

    
      
          
            
  
wannier90-utils

This package provides a library of functions for reading/writing and
manipulating the data associated with the wannier90 [http://wannier.org] code [1 [http://dx.doi.org/10.1016/j.cpc.2014.05.003]].


Features


	Routines for reading/writing/manipulating a variety of files


	manipulating WIN files (see here)


	parsing WOUT files (see here)


	the nnkp file (see here)


	the eigenvalues, overlap matrices, and projection matrices (see here)


	output of postw90 program, such as bandstructures (see here)






	Utilities for computing the centers and spreads of Wannier functions (see here)







Installation

To install the latest version of the wannier90-utils package, simply clone the repository and install using pip.

git clone https://github.com/jimustafa/wannier90-utils.git
cd wannier90-utils && pip install .
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Manipulating WIN files

Wannier90 I/O routines pertaining to WIN files


	
w90utils.io.win.print_atoms(atoms, units='crystal', file=<_io.TextIOWrapper name='<stdout>' mode='w' encoding='UTF-8'>)[source]

	




	
w90utils.io.win.print_kgrid(kgrid, file=<_io.TextIOWrapper name='<stdout>' mode='w' encoding='UTF-8'>)[source]

	




	
w90utils.io.win.print_kpoints(kpoints, mp_grid=None, file=<_io.TextIOWrapper name='<stdout>' mode='w' encoding='UTF-8'>)[source]

	




	
w90utils.io.win.print_unit_cell(dlv, units='bohr', file=<_io.TextIOWrapper name='<stdout>' mode='w' encoding='UTF-8'>)[source]

	




	
w90utils.io.win.read_atoms(fname, units='crystal')[source]

	




	
w90utils.io.win.read_dlv(fname, units='bohr')[source]

	Read direct lattice vectors from WIN file.


	Parameters

	
	fname (str) – Wannier90 WIN file


	units (str, {'bohr', 'angstrom'}) – units of returned lattice vectors






	Returns

	dlv (ndarray, shape (3, 3)) – direct lattice vectors










	
w90utils.io.win.read_kgrid(fname)[source]

	




	
w90utils.io.win.read_kpoints(fname)[source]

	




	
w90utils.io.win.read_proj_line(line, dlv, basis, spinors)[source]

	




	
w90utils.io.win.read_projections(fname)[source]

	




	
w90utils.io.win.remove_comments(s)[source]

	







          

      

      

    

  

    
      
          
            
  
Parsing WOUT files

Wannier90 I/O routines pertaining to WOUT files


	
w90utils.io.wout.read_centers_xyz(fname)[source]

	




	
w90utils.io.wout.read_conv(fname)[source]

	




	
w90utils.io.wout.read_sprd(fname)[source]

	







          

      

      

    

  

    
      
          
            
  
Parsing NNKP files

Wannier90 I/O routines pertaining to NNKP files


	
w90utils.io.nnkp.read_bvectors(fname, units='angstrom')[source]

	




	
w90utils.io.nnkp.read_dlv(fname, units='bohr')[source]

	




	
w90utils.io.nnkp.read_excluded_bands(fname)[source]

	




	
w90utils.io.nnkp.read_kpoints(fname, units='crystal')[source]

	




	
w90utils.io.nnkp.read_nnkpts(fname)[source]

	




	
w90utils.io.nnkp.read_projections(fname)[source]

	




	
w90utils.io.nnkp.read_rlv(fname, units='bohr')[source]

	







          

      

      

    

  

    
      
          
            
  
Fundamental I/O routines







	w90utils.io.read_eig(fname)

	Read EIG file.



	w90utils.io.write_eig(fname, eig)

	Write \(E_{n\mathbf{k}}\) to EIG file.



	w90utils.io.read_hamiltonian(fname)

	Read EIG file and return k-dependent Hamiltonian matrix.



	w90utils.io.read_amn(fname)

	Read AMN file.



	w90utils.io.write_amn(fname, amn[, header])

	Write \(A^{(\mathbf{k})}_{mn}\) to AMN file.



	w90utils.io.read_mmn(fname)

	Read MMN file



	w90utils.io.write_mmn(fname, mmn, kpb_kidx, …)

	Write \(M^{(\mathbf{k},\mathbf{b})}_{mn}\) to MMN file







	
w90utils.io.read_eig(fname)[source]

	Read EIG file.


	Parameters

	fname (str) – path to EIG file



	Returns

	ndarray, shape (nkpts, nbnds, nproj)










	
w90utils.io.write_eig(fname, eig)[source]

	Write \(E_{n\mathbf{k}}\) to EIG file.


