eV_A_to_J_m
from siman.small_functions import is_list_like, is_string_like, gunzip_file, makedir, grep_file, setting_sshpass


[docs]def unique_elements(seq, idfun=None): 
   # return only unique_elements order preserving
   if idfun is None:
       def idfun(x): return x
   seen = {}
   result = []
   for item in seq:
       marker = idfun(item)
       # in old Python versions:
       # if seen.has_key(marker)
       # but in new ones:
       if marker in seen: continue
       seen[marker] = 1
       result.append(item)
   return result




[docs]def smoother(x, n, mul = 1, align = 1):
    """
    mul - additionally multiplies values
    #align - find first non-zero point and return it to zero
    #n - smooth value, 
        if algo = 'gaus' than it is sigma
        use something like 0.8 
        if algo = 'my'
            n of 10-15 is good
    """
    algo = 'gaus'
    # algo = 'my'

    if algo == 'my':
        x_smooth = []
        L = len(x)
        store = np.zeros((n,1),float)
        for u in range(L-n):
          for v in range(n):
               store[v] = x[u+v]
          av = float(sum(store)) / n
          x_smooth.append(av*mul)

        for u in range(L-n,L):
          for v in range(L-u-1):
               store[v] = x[u+v]
          av = float(sum(store)) / n
          x_smooth.append(av*mul)
    

    elif algo == 'gaus':
        x_smooth =x
        # x_smooth = scipy.ndimage.filters.median_filter(x,size =4)
        # print('sigma is ', n)
        x_smooth = scipy.ndimage.filters.gaussian_filter1d(x_smooth, n, order =0)
        # x_smooth = scipy.ndimage.interpolation.spline_filter1d(x, 4)

    else:
        x_smooth = x

    if align:
        # print(x_smooth[0])
        x_smooth[0] = 0
        # sys.exit()



    return np.asarray(x_smooth)








[docs]def run_on_server(command, addr = None):
    printlog('Running', command, 'on server ...')
    command = command.replace('\\', '/') # make sure is POSIX
    # sys.exit()
    
    # print(header.sshpass)
    # sys.exit()

    if addr is None:
        addr = header.cluster_address

    if header.ssh_object:
        # printlog('Using paramiko ...', imp = 'y')
        # if 'ne' in header.warnings:
        # sys.exit()

        out = header.ssh_object.run(command, noerror = True, printout = 'ne' in header.warnings)

    elif header.sshpass and header.sshpass == 'proxy':
        com = 'ssh -tt sdv sshpass -f '+ header.path2pass +' ssh '+addr+' "'+command+'"'
        # print(com)
        # sys.exit()

        out = runBash(com) 
        # print(out)
        out = out.split('Connection to')[0] # remove last message Connection to ipaddress closed
        # sys.exit()

    elif header.sshpass:
        com = 'sshpass -f '+header.path2pass+' ssh '+addr+' "'+command+'"'
        # print(com)
        # sys.exit()
        
        out = runBash(com)    

        # sys.exit()

    else:
        bash_comm = 'ssh '+addr+' "'+command+'"'
        # print(bash_comm)
        # sys.exit()
        out = runBash(bash_comm)    
    
    out = out.split('#')[-1].strip()

    printlog(out)
    # print(out)
    # sys.exit()
    


    return out




[docs]def push_to_server(files = None, to = None,  addr = None):
    """
    if header.ssh_object then use paramiko
    to (str)     - path to remote folder ! 
    """
    if not is_list_like(files):
        files = [files]    
    
    to = to.replace('\\', '/') # make sure is POSIX

    files_str = ' '.join(np.array(files ))

    
    command = ' mkdir -p {:}'.format( to )
    # print('asfsadfdsf', to)
    printlog('push_to_server():', command, run_on_server(command, addr))
    # sys.exit()

    printlog('push_to_server(): uploading files ', files, 'to', addr, to)

    if header.ssh_object:
        for file in files:
            # print(file, to)
            header.ssh_object.put(file,  to+'/'+os.path.basename(file) )
        out = ''

    elif header.sshpass and header.sshpass == 'proxy':
        com = 'tar cf - '+ files_str + ' | ssh sdv "sshpass -f ~/.ssh/p ssh '+addr+' \\"cd '+header.cluster_home+' && tar xvf -\\"" '
        # print(com)
        # sys.exit()
        out = runBash(com)
    
        # print(out)
        # sys.exit()
    elif header.sshpass:
        # if '@' not in addr:
        #     printlog('Error! Please provide address in the form user@address')
        # l = addr.split('@')
        # print(l)
        # user = l[0]
        # ad   = l[1]
        # com = 'rsync --rsh='+"'sshpass -f /home/aksenov/.ssh/p ssh' "  +' -uaz  '+files_str+ ' '+addr+':'+to
        com = 'rsync --rsh='+"'sshpass -f "+header.path2pass+" ssh' "  +' -uaz  '+files_str+ ' '+addr+':'+to

        # print(com)
        # sys.exit()
        out = runBash(com)



    else:
        out = runBash('rsync -uaz  '+files_str+ ' '+addr+':'+to)
    
    printlog(out)



    return out 



[docs]def file_exists_on_server(file, addr):

    file = file.replace('\\', '/') # make sure is POSIX

    printlog('Checking existence of file', file, 'on server', addr )
    
    exist = run_on_server(' ls '+file, addr)

    # if header.ssh_object:
    #     exist = header.ssh_object.fexists(file)
    # else:
    #     exist = runBash('ssh '+addr+' ls '+file)
     

    if 'No such file' in exist:
        exist = ''
    else:
        exist = 'file exists'


    if exist:
        res = True
    else:
        res = False

    printlog('File exist? ', res)

    return res




[docs]def get_from_server(files = None, to = None, to_file = None,  addr = None, trygz = True):
    """
    Download files using either  paramiko (higher priority) or rsync; 
    For paramiko header.ssh_object should be defined

    files (list of str)  - files on cluster to download 
    to (str)      - path to local folder ! 
    to_file (str) - path to local file (if name should be changed); in this case len(files) should be 1 

    The gz file is also checked

    RETURN
        result of download

    TODO:
    now for each file new connection is opened, 
    copy them in one connection
 


    """
    # print(addr)
    # sys.exit()


    def download(file, to_file):

        # print(header.sshpass)
        if header.ssh_object:

            exist = file_exists_on_server(file, addr)
            # try:
            if exist:
                printlog('Using paramiko: ssh_object.get(): from  to ', file, to_file)
                header.ssh_object.get(file,  to_file  )
                out = ''
            # except FileNotFoundError:
            else:
                out = 'error, file not found'

        elif header.sshpass and header.sshpass == 'proxy':
            # com = 'ssh sdv "sshpass -f ~/.ssh/p ssh ' + addr + ' \\"tar zcf - '+ file +'\\"" | tar zxf - '+to_file # does not work?
            com = 'ssh sdv "sshpass -f ~/.ssh/p ssh ' + addr + ' \\"tar cf - '+ file +'\\"" > '+to_file
            # print('sshpass',com)
            # sys.exit()
            out = runBash(com)

        elif header.sshpass:
            #com = 'rsync --rsh='+"'sshpass -f /home/aksenov/.ssh/p ssh' "  +' -uaz  '+addr+':'+file+ ' '+to_file
            com = 'rsync --rsh='+"'sshpass -f "+header.path2pass+" ssh' "  +' -uaz  '+addr+':'+file+ ' '+to_file

            out = runBash(com)
            # print(addr)
            # sys.exit()

        else:
            # print(addr,file,to_file)
            out = runBash('rsync -uaz  '+addr+':'+file+ ' '+to_file)





        if 'error' in out:
            res = out
        else:
            res = 'OK'
            out = ''

        printlog('Download result is ', res)

        return out





    if '*' in files:
        printlog('get_from_server(): get by template')
        files = run_on_server('ls '+files, addr).splitlines()
        # print(files)
        # sys.exit()
        printlog('get_from_server(): I download', files)



    elif not is_list_like(files):
        files = [files]
    
    files = [file.replace('\\', '/') for file in files] #make sure the path is POSIX




    files_str = ', '.join(np.array(files ))
    printlog('Trying to download', files_str, 'from server', imp = 'n')
    


    for file in files:

        if not to and not to_file: #use temporary file
            with tempfile.NamedTemporaryFile() as f:
                to_file_l = f.name #system independent filename

        elif not to_file: #obtain filename
            to_file_l = os.path.join(to, os.path.basename(file) )
        
        else:
            to_file_l = to_file

        makedir(to_file_l)

        out = download(file, to_file_l)

        if out and trygz:

            printlog('File', file, 'does not exist, trying gz', imp = 'n')
            # run_on_server
            files = run_on_server(' ls '+file+'*', addr)
            file = files.split()[-1]
            # print(file)
            nz = file.count('gz')
            ext = '.gz'*nz

            # file+='.gz'
            to_file_l+=ext

            if file:
                out = download(file, to_file_l)
                printlog('    gz found with multiplicity', ext, imp = 'n')

                for i in range(nz):
                    printlog('unzipping', to_file_l)
                    gunzip_file(to_file_l)
                    to_file_l = to_file_l[:-3]
            else:
                printlog('    No gz either!', imp = 'n')

            # if '5247' in file:
            #     sys.exit()



    return out









[docs]def salary_inflation():
    """Calculate salary growth in Russia taking into account inflation"""
    inflation2000_2014 = [
     5.34,
     6.45,
     6.58, 
     6.10,
     8.78, 
     8.80,
     13.28,
     11.87,
     9.00 ,
     10.91,
     11.74,
     11.99,
     15.06,
     18.8,
     20.1]
    init_salary = 1500 # in jan 2000; other sources 2000 - very important
    for i,  l in enumerate( reversed(inflation2000_2014)  ):
        init_salary = (1+l/100)*init_salary
        print( init_salary, i+2000)

    salary2014 = 30000
    increase = salary2014/init_salary
    print( increase)


# salary_inflation()

[docs]def element_name_inv(el):
    el_dict = header.el_dict
    nu_dict = header.nu_dict
    # print type(el), el, type(str('sdf') )
    if is_string_like(el):
        try: 
            elinv = el_dict[el]
        except:
            print_and_log("Error! Unknown element: " +str(el))
            raise RuntimeError
    else:
        el = int(el)
        try:
            elinv = nu_dict[el]
        except:
            print_and_log("Error! Unknown element: "+str(el))
            raise RuntimeError

    return elinv # inversed notion of element


invert = element_name_inv


[docs]def return_atoms_to_cell(st):

    st = st.return_atoms_to_cell()
    return st




[docs]def calc_ac(a1, c1, a2, c2, a_b = 0.1, c_b = 0.1, type = "two_atoms"):
    """
    Calculate values of hexagonal lattice parameters for cell with two different atoms.
    The used assumption is:
    1. Provided lattice constants are for large enougth cells, in which excess volume (dV) of impurity does not depend on the size of cell.
    2. Two atoms do not interact with each other, which allows to use dV(CO) = dV(C) + dV(O)
    
    Two regimes:
    two_atoms - calculate cell sizes if additional atom was added
    double_cell - if cell was doubled; only first cell and second_cell are needed


    Input:
    a1, c1 - lattice constants of cell with first impurity atom (first cell)
    a2, c2 - lattice constants of cell with second impurity atom (second cell)
    a_b, c_b - lattice constants of cell with pure hexagonal metall
    
    Output:
    a, c - lattice constants of cell with two atoms
    """
    hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
    if hstring != header.history[-1]: header.history.append( hstring  )
    
    A = (a1**2 * c1) + (a2**2 * c2) - (a_b**2 * c_b)
    B = 0.5 * (c1/a1 + c2/a2)
    C = ( (a1**2 * c1) + (a2**2 * c2) ) * 0.5 #sum of cell volumes divided by 2 since during the construction of new cell we will use multiplication by 2
    # print "A,B=",A,B
    a = (A/B)**(1./3)
    c = a * B
    a = round(a,5)
    c = round(c,5)
    print_and_log( "a, c, c/a for cell with pure    hcp ", a_b, c_b, round(c_b/a_b,4), imp ='y' )
    print_and_log( "a, c, c/a for cell with first  atom ", a1, c1, round(c1/a1,4), imp ='y' )
    print_and_log( "a, c, c/a for cell with second atom ", a2, c2, round(c2/a2,4), imp ='y' )

    #for double cell
    a3 = (C/B)**(1./3)
    c3 = a3 * B
    a3 = round(a3,5)
    c3 = round(c3,5)    

    if type == "two_atoms":
        print_and_log( "a, c, c/a for cell with two   atoms ", a,  c, round(c/a,4), "# the same cell but with two atoms\n", imp ='y')
    elif type == "double_cell":
        print_and_log( "a, c, c/a for new cell              ", a3,  c3, round(c3/a3,4), "# for cell with V = V(first_cell) + V(second cell), but only for the case if V(second cell) == V(first_cell)", imp ='y')

    return a, c
















[docs]def read_charge_den_vasp():
    """
    Read CHG vasp file and return ChargeDen object 
    """
    class ChargeDen():
        """docstring for ChargeDen"""
        def __init__(self, ):
            # self.arg = arg
            
            pass





[docs]def rotation_matrix(axis,theta):
    axis = axis/math.sqrt(np.dot(axis,axis))
    a = math.cos(theta/2)
    b,c,d = -axis*math.sin(theta/2)
    return np.array([[a*a+b*b-c*c-d*d, 2*(b*c-a*d), 2*(b*d+a*c)],
                     [2*(b*c+a*d), a*a+c*c-b*b-d*d, 2*(c*d-a*b)],
                     [2*(b*d-a*c), 2*(c*d+a*b), a*a+d*d-b*b-c*c]])


[docs]def rotate():
    v = np.array([3,5,0])
    axis = np.array([4,4,1])
    theta = 1.2 

    print(np.dot(rotation_matrix(axis,theta),v))             

    # [ 2.74911638  4.77180932  1.91629719]




[docs]def rotation_matrix_from_vectors(vec1, vec2):
    """ Find the rotation matrix that aligns vec1 to vec2
    :param vec1: A 3d "source" vector
    :param vec2: A 3d "destination" vector
    :return mat: A transform matrix (3x3) which when applied to vec1, aligns it with vec2.
    """
    a, b = (vec1 / np.linalg.norm(vec1)).reshape(3), (vec2 / np.linalg.norm(vec2)).reshape(3)
    v = np.cross(a, b)
    c = np.dot(a, b)
    s = np.linalg.norm(v)
    kmat = np.array([[0, -v[2], v[1]], [v[2], 0, -v[0]], [-v[1], v[0], 0]])
    rotation_matrix = np.eye(3) + kmat + kmat.dot(kmat) * ((1 - c) / (s ** 2))
    return rotation_matrix







[docs]def plot_charge_den():
    """Test function; Was not used"""
    from mpl_toolkits.mplot3d import axes3d
    import matplotlib.pyplot as plt
    from matplotlib import cm

    fig = plt.figure()
    ax = fig.gca(projection='3d')
    X, Y, Z = axes3d.get_test_data(0.05)
    # print X
    # print Y
    # print Z

    ax.plot_surface(X, Y, Z, rstride=8, cstride=8, alpha=0.3)
    # cset = ax.contourf(X, Y, Z, zdir='z', offset=-100, cmap=cm.coolwarm)
    # cset = ax.contourf(X, Y, Z, zdir='x', offset=-40, cmap=cm.coolwarm)
    # cset = ax.contourf(X, Y, Z, zdir='y', offset=40, cmap=cm.coolwarm)

    ax.set_xlabel('X')
    ax.set_xlim(-40, 40)
    ax.set_ylabel('Y')
    ax.set_ylim(-40, 40)
    ax.set_zlabel('Z')
    ax.set_zlim(-100, 100)

    plt.show()

    return




[docs]def plot_interaction(calclist, calc):
    """
    For calculation of interaction parameter alpha;
    Take in mind that this parameter is obtained under aproximation of redular solution
    """
    e_seg = []
    dX = []
    for id in calclist:
        Xgb = calc[id].Xgb
        X = calc[id].X
        dX.append(Xgb/1 - X)
        e_seg.append(calc[id].e_seg)
        # print calc[id].e_seg
        # print calc[id].X
        #print dX
    coeffs1 = np.polyfit(dX, e_seg, 1)        
    
    fit_func1 = np.poly1d(coeffs1)
    print( "list of seg energies: ", e_seg  )
    print( "list of dX          : ", dX  )

    print( "Fitting using linear function:"  )
    print( fit_func1  )
    print( "E_seg0 = {0:0.0f} meV, standart enthalpy of segregation".format(fit_func1[0])  )
    print( "alpha  = {0:0.0f} meV, interaction coefficient".format(-fit_func1[1]/2)  )

    return


[docs]def calculate_voronoi(self, state = 'end'):
    # By default two quantities per atom are calculated by this compute. 
    # The first is the volume of the Voronoi cell around each atom. 
    # Any point in an atom's Voronoi cell is closer to that atom than any other. 
    # The second is the number of faces of the Voronoi cell, which 
    # is also the number of nearest neighbors of the atom in the middle of the cell. 
    # state - init or end; if init then saved in self.init.vorovol; if end than saved in self.vorovol

    write_lammps(self, state, filepath = 'voronoi_analysis/structure.lammps') #write structure for lammps
    runBash("rm voronoi_analysis/dump.voro; /home/aksenov/installed/lammps-1Feb14/src/lmp_serial < voronoi_analysis/voronoi.in > voronoi_analysis/log")

    if state == 'end':
        self.vorovol = []
        self.vorofaces = []
        vorovol = self.vorovol
        vorofaces = self.vorofaces
    elif state == 'init':
        self.init.vorovol = []
        self.init.vorofaces = []
        vorovol = self.init.vorovol
        vorofaces = self.init.vorofaces        

    vsum=0
    wlist = []    
    with open('voronoi_analysis/dump.voro','r') as volfile:  #analyze dump.voro
        for line in volfile:
            if 'ITEM: ATOMS ' in line:
                break
        for line in volfile:
            ll = line.split()
            if int(ll[1]) > 1:
                wlist.append( [ll[0], ll[5], ll[6], ll[2]] )
            # print 'Volume of atom ',ll[0],'is', ll[5]
            vsum= vsum+float(ll[5])
        print_and_log( 'Check total volume ', vsum, self.end.vol)

        wlist.sort(key = itemgetter(0)) #sort according to the position of atoms
        print_and_log( "atom #, voronoi vol, voronoi faces, x coordinate: ", )
        print_and_log( wlist)
        for w in wlist:
            vorovol.append(float(w[1]))
            vorofaces.append(int(w[2]))
        # print 'Voro vol  ',self.end.vorovol
        # print 'Voro faces',self.end.vorofaces
        # print len(wlist)
    if hasattr(self, 'vorovol'): 
        voro = ''
        if len(vorovol) == 2: #C and O
            voro = " {0:5.2f} & {1:2d} & {2:5.2f} & {3:2d} ".format(vorovol[0], vorofaces[0], vorovol[1], vorofaces[1]  ).center(25)
        else: 
            voro = " {0:5.2f} & {1:2d} ".format(vorovol[0], vorofaces[0] ).center(25)
        voro+='&'
    else:
        voro = ""
    print_and_log( "Voronoi volume = ", voro, imp = 'y')
    return voro


[docs]def log_history(hstring):
    try:
        if hstring != header.history[-1]: header.history.append( hstring  )
    except:
        header.history.append( hstring  )    
    return













[docs]def gb_energy_volume(gb,bulk):
    if (gb.end.rprimd[1] != bulk.end.rprimd[1]).any() or (gb.end.rprimd[2] != bulk.end.rprimd[2]).any():
        print_and_log("Warning! You are trying to calculate gb_energy from cells with different lateral sizes:"+str(gb.end.rprimd)+" "+str(bulk.end.rprimd)+"\n")
    #print bulk.vol
    V_1at = bulk.vol / bulk.natom #* to_ang**3

    E_1at = bulk.energy_sigma0 / bulk.natom 
    A = np.linalg.norm( np.cross(gb.end.rprimd[1], gb.end.rprimd[2])  ) #surface area of gb
    #print A
    gb.v_gb =      ( gb.vol              - V_1at * gb.natom) / A / 2. * 1000
    gb.e_gb =      ( gb.energy_sigma0    - E_1at * gb.natom) / A / 2. * eV_A_to_J_m * 1000
    gb.e_gb_init = ( gb.list_e_sigma0[0] - E_1at * gb.natom) / A / 2. * eV_A_to_J_m * 1000
    gb.bulk_extpress = bulk.extpress     
    #print "Calc %s; e_gb_init = %.3f J/m^2; e_gb = %.3f J/m; v_gb = %.3f angstrom "%(gb.name, gb.e_gb_init, gb.e_gb, gb.v_gb )
    outst = "%15s&%7.0f&%7.0f"%(gb.name, gb.e_gb, gb.v_gb)
    return outst





[docs]def headers():
    j = (7,12,14,7,8,9,9,5,5,20,5,20,8,12,20,8,5,8,8)
    d="&"
    header_for_bands= "Set".ljust(j[0])+d+"Etot".center(j[1])+d+"a1,a2".center(j[2])+d+"c".center(j[3])\
                +d+"time, m".center(j[4])+d+"ittime, s".center(j[5])+d+"Nmd,Avr.".rjust(j[6])+d\
                +"Warn!"+d+"nband"+d+"Added, \%"+"\\\\"

    header_for_ecut= "Set".ljust(j[0])+d+"Etot".center(j[1])+d+"a1,a2".center(j[2])+d+"c".center(j[3])\
                +d+"time, m".center(j[4])+d+"ittime, s".center(j[5])+d+"Nmd,Avr.".rjust(j[6])+d\
                +"Warn!"+d+"Ecut,eV"+"\\\\"

    header_for_npar= "Set".ljust(j[0])+d+"Etot".center(j[1])+d+"a1,a2".center(j[2])+d+"c".center(j[3])\
                +d+"time, m".center(j[4])+d+"ittime, s".center(j[5])+d+"Nmd,Avr.".rjust(j[6])+d\
                +"Warn!"+d+"NPAR".center(j[16])+d+"LPLANE".center(j[17])+"\\\\"

    header_for_kpoints= "Set".ljust(j[0])+d+"Etot".center(j[1])+d+"a1,a2".center(j[2])+d+"c".center(j[3])\
                +d+"time, m".center(j[4])+d+"ittime, s".center(j[5])+d+"Nmd,Avr.".rjust(j[6])+d\
                +"Warn!"+d+"k-mesh".center(j[8])+d+"k-spacings".center(j[9])+d+"nkpt".center(j[10])+"\\\\"
    header_for_tsmear= "Set".ljust(j[0])+d+"Etot".center(j[1])+d+"a1,a2".center(j[2])+d+"c".center(j[3])\
                +d+"time, m".center(j[4])+d+"ittime, s".center(j[5])+d+"Nmd,Avr.".rjust(j[6])+d\
                +"Warn!"+d+"k-mesh".center(j[8])+d+"tsmear, meV".center(j[13])+d+"Smearing error, meV/atom".center(j[14])+"\\\\"

    header_for_stress= "Set".ljust(j[0])+d+"Etot".center(j[1])+d+"a1,a2".center(j[2])+d+"c".center(j[3])\
                +d+"time, m".center(j[4])+d+"ittime, s".center(j[5])+d+"Nmd,Avr.".rjust(j[6])+d\
                +"Warn!"+d+"Stress, intr u.*1000".center(j[11])+d+"Pressure, MPa".center(j[12])
    #print "\\hline"
    return header_for_kpoints






[docs]def read_vectors(token, number_of_vectors, list_of_words, type_func = None, lists = False):
    """Returns the list of numpy vectors for the last match"""
    # lists - return list of lists instead list of vectors

    if type_func is None:
        type_func = lambda a : float(a)

    number_of_matches = list_of_words.count( token )
    if number_of_matches == 0: 
        #print_and_log("Warning token '"+token+"' was not found! return empty\n")
        return [None]

    if number_of_matches > 1:
        print_and_log("Warning token '"+token+"' was found more than one times\n")
        raise RuntimeError


    index = list_of_words.index(token, number_of_matches - 1 )     #Return the index of the last match
    #print list_of_words[index]
    list_of_vectors = []
    list_of_lists = []
    vector = np.zeros((3))
    for i in range(number_of_vectors):
        vector[0] = type_func(list_of_words[index + 1])
        vector[1] = type_func(list_of_words[index + 2])
        vector[2] = type_func(list_of_words[index + 3])
        list3 = []
        for j in 1,2,3:
            list3.append(type_func(list_of_words[index + j]) )

        index+=3
        list_of_vectors.append(vector.copy())
        list_of_lists.append(list3)
    
    if lists:
        out = list_of_lists
    else:
        out = list_of_vectors

    return out



[docs]def read_string(token, length, string):
    sh = len(token)+1
    i = string.find(token)+sh
    # print('length', i, i+length)
    # sys.exit()
    if i is -1:
        return ''
    else:
        return string[i:i+length]




[docs]def read_list(token, number_of_elements, ttype, list_of_words):
    """Input is token to find, number of elements to read, type of elements and list of words, 
    where to search
    Returns the list of elements for the last match"""
    

    number_of_matches = list_of_words.count( token )


    
    #if number_of_elements == 0:        raise RuntimeError
    
    if number_of_matches > 1:
        print_and_log("Warning token '"+token+"' was found more than one times\n")
        raise RuntimeError

    if number_of_matches == 0 or number_of_elements == 0: 
        #print_and_log("Warning token '"+token+"' was not found or asked number of elements is zero! set to [None]\n")
        #if ttype == str:
        #    return ['']*number_of_elements
        #else:
        #    return [0]*number_of_elements
        return [None]

    try:
        index = list_of_words.index(token, number_of_matches - 1 )     #Return the index of the last match

    except ValueError: 
        print_and_log("Warning!, token "+token+" was not found. I return [None]!\n")
        return [None]
    
    index+=1 #the position of token value
    list_of_elements = []
    
    #define function dependig on type:

    if   ttype == int  : 
        def convert(a): 
            return int(a)
    
    elif ttype == float: 
        def convert(a): 
            # print a
            return float(a)
    
    elif ttype == str  : 
        def convert(a): 
            return str(a)
    
    #print list_of_words[index], type(list_of_words[index])
    if list_of_words[index] == "None"  : 
        def convert(a): 
            return [None]
    
    #Make convertion
    for i in range(number_of_elements):
        
        if 'None' in list_of_words[index]:
            list_of_elements.append(None)
        else:
            list_of_elements.append(    convert(  list_of_words[index]   )     )
        

        index+=1


    return list_of_elements



[docs]def words(fileobj):
    """Generator of words. However does not allow to use methods of list for returned"""
    for line in fileobj:
        for word in line.split():
            yield word





[docs]def server_cp(copy_file, to, gz = True, scratch = False, new_filename = None):
    
    if scratch:
        if not header.PATH2ARCHIVE:
            printlog('Warning! PATH2ARCHIVE is empty! Please put path archive in ~/simanrc.py or ./project_conf.py ')

        copy_file = header.PATH2ARCHIVE + '/' + copy_file
    else:
        copy_file = header.project_path_cluster + '/' + copy_file

    filename = os.path.basename(copy_file)

    if new_filename is None:
        new_filename = filename


    if gz:
        command = 'cp '+copy_file + ' ' + to +'/'+new_filename + '.gz ; gunzip -f '+ to+ '/'+new_filename+'.gz'
    else:
        command = 'cp '+copy_file + ' ' + to +'/'+new_filename 



    printlog('Running on server', command, imp = '')
    if file_exists_on_server(copy_file, header.cluster_address):
        out = run_on_server(command, addr = header.cluster_address)
        printlog('Output of run_on_server', out, imp = '')
    else:
        out = 'error, file does not exist on server: '+copy_file                
    return out




[docs]def wrapper_cp_on_server(file, to, new_filename = None):
    """
    tries iterativly scratch and gz
    """
    copy_to   = to

    copy_file = file

    filename = os.path.basename(file)
    if new_filename:
        app = 'with new name '+new_filename
    else:
        app = ''

    for s, gz in product([0,1], ['', '.gz']):

        printlog('scratch, gz:', s, gz)

        out = server_cp(copy_file+gz, to = to, gz = gz, scratch = s, new_filename = new_filename)

        if out == '':
            printlog('File', filename, 'was succesfully copied to',to, app, imp = 'y')
            break
        # else:
    else:
        printlog('Warning! File was not copied, probably it does not exist. Try using header.warnings = "neyY" for more details', imp = 'y')


    return






[docs]def update_incar(parameter = None, value = None, u_ramp_step = None, write = True, f = None, run = False, st = None):    
    """Modifications of INCAR. Take attention that *parameter* will be changed to new *value*
    if it only already exist in INCAR.  *u_ramp_step*-current step to determine u,
    *write*-sometimes just the return value is needed. 
    Returns U value corresponding to *u_ramp_step*.
    """


    self = st 
    u_step = None
    if parameter == 'LDAUU':
        #Update only non-zero elements of LDAUU with value

        set_LDAUU_list = self.set.vasp_params['LDAUU']
        new_LDAUU_list = copy.deepcopy(set_LDAUU_list)
        
        # print set_LDAUU_list
        u_step = 0.0
        for i, u in enumerate(set_LDAUU_list):
            if u == 0:
                continue
            u_step = np.linspace(0, u, self.set.u_ramping_nstep)[u_ramp_step]
            u_step = np.round(u_step, 1)
            # new_LDAUU_list[i] = value
            new_LDAUU_list[i] = u_step


        new_LDAUU = 'LDAUU = '+' '.join(['{:}']*len(new_LDAUU_list)).format(*new_LDAUU_list)
        
        command = "sed -i.bak '/LDAUU/c\\" + new_LDAUU + "' INCAR\n"
        #print('u_step',u_step)
        #sys.exit()

    elif parameter == 'MAGMOM':

        new_incar_string = parameter + ' = ' + ' '.join(['{:}']*len(value)).format(*value)
        command = "sed -i.bak '/"+parameter+"/c\\" + new_incar_string + "' INCAR\n"

    # elif parameter in ['IMAGES', 'ISPIN']:
    else:

        new_incar_string = parameter + ' = ' + str(value)
        command = "sed -i.bak '/"+parameter+"/c\\" + new_incar_string + "' INCAR\n"




    if write and f:
        f.write(command)

    if run:
        runBash(command)

    return  u_step #for last element



[docs]def check_output(filename, check_string, load):
    """
    Check if file exist and it is finished by search for check_string
    """

    if filename and os.path.exists(filename):

        out = grep_file(check_string, filename, reverse = True)

        printlog('The grep result of',filename, 'is:', out)
        # sys.exit()
        if check_string in out or 'un' in load:
            state = '4. Finished'
        else:
            state = '5. Broken outcar'

    else:
        state = '5. no OUTCAR'

    return state





          

      

      

    

  

    
      
          
            
  Source code for siman.geo



import sys, re, copy, itertools, math
from operator import itemgetter

import itertools
flatten = itertools.chain.from_iterable

import numpy as np
try:
    from tabulate import tabulate
except:
    print('geo.py:tabulate is not avail')

from siman import header

if header.pymatgen_flag:
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
    from pymatgen.io.vasp.inputs import Poscar

from siman.header import printlog
from siman.small_functions import red_prec
from siman.functions import invert
# from impurity import find_pores

# sys.path.append('/home/aksenov/Simulation_wrapper/') 
# sys.path.append('/home/aksenov/Simulation_wrapper/savelyev') 



[docs]def image_distance(x1, x2, r, order = 1, sort_flag = True, return_n_distances = False, coord_type = 'xcart'):
    """
    Calculate smallest distance and the next smallest distance between two atoms 
    correctly treating periodic boundary conditions and oblique cells.
    x1, x2 - vector[3] xcart coordinates of two atoms
    r - rprimd of cell
    order - the order of periodic images which are accounted in the calcualtion of distances between atoms.
    for cubic cells, order = 1 always provide correct result.
    For highly oblique cell you should test and find the needed value of 'order' after which results are the same.
    sort_flag (bool) - use False if you do not need sorting of distances 

    return_n_distances(bool) - returns required number of smallest distances, depending on order

    coord_type (str) 
        - 'xred'
        - 'xcart'


    return d1, d2 - the smallest and next smallest distances between atoms

    """
    d = [] # list of distances between 1st atom and images of 2nd atom
    
    if coord_type == 'xcart':
        def dr(i,j,k):
            return (r[0] * i + r[1] * j + r[2] * k)
    if coord_type == 'xred':
        a1=np.array([1,0,0])
        a2=np.array([0,1,0])
        a3=np.array([0,0,1])
        def dr(i,j,k):
            return (a1 * i + a2 * j + a3 * k)

    for i in range(-order, order+1):
        for j in range(-order, order+1):
            for k in range(-order, order+1):
                x2i = x2 +  dr(i,j,k) #determine coordinates of image of atom 2 in corresponding image cells
                d.append(   np.linalg.norm(x1 - x2i)   )
    
    if sort_flag:
        d.sort()
    #print d
    # assert d[0] == min(d)

    if return_n_distances:
        return d[0:return_n_distances]
    else:
        return d[0], d[1] # old behaviour



[docs]def scale_cell_uniformly(st, scale_region = None, n_scale_images = 7, parent_calc_name = None, ):
    """
    Scale uniformly rprimd and xcart of structure() object *st* from *scale_region[0]* to *scale_region[1]*  (%) using *n_scale_images* images.
    *parent_calc_name* is added to st.des
    Return:
    list of scaled Structure() objects
    
    TODO: Take care of vol, recip and so on - the best is to create some method st.actual() that update all information 
    """
    # print scale_region



    scales = np.linspace(scale_region[0], scale_region[1], n_scale_images)
    printlog('Scales are', scales, imp = 'y')

    # print scales
    scaled_sts = []
    for j, s in enumerate(scales):
        st_s = copy.deepcopy(st)
        for i in (0,1,2):
            st_s.rprimd[i] *= (1 + s/100.)
        # print st_s.rprimd

        st_s.xred2xcart()
        st_s.des = 'obtained from '+str(parent_calc_name)+' by uniform scaling by '+str(s)+' %'
        st_s.name = str(j+1)
        scaled_sts.append(st_s)
        # print st_s.rprimd

    # plt.plot([np.linalg.norm(st.rprimd) for st in scaled_sts])
    # plt.show()
    return scaled_sts


[docs]def scale_cell_by_matrix(st, scale_region = None, n_scale_images = 7, parent_calc_name = None, mul_matrix = None ):
    """
    Scale  rprimd and xcart of structure() object *st* from *scale_region[0]* to *scale_region[1]*  (%) using *n_scale_images* images
    and mul_matrix.
    *parent_calc_name* is added to st.des
    Return:
    list of scaled Structure() objects
    
    TODO: Take care of vol, recip and so on - the best is to create some method st.actual() that update all information 
    """
    scales = np.linspace(scale_region[0], scale_region[1], n_scale_images)

    printlog('Scales are', scales, imp = 'y')
    # print(np.asarray(st.rprimd))
    # print(mul_matrix)
    scaled_sts = []
    for j, s in enumerate(scales):
        st_s = copy.deepcopy(st)
        # print(s)
        mul_matrix_f = s*(np.asarray(mul_matrix)-np.identity(3))+np.identity(3)
        st_s.rprimd = np.dot(mul_matrix_f, st_s.rprimd)
        # st_s.rprimd = np.dot(s/100*np.asarray(mul_matrix)+np.identity(3), st_s.rprimd)
        print(mul_matrix_f)
        print(np.asarray(st_s.rprimd))
        alpha, beta, gamma = st_s.get_angles()

        print(alpha, beta, gamma)    


        st_s.xred2xcart()
        st_s.des = 'obtained from '+str(parent_calc_name)+' by scaling by '+str(s)+' % '+str(mul_matrix)
        st_s.name = str(j+1)
        scaled_sts.append(st_s)
        # print st_s.rprimd

    # plt.plot([np.linalg.norm(st.rprimd) for st in scaled_sts])
    # plt.show()
    # sys.exit()


    return scaled_sts





[docs]def find_moving_atom(st1, st2):
    """
    find moving atom

    The cells should have the same rprimd!



    return number of atom which moves between two cell
    """

    for r1, r2 in zip(st1.rprimd, st2.rprimd):
        if np.linalg.norm(r1-r2)>0.001:
            printlog('Attention! find_moving_atom(): st1 and st2 have different rprimd')

    st1 = st1.return_atoms_to_cell()
    st2 = st2.return_atoms_to_cell()

    # diffv = np.array(st1.xcart) - np.array(st2.xcart)
    # diffn = np.linalg.norm(diffv, axis = 1)
    # st1.write_poscar()
    # st2.write_poscar()

    diffn = []
    for x1, x2 in zip(st1.xcart, st2.xcart):
        d1, d2 = image_distance(x1, x2, st1.rprimd)
        diffn.append(d1)

    # print('max', max(diffn))

    return np.argmax(diffn) # number of atom moving along the path








[docs]def calc_recip_vectors(rprimd):
    #Determine reciprocal vectors 
    #physics" definition
    recip = []
    vol = np.dot( rprimd[0], np.cross(rprimd[1], rprimd[2])  ); #volume
    #print vol
    recip.append(   np.cross( rprimd[1], rprimd[2] )   )
    recip.append(   np.cross( rprimd[2], rprimd[0] )   )
    recip.append(   np.cross( rprimd[0], rprimd[1] )   )
    for i in 0,1,2:
        recip[i] =  recip[i] * 2 * math.pi / vol;
    return recip




[docs]def calc_kspacings(ngkpt, rprimd):
    """Calculate kspacing from ngkpt and rprimd (A)
        ngkpt (list of int) - k-point mesh

    """
    kspacing = []

    recip = calc_recip_vectors(rprimd)

    for i in 0, 1, 2:
        if ngkpt[i] != 0:
            a = np.linalg.norm( recip[i] ) / ngkpt[i]
            kspacing.append(red_prec(a))
        else:
            printlog('Warning! ngkpt = 0 in geo.calc_kspacings', imp='y')

    return  kspacing






[docs]def xcart2xred(xcart, rprimd):
    """Convert from cartesian coordinates xcart to
        dimensionless reduced coordinates 
        Input: xcart - list of numpy arrays, rprimd - list of numpy arrays
        Output: xred - list of numpy arrays"""
    xred = []
    gprimd = np.asarray( np.matrix(rprimd).I.T ) #Transpose of the inverse matrix of rprimd
    #print gprimd
    for xc in xcart:
        xred.append(  np.dot( gprimd , xc)  ) #dot product
    #print xred
    return xred


[docs]def xred2xcart(xred, rprimd):
    """Convert from dimensionless reduced coordinates to
    cartesian coordinates xcart;
        Input: xred - list of numpy arrays, rprimd - list of numpy arrays
        Output: xcart - list of numpy arrays"""
    xcart = []
    #print "rprimd ", rprimd
    for xr in xred:
        #for j in 0,1,2:
        #    print xr[0] * rprimd[0][j] + xr[1] * rprimd[1][j] + xr[2] * rprimd[2][j],
        #print ""
        #print np.dot( xr, rprimd)
        xcart.append(  np.dot( xr, rprimd)  ) #dot product

    #print xred
    return xcart


[docs]def rms_between_structures(st1, st2):
    #should be already imposed on each other
    els1 = st1.get_elements()
    els2 = st2.get_elements()
    sumv = 0
    sumd = 0
    sumdsqr = 0
    for j, x1 in enumerate(st2.xcart):
        i, d, v = st1.find_closest_atom(x1)
        if len(els1) == len(els2):
            print(i, '{:.2f}'.format(d), v, els1[i], els2[j] )
        else:
            print(i, '{:.2f}'.format(d), v, els1[i] )
        sumv= sumv + v
        sumd+=d
        sumdsqr+=d**2

    print('Average deviation {:.2f} A'.format(sumd/st2.natom) )
    print('Average squared deviation {:.2f} A'.format(np.sqrt(sumdsqr/st2.natom)) )
    print('Shift of first cell relative to second cell', sumv/st2.natom, np.linalg.norm(sumv/st2.natom))




[docs]def replic(structure, mul = (1,1,1), inv = 1, only_atoms = None, cut_one_cell = None, include_boundary = (1,1) ):
    """
    Replicate structure() according to: mul[i]*rprimd[i]
    
    Input:
    structure - structure() type
    mul[] - is tuple of three integer numbers
    Use from structure:
    xcart, typat, rprimd, natom, xred
    inv - 1 or -1 allows to replicate in different directions
    
    inv = 0 - cell is replicated in both directions by mul[i];  2 still gives -1 0 1 but 3 gives -2 -1 0 1 2; for 'only_matrix' may work not correctly




    only_atoms - allows to replicate only specific atoms; now 
        'only_matrix'
            Warning - st.select is not working here

    cut_one_cell - allows to cut only one cell with replicated edge atoms
    include_boundary (A) - the width of region to include additional edge atoms (bottom, up)


    TODO:
        oxi_states are not added yet
    Return:
    replicated structure


    """
    st = copy.deepcopy(structure)
    # print 'Structure has before replication', st.natom,'atoms' 
    if not hasattr(st, 'select'):
        st.select = [None]


    if hasattr(st, 'init_numbers') and st.init_numbers:
        numbers = st.init_numbers
    else:
        numbers = range(st.natom)


    #determine maximum and minimum values before replication
    xmax = [-1000000]*3
    xmin = [+1000000]*3
    for x in st.xcart:
        for j in 0,1,2:
            if xmax[j] < x[j]: xmax[j] = x[j] 
            if xmin[j] > x[j]: xmin[j] = x[j] 
    # print 'xmax, xmin', xmax, xmin



    inv_loc = inv
    for i in 0, 1, 2:
        
        axis_mul = range(mul[i])
        
        if inv == 0: # does not work propely; mul below is also should be accounted
            axis_mul = range(-mul[i]+1, mul[i])
            print_and_log('axis_mul = ', axis_mul)
            inv_loc = 1
        
        if only_atoms == 'only_matrix':
            st.xcart += [ x + inv_loc*k*st.rprimd[i] for x, t in zip(st.xcart[:], st.typat[:]) for k in axis_mul[1:] if t == 1] # fill by axis i by blocks
            
            st.typat += [ t                  for t in st.typat[:] for k in axis_mul[1:] if t == 1]
            st.magmom += [ t                  for t in st.magmom[:] for k in axis_mul[1:] if t == 1]
        else:
            st.xcart = [ x + inv_loc*k*st.rprimd[i] for x in st.xcart[:] for k in axis_mul ] # fill by axis i by blocks
            st.typat = [ t                  for t in st.typat[:] for k in axis_mul ]
            st.magmom = [ t                  for t in st.magmom[:] for k in axis_mul ]
            st.select = [ t                  for t in st.select[:] for k in axis_mul ]
            numbers = [n for n in numbers[:] for k in axis_mul]
            # print numbers
            # assert len(st.xcart) == abs(st.natom * reduce(lambda x, y: x*y, mul) )


        # print 'before', st.rprimd[i]
        
    if cut_one_cell:
        pass        
    else:

        for i in 0, 1, 2:
            if inv == 0:
                k = 2 * mul[i] - 1
            else:
                k = mul[i]
            st.rprimd[i] = st.rprimd[i] * k
        

    st.init_numbers = numbers

        # print st.init_numbers 
        # print 'after', st.rprimd[i]
    # print len(st.xcart)
    # print st.natom * reduce(lambda x, y: x*y, mul)
    #print st.xcart, 

    st.xred = xcart2xred(st.xcart, st.rprimd)


    if cut_one_cell:
        new_xred = []
        new_xcart = []
        new_typat = []
        new_mgmom = []

        precb = include_boundary[0]#/max(st.rprimd[2])
        precu = include_boundary[1]#/max(st.rprimd[2])
        


        bob = 0 - precb; upb = 1. + precu;
        # print bob, upb
        

        n = 0 
        # print st.xred
        for t, xr, m in  zip(st.typat, st.xcart, st.magmom):
            for j in 0,1,2:
                if (xr[j]  < xmin[j] - precb) or (xr[j]  > xmax[j] + precu): break  
            else:
                new_xcart.append(xr)
                new_typat.append(t)
                new_magmom.append(m)

        st.typat = new_typat
        st.xcart = new_xcart
        st.magmom = new_magmom
        print_and_log('After removing, cell has ', len(st.xred) )
        # print st.xred
        # st.xcart = xred2xcart(st.xred, st.rprimd)
        st.xred = xcart2xred(st.xcart, st.rprimd)

    st.get_nznucl()
    st.natom = len(st.xcart)
    st.oxi_state = None
    # print 'Structure is replicated; now', st.natom,'atoms' 
    return st




[docs]def local_surrounding(x_central, st, n_neighbours, control = 'sum', periodic = False, only_elements = None, only_numbers = None, round_flag = 1):
    """
    Return list of distances to n closest atoms around central atom. (By defauld sum of distances)
    
    Input:
    - x_central - cartesian coordinates of central atom; vector
    - st - structure with xcart list of coordinates of all atoms in system
    - n_neighbours - number of needed closest neighbours

    - control - type of output; 
              sum - sum of distances, 
              av - average distance, 
              avsq - average squared dist
              avharm - average harmonic - it minimal average
              'mavm': #min, av, max, av excluding min and max
              av_dev - return (average deviation, maximum deviation) from average distance in mA.
              list - list of distances; 
              atoms  - coordinates of neighbours

    - periodic - if True, then cell is additionaly replicated; needed for small cells
    Only for control = atoms
        - *only_elements* - list of z of elements to which only the distances are needed; 
        - only_numbers  (list of int) - calc dist only to this atoms 

    round_flag (bool) - if 1 than reduce distance prec to 2 points


    #TODO:
    the periodic boundary conditions realized very stupid by replicating the cell!

    """
    # round_orig = round
    if not round_flag:
        # overwrite round function with wrapper that do nothing
        def my_round(a, b):
            return a
    else:
        my_round = round


    def av_dev(n_neighbours):
        # nonlocal n_neighbours
        n_neighbours = float(n_neighbours)
        dav = sum(dlistnn)/n_neighbours
        av_dev = sum( [abs(d-dav) for d in dlistnn] ) / n_neighbours
        max_dev = max([abs(d-dav) for d in dlistnn])
        
            
        return my_round(av_dev*1000, 0), my_round(max_dev*1000, 0)

    st_original = copy.deepcopy(st)
    st.init_numbers = None
    if periodic:
        st = replic(st, mul = (2,2,2), inv = 1 ) # to be sure that impurity is surrounded by atoms
        st = replic(st, mul = (2,2,2), inv = -1 )

    xcart = st.xcart
    typat = st.typat
    natom = st.natom
    # print x_central

    #print len(xcart)
    if only_elements:
        only_elements = list(set(only_elements))
        # print(only_elements)
        # sys.exit()


    zlist = [int(st.znucl[t-1]) for t in st.typat]
    

    dlist_unsort = [np.linalg.norm(x_central - x) for x in xcart ]# if all (x != x_central)] # list of all distances

    if only_elements:
        dlist = [np.linalg.norm(x_central - x) for x, z in zip(xcart, zlist) if z in only_elements]
    else:
        dlist = copy.deepcopy(dlist_unsort)
    dlist.sort()
    # print('local_surrounding(): dlist', dlist)


    if len(dlist) > 0 and abs(dlist[0]) < 0.01:
        dlistnn = dlist[1:n_neighbours+1] #without first impurity which is x_central
    else:
        dlistnn = dlist[:n_neighbours]

    # print('dlistnn', dlistnn)
    # os._exit(1)

    if control == 'list':
        output = dlistnn

    elif control == 'sum':
        
        output = my_round(sum(dlistnn), 2)
    
    elif control == 'av':
        n_neighbours = float(n_neighbours)
        dav = sum(dlistnn)/n_neighbours
        # output = my_round(dav, 2)
        # print(dlistnn)
        output = dav

    elif control == 'avsq':
        n_neighbours = float(n_neighbours)
        # print(dlistnn)
        davsq = sum([d*d for d in dlistnn])/n_neighbours
        davsq = davsq**(0.5)
        # output = my_round(davsq, 2)
        output = davsq

    elif control == 'avharm':
        n_neighbours = float(n_neighbours)
        davharm = n_neighbours/sum([1./d for d in dlistnn])
        output = davharm


    elif control == 'mavm': #min, av, max
        dsort = sorted(dlistnn)
        if n_neighbours > 2:
            output = (my_round(dsort[0], 2), sum(dsort[1:-1])/(n_neighbours-2), my_round(dsort[-1], 2) ) #min, av excluding min and max, max
        else:
            output = (my_round(dsort[0], 2), 0, my_round(dsort[-1], 2) ) #min, av excluding min and max, max

       
    elif control == 'av_dev':
        output = av_dev(n_neighbours)

    elif control == 'sum_av_dev':
        output = (my_round(sum(dlistnn), 2), av_dev(n_neighbours))



    elif control == 'atoms':
        # print dlist_unsort
        if hasattr(st, 'init_numbers') and st.init_numbers:
            numbers = st.init_numbers
        else:
            numbers = range(natom)
        temp = list(zip(dlist_unsort, xcart, typat, numbers, zlist) )
        
        temp.sort(key = itemgetter(0))


        if only_elements:
            centr_type = temp[0][4]
            if centr_type in only_elements:
                first = []
            else:
                first = temp[0:1]
            temp = first+[t for t in temp if t[4] in only_elements] #including central; included ionce even if only elements are and central are the same

        if only_numbers:
            temp = temp[0:1]+[t for t in temp if t[3] in only_numbers]



        temp2 = list( zip(*temp) )
        dlist       = temp2[0][:n_neighbours+1]
        xcart_local = temp2[1][:n_neighbours+1]
        typat_local = temp2[2][:n_neighbours+1]
        numbers     = temp2[3][:n_neighbours+1]
        # print temp2[0][:n_neighbours]
        # print xcart_local[:n_neighbours]
        






        #check if atoms in output are from neighboring cells
        if 0:
            xred_local = xcart2xred(xcart_local, st_original.rprimd)
            # print 'xred_local', xred_local
            for x_l in xred_local:
                for i, x in enumerate(x_l):
                    if x > 1: 
                        x_l[i]-=1
                        # print 'returning to prim cell', x,x_l[i]
                    if x < 0: 
                        x_l[i]+=1
                        # print 'returning to prim cell', x,x_l[i]
            xcart_local = xred2xcart(xred_local, st_original.rprimd)

        # print 'Warning! local_surrounding() can return several atoms in one position due to incomplete PBC implementation; Improve please\n'

        output =  (xcart_local, typat_local, numbers, dlist )

    return output



[docs]def local_surrounding2(x_central, st, n_neighbours, control = 'sum', periodic = False, only_elements = None, only_numbers = None, round_flag = 1):
    """
    !!! Attempt to improve speed of periodic conditions!
    #control = 'atoms' could work wrong!!! check
    #In case of small cell also works wrong with PBC. Does not take into account the several atoms should be counted more
    than once

    Return list of distances to n closest atoms around central atom. (By defauld sum of distances)
    
    Input:
    - x_central - cartesian coordinates of central atom; vector
    - st - structure with xcart list of coordinates of all atoms in system
    - n_neighbours - number of needed closest neighbours

    - control - type of output; 
              sum - sum of distances, 
              av - average distance, 
              avsq - average squared dist
              'mavm': #min, av, max, av excluding min and max
              av_dev - return (average deviation, maximum deviation) from average distance in mA.
              list - list of distances; 
              atoms  - coordinates of neighbours

    - periodic - if True, then cell is additionaly replicated; needed for small cells
    
    Only for control = atoms
        - *only_elements* - list of z of elements to which only the distances are needed; 
        - only_numbers  (list of int) - calc dist only to this atoms 

    round_flag (bool) - if 1 than reduce distance prec to 2 points


    #TODO:
    the periodic boundary conditions realized very stupid by replicating the cell!