	Parameters

	
	fname (str) – path to EIG file


	eig (ndarray, shape (nkpts, nbnds)) – 













	
w90utils.io.read_hamiltonian(fname)[source]

	Read EIG file and return k-dependent Hamiltonian matrix.


	Parameters

	fname (str) – path to EIG file



	Returns

	ndarray, shape (nkpts, nbnds, nbnds)










	
w90utils.io.read_amn(fname)[source]

	Read AMN file.


	Parameters

	fname (str) – 



	Returns

	ndarray, shape (nkpts, nbnds, nproj)










	
w90utils.io.write_amn(fname, amn, header='HEADER')[source]

	Write \(A^{(\mathbf{k})}_{mn}\) to AMN file.


	Parameters

	
	fname (str) – 


	amn (ndarray, shape (nkpts, nbnds, nproj)) – 


	header (str) – 













	
w90utils.io.read_mmn(fname)[source]

	Read MMN file


	Parameters

	fname (str) – 



	Returns

	ndarray, shape (nkpts, nntot, nbnds, nbnds)










	
w90utils.io.write_mmn(fname, mmn, kpb_kidx, kpb_g)[source]

	Write \(M^{(\mathbf{k},\mathbf{b})}_{mn}\) to MMN file


	Parameters

	
	fname (str) – 


	mmn (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – 
















          

      

      

    

  

    
      
          
            
  
Wannier function centers and spreads

Functions for computing Wannier centers and components of the spread


	
w90utils.sprd.omega(Mmn, bvectors, bweights)[source]

	Compute the spread functional


	Parameters

	
	Mmn (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – the overlap matrix


	bvectors (ndarray, shape (nkpts, nntot, 3)) – 


	bweights (ndarray, shape (nntot,)) – 













	
w90utils.sprd.omega_d(m, bvectors, bweights, idx=None)[source]

	Compute the diagonal contribution to the spread functional


	Parameters

	
	m (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – the overlap matrix


	bvectors (ndarray, shape (nkpts, nntot, 3)) – 


	bweights (ndarray, shape (nntot,)) – 













	
w90utils.sprd.omega_dod(Mmn, bvectors, bweights)[source]

	Compute the sum of the diagonal and off-diagonal contribution to the spread
functional


	Parameters

	
	Mmn (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – the overlap matrix


	bvectors (ndarray, shape (nkpts, nntot, 3)) – 


	bweights (ndarray, shape (nntot,)) – 













	
w90utils.sprd.omega_i(Mmn, bweights)[source]

	Compute the invariant contribution to the spread functional


	Parameters

	
	Mmn (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – the overlap matrix


	bweights (ndarray, shape (nntot,)) – 













	
w90utils.sprd.omega_iod(m, bweights, idx=None)[source]

	Compute the sum of the invariant and off-diagonal contribution to the spread
functional


	Parameters

	
	m (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – the overlap matrix


	bweights (ndarray, shape (nntot,)) – 













	
w90utils.sprd.omega_od(Mmn, bweights)[source]

	Compute the off-diagonal contribution to the spread functional


	Parameters

	
	Mmn (ndarray, shape (nkpts, nntot, nbnds, nbnds)) – the overlap matrix


	bweights (ndarray, shape (nntot,)) – 













	
w90utils.sprd.wannier_centers(m, bvectors, bweights)[source]

	







          

      

      

    

  

    
      
          
            
  
Processing postw90 output


	
w90utils.io.postw90.print_kpoints(kpoints, header='', units='crystal', file=<_io.TextIOWrapper name='<stdout>' mode='w' encoding='UTF-8'>)[source]

	




	
w90utils.io.postw90.read_band_velocities(fname)[source]

	




	
w90utils.io.postw90.read_bands(fname)[source]

	




	
w90utils.io.postw90.read_bands_kpoints(fname)[source]

	Read k-points from the geninterp dat file


	Parameters

	fname (str) – 



	Returns

	ndarray, shape (nkpts, 3) – array of kpoints using for geninterp, in units of \(\unicode{x212B}^{-1}\)










	
w90utils.io.postw90.read_dos(fname)[source]

	




	
w90utils.io.postw90.read_elcond(fname)[source]

	




	
w90utils.io.postw90.read_kpoints(fname)[source]

	




	
w90utils.io.postw90.read_vnk(fname)

	




	
w90utils.io.postw90.write_kpoints(fname, kpoints)[source]

	







          

      

      

    

  

    
      
          
            
  
Examples


Read the Hamiltonian in the Wannier representation

from w90utils import io as w90io

HR, Rvectors, Rweights = w90io.read_hr('wannier_hr.dat')
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About

This package was developed during the course of my graduate studies at UC
Berkeley in the field of condensed matter physics. Its purpose is to provide a
Python library for reading/writing and manipulating data associated with the
wannier90 [http://wannier.org] code [1 [http://dx.doi.org/10.1016/j.cpc.2014.05.003]].