    """
    # round_orig = round
    if not round_flag:
        # overwrite round function with wrapper that do nothing
        def my_round(a, b):
            return a
    else:
        my_round = round


    def av_dev(n_neighbours):
        # nonlocal n_neighbours
        n_neighbours = float(n_neighbours)
        dav = sum(dlistnn)/n_neighbours
        av_dev = sum( [abs(d-dav) for d in dlistnn] ) / n_neighbours
        max_dev = max([abs(d-dav) for d in dlistnn])
        
            
        return my_round(av_dev*1000, 0), my_round(max_dev*1000, 0)

    st_original = copy.deepcopy(st)
    st.init_numbers = None
    if periodic:
        ''
        # not needed anymore, since image_distance is used,
        # however for 'atoms' regime more actions can be needed
        # st = replic(st, mul = (2,2,2), inv = 1 ) # to be sure that impurity is surrounded by atoms
        # st = replic(st, mul = (2,2,2), inv = -1 )

    xcart = st.xcart
    typat = st.typat
    natom = st.natom
    # print x_central

    #print len(xcart)
    if only_elements:
        only_elements = list(set(only_elements))
        # print(only_elements)
        # sys.exit()


    zlist = [int(st.znucl[t-1]) for t in st.typat]
    

    dlist_unsort = [image_distance(x_central, x, st.rprimd)[0] for x in xcart ]# if all (x != x_central)] # list of all distances

    if only_elements:
        # print('only')
        # print(xcart)
        # print(zlist)
        dlist = [image_distance(x_central, x, st.rprimd)[0]  for x, z in zip(xcart, zlist) if z in only_elements]
        # for i, x, z in zip(list(range(natom)), xcart, zlist):
        #     if z in only_elements:
        #         print(i, x, z, image_distance(x_central, x, st.rprimd)[0] )

    else:
        dlist = copy.deepcopy(dlist_unsort)
    dlist.sort()
    # print('local_surrounding(): dlist', dlist)


    if len(dlist) > 0 and abs(dlist[0]) < 0.01:
        dlistnn = dlist[1:n_neighbours+1] #without first impurity which is x_central
    else:
        dlistnn = dlist[:n_neighbours]

    # print('dlistnn', dlistnn)
    # os._exit(1)

    if control == 'list':
        output = dlistnn

    elif control == 'sum':
        
        output = my_round(sum(dlistnn), 2)
    
    elif control == 'av':
        n_neighbours = float(n_neighbours)
        dav = sum(dlistnn)/n_neighbours
        print(dlistnn)
        print(n_neighbours)
        output = my_round(dav, 2)

    elif control == 'avsq':
        n_neighbours = float(n_neighbours)
        # print(dlistnn)
        davsq = sum([d*d for d in dlistnn])/n_neighbours
        davsq = davsq**(0.5)
        output = my_round(davsq, 2)


    elif control == 'avharm':
        n_neighbours = float(n_neighbours)
        davharm = n_neighbours/sum([1./d for d in dlistnn])
        output = davharm


    elif control == 'mavm': #min, av, max
        dsort = sorted(dlistnn)
        if n_neighbours > 2:
            output = (my_round(dsort[0], 2), sum(dsort[1:-1])/(n_neighbours-2), my_round(dsort[-1], 2) ) #min, av excluding min and max, max
        else:
            output = (my_round(dsort[0], 2), 0, my_round(dsort[-1], 2) ) #min, av excluding min and max, max

       
    elif control == 'av_dev':
        output = av_dev(n_neighbours)

    elif control == 'sum_av_dev':
        output = (my_round(sum(dlistnn), 2), av_dev(n_neighbours))



    elif control == 'atoms':
        # print dlist_unsort
        if hasattr(st, 'init_numbers') and st.init_numbers:
            numbers = st.init_numbers
        else:
            numbers = range(natom)
        temp = list(zip(dlist_unsort, xcart, typat, numbers, zlist) )
        
        temp.sort(key = itemgetter(0))


        if only_elements:
            centr_type = temp[0][4]
            if centr_type in only_elements:
                first = []
            else:
                first = temp[0:1]
            temp = first+[t for t in temp if t[4] in only_elements] #including central; included ionce even if only elements are and central are the same

        if only_numbers:
            temp = temp[0:1]+[t for t in temp if t[3] in only_numbers]



        temp2 = list( zip(*temp) )
        dlist       = temp2[0][:n_neighbours+1]
        xcart_local = temp2[1][:n_neighbours+1]
        typat_local = temp2[2][:n_neighbours+1]
        numbers     = temp2[3][:n_neighbours+1]
        # print temp2[0][:n_neighbours]
        # print xcart_local[:n_neighbours]


        output =  (xcart_local, typat_local, numbers, dlist )

    return output



[docs]def ortho_vec_old(rprim, ortho_sizes = None):
    """
    old function
    Function returns mul_mat - 3 vectors of integer numbers (ndarray)
    By calculating np.dot(mul_matrix, st.rprimd) you will get rprim of orthogonal supercell (actually as close as possible to it) 
    """
    from savelyev import vector_i 

    a = vector_i.Vector()
    a.vec_new_in_vec_old(vec_new = np.diag(ortho_sizes), vec_old = rprim)
    mul_matrix = np.array(a.vec_new_in_old)
    mul_matrix = mul_matrix.round(0)
    mul_matrix = mul_matrix.astype(int)

    for i in [0,1,2]:
        if mul_matrix[i][i] == 0:
            mul_matrix[i][i] = 1

    return mul_matrix


[docs]def ortho_vec(rprim, ortho_sizes = None, silent = 0):
    """
    Function returns mul_mat - 3 vectors of integer numbers (ndarray)
    By calculating np.dot(mul_matrix, rprim) you will get rprim of orthogonal supercell (actually as close as possible to it) 
    """
    if not silent:
        printlog('Calculating mul_matrix for ortho:',ortho_sizes, imp = 'y',)
        printlog('rprim is;', rprim)
    vec_new = np.diag(ortho_sizes)

    # print(rprim)
    # t = rprim[1]
    # rprim[1] = rprim[0]
    # rprim[0] = t


    mul_matrix_float = np.dot( vec_new,  np.linalg.inv(rprim) )

    # ortho_test = np.dot(mul_matrix_float, rprim )

    # print(ortho_test)
    # print(mul_matrix_float)
    if not silent:
        printlog('mul_matrix_float:\n',mul_matrix_float, imp = 'y', end = '\n')

    mul_matrix = np.array(mul_matrix_float)
    mul_matrix = mul_matrix.round(0)
    mul_matrix = mul_matrix.astype(int)


    for i in [0,1,2]:
        if mul_matrix[i][i] == 0:
            # mul_matrix[i][i] = 1
            ''
    if not silent:
        printlog('mul_matrix:\n',mul_matrix, imp = 'y', end = '\n')


    return mul_matrix



[docs]def find_mul_mat(rprimd1, rprimd2, silent = 0):
    #find mul_matrix to convert from rprimd1 to rprimd2

    mul_matrix_float = np.dot( rprimd2,  np.linalg.inv(rprimd1) )
    if not silent:
        printlog('mul_matrix_float:\n',mul_matrix_float, imp = 'y', end = '\n')

    mul_matrix = np.array(mul_matrix_float)
    mul_matrix = mul_matrix.round(0)
    mul_matrix = mul_matrix.astype(int)
    if not silent:

        printlog('mul_matrix:\n',mul_matrix, imp = 'y', end = '\n')

    return mul_matrix_float, mul_matrix



# def mul_matrix(rprimd1, rprimd2):
#     """
#     Determines mul matrix needed to obtain rprimd2 from rprimd1
#     """





[docs]def create_supercell(st, mul_matrix, test_overlap = False, mp = 4, bound = 0.01, mul = (1,1,1), silent = 0): 

    """ 
    st (Structure) -  
    mul_matrix (3x3 ndarray of int) - for example created by *ortho_    vec()* 

    mul - multiply mul matrix - allows to choose fractions of new vectors

    bound (float) - shift (A) allows to correctly account atoms on boundaries
    mp    (int)  include additionall atoms before cutting supecell
    test_overlap (bool) - check if atoms are overlapping -  quite slow
    """ 
    sc = st.new() 
    # st = st.return_atoms_to_cell()
    sc.name = st.name+'_supercell'
    # sc.rprimd = list(np.dot(mul_matrix, st.rprimd))
    # print(sc.rprimd)
    sc.rprimd = list( np.dot(mul_matrix, st.rprimd)*np.array(mul)[:, np.newaxis]  )
    
    # print(sc.rprimd)
    if not silent:
        printlog('Old vectors (rprimd):\n',np.round(st.rprimd,1), imp = 'y', end = '\n')

        # printlog('Mul_matrix:\n',mul_matrix, imp = 'y', end = '\n')

        # printlog('Mul_matrix:\n',mul_matrix, imp = 'y', end = '\n')
    if not silent:


        printlog('New vectors (rprimd) of supercell:\n',np.round(sc.rprimd,2), imp = 'y', end = '\n')
    
    # print(sc.rprimd)
    sc.vol = np.dot( sc.rprimd[0], np.cross(sc.rprimd[1], sc.rprimd[2])  )
    st.vol = np.dot( st.rprimd[0], np.cross(st.rprimd[1], st.rprimd[2])  )
    # sc_natom_i = int(sc.vol/st.vol*st.natom) # test
    # print(st.natom)

    if hasattr(st, 'magmom'):
        if len(st.typat) != len(st.magmom):
            st.magmom = [None]*st.natom
            mag_flag = False
        else:
            mag_flag = True
    else:
        st.magmom = [None]*st.natom
        mag_flag = False        

    sc_natom = sc.vol/st.vol*st.natom # test

    if not silent:
        printlog('The supercell should contain', sc_natom, 'atoms ... \n', imp = 'y', end = ' ')


    sc.xcart = []
    sc.typat = []
    sc.xred  = []
    sc.magmom  = []
    #find range of multiplication
    mi = np.min(mul_matrix, axis = 0)
    ma = np.max(mul_matrix, axis = 0)
    mi[mi>0] = 0  # 

    # print(mi, ma)




    # find bound values
    lengths = np.linalg.norm(sc.rprimd, axis = 1)
    bounds = bound/lengths # in reduced coordinates
    # print(bounds)
    # print(st.xcart)
    # print([range(*z) for z in zip(mi-mp, ma+mp)])
    # print(st.rprimd)
    # print(sc.rprimd)
    for uvw in itertools.product(*[range(*z) for z in zip(mi-mp, ma+mp)]): #loop over all ness uvw
        # print(uvw)
        xcart_mul = st.xcart + np.dot(uvw, st.rprimd) # coordinates of basis for each uvw
        # print(xcart_mul)
        xred_mul  = xcart2xred(xcart_mul, sc.rprimd)

        # print(len(xred_mul), len(xcart_mul), len(st.typat), len(st.magmom) )
        for xr, xc,  t, m in zip(xred_mul, xcart_mul, st.typat, st.magmom):
            # if 0<xr[0]<1 and 0<xr[1]<1 and 0<xr[2]<1:
                # print (xr)
            if all([0-b <= r < 1-b for r, b in zip(xr, bounds)]): #only that in sc.rprimd box are needed
                sc.xcart.append( xc )
                sc.xred.append ( xr )
                sc.typat.append( t  )
                sc.magmom.append(m)
    

    sc.natom = len(sc.xcart)


    if abs(sc.natom - sc_natom)>1e-5: #test 1, number of atoms
        printlog('Error! Supercell contains wrong number of atoms:', sc.natom  , 'instead of', sc_natom, 
            'try to increase *mp* of change *bound* ')

    else:
        if not silent:
            printlog('OK', imp = 'y')
    
    if test_overlap: #test 2: overlapping of atoms
        enx = list(enumerate(sc.xcart))
        for (i1, x1), (i2, x2) in itertools.product(enx, enx):
            # print image_distance(x1, x2, sc.rprimd)[0]
            if i1 != i2 and image_distance(x1, x2, sc.rprimd)[0] < 0.1: #less than 0.1 Angstrom
                printlog('Error! Atoms in supercell are overlapping. Play with *bound*')

    sc.recip = sc.get_recip()
    sc.znucl = copy.copy(st.znucl)
    sc.ntypat = st.ntypat
    sc.nznucl = sc.get_nznucl()

    if mag_flag is False:
        sc.magmom = [None]


    return sc



[docs]def supercell(st, ortho_sizes):
    """
    wrapper
    """
    mul_matrix = ortho_vec(st.rprimd, ortho_sizes)
    return create_supercell(st, mul_matrix)


[docs]def cubic_supercell(st, ortho_sizes):
    """
    wrapper
    """
    mul_matrix = ortho_vec(st.rprimd, ortho_sizes)
    return create_supercell(st, mul_matrix)



[docs]def determine_symmetry_positions(st, element, silent = 0):
    """
    determine non-equivalent positions for atoms of type *element*

    element (str) - name of element, for example Li

    return list of lists -  atom numbers for each non-equivalent position
    """

    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer


    stp = st.convert2pymatgen()

    spg = SpacegroupAnalyzer(stp)

    info = spg.get_symmetry_dataset()

    positions = {}
    for i, (el, pos) in enumerate(zip(st.get_elements(), info['equivalent_atoms'])):
        
        if el == element and pos not in positions:
            positions[pos] = []

        if el == element:
            positions[pos].append(i)

    if not silent:
        printlog('I have found ', len(positions), 'non-equivalent positions for', element, ':',positions.keys(), imp = 'y', end = '\n')
    positions_for_print = {}
    for key in positions:
        positions_for_print[key] = [p for p in positions[key]]

    if not silent:
        printlog('Atom numbers (from zero!): ', positions_for_print, imp = 'y')
    
    sorted_keys = sorted(list(positions.keys()))
    pos_lists = [positions[key] for key in sorted_keys ]

    return pos_lists




[docs]def remove_atoms(st, atoms_to_remove):
    """
    remove atoms either of types provided in *atoms_to_remove* or having numbers provided in *atoms_to_remove*
    st (Structure)
    atoms_to_remove (list) - list of element names or numbers

    """
    st = st.remove_atoms(atoms_to_remove)

    return st



[docs]def remove_one_atom(st, element, del_pos = None, iat = 0):
    """
    removes one atom of element type from position del_pos
    iat - number of atom inside subset
    """
    # if not del_pos:
    #     del_pos = 1
    positions = determine_symmetry_positions(st, element)
    
    if not del_pos and len(positions) > 1:
        printlog('Error! More than one symmetry position is found, please choose del position starting from 1')
    elif len(positions) == 1:
        del_pos = 1
    else:
        printlog('Position', del_pos, 'was chosen', imp = 'y')

    pos = positions[ del_pos - 1 ]
    i_del = pos[iat]
    st = st.del_atom(i_del) # remove just iat atom
    st.name += '.'+element+str(i_del)+'del'
    st.magmom = [None]
    return st, i_del


[docs]def create_deintercalated_structure(st, element, del_pos = 1):

    """
    returns deintercalated structures

    del_pos(int) - number of position starting from 1
    """
    positions = determine_symmetry_positions(st, element)
    # position_list = sorted(list(positions.keys()))
    printlog('Choose from the following list using *del_pos* starting from 1:', end = '\n', imp = 'y')
    
    for i, pos in enumerate(positions):
        printlog('     ', i+1,'--->' , pos[0], end = '\n', imp = 'y')

    # pos = position_list[ del_pos - 1 ]
    pos = positions[ del_pos - 1 ]

    printlog('You have chosen position:', pos[0], imp = 'y')

    # print(st.get_elements())

    st1 = remove_atoms(st, atoms_to_remove = pos)
    st1.name += '.'+element+str(pos)+'del'
    # print(st1.get_elements())
    # sys.exit()

    return st1



[docs]def create_replaced_structure(st, el1, el2, rep_pos = 1, only_one = False):

    """
    allow to replace symmetry non-equivalent positions structures

    rep_pos(int) - number of position starting from 1
    only_one - replace only one first atom
    """
    positions = determine_symmetry_positions(st, el1)
    # position_list = sorted(list(positions.keys()))
    printlog('Choose from the following list using *del_pos*:', end = '\n', imp = 'y')
    
    for i, pos in enumerate(positions):
        printlog('     ', i+1,'--->' , pos[0], end = '\n', imp = 'y')

    # pos = position_list[ del_pos - 1 ]
    pos = positions[ rep_pos - 1 ]

    printlog('You have chosen position:', pos[0], imp = 'y')

    # print(st.get_elements())
    if only_one:
        pos = pos[0:1]


    st1 = st.replace_atoms(atoms_to_replace = pos, el_new = el2)
    st1.name += '.'+el1+str(pos)+el2+'rep'
    # print(st1.get_elements())
    # sys.exit()

    return st1









[docs]def create_antisite_defect_old(st, cation_positions = None):
    """
    exchange cation and transition metal
    st (Structure)

    cation_positions (list of numpy arrays) - reduced coordinates of deintercalated cation positions

    """

    #1. Find first alkali ion
    def find_alkali_ion(st, j_need = 1):
        # return the number of found alk ion of *j_need* occurrence 
        elements = st.get_elements_z()
        # print (elements)
        j = 0
        for i, el in enumerate(elements):
            if el in header.ALKALI_ION_ELEMENTS:
                # print (i,el)
                j+=1
                if j == j_need:
                    return i



    i_alk = find_alkali_ion(st, 3)
    x_alk = st.xcart[i_alk]


    #2. Find closest transition metal
    sur = local_surrounding(x_alk, st, n_neighbours = 1, 
        control = 'atoms', only_elements = header.TRANSITION_ELEMENTS, periodic  = True)

    i_tr = sur[2][0]
    x_tr = st.xcart[i_tr]


    
    #3. Swap atoms
    st.write_xyz(file_name = st.name+'_antisite_start')
    st = st.mov_atoms(i_alk, x_tr)
    st = st.mov_atoms(i_tr,  x_alk)

    st.write_xyz(file_name = st.name+'_antisite_final')

    printlog('Atom ',i_alk+1,'and', i_tr+1,'were swapped')
    printlog('The distance between them is ', sur[3][0])

    st.magmom = [None]

    return st




[docs]def create_antisite_defect2(st_base, st_from, cation = None, trans = None, trans_pos = 1,  mode = None):
    """
    exchange cation and transition metal
    st_base (Structure) - basic structure in which defects are created
    st_from (Structure) - structure from which the positions of *cation* are chosen;  st_from should be consistent with st_base 
    cation (str) - element, position of which is extracted from st_from and added to st_base

    trans (str) - element name transition metal for exchange
    trans_pos (int) - number of non-equiv position of trans starting from 1

    mode - 
        'add_alk' or 'a1' - add alkali cation
        'mov_trs' or 'a2' - mov trans to alkali pos
        'add_swp' or 'a3' - add alk and swap with trans
    """

    printlog('create_antisite_defect2(): mode = ', mode, imp = 'y')


    st = st_base

    cation_xred = st_from.get_element_xred(cation)
    printlog('For cation ', cation, 'reduced coordinates:',cation_xred, ' were chosen', imp = 'y')


    positions = determine_symmetry_positions(st_from, trans)
    printlog('Transition atom ', trans, 'has ', len(positions), 'non-equiv positions', imp = 'y')
    transition_numbers = positions[trans_pos -1]



    #1. Insert cation
    cation_xcart = xred2xcart([cation_xred], st.rprimd)[0]
    st_i = st.add_atoms([cation_xcart], cation)
    st_i.write_xyz(filename = st.name+'_'+cation+'_added')


    #2. Find transition metal atoms close to cation_xcart and move it here
    sur = local_surrounding(cation_xcart, st, n_neighbours = 1, 
        control = 'atoms', only_numbers = transition_numbers, periodic  = True)

    i_trans = sur[2][0]
    x_trans = sur[0][0]

    st_m = st.mov_atoms(sur[2][0], cation_xcart)
    st_m.write_xyz(filename = st.name+'_trans_moved')


    #3. Put cation to empty trans metal pos
    st_s = st_m.add_atoms([x_trans], cation)
    st_s.write_xyz(filename = st.name+'_swapped')


    if 'add_alk' in mode or 'a1' in mode:
        st = st_i
    elif 'mov_trs' in mode or 'a2' in mode:
        st = st_m
    elif 'add_swp' in mode or 'a3' in mode:
        st = st_s

    st.magmom = [None]

    return st


[docs]def create_single_antisite(st, el1, el2, i_el1, i_el2_list = None,
    tol = 0.1, max_sep = 4, iatom = None, 
    return_with_table = False, 
    disp_AS1 = None, mag_AS1 = None, disp_AS2 = None,
    AP_on = False, i_AP = None, mag_AP = None, disp_AP = None, confs = None ):
    
    
    """
    Looks for all unique single antisites for el1 and el2
    takes into account formation of polaron and change of oxidation state


    confs (dict)
        i_el1 - choose specific atom, from 0
    """

    if i_AP is None:
        AP_on = False


    "Start determining unique positions"
    r = st.rprimd
    
    pos1 = determine_symmetry_positions(st, el1, silent = 0)
    if i_el1 and i_el1 not in list(flatten(pos1)):
        printlog('Error!', el1, 'and', i_el1, 'are not compatible.')


    # print()
    printlog('Use confs to chose Non-equivalent sites for AS; Only first atom is taken',imp = 'y')
    sts = []
    i_el1s = []
    for conf, p in enumerate(pos1):
        if confs is not None and conf not in confs:
            continue
        if i_el1:
            i = i_el1
        else:
            i = p[0] # only first atom is taken

        st_as = st.replace_atoms([i], el2, silent = 0, mode = 2)
        # st_as.jmol(r=2)

        # print(st.get_elements()[i])
        # print(st_as.get_elements()[i])
        # print(el2)
        # print( st_as.get_el_z(i)  )
        # sys.exit()

        smag_i = ''
        if mag_AS1 is not None:
            smag_i = 'm'+str(mag_AS1)
            if st_as.get_el_z(i) not in header.TRANSITION_ELEMENTS:
                printlog('Warning! Your element in antisite is ', st.get_el_name(i), ' which is not a TM'  )
            if disp_AS1 is None:
                printlog('Error! Provide disp_i')
        
        suf = 'as'+str(i)+smag_i



        if AP_on:

            'Determine possible atom candidates near AS1 for changing oxidation state'
            z2 = st_as.get_el_z(i) # e.g. Ni_Li
            el2 = invert(z2)
            el_pol = st_as.get_elements()[i_AP]
            z_pol = invert(el_pol)
            out = st_as.nn(i, n= 40,only  = [z_pol], from_one = 0, silent = 1)
            
            d1 = 'd({0}-{1}_AP), A'.format(el2, el_pol)
            tabheader = ['No of AP '+el_pol, d1]
            tab_ap = []
            kts = []
            for d, kt in zip(out['dist'], out['numbers']):
                if kt not in kts:
                    kts.append(kt)
                    # print(kt, i, st_as.distance(kt, i))
                    tab_ap.append([kt, d, ])
                # print('AP ',d, st_as.distance(kt, i) , 'has k=', kt)
            printlog('Possible positions for additional polaron:', imp = 'Y')
            printlog( tabulate(tab_ap[1:], headers = tabheader, tablefmt='psql', floatfmt=".2f"), imp = 'Y')

            if i_AP is None:
                printlog('Error! Youve chosen AP_on, Provide i_AP based on suggestions above')

            if st_as.get_el_z(i_AP) not in header.TRANSITION_ELEMENTS:
                printlog('Warning! You want to change oxidation state on ', st_as.get_el_name(i), ' which is not a TM'  )

            if mag_AP is None:
                printlog('Error! Provide mag_AP')
            if disp_AP is None:
                printlog('Error! Provide disp_AP')                

            suf+='-'+str(i_AP)+'m'+str(mag_AP)


        if mag_AS1  is None and mag_AP is None:
            st_as.magmom = [None]

        if mag_AS1:
            st_as.magmom[i] = mag_AS1

        if disp_AS1:

            if st_as.if_surface_atom(i):
                nn = 5
            else:
                nn = 6

            st_as = st_as.localize_polaron(i, disp_AS1, nn)


        if i_AP and mag_AP is not None:
            st_as.magmom[i_AP] = mag_AP


        if i_AP and disp_AP is not None:
            # av1 = st.nn(atTM,          6, only = [8], from_one = 0, silent = 1)['av(A-O,F)']

            if st_as.if_surface_atom(i_AP):
                nn = 5
            else:
                nn = 6

            st_as = st_as.localize_polaron(i_AP, disp_AP, nn = nn)


        st_as.name+='_'+suf
        sts.append(st_as)
        i_el1s.append(i)


    return sts, i_el1s





[docs]def create_antisite_defect3(st, el1, el2, i_el2_list = None,
    tol = 0.1, max_sep = 4, iatom = None, 
    return_with_table = False, 
    disp_AS1 = None, mag_AS1 = None, disp_AS2 = None,
    AP_on = False, i_AP = None, mag_AP = None, disp_AP = None, confs = None ):
    
    
    """
    Looks for all unique antisite pairs for el1 and el2
    takes into account formation of polaron and change of oxidation state


    Antisite consisits of three parts:
        AS1 - el2_el1 (e.g. Ni_Li)
        AS2 - el1_el2 (Li_Ni)
        AP - additional polaron. if AS1 changes its oxidation state (e.g. from +3 to +2 in oxide then
        additional polaron should compensate this by oxidizing from +3 to +4)

    INPUT:
        el1 - first element name from periodic table for exchange
        el2 - second element name from periodic table for exchange
        i_el2_list - use only this specific atom numbers searching AS (duplicates iatom)

        tol - tolerance for determining unique antisite configurations (A)
        max_sep - maximum separation between antisite components (A)
        iatom (int) - create antistes using this atom number, from 0
        return_with_table (bool) - in addition to structures return table with basic information

        disp_AS1 - polaronic displacement around first component (-0.2 for hole, +0.2 for electron)
            transition metal is assumed here
        mag_AS1 - magnetic moment of TM in AS1
        
        AP_on (bool) - turn on Additional polaron suggestion and creation
        i_AP - number of AP TM atom. Positions are suggested by code depending on their position relative
        to AS1 and AS2
        mag_AP - magnetic moment of AP_nn atom
        disp_AP - polaronic displacement around AP

        confs (list) - create only this configurations, others are skipped

    RETURN:
        sts (list) - list of structures
        if return_with_table:
            table (list) - see code



    Todo
    #check that distances through  PBC could be two small
    """


    def make_antisite(st, i, j, disp_AS1, mag_AS1, disp_AS2, AP_on, i_AP, disp_AP, mag_AP):
        """
        Sub-function for making antisite, 
        taking into account change of transition metal oxidation state i.e.
        sets magnetic moments and create small polarons by displacements
        

        i, j - numbers of atoms to swap; i is AS2, j is AS1

        
        AP_on - turn on AP search and creation
        i_AP - number of atom that change oxidation state
        disp_AS1, disp_AP - displacement of surrounding oxygen for creating polaron (relevant only for TM)
        mag_AS1, mag_AP - new magnetic moments; i - should be a TM to create small polaron

        """


        # print(st.get_elements()[43])
        st_as = st.swap_atoms(i, j)

        smag_j = ''
        if mag_AS1 is not None:
            smag_j = 'm'+str(mag_AS1)
            if st.get_el_z(j) not in header.TRANSITION_ELEMENTS:
                printlog('Warning! Your second element in antisite is ',j, st.get_el_name(j), ' which is not a TM'  )


            if disp_AS1 is None:
                printlog('Error! Provide disp_i')
        
        suf = 'as'+str(i)+'-'+str(j)+smag_j

        if AP_on:
           
            'Determine possible atom candidates near AS1 and AS2 for changing oxidation state'
            z1 = st_as.get_el_z(i) # e.g. Li
            el1 = st_as.get_el_name(i) # e.g. Li
            z2 = st_as.get_el_z(j) # e.g. Ni
            el2 = st_as.get_el_name(j) # e.g. Ni
            out = st_as.nn(j, n= 40,only  = [z2], from_one = 0, silent = 1)
            
            d1 = 'd({0}_{1}-{0}_AP), A'.format(el2, el1)
            d2 = 'd({1}_{0}-{0}_AP), A'.format(el2, el1)
            tabheader = ['No of AP '+el2, d1, d2 , 'd Sum, A ' ]
            tab_ap = []
            kts = []
            for d, kt in zip(out['dist'], out['numbers']):
                if kt not in kts:
                    kts.append(kt)
                    # print(kt, i, st_as.distance(kt, i))
                    tab_ap.append([kt, d, st_as.distance(kt, i), ])
                # print('AP ',d, st_as.distance(kt, i) , 'has k=', kt)
            printlog('Possible positions for additional polaron:', imp = 'Y')
            printlog( tabulate(tab_ap[1:], headers = tabheader, tablefmt='psql', floatfmt=".2f"), imp = 'Y')




            if i_AP is None:
                printlog('Error! Youve chosen AP_on, Provide i_AP based on suggestions above')


            # print(header.TRANSITION_ELEMENTS)
            # sys.exit()
            if st_as.get_el_z(i_AP) not in header.TRANSITION_ELEMENTS:
                printlog('Warning! You want to change oxidation state on ', st_as.get_el_name(i), ' which is not a TM'  )


            "section for determining parameters for AP"
            # z = st_as.get_el_z(i_AP)



            "end of section"



            if mag_AP is None:
                printlog('Error! Provide mag_AP')
            if disp_AP is None:
                printlog('Error! Provide disp_AP')                



            suf+='-'+str(i_AP)+'m'+str(mag_AP)


        st_as.i_el1 = i
        st_as.i_el2 = j            


        if mag_AS1  is None and mag_AP is None:
            st_as.magmom = [None]

        if mag_AS1:
            st_as.magmom[j] = mag_AS1

        if disp_AS1:
            st_as = st_as.localize_polaron(j, disp_AS1)

        # print(disp_AS2)
        if disp_AS2:
            st_as = st_as.localize_polaron(i, disp_AS2)        
        # sys.exit()

        if mag_AP is not None:
            st_as.magmom[i_AP] = mag_AP


        if disp_AP is not None:
            # st_as.magmom[i_AP] = mag_AP
            st_as = st_as.localize_polaron(i_AP, disp_AP)


        st_as.name+='_'+suf

        return st_as



    # if confs == None:
        # confs = []

    "Start determining unique positions"
    r = st.rprimd
    pos1 = determine_symmetry_positions(st, el1)

    if i_el2_list:
        pos2 = [i_el2_list]
    else:
        pos2 = determine_symmetry_positions(st, el2)

    anti = {}


    'Create dictionary with all possible antisite exchanges below max_sep'

    #Loop over unique positions
    for eqv_atoms1 in pos1:
        for eqv_atoms2 in pos2:
            uniq1 = eqv_atoms1[0]
            uniq2 = eqv_atoms2[0]
            lab = (uniq1, uniq2) #label
            if lab not in anti:
                anti[lab] = []

            #Loop over equivalent atoms to scan all possible distances
            for at1 in eqv_atoms1:
                for at2 in eqv_atoms2:

                    if iatom != None:
                        if at1 != iatom:
                            continue

                    x1 = st.xcart[at1]
                    x2 = st.xcart[at2]
                    d = image_distance(x1, x2, r)[0]
                    
                    if d > max_sep:
                        continue # skip larger than asked

                    for tup in anti[lab]:
                        # print(d-tup[2], tol)
                        if abs(d-tup[2]) < tol:  #antisite already included 
                            break
                    else:
                        anti[lab].append([at1, at2, round(d,3)])
                        # print(lab, at1, at2, d)
    



    structures = []
    numbers = []
    table = []
    i = 0
    for k in anti:
        anti[k].sort(key=itemgetter(2))
        # print([k]+anti[k])
        for a in anti[k]:
            
            if confs is None or i in confs:
                st_as = make_antisite(st, i = a[0], j = a[1], disp_AS1 = disp_AS1, mag_AS1 = mag_AS1, disp_AS2 = disp_AS2,
                    AP_on = AP_on, i_AP = i_AP, disp_AP = disp_AP, mag_AP = mag_AP )
                st_as.write_poscar()
                structures.append(st_as)
                table.append([i, k]+['', a[0],  a[1], a[2]])
                numbers.append(i)
            i+=1

    st.write_xyz()


    printlog('List of antisites:', imp  = 'y')

    printlog( tabulate(table, headers = ['No.', 'Antisite type', 'it', 'at1', 'at2', 'Separation, A'], tablefmt='psql'), imp = 'Y' )


    if return_with_table:
        return structures, table, numbers
    else:
        return structures




create_antisite_defect = create_antisite_defect3


[docs]def calc_k_point_mesh(rprimd, kspacing, silent = 0):
    """
    rprimd (list of lists 3x3 of floats) - vectors of cell (Angstroms)
    kspacing (float) - required spacing between k-points in reciprocal space (A-1); paramter KSPACING in VASP

    the provided optimal k-mesh has the smallest sum of squared deviations of kspacings

    returns k-point mesh (list of int)
    """
    N = []
    recip = calc_recip_vectors(rprimd)
    # print(recip)


    for i in 0, 1, 2:
        n = (np.linalg.norm(recip[i])) / kspacing
        N.append( math.ceil(n) )

    N_options = [ng for ng in itertools.product( *[(n-1, n, n+1) for n in N] ) ]

    errors = [  np.sum( np.square( np.array(calc_kspacings(N, rprimd) ) - kspacing ) ) for N in N_options] # sum of squared deviation from kspacing for each option
    i_min = np.argmin(errors)

    N_opt = N_options[i_min] # k-mesh with smallest error


    if not silent:
        printlog('I recommend k-point mesh:', N_opt, 'with k-spacings:', np.array( calc_kspacings(N_opt, rprimd) ).round(2), end = '\n', imp = 'y' )
        printlog('Other options are:', end = '\n', imp = 'y' )
        printlog('{:13s} |    {:20s}'.format('Mesh', 'k-spacings'), end = '\n', imp = 'y'  )

        for ngkpt in itertools.product( *[(n-1, n, n+1) for n in N_opt] ):
            
            printlog('{:13s} |    {:26s}'.format(str(ngkpt), str(np.array(calc_kspacings(ngkpt, rprimd) ).round(2))), end = '\n', imp = 'y'  )


    return N_opt







[docs]def remove_half_based_on_symmetry(st, sg = None, info_mode = 0):
    """
    Generate all possible configurations by removing half of atoms
    sg (int) - give back structure with specific space group

    info_mode (bool) if 1 then return list of possible space groups
    
    return list of structures with sg space groups


    """
    from collections import Counter

    def spin(ls, i):
        """
        Find recursivly all possible orderings
        ls - initial list of atoms 
        i - index in ls  

        """
        for s in 1,-1:
            
            ls[i] = s
            
            if i < len(ls)-1:
            
                spin(ls, i+1)
            
            else:
                if sum(ls) == 0:
                    orderings.append(copy.deepcopy(ls) )  
        return


    structures = []
    orderings = []
    ls = [0]*st.natom
    spin(ls, 0)
    symmetries = []


    for order in orderings:
        atoms_to_remove = [i for i, s in enumerate(order) if s < 0]
        # print(atoms_to_remove)
        st_rem = st.remove_atoms(atoms_to_remove)
        nm = st_rem.sg(silent = True)[1]
        # if nm > 50:
            # print(nm)
        symmetries.append(nm)
        
        if nm == sg:
            # st_rem.jmol()
            # sc = supercell(st_rem, [14,14,14])
            # sc.jmol()
            # sc.write_poscar('xyz/POSCAR_SC2_half')
            # sc.write_cif('xyz/POSCAR_SC2_half')
            # sys.exit()
            structures.append(st_rem)

    # print(len(orderings))
    print('The following space groups were found', Counter(symmetries))
    if info_mode:
        return list(set(symmetries))

    return structures








[docs]def remove_half(st, el, sg = None, info_mode = 0):
    """
    # works only for 

    sg - required space group

    TODO
    1. Take care about matching the initial cell and supercell from primitive
    Now the manual shift is done

    2. Make full conversion from pymat structure to mine

    """

    prim = 0

    st_ohne_el = st.remove_atoms([el])



    st_only_el = st.leave_only(el)

    st_mp = st_only_el.convert2pymatgen()

    if prim:
        sf = SpacegroupAnalyzer(st_mp)
        st_mp_prim = sf.find_primitive() # find primitive based only on element el
    else:
        st_mp_prim = st_mp

    #convert back to my format! please improve!!!
    p = Poscar(st_mp_prim)
    p.write_file('xyz/POSCAR')

    from siman.inout import read_poscar

    st_new = st.copy()
    st_prim = read_poscar(st_new, 'xyz/POSCAR')

    if info_mode:
        return remove_half_based_on_symmetry(st_prim, info_mode = 1)

    sts = remove_half_based_on_symmetry(st_prim, sg)




    st_only_el_half = sts[0]   # now only first configuration is taken, they could be different


    if prim:
        mul_matrix_float = np.dot( st.rprimd,  np.linalg.inv(st_prim.rprimd) )
        mul_matrix = np.array(mul_matrix_float)
        mul_matrix = mul_matrix.round(0)
        mul_matrix = mul_matrix.astype(int)



        sc_only_el_half = create_supercell(st_only_el_half, mul_matrix = mul_matrix)

        sc_only_el_half = sc_only_el_half.shift_atoms([0.125,0.125,0.125])
        sc_only_el_half = sc_only_el_half.return_atoms_to_cell()

    else:
        sc_only_el_half = st_only_el_half
        # sc_only_el_half


    # st_only_el.write_poscar('xyz/POSCAR1')
    # sc_only_el_half.write_poscar('xyz/POSCAR2')


    st_half = st_ohne_el.add_atoms(sc_only_el_half.xcart, el)

    st_half.name+='_half'+str(sg)
    
    return st_half





[docs]def remove_x_based_on_symmetry(st, sg = None, info_mode = 0, x = None):
    """
    Generate all possible configurations by removing x of atoms
    
    st (Structure) - structure with only one element!

    sg (int) - give back structure with specific space group

    info_mode (bool) if 1 then return list of possible space groups (and structures)
    
    return list of structures (only first ten) with sg space groups


    """
    from collections import Counter

    def order(ls, i):
        """
        Find recursivly all possible orderings for the given x
        ls - initial list of atoms 
        i - index in ls  

        """
        for s in 1,-1:
            
            ls[i] = s
            
            if i < len(ls)-1:
            
                order(ls, i+1)
            
            else:
                if abs(ls.count(-1)/st.natom - x ) < 0.001:
                    orderings.append(copy.deepcopy(ls) )  
        return


    structures = {}
    orderings = []
    ls = [0]*st.natom
    order(ls, 0)
    symmetries = []


    for order in orderings:
        atoms_to_remove = [i for i, s in enumerate(order) if s < 0]
        # print(atoms_to_remove)
        st_rem = st.remove_atoms(atoms_to_remove)
        nm = st_rem.sg(silent = True)[1]
        # if nm > 50:
            # print(nm)
        symmetries.append(nm)
        # print(nm)
        if nm not in structures:
            structures[nm] = []
        if len(structures[nm]) < 10:
            structures[nm].append(st_rem)
        else:
            continue  
        # if nm == sg:
            # st_rem.jmol()
            # sc = supercell(st_rem, [14,14,14])
            # sc.jmol()
            # sc.write_poscar('xyz/POSCAR_SC2_half')
            # sc.write_cif('xyz/POSCAR_SC2_half')
            # sys.exit()
            # structures.append(st_rem)

    # print(len(orderings))
    print('The following space groups were found', Counter(symmetries))
    if info_mode:
        return list(set(symmetries)), structures

    return structures[sg]




[docs]def remove_x(st, el, sg = None, info_mode = 0, x = None,):
    """

    Allows to remove x of element el from the structure.
    You should know which space group you want to get.
    If you don't know the space group, first use info_mode = 1

    st (Structure) - input structure
    el (str) - element name, e.g. Li

    x - remove x of atoms, for example 0.25 of atoms
    
    info_mode (bool) - more information

    sg - number of required space group obtained with info_mode = 1

    TODO
    1. Take care about matching the initial cell and supercell from primitive
    Now the manual shift is done

    2. Make full conversion from pymat structure to mine

    """

    prim = 0 # find primitive based only on element el


    st_ohne_el = st.remove_atoms([el])



    st_only_el = st.leave_only(el)

    st_mp = st_only_el.convert2pymatgen()

    if prim:
        sf = SpacegroupAnalyzer(st_mp)
        st_mp_prim = sf.find_primitive() # find primitive based only on element el
    else:
        st_mp_prim = st_mp

    if 0:
        #convert back to my format! please improve!!!
        p = Poscar(st_mp_prim)
        p.write_file('xyz/POSCAR')

        from siman.inout import read_poscar
        st_new = st.copy()
        st_prim = read_poscar(st_new, 'xyz/POSCAR')
    else:
        #new way of converting
        st_prim = st_only_el.update_from_pymatgen(st_mp_prim)


    if info_mode:
        syms, sts_dic = remove_x_based_on_symmetry(st_prim, info_mode = 1, x = x)
    else:
        sts = remove_x_based_on_symmetry(st_prim, sg, x = x )
        syms = [sg]
        sts_dic = {}
        sts_dic[sg] = sts
    # st_prim.jmol()
    # print(sts)


    sts_dic_one = {} # only first st for each sg
    for sg in syms:
        sts = sts_dic[sg]
        if len(sts) == 0:
            printlog('Warning! number of structures for sg',sg,'is zero')

        st_only_el_x = sts[0]   # now only first configuration is taken, they could be different


        if prim:
            mul_matrix_float = np.dot( st.rprimd,  np.linalg.inv(st_prim.rprimd) )
            mul_matrix = np.array(mul_matrix_float)
            mul_matrix = mul_matrix.round(0)
            mul_matrix = mul_matrix.astype(int)
            sc_only_el_half = create_supercell(st_only_el_x, mul_matrix = mul_matrix)
            sc_only_el_half = sc_only_el_half.shift_atoms([0.125,0.125,0.125])
            sc_only_el_half = sc_only_el_half.return_atoms_to_cell()
        else:
            sc_only_el_x = st_only_el_x


        # st_only_el.write_poscar('xyz/POSCAR1')
        # sc_only_el_half.write_poscar('xyz/POSCAR2')


        st_x = st_ohne_el.add_atoms(sc_only_el_x.xcart, el)

        st_x.name+='_'+str(x)+'_'+str(sg)
        # st_x.write_poscar()
        sts_dic_one[sg] = st_x

    if info_mode:
        return syms, sts_dic_one
    else:
        return sts_dic_one[sg] # only one structure is returned






[docs]def replace_x_based_on_symmetry(st, el1, el2, x = None, sg = None, info_mode = 0, silent  = 0, mag = 0.6, mode = 'rep'):
    """
    Generate all possible configurations by replacing x of element el1 by el2 from the structure.
    You should know which space group you want to get.
    If you don't know the space group, first use info_mode = 1

    st (Structure) - input structure
    el1 (str) - element name to replace, e.g. Li
    el2 (str) - replace by
    mag (float) - magnetic moment of new element
    x - replace x of atoms, for example 0.25 of atoms

    info_mode (bool) - print all possible configurations

    mode 
        - 'rep' - replace atoms 
        - 'pol' - create polarons

    sg - number of required space group obtained with info_mode = 1
    return list of structures with sg space groups


    """

    from collections import Counter

    def order(ls, i):
        """
        Find recursivly all possible orderings for the given x
        ls - initial list of atoms 
        i - index in ls  
        
        """
        for s in 1,-1:
            
            ls[i] = s
            
            if (i < len(ls)-1):
            
                order(ls, i+1)
            
            else:
                if abs(ls.count(-1)/ntot - x ) < 0.001:
                    orderings.append(copy.deepcopy(ls) )  
        return


    if silent:
        warn = 'n'
    else:
        warn = 'Y'

    structures = []
    orderings = []
    
    req = st.get_specific_elements([invert(el1)])
    # print(req)
    # sys.exit()
    ntot = len(req)
    ls = [0]*ntot
    # print(ls)
    # sys.exit()
    if x is None:
        printlog('Error! Please provide x' )

    order(ls, 0)
    symmetries = []
    if not silent:
    
        print('Total number of orderings is', len(orderings))
    at_replace = []
    els = st.get_elements()
    for order in orderings:
        atoms_to_replace = [req[i] for i, s in enumerate(order) if s < 0]
        printlog('Atoms to replace:', list(els[i] for i in atoms_to_replace), atoms_to_replace, imp = warn)
        
        if 'rep' in mode:
            st_rep = st.replace_atoms(atoms_to_replace, el2, silent = silent, mag_new = mag)
        if 'pol' in mode:
            # print(mag)
            # sys.exit()
            st_rep = st.make_polarons(atoms_to_replace, silent = silent, mag = mag)


        # printlog('magmom:', st_rep.magmom, imp = warn)

        nm = st_rep.sg(silent = silent)[1]
        symmetries.append(nm)
        if nm == sg:
            structures.append(st_rep)
            at_replace.append(atoms_to_replace)
    if not silent:
        print('The following space groups were found', Counter(symmetries))
    if info_mode:
        return list(set(symmetries))

    return structures, at_replace













[docs]def two_cell_to_one(st1, st2):
    """Join two cells 
    st1 - first cell 
    st2 - second cell
    """
    # xcart = []
    # sorts = []

    n_at = st1.natom + st2.natom

    #print(n_at, dir(st1), st2.typat)
    els2 = st2.get_elements()
    for i in range(0, st2.natom):
       st1 = st1.add_atom( xc = st2.xcart[i], element = els2[i])


    return st1





















[docs]def primitive(st):
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
    
    st.sg()
    # st.jmol()
    st_mp = st.convert2pymatgen()
    # print(st_mp)


    sf = SpacegroupAnalyzer(st_mp)

    st_mp_prim = sf.find_primitive()

    # print(st_mp_prim)

    st  =st.update_from_pymatgen(st_mp_prim)
    # st.sg()
    return st






[docs]def create_surface(st, miller_index, min_slab_size = 10, min_vacuum_size = 10, surface_i = 0, oxidation = None, ):
    """
    INPUT:
        st (Structure) - Initial input structure. Note that to
                ensure that the miller indices correspond to usual
                crystallographic definitions, you should supply a conventional
                unit cell structure.

        miller_index ([h, k, l]): Miller index of plane parallel to
                        surface. Note that this is referenced to the input structure. If
                        you need this to be based on the conventional cell,
                        you should supply the conventional structure.


        oxidation (dic) - dictionary of effective oxidation states, e. g. {'Y':'Y3+', 'Ba':'Ba2+', 'Co':'Co2.25+', 'O':'O2-'}
                          allows to calculate dipole moment

        surface_i (int) - choose particular surface 

        min_slab_size (float) - minimum slab size

        min_vacuum_size (float) - vacuum thicknes in A

    """

    from pymatgen.core.surface import SlabGenerator
    from pymatgen.io.vasp.inputs import Poscar
    from siman.geo import replic


    pm = st.convert2pymatgen(oxidation = oxidation)
    # pm = st.convert2pymatgen()


    slabgen = SlabGenerator(pm, miller_index, min_slab_size, min_vacuum_size)
    # print(slabgen.oriented_unit_cell)
    slabs = slabgen.get_slabs()

    printlog(len(slabs), 'surfaces were generated, choose required surface using *surface_i* argument\nWriting POSCARs to xyz', imp = 'y')

    for i, slab in enumerate(slabs):
        pos = Poscar(slab)
        pos.write_file('xyz/POSCAR_suf'+str(i))

    return slabs[surface_i]



[docs]def stoichiometry_criteria(st1,st2):

    natom1 = st1.get_natom()
    natom2 = st2.get_natom()

    tra1 = st1.get_transition_elements()
    tra2 = st2.get_transition_elements()
    ntra1 = len(tra1)
    if ntra1 == 0: 
        ntra1 = natom1
    ntra2 = len(tra2)
    if ntra2 == 0: 
        ntra2 = natom2
    rat1 = natom1/ntra1
    rat2 = natom2/ntra2
    mul = ntra1/ntra2

    if rat1 == rat2:
        return 1
    else:
        return 0


[docs]def stoichiometry_criteria2(st1,st2, silent = 1):
    atoms1 = st1.get_elements()
    atoms2 = st2.get_elements()

    from collections import Counter
    el_dict1 = Counter(atoms1)
    el_dict2 = Counter(atoms2)
    el1 = list(el_dict1.keys())[0]
    el2 = list(el_dict1.keys())[1]
    # print(el_dict1)
    # print(el_dict2)
    ratio1 = el_dict1[el1]/el_dict1[el2]
    ratio2 = el_dict2[el1]/el_dict2[el2]

    if ratio1 == ratio2:
        if not silent:
            print('Stoichiometric')
        return 1
    else:
        if not silent:
            print('Non-stoichiometric')
            print(round(ratio1,2), round(ratio2,2))
        return 0


[docs]def symmetry_criteria(st):
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
    st = st.convert2pymatgen()
    sym_criteria = SpacegroupAnalyzer(st).is_laue()
    if sym_criteria == True:
        print('Symmetric')
        return 1
    else:
        print('Non-symmetric')
        return 0


[docs]def symmetry_criteria_at(st):
    from collections import Counter
    
    els = Counter(st.get_elements())
    sym_criteria = 0
    for el in els:
        suf_at1 = st.get_surface_atoms(el, surface = 0, surface_width=1.5)
        suf_at2 = st.get_surface_atoms(el, surface = 1, surface_width=1.5)
        print(el, suf_at1, suf_at2)
        if len(suf_at1) == len(suf_at2):
            sym_criteria += 0
        else:
            sym_criteria += 1

    if sym_criteria == 0:
        print('Symmetric')
        return 1
    else:
        print('Non-symmetric')
        return 0


[docs]def create_surface2(st, miller_index, shift = None, min_slab_size = 10, min_vacuum_size = 10, surface_i = 0, oxidation = None, suf = '', 
    primitive = None, symmetrize = False, cut_thickness = None, return_one = False, write_poscar = 1, lll_reduce  = 0, silent = 0 ):
    """
    INPUT:
        st (Structure) - Initial input structure. Note that to
                ensure that the miller indices correspond to usual
                crystallographic definitions, you should supply a conventional
                unit cell structure.


        pymatgen-related:
            miller_index ([h, k, l]): Miller index of plane parallel to
                            surface. Note that this is referenced to the input structure. If
                            you need this to be based on the conventional cell,
                            you should supply the conventional structure.


            oxidation (dic) - dictionary of effective oxidation states, e. g. {'Y':'Y3+', 'Ba':'Ba2+', 'Co':'Co2.25+', 'O':'O2-'}
                              allows to calculate dipole moment

            surface_i (int) - choose particular surface 

            min_slab_size (float) - minimum slab size

            min_vacuum_size (float) - vacuum thicknes in A

            symmetrize - try to make both surfaces exact

            lll_reduce - try to find smaller basis vectors

        my_paramters:
        shift (float) - shift along z 
        cut_thickness (float) - in A - allow to remove more layers from top
        return_one (bool) - allows to return only one Structure, otherwise list of pymatgen slabs is returned 
        write_poscar (bool) -self-explained
    """

    from pymatgen.core.surface import SlabGenerator
    from pymatgen.io.vasp.inputs import Poscar
    from siman.geo import replic

    void_param = 0
    st_bulk = copy.deepcopy(st)

    if 'void' in st.get_elements():
        print('\nAttention! Voids are found in the structure!\nChange it by Po atoms\n')
        void_n = st.get_numbers('void')
        st = st.replace_atoms(void_n, 'Po')
        oxidation = {**oxidation, 'Po':'Po2+'}
        void_param = 1



    if shift:
        st = st.shift_atoms([0,0,shift])

    pm = st.convert2pymatgen(oxidation = oxidation)
    # pm = st.convert2pymatgen()

    # print(min_vacuum_size)
    # sys.exit()
    slabgen = SlabGenerator(pm, miller_index, min_slab_size, min_vacuum_size, primitive = primitive, lll_reduce = lll_reduce )
    # print(slabgen.oriented_unit_cell)
    slabs = slabgen.get_slabs(symmetrize = symmetrize)

    for slab in slabs:
        sl = st.update_from_pymatgen(slab)
        if stoichiometry_criteria(sl, st_bulk):
            stoi = 'Stoichiometric slab'
        else:
            stoi = 'Non-stoichiometric slab'
        

        # printlog( 
        #     ';Polar:',       slab.is_polar(),
        #     ';Eqvuivalent:', slab.have_equivalent_surfaces(), 
        #     ';symmetric:',   slab.is_symmetric(), imp = 'n')

        

    if not silent:
        printlog(len(slabs), 'surfaces were generated, choose required surface using *surface_i* argument', imp = 'y')

    if len(slabs) >= 1:
        # surface_i =0
        st = st.update_from_pymatgen(slabs[surface_i])

    if write_poscar:
        for i, slab in enumerate(slabs):
            pos = Poscar(slab)
            # \nWriting POSCARs to xyz
            pos.write_file('xyz/POSCAR_suf'+str(i)+str(suf))

    if cut_thickness:
        return_one = True
        # print(slabs[surface_i])
        
        z = st.get_surface_pos(reduced = True)[1]
        # st.printme()
        print('surface position ', z )
        red_thick = cut_thickness/np.linalg.norm(st.rprimd[2])
        st = st.del_layers(xred_range = [z-red_thick+0.001, z+0.001], )
        # st = st.del_layers(xcart_range = [z-cut_thickness+0.1, z+0.1], )

        # print(st.rprimd[2])
        st.rprimd[2][2]-=cut_thickness
        # print(st.rprimd[2])

        st.update_xred()
        print(oxidation)
        slab = st.convert2pymatgen(oxidation = oxidation, slab = 1)
        # print('Eqvuivalent after cutting:', slab.have_equivalent_surfaces() )


        st.name+='cutted'+str(cut_thickness)
        if write_poscar:
            st.write_poscar()


    

    if return_one:

        if void_param:
            print('Return voids in the structure\n')
            void_n = st.get_numbers('Po')
            st = st.replace_atoms(void_n, 'void')
            void_param = 0

        print('Final structure contains ', st.natom, 'atoms')
        return st
    else:
        if void_param:
            print('Don\'t forget replace Po atoms by voids in the chosen structure\n')
        return slabs



[docs]def interpolate(st1, st2, images, write_poscar = 0, poscar_folder = '', omit_edges = 1):
    """
    Linear interpolation between two structures.
    The number of atoms and order should be the same

    INPUT:
    images (int) - number of intermediate images
    write_poscar (int) - starting from given number

    omit_edges (bool) - first and last corresponding to st1 and st2 are omitted, 

    """


    xl = np.linspace(0, 1, images+2)
    if omit_edges:
        xl = xl[1:-1]

    # print(xl)
    # st1.printme()
    # st2.printme()
    R = st1.rprimd
    nl = range(st1.natom)
    sts = []
    for j, x in enumerate(xl):
        st_inter = copy.deepcopy(st1)
        for i, x1, x2, xc1,xc2 in zip(nl, st1.xred, st2.xred, st1.xcart, st2.xcart):
            # d1,d2 = image_distance(xc1, xc2, st1.rprimd)
            d = np.linalg.norm(xc1-xc2)
            # if d> 10:
                # print('d =',d)
                # print(x1, x2)
                # print(xc1, xc2)
                # print((1-x) * x1 + x * x2)
            for k in 0,1,2: #periodic boundary conditions
                # print('j = ',k, x1[k] - x2[k])

                if x1[k] - x2[k] > 0.5:
                    x1[k] -= 1
                    # print(x1)
                if x1[k] - x2[k] <= -0.5:
                    x1[k] += 1
                    # print(x1)


            st_inter.xred[i] = (1-x) * x1 + x * x2
        st_inter.update_xcart()
        sts.append(st_inter)
        if write_poscar:
            st_inter.name+='.'+str(j)
            st_inter.write_poscar(poscar_folder+str(write_poscar+j)+'.POSCAR')

    return sts



[docs]def rms_pos_diff(st1, st2):

    """
    Calculate rms difference of atomic positions, excluding moving atom 
    """

    atom_num = find_moving_atom(st1, st2)

    atoms = range(st1.natom)
    summa = 0
    for i, x1, x2 in zip(atoms, st1.xcart, st2.xcart):
        if i == atom_num:
            continue
        dx = image_distance(x1, x2, r = st1.rprimd)[0]
        summa+=dx**2
    rms = (summa/st1.natom)**0.5

    return rms 



[docs]def removed_atoms(st1, st2, tol = 1e-2):
    """
    This function finds voids by comparing ideal structure and structure with removed atoms
    Input: st1 - ideal, st2 - with removed atoms
    Return list with atomic numbers of removed atoms 
    """

    removed_atoms = []
    for i in range(0, st1.natom):
        n = 0
        for j in range(0,st2.natom):
            d = np.linalg.norm(st1.xred[i] - st2.xred[j])
            # if round(st1.xred[i][0],2) == round(st2.xred[j][0],2) and round(st1.xred[i][1],2) == round(st2.xred[j][1],2) and round(st1.xred[i][2],2) == round(st2.xred[j][2],2): 
            if d < tol: 
                None
            else: 
                n+=1

        if n == st2.natom:
            removed_atoms.append(i)
    print('Removed atoms: ',removed_atoms)
    return removed_atoms


[docs]def find_voids(st1, st2):
    """
    Function returns structure with voids in the position of removed atoms
    """
    removed_at = removed_atoms(st1, st2)
    st = st1.replace_atoms(removed_at, 'void')
    return st


[docs]def hex2rhombo(h,k,l):
    #https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Supplemental_Modules_(Inorganic_Chemistry)/Crystallography/Fundamental_Crystallography/Miller_Indices#Rhombohedral_crystals
    i = -h - k
    hr = int(1/3*(-k + i + l))
    kr = int(1/3*( h - i + l))
    lr = int(1/3*(-h + k + l))
    print(hr,kr,lr)
    return hr,kr,lr


[docs]def rhombo2hex(h,k,l):
    #https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Supplemental_Modules_(Inorganic_Chemistry)/Crystallography/Fundamental_Crystallography/Miller_Indices#Rhombohedral_crystals
    hh = k - l 
    kh = l - h 
    lh = h + k + l 
    print(hh,kh,lh)
    return hh,kh,lh




[docs]def create_ads_molecule(st, molecule = ['O'], mol_xc = [[0,0,0]], conf_i = [0], fix_layers = False, fix_xc_range = None, 
    under_atom = 0, find_args = {'distance':0.5, 'positions' : ['ontop']}):
    """
    The function uses special module AdsorbateSiteFinder  from pymatgen


    https://static-content.springer.com/esm/art%3A10.1038%2Fs41524-017-0017-z/MediaObjects/41524_2017_17_MOESM1_ESM.pdf
    @article{montoya2017high,
          title={A high-throughput framework for determining adsorption energies on solid surfaces},
          author={Montoya, Joseph H and Persson, Kristin A},
          journal={npj Computational Materials},
          volume={3},
          number={1},
          pages={14},
          year={2017},
          publisher={Nature Publishing Group}
        }

    molecule -  'H', 'CO' ...
    mol_xc - list with xcart of atoms in molecule: [[0,0,0]], [[0,0,0],[0,0,1.23]]
    return structure with adsorbed molecule on the surface
    conf_i - [0,1,2] - list of ads configuration numbers
            key 'all' means all constructed configurations
    under_atom return configuration with ads atom strongly under me and neme atoms in surface
    """



    from pymatgen import Structure, Lattice, Molecule
    from pymatgen.analysis.adsorption import AdsorbateSiteFinder
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
    from pymatgen.io.vasp.inputs import Poscar

    pm = st.convert2pymatgen()
    # pm = st
    asf_pm = AdsorbateSiteFinder(pm)
    st_ads_pack = []


    ads_sites = asf_pm.find_adsorption_sites()
    # print(dir(ads_sites))
    # print(dir(asf_pm))
    from pymatgen.symmetry.analyzer import SpacegroupAnalyzer
    sym_criteria = SpacegroupAnalyzer(pm).is_laue()
    # print(sym_criteria)



    adsorbate = Molecule(molecule, mol_xc)
    ads_structs = asf_pm.generate_adsorption_structures(adsorbate,repeat=None, min_lw=8.0,  find_args=find_args)
    print('\nI\'ve found ',len(ads_structs), ' configurations for ', molecule, ' on the surface\n')

    st_ads_pack = []
    st_ads_pack_under = {'me': None, 'nme': None}
    closest_neighbor = {'me': None, 'nme': None}


    if conf_i == 'all':
        conf_i = np.arange(len(ads_structs))
        print(conf_i)

    for i in conf_i:
        p = st.update_from_pymatgen(ads_structs[i])

        if fix_layers:
            p = p.fix_layers(xcart_range = fix_xc_range)

        st_ads_pack.append(p)

        # find closest atom for ads atom
        if under_atom:
            i_close, dist_close, delta_close = p.find_closest_neighbor(p.natom-1)
            neighbor_el = p.get_elements()[i_close]
            # print(p.find_closest_neighbor(p.natom-1))

            if neighbor_el in header.nme_list:
                neighbor_type = 'nme'
            else:
                neighbor_type = 'me'

            try:
                if dist_close < closest_neighbor[neighbor_type][1] and abs(delta_close[0]) < 0.25 and  abs(delta_close[1]) < 0.25:

                    closest_neighbor[neighbor_type] = [i, dist_close]
            except (KeyError, TypeError):
                closest_neighbor[neighbor_type] = [i, dist_close]




    if under_atom:
        print(closest_neighbor)

        if closest_neighbor['me']:
            i_m = closest_neighbor['me'][0]
            st_ads_pack_under['me'] = st_ads_pack[i_m]
        else:
            st_ads_pack_under['me'] = None

        if closest_neighbor['nme']:
            i_nm = closest_neighbor['nme'][0]
            st_ads_pack_under['nme'] = st_ads_pack[i_nm]
        else:
            st_ads_pack_under['nme'] = None


        # st_ads_pack_f = [st_ads_pack[i_m], st_ads_pack[i_nm]]

        return st_ads_pack_under
         
    else:
        if len(st_ads_pack) == 1:
            st_ads = st_ads_pack[0]

            return st_ads
        else:
            return st_ads_pack




[docs]def best_miller(hkl):
    #find best representation of hkl
    #returns float
    if min(hkl) == 0: 
        n = abs(max(hkl))
    else:
        n = abs(min(hkl)) 
    hkl = hkl/n

    d_m = 100
    for mul in range(1,10):
        hklm = hkl*mul
        hkli = hklm.round(0).astype(int)
        d = np.linalg.norm(hkli-hklm)
        # print(d, d < d_m, hklm, hkli, )
        if d < d_m:
            d_m = d
            hkli_opt = hkli
            hklm_opt = hklm
        if d < 0.001: # the obtained multiplier is nice
            break

    return hklm_opt



[docs]def hkl2uvw(hkl, rprimd):
    #convert hkl to uvw
    # print(rprimd)
    # print('rprimd', rprimd)

    recip = calc_recip_vectors(rprimd)
    # print('recip', recip)
    ghkl = np.dot(hkl, recip) # convert to cartesian
    # print('hkl', hkl)
    # print('ghkl', ghkl)
    grprimd = np.asarray( np.matrix(rprimd).I.T ) #Transpose of the inverse matrix of rprimd
    uvw = np.dot(grprimd, ghkl )
    # print('uvw', uvw)
    m = np.linalg.norm(uvw)
    uvw = uvw/m # normalize
    # uvw = uvw.round(0).astype(int)
    uvwo = best_miller(uvw)


    return uvwo


[docs]def uvw2hkl(uvw, rprimd):
    #convert,
    #tested vice versa
    recip = calc_recip_vectors(rprimd)
    ruvw = np.dot(uvw, rprimd) # convert to cartesian
    grecip = np.asarray( np.matrix(recip).I.T ) #Transpose of the inverse matrix of rprimd
    hkl = np.dot(grecip, ruvw )
    # .round(0).astype(int)
    # print(hkl)
    m = np.linalg.norm(hkl)
    hkl = hkl/m # normalaze
    # print(hkl)
    hklo = best_miller(hkl)

    return hklo



[docs]def transform_miller(rprimd1, rprimd2, hkl, silent = 1):
    """
    Convert miller indicies between two choices of primitive vectors for the same lattice.
    defined in rprimd1 to miller indicies defined in rprimd2. 
    rprimd1 and rprimd2 are two primitive vectors chosen 

    Can be used for different homomorphic lattices, but first be 
    sure that they are correctly oriented in space.

    rprimd1 (list of arrays) - first set of vectors 
    rprimd2 (list of arrays) - second set of vectors
    hkl (list of int) - hkl - miller index for first set of vectors

    RETURN
    hkl2 - miller index for second set of vectors corresponding to hkl


    """

    recip1 = calc_recip_vectors(rprimd1)
    recip2 = calc_recip_vectors(rprimd2)
    grecip2 = np.asarray( np.matrix(recip2).I.T ) # transpose of the inverse matrix 

    ghkl1 = np.dot(hkl, recip1) # convert reciprocal vector to cartesian space

    hkl2 = np.dot(grecip2, ghkl1) # get miller indices of this vector for new set of vectors


    hkl2o = best_miller(hkl2)
    hkl2i = hkl2o.round(0).astype(int)

    printlog('Check my conversion of hkl2 from float to integer', hkl2o, '->' , hkl2i)

    if not silent:
        printlog('new Miller is', hkl2i, imp = 'y')

    return hkl2i




[docs]def test_transform_miller(rprimd1, rprimd2, hkl, silent = 1):
    """
    Different attempts to find correct way of index transformstion
    rprimd1 (list of arrays) - primitive vectors 1
    rprimd2 (list of arrays) - primitive vectors 2
    hkl (list of int) - miller index for rprimd1

    """




    mul_mat, _ = find_mul_mat(rprimd1, rprimd2, silent = 1)
    norm = np.linalg.norm
    # print('Lengths R1=', norm(rprimd1[0]),norm(rprimd1[1]),norm(rprimd1[2]) )
    
    test = 4

    if test == 1:
        #transform cartesian normals,  wrong
        uvw = hkl2uvw(hkl, rprimd1)
        if not silent:
            print('Converting hkl to uvw', hkl, '->',uvw)