          

      

      

    

  

    
      
          
            
  All modules for which code is available

	w90utils.io._amn

	w90utils.io._eig

	w90utils.io._mmn

	w90utils.io.nnkp

	w90utils.io.postw90

	w90utils.io.win

	w90utils.io.wout

	w90utils.sprd




          

      

      

    

  

    
      
          
            
  Source code for w90utils.sprd

"""Functions for computing Wannier centers and components of the spread"""

import numpy as np


[docs]def wannier_centers(m, bvectors, bweights):
    (nkpts, nntot, nwann) = m.shape[:-1]

    mii = m.reshape((nkpts*nntot, nwann, nwann)).diagonal(offset=0, axis1=1, axis2=2)

    bvectors = np.reshape(bvectors, (-1, 3))
    bweights = np.tile(bweights, nkpts)

    bwv = bweights[:, np.newaxis] * bvectors

    # Eq. 31
    rv = np.zeros((nwann, 3))
    for i in range(nwann):
        rv[i] = -1 * np.sum(bwv * np.imag(np.log(mii[:, i]))[:, np.newaxis], axis=0)
    rv /= nkpts

    return rv



[docs]def omega_d(m, bvectors, bweights, idx=None):   # Eq. 36
    """
    Compute the diagonal contribution to the spread functional

    Parameters
    ----------
    m: ndarray, shape (nkpts, nntot, nbnds, nbnds)
        the overlap matrix
    bvectors: ndarray, shape (nkpts, nntot, 3)
    bweights: ndarray, shape (nntot,)

    """
    (nkpts, nntot, nwann) = m.shape[:-1]

    rv = wannier_centers(m, bvectors, bweights)

    mii = np.copy(m.reshape((nkpts*nntot, nwann, nwann)).diagonal(offset=0, axis1=1, axis2=2))

    bvectors = np.reshape(bvectors, (-1, 3))
    bweights = np.tile(bweights, nkpts)

    bvrv = np.einsum('bi,ri->br', bvectors, rv)

    if idx is not None:
        sprd_d = np.sum(bweights[:, np.newaxis] * (-1 * np.imag(np.log(mii)) - bvrv)**2, axis=0) / nkpts
        sprd_d = sprd_d[idx]
    else:
        sprd_d = np.sum(bweights[:, np.newaxis] * (-1 * np.imag(np.log(mii)) - bvrv)**2) / nkpts

    return sprd_d



[docs]def omega_od(Mmn, bweights):            # Eq. 35
    """
    Compute the off-diagonal contribution to the spread functional

    Parameters
    ----------
    Mmn: ndarray, shape (nkpts, nntot, nbnds, nbnds)
        the overlap matrix
    bweights: ndarray, shape (nntot,)

    """
    (nkpts, nntot, nbnds) = Mmn.shape[:-1]

    m = Mmn.reshape((nkpts*nntot, nbnds, nbnds))
    mii = m.diagonal(offset=0, axis1=1, axis2=2)

    bweights = np.tile(bweights, nkpts)

    sprd_od = np.sum(bweights[:, np.newaxis, np.newaxis] * np.abs(m)**2)
    sprd_od -= np.sum(bweights[:, np.newaxis] * np.abs(mii)**2)
    sprd_od /= nkpts

    return sprd_od



[docs]def omega_dod(Mmn, bvectors, bweights):
    """
    Compute the sum of the diagonal and off-diagonal contribution to the spread
    functional

    Parameters
    ----------
    Mmn: ndarray, shape (nkpts, nntot, nbnds, nbnds)
        the overlap matrix
    bvectors: ndarray, shape (nkpts, nntot, 3)
    bweights: ndarray, shape (nntot,)

    """
    sprd_d = omega_d(Mmn, bvectors, bweights)
    sprd_od = omega_od(Mmn, bweights)

    return sprd_d + sprd_od



[docs]def omega_iod(m, bweights, idx=None):                # Eq. 43
    """
    Compute the sum of the invariant and off-diagonal contribution to the spread
    functional

    Parameters
    ----------
    m: ndarray, shape (nkpts, nntot, nbnds, nbnds)
        the overlap matrix
    bweights: ndarray, shape (nntot,)

    """
    (nkpts, nntot, nwann) = m.shape[:-1]

    mii = m.reshape((nkpts*nntot, nwann, nwann)).diagonal(offset=0, axis1=1, axis2=2)

    bweights = np.tile(bweights, nkpts)

    if idx is not None:
        sprd_iod = np.sum(bweights[:, np.newaxis] * (1 - np.abs(mii)**2), axis=0) / nkpts
        sprd_iod = sprd_iod[idx]
    else:
        sprd_iod = np.sum(bweights[:, np.newaxis] * (1 - np.abs(mii)**2)) / nkpts

    return sprd_iod



[docs]def omega_i(Mmn, bweights):
    """
    Compute the invariant contribution to the spread functional

    Parameters
    ----------
    Mmn: ndarray, shape (nkpts, nntot, nbnds, nbnds)
        the overlap matrix
    bweights: ndarray, shape (nntot,)

    """
    sprd_od = omega_od(Mmn, bweights)
    sprd_iod = omega_iod(Mmn, bweights)

    return sprd_iod - sprd_od



[docs]def omega(Mmn, bvectors, bweights):
    """
    Compute the spread functional

    Parameters
    ----------
    Mmn: ndarray, shape (nkpts, nntot, nbnds, nbnds)
        the overlap matrix
    bvectors: ndarray, shape (nkpts, nntot, 3)
    bweights: ndarray, shape (nntot,)

    """
    sprd_d = omega_d(Mmn, bvectors, bweights)
    sprd_iod = omega_iod(Mmn, bweights)

    return sprd_d + sprd_iod





          

      

      

    

  

    
      
          
            
  Source code for w90utils.io._amn

import numpy as np


__all__ = ['read_amn', 'write_amn']


[docs]def read_amn(fname):
    """
    Read AMN file.

    Parameters
    ----------
    fname : str

    Returns
    -------
    ndarray, shape (nkpts, nbnds, nproj)

    """
    with open(fname, 'r') as f:
        f.readline()    # header
        [nbnds, nkpts, nproj] = list(map(int, f.readline().split()))
        data_str = f.read()

    raw_data = np.fromstring(data_str, sep='\n').reshape((nkpts*nbnds*nproj, 5))
    amn = raw_data[:, 3] + 1j*raw_data[:, 4]
    amn = np.copy(np.transpose(amn.reshape((nbnds, nproj, nkpts), order='F'), axes=(2, 0, 1)), order='C')

    return amn



[docs]def write_amn(fname, amn, header='HEADER'):
    r"""
    Write :math:`A^{(\mathbf{k})}_{mn}` to AMN file.

    Parameters
    ----------
    fname : str
    amn : ndarray, shape (nkpts, nbnds, nproj)
    header : str

    """
    (nkpts, nbnds, nproj) = amn.shape
    indices = np.mgrid[:nbnds, :nproj, :nkpts].reshape((3, -1), order='F') + 1
    amn = np.transpose(amn, axes=(1, 2, 0)).flatten(order='F').view(float).reshape((-1, 2))
    data_out = np.column_stack((indices.transpose(), amn))
    with open(fname, 'w') as f:
        print(header, file=f)
        print('%13d%13d%13d' % (nbnds, nkpts, nproj), file=f)
        np.savetxt(f, data_out, fmt='%5d%5d%5d%18.12f%18.12f')





          

      

      

    

  

    
      
          
            
  Source code for w90utils.io._eig

import numpy as np


__all__ = ['read_eig', 'write_eig', 'read_hamiltonian']


[docs]def read_eig(fname):
    """
    Read EIG file.

    Parameters
    ----------
    fname : str
        path to EIG file

    Returns
    -------
    ndarray, shape (nkpts, nbnds, nproj)

    """
    raw_data = np.loadtxt(fname)

    band_indices = raw_data[:, 0].astype(int)
    kpoint_indices = raw_data[:, 1].astype(int)

    nbnds = np.max(band_indices)
    nkpts = np.max(kpoint_indices)

    eig = raw_data[:, 2]
    eig = eig.reshape((nkpts, nbnds))

    return eig



[docs]def write_eig(fname, eig):
    r"""
    Write :math:`E_{n\mathbf{k}}` to EIG file.

    Parameters
    ----------
    fname : str
        path to EIG file
    eig : ndarray, shape (nkpts, nbnds)


    """
    nkpts, nbnds = eig.shape
    indices = np.mgrid[:nbnds, :nkpts].reshape((2, nkpts*nbnds), order='F')+1

    band_indices = indices[0]
    kpoint_indices = indices[1]

    eig = eig.flatten()

    data = np.column_stack((band_indices, kpoint_indices, eig))

    np.savetxt(fname, data, fmt='%5d%5d%18.12f')



[docs]def read_hamiltonian(fname):
    """
    Read EIG file and return k-dependent Hamiltonian matrix.