        #transform using cartesian - correct
        ruvw = np.dot(uvw, rprimd1) # convert to cartesian

        ruvw2 = np.dot(mul_mat, ruvw)

        grprimd2 = np.asarray( np.matrix(rprimd2).I.T ) #Transpose of the inverse matrix of rprimd
        uvw2 = np.dot(grprimd2, ruvw2 )
        if not silent:
            print('Converting uvw to ruvw', uvw, '->',ruvw)
            print('Transforming ruvw to ruvw2', ruvw, '->',ruvw2)
            print('Converting ruvw2 to uvw2', ruvw2, '->',uvw2)
            
        if 0:
            #transform using direct - gives wrong result
            uvw2 = np.dot(mul_mat, uvw)
            print('Transforming uvw to uvw2', uvw, '->',uvw2)


        hkl2 = uvw2hkl(uvw2, rprimd2)
        print('Converting uvw2 to hkl2', uvw2, '->',hkl2)

    if test == 2:
        #transform miller indexes

        #transformation matrix between two lattices allow to obtain new millre indexes
        #! only  works in case, when lattices coincide with each other 

        hkl2 = np.dot(mul_mat, hkl)
        if not silent:
            print('Transforming hkl to hkl2', hkl, '->',hkl2)


    recip1 = calc_recip_vectors(rprimd1)
    recip2 = calc_recip_vectors(rprimd2)
    grecip2 = np.asarray( np.matrix(recip2).I.T ) #Transpose of the inverse matrix of rprimd


    if test == 3:
        #use g, equivalent to test2,
        #in fact it gives some new plane, as vector is transformed!!!
        ghkl1 = np.dot(hkl, recip1) # convert to cartesian

        ghkl2 = np.dot(mul_mat, ghkl1 ) # transform

        hkl2 = np.dot(grecip2, ghkl2) # convert to index

    if test == 4:
        #correct if orientation of two phases in cartesian space coincide!
        #seems equivalent to test=2
        #more clear to understand!
        ghkl1 = np.dot(hkl, recip1) # convert to cartesian

        hkl2 = np.dot(grecip2, ghkl1) # convert to index





    d_m = 100
    for mul in range(1,10):
        hkl2m = hkl2*mul
        hkl2i = hkl2m.round(0).astype(int)
        # print(hkl2m, hkl2i)
        d = np.linalg.norm(hkl2i-hkl2m)
        # print(mul, d)
        if d < d_m:
            d_m = d
            hkl2i_opt = hkl2i
    if d > 0.1 or not silent:
        printlog('Attention! Check my conversion of hkl2 from float to integer', hkl2, '->' , hkl2i_opt)


    # print(uvw2_int_opt)
    # hkl = uvw2hkl(uvw2_int_opt, rprimd2)
    if not silent:
        # print('Converting uvw to hkl', uvw2_int_opt, '->',hkl)
        printlog('new Miller is', hkl2i_opt, imp = 'y')


    return hkl2i_opt




[docs]def calc_volume(v1, v2, v3):
    return np.dot( v1, np.cross(v2, v3)  )


[docs]def triangle_area_points(v1, v2, v3):
    # if one vector is zero, then return difference of two non zero vectors
    v1v2  = v1 - v2
    v1v3  = v1 - v3
    
    if np.linalg.norm(v1) == 0:
        a = np.linalg.norm(v2-v3)
    elif np.linalg.norm(v2) == 0:
        a = np.linalg.norm(v1-v3)
    elif np.linalg.norm(v3) == 0:
        # print(v1,v2, v1-v2)
        a = np.linalg.norm(v1-v2)
    else:
        a = np.linalg.norm(np.cross(v1v2, v1v3) ) / 2


    return a



[docs]def sl_misfit(st1,st2, silent = 0):
    size1 = st1.rprimd_len()
    size2 = st2.rprimd_len()
    misfit = [(j-i)*100/j for i,j in zip(size1,size2)]
    # print('\n\nSize 1: {},{},{} A'.format(round(size1[0],2),round(size1[1],2),round(size1[2],2)))
    # print('Size 2: {},{},{} A'.format(round(size2[0],2),round(size2[1],2),round(size2[2],2)))
    if silent == 0:
        print('Misfit: {},{} % \n\n'.format(round(misfit[0],2),round(misfit[1],2)))
    return misfit


[docs]def fit2host(st_host, st_oxide):
    replic = [1,1,1]
    misf = sl_misfit(st_host,st_oxide, silent = 1)
    for m in (0,1):
        if 60 < abs(misf[m]) < 150:
            replic[m] +=1
        elif 150 < abs(misf[m]) < 250:
            replic[m] +=2
        elif 250 < abs(misf[m]) < 350:
            replic[m] +=3
        elif 350 < abs(misf[m]) < 450:
            replic[m] +=3
    st_oxide = st_oxide.replic(replic)

    return st_oxide



[docs]def hkl_slab(st, st_host, hkl, i_suf = None):

    os.remove('/home/anton/media/vasp/log_best1')
    f = open('/home/anton/media/vasp/log_best1', 'a')
    if slabs2:
        if not i_suf:
            for sl_i in range(0,len(slabs2)):
                # print(hkl)
                st2_new = st.update_from_pymatgen(slabs2[sl_i])
                misf = sl_misfit(st_host,st2_new, silent = 0)

                replic = [1,1,1]
                for m in (0,1):
                    if 80 < abs(misf[m]) < 110:
                        replic[m] +=1
                st2_new = st2_new.replic(replic)
                # print(replic)
                misf = sl_misfit(st_host,st2_new, silent = 1)
                print(hkl, sl_i)
                string = str(hkl) + ' ' + str(sl_i) + '  Misfit: {},{} % \n\n'.format(round(misf[0],2),round(misf[1],2))
                if abs(misf[0]) < 20 and abs(misf[1])<20:
                    f.write(string)
    # else:
    f.close()
    return misf, slabs2



[docs]def create_interface_solid(st_host, st_oxide, suf_host, i_suf_host = 0, 
    seek_mode = 0, seek_range = [0,2], check_shift = None, 
    hkl_lio = None, i_suf_lio = None, size = [5,5], ads_pos = None, z_shift = 1.5, lio_thick = 8):


    st1_init = st_host.copy()
    st2_init = st_oxide.copy()
    
    if suf_host:
        sc1 = st1_init.get_conventional_cell()#.replic([2,2,1])
        slabs1 = create_surface2(sc1, suf_host, shift = None, min_slab_size = 10, min_vacuum_size = 15, 
                 surface_i = 0, oxidation = None, suf = '', 
                 symmetrize = 1, cut_thickness = 0, return_one = 0, lll_reduce = 1, primitive = 1)
        slab1 = sc1.update_from_pymatgen(slabs1[i_suf_host])
        # slab1 = slabs1
        mul_matrix = ortho_vec(slab1.rprimd, [5,5,15], silent = 1) # matrix which allows to obtain supercell close to 10x10x10 A cube 
        st1 = create_supercell(slab1, mul_matrix, silent = 1)
    else:
        st1 = st_host


    
    if seek_mode:
        for h in range(seek_range[0],seek_range[1]):
            for k in range(seek_range[0],seek_range[1]):
                for l in range(seek_range[0],seek_range[1]):
                    hkl = [h,k,l]

                    if hkl != [0,0,0]:
                        slabs2 = create_surface2(st2_init, hkl, shift = None, min_slab_size = 10, min_vacuum_size = 25, surface_i = 0, oxidation = None, suf = '', 
                        primitive = 1, symmetrize = 0, cut_thickness = None, return_one = 0, write_poscar = 0, lll_reduce  = 1)
                        for sl in range(0,len(slabs2)):
                            print(hkl, sl)
                            st2 = st2_init.update_from_pymatgen(slabs2[sl])
                            slab_2 = fit2host(st1, st2)
                            sl_misfit(st1, slab_2, silent = 0)
    else:

        slabs2 = create_surface2(st2_init, hkl_lio, shift = 0, min_slab_size = lio_thick, min_vacuum_size = 15, surface_i = i_suf_lio, oxidation = None, suf = '', 
                primitive = 0, symmetrize = 0, cut_thickness = 0, return_one = 1, write_poscar = 0, lll_reduce  = 1)
        # st2 = st2_init.update_from_pymatgen(slabs2[i_suf_lio])
        st2 = slabs2
        # st2.jmol()
        slab_2 = fit2host(st1, st2)
        st2_init = slab_2

        from siman.impurity import make_interface
        z_max1 = 0
        z_max2 = 50
        st1 = st1.add_vacuum(2,40)
        for r in st1.xcart:
            if r[2] > z_max1:
                z_max1 = r[2]
        for r in slab_2.xcart:
            if r[2] < z_max2:
                z_max2 = r[2]
        

        if 0:
            elements1 = list(set(st1.get_elements()))
            elements2 = list(set(slab_2.get_elements()))
            # st1.jmol()
            suf_ats1 = []
            suf_ats2 = []
            for el in elements1:
                try:
                    suf_ats1.extend(st1.get_surface_atoms(el, surface = 1, surface_width=1.5))
                    print(el, suf_ats1)
                except TypeError:
                    None
            for el in elements2:
                try:
                    suf_ats2.extend(slab_2.get_surface_atoms(el, surface = 0, surface_width=1.5))
                    print(el, suf_ats2)
                except TypeError:
                    None


            for el1 in suf_ats1[0:1]:
                for el2 in suf_ats2[1:3]:
                    print('\n\nStarting configuration with {} and {} atoms\n'.format(el1, el2))
                    # xc1 = st1.xcart[23]
                    # xc2 = slab_2.xcart[8]
                    xc1 = st1.xcart[el1]
                    xc2 = slab_2.xcart[el2]
                    xc2[2] -= 1.8
                    # print(xc1, xc2)
                    mat0, pas_scaled2 = make_interface(st1, xc1, slab_2, xc2)
                    # mat0.replic([2,2,1]).jmol(r=2)
                    
                    interface_z_position = min([m[2] for m in mat0.xcart])/2 + max([m[2] for m in mat0.xcart])/2
                    print(interface_z_position)
                    av_pack = []
                    
                    for st in [st1, slab_2, mat0]:
                        av_dist = 0
                        n_atoms_i = 0
                        for i in range(0,st.natom):
                            if st == mat0: 
                                if (interface_z_position - 4) < st.xcart[i][2]< (interface_z_position+4):
                                    n_atoms_i += 1
                                    # print('ok')
                                    xxx = st.nn(i, n = 6, ndict = None, silent = 1, 
                                    from_one = 0, more_info = 0, oxi_state = 0, print_average = 0)
                                    d = 0
                                    for n in xxx['dist']:
                                        d+=n
                                    d = d/6
                                    av_dist += d
                                    # print(d, n_atoms_i)
                            else:
                                n_atoms_i = st.natom
                                xxx = st.nn(i, n = 6, ndict = None, silent = 1, 
                                from_one = 0, more_info = 0, oxi_state = 0, print_average = 0)
                                d = 0
                                for n in xxx['dist']:
                                    d+=n
                                d = d/6
                                av_dist += d

                        try:
                            av = round(av_dist/n_atoms_i,2)
                        except ZeroDivisionError:
                            av = 999
                        av_pack.append(av)
                        print('Average bond lengths is {} A'.format(av))

                    # mat0.replic([2,2,1]).jmol()
                    print(av_pack)
                    if abs(av_pack[2] - av_pack[0]) < 0.03:
                        print('\nGood interface!\n\n')


        print('\n\n\n', st1.rprimd, slab_2.rprimd, '\n\n\n',st1.get_angles(), slab_2.get_angles(),)
        if ads_pos:
            interface_list = []
            suf_ats2 = (slab_2.get_surface_atoms('OLiNa', surface = 0, surface_width=0.5))
            # print(suf_ats2)
            xc1 = ads_pos
            for at in suf_ats2[0:]:
                xc2 = slab_2.xcart[at]
                mat0, pas_scaled2 = make_interface(st1, xc1, slab_2, xc2)
                # mat0.jmol(rep=[3,3,1])
                interface_list.append(mat0)
                interface_list.append(pas_scaled2)
            return interface_list







        mat2, pas_scaled2 = make_interface(st1, [0, 4, z_max1+z_shift], slab_2, [0, 0.626, z_max2],)
       
        # st_wide = st1.add_vacuum(2,15)
        # mat3, pas_scaled3 = make_interface(st_wide, [0, 4, z_max1+10.5], slab_2, [0, 0.626, z_max2],)
        return [mat2, pas_scaled2]







[docs]def symmetry_multiply(st_ideal, st, el, ops = None, rm_ovrlp = None, name = ''):
    """
    Allows to multiply atomic positions of atoms *el* in *st* according to symmetry of *st_ideal*
    Usually st_ideal and st are commensurate crystal structures, but st has some defects, which are required to 
    multiply according the symmetry of the ideal structure.


    st_ideal (Structure) - the structure with required symmetry  
    st (Structure) - the structure to be modified
    el (str) - name of element, atoms of which should be multiplied; several elements can be given separated by space
    rm_ovrlp (float) - atoms closer than rm_ovrlp (in A) will be removed, if None - nothing is done

    ops (list ) - pymatgen type list of symmetry operations used in addition to that obtained from st_ideal

    name (str)

    TODO:

    RETURN:
        st (Structure) - the structure in which all atoms *el* are multiplied according to the given symmetry

    Author: DA

    """

    st  = st.copy()

    ops_full = st_ideal.get_symmetry_operations() # the first one is identity
    
    if ops:
        ops_full.extend(ops)
    
    sym_xr   = []

    els = el.split()

    my_op = 0
    if my_op:
        from pymatgen.core.operations import SymmOp
        op = SymmOp(np.arange(1, 17).reshape(4,4)) # just any 4x4 matrix
        my_op = op.from_rotation_and_translation([[1,0,0],[0,-1,0],[0,0,1]], [0.5, 0.5, 0.5])

        # print(my_op)
        # sys.exit()
        ops_full.append(my_op)



    for v, elem in zip(st.xred, st.get_elements() ):
        if elem in els:
            for op in ops_full:
                R = op.rotation_matrix
                T = op.translation_vector
                # print(R, T)
                # print(v)
                rv = np.dot(R,v)+T
                # print(rv)
                sym_xr.append(rv)
                # print('\n')
                st = st.add_atom(xr = rv, element = elem)

    # print(elem)
    st = st.return_atoms_to_cell()
    st.name+='_multiplied'+name
    
    if rm_ovrlp:
        # st, _, _ = st.remove_close_lying(tol = rm_ovrlp)
        st = st.remove_close_lying2(tol = rm_ovrlp)
    
    st.write_poscar()
    st.write_cif(symprec = None)

    return st 



[docs]def remove_closest(self, el, nn = 6, n = 0, x = 0.0):
    """
    Removes closest lying atoms of type el  

    INPUT:
        st (Structure) - input structure 
        el (int array) - list of elements to remove
        nn (int) - number of closest atoms 
        n (int array) - number of removing atoms 
        x (float array) - relative number of removing atoms 

    RETURN:
        st (Structure) - modified structure 

    author - A. Burov

    """
    st = copy.deepcopy(self)
    
    atoms = {} 
    if (n != 0):
        natoms = sum(n)
        for idx, el_c in enumerate(el):
            if (n[idx] != 0):
                atoms_c = st.get_specific_elements(required_elements = [el_c], fmt = 'n', z_range = None, zr_range = None)
                if (len(atoms_c) == 0):
                    n[idx] = 0  
                atoms[el_c] = atoms_c
    elif (x != 0):
        natoms = 0
        n = []
        for item in atoms.items():
            n.append(int(len(item)*x))
            natoms += n[-1]
        print("Atoms of each species will be removed: {}".format(n))
        for idx, el_c in enumerate(el):    
            if (x[idx] != 0):
                atoms_c = st.get_specific_elements(required_elements = [el_c], fmt = 'n', z_range = None, zr_range = None)
                if (len(atoms_c) == 0):
                    n[idx] = 0 
                atoms[el_c] = atoms_c    
    else:
        natoms = 0

    atoms_removed = {} 
    for el_c in el:
        atoms_removed[el_c] = []
    for i in range(natoms):
        dist_min = 1e3 
        idx_min = -1  
        for el_idx, el_c in enumerate(el):
            if (n[el_idx] == 0):
                continue 
            for atom_idx in atoms[el_c]:
                dist = st.nn(atom_idx, nn, from_one = 0, silent = 1)['dist'][1:]
                dist_cur = sum(dist) / len(dist)
                if (dist_cur <= dist_min):
                    dist_min, idx_min = dist_cur, atom_idx
                    el_min = el_idx
        st = st.remove_atoms([idx_min], from_one = 0, clear_magmom  = 1)
        del atoms[el[el_min]][idx_min]  
        if (n[el_min] == 0):
            del atoms[el[el_min]]   
        for el_c in el:
            for idx_c, atom_c in enumerate(atoms[el_c]):
                if (atom_c >= idx_min):
                    atoms[el_c][idx_c] -= 1
        atoms_removed[el[el_min]].append(idx_min)
        print("Atoms were removed: {} / {}".format(i+1, natoms))
        n[el_min] -= 1
    for el_c in el:
        print("For element {}, atoms with indicies {} were removed".format(el_c, atoms_removed[el_c]))
    print("The final reduced formula is {}".format(st.get_reduced_formula()))
    return st




[docs]def remove_vacuum(self, thickness = 0.0):
    """
    Removes vacuum from a structure  
    
    INPUT:
        st (Structure) - input structure 
        thickness (float) - remaining thickness of vacuum  
    
    RETURN:
        slab with vacuum specified thickness 

    author - A. Burov 

    """

    if (thickness < 0):
        raise ValueError('The thickness of remaining vacuum should not be negative')

    st = copy.deepcopy(self)
    xyz = list(map(list, zip(st.xcart)))
    z_coord = [i[-1][-1] for i in xyz]
    z_length = st.rprimd[2][2]
    max_z = max(z_coord)-min(z_coord)
    st_new = st.shift_atoms(vector_cart = [0, 0, -min(z_coord)], return2cell = 1)
    st_new = st_new.add_vacuum(vector_i = 2, thickness = -(z_length - max_z - thickness))

    return st_new



[docs]def make_neutral(self, oxidation = None, at_fixed = None, mode = 'equal', return_oxidation = 1, silent = 1):
    """
    Makes slab with total a charge equal to 0 

    INPUT:
        st (Structure) - input structure 
        oxidation (dir integer) - list of oxidation states  
            E.g oxi_state = {"Li": 1, "La": 2, "Zr":4, "O": -2}
        at_fixed (dir string) - list of atoms with fixed oxidation states
        mode (string) - how uncompensated charge will be redistributed between unfixed atoms    
            'equal' - equally between unfixed atoms 
            'propotional' - proportionally to oxidation state
    
    RETURN:
        if (return_oxidation == True)
            returns a new structure with a neutral charge and new oxidation states
        else
            returns only a new structure 

    author - A. Burov 

    """

    st = copy.deepcopy(self)
    st = st.convert2pymatgen()

    st.add_oxidation_state_by_element(oxidation)    
    diff_chr = st.charge

    if (silent  == 1):
        print("Uncompensated charge is {}".format(st.charge))

    atoms = st.formula.split()
    at_init = {}

    for atom in atoms:
        at_type = re.sub(r'[0-9]+', '', atom) 
        at_number = re.sub(r'[^0-9]+', '', atom)
        at_init[at_type] = int(at_number)

    at_sum = 0
    if (mode == 'equal'):
        for key, item in at_init.items():
            if (diff_chr > 0):
                if (key not in at_fixed):
                    if (oxidation[key] > 0):
                        at_sum += item
            else:
                if (key not in at_fixed):
                    if (oxidation[key] < 0):
                        at_sum += item
            
        rel_chr = diff_chr / at_sum
        for key, item in oxidation.items():
            if (diff_chr > 0):
                if (key not in at_fixed):
                    if (oxidation[key] > 0):
                        oxidation[key] = item - rel_chr
            else:
                if (key not in at_fixed):
                    if (oxidation[key] < 0):
                        oxidation[key] = item - rel_chr

    elif (mode == 'propotional'):
        ox_sum = 0
        for key, item in at_init.items():
            if (diff_chr > 0):
                if (key not in at_fixed):
                    if (oxidation[key] > 0):
                        ox_sum += oxidation[key]
            else:
                if (key not in at_fixed):
                    if (oxidation[key] < 0):
                        ox_sum += oxidation[key]

        for key, item in oxidation.items():
            rel_chr = item / ox_sum * diff_chr / at_init[key]
            if (diff_chr > 0):
                if (key not in at_fixed):
                    if (oxidation[key] > 0):
                        oxidation[key] = item - rel_chr
            else:
                if (key not in at_fixed):
                    if (oxidation[key] < 0):
                        oxidation[key] = item - rel_chr 

        st.add_oxidation_state_by_element(oxidation)    
        print(st.charge)

    else:
        print("Wrong mode, check the function's description")

    if (silent == 1):
        print("New oxidation states are {}".format(oxidation))

    if (return_oxidation == 1):
        return st, oxidation
    else:
        return st

        




          

      

      

    

  

    
      
          
            
  Source code for siman.header

# -*- coding: utf-8 -*-
#Copyright Aksyonov D.A
#hello_man
from __future__ import division, unicode_literals, absolute_import, print_function

"""
Siman - management of VASP calculations
Author: Aksyonov D.A.


!Internal units are Angstroms!
Bohrs should be converted during reading!

TODO:


"""

import os, subprocess, sys, shelve
try:
    import matplotlib as mpl
    """Global matplotlib control"""
    # size = 22 #for one coloumn figures
    size = 16 #for DOS
    # size = 16 #for two coloumn figures
    mpl.rc('font',family='Serif')
    # mpl.rc('xtick', labelsize= size) 
    # mpl.rc('ytick', labelsize= size) 
    # mpl.rc('axes', labelsize = size) 
    # mpl.rc('legend', fontsize= size) 
    # mpl.rc('Axes.annotate', fontsize= size) #does not work
    mpl.rcParams.update({'font.size': size})
    mpl.rcParams.update({'mathtext.fontset': "stix"})
    # plt.rcParams['mathtext.fontset'] = "stix"

    #paths to libraries needed by siman
    # sys.path.append('/home/dim/Simulation_wrapper/ase') #
    # plt = None
except:
    mpl = None
    plt = None
    print('Warning! matplotlib is not installed! Some functions will not work!')

history = []

#Defaults to some project_conf values
PBS_PROCS = False # if true than #PBS -l procs="+str(number_cores) is used
WALLTIME_LIMIT = False # now only for PBS if True 72 hours limit is used


# warnings = 'neyY'
warnings = 'yY' # level of warnings to show: n - all, e - normal, y - important, Y - very important

#1. Read default global settings for siman package
from siman.default_project_conf import *

#2. Read user-related settings for siman
simanrc = os.path.expanduser("~/simanrc.py")
if os.path.exists(simanrc):
    # if 'n' in war
    print(simanrc, 'was read')
    sys.path.insert(0, os.path.dirname(simanrc))
    from simanrc import *

#3. Read project specific
if os.path.exists('./project_conf.py'):
    print('Reading ./project_conf.py')

    from project_conf import *
    siman_run = True
    log = open('log','a')
else:
    # print('Some module is used separately; default_project_conf.py is used')
    if mpl and not os.path.exists(simanrc):
        mpl.use('agg') #switch matplotlib on or off; for running script using ssh
    siman_run = False
    history.append('separate run')













try:
    import matplotlib.pyplot as plt
except:
    plt = None

calc_database = 'only_calc.gdbm3'

[docs]class CalcDict(dict):
    def __getitem__(self, key):
        # print(self)
        if type(key) == str:
            # print('String key detected', key)
            key_str = key
            l = key.split('.')
            if len(l) > 2 and l[-1].isdecimal():
                key = ('.'.join(l[0:-2]), l[-2], int(l[-1]))            
        # else:

        if dict.__contains__(self, key):
            # print('key', key, 'is  in self')
            val = dict.__getitem__(self, key)
        
        else:
            with shelve.open(calc_database, protocol = 3) as d:
                try:
                    val = d[str(key)]
                    dict.__setitem__(self, key, val)
                    # print('reading ',str(key), 'from db')
                except:
                    print('Problem with key',key,', return None')
                    val = None
                    val = d[str(key)]

                    # for k in d:
                    #     # print(k[0])
                    #     if str(key) in k:
                    #         print(k)
        

        return val

    def __contains__(self, key):

        if dict.__contains__(self, key):
            return True
        
        else:
            with shelve.open(calc_database, protocol = 3) as d:
                # print('checking if key',key, 'is in db:', str(key) in d)
                # print(self)
                return str(key) in d

[docs]    def items(self):

        keys = []

        with shelve.open(calc_database, protocol = 3) as d:
            for key in d:
                key = key.replace("'", "").replace('(', '').replace(')', '') #remove unnessary symbols from string
                l = key.split(',') # go back to tuple

                if len(l) == 3 and l[2].strip().isdigit():
                    keyt = (l[0].strip(), l[1].strip(), int(l[2]))
                    keys.append(keyt)

            return keys




#Global variables
final_vasp_clean     = True 
copy_to_cluster_flag = True
close_run = False # alows to control close run file automatically after each add_loop
first_run = True  # needed to write header of run script
ssh_object = None # paramiko ssh_object
sshpass = None # using sshpass wrapper for rsync; see functions.py/push_to_server()
show = None
corenum = 1
check_job = 1 # check job by additional ssh requests
reorganize = 0 # use this from time to time to optimize database file size
verbose_log = 0 # in addition to normal log write verbose log in any case by openning the log_verbose each time
cluster_address = ''
override_cluster_address = 0 # 1 or 0, override read calculations to header.CLUSTERS[cluster]['address'], usefull when switching between proxy and back of the same cluster

pymatgen_flag = None


db = CalcDict()
# global db
calc = db
conv = {};
varset = {};
struct_des = {};

sets = varset





#Constants
to_ang = 0.52917721092
to_eV = 27.21138386
Ha_Bohr_to_eV_A = 51.4220641868956
kB_to_GPa = 0.1
eV_A_to_J_m = 16.021765
eV_nm_to_J_m = 1.6021765
THz2eV = 0.00413566553853599
kJ_mol2eV = 1.0364e-2
J_mol_T2eV_T = 1.0364e-5
J2eV = 6.242e+18
h = 4.135668e-15 # eV/Hz
F = 96485.3329 # sA/mol

kB = 8.617e-5 # eV/K
kB_SI = 1.380649e-23 # J/K
R = 8.3145 # J/mol/K



TRANSITION_ELEMENTS = [22, 23, 24, 25, 26, 27, 28, 29, 40, 44, 74]
ALKALI_ION_ELEMENTS = [3, 11, 19, 37]
MAGNETIC_ELEMENTS = [26, 27, 28]
TM_MAG = {'NM':0.6,
          'Co2+hs':3, 'Co2+ls':1, 'Co3+hs':4, 'Co3+ls':0, 'Co4+hs':5, 'Co4+ls':1,
          'Ni2+':2, 'Ni3+hs':3, 'Ni3+ls':1, 'Ni4+hs':4, 'Ni4+ls':0,
          'Mn3+ls':0, 'Mn3+hs':4, 'Mn2+hs':5,'Mn2+ls':1, 'Mn4+':3,
          'Fe3+hs': 5, 'Fe3+ls': 1, 'Fe2+ls': 0,'Fe2+hs': 4, 'Fe4+': 4,
          'Cr3+':3, 'Cr4+':2, 'Cr2+hs':4, 'Cr2+ls':2,
          'V4+': 1, 'V2+': 3, 'V3+': 2,
          'Ti3+':1, 'Ti4+':0, 'Ti2+':2 ,
          'Al3+':0, 
          'W4+':0, 
          'Mg2+':0, 
          }
           # canonical magnetic moments of TM depending on oxidation state and spin state


ION_RADII_coord_6 = { 
                    'Co2+hs':0.745, 'Co2+ls':0.65, 'Co3+hs':0.61, 'Co3+ls':0.545, 'Co4+hs':0.53, 'Co4+ls': 0.53,
                    'Ni2+':0.69, 'Ni3+hs':0.6, 'Ni3+ls':0.56, 'Ni4+ls':0.48, 'Ni4+hs':0.48,
                    'Mn2+ls':0.67, 'Mn2+hs':0.83, 'Mn3+ls':0.58, 'Mn3+hs':0.645, 'Mn4+':0.53,
                    'Fe2+hs':0.78, 'Fe2+ls':0.61, 'Fe3+ls':0.55, 'Fe3+hs':0.645, 'Fe4+':0.585,
                    'Cr2+ls':0.73, 'Cr2+hs':0.8,  'Cr3+':0.615,  'Cr4+':0.55,
                    'V2+':0.79, 'V3+':0.64, 'V4+':0.58,
                    'Ti2+':0.86, 'Ti3+':0.67, 'Ti4+':0.605, 
                    'Mg2+':0.72,
                    'Al3+':0.535,
                    }

el_dict = {'void':300, 'octa':200, 'n':0, 'H':1, 'He':2, 'Li':3, 'Be':4, 'B':5, 'C':6, 'N':7, 'O':8, 'F':9, 'Ne':10, 'Na':11, 'Mg':12, 'Al':13, 'Si':14, 'P':15, 'S':16, 'Cl':17, 'Ar':18, 'K':19, 'Ca':20, 'Sc':21, 'Ti':22, 'V':23, 'Cr':24, 'Mn':25, 'Fe':26, 'Co':27, 'Ni':28, 'Cu':29, 'Zn':30, 'Ga':31, 'Ge':32, 'As':33, 'Se':34, 'Br':35, 'Kr':36, 'Rb':37, 'Sr':38, 'Y':39, 'Zr':40, 'Nb':41, 'Mo':42, 'Tc':43, 'Ru':44, 'Rh':45, 'Pd':46, 'Ag':47, 'Cd':48, 'In':49, 'Sn':50, 'Sb':51, 'Te':52, 'I':53, 'Xe':54, 'Cs':55, 'Ba':56, 'La':57, 'Ce':58, 'Pr':59, 'Nd':60, 'Pm':61, 'Sm':62, 'Eu':63, 'Gd':64, 'Tb':65, 'Dy':66, 'Ho':67, 'Er':68, 'Tm':69, 'Yb':70, 'Lu':71, 'Hf':72, 'Ta':73, 'W':74, 'Re':75, 'Os':76, 'Ir':77, 'Pt':78, 'Au':79, 'Hg':80, 'Tl':81, 'Pb':82, 'Bi':83, 'Po':84, 'At':85, 'Rn':86, 'Fr':87, 'Ra':88, 'Ac':89, 'Th':90, 'Pa':91, 'U':92, 'Np':93, 'Pu':94, 'Am':95, 'Cm':96, 'Bk':97, 'Cf':98, 'Es':99, 'Fm':100, 'Md':101, 'No':102, 'Lr':103, 'Rf':104, 'Db':105, 'Sg':106, 'Bh':107, 'Hs':108, 'Mt':109, 'Ds':110, 'Rg':111, 'Cn':112, 'Uuq':114, 'Uuh':116, }
nu_dict = {300:'void', 200:'octa', 0:'n', 1:'H', 2:'He', 3:'Li', 4:'Be', 5:'B', 6:'C', 7:'N', 8:'O', 9:'F', 10:'Ne', 11:'Na', 12:'Mg', 13:'Al', 14:'Si', 15:'P', 16:'S', 17:'Cl', 18:'Ar', 19:'K', 20:'Ca', 21:'Sc', 22:'Ti', 23:'V', 24:'Cr', 25:'Mn', 26:'Fe', 27:'Co', 28:'Ni', 29:'Cu', 30:'Zn', 31:'Ga', 32:'Ge', 33:'As', 34:'Se', 35:'Br', 36:'Kr', 37:'Rb', 38:'Sr', 39:'Y', 40:'Zr', 41:'Nb', 42:'Mo', 43:'Tc', 44:'Ru', 45:'Rh', 46:'Pd', 47:'Ag', 48:'Cd', 49:'In', 50:'Sn', 51:'Sb', 52:'Te', 53:'I', 54:'Xe', 55:'Cs', 56:'Ba', 57:'La', 58:'Ce', 59:'Pr', 60:'Nd', 61:'Pm', 62:'Sm', 63:'Eu', 64:'Gd', 65:'Tb', 66:'Dy', 67:'Ho', 68:'Er', 69:'Tm', 70:'Yb', 71:'Lu', 72:'Hf', 73:'Ta', 74:'W', 75:'Re', 76:'Os', 77:'Ir', 78:'Pt', 79:'Au', 80:'Hg', 81:'Tl', 82:'Pb', 83:'Bi', 84:'Po', 85:'At', 86:'Rn', 87:'Fr', 88:'Ra', 89:'Ac', 90:'Th', 91:'Pa', 92:'U', 93:'Np', 94:'Pu', 95:'Am', 96:'Cm', 97:'Bk', 98:'Cf', 99:'Es', 100:'Fm', 101:'Md', 102:'No', 103:'Lr', 104:'Rf', 105:'Db', 106:'Sg', 107:'Bh', 108:'Hs', 109:'Mt', 110:'Ds', 111:'Rg', 112:'Cn', 114:'Uuq', 116:'Uuh', }
#void 300 is not written to poscar
nme_list = ['H', 'He', 'B', 'C', 'N', 'O', 'F', 'Ne', 'Si', 'P', 'S', 'Cl', 'Ar', 'As', 'Se', 'Br', 'Kr', 'Te', 'I', 'Xe', 'At', 'Rn', 'Ts', 'Og']

EXCLUDE_NODES = False
MEM_CPU = None


[docs]def printlog(*logstrings, **argdic):
    """
    '' - silent
    e - errors and warnings
    a - attentions
    m - minimalistic output of scientific procedures - only obligatory mess are shown
    M - maximalistic output of scientific procedures  
    debug_level importance:
        'n' - not important at all - for debugging
        ''  - almost all actions, no flag is needed
        'y' - important - major actions
        'Y' - super important, or output asked by user
    """
    end = '\n\n'# no argument for end, make one separate line
    
    debug_level  = 'e' #empty
    for key in argdic:
        if 'imp' in key:
            debug_level = argdic[key]
        
        if 'end' in key:
            end = argdic[key]


    mystring = ''
    for m in logstrings:
        mystring+=str(m)+' '


    if len(mystring.splitlines()) == 1:
        mystring = '-- '+mystring
    else:
        ''
        # mystring = '    '+mystring.replace('\n', '\n    ') 
    
    mystring+=end


    if 'Error' in mystring:# or 'Warning' in mystring:
        mystring+='\n\n\n'
    
    if 'Warning' in mystring or 'Attention' in mystring:
        debug_level = 'Y'

    for level in 'neyY':
        # print(level, debug_level)
        if (level in warnings and level in debug_level):
            print (mystring,  end = "")

    # if warnings:
    #     ''
    #     # print(debug_level)
    #     if 'n' in debug_level and 'n' not in warnings:
    #         pass
    #     else:
    #         print (mystring,  end = "")

    if siman_run:
        log.write(mystring)
    
    if verbose_log:
        with open('verbose_log','a') as f:
            f.write(mystring)


    if 'Error!' in mystring:
        print (mystring)
        print ('Error! keyword was detected in message; invoking RuntimeError ')
        # sys.exit()
        raise RuntimeError

    return


print_and_log = printlog
open_terminal = False


[docs]def runBash(cmd, env = None, detached = False, cwd = None):
    """Input - string; Executes Bash commands and returns stdout
Need: import subprocess
    """
    global open_terminal

    if detached:
        stdout = None
        stderr = None
    else:
        stdout = subprocess.PIPE
        stderr = subprocess.STDOUT

    printlog('running in BASH:', cmd, '\n')
    # if 'sshpass' in cmd:
    #     sys.exit()

    my_env = os.environ.copy()
    # my_env["PATH"] = "/opt/local/bin:/opt/local/sbin:" + my_env["PATH"]
    
    if open_terminal:
        cmd = cmd[:-1]+'; exec bash;'+cmd[-1:]
        # cmd = cmd.replace('"', '\\"')
        cmd = cmd.replace('ssh ','ssh -t ' )
        cmd2 = "gnome-terminal -- bash -c ' "+cmd+" ; exec bash' "
        # print(cmd2)
        os.system(cmd2)

        open_terminal = False
    else:

        p = subprocess.Popen(cmd, 
            # executable='/bin/bash', 
            shell=True, stdout=stdout, stderr = stderr, stdin = None, env = my_env, cwd = cwd)
        

    # print (cmd)
    # print 'Bash output is\n'+out
    # print ( str(out, 'utf-8') ) 
    out = ''
    try:
        out = p.stdout.read().strip()

        out = str(out, 'utf-8')
    except:
        pass

    return out  #This is the stdout from the shell command





[docs]def run_win_cmd(cmd):
    #example for windows
    result = []
    process = subprocess.Popen(cmd,
                               shell=True,
                               stdout=subprocess.PIPE,
                               stderr=subprocess.PIPE)
    for line in process.stdout:
        result.append(line)
    errcode = process.returncode
    for line in result:
        print(line)
    if errcode is not None:
        raise Exception('cmd %s failed, see above for details', cmd)




[docs]def pickle_module_migration_script():
    """
    This script allows to update modules in database after moving them to siman package
    """
    import sys
    import siman
    from siman import header
    sys.modules['set_functions'] = siman.set_functions
    sys.modules['classes'] = siman.classes
    for key in header.db.items():
        print(header.db[key])





          

      

      

    

  

    
      
          
            
  Source code for siman.impurity

from __future__ import division, unicode_literals, absolute_import 


import ctypes
from tabulate import tabulate
#from ctypes import *
from ctypes import cdll
from ctypes import c_float, byref

import numpy as np
import traceback, os, sys, datetime, glob, copy


from siman import header
from siman.header import print_and_log, printlog, geo_folder, runBash
from siman.classes import CalculationVasp, Structure
from siman.set_functions import InputSet
from siman.functions import  return_atoms_to_cell, element_name_inv
from siman.inout import write_xyz
from siman.geo import local_surrounding, local_surrounding2, xcart2xred, xred2xcart
from siman.small_functions import block_print, enable_print

lib = cdll.LoadLibrary(os.path.dirname(__file__)+'/libfindpores.so')


[docs]def create_c_array(pylist, ctype):
    if ctype == float:
        c_array = (ctypes.c_float * len(pylist))(*pylist)
    return c_array



[docs]def find_pores(st_in, r_matrix=1.4, r_impurity = 0.6, step_dec = 0.05, fine = 0.3, prec = 0.1, calctype = 'central', gbpos = 0,
    find_close_to = (), check_pore_vol = 0):
    """
    st_in - input Structure() object
    r_impurity (A)- all pores smaller than this radius will be found
    r_matrix (A) - radius of matrix atoms disregarding to their type
    step_dec - scanning step of the cell in Angstroms
    fine - allows to change density of local points; local_step = step_dec/fine
    prec - precicion of pore center determination
    check_pore_vol - allows to estimate volume of pores; has problems for big cells


    'find_close_to' - works in the cases of gb and grain_vol; allows to ignore all and find pore close to provided three reduced coordinates
    return - instance of Structure() class with coordinates of pores. Number and type of included pores depend on the argument of 'calctype'.
    """
  
    xred   = st_in.xred
    natom  = len(xred)
    rprimd = st_in.rprimd
    name = st_in.name
    #print xred

    """Additional values"""
    # check_pore_vol = 1
    #if calctype in ("pore_vol","gb","grain_vol","all_local" ): check_pore_vol = 1 #something wrong with this function, especially for big cells

    """----Conversions of types for C++"""
    r1 = create_c_array(rprimd[0], float)
    r2 = create_c_array(rprimd[1], float)
    r3 = create_c_array(rprimd[2], float)

    xred1 = (c_float * len(xred))(*[x[0] for x in xred])
    xred2 = (c_float * len(xred))(*[x[1] for x in xred])
    xred3 = (c_float * len(xred))(*[x[2] for x in xred])

    max_npores = 10000;
    ntot = ctypes.c_int32(); npores = ctypes.c_int32()
    l_pxred1 = (c_float * max_npores)(0) #make static arrays fol local points
    l_pxred2 = (c_float * max_npores)(0)
    l_pxred3 = (c_float * max_npores)(0)
    l_npores = (ctypes.c_int32 * max_npores)(0)

    pxred1 = (c_float * max_npores)(0) #make static arrays natoms + npore
    pxred2 = (c_float * max_npores)(0)
    pxred3 = (c_float * max_npores)(0)

    """----Run C++ function"""
    print_and_log("Starting C++ function lib.findpores()...\n")
    # print(r_matrix, r_impurity, step_dec, fine, prec)
    lib.findpores ( check_pore_vol, \
                    max_npores, \
                    byref(ntot),   l_pxred1, l_pxred2, l_pxred3, l_npores, \
                    byref(npores), pxred1,   pxred2,   pxred3,  \
                    natom,         xred1,    xred2,    xred3, \
                    c_float(r_matrix), c_float(r_impurity), c_float(step_dec), c_float(fine), c_float(prec), \
                    r1, r2, r3 )

    print_and_log( "ntot is ", ntot.value)
    print_and_log( "l_npores[0] is ",l_npores[0])

    v = np.zeros((3))
    l_pxred = []
    shift1 = 0; shift2 = 0
    for i_por in range(npores.value):
        l_pxred.append( [] )
        shift2+=l_npores[i_por]    

        for i in range(shift1, shift2):
            v[0] = l_pxred1[i];     v[1] = l_pxred2[i];     v[2] = l_pxred3[i]

            l_pxred[i_por].append( v.copy() )

        shift1 = shift2



    if shift2 != ntot.value: 
        print_and_log( "Error! final shift2 not equal to ntot")

    #print l_pxred[0]

    pxred = [] # only coordinates of pores
    #print pxred1[natom]
    for i in range(npores.value):
        v[0] = pxred1[i+natom]; v[1]= pxred2[i+natom]; v[2] = pxred3[i+natom] #with shift, because first natom elements are coordinates of atoms
        pxred.append( v.copy() )

    #print pxred
    """----End of C++; result is two lists: lpxred - local geometry of all pores, pxred - coordinates of all pores"""


    """ Analyse of pores """
    # st_result = Structure()
    st_result = st_in.new()


    st_result.rprimd = rprimd
 
    targetp = np.array((0.,0.,0.))
    if find_close_to: 
        targetp = np.asarray(find_close_to) #targer point
        print_and_log( "Target point is                        ",targetp)
 
    a = step_dec/fine #the side of little cube formed by the mesh which is used to find spheres inside the pore.
    aaa = a*a*a


    #find most central pore
    if calctype == 'central': #return coordinates of the most central pore
        st_result.name = "central_pore_from "+name 
        center = np.array((0.5,0.5,0.5))#center of cell
        d_min = 100
        for x in pxred:
            d = np.linalg.norm(x - center)
            #print x, x-center, d
            if d < d_min and x[0] <= 0.5 and x[1] <= 0.5 and x[2] <= 0.5:
                d_min = d
                x_min = x
        print_and_log( "The closest pore to the center has coordinates",x_min)
        st_result.xred.append( x_min )


    elif calctype == 'gb': #add impurity at gb
        st_result.name = "gb_pore_from "+name
        d_min = 100; #d2_min = 100
        dt_min =100
        i_min = 0; x_min = np.zeros((3))
        for i, x in enumerate(pxred):
            #print "l_npores ",l_npores[i]
            d = abs(x[0] - gbpos/rprimd[0][0]) #
            #print x[0], d
            if find_close_to:   closer = (np.linalg.norm(targetp - x) < dt_min)
            else:               closer = ( d < d_min ) # and x[1]>0.3 and x[2]>0.3:

            if closer:
                x_pre = x_min
                i_pre = i_min
                d_min = d
                dt_min = np.linalg.norm(targetp - x)
                x_min = x
                i_min = i

            #find and add impurity in bulk
            #d2 = abs( x[0] - (gbpos/rprimd[0][0] - 0.25) )
            #if d2 < d2_min: 
            #    d2_min = d2
            #    x2_min = x
            #    i2_min = i

        #print "rprimd[0][0]", rprimd[0][0]
        print_and_log( "Position of boundary is ",gbpos/rprimd[0][0])
     
        #x_min[0] = gbpos/rprimd[0][0]
        if find_close_to: print_and_log( "The closest pore to the target point is [ %.2f  %.2f  %.2f ]"%(x_min[0], x_min[1], x_min[2]))
        else: print_and_log( "The closest pore to the gb has coordinates",x_min)
        st_result.xred.append( x_min )
        #st_result.xred.append( x_pre )           
        #Calculate volume of the pore using local balls:
        print_and_log( "The number of pore is ",i_min," ; It has ",l_npores[i_min], "local balls")
        print_and_log( "Volume of pore is ", l_npores[i_min] * a*a*a, " A^3")
        #st_result.xred.extend( l_pxred[i_min] )
        #st_result.xred.extend( l_pxred[i_pre] )   

        #print "The closest pore to the center of bulk has coordinates",x2_min
        #st_result.xred.append( x2_min )           
        #Calculate volume of the pore using local balls:
        #print "The number of bulk pore is ",i2_min," ; It has ",l_npores[i2_min], "local balls"
        #print "Volume of pore is ", l_npores[i2_min] * a*a*a, " A^3";
        #st_result.xred.extend( l_pxred[i2_min] )  
    
    elif calctype == 'grain_vol': #add impurity to volume of grain
        st_result.name = "grain_volume_pore_from "+name
        d2_min = 100
        dt_min = 100
        i_min = 0; x_min = np.zeros((3))
        for i, x in enumerate(pxred):
            #find and add impurity to the  bulk
            d2 = abs( x[0] - (gbpos/rprimd[0][0] - 0.25) )
            
            if find_close_to:   closer = (np.linalg.norm(targetp - x) < dt_min)
            else:               closer = ( d2 < d2_min ) # and x[1]>0.3 and x[2]>0.3:

            if closer:
                dt_min = np.linalg.norm(targetp - x)
                d2_min = d2
                x2_min = x
                i2_min = i

        if find_close_to: print_and_log( "The closest pore to the target point is [ %.2f  %.2f  %.2f ]"%(x2_min[0], x2_min[1], x2_min[2]))
        else:             print_and_log( "The closest pore to the center of bulk has coordinates",x2_min)
        st_result.xred.append( x2_min )           
        #Calculate volume of the pore using local balls:
        print_and_log( "The number of bulk pore is ",i2_min," ; It has ",l_npores[i2_min], "local balls")
        print_and_log( "Volume of pore is ", l_npores[i2_min] * a*a*a, " A^3")
        st_result.xred.extend( l_pxred[i2_min] )  

    elif calctype == 'all_local':
        st_result.name = "all_local_points_from "+name
        v_max = 0
        i_max = 0
        for i in range(npores.value):
            v_pore = l_npores[i] * aaa
            print_and_log(  "Volume of pore is ", l_npores[i] * aaa, " A^3")
            if v_pore > v_max: v_max = v_pore; i_max = i
        print_and_log( "Pore number ", i_max,"has the largest volume ", v_max," A^3")
        # st_result.xred = l_pxred[i_max] # here coordinates of all local points to show geometry of pore with largerst volume
        st_result.xred = [x for group in l_pxred for x in group ] # all pores


    elif calctype == 'all_pores':
        st_result.name = "all_local_pores_from "+name
        st_result.xred = pxred


    st_result.rprimd = rprimd
    st_result.xred2xcart()
    st_result.typat = [1 for x in st_result.xred]
    st_result.ntypat = 1
    st_result.natom = len(st_result.typat)
    st_result.znucl = [200]
    st_ntypat = 1

    return st_result





[docs]def add_impurity(it_new, impurity_type = None, addtype = 'central', calc = [], r_pore = 0.5,
    it_to = '', ise_to = '', verlist_to = [], copy_geo_from = "", find_close_to = (),add_to_version = 0,
    write_geo = True, only_version = None, fine = 4, put_exactly_to = None, check_pore_vol = 0, replace_atom = None, override = False):

    """
    Add impurities in pores.

    Input:
    it_new - name of new structure with impurity
    
    impurity_type - name of impurity from Mendeley table, for example 'C'
    
    addtype - type of adding: ['central',]; 'central' means that impurity 
    will be placed as close to the geometrical center of cell as possible.
    
    it_to , ise_to , verlist_to - completed calculations in which impurity 
    will be added
    
    if 'verlist_to' is empty, function will try to find geometry files in 'geo_folder + struct_des[it_to].sfolder' folder;
    even if 'it_to' is empty it will try to find files in 'geo_folder + struct_des[it_new].sfolder+'/from' ' folder.
    'ise_to' also can be empty

    if 'copy_geo_from' is not empty, then programm copy all files from folder 'copy_geo_from' to 
    folder 'geo_folder + struct_des[it_to].sfolder+"/"+it_to' or  'geo_folder + struct_des[it_new].sfolder+"/from" '  

    'find_close_to' is tuple of three reduced coordinates of point close to which you want to find impurity. If empty - ignored; 

    'add_to_version' is integer number added to each 'verlist_to' number to produce ver_new.
    
    'only_version' - if == [v,], then instertion will be provided only for v. If None insertion will be made in all found versions

    If you want to add impurity to relaxed structure ...

    'fine' - integer number; allows to reduce number of small steps for defining center


    Possible addtype's:
    'central' - add one atom to the pore which is most close to  the center of the cell but with reduced coordinates less than 0.5 0.5 0.5
    'all_pore'  - add atoms in every found pore
    'all_local' - add atoms to every local point which allows to visualise topology of pores.
    'gb' - uses self.gbpos and places atom close to this value assuming that it will be at gb
    'grain_vol' - uses self.gbpos and assuming that cell contains two gb and two equal grains, places atom close to the centre of grain; y and z can be arbiratry


    put_exactly_to - will add impurity to this point 
    find_close_to - will try to find closest void and insert pore here.

    check_pore_vol - allows to estimate volume of pores; has problems for big cells

    replace_atom - if not None, than the specified atom is substituted


    Side effects: creates new geometry folder with input structures; 

    """

    struct_des = header.struct_des

    def test_adding_of_impurities(added, init, v):
        """
        Can be used only inside add_impurity()
        Replicates the structure and find again pores
        """
        global natoms_v1
        if added == None: return
        if v == 1: #TEST
            
            natoms_v1 = len(added.init.xcart) # for test 
            st_rep_after  = added.init.replic( (1,2,1) )

            rep = copy.deepcopy(init)

            rep.init = rep.init.replic( (1,2,1) );   
            #print rep
            rep = add(znucl, "", rep, write_geo = False)
            #print rep
            #print "xcart of replic after adding ", st_rep_after.xcart
            #print "xcart of adding to    replic ", rep.init.xcart
            if len(st_rep_after.xcart) != len(rep.init.xcart): raise RuntimeError
            p = 0
            #for x2 in st_rep_after.xcart:
            #    print x2
            for x in rep.init.xcart:
                a = any(  ( np.around(x2, p) == np.around(x, p) ).all() for x2 in st_rep_after.xcart   )
                #b = any(  ( np.ceil(x2, p)   == np.ceil(x, p)  ).all()  for x2 in st_rep_after.xcart   )
                #c = any(  ( np.floor(x2, p)  == np.floor(x, p) ).all()  for x2 in st_rep_after.xcart   )
                #print a, b, c
                #np.concatenate(a, b, c):
                if not a:
                    print_and_log( "Error! Can't find ", np.around(x,3), "in replic  ")
                    raise RuntimeError

            #assert all([ all( np.around(v1, 8) == np.around(v2, 8) ) for (v1, v2) in zip(st_rep_after.xcart, rep.init.xcart) ])
            print_and_log( "add_impurity: test succesfully done")

        if natoms_v1 != len(added.init.xcart): print_and_log("You have different number of pores in different versions\n");  raise RuntimeError
        return
    


    def add(znucl, xyzpath = "", new = None, write_geo = True, put_exactly_to = None):
        "if put_exactly_to is True, then atom just added and nothing are searched"


        if write_geo and os.path.exists(new.path["input_geo"]) and not override:
            print_and_log("add: File '"+new.path["input_geo"]+"' already exists; continue\n", imp = 'Y');
            return new

        #new.init = return_atoms_to_cell(new.init)
        if replace_atom:
            #atom substitution
            if znucl not in new.init.znucl:
                new.init.znucl.append(znucl)
                new.init.ntypat+=1
                new.init.typat[replace_atom] = new.init.ntypat
            else:
                ind = new.init.znucl.index(znucl)
                new.init.typat[replace_atom] = ind + 1
            new.init.nznucl = []
            for typ in range(1, new.init.ntypat+1):
                new.init.nznucl.append(new.init.typat.count(typ) )



        else:
            new_before = copy.deepcopy(new)
            
            # new.init.xcart[-2][0]-=0.9 #was made once manually for c1gCOi10.1
            # new.init.xcart[-2][2]+=0.2
            # new.init.xred = xcart2xred(new.init.xcart, new.init.rprimd)
            write_xyz(new.init)
            #step = 0.042
            step = 0.06
            #r_pore = 0.56
            #fine = 0.3 # for visualisation of pores
            #fine = 4   #controls small steps; the steps are smaller for larger numbers
            #r_pore = 0.54
            prec = 0.004 # precision of center Angs
            if new.hex_a == None:
                r_mat = 1.48 -step
            else:
                r_mat = new.hex_a / 2 - step

            if put_exactly_to:
                pores_xred = [np.array(put_exactly_to),]
                print_and_log( 'Inmpurity just put in ', pores_xred, imp = 'Y')
            else:
                pores = find_pores(new.init, r_mat, r_pore, step, fine, prec,  addtype, new.gbpos, find_close_to, check_pore_vol) #octahedral
                pores_xred = pores.xred
            


            npores = len(pores_xred)
            
            st = new.init

            #delete last oxygen; was made once manually for c1gCOi10.1
            # st.natom-=1
            # del st.xred[-1]
            # del st.typat[-1]




            st.natom += npores
            st.xred.extend( pores_xred )

            if znucl in st.znucl:
                print_and_log( "znucl of added impurity is already in cell")
                ind = st.znucl.index(znucl)
                typat = ind+1
                st.nznucl[ind]+=npores
            else:
                st.ntypat +=1
                typat = st.ntypat
                st.znucl.append( znucl )
                st.nznucl.append( npores )



            for i in range( npores  ):
                st.typat.append( typat )



            st.xred2xcart()

            new.init = st

            #print "Add impurity: len(xred ", len(new.init.xred)
            #print "natom", new.init.natom


            #For automatisation of fit
            try: 
                #new.build
                if new.build.nadded == None:      new.build.nadded=npores
                else: new.build.nadded+=npores
                if new.build.listadded == [None]: new.build.listadded = range(new.natom - npores, new.natom) #list of atoms which were added
                else: new.build.listadded.extend( range(new.natom - npores, new.natom) )
                #print "Warning!!! Information about added impurities rewritten"
            except AttributeError: 
                pass

            #new.init.znucl = new.znucl
            #new.init.typat = new.typat
            
            #write_xyz(replic(new.init, (2,1,2))  , xyzpath)

            #test_adding_of_impurities(new, new_before, v)

            print_and_log("Impurity with Z="+str(znucl)+" has been added to the found pore in "+new.name+"\n\n")
            




        if write_geo:
            write_xyz(new.init , xyzpath)
            new.write_geometry("init",new.des, override = override)

        print_and_log( "\n")


        return new

    """0.Begin----------------------------------------------------------------------------"""

    znucl = element_name_inv(impurity_type)


    if impurity_type != 'octa' and impurity_type not in it_new:
        print_and_log("add_impurity: Your name 'it_new' is incorrect!\n\n")
        raise RuntimeError
    #del header.history[-2]
    #
    
    #hstring = ("add_impurity('%s', '%s', '%s', calc, %.3f, '%s', '%s', %s, '%s')  #at %s" %
    #    (it_new, impurity_type, addtype, r_pore,
    #        it_to, ise_to, verlist_to, copy_geo_from,
    #     datetime.date.today() ) )
    
    hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
    if hstring != header.history[-1]: header.history.append( hstring  )


    #geo_exists = 
    





    """1. The case of insertion to existing calculations--------------------------------------------------"""

    if verlist_to:         

        for v in verlist_to:
            if only_version and v not in only_version: continue # only_version = None works for all versions 
            id = (it_to, ise_to, v)
            new = copy.deepcopy(calc[id])

            new.init = new.end #replace init structure by the end structure

            new.version = v+add_to_version
            new.name = it_new#+'.'+id[1]+'.'+str(id[2])
            new.des = 'Obtained from '+str(id)+' by adding '+impurity_type+' impurity '
            path_new_geo = struct_des[it_new].sfolder+"/"+it_new+"/"+it_new+'.imp.'+addtype+'.'+str(new.version)+'.'+'geo'
            new.init.name = it_new+".init."+str(new.version)
            xyzpath = struct_des[it_new].sfolder+"/"+it_new
            
            new.path["input_geo"] = geo_folder+path_new_geo
            
            print_and_log("File '"+new.path["input_geo"] +"' with impurity will be created\n");
            #new.init.name = 'test_before_add_impurity'

            new = add(znucl, xyzpath, new, write_geo, put_exactly_to = put_exactly_to)

            



        """2. The case of insertion to geo files------------------------------------------------------------"""
    else:     

        """ Please rewrite using new functions """

        print_and_log("You does not set 'id' of relaxed calculation. I try to find geometry files in "+it_new+" folder\n")

        if it_to:       geo_path = geo_folder + struct_des[it_to].sfolder  + "/" + it_to
        else:           geo_path = geo_folder + struct_des[it_new].sfolder + "/" + it_new+'/from'
        if copy_geo_from:
            print_and_log("You asked to copy geo files from "+copy_geo_from+" to " +geo_path+ " folder\n") 
            #if not os.path.exists(os.path.dirname(geo_path)): 
            runBash( "mkdir -p "+geo_path ) 
            runBash( "cp "+copy_geo_from+"/* "+geo_path  )




        if os.path.exists(geo_path):
            print_and_log("Folder '"+geo_path +"' was found. Trying to add impurity\n");
        else:
            print_and_log("Error! Folder "+geo_path+" does not exist\n"); raise RuntimeError

        #geofilelist = glob.glob(geo_path+'/*.geo*') #Find input_geofile
        #geofilelist = runBash('find '+geo_path+' -name "*grainA*.geo*" ').splitlines()
        #geofilelist = runBash('find '+geo_path+' -name "*.geo*" ').splitlines()
        geofilelist = glob.glob(geo_path+'/*.geo*')
        print_and_log( "There are several files here already: ", geofilelist, imp = 'y' )
        #print 'find '+geo_path+' -name "*.geo*" ',geofilelist
        #return


        for input_geofile in geofilelist:

            v = int( runBash("grep version "+str(input_geofile) ).split()[1] )
            
            if only_version and v not in only_version: continue # only_version = None works for all versions 
            
            new = CalculationVasp()
            new.version = v
            new.name = input_geofile
            