    Parameters
    ----------
    fname: str
        path to EIG file

    Returns
    -------
    ndarray, shape (nkpts, nbnds, nbnds)

    """
    eig = read_eig(fname)
    nkpts, nbnds = eig.shape

    Hk = np.zeros((nkpts, nbnds, nbnds))
    di = np.diag_indices(nbnds)
    for ikpt in range(nkpts):
        Hk[ikpt][di] = eig[ikpt]

    return Hk



read_hk = read_hamiltonian




          

      

      

    

  

    
      
          
            
  Source code for w90utils.io._mmn

import numpy as np


__all__ = ['read_mmn', 'write_mmn']


def _process_mmn_file(fname):
    with open(fname, 'r') as f:
        contents = f.readlines()

    header = contents[0]

    [nbnds, nkpts, nntot] = np.fromstring(contents[1], sep=' ', dtype=int)

    nblks = nkpts * nntot
    # a block consists of the header line and the following nbnds**2 lines
    blk_len = nbnds**2 + 1
    # indices of the starting line of each block
    blk_start_idx = list(range(2, len(contents), blk_len))

    kpb_kidx = np.zeros((nkpts, nntot), dtype=int)
    kpb_g = np.zeros((nkpts, nntot, 3), dtype=int)
    mmn = np.zeros((nkpts, nntot, nbnds, nbnds), dtype=complex)
    for (iblk, istart) in enumerate(blk_start_idx):
        # determine kpoint-index and nearest-neighbor index
        # based on the index of the block
        # --------------------------------------------------
        ikpt = iblk // nntot
        if iblk % nntot == 0:
            inn = 0
        else:
            inn += 1
        # --------------------------------------------------
        block = contents[istart:(istart+blk_len)]
        block_header = block[0]
        kpb_kidx[ikpt][inn] = int(block_header.split()[1]) - 1
        kpb_g[ikpt][inn] = list(map(int, block_header.split()[2:]))
        s = ''.join(block[1:])
        a = np.fromstring(s, sep='\n').view(complex)
        mmn[ikpt, inn, :, :] = a.reshape((nbnds, nbnds), order='F')

    return mmn, kpb_kidx, kpb_g


[docs]def read_mmn(fname):
    """
    Read MMN file

    Parameters
    ----------
    fname : str

    Returns
    -------
    ndarray, shape (nkpts, nntot, nbnds, nbnds)

    """
    return _process_mmn_file(fname)[0]



[docs]def write_mmn(fname, mmn, kpb_kidx, kpb_g):
    """
    Write :math:`M^{(\mathbf{k},\mathbf{b})}_{mn}` to MMN file

    Parameters
    ----------
    fname : str
    mmn : ndarray, shape (nkpts, nntot, nbnds, nbnds)

    """
    nkpts = mmn.shape[0]
    nntot = mmn.shape[1]
    nbnds = mmn.shape[2]
    with open(fname, 'w') as f:
        print('DUMMY HEADER', file=f)
        print('%12d%12d%12d' % (nbnds, nkpts, nntot), file=f)
        for ikpt in range(nkpts):
            for inn in range(nntot):
                print('%5d%5d%5d%5d%5d' % ((ikpt+1, kpb_kidx[ikpt][inn]+1) + tuple(kpb_g[ikpt][inn])), file=f)
                np.savetxt(f, mmn[ikpt][inn].flatten(order='F').view(float).reshape(-1, 2), fmt='%18.12f%18.12f')





          

      

      

    

  

    
      
          
            
  Source code for w90utils.io.nnkp

"""Wannier90 I/O routines pertaining to NNKP files"""
import re

import numpy as np

from ._orbitals import orbitals
from . import _utils


[docs]def read_dlv(fname, units='bohr'):
    pattern = re.compile(r'(?:begin\s+real_lattice)(.+)(?:end\s+real_lattice)', re.IGNORECASE | re.DOTALL)
    with open(fname, 'r') as f:
        match = pattern.search(f.read())
        if match is None:
            raise Exception

    dlv = np.fromstring(match.group(1), sep='\n').reshape((3, 3))

    dlv = _utils.convert_units(dlv, 'angstrom', units)

    return dlv



[docs]def read_rlv(fname, units='bohr'):
    pattern = re.compile(r'(?:begin\s+recip_lattice)(.+)(?:end\s+recip_lattice)', re.IGNORECASE | re.DOTALL)
    with open(fname, 'r') as f:
        match = pattern.search(f.read())
        if match is None:
            raise Exception

    rlv = np.fromstring(match.group(1), sep='\n').reshape((3, 3))

    rlv = _utils.convert_units(rlv, 'angstrom', units, inverse=True)

    return rlv



[docs]def read_kpoints(fname, units='crystal'):
    pattern = re.compile(r'(?:begin\s+kpoints)(?:\s+(?P<nkpts>[0-9]+)\s+)(?P<kpoints>.+)(?:end\s+kpoints)', re.IGNORECASE | re.DOTALL)
    with open(fname, 'r') as f:
        match = pattern.search(f.read())
        if match is None:
            raise Exception

    nkpts = int(match.group('nkpts'))
    kpoints = np.fromstring(match.group('kpoints'), sep='\n').reshape((nkpts, 3))

    if units == 'crystal':
        pass
    elif units == 'angstrom' or units == 'bohr':
        rlv = read_rlv(fname, units)
        kpoints = np.dot(kpoints, rlv)

    return kpoints



[docs]def read_projections(fname):
    pattern = re.compile(r'(?:begin\s+(?P<spinor>spinor_)?projections)(?:\s+(?P<nproj>[0-9]+)\s+)(?P<projections>.+)(?:end\s+(?P=spinor)?projections)', re.IGNORECASE | re.DOTALL)
    with open(fname, 'r') as f:
        match = pattern.search(f.read())
        if match is None:
            raise Exception

    nproj = int(match.group('nproj'))
    spinors = match.group('spinor') is not None
    raw_data = np.fromstring(match.group('projections'), sep='\n')

    if not spinors:
        raw_data = np.reshape(raw_data, (nproj, 13))
    else:
        raw_data = np.reshape(raw_data, (nproj, 17))

    # create list of projections
    # each projection is a dictionary
    projections = []
    for iproj in range(len(raw_data)):
        proj = {}
        proj['center'] = raw_data[iproj][:3]
        proj['l'] = l = int(raw_data[iproj][3])
        proj['mr'] = mr = int(raw_data[iproj][4])
        proj['r'] = int(raw_data[iproj][5])
        proj['z-axis'] = raw_data[iproj][6:9]
        proj['x-axis'] = raw_data[iproj][9:12]
        proj['zona'] = raw_data[iproj][12]
        proj['spin'] = int(raw_data[iproj][13]) if spinors else None
        proj['spin-axis'] = raw_data[iproj][14:] if spinors else None
        proj['orbital'] = orbitals[l][mr]

        projections.append(proj)

    return projections



[docs]def read_nnkpts(fname):
    pattern = re.compile(r'(?:begin\s+nnkpts)(?:\s+(?P<nntot>[0-9]+)\s+)(?P<nnkpts>.+)(?:end\s+nnkpts)', re.IGNORECASE | re.DOTALL)
    with open(fname, 'r') as f:
        match = pattern.search(f.read())
        if match is None:
            raise Exception

    nntot = int(match.group('nntot'))
    raw_data = np.fromstring(match.group('nnkpts'), sep='\n', dtype=int).reshape((-1, 5))

    kpb_kidx = raw_data[:, 1].reshape((-1, nntot)) - 1
    kpb_g = raw_data[:, 2:].reshape((-1, nntot, 3))

    return kpb_kidx, kpb_g



[docs]def read_bvectors(fname, units='angstrom'):
    rlv = read_rlv(fname, units=units)
    kpoints = read_kpoints(fname)
    kpb_kidx, kpb_g = read_nnkpts(fname)

    kpb = kpoints[kpb_kidx]

    bvectors = kpb + kpb_g - kpoints[:, np.newaxis, :]
    bvectors = np.einsum('kbi,ij->kbj', bvectors, rlv)

    return bvectors



[docs]def read_excluded_bands(fname):
    pattern = re.compile(r'(?:begin\s+exclude_bands)(.+)(?:end\s+exclude_bands)', re.IGNORECASE | re.DOTALL)
    with open(fname, 'r') as f:
        match = pattern.search(f.read())
        if match is None:
            raise Exception

    bnd_idx = np.fromstring(match.group(1), sep='\n')[1:]
    bnd_idx -= 1

    return bnd_idx





          

      

      

    

  

    
      
          
            
  Source code for w90utils.io.postw90

import sys

import numpy as np


[docs]def read_kpoints(fname):
    raw_data = np.loadtxt(fname, skiprows=3)
    kpoints = raw_data[:, (1, 2, 3)]

    return kpoints



[docs]def write_kpoints(fname, kpoints):
    with open(fname, 'w') as f:
        print_kpoints(kpoints, file=f)



[docs]def print_kpoints(kpoints, header='', units='crystal', file=sys.stdout):
    print(header, file=file)
    print('%s' % units, file=file)
    print(len(kpoints), file=file)
    for (ik, kpt) in enumerate(kpoints):
        print('%5d%18.12f%18.12f%18.12f' % tuple([ik+1] + list(kpt)), file=file)