            

            new.read_geometry(input_geofile)
            init = copy.deepcopy(new)
            
            igl = input_geofile.split("/")
            #new.name = igl[-3]+'/'+igl[-3] #+input_geofile
            new.name = struct_des[it_new].sfolder+"/"+it_new+"/"+it_new
            print_and_log( "New path and part of name of file is ", new.name, imp = 'Y')
            #return
            new.des = 'Obtained from '+input_geofile+' by adding '+impurity_type+' impurity '
            #new.init.xred   = new.xred
            #new.init.rprimd = new.rprimd

            #print new.rprimd
            new.init.name = new.name+'.imp.'+addtype+'.'+str(new.version)
            #new.path["input_geo"] = geo_folder+it_new+"/"+new.end.name+'.'+'geo'
            new.path["input_geo"] = geo_folder+"/"+new.init.name+'.'+'geo'
            #new.init.name = 'test_before_add_impurity'
            
            new = add(znucl, "", new, write_geo, put_exactly_to = put_exactly_to)



    return new.path["input_geo"] #return for last version







[docs]def insert_cluster(insertion, i_center, matrix, m_center):
    """
    Take care of orientation; typat should be consistent
    Input:
    insertion -  object of class Structure(), which is supposed to be inserted in matrix
    in such a way that i_center will be combined with m_center.
    matrix - object of class Structure().
    i_center, m_center - numpy arrays (3) cartesian coordinates
    """
    ins = copy.deepcopy(insertion)
    mat = copy.deepcopy(matrix)
    r = mat.rprimd



    hproj = [ (r[0][i]+r[1][i]+r[2][i]) * 0.5 for i in (0,1,2) ] #projection of vectors on three axis
    if 1:
        for i, x in enumerate(ins.xcart):
            ins.xcart[i] = x - i_center

        for i, x in enumerate(mat.xcart):
            mat.xcart[i] = x - m_center

    max_dis = 1
    for i_x, ix in enumerate(ins.xcart):
        dv_min = max_dis
        print_and_log( "Insertion atom ",ix,)
        if 1:
            for j, mx in enumerate(mat.xcart):
                dv = mx - ix
                for i in 0,1,2:
                    if dv[i] >  hproj[i]: dv = dv - mat.rprimd[i] #periodic boundary conditions - can be not correct (in the sense that closest image can lie not 100 % in the neighbourhood image cell ) for oblique cells and large absolute values of dv 
                    if dv[i] < -hproj[i]: dv = dv + mat.rprimd[i]
                
                len1 = np.linalg.norm(dv)
                len2, second_len2 = mat.image_distance(mx, ix, r, 1) #check len1
                

                #print "Lengths calculated with two methods ", len1, len2
                len1 = len2 #just use second method
                #assert np.around(len1,1) == np.around(len2,1)

                if len1 < dv_min: 
                    dv_min = len1;   
                    j_r = j # number of matrix atom to replace





        if 1:
            #Modify to replace overlapping atoms 
            if dv_min == max_dis:
                print_and_log( " is more far away from any matrix atom than ",dv_min," A; I insert it")
                # mat.xcart.append( ix )
                # print_and_log( 'type of added atom is ', ins.typat[i_x])
                # mat.typat.append( ins.typat[i_x]   )
                mat = mat.add_atom(xc = ix, element = ins.get_elements()[i_x] )



            else:        
                print_and_log( "will replace martix atom", mat.xcart[j_r] )
                mat.xcart[j_r] = ix.copy()
    






    mat.rprimd = r
    mat.xcart2xred()
    mat.natom = len(mat.xcart)
    mat.name = 'test_of_insert'
    st = mat
    # print(st.natom, len(st.xcart), len(st.typat), len(st.znucl), max(st.typat) )
    # write_xyz(mat)
    mat = mat.return_atoms_to_cell()
    mat.write_poscar()
    return mat

    #write_xyz(mat)


[docs]def make_interface(main_slab, m_xc, second_slab, s_xc):
    """
    Make interfaces
    Both slabs should have close sizes along x and y and should be oriented correctly
    
    Input:
    main_slab (Structure) - slab
    second_slab (Structure) - slab, scaled to coincide with the main slab
    m_xc, s_xc (array(3)) - cartesian coordinates of pointis in main_slab and secondary slab to be combined
    

    Return Slab with interface and scaled second slab
    """
    ins = copy.deepcopy(second_slab)
    mat = copy.deepcopy(main_slab)


    if 1:
        #scale insertion
        mr = mat.rprimd_len()
        ir = ins.rprimd_len()
        print('Matrix vlength', mr)
        print('Insert vlength', ir)
        x_scale = mr[0]/ ir[0]
        y_scale = mr[1]/ ir[1]

        print('Scaling factors', x_scale, y_scale)

        # print('i_center', i_center)

        ins.rprimd[0] = ins.rprimd[0]*x_scale
        ins.rprimd[1] = ins.rprimd[1]*y_scale
        ir = ins.rprimd_len()
        s_xred = xcart2xred([s_xc], ins.rprimd)[0]
        print('Insert vlength after scaling', ir)

        ins.update_xcart()
        # ins.xcart2xred()
        ins_sc = ins.copy()
        ins_sc.name+='_scaled'

        s_xc = xred2xcart([s_xred], ins.rprimd)[0]
     
        # print('i_center', i_center)



    if 1:
        for i, x in enumerate(ins.xcart):
            ins.xcart[i] = x - s_xc

        for i, x in enumerate(mat.xcart):
            mat.xcart[i] = x - m_xc

    for i_x, ix in enumerate(ins.xcart):

        mat = mat.add_atom(xc = ix, element = ins.get_elements()[i_x] ) 


    mat.xcart2xred()
    mat.natom = len(mat.xcart)
    mat.name += 'inteface'
    mat = mat.return_atoms_to_cell()
    mat = mat.shift_atoms([0,0,0.5])

    return mat, ins_sc






[docs]def make_interface2(st1, st2, shift, mesh = [5,5], oxi = {}, at_fixed = [], mode = "top", tol = 0.05):
    """
    Creates interface from two input structures

    INPUT:
    st1 (Structure) - main input structure 
    st2 (Structure) - appending input structure 
    thickness (float) - remaining thickness of vacuum  
    shift (float array) - shift atoms along axis 
    tol (float) - relative difference between two steps with different meshes 
    mode (str) - type of interfaces or interfaces that will be returned 
        'top' - returns one structure that was made from highest atoms from st1 and lowest atom from st2 
        'min' - returns

    'min' mode requires these arguments:
        mesh (int array) - mesh in AB plane to find a structure with lowest Ewald energy
        oxi (float dic) - dictionary oxidation states. Look siman.geo.make_neutral() for more details 
            E.g {"Li": 1, "La": 2, "Zr":4, "O": -1}
        at_fixed (string array) - atoms with fixed oxidation states 

    RETURN:
        interface and new structure st2. 

    author - A. Burov 

    """
    from pymatgen.analysis.ewald import EwaldSummation

    st1 = copy.deepcopy(st1)
    st2 = copy.deepcopy(st2)
    st1_tmp = copy.deepcopy(st1)
    st2_tmp = copy.deepcopy(st2)

    st1_tmp = st1_tmp.remove_vacuum()
    st2_tmp = st2_tmp.remove_vacuum()
    z1 = st1_tmp.rprimd[2][2]
    z2 = st2_tmp.rprimd[2][2]
    st2 = st2.add_vacuum(vector_i = 2, thickness = z1 - z2)

    z_coord1 = [x[-1] for x in st1.xcart]
    z_coord2 = [x[-1] for x in st2.xcart]
    z1_max = [x for _, x in sorted(zip(z_coord1, range(st1.natom)))][-1]
    z2_min = [x for _, x in sorted(zip(z_coord2, range(st2.natom)))][0]

    block_print()
    interface, li_super_new = make_interface(st1, st1.xcart[z1_max], st2, st2.xcart[z2_min]+shift)
    interface = interface.remove_vacuum(thickness = abs(shift[-1]))
    z3 = interface.rprimd[2][2]
    enable_print()

    structures = []
    if (mode == "min"):
        print("Finding structure with minimal Ewald energy")
        shift_x = interface.rprimd[0][0] / mesh[0]
        shift_y = interface.rprimd[1][1] / mesh[1]

        en_min = 1e20
        diff = 1.0
        itr = 0

        while (diff > tol):
            en_prev = en_min
            en_min = 1e20
            itr += 1 
            for x in range(mesh[0]):
                for y in range(mesh[1]):
                    block_print()
                    interface_c = copy.deepcopy(interface)

                    for xc in interface_c.xcart:
                        if (xc[2] > z3 - z2  + (z1 - z2)):
                            xc[0] += shift_x * x
                            xc[1] += shift_y * y

                    interface_c.update_xred()
                    interface_c = interface_c.return_atoms_to_cell()
                    interface_c = interface_c.make_neutral(oxidation = oxi, at_fixed = at_fixed, mode = 'equal',
                                                            silent = 1, return_oxidation = 0)

                    en = EwaldSummation(interface_c)
                    en = en.total_energy
                    if (en < en_min) and (x != 0) and (y != 0):
                        en_min = en
                        move_x = x
                        move_y = y
                    enable_print()
                    print(en)
                 
            diff = abs((en_min - en_prev) / max(abs(en_min), abs(en_prev)))
            shift_x /= 2
            shift_y /= 2
            print("Interation: {}, difference: {}".format(itr, diff))
        
        block_print()
        interface_c = copy.deepcopy(interface)

        for xc in interface_c.xcart:
            if (xc[2] > z3 - z2  + (z1 - z2)):
                xc[0] += shift_x * x
                xc[1] += shift_y * y

        interface_c.update_xred()
        interface_c = interface_c.return_atoms_to_cell()
        enable_print()
        
    else:
        pass

    if (mode == "top") or (mode == "min"):
        return interface_c, li_super_new
    else:
        raise ValueError("Wrong mode, check function's description.")






[docs]def insert(it_ins, ise_ins, mat_path, it_new, calc, type_of_insertion = "xcart" ):
    """For insertion of atoms to cells with changed lateral sizes
    Input:
    'type_of_insertion = xred' used to add xred coordinates  
    mat_path - path to geo files which are supposed to be changed
    it_ins - already existed calculation; xred will be used from this calculation.
    it_new - new folder in geo folder for obtained structure
    
    This function finds version of calculation in folder mat_path and tries to use the same version of it_ins

    """
    if not os.path.exists(mat_path):
        print_and_log("Error! Path "+mat_path+" does not exist\n\n")
        raise RuntimeError

    if it_ins not in mat_path and it_ins not in it_new: 
        print_and_log('Cells are', it_ins, mat_path, it_new)
        print_and_log("Error! you are trying to insert coordinates from cell with different name\n\n")
        #raise RuntimeError       

    hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
    if hstring != header.history[-1]: header.history.append( hstring  )

    geofilelist = runBash('find '+mat_path+'/target -name "*.geo*" ').splitlines()
    
    if geofilelist == []:
        print_and_log("Warning! Target folder is empty. Trying to find in root folder ...")
        geofilelist = runBash('find '+mat_path+'/ -name "*.geo*" ').splitlines()

    ins = None
    for mat_geofile in geofilelist:
        mat = CalculationVasp()
        mat.name = mat_geofile
        mat.read_geometry(mat_geofile)
        #step = 0.27
        #r_pore = 0.56
        #r_mat = mat.hex_a / 2 - step
        #pores = find_pores(mat.init, r_mat, r_pore, step, 0.3, 'central') #octahedral
        #mat.xcart.append ( pores.xcart[0] )
        #mat.typat.append(1)
        try:
            ins_working = ins
            ins = calc[(it_ins, ise_ins, mat.version)]
        except KeyError: 
            print_and_log( "No key", (it_ins, ise_ins, mat.version), "I use previous working version !!!", imp = 'y' )
            ins = ins_working
            #return
        #ins.end.znucl = ins.znucl
        #ins.end.nznucl = ins.nznucl
        #ins.end.ntypat = ins.ntypat
        #ins.end.typat = ins.typat
        #print ins.xcart[-1]
        mat_geopath = geo_folder+struct_des[it_new].sfolder + '/'

        if type_of_insertion == "xcart":
            #Please update here!
            mat_filename = '/'+it_new+"."+"inserted."+str(mat.version)+'.'+'geo'
            
            v = np.zeros(3)
            result = insert_cluster(ins.end, v, mat.init, v )
            mat.end = result
            mat.init = result
            # mat.znucl  =   mat.end.znucl
            # mat.nznucl =   mat.end.nznucl
            # mat.ntypat =   mat.end.ntypat
            # mat.typat  =   mat.end.typat
            # mat.natom = len(mat.end.xred)    
            #mat.version = ins.version
            des = ins.name+" was inserted to "+mat_geofile
        
        elif type_of_insertion == "xred":

            mat_filename = '/from/'+it_new+".xred."+str(mat.version)+'.'+'geo'
          
            #mat.end.rprimd = mat.rprimd
            #mat.init.xred  = copy.deepcopy(ins.end.xred)
            #mat.init.typat = copy.deepcopy(ins.end.)
            #print ins.end.xcart
            rprimd   = copy.deepcopy(mat.init.rprimd)
            #build    = mat.build
            mat.init = copy.deepcopy(ins.end)
            #mat.build = build
            mat.init.rprimd = rprimd #return initial rprimd
            mat.init.xred2xcart() #calculate xcart with new rprimd
          
            des = "atoms with reduced coord. from "+ins.name+" was fully copied to "+mat_geofile
            mat.init.name = 'test_insert_xred'+str(mat.version)
            write_xyz(mat.init)


        mat.path["input_geo"] = mat_geopath + it_new + mat_filename
        if not mat.write_geometry("init",des): continue
        print_and_log("Xred from "+it_ins+" was inserted in "+mat_geofile+" and saved as "+mat_filename+" \n\n")

    return

    





[docs]def determine_voids(st, r_impurity, fine = 1, step_dec = 0.05):

    if not r_impurity:
        printlog('add_neb(): Error!, Please provide *r_impurity* (1.6 A?)')


    sums = []
    avds = []
    printlog('Searching for voids', important = 'y')
    st_pores = find_pores(st, r_matrix = 0.5, r_impurity = r_impurity, step_dec = step_dec, fine = fine, calctype = 'all_pores')

    printlog('List of found voids:\n', np.array(st_pores.xcart) )
    write_xyz(st.add_atoms(st_pores.xcart, 'H'), file_name = st.name+'_possible_positions')
    write_xyz(st.add_atoms(st_pores.xcart, 'H'), replications = (2,2,2), file_name = st.name+'_possible_positions_replicated')

    for x in st_pores.xcart:
        # summ = local_surrounding(x, st, n_neighbours = 6, control = 'sum', periodic  = True)
        # avd = local_surrounding(x, st, n_neighbours = 6, control = 'av_dev', periodic  = True)
        summ, avd = local_surrounding2(x, st, n_neighbours = 6, control = 'sum_av_dev', periodic  = True)
        # print (summ, avd)
        
        sums.append(summ)
        avds.append(avd[0])
    # print
    sums = np.array(sums)
    avds  = np.array(avds).round(0)

    print_and_log('Sum of distances to 6 neighboring atoms for each void (A):\n', sums, imp ='y')
    print_and_log('Distortion of voids (0 - is symmetrical):\n', avds, imp ='y')
    
    return st_pores, sums, avds


[docs]def determine_unique_voids(st_pores, sums, avds):
    crude_prec = 1 # number of signs after 0


    sums_crude = np.unique(sums.round(crude_prec))



    print_and_log('The unique voids based on the sums:', 
        '\nwith 0.01 A prec:',np.unique(sums.round(2)),
        '\nwith 0.1  A prec:',sums_crude,
        imp ='y')
    print_and_log('Based on crude criteria only', len(sums_crude),'types of void are relevant', imp = 'y') 


    insert_positions = []
    start_table = []
    for i, s in enumerate(sums_crude):
        index_of_first =  np.where(sums.round(crude_prec)==s)[0][0]

        start_table.append([i,  st_pores.xcart[index_of_first].round(2), index_of_first,
        avds[index_of_first], sums[index_of_first]     ])

        insert_positions.append( st_pores.xcart[index_of_first] )

    print_and_log( tabulate(start_table, headers = ['void #', 'Cart.', 'Index', 'Dev.', 'Sum'], tablefmt='psql'), imp = 'Y' )
    
    return insert_positions


[docs]def insert_atom(st, el, i_void = None, i_void_list = None, r_imp = 1.6, ):
    """Simple Wrapper for inserting atoms 

    i_void (int) has higher priority than i_void_list
    
    return st_new, i_add, sts_by_one
        st_new - all positions are filled 
        i_add - the number of last inserted atom
        sts_by_one - list of structures with only one inserted atom in all found positions


    """


    r_impurity = r_imp
    st_pores, sums, avds = determine_voids(st, r_impurity)

    insert_positions = determine_unique_voids(st_pores, sums, avds)

    printlog('To continue please choose *i_void* from the list above', imp = 'y')


    # st.name = st.name.split('+')[0]

    if i_void:
        i_void_list = [i_void]

    if i_void_list is None:
        i_void_list = list(range(len(insert_positions)))
        printlog('No i_void was provided, I insert all', imp = 'y')

    st_new = st.copy()
    sts_by_one = []
    for i in i_void_list:
        xc = insert_positions[i]
        
        st_new, i_add = st_new.add_atoms([xc], el, return_ins = True)
        st_one, _ = st.add_atoms([xc], el, return_ins = True)
        st_one.name+='+'+el+str(i)
        sts_by_one.append(st_one)

        st_new.name+='+'+el+str(i)
        st_new.des+=';Atom '+el+' added to '+ str(xc)
    
    printlog(st.des, imp = 'y')

    st_new.write_poscar()
    st_new.magmom = [None]

    return st_new, i_add, sts_by_one








          

      

      

    

  

    
      
          
            
  Source code for siman.inout

#Copyright Aksyonov D.A
from __future__ import division, unicode_literals, absolute_import 
import os, io, re, math, sys
from csv import reader

import numpy  as np
try:
    import pandas as pd 
except:
    print('inout.py: Cant import pandas')

try:
    from tabulate import tabulate 
except:
    print('inout.py: Cant import tabulate')



from siman import header
from siman.header import printlog, runBash, plt
from siman.functions import element_name_inv, unique_elements, smoother
from siman.small_functions import makedir, is_list_like, list2string, red_prec
from siman.small_classes import empty_struct
from siman.geo import local_surrounding, replic



[docs]def read_csv(filename, delimiter =','):
    with open(filename, 'r') as read_obj:
        # pass the file object to reader() to get the reader object
        csv_reader = reader(read_obj, delimiter = delimiter)
        # Pass reader object to list() to get a list of lists
        list_of_rows = list(csv_reader)
        # print(list_of_rows)
    return list_of_rows



[docs]def read_xyz(st, filename, rprimd = None):
    """
    Read xyz file into st

    rprimd (list of lists) - if None or [None, ] then Tv are read; if Tv does not exist then create automatically 

    """
    with open(filename,'r') as f:
        nlines = int(f.readline())
        st.name = f.readline().strip()
        
        # try:
        if 'SG' in st.name:
            printlog('Error! Space group record detected in xyz, please finish code', imp = 'Y')
            # st.name.split('SG')


        elements = []
        st.xcart = []
        st.rprimd = []
        for i in range(nlines):
            xc = f.readline().split()
            if len(xc) == 0:
                printlog('Warning! xyz file is broken, not enough lines')
                break

            if 'Tv' in xc[0]: 
                st.rprimd.append(np.asarray(xc[1:], dtype = float) )

            else:
                elements.append(xc[0])
                st.xcart.append(np.asarray(xc[1:], dtype = float) )

        st.natom = len(st.xcart)
        


        

    st.znucl = [element_name_inv(el) for el in unique_elements(elements)]
    

    elements_z = [element_name_inv(el) for el in elements]
    st.typat = []
    for z in elements_z:
        st.typat.append( st.znucl.index(z)+1 )

    st.ntypat = len(st.znucl)


    # print(st.rprimd)
    if rprimd is None or any(x is None for x in rprimd) or len(rprimd) != 3:
        printlog('None detected in *rprimd*, I use vectors from xyz file')
        if len(st.rprimd) != 3:
            printlog('Only these primitive vectors were found in xyz :\n', np.round(st.rprimd, 3), '\nI take rest from *rprimd*', imp ='y')
            if rprimd:
                for r in rprimd:
                    if is_list_like(r):
                        st.rprimd.append(r)
            else:
                printlog('Error! Please provide vector in *rprimd*')





    else:
        
        printlog('I use vectors from *rprimd*')
        st.rprimd = rprimd

    if len(st.rprimd) != 3:
        printlog('Error! Check *rprimd* or Tv in xyz')


    if st.get_volume() < 0:
        printlog('Warning! rprimd gives negative volume, I exchange vectors 2 and 3', imp = 'y')
        t = st.rprimd[1]
        st.rprimd[1] = st.rprimd[2]
        st.rprimd[2] = t
        if st.get_volume() < 0:
            printlog('Error! still negative volume, check your primitive vectors', imp = 'y')
        st.tmap = [1,3]
    else:
        st.tmap = [1,2]

    printlog('Final rprimd = \n', np.round(st.rprimd, 3), imp = 'y')



    st.nznucl = st.get_nznucl()

    st.recip = st.get_recip()

    st.update_xred()

    st.reorder_for_vasp(inplace = True)

    # print(st.perm)
    return st



[docs]def read_poscar(st, filename, new = True):
    # from classes import Structure
    #read poscar
    selective_dynamics = None

    elements_list = []

    # st = Structure()
    
    if new:
        st.name = os.path.basename(filename).replace('POSCAR', '').replace('CONTCAR', '')
    
    try:
        if '.' in st.name[-1]:
            st.name = st.name[0:-1]
    except:
        pass


    with open(filename,'r') as f:
        name = f.readline().strip()
        
        if new:
            st.des = name
        # print self.name, "self.name"


        # st.name = self.name
        # print(f.readline())
        mul_str = f.readline()
        # print(filename)
        # print(name)
        # print(mul_str)
        # sys.exit()
        mul = float( mul_str.split('!')[0] )
        # print 'mul', mul


        st.rprimd = []
        for i in 0, 1, 2:
            vec = f.readline().split()
            st.rprimd.append( np.asarray([float(vec[0])*mul, float(vec[1])*mul, float(vec[2])*mul]) )

        st.nznucl = []

        ilist = f.readline().split() #nznucl of elements?
        
        try:
            int(ilist[0])
            vasp5 = False
        except:
            vasp5 = True


        if vasp5:
            printlog('Vasp5 detected')
            for el in ilist:
                elements_list.append(el)
            printlog('elements_list:', elements_list)

            ilist = f.readline().split()
        else:
            printlog('Vasp4 detected')


        
        for z in ilist:
            st.nznucl.append( int(z)  )


        temp_line = f.readline()

        if temp_line[0] in ['s', 'S']:
            printlog('selective dynamics detected') 
            selective_dynamics = True
            temp_line = f.readline()

        type_of_coordinates = temp_line


        st.xred = []

        coordinates = []
        select = []


        if len(elements_list) > 0:
            read_elements = 0
        else:
            read_elements = 1

        for nz in st.nznucl:

            for i in range(nz):
                vec = f.readline().split()
                coordinates.append( np.asarray([float(vec[0]), float(vec[1]), float(vec[2])]) )

                if read_elements and len(vec) == 4: # elements may be added by pymatgen
                    # printlog("Probably elements names are added at the end of coordinates, trying to read them")
                    if vec[3] not in elements_list:
                        elements_list.append(vec[3])
                
                if selective_dynamics:
                    # convert 'T'/'F' to True/False
                    flagset = [True, True, True]
                    for fi, flag in enumerate(vec[3:6]):
                        if flag == 'F':
                            flagset[fi] = False
                    # print(flagset)
                    select.append(flagset)


        velocities = []
        newline = f.readline() # if velocities are available - they are separated by one new line
        vel1 = f.readline()
        # print(vel1)
        if vel1:
            #usually vasp return zero velocities, which are not needed, skip them
            vec = vel1.split()
            vel_vec = np.asarray([float(vec[0]), float(vec[1]), float(vec[2])])
            vellen = abs(np.linalg.norm(vel_vec))
            # print(vellen)
        if vel1 and vellen > 1e-12:
            vec = vel1.split()
            velocities.append( np.asarray([float(vec[0]), float(vec[1]), float(vec[2])]) )
            printlog('Reading velocities from POS/CONT-CAR', imp = 'y')
            for i in range(len(coordinates)-1): # vel for first atom is already read
                vec = f.readline().split()
                velocities.append( np.asarray([float(vec[0]), float(vec[1]), float(vec[2])]) )
            st.vel = velocities

            newline = f.readline() # new empty line between blocks
            start = f.readline() # something appears after velocity
            if start:
                printlog('Reading predictor-corrector from POS/CONT-CAR', imp = 'y')
                predictor = start+f.read()
                # print(predictor)
                # sys.exit()
                st.predictor = predictor





        st.select = select

        if "Car" in type_of_coordinates or 'car' in type_of_coordinates:
            st.xcart  = coordinates
            st.update_xred()

            
        elif "dir" in type_of_coordinates or 'Dir' in type_of_coordinates:
            st.xred  = coordinates
            st.update_xcart()

        elif 'None' in type_of_coordinates:
            pass

        else:
            printlog("Error! The type of coordinates should be 'car' or 'dir' ")
            raise NameError



        if 'Species order:' in name:
            printlog('I detect that input file was generated by cif2cell\n')
            name = name.split(':')[-1]


        if not elements_list:
            elements_list = name.split('!')[0].strip().split()
            printlog('I take elements from the first line, The line is '+str(name.split('!'))+' you could use ! to add comment after name+\n')
            # print(elements_list)
            if 'i2a' in elements_list[0]:
                printlog('i2a list detected')
                el = elements_list[0].split('[')[-1].replace(']','')
                elements_list = el.split(',')
        else:
            printlog("Elements names have been taken from the end of coordinates, pymatgen file?\n")



        st.znucl = []
        for elname in elements_list:
            st.znucl.append( element_name_inv(elname) )
        # printlog('znucl is ')



        st.natom = len(st.xred)

        st.ntypat = len(st.znucl)

        st.typat = []
        for i, nz in enumerate(st.nznucl):
            for j in range(nz):
                st.typat.append(i+1)

        #Determine reciprocal vectors
        st.recip = st.get_recip()


            # if hasattr(self.init, 'vel'):
            #     print "I write to POSCAR velocity as well"
            #     f.write("Cartesian\n")
            #     for v in self.init.vel:
            #         f.write( '%.12f %.12f %.12f\n'%(v[0]*to_ang, v[1]*to_ang, v[2]*to_ang) )

    printlog('The following Z were read = '+ str(st.znucl)+'\n')


    printlog('VASP POSCAR format', filename, " was read\n")

    return st














[docs]def write_jmol(xyzfile, pngfile, scriptfile = None, atomselection = None, topview = 0, orientation = None,
    axis = False, bonds = True, rprimd = None, shift = None, rotate = None,
    label = None, high_contrast = None, specialcommand = None,
    boundbox = 2, atom_labels = None):
    """
    atomselection - string in gmol format with number of atoms to be nrotateSelected
    topview - additional top view, requires two models in xyz
    orientation - additional rotation
    axis - add axes
    rotate - rotation of all atoms around view axis in degrees
    label (tuple ()) - used for impurities, please decribe
    atom_labels (bool) - turn on atom labels

    
    help:
    frame all - turn on all frames


    """
    if not scriptfile:
        scriptfile = os.getcwd()+'/'+'temporary_jmol_script'
    with open(scriptfile,'w') as f:
        f.write('set frank off\n') #no jmol label
        if bonds:
            f.write('set autobond on\n')

        else:
            f.write('set autobond off\n set bonds off\n')

        f.write('load "'+xyzfile+'"\n')

        # f.write('frame all\n') #no jmol label
        f.write('select all \n') #250
        if 0:
           f.write('cpk 250 \nwireframe 0.3\n') 

        f.write('background white \n')
        # f.write('select Ti* \ncolor [20,120,250] \nselect C* \ncolor [80,80,80]\n cpk 100\n')
        f.write('set perspectivedepth off\n')
        



        if boundbox:
            f.write('set boundbox ' +str(boundbox)+ ' \n')



        # f.write('set specular 85\n set specpower 85\n set diffuse 85\n')
        if high_contrast: #allows to make better view for black and white printing 
            f.write('set ambient 10 \nset specular 95\n set specpower 95\n set diffuse 95\n')



        
        if axis:
            # f.write('set axes 10 \naxes scale 2.5 \n')
            f.write('set axes 10 \naxes scale 2.0 \n')
            f.write('axes labels "X" "Y" "Z" "" \n')
            # f.write('color  axes  red \n')
            f.write('font axes 26 \n')


        if orientation:
            f.write(orientation+'\n')


        if atomselection:
            f.write('select '+atomselection+'\n')
            f.write('color purple    \n')

        if topview:
            f.write('select * /2  \ntranslateSelected 0 '+str(-rprimd[1][1]*shift)+' 0\nrotateSelected X 90\n')
        
            f.write('wireframe 0.1\ncpk 150\nmodel 0\n#zoom 60\n')



        if label:
            j = 1
            name_old = ''
            for i, el in enumerate(label):
                name  = el[0]+el[1]
                if name != name_old: j = 1
                label = str(j)+el[1]
                # print "label",label
                f.write('select '+el[0]+str(i+1)+'\ncpk 200\nset labeloffset 0 0\nset labelfront\ncolor label black\nlabel '+label+'\n font label 24 bold \n')
                j+=1
                name_old = name



        if atom_labels:
            f.write('select all\nset label "%e"\nset labeloffset 0 0\nset labelfront off\ncolor label black\nfont label 18 bold \n')




        if rotate:
            f.write('rotate z '+str(rotate)+'\n')

        if specialcommand:
            f.write(specialcommand+'\n')

        if 1:
            f.write('set displayCellParameters False ;\n')



        
        # f.write('write image 2800 2800 png "'+pngfile+'"')
        f.write('write image 1800 1800 png "'+pngfile+'"')
    
    # print(header.PATH2JMOL)
    # sys.exit()
    printlog( runBash(header.PATH2JMOL+' -ions '+scriptfile) )
    # print runBash('convert '+pngfile+' -shave 0x5% -trim '+pngfile) #cut by 5% from up and down (shave) and that trim left background
    printlog( pngfile )
    printlog( runBash('convert '+pngfile+' -trim '+pngfile)  ) # trim background
    printlog('png file by Jmol',pngfile, 'was written', imp = 'y' )
    # print(header.PATH2JMOL)
    return pngfile



[docs]def write_xyz(st = None, path = None, filename = None, file_name = None,
    include_vectors = True, repeat = 1, shift_2view = 1.0, replications = None, full_cell = False, 
    analysis = None, show_around = None, show_around_x = None,  nnumber = 6, only_elements = None,
    gbpos2 = None, gbwidth = 1, withgb = False, include_boundary = 2,
    imp_positions = [], imp_sub_positions = None,
    jmol = None, 
    # specialcommand = None, # shoud be in jmol_args
    jmol_args = None, sts = None, mcif = 0, suf = ''
    ):
    """Writes st structure in xyz format in the folder xyz/path
    #void are visualized with Pu
    if repeat == 2: produces jmol script
    shift_2view - in rprimd[1][1] - shift of the second view
    gbpos2 - position of grain boundary in A
    gbwidth - atoms aroung gbpos2 will be colored differently

    imp_positions - (x1,x2,x3, element, label)- xcart and element name coordinates additionally to be added to structure; to visulaze all impurity positions: for jmol, additional key 's', 'i' can be added after element
    imp_sub_positions - list of atom numbers; the typat of these atoms is changed: not used now


    analysis - additional processing, allows to show only specifice atoms, 
        'imp_surrounding' - shows Ti atoms only around impurity
        nnumber - number of neighbours to show
        show_around - choose atom number around which to show, from 1
        show_around_x - show atoms around point, has higher priority
        only_elements - see local_surrounding

    replications - list of replications, (2,2,2) 

    full_cell - returns atoms to cell and replicate boundary atoms

    include_vectors (bool) - write primitive vectors to xyz

    jmol - 1,0 -  use jmol to produce png picture
    jmol_args (dict) - arguments to write_jmol see write_jmol()
    mcif - write magnetic cif for jmol


    specialcommand - any command at the end of jmol script
    suf - additional suffix for name

    sts - list of Structure - write several structures to xyz file - other options are not working in this regime
    """

    if jmol_args == None:
        jmol_args = {}

    if st == None:
        st = sts[0]


    if replications:
        st = replic(st, mul = replications, inv = 1 )
  
    def update_var(st):
        if st.natom != len(st.xcart) != len(st.typat) or len(st.znucl) != max(st.typat): 
            printlog( "Error! write_xyz: check your arrays.\n\n"    )

        if st.xcart is [None] :
            printlog( "Warining! write_xyz: len(xcart) != len(xred) making xcart from xred.\n")
            st.xcart = xred2xcart(st.xred, st.rprimd)
            #print xcart[1]

        return st.rprimd, st.xcart, st.xred, st.typat, st.znucl, len(st.xcart)

    
    st = st.copy()
    rprimd, xcart, xred, typat, znucl, natom = update_var(st)




    if file_name:
        name = file_name
    elif filename:
        name = filename
    else:
        name = st.name+suf


    if sts:
        name+='_traj'

    
    printlog("write_xyz(): Name is", name, important = 'n')
    
    if name == '': 
        name = 'noname'



    
    if path:
        basepath = path
    else:
        basepath = 'xyz/'



    suf = ''





    """Processing section"""


    if analysis == 'imp_surrounding':
        printlog('analysis == imp_surrounding', imp = '')

        if show_around == 0:
            printlog('Error! number of atom *show_around* should start from 1')

        suf = '_loc'+str(show_around)
        lxcart = []
        ltypat = []
        i=0


        if is_list_like(show_around_x):
            x = show_around_x
            x_t = local_surrounding(x, st, nnumber, control = 'atoms', periodic = True, only_elements = only_elements)
            # print('write_xyz: local_surround:', x_t)
            lxcart+=x_t[0]
            ltypat+=x_t[1]            
        else:

            for t, x in zip(typat, xcart):
                
                condition = False
                # print show_around, 'show'
                if show_around:
                    # print i, condition
                    condition = (i + 1 == show_around)
                    # print i, condition

                else:
                    condition = (t > 1) # compat with prev behav, to show around any impurities (all atoms with typat more than one)
                
                # print 'se', condition

                if condition: 
                    # print('Atom at', x, 'used as central')
                    # lxcart.append(x)
                    # ltypat.append(t)
                    # print x, ' x'
                    x_t = local_surrounding(x, st, nnumber, control = 'atoms', periodic = True, only_elements = only_elements)
                    # print (x_t)
                    lxcart+=x_t[0]
                    ltypat+=x_t[1]
                i+=1
        

        xcart = lxcart
        typat = ltypat
        natom = len(typat)
        # print natom, 'nat'
        # print('Number of neighbours', natom  )
        st.xcart = xcart
        st.typat = typat
        st.natom = natom
        st.update_xred()





    """Include atoms on the edge of cell"""
    if full_cell:
        # print xred
        # print natom
        # st = return_atoms_to_cell(st)
        # print xred
        st = replic(st, mul = (1,1,2), inv = 0, cut_one_cell = 1, include_boundary = include_boundary)
        # print natom, st.natom

        # print st.xred

        rprimd, xcart, xred, typat, znucl, natom = update_var(st)
        
    # asdegf

    # printlog("Writing xyz: "+xyzfile, imp = 'y')

    #analyze imp_positions
    if imp_sub_positions == None:
        imp_sub_positions = []
    nsub = 0
    for pos in imp_positions:
        # if len(pos) > 4:
        #     if 's' not in pos[4]: continue # skip interstitial positions
        
        xs = np.asarray([pos[0],pos[1],pos[2]])
        nsub+=1
        # print xs
        for i, x in enumerate(xcart):
            # print np.linalg.norm( x-xs)
            if np.linalg.norm( x-xs) < 1:
                imp_sub_positions.append(i)

    if imp_sub_positions : 
        printlog( imp_sub_positions, ': numbers of found atoms to be changed ' )


    # for i in sorted(indices, reverse=True):
    #     del somelist[i]


    if include_vectors:
        nvect = 3
    else:
        nvect = 0

    """Writing section"""   
    name+=suf
    xyzfile = os.path.join(basepath, name+".xyz")
    makedir(xyzfile)

    def write(st):
        rprimd, xcart, xred, typat, znucl, natom = update_var(st)

        f.write(str(natom + len(imp_positions)-nsub + nvect)+"\n") #+3 vectors
        f.write(name+"\n")
        if imp_positions: 
            for i, el in enumerate(imp_positions):
                # if len(el) != 4: continue
                f.write( "%s %.5f %.5f %.5f \n"%( el[3], el[0], el[1], el[2] ) )
                # print 'composite -pointsize 60 label:{0:d} -geometry +{1:d}+{2:d} 1.png 2.png'.format(i, el[0], el[1])

        # print(range(natom))

        for i in range(natom):
            typ = typat[i] - 1
            
            z = int ( znucl[ typ ] )

            if i in imp_sub_positions: 
                # f.write( "Be " )
                continue
            else:
                el = element_name_inv(z)
                if el == 'void':
                    el = 'Pu'

                f.write( el+" " )

            f.write( "%.5f %.5f %.5f \n"%( xcart[i][0], xcart[i][1], xcart[i][2] ) )

        if include_vectors:
            for r in st.rprimd:
                f.write('Tv {:.10f} {:.10f} {:.10f}\n'.format(*r)  )

    with open(xyzfile,'w') as f:
        if sts:
            for st in sts:
                write(st)
        else:
            for i in range(repeat):
                write(st)



    # os._exit(1)
    printlog('File', xyzfile, 'was written', imp = 'y')

    pngfile = None
    

    if jmol:
        """
        script mode for jmol. Create script file as well for elobarate visualization
        """
        
        """Choose gb atoms to change their color"""
        printlog( 'position of boundary 2', gbpos2)
        atomselection = ''

        #create consistent xcart_new list like it will be in Jmol
        xcart_new = []
        for i, x in enumerate(xcart):
            if i in imp_sub_positions: continue
            xcart_new.append(x)    



        if gbpos2:
            
            gbpos1 = gbpos2 - rprimd[0][0]/2.
            gbatoms = []
            
            for i, x in enumerate(xcart_new):
                # print i
                # if x[0] > gbpos1 - gbwidth/2. and x[0] < gbpos1 + gbwidth/2.:
                if abs(x[0] - gbpos1) < gbwidth/2.:
                    gbatoms.append(i)
                    # print i, x[0], abs(x[0] - gbpos1)
                if abs(x[0] - gbpos2) < gbwidth/2.:
                # if x[0] > gbpos2 - gbwidth/2. and x[0] < gbpos2 + gbwidth/2.:
                    # print i, x[0], abs(x[0] - gbpos2)
                    gbatoms.append(i)
            printlog( 'Atoms at GB:', gbatoms)
            atomselection = ''
            for i in gbatoms:
                atomselection +='Ti'+str(i+1+len(imp_positions))+','
            atomselection = atomselection[:-1]


        # elif withgb: # color half of cell
        # else: # color half of cell
        #     # pass
            # atomselection = 'atomno>'+str(0+len(imp_positions) )+' and atomno<'+str(( natom + len(imp_positions)  )/2-1)





        # xyzfile = os.getcwd()+'/'+xyzfile
        if mcif:
            xyzfile = st.write_cif(mcif = 1)
        elif sts:
            ''
        else:
            xyzfile = st.write_poscar()
        
        scriptfile = basepath+name+".jmol"
        bn = (basepath+name).replace('.', '_')
        pngfile = os.getcwd()+'/'+bn+".png"
        
        printlog( 'imp_positions = ',imp_positions)
        write_jmol(xyzfile, pngfile, scriptfile, atomselection, rprimd =rprimd, shift = shift_2view, label = [(pos[3], pos[4]) for pos in imp_positions], 
             **jmol_args)


    return xyzfile, pngfile




[docs]def write_lammps(st, filename = '', charges = None):
    """Writes structure in lammps format 

    charges (list of float) - list of charges for each atom type
    """

    rprimd = st.rprimd
    xcart  = st.xcart
    xred   = st.xred
    typat = st.typat
    ntypat = st.ntypat
    znucl = st.znucl
    name = st.name
    natom = st.natom

    if natom != len(xred) != len(xcart) != len(typat) or len(znucl) != max(typat): 
        printlog( "Error! write_xyz: check your structure"    )
    
    if name == '': 
        name = 'noname'
    if xcart == [] or len(xcart) != len(xred):
        printlog( "Warining! write_xyz: len(xcart) != len(xred) making xcart from xred.\n", imp = 'y')
        xcart = xred2xcart(xred, rprimd)
        #print xcart[1]

    if not filename:
        filename = 'lammps/'+name

    filename+='.inp'

    makedir(filename)



    """Write lammps structure file;  """
    if 1:
        """ My version; valid only for octahedral cells""" 
        printlog( "Warining! write_lammps(): this func supports only orthogonal cells", imp = 'Y')

        with open(filename+'','w') as f:
            f.write("Lammps format "+name+'\n')
            f.write(str(natom)+" atoms\n")
            f.write(str(ntypat)+" atom types\n")
            f.write("{:10.8f}  {:10.8f}  xlo xhi\n".format(0, rprimd[0][0]))
            f.write("{:10.8f}  {:10.8f}  ylo yhi\n".format(0, rprimd[1][1]))
            f.write("{:10.8f}  {:10.8f}  zlo zhi\n".format(0, rprimd[2][2]))
            f.write("0.00000000  0.00000000  0.00000000  xy xz yz\n")
            f.write("\nAtoms\n\n")

            for i, x in enumerate(xcart):
                f.write("{0:8d} {1:2d}".format(i+1, typat[i]))
                if charges:
                    f.write(" {:6.3f}".format(charges[typat[i]-1] ) )
                f.write(" {:12.6f}  {:12.6f}  {:12.6f}\n".format(x[0], x[1], x[2] ))
            


            f.write("\n")
    
        printlog('File', filename, 'was written', imp = 'y')



    else:
        """Write poscar and convert from poscar to lammps using external script; Valid for arbitary cells"""
        cl.write_structure('POSCAR', 'dir', path = 'voronoi_analysis/', state = state)
        runBash("voronoi_analysis/VASP-poscar2lammps.awk voronoi_analysis/POSCAR > "+filepath)
    


    if 0:
        """Write lammps.in file """
        with open('voronoi_analysis/voronoi.in','w') as f:
            f.write("""units           metal
                    atom_style atomic
                    boundary        p p p\n""")
            f.write("read_data   /home/aksenov/programs/Simulation_wrapper/siman1/voronoi_analysis/structure.lammps\n")
    #         f.write('lattice   custom 1 ')
    #         for i, a in enumerate(rprimd):
    #             f.write(' a'+str(i+1))
    #             for x in a:
    #                 f.write(' '+str(x))
            
    #         f.write(' &\n')
    #         for x in xred:
    #             f.write(' basis {0:f} {1:f} {2:f}&\n '.format(x[0], x[1], x[2]) )
    #         f.write("""\n
    # region 1 prism 0 1 0 1 0 1  1 0 0
    # create_box 1 prism
    # create_atoms 1 prism""")

            for i in range(ntypat):
                f.write('\nmass '+str(i+1)+' '+str(int(znucl[i]))+'\n')
            
            f.write('pair_style      lj/cut 2.0\n')
            for i in range(ntypat):
                for j in range(i, ntypat):
                    f.write('pair_coeff      '+str(i+1)+' '+str(j+1)+' 0.0 1.0\n')


            f.write("""compute v1 all voronoi/atom
                    dump    d1 all custom 1 /home/aksenov/programs/Simulation_wrapper/siman1/voronoi_analysis/dump.voro id type x y z c_v1[1] c_v1[2]
                    run 0
                    uncompute v1\n""")

    return



[docs]def write_occmatrix(occs, folder):
    #create OCCMATRIX 
    
    makedir(folder)
    printlog('I create OCCMATRIX in ', folder, imp = 'y')
    filename = folder+'/OCCMATRIX'
    with open(filename, 'w', newline = '') as f:
        numat = len(occs)
        f.write(str(numat)+'  #num of atoms to be specified\n')
        
        at_nums = occs.keys()
        at_spin = [] # # 2 or 1
        at_ltyp = [] # l - orbital type, 1 - s, 2 - d, 3 - f
        for key in occs: 
            occ = occs[key]
            if len(occ) == 10: # spin polarized, d orbital
                at_spin.append(2)
                at_ltyp.append(2)
            else:
                raise RuntimeError # please write by yourself for other cases


        for i, l, s in zip(at_nums, at_spin, at_ltyp):

            f.write(list2string([i+1, l, s])+'    #i, l, s\n')
            # for sp in range(s):
            f.write('spin 1\n')
            for row in occs[i][ 0:len(occs[i])//s ]:
                f.write(list2string(row)+'\n')
            if s == 2:
                f.write('spin 2\n')
                for row in occs[i][ len(occs[i])//s: ]:
                    f.write(list2string(row)+'\n')
            f.write('\n')
    return filename



[docs]def write_geometry_aims(st, filename, coord_type = 'cart', periodic = True):

    rprimd = st.rprimd
    with io.open(filename,'w', newline = '') as f:
        if periodic:
            for i in 0, 1, 2:
                f.write('lattice_vector   {:10.6f} {:10.6f} {:10.6f}\n'.format(rprimd[i][0],rprimd[i][1],rprimd[i][2]) )
            f.write("\n")

        if None in st.magmom:
            magmom = [None]*st.natom
        else:
            magmom = st.magmom

        for x, el, mag in zip(st.xcart, st.get_elements(), magmom ):
            f.write("atom  {:12.10f}  {:12.10f}  {:12.10f}  {:2s} \n".format(x[0], x[1], x[2], el) )
            if mag is not None:
                f.write('initial_moment '+str(mag)+'\n') 




[docs]def read_vasp_out(cl, load = '', out_type = '', show = '', voronoi = '', path_to_outcar = '', path_to_contcar = '', ):
    """Try to read xred from CONCAR and calculate xcart"""

    self = cl

    printlog('Path to CONTCAR', path_to_contcar)
    if os.path.exists(path_to_contcar):
        contcar_exist   = True
    else:
        contcar_exist   = False


    printlog('The status of CONTCAR file is', contcar_exist)
    # self.end.update_xred()

    if contcar_exist:
        try:
            self.end = read_poscar(self.end, path_to_contcar, new = False) # read from CONTCAR
            contcar_read = True
        except:
            contcar_read = False
        if not contcar_read:
            printlog('Attention!, error in CONTCAR:', path_to_contcar, '. I use data from outcar')

    else:
        printlog('Attention!, No CONTCAR:', path_to_contcar, '. I use data from outcar')
        contcar_read = False






    read = 1
    if read:
        if 0: #please use this only for linux or create cross-platform way
            nw = runBash('sed -n "/NPAR = approx SQRT( number of cores)/=" '+path_to_outcar) #remove warinig
            tmp = path_to_outcar+".tmp"
            if nw:
                nw = int(nw)
                runBash("sed '"+str(nw-11)+","+str(nw+8)+"d' "+path_to_outcar+">"+tmp+";mv "+tmp+" "+path_to_outcar)


        with open(path_to_outcar, 'rb') as outcar:
            
            printlog("Start reading from "+ path_to_outcar, imp = 'n')
            # outcarlines = outcar.readlines()
            text = outcar.read().decode(errors='replace')
            outcarlines = str(text).split('\n')




        re_lengths = re.compile("length of vectors")
        re_eltime = re.compile("Elapsed time")
        re_nkpts = re.compile("NKPTS")
        iterat = 0
        niter = 1
        i_line = 0
        mdstep_prev = 0
        dipol = None
        ediff = 0
        self.mdstep = 1
        warnings = 0#""
        self.time = 0
        self.memory = 0 # total memory per job
        nscflist = []; mdstep_old = 1; niter_old = 0
        maxforce = []; average = [];  gstress =[]
        # mforce = []
        self.list_e_sigma0 = []
        self.list_e_without_entr = []
        self.list_e_conv = [] # convergence of energy - all steps
        # try:
        #     self.end = copy.deepcopy(self.init) # below needed end values will be updated
        # except:
        if not contcar_read:
            self.end = self.init.new()

        # if not hasattr(self.end, "natom"): 
        #     self.end.natom = self.natom
        #Structure() #create structure object with end values after calculation
        #self.end.typat = self.typat
        #self.end.znucl = self.znucl
        self.end.name = self.name+'.end'
        self.end.list_xcart = []
        self.energy = empty_struct()
        self.end.zval = []
        de_each_md = 0 # to control convergence each md step
        de_each_md_list = []



        nsgroup = None
        magnitudes = []
        self.mag_sum = [] #toatal mag summed by atoms, +augmentation

        tot_mag_by_atoms = [] #magnetic moments by atoms on each step
        tot_chg_by_atoms = []
        tot_mag_by_mag_atoms = []


        ldauu = None
        e_sig0 = 0 #energy sigma 0 every scf iteration
        occ_matrices = {} # the number of atom is the key

        #dipole corrections
        self.dipole_min_pos = []  
        self.e_dipol_quadrupol_cor = []
        self.e_added_field_ion = []


        #detect neb, improve this 
        if hasattr(self.set, 'vasp_params'):
            images = self.set.vasp_params.get('IMAGES') or 1
        else:
            images = 1
        #which kind of forces to use
         # CHAIN + TOTAL  (eV/Angst)
        neb_flag = 0
        l = 0
        for line in outcarlines:
            # l+=1
            if 'energy of chain is' in line:
                neb_flag = 1
            if 'LOOP+' in line:
                break
        # print(l)

        if neb_flag:

            force_keyword = 'CHAIN + TOTAL  (eV/Angst)'
            ff  = (0, 1, 2)
            force_prefix = ' chain+tot '

        else:
            force_keyword = 'TOTAL-FORCE'
            ff  = (3, 4, 5)
            force_prefix = ' tot '
        # print(force_keyword)





        # try:
        #     spin_polarized = self.set.spin_polarized # again it will be better to determine this from outcar 
        # except:
        #     spin_polarized = None



        self.potcar_lines = []
        self.stress = None
        self.extpress = 0

        self.intstress = None
        spin_polarized = None
        ifmaglist = None
        for line in outcarlines:

            #Check bands

            # if 'band No.' in line:
            #     kpoint = float(outcarlines[i_line-1].split()[1])
            #     lastocc = float(outcarlines[i_line+self.nbands].split()[2])
            #     lastbandno = outcarlines[i_line+self.nbands].split()[0]
            #     if lastocc > 0:
            #         print "Warning!!! at kpoint ", kpoint, " last band No. ",lastbandno, " is not empty ", lastocc

            if 'TITEL' in line:
                self.potcar_lines.append( line.split()[2:] )

            if 'NGXF=' in line:
                # print(line)
                l = re.sub("[^\d\.\ ]", "", line) #remove everything except digits, dot, and space
                # sys.exit()
                self.ngxf = [int(n) for n in l.split()] # ngxf, ngyf, ngzf
                # print(self.ngxf ) 



            if 'LEXCH  =' in line:
                # print(line)
                self.xc_pot = line.split()[2].strip() #xc from potential 

            if 'GGA     =' in line:
                # print(line)
                self.xc_inc = line.split()[2].strip() #xc from incar

            if 'NELECT' in line:
                self.nelect = int(float(line.split()[2]))

            if '   ZVAL' in line:
                # zval  = line.split('')
                # print(line)
                self.end.zval = [int(float(n)) for n in line.split()[2:]]
                # print(self.end.zval)


            if 'ions per type =' in line:
                if not contcar_read:
                    self.end.nznucl = [int(n) for n in line.split()[4:]]
                    self.end.ntypat = len(self.end.nznucl)

                    self.end.natom  = sum(self.end.nznucl)

                    #correction of bug; Take into account that VASP changes typat by sorting impurities of the same type.
                    self.end.typat = []
                    for i, nz in enumerate(self.end.nznucl):
                        for j in range(nz):
                            self.end.typat.append(i+1)
                    #correction of bug



                    # print(self.potcar_lines)
                    elements = [t[1].split('_')[0] for t in self.potcar_lines]
                    # printlog('I read ',elements, 'from outcar')
                    self.end.znucl = [element_name_inv(el) for el in elements]
                    # print (self.end.znucl)

                ifmaglist, _ = self.end.get_maglist()


            if 'ISPIN' in line:
                if line.split()[2] == '2':
                    spin_polarized = True
                    self.spin_polarized = spin_polarized
                else:
                    spin_polarized = False
                    self.spin_polarized = False


            if "TOO FEW BANDS" in line:
                printlog("Warning! TOO FEW BANDS!!!\n\n\nWarning! TOO FEW BANDS!!!\n")



            #Check W(q)
            if 'operators is LMAX' in line:
                lmax = int(line.split()[7])
                # print 'lmax', lmax
            if "W(low)/X(q)" in line:
                kk = 1; 
                low = []; 
                high = [];
                
                while kk < 100:
                    if 'Optimization' in outcarlines[i_line + kk] or len(outcarlines[i_line + kk].split() ) != 7: 
                        break
                    if 'PSMAXN' in outcarlines[i_line + kk]:
                        # print(line)
                        printlog('Warning! PSMAXN for non-local potential too small')
                        break
                    # print( 'line', outcarlines[i_line + kk])

                    low.append(  float(outcarlines[i_line + kk].split()[4]) )
                    high.append( float(outcarlines[i_line + kk].split()[5]) )
                    kk+=1


                if any(v > 1e-3 for v in low+high):
                    printlog("W(q)/X(q) are too high, check output!\n", 'Y')
                    printlog('Low + high = ', low+high, imp = 'Y' )
                    printlog([v > 1e-3 for v in low+high], imp = 'Y' )
            
            if "direct lattice vectors" in line:
                if not contcar_read:
                    for v in 0,1,2:
                        line = outcarlines[i_line+1+v]
                        line = line.replace('-', ' -')
                        # print(line)
                        self.end.rprimd[v] = np.asarray( [float(ri) for ri in line.split()[0:3]   ] )


                #print self.end.rprimd
                #print self.rprimd
            if "POSITION" in line:
                # if not contcar_exist or out_type == 'xcarts':
                if not contcar_read or out_type == 'xcarts':
                    local_xcart = []
                    for i in range(self.end.natom):
                        #print outcarlines[i_line+1+i].split()[0:3] 
                        xcart = np.asarray ( 
                                    [   float(x) for x in outcarlines[i_line+2+i].split()[0:3]   ] 
                                )
                        
                        local_xcart.append( xcart )

                    self.end.xcart = local_xcart

            
                    if out_type == 'xcarts':
                        self.end.list_xcart.append(local_xcart) #xcart at each step only for dimer

                        #the change of typat is accounted below

            if "number of electron " in line:
                # print line
                # print line.split()[-1]
                try:
                    self.magn1 = float(line.split()[-1])
                except:
                    self.magn1 = 0

            if "augmentation part " in line:
                try:
                    self.magn2 = float(line.split()[-1])
                except:
                    self.magn2 = 0


            if force_keyword in line:
                # Calculate forces here...
                forces = []
                magnitudes = []

                # print(len(self.end.select), self.end.natom)
                try:
                    for j in range(self.end.natom):
                        parts = outcarlines[i_line+j+2].split()
                        # print ("parts", parts, j)
                        # sys.exit()
                        if hasattr(self.end, 'select') and self.end.select:
                            # print(float(parts[ff[0]]), self.end.select[j][0])
                            b = []
                            # print (self.end.select)
                            for kkk in 0,1,2:
                                cur = self.end.select[j][kkk]
                                # print(cur)
                                
                                if cur == False:# or 'F' in cur:
                                    b.append(0)
                                elif cur == True:# or 'T' in cur:
                                    b.append(1)
                                else:
                                    b.append(cur)
                            # if parts[ff[0]].isdigit():
                            x = float(parts[ff[0]]) * b[0]
                            y = float(parts[ff[1]]) * b[1]
                            z = float(parts[ff[2]]) * b[2]
                        else:
                            x = float(parts[ff[0]])
                            y = float(parts[ff[1]])
                            z = float(parts[ff[2]])
                        
                        
                        forces.append([x,y,z])
                        magnitudes.append(math.sqrt(x*x + y*y + z*z))
                except:
                    printlog('Warning! Problem with forces on ionic step', iterat)
                # print('new step:')
                # for f, s in zip(forces, self.end.select):
                #     print('{:5.2f} {:5.2f} {:5.2f} {}'.format(*f, s))
                # sys.exit()
                average.append( red_prec( sum(magnitudes)/self.end.natom * 1000 ) )
                imax = np.asarray(magnitudes).argmax()
                maxforce.append( [imax, round(magnitudes[imax] * 1000)]  )
                # mforce.append( round(magnitudes[imax] * 1000))
                
           

            #Check total drift
            if "total drift:" in line:
                #print line
                tdrift = [float(d) for d in line.split()[2:5]]
                #if any(d > 0.001 and d > max(magnitudes) for d in tdrift):
                    #printlog("Total drift is too high = "+str(tdrift)+", check output!\n")
                    #pass


            if "g(Stress)" in line:
                #print line
                gstress.append( round( float(line.split()[4])*1000 *100, 3 )  )
            #if "Total" in line:
                #gstress.append( red_prec(float(line.split()[4])*1000 *100, 1000 )  )
            if "volume of cell" in line:
                try:                     
                    self.end.vol = float(line.split()[4])
                except ValueError: 
                    printlog("Warning! Cant read volume in calc "+self.name+"\n")
                #print self.vol      

            if "generate k-points for:" in line: 
                self.ngkpt = tuple(  [int(n) for n in line.split()[3:]]  )
                #print self.set.ngkpt

              # Kohn-Sham hamiltonian: http://en.wikipedia.org/wiki/Kohn%E2%80%93Sham_equations
              #kinetic energy
              #+ the external potential + the exchange-correlation energy +
              #+ Hartree (or Coulomb) energy
            # print line
            
            if  "alpha Z        PSCENC" in line:
                # print line
                self.energy.alpha = float(line.split()[-1]) # the electrostatic interaction of the ions in a compensating electron gas.

            if  "Ewald energy   TEWEN" in line:
                self.energy.ewald = float(line.split()[-1]) # the electrostatic interaction of the ions in a compensating electron gas.
                # print self.energy.ewald
            if  "-1/2 Hartree   DENC" in line or "-Hartree energ DENC" in line:
                self.energy.hartree = float(line.split()[-1]) #Coulomb electron-electron energy
                # print self.energy.hartree
            if  "-V(xc)+E(xc)   XCENC" in line:
                self.energy.xc = float(line.split()[-1]) # Kohn-Sham exchange-correlation energy
            if  "PAW double counting" in line:
                self.energy.pawdc1 = float(line.split()[-2]) #
                self.energy.pawdc2 = float(line.split()[-1]) #
            if  "eigenvalues    EBANDS" in line:
                try:
                    self.energy.bands = float(line.split()[-1]) # - Kohn Sham eigenvalues - include kinetic energy , but not exactly
                except:
                    self.energy.bands = 0
            if  "atomic energy  EATOM" in line:
                self.energy.atomic = float(line.split()[-1]) #energy of atoms in the box



            if "energy  without entropy=" in line:
                #self.energy = float(line.split()[4])
                self.e_without_entr = float(line.split()[3]) #
                self.energy_sigma0 = float(line.split()[6]) #energy(sigma->0)
                self.e0 = self.energy_sigma0
                self.list_e_sigma0.append(  self.energy_sigma0  )
                self.list_e_without_entr.append(  self.e_without_entr  )

                de_each_md_list.append(de_each_md)


            if "energy without entropy =" in line:
                e_sig0_prev = e_sig0
                try:
                    e_sig0 = float(line.split()[7])
                except:
                    e_sig0 = 0
                de_each_md = e_sig0_prev - e_sig0
                self.list_e_conv.append(e_sig0)

            if "free  energy   TOTEN  =" in line:
                #self.energy = float(line.split()[4])
                self.energy_free = float(line.split()[4]) #F free energy
            




            if re_lengths.search(line):
                self.vlength = [red_prec( float(l),1000 ) for l in outcarlines[i_line + 1].split()[0:3]]
                #print self.vlength
            if "in kB" in line:
                # print(line)
                # try:
                line = line.replace('-', ' -')
                # print(line)
                lines_str = line.split()[2:]
                try:
                    self.stress = [float(i)*100 for i in lines_str]  # in MPa 
                except:
                    printlog('Warning! Some problem with *in kB* line of OUTCAR', imp = 'y')
                    printlog(line, imp = 'y')
                    self.stress = [0,0,0]
                # if '*' in line:
                    # self.stress = [0,0,0] # problem with stresses
                # else:
                # except:
            if "Total  " in line:
                # print(line)
                line = line.replace('-', ' -')
                try:
                    self.intstress = [int(float(i)*1000) for i in line.split()[1:]] #stress in internal units; can be regarded as forces
                except:
                    self.intstress = [0,0,0]
                    printlog('Warning! Some problem with *Total * line of OUTCAR')

            if "external pressure =" in line: 
                #print iterat
                self.extpress = float(line.split()[3]) * 100 # in MPa 
                if self.mdstep == 1 : self.extpress_init = self.extpress

            if "E-fermi :" in line: 
                # print line
                self.efermi = float(line.split()[2]) # in eV


            if "Elapsed time" in line:
                self.time = float(line.split()[3])
            
            if "Maximum memory used (kb):" in line:
                ''
                if hasattr(self, 'corenum'):
                    self.memory_max = float(line.split()[-1]) * self.corenum / 1024 / 1024 
                else:
                    self.memory_max = 0
            
            if "total amount of memory" in line:
                ''
                # self.memory = float(line.split()[-2])   * self.corenum / 1024 / 1024          



            if re_nkpts.search(line):
                self.NKPTS = int(line.split()[3])
            else:
                self.NKPTS = 0
            if "WARNING" in line:
                warnings += 1#line


            if "Subroutine DYNSYM returns" in line and not nsgroup:
                nsgroup = line.split()[4]#number of space group operations
            # if nsgroup == None:
            if "Subroutine GETGRP returns:" in line and not nsgroup:
                nsgroup = line.split()[4]    


            if "Iteration" in line:
                self.mdstep = int(line.split('(')[0].split()[2].strip())
                iterat +=1
                # print self.mdstep
                # print line
                if mdstep_old != self.mdstep:
                    nscflist.append( niter ) # add to list number of scf iterations during mdstep_old
                niter = int(line.split(')')[0].split('(')[-1].strip()) #number of scf iterations
                mdstep_old = self.mdstep


            if 'number of electron ' in line:
                # print (line)
                try:
                    self.mag_sum.append( [float(line.split()[5]), 0]) # magnetization at each relaxation step
                except:
                    pass

            if 'augmentation part' in line:
                # print (line)
                try:
                    self.mag_sum[-1][1]= float(line.split()[-1])
                except:
                    pass

            if 'total charge ' in line:
                chg = []
                for j in range(self.end.natom):
                    chg.append( float(outcarlines[i_line+j+4].split()[-1]) )
                
                tot_chg_by_atoms.append(np.array(chg))#[ifmaglist])                    


            if 'magnetization (x)' in line:
                # print(line)
                if ifmaglist is not None:
                    mags = []
                    for j in range(self.end.natom):
                        mags.append( float(outcarlines[i_line+j+4].split()[-1]) )
                    
                    tot_mag_by_atoms.append(np.array(mags))#[ifmaglist])
                    # print(ifmaglist)
                    tot_mag_by_mag_atoms.append(np.array(mags)[ifmaglist])
                # print tot_mag_by_atoms
                # magnetic_elements
                # ifmaglist
                # self.tot_mag_by_atoms = tot_mag_by_atoms



            if 'LDAUU' in line:
                ldauu = line


            if 'onsite density matrix' in line:
                i_at = int( outcarlines[i_line-2].split()[2]  ) #starting from one
                l_at = int( outcarlines[i_line-2].split()[8]  )
                # print (spin_polarized)
                spin1 = []
                spin2 = []
                nm = 2*l_at+1
                for i in range(nm):
                    try:
                        line = outcarlines[i_line+4+i]
                        spin1.append( np.array(line.split()).astype(float) )
                    except:
                        printlog('Warning! Somthing wrong with occ matrix:', line)
                if spin_polarized:
                    for i in range(nm):
                        try:
                            line = outcarlines[i_line+7+nm+i]
                            # print(line)
                            line = line.replace('-', ' -')
                            spin2.append( np.array(line.split()).astype(float) )
                        except:
                            printlog('Attention! Could not read spin2, probably not finishied')
                            spin2.append(0)        

                occ_matrices[i_at-1] = spin1+spin2
                # print (np.array(spin1) )


            if 'freq' in show:

                if 'Eigenvectors and eigenvalues of the dynamical matrix' in line:
                    freq = []

                    i = 0
                    while 'ELASTIC MODULI CONTR FROM IONIC RELAXATION' not in line:
                        i+=1
                        line = outcarlines[i_line+i]
                        if 'f  =' in line:
                            freq.append(float(line.split()[3]) ) #THz
                            # print(line)


            if 'TOTAL ELASTIC MODULI' in line:
                eltensor = []
                for i in range(9):
                    line = outcarlines[i_line+i]
                    # print(line.strip())
                    if i > 2:
                        eltensor.append([float(c)/10 for c in line.split()[1:]]) #GPa

                eltensor = np.asarray(eltensor)

                printlog('Elastic tensor, GPa:', imp = 'y')

                np.set_printoptions(formatter={'float_kind':"{:6.1f}".format})
                print(eltensor)
                w, v = np.linalg.eig(eltensor)
                printlog('Eigenvalues are:', w, imp = 'y')
                        # eltensor

            if 'average eigenvalue GAMMA=' in line:
                # print(line)
                gamma = float(line.split()[-1])
                if gamma > 1 and 'conv' in show:
                    printlog('average eigenvalue GAMMA >1', gamma, imp = 'y')
                # sys.exit()
            if 'EDIFF  =' in line:
                ediff = float(line.split()[2])


            # if 'DIPCOR: dipole corrections for dipol' in line:
            if self.mdstep > mdstep_prev:
                # print(self.mdstep, dipol)
                mdstep_prev = self.mdstep

            if 'dipolmoment' in line:
                dipol = line.split()[1:4]
                self.dipol = [float(d) for d in dipol]
                # print(line)


            if 'min pos' in line:
                dipole_min_pos = line.split()[-1][:-1]
                self.dipole_min_pos.append(int(dipole_min_pos))

            if 'dipol+quadrupol energy correction' in line:
                e_dq_cor = line.split()[3]
                # print(line)
                self.e_dipol_quadrupol_cor.append(float(e_dq_cor))
            
            if 'added-field ion interaction' in line:
                e_af_ii = line.split()[3]
                self.e_added_field_ion.append(float(e_af_ii))

                # print(line)


                # for i in range(1,4):
                #     line = outcarlines[i_line+i]
                #     print(line)



            # if 'irreducible k-points:': in line:
            #     self.nkpt = int(line.split()[1])




            i_line += 1
        # sys.exit()
        #Check total drift
        






    try:
        toldfe = self.set.toldfe  # eV
    except:
        if ediff:
            toldfe = ediff # 
        else:
            toldfe = 0.000000000001



    if len(magnitudes) > 0:
        max_magnitude = max(magnitudes)
    else:
        max_magnitude = 0
    
    try:
        max_tdrift    = max(tdrift)
    except:
        max_tdrift = 0

    self.maxforce_list = maxforce
    self.average_list = average

    try:
        self.maxforce = maxforce[-1][1]
    except:
        self.maxforce = 0
    # if max_magnitude < self.set.toldff/10: max_magnitude = self.set.toldff
    # print 'magn', magnitudes
    # print 'totdr', tdrift
    # print 'max_magnitude', max_magnitude
    try: 
        
        if max_magnitude < self.set.tolmxf: 
            max_magnitude = self.set.tolmxf
    except:
        ''

    #if any(d > 0.001 and d > max_magnitude for d in tdrift):
    if max_tdrift > 0.001 and max_tdrift > max_magnitude:
        
        printlog( "Total drift is too high! At the end one component is {:2.1f} of the maximum force, check output!\n".format(max_tdrift)  )
        pass
    #else: maxdrift = 
    # print magn
    if tot_mag_by_atoms:
        self.end.magmom = tot_mag_by_atoms[-1].tolist()

    """update xred"""
    self.end.update_xred()

    # print(self.init.zval)
    # self.end.zval = self.init.zval








    #print "init pressure = ",self.extpress_init,"; final pressure =",self.extpress
    #print self.end.xred
    #self.vol = np.dot( self.rprimd[0], np.cross(self.rprimd[1], self.rprimd[2])  ); #volume
    nscflist.append( niter ) # add to list number of scf iterations during mdstep_old
    #print "Stress:", self.stress
    v = self.vlength
    self.end.vlength = self.vlength

    s = self.stress
    yznormal = np.cross(self.init.rprimd[1], self.init.rprimd[2])
    #print yznormal
    #print np.cross( yznormal, np.array([1,0,0]) )
    if not hasattr(self.init, 'gbpos'):
        self.init.gbpos = None#for compatability

    self.gbpos = self.init.gbpos #for compatability
    if self.gbpos:
        if any( np.cross( yznormal, np.array([1,0,0]) ) ) != 0: 
            printlog("Warning! The normal to yz is not parallel to x. Take care of gb area\n")
    self.end.yzarea = np.linalg.norm( yznormal )  #It is assumed, that boundary is perpendicular to x





    """Calculate voronoi volume"""
    # print hasattr(self, 'vorovol')
    voro = ''
    if voronoi:# and not hasattr(self, 'vorovol'):#out_type == 'e_seg':
        voro = calculate_voronoi(self)
        calculate_voronoi(self, state = 'init')


    #deal with ldauu
    u_hubbard = 0
    if ldauu: 
        ldauu = list(np.array(ldauu.split()[7:]).astype(float))
        # print (ldauu)
        #find first non-zero
        self.ldauu = ldauu
        u_hubbard = ( next((u for u in ldauu if u), 0) )
        # print ( np.unique(ldauu)  )
    else:
        self.ldauu = [0]

    #Check if energy is converged relative to relaxation
    e_diff_md = self.energy_sigma0
    if len(self.list_e_sigma0) > 2:
        e_diff_md = (self.list_e_sigma0[-1] - self.list_e_sigma0[-2])*1000 #meV

    e_diff = (e_sig0_prev - e_sig0)*1000 #meV
    # print(e_diff)
    self.e_diff = e_diff #convergence
    if abs(e_diff) > float(toldfe)*1000:
        toldfe_warning = '!'
        printlog("Attention!, SCF was not converged to desirable prec", 
            round(e_diff,3), '>', toldfe*1000, 'meV', imp = 'y')
    else:
        toldfe_warning = ''

    if 'conv' in show:
        for i, de in enumerate(de_each_md_list ):
            if de/toldfe > 1.01:
                printlog('Attention! bad SCF convergence {:6.1g} eV for MD step {:}; toldfe = {:6.0g} eV'.format(de, i+1, toldfe))
        self.plot_energy_conv()

    #  Construct beatifull table
    #self.a1 = float(v[0])/2 ; self.a2 = float(v[1])/2/math.sqrt(0.75); self.c = float(v[2])  # o1b
    
    try:
        self.a = self.hex_a ; self.c = self.hex_c  # c1b
    except AttributeError:
        self.a  = 0; self.c = 0 #calculations with full relaxation
    if self.a == None or self.a == [None]:
        self.a  = 0; self.c = 0

    j = (35,12,7,7,8,9,14,5,5,20,5,20,8,12,20,8,5,8,8,25,8,4,3)

    d = "|"
    name = ("%s.%s.%s" % (self.id[0],self.id[1], str(self.id[2]) )).ljust(j[0])
    etot = ("%.4f" % ( self.energy_sigma0 )).center(j[1])
    etot1 = ("%.4f" % ( self.energy_sigma0/self.end.natom )).center(j[1])
    # print self.a
    a = ("%.4f" %      ( self.a )      ).center(j[2])
    c = ("%.4f" %      ( self.c )      ).center(j[3])
    time = ("%.3f" % (self.time/3600.)    ).center(j[4])
    itertm = ("%.1f" % (self.time/1./iterat)    ).center(j[5])
    Nmd = ("%1i,%2i,%3i" % (self.mdstep, iterat/self.mdstep, iterat)    ).center(j[6])
    self.iterat = iterat
    War = ("%i" % (warnings)    ).center(j[7])
    #nbands = ("%i" % (self.set.vasp_params["NBANDS"])    ).center(j[8])
    #added = ("%.0f" % ( (self.set.add_nbands - 1) * 100 )    ).center(j[15])
    try:
        kmesh = ("%s" % (str(self.ngkpt) )    ).center(j[8])
        ks = self.calc_kspacings()
        kspacing = ("[%.2f,%.2f,%.2f]" % ( ks[0], ks[1], ks[2] )    ).center(j[9])
        ks1 = ("[%.2f]" % ( ks[0] )    ).center(j[9])
    except:
        kmesh = ''
        ks    = ''
        kspacing = ''
        ks1     = ''

    nkpt = ("%i" % ( self.NKPTS)     ).center(j[10])
    if self.stress:
        istrs = ("[%5i,%5i,%5i] " % ( self.intstress[0],self.intstress[1],self.intstress[2]  )    ).center(j[11])
        strs = ("%.0f,%.0f,%.0f " % ( self.stress[0],self.stress[1],self.stress[2]  )    ).center(j[11])   
        eprs = ("%.0f" % (self.extpress)).center(j[12])
    
    else:
        istrs = ''
        strs  = ''
        eprs =  ''
    try:
        tsm = ("%.0f" % (self.set.tsmear*1000)).center(j[13])
    except:
        tsm = ''

    entrr = ("%.3f" % (   (self.energy_free - self.energy_sigma0)/self.end.natom * 1000    )   ).center(j[14]) #entropy due to the use of smearing

    try:
        npar = ("%i" % (self.set.vasp_params["NPAR"])).center(j[16])
        lpl = ("%s" % (self.set.vasp_params["LPLANE"])).center(j[17])
        ecut = ("%s" % (self.set.vasp_params["ENCUT"]) ).center(j[18]) 
    except:
        npar = ''
        lpl  = ''
        ecut = ''

    # lens = ("%.2f;%.2f;%.2f" % (v[0],v[1],v[2] ) ).center(j[19])
    lens = "{:4.2f}, {:4.2f}, {:4.2f}".format(v[0],v[1],v[2] ) 
    r1 = ("%.2f" % ( v[0] ) ).center(j[19])            
    vol = ("%.1f" % ( self.end.vol ) ).center(j[20])
    nat = ("%i" % ( self.end.natom ) ).center(j[21])
    try:
        totd = ("%.0f" % (   max_tdrift/max_magnitude * 100      ) ).center(j[22])
    except:
        totd = ''

    nsg = ("%s" % (     nsgroup     ) ).center(j[22])
    Uhu   = " {:3.1f} ".format(u_hubbard)
    ed    = ' {:3.0f}'.format( e_diff)
    edg   = ' {:3.1f} '.format( e_diff_md)
    spg   = ' {:4s} '.format( self.end.sg(silent = 1)[0])
    """Warning! concentrations are calculated correctly only for cells with one impurity atom"""
    #gbcon = ("%.3f" % (     1./self.end.yzarea      ) ).center(j[23]) # surface concentation at GB A-2
    #bcon = ("%.1f" % (     1./self.natom * 100      ) ).center(j[24]) # volume atomic concentration, %
    #outstring_nbands = name+d+Etot+d+a+d+c+d+time+d+itertm+d+Nmd+d+War+d+nbands+d+added+"\\\\"
    #outstring_npar = name+d+Etot+d+a+d+c+d+time+d+itertm+d+Nmd+d+War+d+npar+d+lpl+"\\\\"

    #outstring_stress = name+d+Etot+d+a+d+c+d+time+d+itertm+d+Nmd+d+War+d+istrs+d+eprs

    #outstring_kp_ec = name+d+Etot+d+a+d+c+d+time+d+itertm+d+Nmd+d+War+d+strs+d+eprs+d+kmesh+d+ecut+"\\\\"
    outst_ecut= etot+d+a+d+c+                                            d+time+d+itertm+d+Nmd+d+War+d+ecut+"\\\\"
    outst_kp  = etot+d+a+d+c+                                            d+time+d+itertm+d+Nmd+d+War+d+kmesh+d+kspacing+d+nkpt+"\\\\"            
    outst_ts  = etot+d+a+d+c+                                            d+time+d+itertm+d+Nmd+d+War+d+kmesh+d+tsm+d+entrr+"\\\\"

    outst_all = voro+etot+d+a+d+c+d+lens+d+vol+d+kspacing+d+strs+d+eprs+d+nat+d+time+d+Nmd+d+War+d+totd+d+nsg+"\\\\"
    outst_seg = voro+etot+d+        lens+d+vol+d+ks1     +d+strs+d+eprs+d+nat+d+time+d+Nmd+d+War+d+totd+d+nsg+"\\\\" #for segregation
    outst_coseg=voro+etot+d+                                strs+d+eprs+d+nat+d+time+d+Nmd+d+War+d+totd+d+nsg+"\\\\" #for co-segregation; 
    outst_gbe = voro+etot+               d+vol+d+kspacing+d+strs+d+eprs+d+nat+d+time+d+Nmd+d+War+d+nsg+"\\\\" # For comparing gb energies and volume
    outst_imp = voro+etot+d+a+d+c+d+lens+d+vol+d+kspacing+d+       eprs+d+nat+d+time+d+Nmd+d+War+d+totd+d+nsg+"\\\\" # For comparing impurity energies
    
    outst_cathode = d.join([spg,etot, etot1, lens, vol,nkpt, strs, nat, time, Nmd, War, nsg, Uhu, ed, edg ])
    if 'help' in show:
        print('Name', 'Space group', 'Tot. energy, eV', 'Energy, eV/at', 'Vector lengths, A', 
        'Volume, A^3', 'number of k-points', 'Stresses, MPa', 'Number of atoms', 'time, h', 'Number of ionic steps; Number of electronic states per MD; Total number of electronic steps',
        'Number of warnings', 'Number of symmetry operations', 'U value', 'Electronic convergence, meV', 'Ionic steps convergence, meV' )
    # print self.end.xred[-1]
    #print outstring_kp_ec
    # print show
    # print 'force' in show


    if 'conv' in show:
        # print('asdf', de_each_md_list)
        # show achived convergence every step with respect to toldfe, should be less than 1
        # np.set_printoptions(linewidth=150, formatter={'float':lambda x: "%3.0f->" % x}) #precision=1,
        np.set_printoptions(precision=0, linewidth=150, )
        printlog('Conv each step, de/toldfe (toldfe = {:.0g} eV) =  \n{:};'.format(toldfe, np.array([de/toldfe for de in de_each_md_list ])), imp = 'Y')
    
    if 'time' in show:
        print('Time is {:.1f} s'.format(self.time))
        print('Time is {:.1f} s/it'.format(self.time/1./iterat))



    if 'fo' in show:
        # print "Maxforce by md steps (meV/A) = %s;"%(str(maxforce)  )
        printlog("\n\nMax. F."+force_prefix+" (meV/A) = \n{:};".format(np.array([m[1] for m in maxforce ])[:]  ), imp = 'Y'  )
        # print "\nAve. F. (meV/A) = \n%s;"%(  np.array(average)  )
        # import inspect
        # print inspect.getargspec(plt.plot).args
        # print plt.plot.__doc__
        if 'p' in show[0]:
            plt.plot(maxforce, )
            plt.xlabel('MD step')
            plt.ylabel('Max. force on atom (meV/$\AA$)')
            plt.show()
    
    if 'sur' in show:
        self.sumAO = {}
        self.devAO = {}
        for el in 'Li', 'Na', 'Fe', 'O':
            if el in self.end.get_elements():
                pos  = determine_symmetry_positions(self.end, el)
                # print(pos)
                # sys.exit()
                # xc = self.end.xcart[pos[0][0]]
                for ps in pos:
                    print('position', ps[0])
                    xc = self.end.xcart[ps[0]]

                    if el == 'O':
                        neib = 6
                    else:
                        neib = 6
                    sumAO = local_surrounding(xc, self.end, neib, periodic = True, only_elements = [8, 9], control = 'av')#[0]
                    self.devAO[el+'-O'] = local_surrounding(xc, self.end, neib, periodic = True, only_elements = [8, 9], control = 'av_dev')[0]
                    print('d_av '+el+'-O:',sumAO )
                    print('dev_av '+el+'-O:',self.devAO[el+'-O'] )
                    AO = local_surrounding(xc, self.end, neib, periodic = True, only_elements = [8, 9], control = 'mavm')
                    print('d_min, d_avex, d_max: {:4.2f}, {:4.2f}, {:4.2f}'.format(*AO))




                    self.sumAO[el+'-O'] = sumAO
                    if self.id[2] in [1,12]:
                        self.end.write_xyz(show_around_x = xc, nnumber = neib, filename = self.end.name+'_'+el+'-OF'+str(neib), analysis = 'imp_surrounding', only_elements = [8, 9])

                    if el in ['Li', 'Na']:
                        neib = 2
                        sumAO = local_surrounding(xc, self.end, neib, periodic = True, only_elements = [26,], control = 'av')#[0]
                        if self.id[2] in [1,12]:
                            self.end.write_xyz(show_around_x = xc, nnumber = neib, filename = self.end.name+'_'+el+'-Fe'+str(neib), analysis = 'imp_surrounding', only_elements = [26])
                        
                        print(el+'-Fe',sumAO )
                        self.sumAO[el+'-Fe'] = sumAO






    if 'en' in show:
        # energy - max force

        self.plot_energy_force()

    if 'efav' in show:
        # energy - average force
        self.plot_energy_force(force_type = 'av')

    if 'est' in show: # e step
        self.plot_energy_step ()

    if 'smag' in show:
        # printlog('{:s}'.format([round(m) for m in self.mag_sum]), imp = 'Y' )
        printlog(np.array(self.mag_sum).round(2), imp = 'Y' )

    chosen_ion = None
    if 'maga' in show or 'occ' in show:
        from siman.analysis import around_alkali
        i_alk = self.end.get_specific_elements([3,11,19])
        numb, dist, chosen_ion = around_alkali(self.end, 4, i_alk[0])
        
        #probably not used anymore
        # dist_dic = {}
        # self.dist_numb = zip(dist, numb)
        # for d, n in self.dist_numb:
        #     dist_dic[n] = d 
        #probably not used anymore


    if 'mag' in show and tot_mag_by_atoms:
        # print ('\n\n\n')
        # printlog
        # print 'Final mag moments for atoms:'
        # print np.arange(self.end.natom)[ifmaglist]+1
        # print np.array(tot_mag_by_atoms)

        # print (tot_mag_by_atoms)
        # if tot_mag_by_atoms:
        # print ('first step ', tot_mag_by_atoms[0][numb].round(3) )
        # print ('first step all ', tot_mag_by_atoms[0][ifmaglist].round(3) )
        # for mag in tot_mag_by_atoms:
        #     print ('  -', mag[numb].round(3) )



        # print ('last  step ', tot_mag_by_atoms[-1][numb].round(3), tot_chg_by_atoms[-1][numb].round(3) )
        # mmm = tot_mag_by_atoms[-1][numb].round(3)

        # print ('atom:mag  = ', ', '.join('{}:{:4.2f}'.format(iat, m) for iat, m  in zip(  numb+1, mmm   )) )
        self.gmt()
        print ('\n')


        if 'a' in show:
            ''
            # print ('last  step all', tot_mag_by_atoms[-1][ifmaglist].round(3) )

            # sys.exit()
        if chosen_ion:
            printlog ('Dist from 1st found alkali ion ',element_name_inv( chosen_ion[1]),
                ' to sur. transition met atoms: (Use *alkali_ion_number* to choose ion manually)')
            print ('atom:dist = ', 
            ', '.join('{}:{:.2f}'.format(iat, d) for iat, d  in zip(  numb+1, dist   )  ) )

        # plt.plot(np.array(sur[3]).round(2), tot_mag_by_atoms[-1][numb]) mag vs dist for last step
        
        # print ('Moments on all mag atoms:\n', tot_mag_by_atoms[-1][ifmaglist].round(3))
        if 'p' in show:
            plt.plot(np.array(tot_mag_by_mag_atoms)) # magnetization vs md step
            plt.show()
            plt.clf()

    if 'chg' in show:
        self.tot_chg_by_atoms = tot_chg_by_atoms[-1] #save for last step only
        # print(list(zip(self.end.get_elements(), self.tot_chg_by_atoms)))
        els  = self.end.get_elements()
        try:
            only_el = show.split('.')[1:]
        except:
            only_el = None
        print('\nMulliken charges are:')
        for el, ch in zip(els, self.tot_chg_by_atoms):
            if only_el == None or (only_el and el in only_el):
                print('{:s} {:4.2f};'.format(el, ch), end = ' ')
        print()
    if 'occ' in show:
        ''
        # print (matrices)
        # print (df)
        if chosen_ion:
            printlog('Distances (A) from alkali ion #',chosen_ion[0]+1,' to transition atoms:', 
                ',  '.join([ '({:}<->{:}): {:.2f}'.format(chosen_ion[0]+1, iat, d) for d, iat in zip(  dist, numb+1  )  ]), imp = 'Y'  )
        
        show_occ_for_atoms = [int(n) for n in re.findall(r'\d+', show)]
        # print (show_occ_for_atom)
        # sys.exit()
        if show_occ_for_atoms:
            iat = show_occ_for_atoms[0]
            # dist_toi = dist_dic[iat]
            i_mag_at = iat
        else:
            i = 0
            # dist_toi = dist[i]
            i_mag_at = numb[1:][i]
        # print (st.znucl[st.typat[i_mag_at]-1] )
        # print(numb, i_mag_at)
        l05 = len(occ_matrices[i_mag_at])//2

        df = pd.DataFrame(occ_matrices[i_mag_at]).round(5)
        els  = self.end.get_elements()
        printlog( 'Occ. matrix for atom ', i_mag_at, els[i_mag_at], end = '\n', imp = 'Y'  )
            # ':  ; dist to alk ion is ',  dist_toi, 'A', end = '\n' )
        printlog('Spin 1:',end = '\n', imp = 'Y'  )
        printlog(tabulate(df[0:l05], headers = ['dxy', 'dyz', 'dz2', 'dxz', 'dx2-y2'], floatfmt=".1f", tablefmt='psql'),end = '\n', imp = 'Y'  )
        # print(' & '.join(['d_{xy}', 'd_{yz}', 'd_{z^2}', 'd_{xz}', 'd_{x^2-y^2}']))
        # printlog(tabulate(occ_matrices[i_mag_at][l05:], headers = ['d_{xy}', 'd_{yz}', 'd_{z^2}', 'd_{xz}', 'd_{x^2-y^2}'], floatfmt=".1f", tablefmt='latex'),end = '\n' )
        # print(tabulate(a, tablefmt="latex", floatfmt=".2f"))
        printlog('Spin 2:',end = '\n', imp = 'Y'  )
        printlog(tabulate(df[l05:], floatfmt=".1f", tablefmt='psql'), imp = 'Y'  )
    self.occ_matrices = occ_matrices
    


    if 'freq' in show:
        dos = [1]*len(freq)
        # from scipy.ndimage.filters import gaussian_filter
        from scipy.signal import butter, lfilter, freqz
        # blurred = gaussian_filter(freq, sigma=7)
        fmin = min(freq)
        fmax = max(freq)
        fw   = fmax-fmin

        finefreq = np.linspace(fmin, fmax, 1000)
        dos = [0]*1000

        # for i in range(1000):
        # print(fw)
        for f in freq:
            # print(f)
            i = int( np.round( (f-fmin)/ fw * 999 ,0) )
            dos[i] += 1
            # print(i, finefreq[i], f)
        

        def butter_lowpass(cutoff, fs, order=5):
            nyq = 0.5 * fs
            normal_cutoff = cutoff / nyq
            b, a = butter(order, normal_cutoff, btype='low', analog=False)
            return b, a

        def butter_lowpass_filter(data, cutoff, fs, order=5):
            b, a = butter_lowpass(cutoff, fs, order=order)
            y = lfilter(b, a, data)
            return y

        order = 1
        fs = 500.0       # sample rate, Hz
        cutoff = 5  # desired cutoff frequency of the filter, Hz

        y = butter_lowpass_filter(dos, cutoff, fs, order)

        # plt.plot(finefreq, smoother(smoother(dos,10), 10), '-') 
        plt.plot(finefreq, y, '-') 
        # plt.plot(finefreq, dos, '-')
        plt.xlabel('Frequency, THz')
        plt.ylabel('DOS' )
        # plt.plot(finefreq, y, '-') 
        filename = 'figs/'+str(self.id)+'.pdf'
        plt.savefig(filename)
        printlog('Freq file saved to ', filename, imp = 'y')
        plt.show()
        plt.clf()

    # sys.exit()


    printlog("Reading of results completed\n\n", imp = 'n')
    self.end.outfile = path_to_outcar
    

    if header.pymatgen_flag:
        ''
        # self.end.write_cif(os.path.join(self.dir,self.name))
    

    # print(out_type)
    # sys.exit()
    if   out_type == 'gbe'  : outst = outst_gbe
    elif out_type == 'e_imp': outst = outst_imp
    elif out_type == 'e_seg': outst = outst_seg            
    elif out_type == 'coseg': outst = outst_coseg            
    elif 'ecut' in out_type : outst = outst_ecut
    elif 'kp' in out_type   : outst = outst_kp
    elif 'ts' in out_type   : outst = outst_ts
    
    elif not header.siman_run:
        # if not hasattr(cl, 'name'):
            # cl.name = 'noname'

        outst_simple = '|'.join([cl.name, etot, lens, strs, Nmd])
        # print("Bi2Se3.static.1               |  -20.1543  |    10.27;10.27;10.27    | -680,-680,-657 |   1,13, 13   |    ")
        if header.show_head :
            printlog("                          |  energy(eV)|    Vector lenghts (A)   | Stresses (MPa)     | N MD, N SCF   ", end = '\n', imp = 'Y')
            header.show_head = False
        
        outst = outst_simple
    else: 
        printlog('Output type: outst_cathode')
        outst = outst_cathode
    #else: printlog("Uknown type of outstring\n")


    #save cif file
    return outst





[docs]def read_aims_out(cl, load = '', out_type = '', show = ''):
    ''
    with open(cl.path['output'], 'r') as f:
        for line in f:
            if 'Total energy corrected' in line:
                cl.e0 = float(line.split()[5])
                cl.energy_sigma0 = cl.e0
                # print(cl.e0)
            if 'Number of self-consistency cycles' in line: 
                cl.iterat = float(line.split()[6])

            if '| Total time   ' in line:
                # print(line)
                cl.time = float(line.split()[4])


    cl.end = cl.init

    etot = ' {:5.4f} eV'.format(cl.e0)
    time = ' {:5.1f} h'.format(cl.time/3600)
    itrt = ' {:n},{:n},{:n} '.format(1, cl.iterat/1,cl.iterat)

    outstr = '|'.join([etot, time, itrt])

    return outstr



[docs]def read_atat_fit_out(filename, filter_names = None, i_energy = 1):
    """
    read fit.out of atat
    filter_names - do not read name numbers greater than filter_name
    i_energy - 1 for fit.out, 2 for predstr.out
    return - concentration list, energy list
    """
    X, E, nam = [] ,[], []
    count = 0
    with open(filename, 'r') as f:
        for line in f:


                # continue

            vals = line.split()
            
                # name = int(vals[-1])

            try:
                name = int(vals[-1])
            except:
                name = 0
            if filter_names and name > filter_names:
                continue

            e = round(float(vals[i_energy]),4)
            x = float(vals[0])
            # print(e)
            # if e in E:
            #     if X[E.index(e)] == x:
            #         continue
            
            # if E and abs(min(np.array(E)-e)) < 0.01:
            #     print('skipping point, too often')
            #     continue
            # if count > 10:
            #     count = 0
            X.append(x) # concentrations
            E.append(e) # formation energies
            nam.append(name) # names of structures
            count+=1
        # print(a)
    return X, E





          

      

      

    

  

    
      
          
            
  Source code for siman.monte

#!/bin/python
"""  
Program Monte-Carlo by Aksyonov Dmitry, Skoltech, Moscow

"""

import sys, json, os, glob, copy
print('Python version is', sys.version)
from shutil import copyfile
import random

from os.path import expanduser
home = expanduser("~")
sys.path.append(home+'/tools/') # for numpy libraries
import numpy as np

from siman import header
from siman.monte_functions import metropolis
from siman.header import runBash, printlog
from siman.header import ALKALI_ION_ELEMENTS as AM
from siman.header import TRANSITION_ELEMENTS as TM
from siman.classes import CalculationVasp, Structure
from siman.inout import read_poscar
from siman.functions import invert
from siman.analysis import suf_en

debug2 = 0

[docs]def check(cl, exit = 0):
    # return 0 if ok, return 1 if failed
    if hasattr(cl, 'e0'):
        printlog('outcar is ok', imp  = 'y')
        out = 0
    else:
        printlog('outcar is broken ', imp  = 'y')
        out = 1
        if exit:
            printlog('exiting...', imp  = 'y')
            sys.exit()
    return out



[docs]def check_poscar(filename):
    # return 0 if ok, return 1 if failed
    try:
        cl = CalculationVasp()
        cl.read_poscar(filename)
        print(cl.init.natom)
        status = 0 # good
    except:
        status = 1
    return status




[docs]def vasp_run(n, des, vasprun_command = None):
    #allows to run vasp several times, here fireworks can be used
    #n - number of attempts
    #des - description of run
    for i in range(n): # max three attempts
        printlog(des, 'attempt', i)
        if not debug2:
            out = runBash(vasprun_command)
            printlog('out is', out)
        
        cl = CalculationVasp(output = 'OUTCAR')
        out = cl.read_results(show = 'fo')
        printlog('Results are', imp = 'y')
        printlog(out, imp = 'y')

        status = check(cl)
        if status == 0:
            break
        else:
            if os.path.exists('CONTCAR'):
                if check_poscar('CONTCAR') == 0:
                    copyfile('CONTCAR', 'POSCAR')
                else:
                    printlog('CONTCAR is broken. No further attempts to run VASP', imp = 'y')
                    break

            else:
                printlog('No CONTCAR was found. No further attempts to run VASP', imp = 'y')
                break

    return cl   




[docs]def initial_run(xcart_voids, ):
    """1. Run initial calculation"""
    if debug:
        cl = CalculationVasp()
        cl.read_poscar('1.POSCAR')
        cl.end = cl.init
        if xcart_voids: # read void coordinates
            cl.end = cl.end.add_atoms(xcart_voids, 'void')
        last_number = 0
    else:
        
        files_yes = glob.glob('*yes.pickle') #get list of calculated yes files
        files_all = glob.glob('*.pickle') #get list of all calculated files
        

        """Find last yes pickle file"""
        if files_yes:
            yes_numbers = [int(file.split('-')[0]) for file in files_yes]
            all_numbers = [int(file.split('-')[0]) for file in files_all]
            last_yes_n = max(yes_numbers)
            last_number = max(all_numbers)
            last_yes_file = str(last_yes_n)+'-yes.pickle'
            printlog('Last calculation file is ', last_yes_file, imp = 'y')
        
        else:
            last_number = 0
            last_yes_file = None

        """Read last pickle file or run vasp """
        
        if last_yes_file:
            cl = CalculationVasp().deserialize(last_yes_file)
            printlog('Successfully deserialized')
            xcart_voids = cl.end.get_specific_elements([300], fmt = 'x') # extract voids form the last calculation
        
        else:
            cl = vasp_run(3, 'first run', vasprun_command = vasprun_command)
            
            if xcart_voids: # read void coordinates
                cl.end = cl.end.add_atoms(xcart_voids, 'void')
                printlog('I found', len(xcart_voids), 'voids in config file. Added to structure.')

            if check(cl) == 0:
                cl.serialize('0-yes')
                copyfile('OUTCAR', 'OUTCAR-0')
                copyfile('OSZICAR', 'OSZICAR-0')
                copyfile('CONTCAR', 'CONTCAR-0')
                copyfile('OUTCAR', 'OUTCAR_last')
                copyfile('CONTCAR', 'CONTCAR_last')
                with open('ENERGIES', 'w') as f:
                    f.write('{:5d}  {:.5f}\n'.format(0, cl.e0))
            else:
                printlog('Calculation is broken, no data was saved, exiting ...', imp = 'y')
                sys.exit()



    if debug2:
        sys.exit()

    return cl, last_number


[docs]def get_zr_range(st, thickness, zr):

    red_thick = thickness/np.linalg.norm(st.rprimd[2])
    # z_range = [z2 - thickness, z2]
    zr_range = [zr - red_thick, zr]
    printlog('zr_range is ', zr_range)
    return zr_range



[docs]def exchange_atoms(st, xcart_voids, z2, thickness, zr = None, condition = None, ):
    """
    Swap two atoms 
    xcart_voids - list of xcart of voids
    voidz - list with z voids; actually either None or [300]
    zr - position of surface


    condition (str) - possible additional conditions

        'no_surface_TM' - do not make swaps which reduce oxygen coordination of transition metals
            max_avdist_increase - maximum allowed increase of TM-O distance after swapping; 
                (for example larger than 0.5 A allows to exclude swaps to surface) 
        

    """

    if xcart_voids:
        voidz = [300]
        printlog('Voids were extracted from st, adding them to z group for Monte-Carlo', xcart_voids)
    else:
        voidz = None


    z_groups = [AM, TM]
    if voidz:
        z_groups.append(voidz)


    printlog('All Z groups are ', z_groups)
    # sys.exit()


    zr_range = get_zr_range(st, thickness, zr)

    for i in range(100): # try 100 attempts until the condition is satisfied, otherwise terminate
        z_groups_cp = copy.deepcopy(z_groups)
        # print('z_groups_cp', z_groups_cp)
        gr1 = random.choice(z_groups_cp)
        z_groups_cp.remove(gr1)
        gr2 = random.choice(z_groups_cp)

        printlog('Chosen Z groups are ', gr1, gr2)

        # print(st.get_elements_z())
        # sys.exit()
        # nn1 = st.get_specific_elements(gr1, z_range = z_range) # atom numbers
        # nn2 = st.get_specific_elements(gr2, z_range = z_range)

        nn1 = st.get_specific_elements(gr1, zr_range = zr_range) # atom numbers
        nn2 = st.get_specific_elements(gr2, zr_range = zr_range)
        
        
        if len(nn1) == 0 or len(nn2) == 0:
            printlog('Attention, nn1 or nn2 are too small:', nn1, nn2, 'trying another')
            # print(st.get_elements())
            print(gr1, gr2, zr_range)
            print([st.xred[i] for i in st.get_specific_elements([300]) ])
            # sys.exit()
            continue
        
        printlog('Two groups of atom numbers to swap are', nn1, nn2)
        # sys.exit()

        at1 = random.choice(nn1)
        if at1 in nn1:
            nn1.remove(at1)

        at2 = random.choice(nn2)

        els = st.get_elements()
        st_new_init = st.swap_atoms(at1, at2)
        printlog('I swapped', at1+1, els[at1],  'and', at2+1, els[at2], imp = 'y' )
    

        #condition check-up
        if condition == 'no_surface_TM':
            elsz = st_new_init.get_elements_z()
            z1 = elsz[at1]
            z2 = elsz[at2]
            if (z1 in TM and z2 in TM) or (z1 not in TM and z2 not in TM):
                break # nothing to do
            # elif z1 in TM or z2 in TM:
            if z1 in TM:
                atTM = at1
            else:
                atTM = at2
            printlog('I found that one swapping atom is transition metal', atTM, els[atTM], 'checking coordination')

            # nO1 = st.nn(atTM,          6, only = [8], from_one = 0)['el'].count('O')
            # nO2 = st_new_init.nn(atTM, 6, only = [8], from_one = 0)['el'].count('O')

            av1 = st.nn(atTM,          6, only = [8], from_one = 0, silent = 1)['av(A-O,F)']
            av2 = st_new_init.nn(atTM, 6, only = [8], from_one = 0, silent = 1)['av(A-O,F)']
            
            # printlog('The oxygen-TM average', av1, av2, imp = 'y')

            if av2 > av1+0.5:
                printlog('Surface TM detected, the TM-O average distances before and after are {:.2f} {:.2f} A. Trying another swap.'.format(av1, av2), imp = 'y')
            else:
                printlog('TM-O av. dist before and after are {:.2f} {:.2f} A. Good, accepted'.format(av1, av2), imp = 'y')
                break


            # if nO1 == nO2:
            #     printlog('The oxygen coordination of TM after swap is the same, accepting', nO1, nO2)
            #     break
            # else:
            #     printlog('Warning! The oxygen coordination of TM was reduced, trying another step:', nO1, nO2)



    else:
        printlog('exchange_atoms(): The given condition on atom swapping cant be satisfied! exitting', imp = 'y' )
        sys.exit()



    return st_new_init



[docs]def exchange_with_external(st, zr, thickness, external = None):
    """
    external (dict) - {'Ni':['Li']} - atoms from external reservior which can replace existing elements, in this example Ni can replace Li
    """
    
    printlog('Starting exchange with external')

    zr_range = get_zr_range(st, thickness, zr)

    # get  external 
    # print(external.keys())
    el_ext = random.choice(list(external.keys()))

    # get element to change
    el_int = random.choice(external[el_ext])


    nn1 = st.get_specific_elements([invert(el_int)], zr_range = zr_range)

    nn2 = st.get_specific_elements([invert(el_ext)], zr_range = zr_range) # just to know good TM-O distance

    j = random.choice(nn2)

    av2 = st.nn(j, 6, only = [8], from_one = 0, silent = 1)['av(A-O,F)'] # in slab

    if len(nn1) == 0:
        printlog('All atoms were replaced, exiting ', imp = 'y')
        sys.exit()


    for k in range(10):
        i = random.choice(nn1)
        av1 = st.nn(i,          6, only = [8], from_one = 0, silent = 1)['av(A-O,F)']
        if av1 < av2+0.4:
            printlog('The chosen position is compared to the existing in slab for {:s}: {:.2f} {:.2f} A'.format(el_ext, av1, av2), imp = 'y')
            break
        else:
            printlog('Trying ', i)
    else:
        printlog('No more good options, trying all', imp = 'y')

    st_new = st.replace_atoms([i], el_ext)
    printlog('Atom', el_int, i, 'was replaced by ', el_ext, 'from external reservoir')

    return st_new 


if __name__ == "__main__":


    debug = 0

    header.warnings = 'yY'
    # header.warnings = 'neyY'
    header.verbose_log = 1

    printlog('\n\n\nStarting Monte-Carlo script!')
    

    """0. Read configuration file """
    # params = read_monte_params()
    if os.path.exists('monte.json'):
        with open('monte.json', 'r') as fp:
            params = json.load(fp)
    else:
        printlog('Warning! no configuration file monte.json, exiting')
        sys.exit()
        params = {}

    vasprun_command = params.get('vasp_run') or 'vasp'
    nmcstep = params.get('mcsteps') or 2 # minimum two steps are done
    thickness = params.get('thickness') or 6 # minimum layer 
    temperature = params.get('temp') or 1
    xcart_voids = params.get('xvoid')


    if params.get('external'):
        if not params.get('chem_pot'):
            printlog('Error! no chem_pot parameter detected in external mode')
        cl_bulk = CalculationVasp().deserialize_json('bulk.json')
        printlog('Mode with external chemical potential. Reading of bulk structure is OK', cl_bulk.e0)




    printlog('Command to run vasp', vasprun_command)
    printlog('Total number of steps is', nmcstep)
    printlog('Thickness is ', thickness)
    printlog('Temperature is ', temperature, 'K')


    cl, last_number = initial_run(xcart_voids, )
    st = cl.end


    """Determine surface position"""
    z2 = st.get_surface_pos()[1]
    zr2 = st.get_surface_pos(reduced = True)[1]
    printlog('Position of top surface is {:3.2f} {:3.2f}'.format(z2, zr2) )

    # printlog




    """Start Monte-Carlo"""

    for i_mcstep in range(1+last_number, 1+last_number+nmcstep):
        printlog('---------------------------------', imp = 'y')
        printlog('\n\n\n\nMonte-Carlo step = ', i_mcstep, imp = 'y')




        """3. The section where changes are done """

        if params.get('external'):
            st_new_init = exchange_with_external(st, zr2, thickness, external = params.get('external'))
        else:
            st_new_init = exchange_atoms(st, xcart_voids, z2, thickness, zr = zr2, condition = 'no_surface_TM')








        if xcart_voids:
            xcart_voids = st_new_init.get_specific_elements([300], fmt = 'x')
            printlog('The following voids after changes were extracted from st:', xcart_voids)

        if debug:
            st_new_init.write_poscar('POSCAR-'+str(i_mcstep))
            st_new_init = read_poscar(st_new_init, 'POSCAR-'+str(i_mcstep))
            # print(xcart_voids)
            # sys.exit()
            if xcart_voids:
                st_new_init = st_new_init.add_atoms(xcart_voids, 'void')
            # xcart_voids = st_new_init.get_specific_elements([300], fmt = 'x')
            # print('After writing and reading the voids are ', xcart_voids)
            st = st_new_init
            cl = CalculationVasp()
            cl_new = CalculationVasp()
            cl.end = st
            cl_new.end = st_new_init
            cl.e0 = random.random()
            cl_new.e0 = random.random()
        else:
            """4. Write new structure and calculate energy  """

            st_new_init.write_poscar('POSCAR') #here voids are lost
            
            cl_new = vasp_run(3, 'mcstep '+str(i_mcstep), vasprun_command = vasprun_command)

            if check(cl_new):
                printlog('{:5d} is unlucky configuration, trying another ... '.format(i_mcstep), imp = 'y')
                continue



        """5. Check if to accept new structure  """
        if params.get('external'):
            # print('')
            gamma, E1         = suf_en(cl,     cl_bulk, chem_pot = params.get('chem_pot'), return_diff_energy =1)
            gamma_new, E2     = suf_en(cl_new, cl_bulk, chem_pot = params.get('chem_pot'),  return_diff_energy =1)

        else:
            E1 = cl.e0
            E2 = cl_new.e0



        printlog('Energies before and after are {:3.3f} and {:3.3f}, dE = {:3.3f}'.format(E1, E2, E2 - E1), imp = 'y')
        with open('ENERGIES', 'a') as f:
            f.write('{:5d}  {:.5f}\n'.format(i_mcstep, cl_new.e0))


        
        if metropolis(E1, E2, temperature):
            cl = cl_new

            if xcart_voids:
                #insert voids
                cl_new.end = cl_new.end.add_atoms(xcart_voids, 'void') # here voids are inserted back

            if not debug:
                cl.serialize(str(i_mcstep)+'-yes')
                copyfile('CONTCAR', 'CONTCAR_last')
                copyfile('OUTCAR', 'OUTCAR_last')
                if os.path.exists('LOCPOT'):
                    copyfile('LOCPOT', 'LOCPOT_last')

            st = cl_new.end

            printlog('The step was accepted', imp = 'y')

        else:
            printlog('The step was rejected', imp = 'y')

            if not debug:
                cl_new.serialize(str(i_mcstep)+'-no')

        if not debug:
            copyfile('OSZICAR', 'OSZICAR-'+str(i_mcstep))
            copyfile('CONTCAR', 'CONTCAR-'+str(i_mcstep))
            copyfile('OUTCAR', 'OUTCAR-'+str(i_mcstep))
            if os.path.exists('LOCPOT'):

                copyfile('LOCPOT', 'LOCPOT-'+str(i_mcstep))

    if not debug:
        copyfile('OUTCAR_last', 'OUTCAR')
        copyfile('CONTCAR_last', 'CONTCAR')
        if os.path.exists('LOCPOT_last'):
        
            copyfile('LOCPOT_last', 'LOCPOT')
    
    printlog('MC simulation finished!', imp = 'y')




          

      

      

    

  

    
      
          
            
  Source code for siman.monte_functions

import os, subprocess
import math
import numpy as np
import copy
import datetime
import shutil
import traceback
import glob
from random import randint, random

from siman.header import printlog, kB






[docs]def metropolis(E1, E2, T = 1):
    """
    Metropolis algorithm
    """
    decrease = False # energy reduction
    
    # kB = 1.3806488*10**-23  / 1.6 * 10 **19
    dE = E2 - E1
    
    printlog("metropolis(): dE is ", dE)
    r = random()
    # printlog(-dE,kB,T)
    small = -0.000001
    if dE > small:
        e = math.exp(-dE/kB/T)
        printlog("exponent is  ", e)
        printlog("random number is ", r)
    else:
        e = 0.9999999
        
    if dE < small:
        printlog( "dE is ", dE, "Accept!")
        decrease = True
    elif  1 > e > r:
        printlog ("Accepted due to the temperature; exponent is ", e )
        decrease = True
    else:
        printlog('Not accepted')

    return decrease







          

      

      

    

  

    
      
          
            
  Source code for siman.neb

from __future__ import division, unicode_literals, absolute_import, print_function

import copy, sys, os
import numpy as np
from operator import itemgetter
import shutil
from tabulate import tabulate

from siman import header
from siman.header import print_and_log, printlog, runBash
from siman.calc_manage import add_loop, res_loop, add_des, inherit_ngkpt
from siman.functions import  return_atoms_to_cell, push_to_server, invert
from siman.inout import write_xyz
from siman.small_functions import is_list_like, makedir, list2string
from siman.classes import CalculationVasp, cd
from siman.geo import xcart2xred, xred2xcart, local_surrounding, replic, determine_symmetry_positions
from siman.impurity import find_pores, determine_voids, determine_unique_voids










[docs]def determine_unique_final(st_pores, sums, avds, x_m):

    final_table = []
    insert_positions = []


    """Please determine unique positions with similar distances taking into acc PBC!!!
    below is incorrect
    """
    # crude_prec = 1
    # sums_crude = np.unique(sums.round(crude_prec))
    # print_and_log('The unique voids based on the sums:', 
    #     '\nwith 0.01 A prec:',np.unique(sums.round(2)),
    #     '\nwith 0.1  A prec:',sums_crude,
    #     imp ='y')
    # print_and_log('Based on crude criteria only', len(sums_crude),'types of void are relevant', imp = 'y') 

    # xcart_unique = []
    # avds_unique  = []
    # sums_unique  = []

    # for i, s in enumerate(sums_crude):
    #     index_of_first =  np.where(sums.round(crude_prec)==s)[0][0]
    #     xcart_unique.append(st_pores.xcart[index_of_first])
    #     avds_unique.append(avds[index_of_first] )
    #     sums_unique.append(sums[index_of_first] )

    # st_pores_unique = copy.deepcopy(st_pores)

    # st_pores_unique.xcart = xcart_unique
    # st_pores_unique.xcart2xred()

    sur = local_surrounding(x_m, st_pores, n_neighbours = len(st_pores.xcart), control = 'atoms', periodic  = True)

    # print('neb.determine_unique_final(): sur',  sur)

    print_and_log(
    'I can suggest you '+str (len(sur[0]) )+' end positions.', imp = 'y' )
    

    for i, (x, d, ind) in enumerate( zip(sur[0], sur[3], sur[2])):
        # if i == 0:
        #     continue
        final_table.append([i, np.array(x).round(2), round(d, 2), avds[ind], sums[ind] ]  )

    print_and_log( tabulate(final_table, headers = ['void #', 'Cart.', 'Dist', 'Dev.', 'Sum'], tablefmt='psql'), imp = 'Y' )

    return sur







[docs]def add_neb(starting_calc = None, st = None, st_end = None,
    it_new = None, ise_new = None, i_atom_to_move = None, 
    up = 'up2',
    search_type = 'vacancy_creation',
    images  = None, r_impurity = None, 
    calc_method = ['neb'], 
    inherit_option  = None, mag_config = None, i_void_start = None, i_void_final = None, 
    atom_to_insert = None,
    atom_to_move   = None,
    rep_moving_atom = None,
    end_pos_types_z = None,
    replicate = None,
    it_new_folder = None,
    it_folder = None,
    inherit_magmom = False,
    x_start = None, xr_start = None,
    x_final = None, xr_final = None,
    upload_vts = False,
    center_on_moving = True,
    run = False, add_loop_dic = None, old_behaviour = None, params = None
     ):


    """
    Prepare needed files for NEB
    Provides several regimes controlled by *search_type* flag:
        - existing_voids - search for voids around atom and use them as a final position 
        - vacancy_creation - search for neighbors of the same type and make a vacancy as a start position
        - interstitial_insertion - search for two neighboring voids; use them as start and final positions
                                    by inserting atom *atom_to_insert*
        - None - just use st and st2 as initial and final

    ###INPUT:
        - starting_calc (Calculation) - Calculation object with structure
        - st (Structure) - structure, can be used instead of Calculation
            - it_new (str) - name for calculation
        - st_end (Structure) - final structure

        - i_atom_to_move (int) - number of atom for moving starting from 0;
        - *mag_config* (int ) - choose magnetic configuration - allows to obtain different localizations of electron
        - *replicate* (tuple 3*int) - replicate cell along rprimd
        - i_void_start,  i_void_final (int) - position numbers of voids (or atoms) from the suggested lists
        - atom_to_insert  (str) - element name of atom to insert
        - atom_to_move (str) - element name of atom to move
        - it_new_folder or it_folder  (str) - section folder
        - inherit_option (str) - passed only to add_loop
        - inherit_magmom (bool) - if True than magmom from starting_calc is used, else from set

        - end_pos_types_z (list of int) - list of Z - type of atoms, which could be considered as final positions in vacancy creation mode

        - calc_method (list)
            - 'neb'
            - 'only_neb' - run only footer

        - x_start, x_final (array) - explicit xcart coordinates of moving atom for starting and final positions, combined with atom_to_insert
        - xr_start, xr_final (array) - explicit xred
        - rep_moving_atom (str)- replace moving atom by needed atom - can be useful than completly different atom is needed. 

        - upload_vts (bool) - if True upload Vasp.pm and nebmake.pl to server
        - run (bool)  - run on server

        - old_behaviour (str) - choose naming behavior before some date in the past for compatibility with your projects
            '020917'
            '261018' - after this moment new namig convention applied if end_pos_types_z is used

        - add_loop_dic - standart parameters of add()
        - params (dic) - provide additional parameters to add() # should be removed

    ###RETURN:
        None

    ###DEPENDS:

    ###TODO
    1. Take care of manually provided i_atom_to_move in case of replicate flag using init_numbers 
    2. For search_type == None x_m and x_del should be determined for magnetic searching and for saving their coordinates
    to struct_des; now their just (0,0,0) 


    """
    naming_conventions209 = True # set False to reproduce old behavior before 2.09.2017
    if old_behaviour == '020917':
        naming_conventions209 = False #


    # print('atom_to_insert', atom_to_insert)
    # sys.exit()

    calc = header.calc
    struct_des = header.struct_des
    varset = header.varset
    
    if not add_loop_dic:
        add_loop_dic = {}

    if not end_pos_types_z:
        end_pos_types_z = []
        end_pos_types_z = sorted(end_pos_types_z)


    if not hasattr(calc_method, '__iter__'):
        calc_method = [calc_method]



    if starting_calc and st:
        printlog('Warning! both *starting_calc* and *st* are provided. I use *starting_calc*')
        st = copy.deepcopy(starting_calc.end)

    elif starting_calc:
        st = copy.deepcopy(starting_calc.end)
        printlog('I use *starting_calc*')


    elif st:
        ''
        printlog('I use *st*')

    else:
        printlog('Error! no input structure. Use either *starting_calc* or *st*')

    corenum = add_loop_dic.get('corenum')
    # print(corenum)
    # sys.exit()

    if corenum == None:
        if images == 3:
            corenum = 15
        elif images == 5:
            corenum = 15
        elif images == 7:
            corenum = 14
        else:
            printlog('add_neb(): Error! number of images', images,'is unknown to me; please provide corenum!')