[docs]def read_bands_kpoints(fname):
    r"""
    Read k-points from the ``geninterp`` dat file

    Parameters
    ----------
    fname : str

    Returns
    -------
    ndarray, shape (nkpts, 3)
        array of kpoints using for ``geninterp``, in units of :math:`\unicode{x212B}^{-1}`

    """
    raw_data = np.loadtxt(fname)

    nkpts = int(np.max(raw_data[:, 0]))
    nbnds = len(raw_data) // nkpts

    kpoints = raw_data[np.arange(0, len(raw_data), nbnds), 1:4]

    return kpoints



[docs]def read_bands(fname):
    raw_data = np.loadtxt(fname)
    nkpts = int(np.max(raw_data[:, 0]))
    bands = raw_data[:, 4]
    bands = bands.reshape((nkpts, -1))

    return bands



[docs]def read_band_velocities(fname):
    raw_data = np.loadtxt(fname)

    if not raw_data.shape[1] > 5:
        return None

    nkpts = int(raw_data[-1, 0])
    vnk = raw_data[:, 5:]
    vnk = vnk.reshape((nkpts, -1, 3))

    return vnk



read_vnk = read_band_velocities


def _read_boltzwann_data(fname):
    raw_data = np.loadtxt(fname)

    if raw_data.ndim == 1:
        nT = 1
        nmu = 1
        raw_data = raw_data.reshape((1, -1))
        mu, T = raw_data[:, (0, 1)].T
    else:
        mu, T = raw_data[:, (0, 1)].T

        dT = T[1] - T[0]
        nT = int(np.rint((np.max(T) - np.min(T))/dT))+1
        T = T[:nT]

        mu = mu.reshape((-1, nT))[:, :1]
        nmu = len(mu)

    raw_data = raw_data.reshape((nmu, nT, 8))

    data = {
        'xx': raw_data[:, :, 2],
        'xy': raw_data[:, :, 3],
        'yy': raw_data[:, :, 4],
        'xz': raw_data[:, :, 5],
        'yz': raw_data[:, :, 6],
        'zz': raw_data[:, :, 7],
    }

    return data, mu, T


[docs]def read_elcond(fname):
    return _read_boltzwann_data(fname)



[docs]def read_dos(fname):
    data = np.loadtxt(fname)
    e = data[:, 0]
    dos = data[:, 1]

    return e, dos





          

      

      

    

  

    
      
          
            
  Source code for w90utils.io.win

"""Wannier90 I/O routines pertaining to WIN files"""

import sys
import re

import numpy as np

from . import _utils
from ._orbitals2 import orbitals
from ._utils import cartesian2crystal


unit_cell_regex = re.compile(
    r'BEGIN\s+UNIT_CELL_CART\s+'
    r'(?P<units>BOHR|ANG)?'
    r'(?P<dlv>.+)'
    r'END\s+UNIT_CELL_CART\s+',
    re.VERBOSE | re.IGNORECASE | re.DOTALL
    )

atoms_regex = re.compile(
    r'BEGIN\s+ATOMS_(?P<suffix>(FRAC)|(CART))\s+'
    r'(?P<units>BOHR|ANG)?'
    r'(?P<atoms>.+)'
    r'END\s+ATOMS_(?P=suffix)\s+',
    re.VERBOSE | re.IGNORECASE | re.DOTALL
    )

kpoints_regex = re.compile(
    r'BEGIN\s+KPOINTS\s+'
    r'(?P<kpoints>.+)'
    r'END\s+KPOINTS\s+',
    re.VERBOSE | re.IGNORECASE | re.DOTALL
    )

kgrid_regex = re.compile(
    r'MP_GRID\s+[=:]?\s+(?P<nk1>\d+)\s+(?P<nk2>\d+)\s+(?P<nk3>\d+)\s+',
    re.VERBOSE | re.IGNORECASE | re.DOTALL
    )

projections_regex = re.compile(
    r'BEGIN\s+PROJECTIONS\s+'
    r'(?P<units>BOHR|ANG)?\s*'
    r'(?P<projections>.+)'
    r'END\s+PROJECTIONS',
    re.VERBOSE | re.IGNORECASE | re.DOTALL
    )

proj_line_regex = re.compile(
    r'(?P<site>[^:]+):(?P<ang_mtm>[^:]+):?'
    r'(:(?P<zaxis>z=[^:]):)?'
    r'((?P<xaxis>x=[^:]):)?'
    '',
    re.VERBOSE
    )

spinors_regex = re.compile(
    r'spinors\s+=\s+(T|.TRUE.)',
    re.VERBOSE | re.IGNORECASE | re.DOTALL
    )
spin_regex = re.compile(r'[(](?P<up>u)?,?(?P<dn>d)?[)]')
quant_dir_regex = re.compile(r'[\[](?P<quant_dir>.+)[\]]$')


[docs]def remove_comments(s):
    return re.compile(r'([!]|[#]).*$', re.MULTILINE).sub('', s)



[docs]def read_dlv(fname, units='bohr'):
    """
    Read direct lattice vectors from WIN file.