    # print(corenum)
    # sys.exit()


    # print(atom_to_insert)
    # sys.exit()


    if corenum:
        # header.corenum = corenum
        ''
    else:
        corenum = header.CORENUM

    if corenum % images > 0:
        print_and_log('Error! Number of cores should be dividable by number of IMAGES', images, corenum)


    if not ise_new:
        ise_new = starting_calc.id[1]
        printlog('I use', ise_new, 'as ise_new', imp = 'y')


    name_suffix = ''
    st_pores = []

    name_suffix+='n'+str(images)


    """Replicate cell """
    if replicate:
        print_and_log('You have chosen to replicate the structure by', replicate)

        st = replic(st, mul = replicate)
        name_suffix += str(replicate[0])+str(replicate[1])+str(replicate[2])



    printlog('Search type is ', search_type)
    if search_type == None:
        
        if st_end == None:
            printlog('Error! You have provided search_type == None, st_end should be provided!')

        st1 = st
        st2 = st_end

        x_m = (0,0,0)
        x_del = (0,0,0)




    else:

        """1. Choose  atom (or insert) for moving """

        if is_list_like(xr_start):
            x_start = xred2xcart([xr_start], st.rprimd)[0]
            # print('atom_to_insert', atom_to_insert)
            # sys.exit()

            st1, i_m = st.add_atoms([x_start], atom_to_insert, return_ins = 1)
            x_m = x_start
            # i_m = st1.find_atom_num_by_xcart(x_start)
            # print(st1.get_elements()[i_m])
            # sys.exit()


            if i_atom_to_move:
                nn = str(i_atom_to_move+1)
            else:
                nn = str(i_void_start)


            name_suffix+=atom_to_insert+nn
            write_xyz(st1, file_name = st.name+'_manually_start')
            printlog('Start position is created manually by adding xr_start', xr_start, x_start)
            type_atom_to_move = atom_to_insert
            el_num_suffix = ''


        else:

            atoms_to_move = []
            atoms_to_move_types = []
            
            # print('d', i_atom_to_move)
            # sys.exit()

            if i_atom_to_move:
                typ = st.get_elements()[i_atom_to_move]
                printlog('add_neb(): atom', typ, 'will be moved', imp = 'y')
                atoms_to_move.append([i_atom_to_move, typ, st.xcart[i_atom_to_move]])
                atoms_to_move_types.append(typ)
    
                if naming_conventions209:
                    name_suffix+=typ+str(i_atom_to_move+1)



            else:
                #try to find automatically among alkali - special case for batteries
                for i, typ, x in zip(range(st.natom), st.get_elements(), st.xcart): 
                    if typ in ['Li', 'Na', 'K', 'Rb', 'Mg']:
                        atoms_to_move.append([i, typ, x])
                        if typ not in atoms_to_move_types:
                            atoms_to_move_types.append(typ)

            if  atoms_to_move:
                # print(atom_to_move)
                # sys.exit()
                if not atom_to_move:
                    atom_to_move = atoms_to_move_types[0] # taking first found element
                    if len(atoms_to_move_types) > 1:
                        printlog('Error! More than one type of atoms available for moving detected', atoms_to_move_types,
                            'please specify needed atom with *atom_to_move*')

                type_atom_to_move = atom_to_move #atoms_to_move[0][1]

                # printlog('atom ', type_atom_to_move, 'will be moved', imp ='y')

                if i_atom_to_move:
                    printlog('add_neb(): *i_atom_to_move* = ', i_atom_to_move, 'is used', imp ='y')
                    numbers = [[i_atom_to_move]]
                    i_void_start = 1
                else:
                    printlog('add_neb(): determine_symmetry_positions ...', imp ='y')

                    numbers = determine_symmetry_positions(st, atom_to_move)

                # print(numbers)
                # sys.exit()
                if len(numbers)>0:
                    printlog('Please choose position using *i_void_start* :', [i+1 for i in range(len(numbers))],imp = 'y' )
                    printlog('*i_void_start* = ', i_void_start)
                    i_m = numbers[i_void_start-1][0]
                    printlog('Position',i_void_start,'chosen, atom:', i_m+1, type_atom_to_move, imp = 'y' )
                
                else:
                    i_m = numbers[0][0]

                
                x_m = st.xcart[i_m]

                el_num_suffix =  type_atom_to_move +str(i_m+1)
                atom_to_insert = atom_to_move

                st1 = st
            # elif atom_to_replace:
            #     num = st.get_specific_elements(atom_to_replace)

            #     if len(n)>0:
            #         printlog('Please choose position using *i_void_start* :', [i+1 for i in range(len(num))],imp = 'y' )
            #         printlog('*i_void_start* = ', i_void_start)
            #         i_m = num[i_void_start-1]
            #         printlog('Position',i_void_start,'chosen, atom to replace:', i_m+1, atom_to_replace, imp = 'y' )
            #         sys.exit()


            else:

                print_and_log('No atoms to move found, you probably gave me deintercalated structure', important = 'y')
                
                st_pores, sums, avds = determine_voids(st, r_impurity, step_dec = 0.1, fine = 2)
              

                insert_positions = determine_unique_voids(st_pores, sums, avds)

                print_and_log('Please use *i_void_start* to choose the void for atom insertion from the Table above:', 
                    end = '\n', imp = 'Y')


                if i_void_start == None:
                    sys.exit()
                if atom_to_insert == None:
                    printlog('Error! atom_to_insert = None')

                st = st.add_atoms([insert_positions[i_void_start],], atom_to_insert)

                name_suffix+='i'+str(i_void_start)

                i_m = st.natom-1
                x_m = st.xcart[i_m]


                search_type = 'existing_voids'
                type_atom_to_move = atom_to_insert
                el_num_suffix = ''

                st1 = st



        """2. Choose final position"""

        if is_list_like(xr_final):
            x_final = xred2xcart([xr_final], st.rprimd)[0]
            

            #old
            #check if i_atom_to_move should be removed
            # st2 = st1.del_atom(i_m)
            # st2 = st2.add_atoms([x_final], atom_to_insert)

            #new
            st2 = st1.mov_atoms(i_m, x_final)


            
            # st1.printme()
            # st2.printme()
            # sys.exit()


            x_del = x_final 
            search_type = 'manual_insertion'
            name_suffix+= 'v'+str(i_void_final) 
            write_xyz(st2, file_name = st.name+'_manually_final')
            printlog('Final position is created manually by adding xr_final', xr_final, x_del)



        elif search_type == 'existing_voids':
            #Search for voids around choosen atoms

            if not st_pores: 
                st_pores, sums, avds = determine_voids(st, r_impurity)
            
            sur = determine_unique_final(st_pores, sums, avds, x_m)

            print_and_log('Please choose *i_void_final* from the Table above:', end = '\n', imp = 'Y')


            if i_void_final == None:
                sys.exit()

            x_final = sur[0][i_void_final] #
            
            printlog('You chose:', np.array(x_final).round(2), end = '\n', imp = 'Y')


            x_del = x_final #please compare with vacancy creation mode

            write_xyz(st.add_atoms([ x_final], 'H'), replications = (2,2,2), file_name = st.name+'_possible_positions2_replicated')
            
            print_and_log('Choosing the closest position as end', important = 'n')

            st1 = st

            st2 = st.mov_atoms(i_m, x_final)
            
            name_suffix += el_num_suffix+'e'+str(i_void_final)+atom_to_insert

            st1 = return_atoms_to_cell(st1)
            st2 = return_atoms_to_cell(st2)

            write_xyz(st1, file_name = st1.name+name_suffix +'_start')

            write_xyz(st2, file_name = st2.name+name_suffix +'_final')


        elif search_type == 'vacancy_creation':
            #Create vacancy by removing some neibouring atom of the same type 
            
            print_and_log('You have chosen vacancy_creation mode of add_neb tool', imp= 'Y')

            print_and_log( 'Type of atom to move = ', type_atom_to_move, imp = 'y')
            # print 'List of left atoms = ', np.array(st.leave_only(type_atom_to_move).xcart)

            final_pos_z = end_pos_types_z or [invert(type_atom_to_move)] # by default only moving atom is considered
            end_pos_types_el = [invert(z) for z in end_pos_types_z]


            sur = local_surrounding(x_m, st, n_neighbours = 14, control = 'atoms', 
                only_elements = final_pos_z,
                periodic  = True) #exclude the atom itself

            # print(x_m)
            # print(sur)

            # st.nn()
            end_pos_n = sur[2][1:]
            print_and_log(
            'I can suggest you '+str (len(end_pos_n) )+' end positions. The distances to them are : ',np.round(sur[3][1:], 2), ' A\n ',
            'They are ', [invert(z) for z in final_pos_z], 'atoms, use *i_void_final* to choose required: 1, 2, 3 ..', imp = 'y')

            i_sym_final_l = []
            for j in end_pos_n:
                for i, l in enumerate(numbers):
                    if j in l: 
                        i_sym_final_l.append(i+1)
            printlog('Their symmetry positions are ', i_sym_final_l, imp = 'y')

            # sys.exit()


            if not i_void_final:
                printlog('Changing i_void_final: None -> 1', imp = 'y')
                i_void_final = 1 #since zero is itself
            chosen_dist = sur[3][i_void_final]
            print_and_log('Choosing position ', i_void_final, 'with distance', round(chosen_dist, 2), 'A', imp = 'y')

            # print(end_pos_n)
            i_sym_final = 0
            n_final = sur[2][i_void_final]
            for i, l in enumerate(numbers):
                if n_final in l:
                    i_sym_final = i+1
            printlog('It is symmetrically non-equiv position #', i_sym_final, imp = 'y')

            # sys.exit()

            header.temp_chosen_dist = chosen_dist


            if old_behaviour == '261018':
                name_suffix += el_num_suffix+'v'+str(i_void_final)
            else:

                name_suffix += el_num_suffix+'v'+str(i_void_final)+list2string(end_pos_types_el, joiner = '')

                # print(name_suffix)
                # sys.exit()


            x_del = sur[0][i_void_final]
            printlog('xcart of atom to delete', x_del)
            i_del = st.find_atom_num_by_xcart(x_del)
            # print(x_del)
            # print(st.xcart)
            # for x in st.xcart:
            #     if x[0] > 10:
            #         print(x)


            print_and_log( 'number of atom to delete = ', i_del, imp = 'y')
            if i_del == None:
                printlog('add_neb(): Error! I could find atom to delete!')

            # print st.magmom
            # print st1.magmom


            # try:
            if is_list_like(xr_start):
                st2 = st1.mov_atoms(i_m, x_del) # i_m and sur[0][neb_config] should coincide
                # i_del = st1.find_atom_num_by_xcart(x_del)
                
                st1 = st1.del_atom(i_del) 

            else:
                print_and_log('Making vacancy at end position for starting configuration', imp = 'y')
                st1 = st.del_atom(i_del) 


                print_and_log('Making vacancy at start position for final configuration', important = 'n')
                st2 = st.mov_atoms(i_m, x_del) # i_m and sur[0][neb_config] should coincide
            # except:
                # st2 = st

            st2 = st2.del_atom(i_del) # these two steps provide the same order



    """Checking correctness of path"""
    #if start and final positions are used, collisions with existing atoms are possible 
    if is_list_like(xr_start) and is_list_like(xr_final):
        printlog('Checking correctness')
        st1, _, _ = st1.remove_close_lying()

        stt = st1.add_atoms([x_final,], 'Pu')
        stt, x, _ = stt.remove_close_lying(rm_both = True) # now the final position is empty for sure; however the order can be spoiled
        # print(st._removed)
        if stt._removed:
            st1 = stt # only if overlapping was found we assign new structure


        st2, _, _ = st2.remove_close_lying(rm_first = stt._removed)
        stt = st2.add_atoms([x_start,], 'Pu')
        stt, x, _ = stt.remove_close_lying(rm_both = True) # now the start position is empty for sure
        if stt._removed:
            st2 = stt

        print(st2.get_elements())
        # sys.exit()


    elif is_list_like(xr_final) and not is_list_like(xr_start) or is_list_like(xr_start) and not is_list_like(xr_final):
        printlog('Attention! only start or final position is provided, please check that everything is ok with start and final states!!!')





    """ Determining magnetic moments  """
    vp = varset[ise_new].vasp_params



    if 'ISPIN' in vp and vp['ISPIN'] == 2:
        print_and_log('Magnetic calculation detected. Preparing spin modifications ...', imp = 'y')
        cl_test = CalculationVasp(varset[ise_new])
        cl_test.init = st1
        # print 'asdfsdfasdfsadfsadf', st1.magmom
        if inherit_magmom and hasattr(st, 'magmom') and st.magmom and any(st.magmom):
            print_and_log('inherit_magmom=True: You have chosen MAGMOM from provided structure', imp = 'y')
            name_suffix+='mp' #Magmom from Previous
        else:
            cl_test.init.magmom = None
            print_and_log('inherit_magmom=False or no magmom in input structure : MAGMOM will be determined  from set', imp = 'y')
            name_suffix+='ms' #Magmom from Set


        cl_test.actualize_set() #find magmom for current structure

        st1.magmom = copy.deepcopy(cl_test.init.magmom)
        st2.magmom = copy.deepcopy(cl_test.init.magmom)

        # sys.exit()
        # print_and_log('The magnetic moments from set:')
        # print cl_test.init.magmom
        if search_type != None:  # for None not implemented; x_m should be determined first for this
            #checking for closest atoms now only for Fe, Mn, Ni, Co
            sur   = local_surrounding(x_m, st1, n_neighbours = 3, control = 'atoms',
            periodic  = True, only_elements = header.TRANSITION_ELEMENTS)

            dist = np.array(sur[3]).round(2)
            numb = np.array(sur[2])
            a = zip(numb, dist )
            # a=  np.array(a)
            # print a[1]
            # a = np.apply_along_axis(np.unique, 1, a)
            # print a
            def unique_by_key(elements, key=None):
                if key is None:
                    # no key: the whole element must be unique
                    key = lambda e: e
                return list ( {key(el): el for el in elements}.values() )

            # print a
            mag_atoms_dists = unique_by_key(a, key=itemgetter(1))
            # print (mag_atoms_dists)
            # a = unique_by_key(a, key=itemgetter(1))
            print_and_log( 'I change spin for the following atoms:\ni atom     dist\n', np.round(mag_atoms_dists, 2) , imp = 'y' )
            # print 'I have found closest Fe atoms'
            muls = [(1.2, 0.6), (0.6, 1.2)]
            mag_moments_variants = []
            for mm in muls:
                mags = copy.deepcopy(cl_test.init.magmom)
                # print mags
                for a, m in zip(mag_atoms_dists, mm):
                    # print t[1]
                    mags[a[0]] = mags[a[0]]*m
                mag_moments_variants.append(mags)

            print_and_log( 'The list of possible mag_moments:', imp = 'y' )
            for i, mag in enumerate(mag_moments_variants):
                print_and_log( i, mag)

            print_and_log( 'Please use *mag_config* arg to choose desired config' , imp = 'y' )


        if mag_config != None:

            st1.magmom = copy.deepcopy(mag_moments_variants[mag_config])
            st2.magmom = copy.deepcopy(mag_moments_variants[mag_config])

            name_suffix+='m'+str(mag_config)

            print_and_log('You have chosen mag configuration #',mag_config,imp = 'y')

    else:
        print_and_log('Non-magnetic calculation continue ...')















    """3. Add to struct_des, create geo files, check set, add_loop """

    if starting_calc:
        it = starting_calc.id[0]
        it_new = it+'v'+str(starting_calc.id[2])+'.'+name_suffix

        if not it_new_folder:
            it_new_folder = struct_des[it].sfolder+'/neb/'
        obtained_from = str(starting_calc.id) 

        if not ise_new:
            print_and_log('I will run add_loop() using the same set', important = 'Y')
            ise_new = cl.id[1]

    elif st:
        if not it_new:
            printlog('Error! please provide *it_new* - name for your calculation', important = 'Y')


        it = None
        it_new+='.'+name_suffix
        obtained_from = st.name
        
        if not ise_new:
            printlog('Error! please provide *ise_new*', important = 'Y')

        if not it_new_folder and not it_folder:
            
            printlog('Error! please provide *it_new_folder* - folder for your new calculation', important = 'Y')
        if it_folder:
            it_new_folder = it_folder

    if rep_moving_atom:
        it_new += 'r'+rep_moving_atom

    if it_new not in struct_des:
        add_des(struct_des, it_new, it_new_folder, 'Automatically created and added from '+obtained_from  )




    print_and_log('Creating geo files for starting and final configurations (versions 1 and 2) ', important = 'y')

    # if starting_calc:
    #     cl = copy.deepcopy(starting_calc)
    # else:

    cl = CalculationVasp()

    #write start position
    if search_type is not None:
        struct_des[it_new].x_m_ion_start = x_m
        struct_des[it_new].xr_m_ion_start = xcart2xred([x_m], st1.rprimd)[0]

        # st1, _, _ = st1.remove_close_lying()
        # st2, _, _ = st2.remove_close_lying()
        print('Trying to find x_m', x_m)
        i1 = st1.find_atom_num_by_xcart(x_m, prec = 0.45, )

        # sys.exit()
        print('Trying to find x_del', x_del)

        i2 = st2.find_atom_num_by_xcart(x_del, prec = 0.45, )

        if rep_moving_atom: #replace the moving atom by required
            st1 = st1.replace_atoms([i1], rep_moving_atom)
            st2 = st2.replace_atoms([i2], rep_moving_atom)
        else:
            #allows to make correct order for nebmake.pl
            st1 = st1.replace_atoms([i1], type_atom_to_move)
            st2 = st2.replace_atoms([i2], type_atom_to_move)

        i1 = st1.find_atom_num_by_xcart(x_m, prec = 0.45) # the positions were changed # check if this is correct
        i2 = st2.find_atom_num_by_xcart(x_del, prec = 0.45)


    cl.end = st1
    ver_new = 1
    cl.version = ver_new
    cl.path["input_geo"] = header.geo_folder + struct_des[it_new].sfolder + '/' + \
        it_new+"/"+it_new+'.auto_created_starting_position_for_neb_'+str(search_type)+'.'+str(ver_new)+'.'+'geo'
    
    cl.write_siman_geo(geotype = 'end', description = 'Starting conf. for neb from '+obtained_from, override = True)


    #write final position

    struct_des[it_new].x_m_ion_final = x_del
    struct_des[it_new].xr_m_ion_final = xcart2xred([x_del], st2.rprimd)[0]



    cl.end = st2
    ver_new = 2
    cl.version = ver_new
    cl.path["input_geo"] = header.geo_folder + struct_des[it_new].sfolder + '/' + \
        it_new+"/"+it_new+'.auto_created_final_position_for_neb_'+str(search_type)+'.'+str(ver_new)+'.'+'geo'
    
    cl.write_siman_geo(geotype = 'end', description = 'Final conf. for neb from '+obtained_from, override = True)

    if not rep_moving_atom and search_type is not None:
        st1s = st1.replace_atoms([i1], 'Pu')
        st2s = st2.replace_atoms([i2], 'Pu')
    else:
        st1s = copy.deepcopy(st1)
        st2s = copy.deepcopy(st2)
    
    if center_on_moving and search_type is not None:

        vec = st1.center_on(i1)
        st1s = st1s.shift_atoms(vec)
        st2s = st2s.shift_atoms(vec)
        write_xyz(st1s, file_name = it_new+'_start')
        write_xyz(st2s, file_name = it_new+'_end')


    st1s.write_poscar('xyz/POSCAR1')
    st2s.write_poscar('xyz/POSCAR2')
    # print(a)
    # runBash('cd xyz; mkdir '+it_new+'_all;'+"""for i in {00..04}; do cp $i/POSCAR """+ it_new+'_all/POSCAR$i; done; rm -r 00 01 02 03 04')
    
    with cd('xyz'):
        a = runBash(header.PATH2NEBMAKE+' POSCAR1 POSCAR2 3')
        print(a)
        dst = it_new+'_all'
        makedir(dst+'/any')
        for f in ['00', '01', '02', '03', '04']:
            shutil.move(f+'/POSCAR', dst+'/POSCAR'+f)
            shutil.rmtree(f)





    #prepare calculations
    # sys.exit()








    #Check if nebmake is avail
    # if int(runBash('ssh '+cluster_address+' test -e '+project_path_cluster+'/tools/vts/nebmake.pl; echo $?') ):

    #     ''
    #     print_and_log('Please upload vtsttools to ',cluster_address, project_path_cluster+'/tools/vts/')
    #     raise RuntimeError

    #     copy_to_server(path_to_wrapper+'/vtstscripts/nebmake.pl', to = project_path_cluster+'/tools/',  addr = cluster_address)
    # if  int(runBash('ssh '+cluster_address+' test -e '+project_path_cluster+'/tools/Vasp.pm; echo $?') ):
    #     copy_to_server(path_to_wrapper+'/vtstscripts/Vasp.pm', to = project_path_cluster+'/tools/',  addr = cluster_address)





    inherit_ngkpt(it_new, it, varset[ise_new])

    if run:
        add_loop_dic['run'] = run

    add_loop_dic['corenum'] = corenum
    # print(add_loop_dic)
    add_loop(it_new, ise_new, verlist = [1,2], up = up, calc_method = calc_method, savefile = 'oc', inherit_option = inherit_option, n_neb_images = images, 
        # params=params, 
        **add_loop_dic  )
    

    if upload_vts:
        siman_dir = os.path.dirname(__file__)
        # print(upload_vts)
        push_to_server([siman_dir+'/cluster_tools/nebmake.pl', siman_dir+'/cluster_tools/Vasp.pm'], to = header.cluster_home+'/tools/vts',  addr = header.cluster_address)
    
    else:
        print_and_log('Please be sure that vtsttools are at',header.cluster_address, header.cluster_home+'/tools/vts/', imp = 'Y')

    printlog('add_neb finished')
    return it_new 





          

      

      

    

  

    
      
          
            
  Source code for siman.pairs

# -*- coding: utf-8 -*- 
#Copyright Aksyonov D.A
 
from operator import itemgetter

from siman import header
from siman.classes import CalculationVasp, Structure
from siman.functions import  element_name_inv
from siman.geo import image_distance, replic, local_surrounding, xcart2xred, xred2xcart
from siman.inout import write_xyz
from siman.impurity import insert, add_impurity



[docs]def PBC(dx, r):
    """
    can be incorrect
    Realisation of periodic boundary conditions in common case
    dx - vector[3] difference between coordinates of two atoms
    r - rprimd of cell
    return dx - the smallest distance between atoms

    """
    
    hproj = [ (r[0][i]+r[1][i]+r[2][i]) * 0.5 for i in (0,1,2) ] #projection of vectors on three axis
    
    dxl = dx.copy()
    for i in 0, 1, 2:
        #the smallest distance: can be incorrect for oblique cells
        if dx[i] >  hproj[i]: dx = dx - r[i] #periodic boundary conditions
        if dx[i] < -hproj[i]: dx = dx + r[i]
        #the largest distance: not correct
        #if dx[i] <  0: dxl = dx + r[i] 
        #f dx[i] >  0: dxl = dx - r[i]

    return math.sqrt(dx[0]**2 + dx[1]**2 + dx[2]**2) #, math.sqrt(dxl[0]**2 + dxl[1]**2 + dxl[2]**2)






[docs]def find_pairs(base_name, segtyp, in_calc, central_atoms = [], xcart1imp = None, input_dlist_coseg = None, prec = 2, gvolume_config_num = None,
    gbpos = None,
    take_final_rprimd_from = None, main_path = None, based_on = None, target_znucl = [22, 6, 8],
    max_dist_between_atoms = 4.8, add_typat = [2, 3]                 ):
    """
    Find uniq pairs of atoms and analyse them
    Input:
    
    segtyp - 
    three regimes for cells with grain boundaries:
    'segreg' assumes that in_calc contains carbon atom in grain volume, and creates all cases; 
    'coseg' assumes pure cell and creates only coseg cases.
    cosegregation cases of course should be the same for two regimes, however co-segregation configuations after 'coseg' is more easy to relax.
    'grainvol' - searching for pairs in grain volume

    two regimes for bulk cells:
    'bulk_triple' - used for bulk cells without grain boundaries; first step is searching for pairs, second step for triples.
    'bulk_pairs' - used for bulk cells without grain boundaries; searching for pairs.



    new_name - name of created structures; at first should be added to struct_des[]
    in_calc - Calculation() type or path to geo file
    region - list of numbers which determine region
    central_atoms - list of atoms for which pairs are constructed (Warinig! numbers in new array xcart_pores!);
    - parameter to change mode;

    xcart1imp - coordinates of first interstitial in the  grain interior 

    input_dlist_coseg - list of configurations with cosegregation cases. Needed to construct corresponding segregation cases. the format is quiet tricky

    prec - precision of lengths used to determine unique positions.

    gvolume_config_num - number of configuration with two atoms in grain volume choosen by user (usually should be the most favourable) 

    gbpos - position of grain boundary

    take_final_rprimd_from - path to geo file from which rprimd will be used


    target_znucl - numbers of target atoms

    max_dist_between_atoms - now at least used for 'bulk_pairs' and 'bulk_triple'; maximum length of found pairs.

    add_typat - mannualy set please update

    """

    def write_geometry_files(dlist, in_calc, xcart_pores, segtyp, take_final_rprimd_from = None, add_name_before = '', tlist = [], configver = False,
        add_typat = None):
        """Creating files
        dlist - list of pairs with distances and numbers
        in_calc - base calculation without pores

        tlist - list of additional atoms in the case of triples; list of structures
        configver - if True each configuration saved as a new version
        add_typat - manually determined; please automatize!
        """

        print(( "Warning! add_typat", add_typat))
        if tlist == []: #convert dlist to tlist - to do earlier
            for el in dlist:
                config = Structure()
                config.name = el[2]
                config.length = el[0]
                config.typat = add_typat
                config.xcart = [el[7], el[8] ]
                tlist.append(config)


        for i, el in enumerate( tlist): #by all found structures
            print(( "el name is ", el.name))
            stn = copy.deepcopy(in_calc.init)
            calc = copy.deepcopy(in_calc)

            stn.typat.extend(el.typat)
            stn.xcart.extend(el.xcart)


            stn.xred = xcart2xred(stn.xcart, stn.rprimd)

            xcart_check = xred2xcart(stn.xred, stn.rprimd)        
            assert len(xcart_check) == len(stn.xcart) #test
                  
            assert all([ all( np.around(v1, 8) == np.around(v2, 8) ) for (v1, v2) in zip(stn.xcart, xcart_check) ]) #check if xcart2xred(stn.xcart,r) and xred2xcart(stn.xred,r) are working correctly up to the eight digits after
            
            stn.natom = len(stn.xcart)


            

            """Adapt new rprimd"""
            print("take final rprimd is ", take_final_rprimd_from)
            if take_final_rprimd_from: #read final rprimd and version
                print("Start to read rprimd and version from "+take_final_rprimd_from)
                in_calc_rprimd = CalculationVasp()
                in_calc_rprimd.name = 'temp'
                in_calc_rprimd.read_geometry(take_final_rprimd_from)
                
                stn.rprimd = in_calc_rprimd.init.rprimd
                stn.xcart = xred2xcart(stn.xred, stn.rprimd)            

                calc.version = in_calc_rprimd.version
            elif configver:
                calc.version = i+1

            
            calc.init = stn
            
            des = ' was obtained by the insertion of C-O pair into '+in_calc_name+'; final vectors taken from corresponding ver'
            
            calc.build.ipairlen = el.length # Initial length of pair
            if    not hasattr(calc.build, 'nadded') or calc.build.nadded == None:      calc.build.nadded = 2
            else: calc.build.nadded+= 2
            if    not hasattr(calc.build, 'listadded') or calc.build.listadded == [None]: calc.build.listadded = list(range(stn.natom - 2, stn.natom)) #list of atoms which were added
            else: calc.build.listadded.extend(                           list(range(stn.natom - 2, stn.natom)) )

            structure_name = calc.name+el.name.split('.')[0]
            #calc.name = add_name_before+calc.name+ '.' +el[2]+'.'+str(calc.version)
            print('Structure_name', structure_name)
            if   structure_name in      struct_des:     

                if configver:
                    fname = structure_name# calc.name+'C2O2'
                    calc.path["input_geo"] = geo_folder + struct_des[fname].sfolder + '/' + fname + '/' + structure_name + '.' + segtyp+ '.' +str(calc.version) + '.geo'
                else:
                    calc.path["input_geo"] = geo_folder + struct_des[structure_name].sfolder + '/' + structure_name + '/' + structure_name + '.' + segtyp+ '.' +str(calc.version) + '.geo'
                print("write geo to ", calc.path["input_geo"])
                calc.write_geometry('init', des )


            print("write_geometry_files(): name ", el.name)
            stn.name = add_name_before+calc.name+ '' +str(el.name)+'.'+str(calc.version)
            #stn = replic(stn, (1,2,2))
            write_xyz(stn)
            print("__________________________\n\n\n")
        return

    def min_diff(f, list, diffprec):
        """
        calculates difference between one number and list of other numbers. return the index of number with smallest difference.
        if difference is smaller than diffprec returns true as the second argument.  
        """
        #print list
        if list == []: return 0, False
        mind  = min([abs(f - l) for l in list])
        with_i = np.asarray( [abs(f - l) for l in list] ).argmin()
        return with_i, (mind < diffprec)





    def pairs(in_calc, xcart_pores, central_atoms, prec = 2, max_dist = 20, max_dist_from_gb = 4 , pairtyp = 'gvol'):
        """
        Searhing for pairs and make list of distances and numbers of atoms
        prec - precision, allows to control which distances can be related to the same configurations
        max_dist - maximum distance between atoms in pair
        max_dist_from_gb - 
        pairtyp - 'gvol' assumes that central_atoms are in the grain volume, 'gb' assumes that central_atoms are in the grain boundary region

        """
        st = in_calc.init
        st_replic = replic(st, (2,2,2))
        st_replic = replic(st_replic, (2,2,2), -1) #replic in negative direction also
        r1x   = in_calc.rprimd[0][0]
        r3z   = in_calc.rprimd[2][2]
        print("Half length of r1x is", r1x/2)

        if segtyp in ['segreg', 'coseg', 'grainvol']:
            gbpos2 = in_calc.gbpos
            gbpos1 = gbpos2 - r1x/2.
            print("\n\nPositions of boundaries gb1 and gb2",gbpos1, gbpos2)
            print("Maximum possible distance between boundary and impurity", r1x/4)
        else:
            gbpos2 = 0
            gbpos1 = 0      


        dlist = []
        d1list = []
        d2list = []
        dgb2list = []

        
        n_neighbours = 8 # number of atoms to calculate sums

        sumrulist = [] #list of sums (sumr1 or sumr2) of unique pores
        unique_pores = [] #the same list but also with coordinates of pores        
        
        sumrlist = [] #list of sumr1+sumr2
        
        k = 1
        d2diff = 0
        d1diff = 0
        #z1 = 6 #charge of added impurity
        #z2 = 8

        diffprec = 0.02

        
        



        # print xcart_pores
        



        for i, x1 in enumerate(xcart_pores):
            if i not in central_atoms: continue
            #iz = z1
            for j, x2 in enumerate(xcart_pores):
                if all(x1 == x2): continue
                
                d = abs(x2[0]-in_calc.gbpos)
                if pairtyp == 'gb' and d > max_dist_from_gb: continue #second atom is too far from grain boundary 
                
                d1, d2 = image_distance(x1, x2, st.rprimd, 2) # the minimum distance and the next minimum dist
                if d1 > max_dist: continue
                if (d1, d2) != image_distance(x1, x2, st.rprimd, 3): raise RuntimeError  #test, searching in father images
                
                #d1 = round(d1,prec)
                #d2 = round(d2,prec)
                dgb1 = round(x2[0]-gbpos1,prec)
                dgb2 = round(gbpos2-x2[0],prec)
                
                sumr1 = local_surrounding(x1, st_replic, n_neighbours) # sum of distances to surrounding atoms
                sumr2 = local_surrounding(x2, st_replic, n_neighbours)
                sumr  = sumr2 + sumr1

                if sumr1 not in sumrulist:
                    sumrulist.append(sumr1) 
                    unique_pores.append((sumr1, x1) ) #determine unique pores 

                if sumr2 not in sumrulist:
                    sumrulist.append(sumr2) 
                    unique_pores.append((sumr2, x2) ) #determine unique pores 

                #if d1 in d1list: continue
                if sumr in sumrlist:# new condition based on sumr
                    ind = sumrlist.index(sumr)
                    i_min, smaller = min_diff(d1, d1list, diffprec)
                    if smaller: continue
                    
                # if 0:#d1list: 
                #     i_min, smaller = min_diff(d1, d1list, diffprec)# d1 has the smallest difference with di
                #     #print "exist"
                #     d2diff = abs(d2list[i_min]-d2)
                #     #print abs(d2list[i_min]-d2)
                #     #print central_atoms
                #     if smaller and abs(d2list[i_min]-d2) < diffprec*2  : continue #and abs(dgb2list[i_min]-dgb2) < diffprec
                    
                #     i_min, smaller = min_diff(d2, d2list, diffprec)# d1 has the smallest difference with di
                #     d1diff = abs(d1list[i_min]-d1)
                #     if smaller and abs(d1list[i_min]-d1) < diffprec*2  : continue

                    #print "skiped"
                #di, smaller = min_diff(d2, d2list, diffprec)
                #if di != None and smaller: continue
                #if min_diff(d2, d2list, diffprec): continue # be carefull here. this condition can pass some unique configrations; should make additional check like below
                #if d2 in d2list and dgb2list[d2list.index(d2)] == dgb2: continue
                #jz = z2

                sumrlist.append(sumr)
                d1list.append(d1)
                # d2list.append(d2)
                # dgb2list.append(dgb2)

                
                sym = ''
                if 0: #mannualy switched off
                    if abs(x1[1]-x2[1]) < diffprec: #Find symmetry
                        if abs(x1[2]-x2[2]) < diffprec:
                            sym = 'ms' # if y and z are the same, than mirror symmetry
                        elif abs(x1[2]-x2[2]) - r3z < diffprec:
                            sym = 'is' # inverse symmtry
                        elif abs(x1[2]+x2[2]) - 0.5*r3z < diffprec: # only for t111g; should be extended for general case of existing periods along y or z
                            sym = 'is'


                dlist.append([round(d1,prec), round(d2, prec), sym, sumr1, sumr2 , dgb1, dgb2, x1, x2, sumr1, sumr2] ) #the first sumr1, sumr2 below replaced by their types
                                



                k+=1

        dlist.sort(key = itemgetter(0))

        unique_pores.sort(key = itemgetter(0))
        sumrulist.sort()
        print('Number of unique pores     is', len(unique_pores))
        print('Pores have the following sums: ',unique_pores)



        print("Searching for similar pairs but with different distances ...")
        print("number, d1, d2, name,  sumr1, sumr2, dgb1, dgb2; parallel pair with larger distances")
        
        bname = element_name_inv(target_znucl[1]) + element_name_inv(target_znucl[2])
        for i, el1 in enumerate(dlist):

            typ1 = sumrulist.index(el1[3])+1 #typ of pore of the first atom
            typ2 = sumrulist.index(el1[4])+1 
            el1[3] = typ1
            el1[4] = typ2
            
            if pairtyp == 'gb':
                dlist[i][2] = bname+'i'+str(i+1)+'.'+str(el1[3])+'-'+str(el1[4]) + dlist[i][2]
            
            elif pairtyp == 'gvol':
                dlist[i][2] = bname+'.v'+str(i+1) + dlist[i][2]

            print(i+1, el1[:3], el1[-2:] , el1[-6], el1[-5], end=' ') #number, d1, d2, name,  sumr1, sumr2, dgb1, dgb2

            for el2 in dlist: #this loop looks for pairs which are parallel to the same direction as el1 but have larger interdistances
                
                if el1 == el2: continue
                
                mod = el2[0]/el1[0] % 1
                
                if ( mod < 0.005 or mod > 0.995 ) and abs(el1[0]-el2[0]) > dlist[0][0]: #only multiple distances and if difference is larger than smallest distance
                    #if round(el1[2],prec-1) != round(el2[2],prec-1): continue #In either case the sum the distances should be the same for the same direction
                    if el1[0] == el2[1]: continue
                    print(el2[0]/el1[0], end=' ') # el2, this pair of atoms is analogus to el1 but have larger interdistance
            print()
        print('Total number of structures is', len(dlist))


      
        if 0:
            print("\n\nSearching for pairs with equal distances by periodic boundary conditions:")
            for el1 in dlist:
                if el1[0] == el1[1]:
                    print(el1)        

            print("\nSearching for pairs with not equal distances by periodic boundary conditions:")
            for el1 in dlist:
                if el1[0] != el1[1]:
                    print(el1)  


            print("\nSearching for pairs with d2/d1>2:")
            for el1 in dlist:
                if el1[1]/el1[0] > 2:
                    print(el1) 


        dlist[0].append(unique_pores) # last element of dlist[0] is sum and coordinates of unique pores

        return dlist










    """0. BEGIN-------------------------------------------------------------------------------"""

    hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
    if hstring != header.history[-1]: header.history.append( hstring  )

    print_and_log("\n\n------Starting find_pairs()-----------...\n")


    if type(central_atoms) == int: #not in [tuple, list]:

        central_atoms = [central_atoms]; #transform to list


    if type(in_calc) == str:
        in_calc_name = in_calc
        in_calc = CalculationVasp()
        #in_calc.name = str(in_calc_name)
        
        in_calc.name = base_name 
        print("in_calc name is ", in_calc.name)
        

        in_calc.read_geometry(in_calc_name)
        if gbpos: in_calc.gbpos = gbpos    #rewrite gbpos

        st = in_calc.init
    else:
        """End relaxed structure is used!!!"""
        st = copy.deepcopy(in_calc.end)
        in_calc_name = str(in_calc.id)






    

    """1. Create separate list of pores and remove them from xcart--------------------------------------------------------"""
    
    if "hcp_octa_xred":
        in_calc.init.name = segtyp+'_all_pores'
        rep = replic(in_calc.init, (2,2,2), -1); write_xyz(rep) #just to check
        
        """Coordinates of octapores provided in xcart; znucl = 200;"""
        xcart = st.xcart; typat = st.typat; st.typat = []; st.xcart = []
        xcart_pores = []

        #clean structure from pores with z == 200 and construct xcart_pores
        for i, x in enumerate(xcart):
            z = st.znucl[ typat[i]-1  ]
            if z == 200:
                xcart_pores.append( x )
                #print "Found pore"
            else:
                st.xcart.append( x )
                st.typat.append( typat[i] )
        st.natom = len(st.xcart)
        print('Number of found pores with znucl = 200 is ', len(xcart_pores))
        for n in central_atoms:
            if n >= len(xcart_pores):
                raise RuntimeError



    """2. Preprocess segreg and grainvol cases--------------------------------------------------------"""
    # in_calc can be of two types: pure and with C in grain volume; using pure we construct co-segregation cases; using carbon in volume we can construct segregation cases

    if segtyp in ('segreg', 'grainvol'):

        if 2 in st.typat:# impurity in grain volume; (now assume that Carbon)

            iimp = st.typat.index(2); 

            xcart1imp = st.xcart[iimp]  #save coordinates of carbon atom 
            
            del st.xcart[iimp]; del st.typat[iimp]; st.natom-=1   #and remove it
            #del st.xred[iimp]
            st.ntypat -= 1
            del st.znucl[1]

            print("Impurity atom was removed from cell")  



        if xcart1imp: #for compatibility with previous cases; better not to use

            imp1 = len(xcart_pores); 
            xcart_pores.append( xcart1imp );


            xcart2imp = xcart1imp - 0.5 * st.rprimd[0]  #determine coordinates of second impurity assuming that we have mirror symmetry
            if xcart2imp[0] < 0 : xcart2imp = xcart1imp + 0.5 * st.rprimd[0]        

            imp2=imp1+1 
            xcart_pores.append( xcart2imp )


        else: #new version; both central pores are found in the pure cell!!!

            #We have pure cell here; Find central pore in 1st grain and 2nd grain:
            xcen1 = in_calc.gbpos - 0.25 * st.rprimd[0][0] #x center of the first grain
            xcen2 = in_calc.gbpos - 0.75 * st.rprimd[0][0] #z center of the second grain
            # print "xcen", xcen1, xcen2

            d1l = []; d2l = []; rpxx05 = st.rprimd[0][0]*0.5
            for x in xcart_pores:
                d1 = xcen1 - x[0]
                d2 = xcen2 - x[0] 
                if d2 < -rpxx05: d2 += st.rprimd[0][0] # assuming that periodic boundary conditions needed only here
                
                d1l.append(abs(d1) )
                d2l.append(abs(d2) )
                # print d1,d2
            imp1 = np.argmin(d1l) #needed numbers of pores
            imp2 = np.argmin(d2l)
            # print imp1, imp2
            xcart1imp = xcart_pores[imp1]
            xcart2imp = xcart_pores[imp2]
            # print "xcartimp", xcart1imp, xcart2imp









    """3. Define central atoms for segregation and co-segregation cases--------------------------------------------------------"""
    max_dist_from_gb = 100
    if segtyp in ('segreg', 'coseg'):

        # central_atoms = []

        max_dist_between_atoms = 4.8    
        max_dist_from_gb       = 3   #main controls
        
        for i, x in enumerate(xcart_pores): #generate central atoms
            d = abs(x[0]-in_calc.gbpos)
            if d < max_dist_from_gb: 
                central_atoms.append(i)

    """4. Assume that we always have target_znucl, but only three !!!--------------------------------------------------------"""

    st.znucl = target_znucl #Please make this part more general
    st.ntypat = len(set(st.znucl))
    print('Warning! Found only ', st.ntypat, 'of unique atoms in target_znucl')

    st.xred = xcart2xred(st.xcart, st.rprimd)

    """5. Find segreg and co-segreg cases--------------------------------------------------------"""
    in_calc.init = st

    dlist_coseg = []
    if segtyp == 'coseg':
        print("\nStart searching pairs in  gb")
        # main_path = 'T2/CO/' #! please make more general

        
        dlist_coseg = pairs(in_calc, xcart_pores, central_atoms, prec, max_dist_between_atoms, max_dist_from_gb, pairtyp = 'gb' ) 
        

        dlist_coseg_exc = []
        for el in copy.deepcopy(dlist_coseg):         #Exchange C and O only for unsymmetrical cases
            if 's' in el[2]: continue # not needed for symmetrical cases
            el[2] = el[2].replace('C','x'); el[2] = el[2].replace('O','C'); el[2] = el[2].replace('x','O')
            el[7], el[8] = el[8], el[7]
            el[3], el[4] = el[4], el[3]
            dlist_coseg_exc.append(el)

        for el in dlist_coseg+dlist_coseg_exc: # Helper
            stname = base_name+el[2]
            path   = main_path+base_name+'_coseg'
            print(( ("struct_des['{0:s}'] = des('{1:s}', 'co-segregation configurations; made from "+based_on+"'   )").format(stname, path)   )) 

        for el in dlist_coseg+dlist_coseg_exc: # Helper
            stname = base_name+el[2]
            path   = main_path+base_name+'_coseg'
            print("add_loop('"+stname+"','"+based_on.split('.')[1]+"',range(1,5),calc,conv,varset, 'up1', inherit_option = 'inherit_xred')")




        write_geometry_files(dlist_coseg+dlist_coseg_exc, in_calc, xcart_pores, segtyp, take_final_rprimd_from, add_typat = add_typat ) 
    
    elif segtyp == 'segreg':

        """Produce segregation cases only in the case of segreg"""
        print("\nStart producing segragation cases")

        dlist_segreg = []
        # dlist_segreg1 = copy.deepcopy(input_dlist_coseg) #in this case we use input_dlist with co-segragation cases from pure cell. 
        # dlist_segreg2 = copy.deepcopy(input_dlist_coseg) #There is small error, because positions of pores at grain boundary 
        #                                            #differs in pure cell and cell with impurity in grain volume
        # for i, el in enumerate(input_dlist_coseg):
        #     sym = ''
        #     if   'is' in el[2]: sym = 'is'
        #     elif 'ms' in el[2]: sym = 'ms'
        #     dlist_segreg1[i][7] =  xcart1imp
        #     dlist_segreg1[i][2] = 'CvOi'+str(i+1)+sym

        #     dlist_segreg2[i][8] =  xcart1imp
            
        #     dlist_segreg2[i][2] = 'CiOv'+str(i+1)+sym
            
        """new determination based on input_dlist_coseg[0][-1]"""
        el = copy.deepcopy(input_dlist_coseg[0])
        unique = el[-1] #sums and coordinates of unique pores
        print("unique", unique)
        for i, sx in enumerate(unique):
            el[2] = 'Ci'+str(i+1)+'Ov'
            el[7] = sx[1]
            d1, dnext = image_distance(sx[1], xcart1imp, st.rprimd, 2)
            d2, dnext = image_distance(sx[1], xcart2imp, st.rprimd, 2) 
            if d1 > d2:
                el[8] = xcart1imp
            else:
                el[8] = xcart2imp # the farthest impurity in grain volume is used
            

            dlist_segreg.append( copy.deepcopy(el) )



        #dlist_segreg = dlist_segreg1 + dlist_segreg2 #Segregation of the first impurity and of the second


        dlist_segreg_exc = []
        for el in copy.deepcopy(dlist_segreg):         #Exchange C and O only for unsymmetrical cases
            if 's' in el[2]: continue # not needed for symmetrical cases
            el[2] = el[2].replace('C','x'); el[2] = el[2].replace('O','C'); el[2] = el[2].replace('x','O')
            el[7], el[8] = el[8], el[7]
            el[3], el[4] = el[4], el[3]
            dlist_segreg_exc.append(el)    


        #helper
        for el in dlist_segreg+dlist_segreg_exc: 
            stname = base_name+el[2]
            path   = main_path+base_name+'_segreg'
            print(( ("struct_des['{0:s}'] = des('{1:s}', 'co-segregation configurations; made from "+based_on+"'   )").format(stname, path)   )) 

        for el in dlist_segreg+dlist_segreg_exc: 
            stname = base_name+el[2]
            path   = main_path+base_name+'_segreg'

            print("add_loop('"+stname+"','"+based_on.split('.')[1]+"',range(1,5),calc,conv,varset, 'up1', inherit_option = 'inherit_xred')")


        write_geometry_files(dlist_segreg+dlist_segreg_exc, in_calc, xcart_pores, segtyp, take_final_rprimd_from, add_typat = add_typat  ) 

    

    """6. Find volume cases--------------------------------------------------------"""
    # this part for construction volume cases    
    if segtyp == "grainvol": #take care that you have only one carbon atom in the grain
        print("\nStart searching pairs in the volume")
        central_atoms = [imp1]
        max_dist_between_atoms = 4.
        #gvolume_config_num = 0 #please choose manually    
       
        dlist = pairs(in_calc, xcart_pores, central_atoms, prec, max_dist_between_atoms, max_dist_from_gb, pairtyp = 'gvol' ) 

        #dlist = [dlist[0], copy.deepcopy(dlist[gvolume_config_num-1])  ]
        
        #dlist[0][4] = imp2 #no matter wht was dlist[0]; used for vv case
        dlist.append(copy.deepcopy(dlist[0]) )
        dlist[-1][8] = xcart2imp #last element for both atoms in grain volumes
        dlist[-1][2] = 'CvOvms'
        
        #helper
        for el in dlist: 
            stname = base_name+el[2]
            path   = main_path+base_name+'_gvol' #grain volume
            print("add_loop('"+stname+"','"+based_on.split('.')[1]+"',range(1,5),calc,conv,varset, 'up1', inherit_option = 'inherit_xred')")

        for el in dlist: 
            stname = base_name+el[2]
            path   = main_path+base_name+'_gvol' #grain volume
            print(( ("struct_des['{0:s}'] = des('{1:s}', 'co-segregation configurations; made from "+based_on+"'   )").format(stname, path)   )) 



        write_geometry_files(dlist, in_calc, xcart_pores, segtyp, take_final_rprimd_from, add_typat = add_typat  )

    """. Triple cases--------------------------------------------------------"""

    def triples(addatom = ('O', 3), dlist = [], tlist = [], in_calc = None, xcart_pores = [], max_dist_to_next_atom = 3):
        """
        Add addatom to all configurations in tlist; 

        addatom[1] - type of atom in typat
        dlist - list of configurations with two impurity atoms; Used if tlist == []; the format of dlist is quiet special
        tlist - list of configurations with arbirtary number of atoms;

        RETURN:
        tlist - list of configurations with add atoms
        """
        st = in_calc.init
        
        if dlist and tlist == []:
            for el in dlist:
                par = el
                print('pair 1', par, end=' ') 
                x1 = par[7]; x2 = par[8]
                print('x1 = ', x1)
                print('x2 = ', x2)
                config = Structure()
                config.xcart = [x1,x2]
                config.typat = [2, 3]
                config.name  = el[2]
                tlist.append(config)



        tlist_new = []
        for config in tlist:
            xcart = config.xcart
            typat = config.typat
            name  = config.name        
            print('\n\n\nStart to adding atom to ',name)

            i = 1
            dlistlist = []

            diffprec = 0.001


            [dlistlist.append([]) for x in xcart]
            print(len(dlistlist))

            for xpor in xcart_pores:
                
                skip = True
                for j, x in enumerate(xcart): # list of 2 or 3 initial atoms to which additional atom will be added
                    if all(np.around(xpor,5) == np.around(x, 5) ): skip = True; break 
                
                    d1, d2 = image_distance(x, xpor, st.rprimd, 2) # the minimum distance and the next minimum dist
                    if d1 > max_dist_to_next_atom: skip = True; break #if only one pore is larger from atom than limit, the pore is skiped




                    # suml = d11+d21+par[0]
                    # for dl in dlistlist:
                    # print 'j is ', j
                    

                    i_min, smaller = min_diff(d1, dlistlist[j], diffprec) #old condition - bad - removes unique configurations
                    #if smaller: skip = True; continue # symmetrical pores deleted

                    dlistlist[j].append(d1)
                    skip = False # all conditions are fullfilled - this configuration is unique
                # else:
                # print 'List of distances to atoms'
                if skip: continue #

                #print "Pore can be used", xpor #sum of distances for triple
                
                new = Structure()
                new.name = name+addatom[0]+str(i)
                new.xcart = copy.deepcopy(xcart)
                new.xcart.append(xpor)
                new.typat = copy.deepcopy(typat)
                new.typat.append(addatom[1])
                # print 'new.typat  =', new.typat
                
                #calculate sum of lengths
                new.length = 0
                new.lengthCO = 0
                new.lengthCC = 0
                new.lengthOO = 0
                new.xcartC = []
                new.xcartO = []
                for m, x1 in enumerate(new.xcart):
                    if new.typat[m] == 2: new.xcartC.append(x1)
                    if new.typat[m] == 3: new.xcartO.append(x1)

                    for x2 in new.xcart:
                        d1, d2 = image_distance(x1, x2, st.rprimd, 2)
                        new.length += d1

                for xC in new.xcartC:
                    for xO in new.xcartO:
                        d1, d2 = image_distance(xC, xO, st.rprimd, 2)
                        new.lengthCO += d1                        

                for xC1 in new.xcartC:
                    for xC2 in new.xcartC:

                        d1, d2 = image_distance(xC1, xC2, st.rprimd, 2)
                        new.lengthCC += d1                     

                for xO1 in new.xcartO:
                    for xO2 in new.xcartO:

                        d1, d2 = image_distance(xO1, xO2, st.rprimd, 2)
                        new.lengthOO += d1  

                skip = False
                n = len(new.xcart)
                
                """additional conditions to leave only unique configurations"""
                for config in tlist_new:
                    if 1:
                        nr = 0
                        for (v1, t1) in zip(new.xcart, new.typat):
                            for (v2, t2) in zip(config.xcart, config.typat):
                                if all( np.around(v1, 8) == np.around(v2, 8) ) and t1 == t2:
                                    nr+=1;
                        if nr == n:
                            print("The configurations", new.name, 'and', config.name, 'consist of the same atoms, continue')
                            skip = True
                            break

                    # print  all([ all( np.around(v1, 8) == np.around(v2, 8) ) for (v1, v2) in zip(new.xcart, config.xcart) ])
                
                    #check identity using sum of distances
                    # i_min, smaller = min_diff(config.length, [new.length], diffprec)
                    # if smaller: 
                    #     print "Configuration ", new.name, "has the same sum of lengths as", config.name
                    i_min, smaller1 = min_diff(config.lengthCO, [new.lengthCO], diffprec)
                    i_min, smaller2 = min_diff(config.lengthCC, [new.lengthCC], diffprec)
                    i_min, smaller3 = min_diff(config.lengthOO, [new.lengthOO], diffprec)
                    # print 'Compare', new.name, config.name, smaller1, smaller2, smaller3
                    if smaller1 and smaller2 and smaller3: 
                        print("\nConfiguration ", new.name, "has the same sum of C-O, C-C  and O-O lengths as", config.name)
                        print() 
                        skip = True; break



                if skip:     continue
                print('\nSum of CO lengths in :',new.name, new.lengthCC, new.lengthOO, new.lengthCO)






                tlist_new.append(new)

                i+=1

        return tlist_new


    if segtyp == "bulk_triple" or segtyp == "bulk_pairs":

        # max_dist_between_atoms = 4.8

        print("\nSearching pairs ...")
        dlist = pairs(in_calc, xcart_pores, central_atoms, prec, max_dist_between_atoms, pairtyp = 'gvol' ) 

    if segtyp == "bulk_pairs":
        write_geometry_files(dlist, in_calc, xcart_pores, segtyp, take_final_rprimd_from, configver = True, add_typat = add_typat  )


        
    if segtyp == "bulk_triple":

        max_dist_to_next_atom = 5.5    
        print("\nSearching triples ...")#, tlist
        tlist = []
        tlist = triples(('O',3), dlist, tlist, in_calc, xcart_pores, max_dist_to_next_atom)

        tlist = triples(('C',2), dlist, tlist, in_calc, xcart_pores, max_dist_to_next_atom)

        write_geometry_files(dlist, in_calc, xcart_pores, segtyp, take_final_rprimd_from, tlist = tlist, configver = True, add_typat = add_typat  )






    return dlist_coseg, xcart_pores





























[docs]def create_coseg_samples(base_name, it_b, ise_b, ver, calc, path_template, imp_size = 0.44, fine_mul = 4, gbpos = None, 
    segtyp = None, input_dlist_coseg = None, xcart1imp = None , xcart2imp = None, main_path = None ):
    """
    Create all cells for co-segregation calculations.

    Input:
    base_name - the names of seg and coseg cases will be started from this name

    input_dlist_coseg - needed to construct corresponding segregation cases (segtyp = 'segreg'), but in relaxed cell, where
    one atom is in grain volume. Must be initialy constructed using segtyp = 'coseg';

    1. it_b, ise_b, base cell with relaxed grain boundaries (self.gbpos - position of one gb) 
    ver - version to create
    and one carbon atom in the volume of one grain 
    (can be several versions). 

    2. path_template - path to geo files with template cells with correct rprimd for cell with CO
    (can be several versions).     

    imp_size - size of pores, which are being found trying to insert impurity

    """
    # id = (it_b, ise_b, verlist_b[0])

    #cl = copy.deepcopy(calc[id])
    #print "gbpos is ", calc[id].gbpos



    temp    = path_template.split('/')[-1]
    temp    = temp+'_'+segtyp

    print_and_log("Please add these strings:\n")
    #print ( ("struct_des['{0:s}'] = des('path', 'template without impurities'   )\n").format(temp)   )
    print(( ("struct_des['{0:s}'] = des('path', 'template with correct rprimd; segreg - carbon in grain interior; coseg - pure'   )\n").format(temp)   ))

    """0. remove carbon but save its position and pass it to find_pairs"""
    #please remove both atoms if cell with carbon and oxygen
    #not neccessary to remove at all?
     #not needed 

       


    """1. Insert end.xred from base cell to template cell; for all found versions"""
    insert(it_b, ise_b, path_template, temp, calc, "xred" ) # resulted cell is still template with one atom in grain iterior but correct rprimd
    #Take care of versions!!!
    #return    
    """2. Find all octapores and place in them atoms with znucl = 200"""
    #v = 1
    path2temp = add_impurity(temp, 'octa', 'all_pores', calc, imp_size, write_geo = True, only_version = 1, fine = fine_mul)
    #print path2temp 
    
    #"""2.5. Inherit rprimd from other versions""" #pores generated only for first version. than 
    #for v in 1,3,4,5:
    #ver_new = v + 1
    #inherit_icalc('r1r2r3', it_new = temp, ver_new = ver_new, id_base = path2temp, calc = calc, id_from = path_template+'/from/'+temp+'.xred.'+str(ver_new)+'.geo')

    """3. Find pairs"""
    ver_rprimd_from = ver # this can be manually changed to obtain needed version
    dlist_coseg, xcart_pores = find_pairs(base_name, segtyp, path2temp,[], xcart1imp, input_dlist_coseg, 
                                          prec = 2, gvolume_config_num = 1,
                                          gbpos = gbpos,
                                          take_final_rprimd_from = geo_folder+ struct_des[temp].sfolder+'/'+temp+'/from/'+temp+'.xred.'+str(ver_rprimd_from)+'.geo',
                                          main_path = main_path, based_on = it_b+'.'+ise_b  )


    #print "Warning! Please check that dlist_coseg are the same:", dlist_coseg
    return dlist_coseg





[docs]def wrapper_create_coseg():
    basename =  't111g'
    verlist  =   list(range(1,6))
    templatepath = gb4_geo_folder+'T1/t111gCO_template'
    fine_mul = 4 # for center defining
    imp_size = 0.44

    gbpos = 20.66 #???

    #in_calc.gbpos -= 0.3   # manually improve the value using jmol
    #create_coseg_samples(               basename, 't111gCv', '93kp9', verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'grainvol' ) #to construct volume cases

    dlist_coseg  = create_coseg_samples(basename, 't111g',   '9292',  verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'coseg')  #cell without carbon used for cosegragation cases
    
    create_coseg_samples(               basename, 't111gCv', '93kp9', verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'segreg', dlist_coseg ) #relaxed positions of cell with impurities in grain volume used for segregation cases

    # #assert len(dlist_coseg_p) == len(dlist_coseg_C)
    # print dlist_coseg_C
    # print dlist_coseg_p
    # print len(xcart_pores_C), len(xcart_pores_p)

    # print xcart_pores_C
    # print xcart_pores_p
    return


[docs]def wrapper_create_coseg_C1():
    basename =  'c1g'
    verlist  =   list(range(1,6))
    templatepath = gb4_geo_folder+'C1/c1gCO_template' #will search in target folder
    imp_size = 0.44 # for finding pores

    fine_mul = 5 # for center defining
    gbpos = 23.64   

    create_coseg_samples(               basename, 'c1gCv', '93kp7', verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'grainvol' ) #to construct volume cases


    dlist_coseg  = create_coseg_samples(basename, 'c1g',   '929',  verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'coseg')  #cell without carbon used for cosegragation cases
    

    xcart1imp = calc[('c1gCv', '93kp7', 1)].end.xcart[-1] 
    create_coseg_samples(               basename, 'c1g', '929', verlist, calc, templatepath,imp_size, fine_mul, gbpos, 'segreg', dlist_coseg, xcart1imp ) #relaxed positions of cell with impurities in grain volume used for segregation cases

    # #assert len(dlist_coseg_p) == len(dlist_coseg_C)
    # print dlist_coseg_C
    # print dlist_coseg_p
    # print len(xcart_pores_C), len(xcart_pores_p)

    # print xcart_pores_C
    # print xcart_pores_p
    return



[docs]def wrapper_create_pairs_H(basename = None, add_typat = [2, 3],  path2temp = None):
    # basename =  'hs443CO_test'
    # path2temp = gb4_geo_folder+'H/hps443CO2_template/grainA_s/hps443CO2_templategrainA_s.1.in.geo' #will search in target folder
    # path2temp = gb4_geo_folder+'H/hps443C2O2_template/grainA_s/hps443C2O2_templategrainA_s.1.in.geo' #will search in target folder
    # path2temp = gb4_geo_folder+'H/hps443CO_template/grainA_s/hps443CO_templategrainA_s.1.in.geo' #will search in target folder
    

    segtyp = 'bulk_pairs'
    find_pairs(basename, segtyp, path2temp, central_atoms = [10], prec = 2, max_dist_between_atoms = 8, target_znucl  = [22, 1, 1], add_typat = add_typat )

    # segtyp = 'bulk_triple'
    # find_pairs(basename, segtyp, path2temp, central_atoms = [57], prec = 2)



    return






[docs]def wrapper_create_coseg_T2(calc):
    basename =  't21g'
    main_path = 'T2/CO/'
    verlist  =   list(range(1,6))
    templatepath = gb4_geo_folder+'T2/t21gCO_template' #will search in target folder
    imp_size = 0.44 # for finding pores

    fine_mul = 5 # for center defining
    gbpos = 15.86   

    create_coseg_samples(               basename, 't21g', '93', verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'grainvol', main_path = main_path ) #to construct volume cases


    dlist_coseg  = create_coseg_samples(basename, 't21g',   '93',  verlist, calc, templatepath, imp_size, fine_mul, gbpos, 'coseg', main_path = main_path)  #cell without carbon used for cosegragation cases
    

    # xcart1imp = calc[('t21gCv', '93', 1)].end.xcart[-1] 
    create_coseg_samples(               basename, 't21g', '93', verlist, calc, templatepath,imp_size, fine_mul, gbpos, 'segreg', dlist_coseg, main_path = main_path) #relaxed positions of cell with impurities in grain volume used for segregation cases

    # #assert len(dlist_coseg_p) == len(dlist_coseg_C)
    # print dlist_coseg_C
    # print dlist_coseg_p
    # print len(xcart_pores_C), len(xcart_pores_p)

    # print xcart_pores_C
    # print xcart_pores_p
    return




[docs]def wrapper_create_coseg_T1s(calc):
    basename =  't111sg'
    main_path = 'T1/CO/shift/'
    verlist  =   list(range(1,6))
    templatepath = gb4_geo_folder+'T1/t111sgCO_template' #will search in target folder
    imp_size = 0.44 # for finding pores

    fine_mul = 5 # for center defining
    gbpos = 20.97   

    for ver in verlist:
        create_coseg_samples(basename, 't111sg', '93kp9', ver, calc, templatepath, imp_size, fine_mul, gbpos, 'grainvol', main_path = main_path ) #to construct volume cases


        dlist_coseg  = create_coseg_samples(basename, 't111sg',   '93kp9',  ver, calc, templatepath, imp_size, fine_mul, gbpos, 'coseg', main_path = main_path )  #cell without carbon used for cosegragation cases
        

        create_coseg_samples(basename, 't111sg', '93kp9', ver, calc, templatepath,imp_size, fine_mul, gbpos, 'segreg', dlist_coseg, main_path = main_path  ) #relaxed positions of cell with impurities in grain volume used for segregation cases

    return


[docs]def wrapper_create_coseg_CSL7s(calc):
    basename =  'csl71sg'
    main_path = 'CSL7/CO/'
    verlist  =   list(range(1,6))
    templatepath = gb4_geo_folder+'CSL7/csl71sg15CO_template' #will search in target folder
    imp_size = 0.44 # for finding pores

    fine_mul = 5 # for center defining
    gbpos = 17.55   
    for ver in verlist:
        create_coseg_samples(basename, 'csl71sg15', '93', ver, calc, templatepath, imp_size, fine_mul, gbpos, 'grainvol', main_path = main_path ) #to construct volume cases


        dlist_coseg  = create_coseg_samples(basename, 'csl71sg15',   '93',  ver, calc, templatepath, imp_size, fine_mul, gbpos, 'coseg', main_path = main_path )  #cell without carbon used for cosegragation cases
        

        # create_coseg_samples(basename, 'csl71sg15', '93', ver, calc, templatepath,imp_size, fine_mul, gbpos, 'segreg', dlist_coseg, main_path = main_path  ) #relaxed positions of cell with impurities in grain volume used for segregation cases

    return





          

      

      

    

  

    
      
          
            
  Source code for siman.picture_functions

# -*- coding: utf-8 -*- 
from __future__ import division, unicode_literals, absolute_import 
import sys, os
import copy

import numpy as np

try:
    import scipy
    from scipy import interpolate
    # print (scipy.__version__)
    # print (dir(interpolate))
except:
    print('picture_functions.py: scipy is not avail')
# from scipy.interpolate import spline 
try:
    ''
    from scipy.interpolate import  CubicSpline
except:
    print('scipy.interpolate.CubicSpline is not avail')
try:
    from mpl_toolkits.mplot3d import Axes3D
    import matplotlib.pyplot as plt
except:
    print('mpl_toolkits or matplotlib are not avail')


try:
    from adjustText import adjust_text
    adjustText_installed = True
except:
    adjustText_installed = False



from siman import header
from siman.header import calc, printlog, printlog
from siman.inout import write_xyz
from siman.small_functions import makedir, is_list_like
from siman.geo import replic

# from siman.chg.chg_func import chg_at_point, cal_chg_diff
# from dos.functions import plot_dos
# from ase.utils.eos import EquationOfState

[docs]def plot_mep(atom_pos, mep_energies, image_name = None, filename = None, show = None, plot = 1, fitplot_args = None, style_dic = None):
    """
    Used for NEB method
    atom_pos (list) - xcart positions of diffusing atom along the path or just coordinates along one line (for polarons)
    mep_energies (list) - full energies of the system corresponding to atom_pos

    image_name - deprecated, use filename
    style_dic - dictionary with styles
        'p' - style of points
        'l' - style of labels
        'label' - label of points

    plot - if plot or not

    """


    from siman.analysis import determine_barrier

    if filename is None:
        filename = image_name

    #Create
    if not style_dic:
        style_dic = {'p':'ro', 'l':'b-', 'label':None}

    if 'p' not in style_dic:
        style_dic['p']='ro'

    if not fitplot_args:
        fitplot_args = {}

    # print
    if is_list_like(atom_pos[0]):
        atom_pos = np.array(atom_pos)
        data = atom_pos.T #
        tck, u= interpolate.splprep(data) #now we get all the knots and info about the interpolated spline
        path = interpolate.splev(np.linspace(0,1,500), tck) #increase the resolution by increasing the spacing, 500 in this example
        path = np.array(path)


        diffs = np.diff(path.T, axis = 0)
        path_length =  np.linalg.norm( diffs, axis = 1).sum()
        mep_pos =  np.array([p*path_length for p in u])
    else:
        mep_pos = atom_pos
        path_length  = atom_pos[-1]

    if 0: #plot the path in 3d
        fig = plt.figure()
        ax = Axes3D(fig)
        ax.plot(data[0], data[1], data[2], label='originalpoints', lw =2, c='Dodgerblue')
        ax.plot(path[0], path[1], path[2], label='fit', lw =2, c='red')
        ax.legend()
        plt.show()





    # if '_mep' not in calc:
    calc['_mep'] = [atom_pos, mep_energies] # just save in temp list to use the results in neb_wrapper

    if hasattr(header, 'plot_mep_invert') and header.plot_mep_invert: # for vacancy
        mep_energies = list(reversed(mep_energies) )

    mine = min(mep_energies)
    eners = np.array(mep_energies)-mine

    
    
    xnew = np.linspace(0, path_length, 1000)

    # ynew = spline(mep_pos, eners, xnew )
    # spl = CubicSpline(mep_pos, eners, bc_type = 'natural' ) # second-derivative zero
    # spl = CubicSpline(mep_pos, eners,) #
    # spl = CubicSpline(mep_pos, eners, bc_type = 'periodic') 
    # spl = CubicSpline(mep_pos, eners, bc_type = 'clamped' ) #first derivative zero



    spl = scipy.interpolate.PchipInterpolator(mep_pos, eners)
    ynew = spl(xnew)

    diff_barrier = determine_barrier(mep_pos, eners)


    printlog('plot_mep(): Diffusion barrier =',round(diff_barrier, 2),' eV', imp = 'y')
    # sys.exit()
    # print()

    if 'fig_format' not in fitplot_args:
        fitplot_args['fig_format'] = 'eps'

    if 'xlim' not in fitplot_args:
        fitplot_args['xlim'] = (-0.05, None  )

    if 'xlabel' not in fitplot_args:
        fitplot_args['xlabel'] = 'Reaction coordinate ($\AA$)'


    if 'ylabel' not in fitplot_args:
        fitplot_args['ylabel'] = 'Energy (eV)'

    path2saved = None
    if plot:
        # print(image_name)
        path2saved = fit_and_plot(orig = {'x':mep_pos, 'y':eners, 'fmt':style_dic['p'], 'label':style_dic['label'], 'color':style_dic.get('color')}, 
            spline = {'x':xnew, 'y':ynew, 'fmt':style_dic['l'], 'label':None, 'color':style_dic.get('color')}, 
        image_name =  image_name, filename = filename, show = show, 
        **fitplot_args)

        # print(image_name, filename)
        if 0:
            with open(filename+'.txt', 'w') as f:
                f.write('DFT points:\n')
                for m, e in zip(mep_pos, eners):
                    f.write('{:10.5f}, {:10.5f} \n'.format(m, e))
                f.write('Spline:\n')
                for m, e in zip(xnew, ynew):
                    f.write('{:10.5f}, {:10.5f} \n'.format(m, e))





    return path2saved, diff_barrier



[docs]def process_fig_filename(image_name, fig_format):

    makedir(image_name)

    if fig_format in image_name:
        path2saved = str(image_name)

    elif str(image_name).split('.')[-1] in ['eps', 'png', 'pdf']:
        path2saved = str(image_name)
        fig_format = str(image_name).split('.')[-1]

    else:
        path2saved = str(image_name)+'.'+fig_format
    
    dirname = os.path.dirname(image_name)
    if not dirname:
        dirname+='.'

    path2saved_png = dirname+'/png/'+os.path.basename(image_name)+'.png'
    makedir(path2saved_png)

    return path2saved, path2saved_png


[docs]def fit_and_plot(ax = None, power = None, xlabel = None, ylabel = None,
    image_name = None, filename = None,
    show = None, pad = None,
    xlim = None, ylim = None, title = None, figsize = None,
    xlog = False,ylog = False, scatter = False, 
    legend = False, ncol = 1, 
    fontsize = None, legend_fontsize=None, markersize = None,  
    linewidth = None, hor = False, ver = True, fig_format = 'eps', dpi = 300,
    ver_lines = None, hor_lines = None, xy_line = None, x_nbins = None,
    alpha = 0.8, fill = False,
    first = True, last = True, 
    convex = None, dashes = None,
    corner_letter = None, corner_letter_pos = None, hide_ylabels = None, hide_xlabels= None, annotate = None,
    params = None,
    **data):
    """
    Plot multiple plots on one axes using *data*
    
    return filename of saved plot

    ax (axes) - matplotlib axes object - to create multiple axes plots

    data - each entry should be 
        (X, Y, fmt) 
        or 
        (X, Y, fmt, label) 
        or
        {'x':,'y':, 'fmt':, 'label', 'xticks' }    not implemented for powers and scatter yet
        or
        (X, Y, R, fmt) - for scatter = 1, R - size of spots

    first, last - allows to call this function multiple times to put several plots on one axes. Use first = 1, last = 0 for the first plot, 0, 0 for intermidiate, and 0, 1 for last

    power (int) - the power of polynom, turn on fitting

    scatter (bool) - plot scatter points - the data format is slightly different - see *data*

    convex (bool) - plot convex hull around points like in ATAT

    fill (bool) - fill under the curves

    filename (str) - name of file with figure, image_name - deprecated
    fig_format (str) - format of saved file.
    dpi    - resolution of saved file


    ver_lines - list of dic args for  vertical lines {'x':, 'c', 'lw':, 'ls':}
    hor_lines
    ver - vertical line at 0
    hor - horizontal line at 0


    hide_ylabels - just hide numbers

    ncol - number of legend columns

    corner_letter - letter in the corner of the plot
    corner_letter_pos (list*2 float) - list with [x,y] corner position, default left upper corner is set

    pad - additional padding, if dict than the same keys as in plt.subplots_adjust() are used

    annotate - annotate each point, 'annotates' list should be in data dic!

    linewidth - was 3 !
    markersize - was 10

    x_nbins - number of ticks


    params - dictionary with parameters 
        - 'xlim_power' - xlim for power
        - 'y0' - move plot to have y = 0
        - 'xnbins' - number of bins x

    TODO:
    remove some arguments that can be provided in data dict
    move all rare arguments to params

    """

    # sys.exit()

    if image_name == None:
        image_name  = filename

    # print(ver_lines)
    # sys.exit()
    # fontsize = 1
    # print(fontsize)
    # sys.exit()
    if fontsize:
        # header.mpl.rcParams.update({'font.size': fontsize+4})
        # fontsize = 2
        SMALL_SIZE = fontsize
        MEDIUM_SIZE = fontsize
        BIGGER_SIZE = fontsize

        header.mpl.rc('font', size=SMALL_SIZE)          # controls default text sizes
        header.mpl.rc('axes', titlesize=SMALL_SIZE)     # fontsize of the axes title
        header.mpl.rc('axes', labelsize=MEDIUM_SIZE)    # fontsize of the x and y labels
        header.mpl.rc('xtick', labelsize=SMALL_SIZE)    # fontsize of the tick labels
        header.mpl.rc('ytick', labelsize=SMALL_SIZE)    # fontsize of the tick labels
        header.mpl.rc('legend', fontsize=SMALL_SIZE)    # legend fontsize
        header.mpl.rc('figure', titlesize=BIGGER_SIZE)  # fontsize of the figure title


        # font = {'family' : 'normal',
        #         'weight' : 'bold',
        #         'size'   : fontsize}

        # header.mpl.rc('font', **font)


        if legend_fontsize is None:
            legend_fontsize = fontsize
    



    if legend_fontsize:
        ''
        header.mpl.rc('legend', fontsize= legend_fontsize) 

    if corner_letter_pos is None:
        corner_letter_pos = [0.05,0.8]
    # print('fontsize', fontsize, legend_fontsize)


    if hasattr(header, 'first'):
        first = header.first

    if hasattr(header, 'last'):
        last  = header.last
    # print('fit_and_plot, first and last', first, last)



    # print('ax is', ax)
    
    if ax is None:
        if first:
            # fig, ax = plt.subplots(1,1,figsize=figsize)
            plt.figure(figsize=figsize)

        ax = plt.gca() # get current axes )))
        # ax  = fig.axes
    # print('ax is', ax)

    if title: 
        ax.title(title)
    
    # print(dir(plt))
    # print(ax)

    # plt.ylabel(ylabel, axes = ax)
    # print(ylabel)
    if ylabel is not None:

        ax.set_ylabel(ylabel)
    

    if xlabel is not None:
        ''
        # plt.xlabel(xlabel, axes = ax)
        ax.set_xlabel(xlabel)

    if params is None:
        params = {}


    if corner_letter:
        # print(corner_letter)
        ''
        sz = header.mpl.rcParams['font.size']
        ax.text(corner_letter_pos[0],corner_letter_pos[1], corner_letter, size = sz*1.5, transform=ax.transAxes) # transform = None - by default in data coordinates!

        # text(x, y, s, bbox=dict(facecolor='red', alpha=0.5))


    if convex:
        from scipy.spatial import ConvexHull


    keys = []
    shift = 0
    for key in sorted(data):
        keys.append(key)
        if scatter:
            
            ax.scatter(data[key][0], data[key][1],  s = data[key][2], c = data[key][-1], alpha = alpha, label = key)
        
        else:

            con = data[key]
            # print('keys', keys)
            # print('con type', type(con))
            # sys.exit()
            if type(con) == list or type(con) == tuple:
                try:
                    label = con[3]
                except:
                    label = key

                try:
                    fmt = con[2]
                except:
                    fmt = ''


                xyf = [con[0], con[1], fmt]
                con = {'label':label} #fmt -color style
                # print('con1', con)
            elif type(con) == dict:
                if 'fmt' not in con:
                    con['fmt'] = ''
                # print(con)

                if 'x' not in con:
                    l = len(con['y'])
                    con['x'] = list(range(l))

                if 'xticks' in con:
                    # print(con['xticks'])
                    ax.set_xticklabels(con['xticks'])
                    ax.set_xticks(con['x'])
                    del con['xticks']

                xyf = [con['x'], con['y'], con['fmt']]

                # if 'lw' in 
            if linewidth:
                con['lw'] = linewidth

            # print('con2', con)
            # sys.exit()
                
            if markersize:
                con['ms'] = markersize

            # print('key is ', key)
            # print('x ', xyf[0])






            con_other_args = copy.deepcopy(con)
            # print('con_copy', con_other_args)
            # sys.exit()
            for k in ['x', 'x2', 'x2label', 'y', 'fmt', 'annotates', 'x2_func', 'x2_func_inv']:
                if k in con_other_args:
                    del con_other_args[k]
            if 'color' in con_other_args:
                if con_other_args['color'] is None:
                    del con_other_args['color']
            # print('con', con_other_args)
            # sys.exit()
            
            if params.get('y0'):
                if key == keys[0]:
                    shift = min(xyf[1])

            if shift:
                xyf[1] = list(np.array(xyf[1])-shift)


            ax.plot(*xyf, alpha = alpha, **con_other_args)


            #second x axis
            if con.get('x2_func' ):
                # ax2 = ax.twiny()
                ax2 = ax.secondary_xaxis("top", functions=(con['x2_func'],con['x2_func_inv']))
                # ax2.plot(con['x2'], con['x2'])
                ax2.set_xlabel(con['x2label'])
                # ax2.cla()

            if power:
                coeffs1 = np.polyfit(xyf[0], xyf[1], power)        
                
                fit_func1 = np.poly1d(coeffs1)

                if params.get('xlim_power'):
                    x_range = np.linspace(params['xlim_power'][0], params['xlim_power'][1])

                else:
                    x_range = np.linspace(min(xyf[0]), max(xyf[0]))
                
                fit_y1 = fit_func1(x_range); 
         

                # ax.plot(x_range, fit_y1, xyf[2][0]+'--', )
                ax.plot(x_range, fit_y1, '--', )

                # x_min  = fit_func2.deriv().r[power-2] #derivative of function and the second cooffecient is minimum value of x.
                # y_min  = fit_func2(x_min)
                from scipy import stats
                slope, intercept, r_value, p_value, std_err = stats.linregress(xyf[0], xyf[1])
                print ('R^2 = {:5.2f} for {:s}'.format(r_value**2, key))







            if annotate:
                if adjustText_installed:

                    ts = []
                    for t, x, y in zip(con['annotates'], con['x'], con['y']):
                        ts.append(ax.text(x, y, t, size = 10, alpha = 0.5, color = con['fmt'][0]))
                    adjust_text(ts, ax = ax,
                        # force_points=10, force_text=10, force_objects = 0.5, 
                        expand_text=(2, 2), 
                        expand_points=(2, 2), 
                        # lim = 150,
                        expand_align=(2, 2), 
                        # expand_objects=(0, 0),
                        text_from_text=1, text_from_points=1,
                        # arrowprops=dict(arrowstyle='->', color='black')
                        )


                else:
                    for name, x, y in zip(con['annotates'], con['x'], con['y']):
                        ax.annotate(name, xy=(x, y),
                            xytext=(-20, 20), fontsize = fontsize,
                        textcoords='offset points', ha='center', va='bottom',
                        # bbox=dict(boxstyle='round,pad=0.2', fc='yellow', alpha=0.3),
                        arrowprops=dict(arrowstyle='->', connectionstyle='arc3,rad=0.5', 
                                        color='black'))            





            # print(key)
            # print(con)
            if fill:
                ''
                ax.fill(xyf[0], xyf[1], facecolor = con['c'], alpha = 0.6)


            if convex:
                points = np.asarray(list(zip(xyf[0], xyf[1])))
                hull = ConvexHull(points)
                for simplex in hull.simplices:
                    if max(points[simplex, 1]) > 0:
                        continue
                    ax.plot(points[simplex, 0], points[simplex, 1], 'k-')



    if not linewidth:
        linewidth = 1
    if hor: 
        ax.axhline(color = 'k', lw = linewidth, alpha = 0.6, ls = '-') #horizontal line

    if ver:

        ax.axvline(color='k', lw = linewidth, alpha = 0.6, ls = '-') # vertical line at 0 always 

    if ver_lines:
        for line in ver_lines:
            ax.axvline(**line)

    if hor_lines:
        for line in hor_lines:
            ax.axhline(**line)


    if xy_line:
        xlim = ax.get_xlim()
        ylim = ax.get_ylim()
        # print(ylim)
        x = np.linspace(*xlim)
        y = np.linspace(*ylim)

        # print(x)
        if abs(x[0]-x[-1])>abs(y[0]-y[-1]):
            da = x
        else:
            da = y
        ax.plot(da,da, color = 'k', alpha = 0.6, ls = '-', lw = linewidth)

    if x_nbins:
        ax.locator_params(nbins=x_nbins, axis='x')


    if xlim: 
        ax.set_xlim(xlim)

    if ylim:
        ax.set_ylim(ymin=ylim[0])
        if ylim[1]: 
            ax.set_ylim(ymax=ylim[1])


    if xlog: 
        ax.set_xscale('log')

    if ylog: 
        if "sym" in str(ylog):
            ax.set_yscale('symlog', linthreshx=0.1)
        else:
            ax.set_yscale('log')

    if hide_ylabels:
        ax.yaxis.set_major_formatter(plt.NullFormatter())
        # ax.yaxis.set_ticklabels([])
    if hide_xlabels:
        ax.xaxis.set_major_formatter(plt.NullFormatter())


    if legend: 
        scatterpoints = 1 # for legend

        ax.legend(loc = legend, scatterpoints = scatterpoints, ncol = ncol)
        # plt.legend()

    # plt.tight_layout(pad = 2, h_pad = 0.5)


    if params.get('xnbins'):
        # print(params.get('xnbins'))
        ax.locator_params(tight=True, axis='x', nbins=params['xnbins'])
        # plt.locator_params(axis='x', numticks=params['xnbins'])

    if params.get('xticks_step'):

        start, end = ax.get_xlim()
        ax.xaxis.set_ticks(np.arange(start+params.get('step_shift'), end+params.get('step_shift'), params.get('xticks_step')))



    plt.tight_layout()
    if pad:
        # pad =0.13
        if type(pad) == dict:
            plt.subplots_adjust(**pad)
        else:
            plt.subplots_adjust(left=0.13, bottom=None, right=None, top=None,
                        wspace=0.07, hspace=None)


    path2saved = ''
    
    if last:

        if image_name:
            # plt.subplots_adjust(hspace=0.1)

            path2saved, path2saved_png = process_fig_filename(image_name, fig_format)

            plt.savefig(path2saved, dpi = dpi, format=fig_format,bbox_inches = "tight")
            plt.savefig(path2saved_png, dpi = 300)
            
            printlog("Image saved to ", path2saved, imp = 'y')


        elif show is None:
            show = True
        # printlog(show)
        if show:
            plt.show()
        plt.clf()
        plt.close('all')
    else:
        printlog('Attention! last = False, no figure is saved')

    return path2saved



[docs]def plot_bar(xlabel = "xlabel", ylabel = "ylabel",
    xlim = None, ylim = None,
    image_name = None, title = None, bottom = 0.18, hspace = 0.15, barwidth = 0.2,
    data1 = [],data2 = [],data3 = [],data4 = [],
    **data):

    width = barwidth      # the width of the bars

    if data: 
        N = len(data.values()[0][0])
        key = data.keys()[0]
        xlabels = data[key][0]
        # print N
        ind = np.arange(N)  # the x locations for the groups
        shift = 0
        fig, ax = plt.subplots()
        for key in sorted(data):
            # print 'color', data[key][2]
            ax.bar(ind+shift, data[key][1], width, color = data[key][2], label = data[key][-1])# yerr=menStd)
            # print ind
            shift+=width

    elif data1 and data4:
        fig = plt.figure(figsize=(10,5))   #5:7 ratio for A4, 
        gs = gridspec.GridSpec(2, 2,
                               width_ratios =[5,1],
                               height_ratios=[1,1]
                               )
        gs.update(top=0.98, bottom=bottom, left=0.1, right=0.98, wspace=0.15, hspace=hspace)

        ax1 = plt.subplot(gs[0])
        ax2 = plt.subplot(gs[1])
        ax3 = plt.subplot(gs[2])
        ax4 = plt.subplot(gs[3])
        # fig, ax = plt.subplots()
        # fig, ((ax1, ax2), (ax3, ax4)) = plt.subplots(2, 2, sharex='col')#, sharey='row') equal

        for ax, data in (ax1, data1), (ax2,data2), (ax3,data3), (ax4, data4):
            N = len(data[0][0])
            xlabels = data[0][0]
            ind = np.arange(N)  # the x locations for the groups
            shift = 0

            for d in data:
                ax.bar(ind+shift, d[1], width, color = d[2], label = d[-1])# yerr=menStd)
                # print ind
                shift+=width

            ax.axhline(y=0, color='black')
            # ax.set_xticklabels(xlabels , rotation=70 )

            ax.set_xticks(ind+width)
    
        ax3.set_xticklabels(data3[0][0] , rotation=80 )
        ax4.set_xticklabels(data4[0][0] , rotation=80 )

        plt.setp(ax1.get_xticklabels(), visible=False)
        plt.setp(ax2.get_xticklabels(), visible=False)
            
        ax3.set_ylabel(ylabel)
        ax3.yaxis.set_label_coords(-0.1, 1.1)
        # plt.ylabel(ylabel)

        ax1.legend(loc=2, )
        ax3.legend(loc=2, )
        # ax1.axis('tight')
        # ax2.axis('tight')
        # ax3.axis('tight')
        # ax4.axis('tight')
        ax1.margins(0.0, 0.2)
        ax2.margins(0.0, 0.2)
        ax3.margins(0.0, 0.2)
        ax4.margins(0.0, 0.2)





    elif data1 and data2 and not data4:
        fig = plt.figure(figsize=(10,5))   #5:7 ratio for A4, 
        gs = gridspec.GridSpec(1, 2,
                               width_ratios =[5,1],
                               height_ratios=[1,0]
                               )
        gs.update(top=0.95, bottom=bottom, left=0.1, right=0.98, wspace=0.15, hspace=hspace)

        ax1 = plt.subplot(gs[0])
        ax2 = plt.subplot(gs[1])

        for ax, data in (ax1, data1), (ax2,data2):
            N = len(data[0][0])
            xlabels = data[0][0]
            ind = np.arange(N)  # the x locations for the groups
            # print ind+width
            # print data[0][0]
            shift = 0.2

            for d in data:
                ax.bar(ind+shift, d[1], width, color = d[2], label = d[-1])# yerr=menStd)
                # print ind
                shift+=width

            ax.axhline(y=0, color='black')
            # ax.set_xticklabels(xlabels , rotation=70 )

            ax.set_xticks(ind+width+len(data)*width/2)
            
        names1 = [ n1  for n1, n2 in  zip( data1[0][0], data1[1][0] ) ] # 
        names2 = [ n1  for n1, n2 in  zip( data2[0][0], data2[1][0] ) ]

        ax1.set_xticklabels( names1, rotation = 80 ) # Names of configurations on x axis
        ax2.set_xticklabels( names2, rotation = 80 ) 

        ax1.set_ylabel(ylabel)

        ax1.legend(loc=2, )
        ax1.axis('tight')
        ax2.axis('tight')

    elif data1 and not data2:
        # fig = plt.figure(figsize=(10,5))   #5:7 ratio for A4, 
        gs = gridspec.GridSpec(1,2, width_ratios =[9,1],
                               height_ratios=[1,0])                               
        gs.update(top=0.95, bottom=bottom, left=0.1, right=0.98, wspace=0.15, hspace=hspace)

        ax1 = plt.subplot(gs[0])
        # ax2 = plt.subplot(gs[1])

        for ax, data in (ax1, data1),:
            N = len(data[0][0])
            xlabels = data[0][0]
            ind = np.arange(N)  # the x locations for the groups
            # print ind+width
            # print data[0][0]
            shift = 0.2

            for d in data:
                ax.bar(ind+shift, d[1], width, color = d[2], label = d[-1])# yerr=menStd)
                # print ind
                shift+=width

            ax.axhline(y=0, color='black')
            # ax.set_xticklabels(xlabels , rotation=70 )

            ax.set_xticks(ind+width+len(data)*width/2)
            
        names1 = [ n1 + '; ' + n2 for n1, n2 in  zip( data1[0][0], data1[1][0] ) ] # 

        ax1.set_xticklabels( names1, rotation = 80 ) # Names of configurations on x axis

        ax1.set_ylabel(ylabel)

        ax1.legend(loc=2, )
        ax1.axis('tight')
        # ax2.axis('tight')

    # ax.set_yscale('log')
    # plt.yscale('symlog', linthreshx=0.1)

    # ax.set_title('Scores by group and gender')


    def autolabel(rects):
        # attach some text labels
        for rect in rects:
            height = rect.get_height()
            ax.text(rect.get_x()+rect.get_width()/2., 1.05*height, '%d'%int(height),
                    ha='center', va='bottom')

    # autolabel(rects1)
    # autolabel(rects2)


    # plt.axis('tight')
    # plt.margins(0.05, 0)

    # plt.tight_layout()
    # elif data1: gs.tight_layout(fig)

    if image_name:
        printlog( "Saving image ...", str(image_name), imp = 'y')
        plt.savefig(str(image_name)+'.png', dpi = 200, format='png')
    else:
        plt.show()

    return






[docs]def plot_and_annotate(power = 2, xlabel = "xlabel", ylabel = "ylabel", image_name = None,
    xlim = None, ylim = None, title = None, fit = None,
    legend = None, 
    **data):
    """Should be used in two below sections!
    Creates one plot with two dependecies and fit them;
    return minimum fitted value of x2 and corresponding valume of y2; 
    if name == "" image will not be plotted
    power - the power of polynom

    data - each entry should be (X, Y, 'r-')
    """

    # print data
    # coeffs1 = np.polyfit(x1, y1, power)        
    # coeffs2 = np.polyfit(x2, y2, power)
    
    # fit_func1 = np.poly1d(coeffs1)
    # fit_func2 = np.poly1d(coeffs2)
    
    #x_min  = fit_func2.deriv().r[power-2] #derivative of function and the second cooffecient is minimum value of x.
    #y_min  = fit_func2(x_min)
    
    if 1:
        # x_range = np.linspace(min(x2), max(x2))
        # fit_y1 = fit_func1(x_range); 
        # fit_y2 = fit_func2(x_range); 
        
        plt.figure()
        if title: plt.title(title)
        plt.ylabel(ylabel)
        plt.xlabel(xlabel)
        




        for key in data:
            plt.plot(data[key][0], data[key][1], data[key][-1], markersize = 15, label = key)
            
            for x, y, name in zip(data[key][0], data[key][1], data[key][2]): 
                xytext = (-20,20)
                if 'T1m' in name: xytext = (20,20)
                plt.annotate(name, xy=(x, y), xytext=xytext, 
                textcoords='offset points', ha='center', va='bottom',
                bbox=dict(boxstyle='round,pad=0.2', fc='yellow', alpha=0.3),
                arrowprops=dict(arrowstyle='->', connectionstyle='arc3,rad=0.5', 
                                color='red'))










        if fit:
            for key in data:

                f1 = interp1d(data[key][0], data[key][1], kind='cubic')
                x = np.linspace(data[key][0][0], data[key][0][-1], 100) 
                plt.plot(x, f1(x), '-', label = key+'fit')


        plt.axvline(color='k')
        if xlim: 
            plt.xlim(xlim)
            # axes = plt.gca()
            # axes.set_xlim([xmin,xmax])
            # axes.set_ylim([ymin,ymax])
        if ylim:
            plt.ylim(ymin=ylim[0])
            if ylim[1]: plt.ylim(ymax=ylim[1])


        # plt.plot(x2, y2, 'bo', label = 'r'   )
        # plt.plot(x_range, fit_y1, 'r-', label = 'init_fit')
        # plt.plot(x_range, fit_y2, 'b-', label = 'r_fit'   )



        plt.tight_layout()

        if legend: plt.legend(loc = 2)

        if image_name:
            # print "Saving image ..."
            if not os.path.exists('images/'):
                os.makedirs('images/')
            plt.savefig(str(image_name)+'.png', dpi = 300, format='png')
            plt.close()
        else:
            plt.show()


    return 



[docs]def plot_bar_simple(xlabel = "xlabel", ylabel = "ylabel",
    xlim = None, ylim = None,
    image_name = None, title = None, 
    data = []):

    width = 0.6       # the width of the bars



    plt.figure(figsize=(10,5))   #5:7 ratio for A4, 
    fig, ax = plt.subplots()


    N = len(data[0])
    xlabels = data[0]
    # print xlabels
    ind = np.arange(N)  # the x locations for the groups
    shift = 0
    # for d in data:
    d = data
    # print d[2]

    rects = ax.bar(ind+shift, d[1], width, color = d[2], label = d[-1],align="center" )# yerr=menStd)
    rects[0].set_color('g')
    rects[-1].set_color('g')
    # rects[1].set_color('b')

    # print ind
    shift+=width

    ax.axhline(y=0, color='black')

    ax.set_xticks(ind)#+width)
    ax.set_xticklabels(xlabels , rotation=50 )
        
    ax.set_ylabel(ylabel)
    
    handles, labels = ax.get_legend_handles_labels()
    import matplotlib.patches as mpatches
    red_patch = mpatches.Patch(color='red', label='Substitutional')
    ax.legend(handles+[red_patch], labels+['Substitutional'], loc = 4)
    # ax.legend(handles=[red_patch], loc = 8)
    

    # ax.legend(loc=2, )

    # ax.set_yscale('log')
    # plt.yscale('symlog', linthreshx=0.1)

    # ax.set_title('Scores by group and gender')
    if xlim: 
        plt.xlim(xlim)
        # axes = plt.gca()
        # axes.set_xlim([xmin,xmax])
        # axes.set_ylim([ymin,ymax])
    if ylim:
        plt.ylim(ymin=ylim[0])
        if ylim[1]: plt.ylim(ymax=ylim[1])

    def autolabel(rects):
        # attach some text labels
        for rect in rects:
            height = rect.get_height()
            ax.text(rect.get_x()+rect.get_width()/2., -1.05*height, '%.0f'%float(height),
                    ha='center', va='top')
    autolabel(rects)
    # autolabel(rects2)
    plt.tight_layout()

    if image_name:
        # print "Saving image ..."
        if not os.path.exists('images/'):
            os.makedirs('images/')
        plt.savefig('images/'+str(image_name)+'.png', dpi = 200, format='png')
        plt.close()
    else:
        plt.show()
    return









[docs]def plot_conv(list_of_calculations = None, calc = None, 
    type_of_plot = None, conv_ext = [], labelnames = None, cl = None,
    plot = 1, filename = None):
    """
    Allows to fit and plot different properties;
    Input:
    'type_of_plot' - ("fit_gb_volume"-fits gb energies and volume and plot dependencies without relaxation and after it,
     'dimer'

    cl - calculation to use - new interface, please rewrite the old one

    """

            
    def fit_and_plot(x1, y1, x2, y2, power, name = "", xlabel = "", ylabel = "", image_name = "test", lines = None):
        """Should be used in two below sections!
        Creates one plot with two dependecies and fit them;
        return minimum fitted value of x2 and corresponding valume of y2; 
        if name == "" image will not be plotted
        power - the power of polynom

        lines - add lines at x = 0 and y = 0

        """
        coeffs1 = np.polyfit(x1, y1, power)        
        coeffs2 = np.polyfit(x2, y2, power)
        
        fit_func1 = np.poly1d(coeffs1)
        fit_func2 = np.poly1d(coeffs2)
        
        #x_min  = fit_func2.deriv().r[power-2] #derivative of function and the second cooffecient is minimum value of x.
        #y_min  = fit_func2(x_min)
        
        if name:

            x_range = np.linspace(min(x2), max(x2))
            fit_y1 = fit_func1(x_range); 
            fit_y2 = fit_func2(x_range); 
            
            plt.figure(figsize=(8,6.1))
            # plt.title(name)
            plt.ylabel(ylabel)
            plt.xlabel(xlabel)
            plt.xlim(min(x2)-0.1*abs(min(x2) ), max(x2)+0.1*abs(min(x2)))

            plt.plot(x1, y1, 'ro', label = 'initial')
            plt.plot(x2, y2, 'bo', label = 'relaxed'   )
            plt.plot(x_range, fit_y1, 'r-',) #label = 'init_fit')
            plt.plot(x_range, fit_y2, 'b-',) #label = 'r_fit'   )
            plt.legend(loc =9)
            
            if lines == 'xy':
                plt.axvline(color='k')
                plt.axhline(color='k')



            plt.tight_layout()
            #plt.savefig('images/'+image_name)
            file = header.path_to_images+'/'+str(image_name)+'.png'
            makedir(file)
            printlog( 'Saving file ...',file, imp = 'y' )
            plt.savefig(file,format='png', dpi = 300)
        return fit_func2  



    if list_of_calculations:
        conv = list_of_calculations
        n = conv[0]

        name = []; 
       
        name.append( n[0] )
        
        image_name = n[0]+'_'+n[1]+'_'+str(n[2])

    energies = []; init_energies = []
    volumes = []
    gb_volumes = []
    pressures = []
    pressures_init = []
    sigma_xx = []
    sigma_yy = []
    sigma_zz = []
    e_gbs = [] 
    e_gbs_init = []

    if type_of_plot == "e_imp":
        e_imps = []
        v_imps = []
        lengths = []
        for id in conv:        
            e_imps.append(calc[id].e_imp*1000)
            v_imps.append(calc[id].v_imp)
            l = calc[id].vlength
            lengths.append( "%s\n%.1f\n%.1f\n%.1f"%(id[0],l[0], l[1], l[2]) )
        #l = lengths[0]
        #print str(l[0])+'\n'+str(l[1])+'\n'+str(l[2])


        xlabel = "Sizes, $\AA$"
        ylabel = "Impurity energy, meV"
        ylabel2 = "Impurity volume, $\AA^3$"
        plt.figure()
        plt.title(str(name)+' other cells')
        plt.ylabel(ylabel)
        plt.xlabel(xlabel)
        x = range( len(e_imps) )
        plt.xticks(x, lengths)
        plt.plot(x, e_imps, 'ro-', label = 'energy')
        plt.legend()
        plt.twinx()
        plt.ylabel(ylabel2)
        plt.plot(x, v_imps, 'bo-', label = 'volume')

        plt.subplots_adjust(left=None, bottom=0.2, right=None, top=None,
                wspace=None, hspace=None)
        #plt.ticker.formatter.set_scientific(True)
        plt.legend(loc =9)
        plt.savefig('images/e_imp_'+str(image_name)+'.png',format='png')#+str(image_name))#+'e_imp')


    if type_of_plot == "e_2imp":

        def dist_between_imp(cl):
            """Only for two impurities"""

            return np.linalg.norm(cl.end.xcart[-1] - cl.end.xcart[-2]) #assuming that impurities are at the end of xcart list.

        e_imps = [] # binding energy
        dist = [] #dist between impurities
        
        e_imps_ex = []
        dist_ex = []
        name_ex = []

        for id in conv:        
            cl = calc[id]
            e_imps.append(cl.e_imp*1000)
            #dist.append( "%s\n%.1f"%(id[0],dist_between_imp(cl) ) )
            dist.append( dist_between_imp(cl)  )







        xlabel = "Distance between atoms, $\AA$"
        ylabel = "Interaction energy, meV"
        plt.figure()
        
        # plt.title(str(name)+' v1-15')

        plt.ylabel(ylabel)
        plt.xlabel(xlabel)
        #x = range( len(e_imps) )
        #plt.xticks(x, dist)
        # plt.yscale('log')
        # plt.yscale('semilog')
        if labelnames:
            label = labelnames
        else:
            label = []
            label[0] = str(name)
            label[1] = name_ex[0]
            label[2] = name_ex[1]


        plt.plot(dist, e_imps, 'ro-', label = label[0], linewidth = 2 )
        

        if conv_ext: #manually add 
            for conv in conv_ext:
                e_imps_ex.append([])
                dist_ex.append([])
                for id in conv:        
                    cl = calc[id]
                    e_imps_ex[-1].append(cl.e_imp*1000)
                    #dist.append( "%s\n%.1f"%(id[0],dist_between_imp(cl) ) )
                    dist_ex[-1].append( dist_between_imp(cl)  )
                name_ex.append(id[0])
            plt.plot(dist_ex[0], e_imps_ex[0], 'go-', label = label[1], linewidth = 2)
            plt.plot(dist_ex[1], e_imps_ex[1], 'bo-', label = label[2], linewidth = 2)






        plt.axhline(color = 'k') #horizontal line

        plt.tight_layout()

        # plt.subplots_adjust(left=None, bottom=0.2, right=None, top=None,
        #         wspace=None, hspace=None)
        # #plt.ticker.formatter.set_scientific(True)
        plt.legend(loc =9)
        plt.savefig(path_to_images+'e_2imp_'+str(image_name)+'.png',format='png', dpi = 300)#+str(image_name))#+'e_imp')


    if type_of_plot == "fit_gb_volume_pressure":

        for id in conv:
            #energies.append(calc[id].energy_sigma0)
            #init_energies.append( calc[id].list_e_sigma0[0] ) 
            gb_volumes.append(calc[id].v_gb)
            #volumes.append(calc[id].end.vol)
            pressures.append(calc[id].extpress/1000. )
            pressures_init.append(calc[id].extpress_init/1000. )
            sigma_xx.append( calc[id].stress[0]  )
            sigma_yy.append( calc[id].stress[1]  )
            sigma_zz.append( calc[id].stress[2]  )
            #pressures_init = pressures
            e_gbs.append(calc[id].e_gb)
            e_gbs_init.append(calc[id].e_gb_init )           
            # print calc[id].bulk_extpress

        power = 3

        fit_ve = fit_and_plot(gb_volumes, e_gbs_init,  gb_volumes, e_gbs, power, 
            name, "Grain boundary expansion (m$\AA$)", "Grain boundary energy (mJ/m$^2$)", 
            image_name+"_fit_ve")


        fit = fit_and_plot(pressures_init, e_gbs_init,  pressures, e_gbs, power, 
            name, "External pressure (GPa)", "Grain boundary  energy (mJ/m$^2$)", 
            image_name+"_pe")
        #print fit
        ext_p_min  = fit.deriv().r[power-2] #external pressure in the minimum; derivative of function and the value of x in minimum

        fit_sxe = fit_and_plot(sigma_xx, e_gbs_init,  sigma_xx, e_gbs, power, 
            name, "Sigma xx (MPa)", "Grain boundary energy (mJ/m$^2$)", 
            image_name+"_sxe")
        sxe_min = fit_sxe.deriv().r[power-2] #sigma xx at the minimum of energy
        printlog( "sigma xx at the minimum of energy is", sxe_min," MPa")


        fit1 = fit_and_plot(pressures_init, gb_volumes,  pressures, gb_volumes, 1,
            name, "External pressure (GPa)", "Grain boundary expansion (m$\AA$)", 
            image_name+"_pv", lines = 'xy')
        #print fit1
        pulay = - calc[id].bulk_extpress
        #print " At external pressure of %.0f MPa; Pulay correction is %.0f MPa." % (ext_p_min+pulay, pulay)       
        #print " Egb = %.1f mJ m-2; Vgb = %.0f mA;"%(fit(ext_p_min), fit1(ext_p_min)  )
        printlog ("%s.fit.pe_pv & %.0f & %.0f & %0.f & %0.f \\\\" %
            (n[0]+'.'+n[1], fit(ext_p_min), fit1(ext_p_min),ext_p_min, ext_p_min+pulay   ))


        #print "\n At zero pressure with Pullay correction:"
        #print " Egb = %.1f mJ m-2; Vgb = %.0f mA; " % (fit(-pulay), fit1(-pulay))
        outstring =  ("%s.fit.pe_pv & %.0f & %.0f & %0.f & %0.f\\\\" %(n[0]+'.'+n[1], fit(-pulay), fit1(-pulay),-pulay,0    ))
        # print outstring
        calc[conv[0]].egb = fit(-pulay)
        calc[conv[0]].vgb = fit1(-pulay)

        return outstring #fit(ext_p_min), fit1(ext_p_min) 


    if type_of_plot == "fit_gb_volume":
        """
        should be rewritten using fit_and_plot() function
        """

        for id in conv:
            #energies.append(calc[id].energy_sigma0)
            #init_energies.append( calc[id].list_e_sigma0[0] ) 
            gb_volumes.append(calc[id].v_gb)
            e_gbs.append(calc[id].e_gb)
            e_gbs_init.append(calc[id].e_gb_init )           


        power = 3
        fit_ve = fit_and_plot(gb_volumes, e_gbs_init,  gb_volumes, e_gbs, power, 
            name, "Excess volume ($m\AA$)", "Twin energy ($mJ/m^2$)", 
            image_name+"_fit_ve")

        vgb_min  = fit_ve.deriv().r[power-2]


        #print "Fit of excess volume against energy. Pressure is uknown:"
        #print "Test Egb_min = %.1f mJ m-2; v_min = %.0f mA;"%(fit_ve(vgb_min), vgb_min)
        print ("%s.fit.ve & %.0f & %.0f & - & - \\\\" %
            (n[0]+'.'+n[1], fit_ve(vgb_min), vgb_min,   ))

    if type_of_plot == "fit_gb_volume2":

        for id in conv:
            energies.append(calc[id].energy_sigma0)
            init_energies.append( calc[id].list_e_sigma0[0] ) 
            volumes.append(calc[id].end.vol)
            pressures.append(calc[id].extpress )
            pressures_init.append(calc[id].extpress_init )

        power = 3
        pulay = 500

        fit_ve = fit_and_plot(volumes, init_energies,  volumes, energies, power, 
            name, "Volume ($\AA^3$)", "Energy  sigma->0 ($eV$)", 
            image_name+"_fit_ve")
        
        Vmin  = fit_ve.deriv().r[power-2] # minimum volume at the minimum energy
        Emin  = fit_ve(Vmin)

        fit_pe = fit_and_plot(pressures_init, init_energies,  pressures, energies, power, 
            name, "External pressure ($MPa$)", "Energy  sigma->0 ($eV$)", 
            image_name+"_fit_pe")

        ext_p_min  = fit_pe.deriv().r[power-2] #external pressure in the minimum; derivative of function and the value of x in minimum
        

        fit_pv = fit_and_plot(pressures_init, volumes,  pressures, volumes, 1,
            name, "External pressure ($MPa$)", "Volume of cell ($\AA^3$)", 
            image_name+"_fit_pv")


             
        atP = (" Emin = %.3f meV;  Vmin = %.0f A^3; "%( fit_pe(ext_p_min), fit_pv(ext_p_min)  )  ) + \
              (" for the minimum of energy relative to external pressure. The value of pressure is %.0f MPa; Pulay correction is %.0f MPa." % (ext_p_min+pulay, pulay) )
        
        at_zeroP = (" Emin = %.3f meV;  Vmin = %.0f A^3; " % (fit_pe(-pulay), fit_pv(-pulay) )  ) + \
                   (" the value of energy and volume at zero pressure with Pullay correction" )
        
        #print " Emin = %.3f meV;  Vmin = %.0f A^3;  for the minimum of energy relative to volume at some external pressure"%(fit_ve(Vmin), Vmin )
        #print atP
        #print at_zeroP

        printlog( "Compare V at -pulay and V for energy minimum", fit_pv(-pulay), Vmin, imp = 'y')

        return fit_pe(-pulay), fit_pv(-pulay), Emin, Vmin








    if type_of_plot == "kpoint_conv":
        energies = []
        kpoints = []
        times = []

        for id in list_of_calculations:
            if "4" not in calc[id].state:
                continue
            energies.append(calc[id].potenergy)
            kpoints.append(calc[id].kspacing[2])
            times.append(calc[id].time)

            name.append( id[1] )

        plt.figure()
        plt.title(name)
        plt.plot(kpoints, energies,'bo-')
        plt.ylabel("Total energy (eV)")
        plt.xlabel("KSPACING along 3rd recip. vector ($\AA ^{-1}$)")
        plt.twinx()
        plt.plot(kpoints,times,'ro-')
        plt.ylabel("Elapsed time (min)")
        plt.savefig('images/'+str(conv[0])+'kconv')


    if type_of_plot == "contour":
        alist = [] ;        clist = []
        nn = str(calc[conv[0]].id[0])+"."+str(calc[conv[0]].id[1])
        f = open("a_c_convergence/"+nn+"/"+nn+".out","w")
        f.write("END DATASET(S)\n")
        k = 1
        for id in conv: #Find lattice parameters and corresponding energies
            a = calc[id].a
            c = calc[id].c
            if a not in alist: alist.append(a); 
            if c not in clist: clist.append(c);
            f.write( "acell%i %f %f %f Bohr\n"%(k, calc[id].a/to_ang, calc[id].a/to_ang, calc[id].c/to_ang )   )
            #print "etotal%i %f\n"%(k, calc[id].energy_sigma0/to_eV ),
            k+=1;
        X,Y = np.meshgrid(alist, clist)
        Z = np.zeros(X.shape)
        Zinv = np.zeros(X.shape)

        
        k=1
        for i in range(len(alist)):
            for j in range(len(clist)):
                for id in conv:
                    if calc[id].a == alist[i] and calc[id].c == clist[j]:
                        Z[i][j] = calc[id].energy_sigma0
                        Zinv[j][i] = calc[id].energy_sigma0
                        f.write( "etotal%i %f\n"%(k, calc[id].energy_sigma0/to_eV )   )
                        k+=1
        f.write("+Overall time at end (sec) : cpu=     976300.2  wall=     976512.8")
        f.close

        #Make two plots for different a and c
        plt.figure()
        plt.title(name)
        for i in range(len(alist)):
            plt.plot(clist, Z[i],'o-',label='a='+str(alist[i]))
        plt.legend()
        plt.ylabel("Total energy (eV)")
        plt.xlabel("c parameter ($\AA$)")
        plt.savefig('images/'+str(conv[0])+'c')

        plt.figure()
        plt.title(name)
        for j in range(len(clist)):
            plt.plot(alist, Zinv[j],'o-',label='c='+str(clist[j]))
        plt.legend()
        plt.ylabel("Total energy (eV)")
        plt.xlabel("a parameter ($\AA$)")
        plt.savefig('images/'+str(conv[0])+'a')

        #Make contour
        plt.figure()
        cf = plt.contourf(X, Y, Z, 20,cmap=plt.cm.jet)
        cbar = plt.colorbar(cf)
        cbar.ax.set_ylabel('Energy (eV)')

        plt.xlabel('$a$ ($\AA$)')
        plt.ylabel('$c/a$')

        plt.legend()
        plt.savefig('images/ru-contourf.png')
        #plt.show()


        #Make equation of state
        eos = EquationOfState(clist,Z[2])
        v0, e0, B = eos.fit()
        #print "a = ", alist[2]
        printlog( '''
        v0 = {0} A^3
        E0 = {1} eV
        B  = {2} eV/A^3'''.format(v0, e0, B) )
        eos.plot('images/a[2]-eos.png') 

        eos = EquationOfState(alist,Zinv[2])
        v0, e0, B = eos.fit()
        #print "c = ", clist[2]
        printlog( '''
        v0 = {0} A^3
        E0 = {1} eV
        B  = {2} eV/A^3'''.format(v0, e0, B) )
        eos.plot('images/c[2]-eos.png') 


    if type_of_plot == "dimer":

        if not cl:
            cl =  calc[list_of_calculations[0]]

        x1 = [] #list of distances


        
        if cl.end.natom > 2:
            raise RuntimeError


        # print (cl.end.list_xcart)
        for xcart in cl.end.list_xcart:
            # x = xcart[1]
            # d = (x[0]**2 + x[1]**2 + x[2]**2)**0.5
            d = np.linalg.norm(xcart[1]-xcart[0]) #assuming there are only two atoms
            print(xcart[0], xcart[1], d)

            x1.append(d)

        y1 = cl.list_e_without_entr
        power = 4
        name = 'dimer'
        xlabel = 'Bond length'
        ylabel = 'Full energy'
        # print(x1, y1)
        coeffs1 = np.polyfit(x1, y1, power)        
      
        fit_func1 = np.poly1d(coeffs1)

        x_range = np.linspace(min(x1), max(x1))
        fit_y1 = fit_func1(x_range); 
        f = fit_func1.deriv()
        min_e = fit_func1(f.r[2]).real
        printlog("The minimum energy per atom and optimal length of dimer are {:.3f} eV and {:.3f} A".format( min_e/2., f.r[2].real), imp = 'Y' )
        try:
            printlog("The atomization energy for dimer is {:.3f} eV ; The energy of atom in box is taken from the provided b_id".format(min_e - 2*cl.e_ref), imp = 'Y' )
        except:
            print('Reference energy was not found')
        plt.figure()
        plt.title(name)
        plt.ylabel(ylabel)
        plt.xlabel(xlabel)
        plt.plot(x1, y1, 'ro', label = 'init')
        plt.plot(x_range, fit_y1, 'r-', label = 'init_fit')
        
        if filename:
            path2saved, path2saved_png = process_fig_filename(filename, fig_format)


        if plot:
            plt.show()

    return
















          

      

      

    

  

    
      
          
            
  Source code for siman.set_functions

# -*- coding: utf-8 -*- 
from __future__ import division, unicode_literals, absolute_import, print_function
import json
import copy

"""
Oграничения режима sequence_set:
1) OCCMATRIX не копируется для дочерних сетов
2) Режим U-ramping выключен для дочерних сетов
3) Есть еще, режим afm_ordering, возможно neb 
4) kpoints file только для первого сета
5) u-ramping inherit_xred - могут быть проблемы более чем для двух сетов


TODO:
ngkpt_dict_for_kspacings - when ngkpt is used could be problems, please test.

"""



from siman import header
from siman.header import print_and_log, printlog;
from siman.small_functions import is_list_like, red_prec
from siman.functions import invert

#Vasp keys
vasp_electronic_keys = [
'ALGO',
'PREC',
'LREAL',
'ENCUT',
'ENAUG',
'ISMEAR',
'SIGMA',
'EDIFF',
'NELM',
'NELMIN',
'NELMDL',
'MAXMIX',
'NELECT'
]

vasp_ionic_keys = [
'IBRION',
'ISIF',
'NSW',
'EDIFFG',
'POTIM',
'POMASS',
'ZVAL',
'SMASS'

]


vasp_other_keys = [
'SYSTEM',
'ISTART',
'ICHARG',
'KGAMMA',
'KSPACING',
'LPLANE',
'NCORE',
'NPAR',
'LSCALU',
'NSIM',
'ISYM',
'SYMPREC',
'LORBIT',
'EMIN',
'EMAX',
'NEDOS',
'LAECHG',
'LSORBIT',
'SAXIS',
'ISPIN',
'NBANDS',
'PSTRESS',
'ADDGRID',
'MAGMOM',
'GGA_COMPAT',
'IMAGES',
'LDAU',
'LDAUTYPE',
'LDAUL',
'LDAUU',
'LDAUJ',
'LDAUPRINT',
'LASPH',
'LMAXMIX',
'NFREE',
'AMIX',
'BMIX',
'AMIX_MAG',
'BMIX_MAG',
'WC',
'MAXMIX',
'OCCDIR1',
'OCCEXT',
'LHFCALC',
'HFSCREEN',
'TIME',
'PRECFOCK',
'NKRED',
'NGX',
'NGY',
'NGZ',
'NBMOD',
'LPARD',
'EINT',
'LWAVE',
'GGA',
'IALGO',
'LSCALAPACK',
'AMIN',
'IDIPOL',
'LDIPOL',
'DIPOL',
'LVTOT',
'TEBEG',
'LSOL',
'EB_K',
'LAMBDA_D_K',
'CORE_C',
'MAGATOM', #atat keys
'DOSTATIC',
'USEPOT',
'KPPRA',
'SUBATOM',
'NWRITE',
'NBLOCK',
'KBLOCK',
'LELF',
'IVDW',
'LVDW_EWALD',
'NUPDOWN',
'AEXX', 
'AGGAX', 
'AGGAC', 
'ALDAC',
'LAMBDA',
'M_CONSTR',
'I_CONSTRAINED_M',
'RWIGS',
]
vasp_keys = vasp_electronic_keys+vasp_ionic_keys+vasp_other_keys

siman_keys = [
'universal', # universal paramater with any content
'u_ramping_region', #deprecated
'u_ramping_nstep', #number of u ramping steps
'magnetic_moments',
'afm_ordering',
'set_sequence',# sequence of sets
'savefile', #additional keys pointing which files should be saved
'k_band_structure', # list, first position is number of points, then high-symmetry k-points in the form ['G', 0, 0, 0] in reciprocal space for calculating band structure 
'path2pot', # path to folder with potentials - used with potdir; if not provided that header.path2potentials is used
'path_to_potcar', # explicit path to potential - depreacated
'periodic', # 1 or 0, periodic boundary conditions or not; by default considered periodic
]

aims_keys = [
'k_grid',
'default_initial_moment',
'spin',
]

[docs]def read_vasp_sets(user_vasp_sets, override_global = False):
    """
    Read user sets and add them to project database
    Now for VASP
    ###INPUT:
        - varset (dict) - database dict with all sets of a project
        - user_vasp_sets (list) - list of user sets that describes creation of new sets based on inheritance 
        - override - allows to recreate all sets; can be usefull than you want to add some new property to all your sets - very dangerous to do!

    ###RETURN:
        - user_vasp_sets (list)

    """


    varset = header.varset

    bfolder = '' #by default no blockfolder
    for l in user_vasp_sets:
        if override_global or 'over' in l[-1]: 
            override = True
        else:
            override = False
        
        if override or l[0] not in varset:
            # print override, 'override'
            param = l[2]

            if 'bfolder' in param:
                bfolder = param['bfolder']
            else:
                bfolder = None


            s = inherit_iset(l[0], l[1], varset, override = override, newblockfolder = bfolder) 
            # print ('param', param,)
            s.load(param, inplace = True)
            
        header.varset = varset

    return varset





[docs]class InputSet():
    """docstring for InputSet
    The second important class which is used to store 
    parameters of calculation

    For VASP parameters *self.vasp_params* dict is used;
    usually it contains the parameters in the same format as INCAR file.
    However, several exceptions are:
    for 'LDAUU', 'LDAUJ', 'LDAUL' you should provide
    dictionaries with correponding values for each element in the form: {'Co':3.4,}.
    
    self.potdir (dict) - name of POTCAR folder for each element, for example {3:'Li', 8:'O'}

    self.blockfolder (str) - additional subfolder will be created calculation with this set

    self.save_last_wave (bool) - set True to save last WAVECAR in u-ramping mode

    self.kpoints_file - if True, k-points file is created, if string then it is considered as path to external kpoints file

    self.path_to_potcar (str) - explicit path to potcar, can be used instead of self.potdir

    self.set_sequence (list)  - list of InputSet() objects to make multiset runs. The current set is used as a first one.


    TODO
    Describe the difference between update() and load() methods !


    """
    def __init__(self, ise = None, path_to_potcar = None):
        #super(InputSet, self).__init__()
        self.ise = ise
        self.name = ise
        self.des   = "" # description
        self.potdir = {}
        self.units = "vasp"
        self.vasp_params = {}

        self.params = self.vasp_params  # params for any code!
        self.mul_enaug = 1
        self.history = "Here is my uneasy history( :\n"    
        self.tsmear = None 
        self.tolmxf = None
        self.ngkpt  = None
        self.blockfolder = ''
        self.set_sequence = None
        self.kpoints_file = None # can be path to external file
        self.save_last_wave = None #if True than do no remove last wavefunction
        self.periodic = 1 # PBC
        # self.use_ngkpt = False
        
        if path_to_potcar:
            self.path_to_potcar = path_to_potcar
        else:
            self.path_to_potcar = None


        #Code scpecific parameters, now only for Vasp
        for key in vasp_electronic_keys: 
            self.vasp_params[key] = None 
        for key in vasp_ionic_keys: 
            self.vasp_params[key] = None 
        for key in vasp_other_keys: 
            self.vasp_params[key] = None 

        for key in aims_keys: 
            self.params[key] = None 


        #add to varset
        # if ise not in header.varset:
        header.varset[ise] = self




[docs]    def printme(self):
        for key in self.vasp_params:
            if self.vasp_params[key] == None: continue
            print_and_log( "{:30s} = {:s} ".format("s.vasp_params['"+key+"']", str(self.vasp_params[key]) ), imp = 'Y', end = '\n' )

        printlog('ngkpt:', self.ngkpt, imp = 'Y')

        printlog('POTDIR:', self.potdir, imp = 'Y', end = '\n' )


[docs]    def update(self):
        #deprecated, but still can be usefull
        # print_and_log('Updating set ...\n')
        # c1 = 1; c2 = 1
        # if self.units == "abinit":
        #     c1 = to_eV
        #     c2 = Ha_Bohr_to_eV_A
        # #Update Vasp parameters
        # if self.units == "vasp":
        #     c1 = 1
        #     c2 = 1
        # if self.ecut == None:
        #     self.vasp_params['ENCUT'] = None
        #     self.vasp_params['ENAUG'] = None
        # else:           
        #     self.vasp_params['ENCUT'] = self.ecut * c1* self.dilatmx * self.dilatmx
        #     self.vasp_params['ENAUG'] = self.mul_enaug * self.vasp_params['ENCUT']
        # self.vasp_params['SIGMA'] = self.tsmear * c1
        vp = self.vasp_params

        self.tsmear = vp.get('SIGMA')
        self.tolmxf = vp.get('EDIFFG')

        if self.tolmxf and self.tolmxf < 0:
            self.tolmxf*=-1

        self.toldfe = vp.get('EDIFF')
        # self.vasp_params['EDIFF'] = self.toldfe * c1
        # self.vasp_params['NELM'] = self.nstep
        # self.vasp_params['NSW'] = self.ntime
        # self.vasp_params['EDIFFG'] = -self.tolmxf * c2
        self.kspacing = vp.get('KSPACING')
        self.ecut     = vp.get('ENCUT') 

        # print (self.vasp_params)
        if 'LDAUU' in self.vasp_params and self.vasp_params['LDAUU']:
            self.dftu = True
        else:
            self.dftu = False

        if 'ISPIN' in self.vasp_params and self.vasp_params['ISPIN'] == 2:
            self.spin_polarized = True
        else:
            self.spin_polarized = False



[docs]    def load(self,param, inplace = False):
        """
        Update parameters of set from dict param
        """
        # print(param)

        if inplace:
            s = self
        else:
            s = copy.deepcopy(self)
            
        for key in param:
            
            if key in vasp_keys:
                s.set_vaspp(key, param[key])

            elif key == 'set_potential':
                for key2 in param[key]:
                    # print key2, 'key2'
                    s.set_potential(key2, param[key][key2])

            elif key == 'add_nbands':
                # print param[key]

                s.set_add_nbands(param[key])

            elif key == 'ngkpt':
                s.set_ngkpt(param[key])

            elif key == 'kpoints_file':
                if param[key]:
                    s.kpoints_file = True 
                else:
                    ''
                    s.kpoints_file = False

            elif key == 'bfolder':
                print_and_log( 'New blockfolder', param[key])

            elif key in siman_keys:
                s.set_attrp(key, param[key] )

            elif key in aims_keys:
                s.set_vaspp(key, param[key] )
            
            else:
                print_and_log('Error! Unknown key: '+key)
                raise RuntimeError
         

            if key == 'set_sequence':
                sets = []
                for se in s.set_sequence:
                    sets.append(copy.deepcopy(header.varset[se]))

                s.set_sequence = sets  #put objects instead of names

            # if hasattr(s, 'set_sequence') and s.set_sequence:
            #     sets = []
            #     for se in s.set_sequence:
            #         if type(se) == str:
            #             sets.append(copy.deepcopy(varset[se]))
            #         else:
            #             sets.append(copy.deepcopy(se))

            #     s.set_sequence = sets  #put objects instead of names
        return s







[docs]    def read_universal(self, filename):
        #read any file to univeral parameter
        with open(filename, 'r') as f:
            fil = f.read()
            self.params['universal'] = fil        




[docs]    def read_incar(self, filename):
        with open(filename, 'r') as f:
            fil = f.read()
            fil = fil.replace(';','\n').splitlines()
            for l in fil:
                if '=' in l:
                    (token, value) = l.split('=')
                    value = value.strip()
                    try:
                        if '.' in value:
                            value = float(value)
                        else:
                            value = int(value)
                    except:
                        pass

                    self.vasp_params[token.strip()] = value

        # self.update()


[docs]    def add_conv_kpoint(self,arg):
        if type(arg) is not str:
            sys.exit("\nadd_conv_kpoint error\n")
        if arg in self.conv_kpoint:
            print_and_log( "Warning! You already have this name in list")
            return    
        self.conv_kpoint.append(arg)
        self.history += "Name "+arg+" was added to self.conv_kpoint\n"
        self.update()


[docs]    def add_conv_tsmear(self,arg):
        if type(arg) is not str:
            sys.exit("\nadd_conv_tsmear type error\n")
        try:
            self.conv_tsmear[0]
        except AttributeError:
            print_and_log( "Error! Set "+self.ise+" does not have conv_tsmear, I create new\n")
            self.conv_tsmear = []
        if arg in self.conv_tsmear:
            print_and_log( "Warning! You already have this name in list", imp = 'y')
            return    
        self.conv_tsmear.append(arg)
        self.history += "Name "+arg+" was added to self.conv_tsmear\n"
        self.update()


[docs]    def add_conv(self,arg,type_of_conv):
        if type(arg) is not str:
            raise TypeError
        if type_of_conv not in ["kpoint_conv","tsmear_conv","ecut_conv","nband_conv","npar_conv"]:
            raise TypeError
        try:
            self.conv[type_of_conv][0]
        except AttributeError:
            print_and_log( "Warning! Set "+self.ise+" does not have conv, I create new\n")
            self.conv = {}
        except KeyError:
            print_and_log( "Warning! Set "+self.ise+" does not have list for this key in conv, I add new\n")
            self.conv[type_of_conv] = []
        except IndexError:
            pass
        if arg in self.conv[type_of_conv]:
            print_and_log( "Warning! You already have name %s in list of conv %s. Nothing done.\n" % \
            (str(arg), str(self.conv[type_of_conv])    ) )
            return    
        self.conv[type_of_conv].append(arg)
        self.history += "Name "+arg+" was added to self.conv["+type_of_conv+"]\n"
        print_and_log( "Name "+arg+" was added to self.conv["+type_of_conv+"] of set "+self.ise+" \n")
        self.update()



[docs]    def set_compare_with(self,arg):
        if type(arg) is not str:
            raise TypeError ("\nset_compare_with error\n")
        self.compare_with += arg+" "



[docs]    def set_potential(self,znucl, arg = ''):
        # print arg
        
        if not arg:
            arg = header.PATH2POTENTIALS+'/'+invert(znucl)
            printlog('Attention!, Default potentials is chosen from ',header.PATH2POTENTIALS, 'for',invert(znucl) , imp ='Y')

        if type(arg) not in (str,):
            # sys.exit("\nset_potential error\n")
            raise RuntimeError



        if znucl in self.potdir:
            if arg == self.potdir[znucl]:
                print_and_log( "Warning! You already have the same potential for "+str(znucl)+" element\n" )
        # print type(self.potdir)
        self.potdir[znucl] = arg
        self.history += "Potential for "+str(znucl)+" was changed to "+arg+"\n"
        print_and_log( "Potential for "+str(znucl)+" was changed to "+arg+"\n" )

        # self.update()
        return




[docs]    def set_relaxation_type(self,type_of_relaxation):
        name = "Type of relaxation ISIF"
        if type(type_of_relaxation) not in [str, ]:
            raise TypeError
        old = self.vasp_params["ISIF"]
        if "ions" == type_of_relaxation:
            if int(self.ise[0]) != 9:
                print_and_log("Warning! The name of set is uncostintent with relaxation type\n")
                raise TypeError     
            self.vasp_params["ISIF"] = 2
            # self.set_nmdsteps(200)
        elif type_of_relaxation == "full":
            if int(self.ise[0]) != 2:
                print_and_log("Warning! The name of set is uncostintent with relaxation type\n")
                raise TypeError              
            self.vasp_params["ISIF"] = 3
        else:
            print_and_log("Error! Uncorrect type of relaxation\n")
            raise TypeError
        arg = self.vasp_params["ISIF"]
        if old == arg:
            print_and_log("Warning! You did not change  "+name+"  in "+self.ise+" set\n")
            return
        self.history += " "+name+"  was changed from "+str(old)+" to "+str(arg) + "\n"
        print_and_log(name+"  was changed from "+str(old)+" to "+str(arg) + " in set "+self.ise+" \n")
        self.update()                
        #print self.history
        return


[docs]    def set_add_nbands(self,arg):
        name = "add_nbands"  
        # print(type(arg))
        if type(arg) not in [float, int, type(None) ]:
            raise TypeError
        try: 
            self.add_nbands
        except AttributeError: 
            self.add_nbands = None
        
        old = self.add_nbands    
        
        self.add_nbands = arg
        
        if old == arg:
            print_and_log("Warning! You did not change  "+name+"  in "+self.ise+" set\n")
            return
        self.history += " "+name+"  was changed from "+str(old)+" to "+str(arg) + "\n"
        print_and_log(" "+name+"  was changed from "+str(old)+" to "+str(arg) + " in set "+self.ise+" \n")
        return #ISTAR


[docs]    def set_ngkpt(self,arg):
        if not is_list_like(arg):
            printlog("Error! set_ngkpt type error")
        old = copy.copy(self.ngkpt)     
        self.ngkpt = copy.copy(arg)
        self.kpoints_file = True
        self.vasp_params['KSPACING'] = None
        if old == arg:
            print_and_log( "Warning! You did not change one of your parameters in new set", imp = 'y')
            return
        self.history += "ngkpt was changed from "+str(old)+" to "+str(arg) + " and KPOINTS file was swithed on\n"
        return



[docs]    def set_vaspp(self, token, arg, des = "see manual"):
        """
        Used for setting vasp parameters.

        """

        # print(token, arg)
        if token in ("ISMEAR",):
            if type(arg) not in [int, type(None), ]:
                raise TypeError
        if token in ("KSPACING",):
            # print(type(arg))
            if type(arg) not in [float, type(None), ]:
                raise TypeError


        old = self.vasp_params.get(token)
        self.vasp_params[token] = arg
        
        if old == arg:
            print_and_log("Warning! You did not change  "+token+"  in "+self.ise+" set\n")
        else:
            self.history += " "+token+"  was changed from "+str(old)+" to "+str(arg) + "\n"
            print_and_log(token+"  was changed from "+str(old)+" to "+str(arg) +" - "+ des+" in set "+self.ise+" \n")
        
        self.update()                

        return


[docs]    def set_attrp(self, token, arg, des = "see manual"):
        """
        set any attribute.

        """
        # print (token)
        if hasattr(self, token):
            old = getattr(self, token)
            if old == arg:
                print_and_log("Warning! You did not change  "+token+"  in "+self.ise+" set\n")
            else:
                setattr(self, token, arg)

                self.history += " "+token+"  was changed from "+str(old)+" to "+str(arg) + "\n"
                print_and_log(token+"  was changed from "+str(old)+" to "+str(arg) +" - "+ des+" in set "+self.ise+" \n")
        
        else:
            setattr(self, token, arg)
            print_and_log("New attribute  "+token+"  added to "+self.ise+" set\n")
            self.history += " "+token+"  was added as a new attr with "+str(arg) + " value \n"

        return



[docs]    def toJSON(self):
        return json.dumps(self, default=lambda o: o.__dict__, 
                sort_keys=True, indent=4)




[docs]    def toabinit(self, st):
        """
        Convert from VASP (add more codes in the future) to Abinit
        """

        def special_convert(vasp_param, vasp_dic, abi_dic):
            ''

            return dic

        special = {'EDIFFG', 'IBRION', 'ISIF', 'KSPACING', 'KGAMMA', 'ISMEAR', 'LDAU', 'LDAUL','LDAUU','LDAUJ',}
        
        skip = {'PREC', 'ALGO', 'POTIM'}

        VASP2Abi = {
        'ENCUT':'ecut',
        # 'ENAUG':'pawecutdg',
        'EDIFF':'toldfe', 
        'EDIFFG':'tolmxf',
        'NELM':'nstep', 
        'NSW':'ntime',
        # 'IBRION':'ionmov',
        # 'ISIF':'optcell',
        # 'PREC':['ngfft', 'boxcutmin',
        # 'ALGO':'iscf',
        # 'KSPACING':'ngkpt',
        # 'KGAMMA':'shiftk', #nshiftk
        'LREAL':None,
        'ISMEAR':'occopt',
        'SIGMA':'tsmear',
        'LPLANE':None,
        # 'POTIM':'dtion',
        'LORBIT':None,
        'ISPIN':'nsppol',
        'LDAU':'usepawu',
        'LDAUTYPE':None,
        'LDAUL':'lpawu',
        'LDAUU':'upawu',
        'LDAUJ':'jpawu',
        'LASPH':None,
        'LMAXMIX':None,
        }


        abi_dic = {}
        vp = self.vasp_params
        en = 1/header.to_eV
        fo = 1/header.Ha_Bohr_to_eV_A
        le = 1/header.to_ang
        for p in vp:
            ''
            if p in skip or p not in VASP2Abi:
                continue
            if VASP2Abi[p] is None:
                continue

            v = vp[p]
            abinam = VASP2Abi[p]

            if p == 'EDIFFG':
                aval = red_prec(v*-1*fo)
            elif p in ['ENCUT', 'EDIFF', 'ENAUG', 'SIGMA']:
                aval = red_prec(v*en )
            elif p in ['LDAU']:
                if 'T' in v:
                    aval = 1
                else:
                    aval = 0 
            elif p == 'LDAUL':
                aval = 2 # d metals


            elif p == 'ISMEAR':
                if v == 0:
                    #Gaussian
                    aval =7
                elif v == -5:
                    aval = 7 # still gauss !
            else:
                aval = vp[p]
            

            abi_dic[abinam] = aval

        for p in abi_dic:
            print(p, abi_dic[p])
        print('autoparal 1')
        print('boxcutmin 1.5') # prec normal
        print('pawecutdg', abi_dic['ecut']*2) # fine mesh
        print('ngkpt ','put here' )
        from textwrap import wrap
        import numpy as np 
        mag_str = '0 0 '+' 0 0  '.join(np.array(st.magmom).astype(str))

        print('spinat', '\n'.join(wrap(mag_str)) )






























[docs]def inherit_iset(ise_new, ise_from, varset, override = False, newblockfolder = None):
    """ Create new set copying from existing and update some fields. If ise_from does not exist create new"""

    ise_new = ise_new.strip()
    ise_from = ise_from.strip()

    if ise_from not in varset:
        printlog( "\nWarning! Set "+ise_from+" does not exist. I return new empty set\n")
        return InputSet(ise_new)

    old = varset[ise_from]

    for key in vasp_electronic_keys+vasp_ionic_keys+vasp_other_keys: #check if new keys was added
        if key not in old.vasp_params: 
            old.vasp_params[key] = None 

    if override:
        print_and_log( "\nAttention! You have chosen to override set "+ise_new+"\n")
    elif ise_new in varset:
        print_and_log( "\nSet "+ise_new+" already exists. I return it without changes. Be carefull not to spoil it\n")
        return varset[ise_new]           



    new = copy.deepcopy( old )
    new.ise = ise_new
    new.compare_with = ise_from+" "
    new.des = "no description for these set, see history"
    new.conv = {}

    print_and_log( "New set "+ise_new+" was inherited from set "+ise_from+"\n")
    new.history = old.history + "\nSet "+ise_new+" was inherited from: "+ ise_from +"\n"

    if newblockfolder:
        new.history += 'blockfolder changed from '+new.blockfolder+' to '+newblockfolder+'\n'
        new.blockfolder = newblockfolder
    
    varset[ise_new] = new
    

    return new






[docs]def make_sets_for_conv(isefrom,conv,list_of_parameters,varset):

    varset[isefrom].add_conv( isefrom, conv ); i = len(varset[isefrom].conv[conv])
    #print varset[isefrom].conv[conv]
    for param in list_of_parameters:
        newise = isefrom+conv[0:2]+str(i) ; i+=1
        if newise in varset:
            print_and_log("Set %s already in varset; continue\n" %( str(newise) ) ) 
            continue
           
        if conv == "kpoint_conv":
            for key in varset[isefrom].conv[conv]:
                if varset[key].ngkpt == param:
                    print_and_log( "Set %s already contains param %s; please check; return; \n" %( str(key), str(param) ) )
                    return
            #print newise
            s = inherit_iset(newise, isefrom, varset,newblockfolder = conv)
            s.set_ngkpt(param)
            #print s

        elif conv == "tsmear_conv":
            for key in varset[isefrom].conv[conv]:
                if varset[key].tsmear == param:
                    print_and_log( "Set %s already contains param %s; please check; return; \n" %( str(key), str(param) ) )
                    return
            s = inherit_iset(newise, isefrom, varset,newblockfolder = conv)
            s.set_tsmear(param)
        elif conv == "ecut_conv":
            #automatically set dilatmx == 1
            for key in varset[isefrom].conv[conv]:
                if varset[key].vasp_params["ENCUT"] == param:
                    print_and_log( "Set %s already contains param %s; please check; return; \n" %( str(key), str(param) ) )
                    return
            s = inherit_iset(newise, isefrom, varset,newblockfolder = conv)
            s.set_dilatmx(1.)
            s.set_ecut(param)           
        else:
            print_and_log( "Warning! Unknown type of conv; return\n")
            return


        varset[isefrom].add_conv( newise, conv )

    print_and_log( "The following sets are in varset[%s].conv %s \n"%(str(isefrom),str(varset[isefrom].conv)   ) ) 


    return




[docs]def init_default_sets(init = 0):
    """
    Pre-defined sets for Vasp
    """
    varset = header.varset

    setname = 'aks'
    if init or setname not in varset: #init only once
        s = InputSet(setname) #default starting set without relaxation
        s.kpoints_file = True
        s.add_nbands = 1.25
        s.vasp_params = {
            'NELM'      : 50,
            'IBRION'    : 1,
            'KGAMMA'    : ".TRUE.",
            'ENCUT'     : 441.0,
            'EDIFFG'    : 0,
            'SIGMA'     : 0.2,
            'NELMIN'    : 4,
            'ISTART'    : 0,
            'LSCALU'    : ".FALSE.",
            'MAXMIX'    : 40,
            'NSIM'      : 4,
            'ISIF'      : 2,
            'EDIFF'     : 6e-06,
            'ENAUG'     : 776.16,
            'NSW'       : 0,
            'LPLANE'    : ".TRUE.",
            'LREAL'     : "Auto",
            'ISMEAR'    : 2,
            'NPAR'      : 1,
            'ALGO'      : "Normal",
            'PREC'      : "Normal",
            'KSPACING'  : 0.235,
            }
        s.potdir = copy.deepcopy(header.nu_dict)

        s.update()
        header.varset[setname] = copy.deepcopy(s)
    
    setname = 'static'
    if init or setname not in varset: #init only once
        s = InputSet(setname) #default starting set without relaxation
        s.kpoints_file = True
        s.add_nbands = 1.5
        s.vasp_params = {
            'ISTART'    : 0,
            'NELM'      : 50,
            'EDIFF'     : 1e-05,
            'NSW'       : 0,
            'EDIFFG'    : 0,
            'IBRION'    : 1,
            'ISIF'      : 2,
            'PREC'      : "Normal",
            'ALGO'      : "Normal",
            'ENCUT'     : 400,
            'ENAUG'     : 400*1.75,
            'KSPACING'  : 0.2,
            'KGAMMA'    : ".TRUE.",
            'LREAL'     : "Auto",
            'ISMEAR'    : 0,
            'SIGMA'     : 0.1,
            'LPLANE'    : ".TRUE.",
            'NPAR'      : 1,
            }
        s.potdir = copy.deepcopy(header.nu_dict)

        s.update()
        header.varset[setname] = copy.deepcopy(s)
    



    setname = 'opt'
    if init or setname not in varset: #init only once
        # sys.exit()
        s = InputSet(setname) 
        s.kpoints_file = True
        s.add_nbands = 1.5
        s.vasp_params = {
            'IBRION'    : 1,
            'ENCUT'     : 150,
            'EDIFFG'    : -0.05,
            'SIGMA'     : 0.2,
            'ISIF'      : 2,
            'EDIFF'     : 1e-05,
            'NSW'       : 20,
            'ISMEAR'    : 2,
            'KSPACING'  : 0.2,
            }
        s.potdir = copy.deepcopy(header.nu_dict)
        
        s.update()
        header.varset[setname] = copy.deepcopy(s)
    # print(header.varset[setname], setname)



    return





          

      

      

    

  

    
      
          
            
  Source code for siman.small_functions

#Copyright Aksyonov D.A
from __future__ import division, unicode_literals, absolute_import 
import os, math, re, sys
import numpy as np
from collections import Iterable
import shutil, gzip
import traceback
from contextlib import contextmanager

try:
    from six import string_types
except:
    print('Warning! six module was not found, I use only str and basestring as string_types; errors can be expected')
    try:
        string_types = basestring #for python 2.7
    except NameError:
        string_types = str # for python 3

from siman import header
from siman.header import printlog



[docs]class TracePrints(object):
  def __init__(self):    
    self.stdout = sys.stdout
[docs]  def write(self, s):
    self.stdout.write("Writing %r\n" % s)
    traceback.print_stack(file=self.stdout)




[docs]def angle(v1, v2):
    #in degrees
    return math.acos(np.dot(v1, v2) / (np.linalg.norm(v1) * np.linalg.norm(v2))) / math.pi * 180


[docs]def normal(v1, v2):
    #normal to two vectors
    return np.cross(v1, v2)


[docs]def get_mismatch(a, b):
    """
    relative mistmatch between the lattice vectors a and b
    """
    a = np.array(a)
    b = np.array(b)
    return np.linalg.norm(b) / np.linalg.norm(a) - 1




[docs]def red_prec(value, precision = 100.):
    #
    a = value * precision
    return round(a)/1./precision


[docs]def return_xred(xr, shift = 0):
    # return reduced values to [0-shift, 1-shift] range or
    # 
    bob = 0-shift; upb = 1-shift;

    for j in 0,1,2:
        if xr[j]  < bob:  
            xr[j] = xr[j] - int(xr[j]) + 1 #allows to account that xr can be more than 2

        if xr[j]  >= upb:  
            xr[j] = xr[j] - int(xr[j]) 

    return xr




[docs]def is_list_like(obj): 
    
	return not isinstance(obj, string_types) and isinstance(obj, Iterable)


[docs]def is_string_like(s):
    return isinstance(s, string_types)


[docs]def list2string(ilist, joiner = ' '):
    #' '.join(['{:}']*len(lis)).format(*lis)
    return joiner.join(np.array(ilist).astype(str))



[docs]def merge_dics(dic1, dic2):
	"""
	return dic
	"""
	dic_new = dic1.copy()
	dic_new.update(dic2)
	return dic_new



[docs]def cat_files(files, output_file):
    #files (list) - file names
    #

    with open(output_file,'wb') as wfd:
        for f in files:
            with open(f,'rb') as fd:
                shutil.copyfileobj(fd, wfd, 1024*1024*10)
    return



[docs]def grep_file(string, file, reverse = False):
    #reverse(bool) - read file in reversed order - require upload to memory
    out = ''
    lines = []
    with open(file, 'rb') as f:
        text = f.read().decode(errors='replace')
        # lines = f.readlines()
        lines = str(text).split('\n')
        # for line in text:
        # print(text)
        # print(lines)
        if reverse:
            f = reversed(lines)

        for line in f:
            # print(line)
            if string in line:
                out = line
                

    return str(out.strip() )


[docs]def gunzip_file(filename):
    printlog('unzipping file', filename)
    with open(filename[:-3], 'wb') as f_out:
        with gzip.open(filename, 'rb') as f_in:
            shutil.copyfileobj(f_in, f_out)

    return




[docs]def makedir(path):
    """
    *path* - path to some file 
    Make dirname(path) directory if it does not exist
    """
    dirname = os.path.dirname(path)

    if dirname and not os.path.exists(dirname):
        os.makedirs(dirname)
        printlog("Directory", dirname, " was created", imp = 'y')
    return



[docs]def latex_chem(formula):
    """ """
    # print(formula)
    if '$' not in formula:
        formula =re.sub("([0-9]{1,3})", "$_{\\1}$", formula)
    return formula


[docs]def latex_spg(spg):

    # print(spg)
    # spg = spg.replace('_1', '$_1$')
    spg = spg.replace('p', 'P')
    if '-' in spg:
        pos = spg.find('-')
        dig = spg[pos+1]
        spg = spg.replace('-'+dig, '\\bar{'+dig+'}')
    spg = '$'+spg+'$'
    return spg



[docs]def bash_chk_file_cmd(file):
    #bash returns empty string if file exist
    return " [ -e "+   file     +""" ] || echo "NO"     ; """


# def find_transition_atom(elements):
#     #return list of unique transition elements
#     for elements

[docs]def get_common_chemical_base(st1,st2):
    from difflib import SequenceMatcher
    s1 = st1.get_reduced_formula()
    s2 = st2.get_reduced_formula()
    match = SequenceMatcher(None, s1, s2).find_longest_match(0, len(s1), 0, len(s2))
    base  = s1[match.a: match.a + match.size]
    return latex_chem(base)


[docs]def b2s(b):
    #bool to vasp str
    if b:
        s = 'T'
    else:
        s = 'F'

    return s



[docs]def is_unique(d, dist, prec = 0.001):
    """
    check if d is unique within the provided precision in the given list dist
    return 1 if unique, else 0 
    """

    if len(dist)>0: 
        if min([abs(d-d1) for d1 in dist])>prec:
            out = 1
        else:
            out = 0
    else:
        out = 1

    return out 



[docs]def calc_ngkpt(recip, kspacing):
    to_ang_local = 1
    
    N_from_kspacing = []
    for i in 0, 1, 2:
        N_from_kspacing.append( math.ceil( (np.linalg.norm(recip[i]) / to_ang_local) / kspacing) )

    return N_from_kspacing



[docs]def setting_sshpass(cl = None, clust = None):
    """
    Creates some variables for sshpass mode
    cl (Caluculation) - object, should contain cluster dict, has higher priority
    clust (dict) - cluster dicts
    """

    if cl and hasattr(cl , 'cluster'):
        clust = cl.cluster

    # print(clust.get('sshpass'))
    if clust and clust.get('sshpass') is True:
        printlog('setting sshpass to True', imp = '')
        header.sshpass = clust['sshpass']
        header.path2pass = clust.get('path2pass')
    else:
        header.sshpass = None
        header.path2pass = None




# def format_str():

[docs]@contextmanager
def cwd(path):
    oldpwd=os.getcwd()
    os.chdir(path)
    try:
        yield
    finally:
        os.chdir(oldpwd)


[docs]def block_print():
    """
    Blocks standard output. It may be used in functions that do not have silent mode.
    """
    sys.stdout = open(os.devnull, 'w')


[docs]def enable_print():
    """
    Enables standard output. It may be used in functions that do not have silent mode.
    """
    sys.stdout = sys.__stdout__





          

      

      

    

  

    
      
          
            
  Source code for siman.workflow_utilities

from __future__ import division, unicode_literals, absolute_import 
import sys, copy, re, os

#external
import numpy as np
import pandas as pd
import matplotlib as mpl
import matplotlib.pyplot as plt

from siman import header
from siman.header import printlog, calc, db, struct_des
from siman.picture_functions import fit_and_plot
from siman.small_functions import merge_dics
from siman.calc_manage import add_loop, name_mod_supercell, res_loop, inherit_icalc, push_figure_to_archive
from siman.neb import add_neb
from siman.classes import Calculation
from siman.analysis import calc_redox,  matrix_diff
from siman.geo import create_replaced_structure, create_antisite_defect3, determine_symmetry_positions, image_distance, remove_one_atom, replic, local_surrounding, create_deintercalated_structure
from siman.inout import write_occmatrix, write_xyz
from siman.functions import invert







[docs]def prepare(it_new, opt_vol, it_folder, ise, cl, st_type, option):

    if not it_folder:
        if option == None:
            option = ''
        it_folder = header.struct_des[cl.id[0]].sfolder+'/'+option
    if st_type == 'end':
        st = cl.end
    elif st_type == 'init':
        st = cl.init


    if not ise:
        if opt_vol:
            ise = '4uis'
        else:
            ise = '1u'

    if opt_vol:
        id_new = (it_new+'.su', ise, 100)
    else:
        id_new = (it_new, ise, 1)

    return id_new, st, it_folder




[docs]def make_defect(cl, el, st_type = 'end', option = 'vac', pos = None, ise = None, opt_vol = 0, 
    suf = '', it_folder = None,
    el_rep = '', pos_rep = 1, pos_rep2 = None, polaron_pos = None, occ_matrix = None,
    up = 0, fit = 0,  outcar = None, only_read = 0, Eref = 0,
    compat1 = False, add_loop_arg = {}):
    """
    Function allow to create point defects and run them
	previous name: make_vacancy()


    cl - starting Calculation 
    st_type - starting structure of cl: 'init' or 'end' 
    el - element to be removed or replaced
    
    option -
        'vac'  - make vacancy
        'rep'  - replace one atom with 'el_rep', 
        'pair' - make vacancy -Ti complex for V-Ti project 

    pos - unique position of el if non-eqivalent atoms exist - for vac
    pos_rep - number of position to replace from 0

    ise - new set
    opt_vol (bool) - optimize volume

    suf (str) - mannually added suffix
    it_folder - mannually provided it_folder

    up (bool) - [ 0, 1 ] update current calculation
    fit = 0,  outcar = None, only_read = 0 - flow control as usual

    polaron_pos - choose polaron position
    occ_matrix - list of lists see format in classes


    compat1 - compatability with previous calculations, which were used for Na2FePO4F project


    Eref - reference energy for solution energy

    TODO: rename to ?_point_defects()
    """

    from siman.project_funcs import e_bind




    if pos == None:
        pos = ''
    
    if polaron_pos == None:
        pol_suf = '' 
    else:
        pol_suf = '.p'+str(polaron_pos) # polaron suffix



    ssuf = el+str(pos)+el_rep+pol_suf+suf
    if 'su' in cl.id[0] and not 'su.' in cl.id[0]:
        it_new = cl.id[0].replace('su', option) + ssuf
    else:
        it_new = cl.id[0] + option + ssuf

    if compat1: # no element in name
        it_new = cl.id[0].replace('su', 'vac')+str(pos)

    id_new, st, it_folder = prepare(it_new, opt_vol, it_folder, ise, cl, st_type, option)
    occfile = None
    if not only_read and (up or id_new not in calc):
        # it_new

        if 'vac' in option:
            st_del1, i_del = remove_one_atom(st, el, pos)
            st_vis  = st.replace_atoms([i_del], 'U')
            st_vis.name=it_new+'_visual'
            st_vis.write_xyz()

            #possible polaron positions
            tr = st.get_transition_elements(fmt = 'z') 
            i_tr = st.get_transition_elements(fmt = 'n') 
            # dist = []
            max_d = 0
            i_max_d = None
            for i in i_tr:
                d1, d2 = image_distance(st.xcart[i], st.xcart[i_del], st.rprimd)
                # print(i+1, d1, d2)
                if d1 < d2:
                    if d1 > max_d:
                        max_d = d1
                        i_max_d = i
            if i_max_d is not None:
                print('The longest distance to transition metal in current supercell is ', max_d, 'A for atom', i_max_d+1, st.get_elements()[i_max_d])


            numb = st.nn(i_del, from_one = 0, n = len(tr)+5, only = list(set(tr)))['numbers'][1:]
            
            printlog('Choose polaron position starting from 1 using *polaron_pos*', imp = 'y')
            if polaron_pos:
                i_pol = numb[polaron_pos-1]
                printlog('atom', i_pol+1, st.get_elements()[i_pol], 'is chosen', imp ='y')
                # print(numb)
                # sys.exit()
                #take_occupation matrices from cl
                print('substitution occupation matrix of atom', i_pol+1)
                occ_matrices = copy.deepcopy(cl.occ_matrices)
                occ_matrices[i_pol] = occ_matrix
                # print(pd.DataFrame(cl.occ_matrices[i_pol]))
                occfile = write_occmatrix(occ_matrices, cl.dir+'/occ/')
                # print(occfile)

                # sys.exit()
            else:
                occfile = None


        elif 'rep' in option:
            st_del1 = st.replace_atoms([pos_rep], el_rep)
            print('Atom', str(pos_rep),st.get_elements()[pos_rep],' replaced with', el_rep, )
            print(st_del1.get_elements()[pos_rep])
            st_del1.name=it_new
        
        elif 'pair' in option:
            st_del1 = st.replace_atoms([1], el_rep)
            if 'pair2' in option:
                st_del1 = st_del1.replace_atoms([pos_rep2], el_rep)

            st_del1 = remove_one_atom(st_del1, el, pos)
            print('Atom 1 replaced with', el,'and atom removed' )
            st_del1.name=it_new


        st_del1.write_xyz()
        



        if opt_vol:
            it = add_loop(it_new, ise, 1, calc_method = 'uniform_scale',
             scale_region = (-4, 4), inherit_option = 'inherit_xred', input_st = st_del1, it_folder = it_folder, 
             params = {'occmatrix':occfile}, **add_loop_arg)            
        else:
            it = add_loop(it_new, ise, 1, input_st = st_del1, it_folder = it_folder, 
            params = {'occmatrix':occfile}, **add_loop_arg)             





    else:
        if opt_vol and fit:
            res_loop(it_new+'.su', ise, list(range(1,8))+[100], analys_type = 'fit_a', show = 'fitfo', up = '2', choose_outcar = outcar)
        else:
            res_loop(*id_new, up = '2', choose_outcar = outcar, show = 'fo')
            # calc[it_new+'.su', ise, 100].end.jmol()

        cl_v = calc[id_new]
        if '4' not in cl.state:
            cl.res()
        if not hasattr(cl_v, 'e0'):
            printlog('Warning', cl_v.id, 'is bad')
            return
        calc_redox(cl_v, cl)
        # print(cl_v.end.vol, cl.end.vol)
        dE = None


        if option == 'vac':
            cl_v.res()
            cl.res()
            print('Evac = {:3.2f} eV'.format(cl_v.e0 - cl.e0/cl.end.natom*cl_v.end.natom))    
        
        elif option == 'rep':
            diffE, diffV = matrix_diff(cl_v, cl)

            print('Esol = {:3.2f} eV'.format(diffE - Eref))    

        elif 'pair' in option:
            ''
            cl_bulk = cl
            cl_pair = cl_v
            it = cl.id[0]
            if 'V54' in it:
                it = it.replace('.su', '.')
            id_vac = (it + 'vacV', cl.id[1], 1)
            id_sol = (it + 'repTi', cl.id[1], 1)
            cl_vac  = calc[id_vac]
            cl_sol  = calc[id_sol]

            # print(id_vac, id_sol)

            # if  option == 'pair':
            dE = e_bind(cl_bulk, cl_vac, cl_sol, cl_pair)
            print('Ecomplex = {:3.2f} eV'.format(dE))    

            # elif '2' in option:


        return {'dE':dE, 'N':cl_v.end.natom, 'Name':cl.id}




[docs]def process_modified(cl, mod_dic = None, scale_region = (-4,4), opt_vol = 1, fit = 0,  st_type = 'end', name = None, el_new = None, run = 0, ise = None, it_folder = None, mode = None, add_loop_arg = None):
    """
    inherited from create_charges - functionality is extended
    The utility allows to (contrlolled by mode parameter):
    1) create charged cells by removing specific atoms provided in del_dic
    2) replace specific atoms 

    add_loop
    res_loop


    mode - 
        delete
        remove
        None

    mod_dic - dic of configurations with atom numbers starting from 1

    """
    # if not del_dic:
    if add_loop_arg == None:
        add_loop_arg = {}

    if mod_dic == None:
        mod_dic = {1:1}

    for key in mod_dic:
        mod_pos = mod_dic[key]
        if mode:
            mod_pos = [p-1 for p in mod_pos]

        if mode:
            suf = '.'+mode[0]+str(key)
        else:
            suf = ''
        
        it_new = cl.id[0] + suf
        
        id_new, stA, it_folder = prepare(it_new, opt_vol, it_folder, ise, cl, st_type, mode)

        if run: 
            if mode == 'delete':
                st = stA.remove_atoms(mod_pos)
            elif mode == 'replace':
                st = stA.replace_atoms(atoms_to_replace = mod_pos, el_new = el_new)
            else:
                st = stA

            st.name+=suf
            st.write_xyz()
            # sys.exit()
            if opt_vol:
                add_loop(it_new, id_new[1], 1, calc_method = 'uniform_scale',
                 scale_region = scale_region, inherit_option = 'inherit_xred', input_st = st, it_folder = it_folder, **add_loop_arg)            
            else:
                add_loop(it_new, id_new[1], 1, input_st = st, it_folder = it_folder, **add_loop_arg)             




        else:
            if 'check_job' in add_loop_arg:
                cj = add_loop_arg['check_job']
            else:
                cj = None
            if opt_vol and fit:
                # res_loop(id_new[0], id_new[1], list(range(1,8))+[100], analys_type = 'fit_a', show = 'fitfo', up = '2', choose_outcar = None)
                res_loop(id_new[0], id_new[1], list(range(1,8))+[100], analys_type = 'fit_a', show = 'fitfo', up = '2', choose_outcar = None, check_job = cj)
            else:
                res_loop(*id_new, up = '1', choose_outcar = None, show = 'fo')
        
    return






[docs]def create_segregation_cases(it, ise, verlist, dist_gb, gbpos = None, ise_new = None, option = None, 
    precip_folder = None, use_init = False, precision = None):
    """
    Written for Ti-Fe project.
    Allows to create segregation by substituting atoms;
    dist_gb - distance from gb inside which the atoms are included
    

    option = 'precip'- adding additional impurities to the already existing at gb. Please use 'precip_folder'
    use_init - allows to use initial structure.


    !Warning PBC are not used in determination of seg positions 

    """


    # hstring = ("%s    #on %s"% (traceback.extract_stack(None, 2)[0][3],   datetime.date.today() ) )
    # try:
    #     if hstring != header.history[-1]: header.history.append( hstring  )
    # except:
    #     header.history.append( hstring  )
    def write_local(cl, it_new, it_new_path, el_sub, main_path ): 
        cl.version = v
        # it_new_path   
        
        cl.name = it_new
        cl.des = 'Obtained from end state of '+str((it, ise, v))+' by substitution of one atom near gb with '+el_sub+' impurity '
        path_new_geo = it_new_path+"/"+it_new+"/"+it_new+'.imp.'+el_sub+'.'+str(cl.version)+'.'+'geo'
        cl.init.name = it_new+".init."+str(cl.version)
        xyzpath = it_new_path+"/"+it_new
        cl.path["input_geo"] = path_new_geo
        print(path_new_geo)
        cl.write_geometry("init", cl.des, override = 1)
        write_xyz(cl.init, xyzpath)
        return it_new_path

    if 0:
        res_loop(it, ise, verlist, up = 0)

    cl = header.calc[(it, ise, verlist[0])]

    znucl_sub = 3 #atom to be added


    """1. Create list of atoms near gb to substitue"""
    cl.gbpos = gbpos
    # print cl.gbpos
    seg_pos_list = [] # numbers of segregation positions
    
    if use_init:
        st = cl.init
    else:
        st = cl.end


    # print(st.xcart)
    if len(st.xcart) == 0:
        print('Warning!, xcart is empty', cl.id, )
    for i, x in enumerate(st.xcart):
        z_cur = st.znucl[st.typat[i]-1]
        print ('z_cur', z_cur)
        if z_cur == znucl_sub:
            printlog('Skipping znucl_sub atom\n')
            continue
        if abs(x[0] - gbpos)< dist_gb:
            print('adding possible seg position')
            seg_pos_list.append(i)


    """2. Substitue"""
    el_sub    = invert(znucl_sub)
    base_name = it
    main_path = header.struct_des[it].sfolder
    based_on = it+'.'+ise
    des_list = []
    add_list = []

    cl_list = []
    sumr_list = []

    i = 0
    # print(seg_pos_list)
    for j, replace_atom in enumerate(seg_pos_list): #

        v = verlist[0] # the first version from list is used
        cl = calc[(it, ise, v)]
        cl.gbpos = gbpos

        new = copy.deepcopy(cl)
        if use_init:
            new.end = new.init
        else:
            new.init = new.end #replace init structure by the end structure
        
        if 1: #atom substitution !make function; see TODO
            
            if znucl_sub not in new.init.znucl:
                new.init.znucl.append(znucl_sub)
                new.init.ntypat+=1
                new.init.typat[replace_atom] = new.init.ntypat
            else:
                ind = new.init.znucl.index(znucl_sub)
                new.init.typat[replace_atom] = ind + 1
            new.init.nznucl = []
            for typ in range(1, new.init.ntypat+1):
                new.init.nznucl.append(new.init.typat.count(typ) )
            printlog("Impurity with Z="+str(znucl_sub)+" has been substituted in "+new.name+"\n\n")
            
            it_new        = base_name+el_sub+'is'+str(i+1) #interface substitution
            
            if option == 'precip':
                it_new_path = precip_folder

            else:
                it_new_path = main_path+'/'+base_name+'_segreg'
            

        #Check if configuration is unique
        add = 1
        # for cl in cl_list:
        st = new.end
        st_replic = replic(st, (2,2,2))
        st_replic = replic(st_replic, (2,2,2), -1) #replic in negative direction also
        sumr = local_surrounding(st.xcart[replace_atom], st_replic, n_neighbours =  6) # sum of distances to surrounding atoms
        print ("sumr", sumr)
        for ad_sumr in sumr_list:
            if abs(ad_sumr-sumr) < precision :
                add = 0
                printlog("The void is non-equivalent; skipping\n")


        if add:
            i+=1
            sumr_list.append(sumr)
            # cl_list.append(new)
            write_local(new, it_new, it_new_path, el_sub, main_path) 
            for v in verlist[1:]: #write files; versions are scaled
                cl = calc[(it, ise, v)]
                rprimd_scaled = cl.end.rprimd 
                new_scaled    = copy.deepcopy(new)
                new_scaled.init.rprimd = copy.deepcopy(rprimd_scaled)
                new_scaled.init.xred2xcart()
                write_local(new_scaled, it_new, it_new_path, el_sub, main_path) 
            #create names
            des_list.append(  "struct_des['{0:s}'] = des('{1:s}', 'segregation configurations; made from {2:s}'   )".format(it_new, it_new_path, based_on)      ) 
            add_list.append(  "add_loop('"+it_new+"','"+ise_new+"',"+"range(1,6)"+", up = 'up1', it_folder = '"+it_new_path+"')"  )




    for d in des_list:
        print (d)


    for d in add_list:
        print (d)



    return









[docs]def optimize_wrapper(cl, ise, add = 0, show_fit = 1, params = None):
    #wrapper for optimization function


    up_res = 'up1'
    readfiles = 1
    check_job = 1
    id_res = (cl.id[0]+'.su', ise, 100)

    if add:
        add_loop(*cl.id, ise_new = ise,  up = 'up2', calc_method = 'uniform_scale',  
            scale_region = (-4, 4), input_st = cl.end, show = '', run = 0,  inherit_option = 'inherit_xred', 
            it_folder = cl.sfolder+'/scaled/', params = params) 
    else:

        if show_fit:
            res_loop(*id_res[0:2],list(range(0+1,0+8))+[100], up = up_res, readfiles= readfiles, analys_type = 'fit_a', show = 'fitfo')
        else:
            res_loop(*id_res, up = up_res, show = 'fo', check_job = check_job)





[docs]def run_wrapper(sts, ise = None, add = 0, cl = None, suf = 'w',  it_folder = None, cls = None, ngkpt = None, acc = None, ise1= None, acc2 = None, ise2 = None, params = None):
    """
    Add Several  structures

    params - pass to add_loop


    if add == 0:
        read results

    RETURN
    cl with lowest energy

    """
    
    if params is None:
        params = {}

    folder = suf.replace('.', '')
    # print(folder)
    # sys.exit()
    if ise1 is None:
        ise1 = ise

    if cls is None:
        cls = [cl]*len(sts)
    energies = []
    for i, st, cl_i in zip(range(len(sts)),sts,cls) : 

        itn = cl_i.id[0]+suf+ str(i)
        # del header.struct_des[itn]
        # continue
        if add:
            # add_loop(itn, ise, 1, show = 'fo', up = 'up2', input_st = st,  ngkpt = ngkpt, it_folder = cl.sfolder+'/'+folder+'/', **params ) #
            add_loop(itn, ise, 1, show = 'fo', up = 'up2', input_st = st,  ngkpt = ngkpt, it_folder = cl.sfolder, **params ) #
        
        else:
            ''
            
            if acc:
                if acc2:
                    db[itn+'.ifc', ise1, 1].run(ise2, show = 'fo', iopt = 'full_chg', add  = 0, up = 'up1', ngkpt = ngkpt)
                    cln = db[itn+'.ifc.ifc', ise2, 1]

                else:
                    # db[itn, ise, 1].run(ise1, show = 'fo', iopt = 'full_chg', add  = 0, up = 'up1', ngkpt = ngkpt)
                    cln = db[itn+'.ifc', ise1, 1]
                    cln.res(choose_outcar=0, show = 'fo')
                    suf_acc = '.ifc'
            else:
                suf_acc = ''

                res_loop(itn, ise, 1, up = 'up1')
                cln = db[itn, ise, 1]
            
            if hasattr(cln, 'e0'):
                energies.append(cln.e0)

    for i, e in enumerate(energies):
        print(i, e)

    if not add and len(energies)>0:
        i_min = energies.index(min(energies))
        print('Minimum energy is for ', i_min, energies[i_min])
        itn = cl.id[0]+suf+ str(i_min)+suf_acc
        db[itn, ise, 1].res()

        return db[itn, ise, 1]
    else:
        return None





          

      

      

    

  

    
      
          
            
  Source code for siman.chg.chg_func

#!/usr/bin/env python
import sys, os
import shutil
import numpy as np

try:
    from ase.calculators.vasp import VaspChargeDensity
except:
    print('No ase')
from siman.header import runBash, printlog
from siman.chg.vasputil_chgarith_module import chgarith


[docs]def chg_at_point(chgfile, xred1, ):
    """
    Return the the value of charge density at coordinate xred1; Actually it provides charge density for the closest grid point
    Most probably the units are (el/A^3)

    chgfile - full path to the file with charge density
    xred1 - reduced coordinate;

    RETURN: 
    Charge density at given point
    """
    vasp_charge = VaspChargeDensity(chgfile)
    density = vasp_charge.chg[-1]
    atoms = vasp_charge.atoms[-1]
    del vasp_charge
    # print density[0][0][0]

    ngridpts = numpy.array(density.shape) # size of grid
    print ('Size of grid', ngridpts)
    # rprimd = atoms.get_cell()
    # print rprimd

    # xred1 = [0.5, 0.5, 0.5]
    # rprimd_lengths=numpy.sqrt(numpy.dot(rprimd,rprimd.transpose()).diagonal()) #length of cell vectors
    i,j,k =  [ int(round(x * (n-1) ) ) for x, n in zip(xred1, ngridpts)]# corresponding to xred1 point
    print (i,j,k)
    print ('Density at xred', xred1, 'is',  density[i][j][k])
    return density[i][j][k]




[docs]def cal_chg_diff(cl1, cl2, cl3=None, wcell=0, chg = 'CHGCAR'):
    """1. Calculate differences of charge densities
    Works on local computer
    wcell = 0 or 1 - which cell to use to show atom (cl1 or cl2)
    chg (str) - which file to use 
        CHGCAR - the name as outcar
            if not exist CHG is used
        PARCHG - partial charge, the name without any additions
    

    TO DO:
    instead of paths to files, work with objects
    if cl3 is None
        d = d(cl1) - d(cl2)
    else
        d = d(cl1) - [d(cl2)+d(cl3)]

    d is calculated on server


    """
    files = []
    for cl in cl1, cl2, cl3:
        if cl is None:
            continue
        if chg == 'CHGCAR':
            file = cl.get_chg_file(nametype  = 'asoutcar')
            if not file:
                printlog('No CHGCAR for cl',cl.id[0], 'trying CHG', imp = 'Y')
                file = cl.get_chg_file('CHG', nametype  = 'asoutcar')
        elif chg == 'PARCHG':
            file = cl.get_file('PARCHG')


        files.append(file)



    file1 = files[0]
    file2 = files[1]


    if file1 == None or file2 == None:
        printlog('Error!, chg not found for one cl:', file1, file2)


    working_dir = cl1.dir

    dendiff_filename = working_dir + (chg+'_'+str(cl1.id[0])+'-'+str(cl2.id[0])).replace('.', '_')

    printlog('Diff =', file1, '-', file2)
    chgarith(file1, file2, '-', dendiff_filename, wcell)
    
    printlog('Charge difference saved to', dendiff_filename, imp = 'Y')
    if cl3:
        printlog('cl3 is detected Diff =', dendiff_filename, '-', files[2], imp = 'Y')

        chgarith(dendiff_filename, files[2], '-', dendiff_filename+'cl3', wcell=0)
        printlog('Charge difference saved to', dendiff_filename+'cl3', imp = 'Y')


    return dendiff_filename



[docs]def cal_chg_diff_files(chg_file1, chg_file2, cl3=None, wcell=0, chg = 'CHGCAR'):
    """1. Calculate differences of charge densities
    Works on local computer
    wcell = 0 or 1 - which cell to use to show atom (cl1 or cl2)
    chg (str) - which file to use 
        CHGCAR - the name as outcar
            if not exist CHG is used
        PARCHG - partial charge, the name without any additions
    

    TO DO:
    instead of paths to files, work with objects
    if cl3 is None
        d = d(cl1) - d(cl2)
    else
        d = d(cl1) - [d(cl2)+d(cl3)]

    d is calculated on server


    """
    files = []
    for cl in cl1, cl2, cl3:
        if cl is None:
            continue
        if chg == 'CHGCAR':
            file = cl.get_chg_file(nametype  = 'asoutcar')
            if not file:
                printlog('No CHGCAR for cl',cl.id[0], 'trying CHG', imp = 'Y')
                file = cl.get_chg_file('CHG', nametype  = 'asoutcar')
        elif chg == 'PARCHG':
            file = cl.get_file('PARCHG')


        files.append(file)



    file1 = files[0]
    file2 = files[1]


    if file1 == None or file2 == None:
        printlog('Error!, chg not found for one cl:', file1, file2)


    working_dir = cl1.dir

    dendiff_filename = working_dir + (chg+'_'+str(cl1.id[0])+'-'+str(cl2.id[0])).replace('.', '_')

    printlog('Diff =', file1, '-', file2)
    chgarith(file1, file2, '-', dendiff_filename, wcell)
    
    printlog('Charge difference saved to', dendiff_filename, imp = 'Y')
    if cl3:
        printlog('cl3 is detected Diff =', dendiff_filename, '-', files[2], imp = 'Y')

        chgarith(dendiff_filename, files[2], '-', dendiff_filename+'cl3', wcell=0)
        printlog('Charge difference saved to', dendiff_filename+'cl3', imp = 'Y')


    return dendiff_filename



[docs]def chg_at_z_direct(cl, k_p = 20, plot = None, filetype = 'CHGCAR'):
    """
    Return the the value of charge density or electrostatic potential along z direction of slab; 

    chgfile - full path to the file with charge density
    cl - Calculation() with slab structure; 
    it is needed for the definition of the correct coordinates of points in a structure  in which  will be calculated of el/stat pot 

    RETURN: 
    List of z-coordinates and respective average value of electrostatic pot in the z slice.
    """
    from siman.picture_functions import fit_and_plot
    

    if filetype == 'CHGCAR':
        chgfile = cl.get_chg_file()       
    else: 
        chgfile = cl.get_file(filetype = filetype)

    st = cl.end
    vasp_charge = VaspChargeDensity(chgfile)
    density = vasp_charge.chg[-1]
    atoms = vasp_charge.atoms[-1]
    del vasp_charge


    ngridpts = np.array(density.shape) # size of grid
    # print ('Size of grid', ngridpts)

    z = int(cl.vlength[2]*10)

    elst = []
    z_coord = []
    xred1 = [0,0,0]
    for n3 in range(0,z):
        dens = 0
        # for more accurate calculation of electrostatic pot, it is needed to split the z-sliced plane into a grid of points k_p (20 x 20) 
        # and find the average value for the slice
        for n1 in range(0,k_p):
            for n2 in range(0,k_p):
                xred1[0] = n1/k_p
                xred1[1] = n2/k_p
                xred1[2] = n3/z
                i,j,k =  [ int(round(x * (n-1) ) ) for x, n in zip(xred1, ngridpts)]# corresponding to xred1 point
                dens += density[i][j][k]*st.vol

        elst.append(dens/k_p**2 * st.vol)
        z_coord.append(n3/10)


    if plot:
        # print(z_coord, elst)
        fit_and_plot(a=(z_coord, elst, '-b'), xlabel = 'Z coordinate, $\AA$', 
            ylabel = 'Potential, eV', filename = 'figs/'+st.id[0]+'_pot')

    return z_coord, elst





          

      

      

    

  

    
      
          
            
  Source code for siman.chg.vasputil_chgarith_module

#!/usr/bin/python
# -*- coding: utf-8 -*-

# Copyright (c) 2008, 2009, 2010 Janne Blomqvist

# This source code file is subject to the terms of the MIT (Expat)
# License. See the file LICENSE for details.

"""Simple arithmetic operations (+,-,*,/) on CHG/CHGCAR files"""

from optparse import OptionParser
import sys
try:
    sys.path.append('/home/aksenov/Simulation_wrapper/ase')
    from ase.calculators.vasp import VaspChargeDensity
    import ase.calculators.vasp
    # print(ase.calculators.vasp.__file__) 
except:
    print('No ase')


usage = """%prog [options] chgfile0 op chgfile1

chgfile0 and chgfile1 are the charge density files in VASP CHG or
CHGCAR format. If the charge density files are not compatible, you
get what you deserve.

op is an elementary arithmetic operator (+,-,*,/), or avg to calculate
the average."""

# parser = OptionParser(usage)
# parser.add_option('-o', '--output', dest='outfile', help='Output to file \
# named by this argument. If omitted, defaults to a file chgfile0_op_chgfile1')
# parser.add_option('-w', '--which-cell', dest='wcell', help='Take the \
# embedded supercell information from which charge density file. Must be \
# either 0 or 1.')
# (options, args) = parser.parse_args()

[docs]def chgarith(chgf1, chgf2, op, filename, wcell):

    # chgf1 = args[0]
    # chgf2 = args[2]
    # op = args[1]

    chg1 = VaspChargeDensity(chgf1)
    chg2 = VaspChargeDensity(chgf2)

    # if options.wcell:
    #     wcell = int(options.wcell)
    if wcell == 0:
        chga = chg1
    elif wcell == 1:
        chga = chg2
    #     else:
    #         print ('Error, invalid argument to -w option')
    #         sys.exit(1)
    # else:
    # chga = chg1

    if len(chg1.chg) != len(chg2.chg):
        print ('Number of images in charge density files not equal. Using just   the final images in both files.')
        print ('len(chg.chg)', len(chg1.chg), len(chg2.chg) )
        chg1.chg = [chg1.chg[-1]]
        chg1.atoms = [chg1.atoms[-1]]
        if chg1.is_spin_polarized():
            chg1.chgdiff = [chg1.chgdiff[-1]]
            chg2.chgdiff = [chg2.chgdiff[-1]]
        chg2.chg = [chg2.chg[-1]]
        chg2.atoms = [chg2.atoms[-1]]

    newchg = VaspChargeDensity(None)

    print ('Start charge manipul')

    for i, atchg in enumerate(chg1.chg):
        c1 = atchg
        c2 = chg2.chg[i]
        newchg.atoms.append(chga.atoms[i].copy())
        if op == '+':
            nc = c1 + c2
            oplong = '_add_'
        elif op == '-':
            nc = c1 - c2
            oplong = '_sub_'
        elif op == '*':
            nc = c1 * c2
            oplong = '_mult_'
        elif op == '/':
            nc = c1 / c2
            oplong = '_div_'
        elif op == 'avg':
            nc = (c1 + c2) / 2
            oplong = '_avg_'
        newchg.chg.append(nc)


    if chg1.is_spin_polarized():
        print ('Spin polarized')

        for i, cd in enumerate(chg1.chgdiff):
            cd2 = chg2.chgdiff[i]
            if op == '+':
                nd = cd + cd2
            elif op == '-':
                nd = cd - cd2
            elif op == '*':
                nd = cd * cd2
            elif op == '/':
                nd = cd / cd2
            elif op == 'avg':
                nd = (cd + cd2) / 2
            newchg.chgdiff.append(nd)

    # Screw doing anything fancy with the augmentation charges
    # Just take them from the same file as the embedded atoms object.
    newchg.aug = chga.aug
    newchg.augdiff = chga.augdiff

    # if options.outfile:
    #     fname = options.outfile
    # else:
    #     from os.path import basename
    #     fname = basename(chgf1) + oplong + basename(chgf2)

    newchg.write(filename)

    return filename
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