    Parameters
    ----------
    fname : str
        Wannier90 WIN file
    units : str, {'bohr', 'angstrom'}
        units of returned lattice vectors

    Returns
    -------
    dlv : ndarray, shape (3, 3)
        direct lattice vectors

    """
    with open(fname, 'r') as f:
        match = unit_cell_regex.search(f.read())
        if match is None:
            raise Exception

    dlv = np.fromstring(match.group('dlv').strip(), sep='\n').reshape((3, 3))

    if match.group('units') is not None:
        units_win = {'ANG': 'angstrom', 'BOHR': 'bohr'}[match.group('units').upper()]
    else:
        units_win = 'angstrom'

    if units == units_win:
        pass
    elif units in ['bohr', 'angstrom'] and units_win in ['bohr', 'angstrom']:
        dlv = _utils.convert_units(dlv, units_win, units)
    else:
        raise Exception

    return dlv



[docs]def read_atoms(fname, units='crystal'):
    with open(fname, 'r') as f:
        match = atoms_regex.search(f.read())
        if match is None:
            raise Exception

    symbols = []
    taus = []
    for line in match.group('atoms').strip().splitlines():
        symbols.append(line.split()[0])
        taus.append(np.array(list(map(float, line.split()[1:]))))

    if match.group('suffix').upper() == 'FRAC':
        units_win = 'crystal'
    else:
        if match.group('units') is not None:
            units_win = {'ANG': 'angstrom', 'BOHR': 'bohr'}[match.group('units').upper()]
        else:
            units_win = 'angstrom'

    taus = np.asarray(taus)

    if units == units_win:
        pass
    elif units == 'crystal' and units_win in ['bohr', 'angstrom']:
        dlv = read_dlv(fname, units=units_win)
        taus = _utils.cartesian2crystal(taus, dlv)
    elif units in ['bohr', 'angstrom'] and units_win == 'crystal':
        dlv = read_dlv(fname, units=units)
        taus = _utils.crystal2cartesian(taus, dlv)
    elif units in ['bohr', 'angstrom'] and units_win in ['bohr', 'angstrom']:
        taus = _utils.convert_units(taus, units_win, units)
    else:
        raise Exception

    basis = list(zip(symbols, taus))

    return basis



[docs]def read_proj_line(line, dlv, basis, spinors):
    basis_symbols = [x[0] for x in basis]
    basis_vectors = [x[1] for x in basis]

    # print(line)
    zaxis = np.array([0, 0, 1])
    xaxis = np.array([1, 0, 0])
    radial = 1
    zona = 1
    spin = [1, -1]
    quant_dir = np.array([0, 0, 1])

    line = line.replace(' ', '')

    if spin_regex.search(line) is not None:
        spin = []
        if spin_regex.search(line).group('u') is not None: spin.append(1)
        if spin_regex.search(line).group('d') is not None: spin.append(-1)
    line = re.sub(spin_regex.pattern, '', line)

    if quant_dir_regex.search(line):
        quant_dir = np.fromstring(quant_dir_regex.search(line).group('quant_dir'))
    line = re.sub(quant_dir_regex.pattern, '', line)

    parts = line.split(':')

    if parts[0][0] == 'c':
        center = [cartesian2crystal(np.fromstring(parts[0].split('=')[1], sep=','), dlv)]
    elif parts[0][0] == 'f':
        center = [np.fromstring(parts[0].split('=')[1], sep=',')]
    else:
        symbol = parts[0]
        center = [basis_vectors[i] for i in range(len(basis)) if symbol == basis_symbols[i]]

    orbitals_lmr = []
    for orbital in parts[1].split(';'):
        if orbital in list(orbitals.values()):
            tmp = [(l, mr) for (l, mr) in orbitals if orbitals[(l, mr)] == orbital]
            if len(tmp) > 1: raise Exception
            l, mr = tmp[0]
            if mr == 0:
                if l > 0:
                    for i in range(1, 2*l+1+1):
                        orbitals_lmr.append((l, i))
                if l < 0:
                    for i in range(1, abs(l)+1+1):
                        orbitals_lmr.append((l, i))
            else:
                orbitals_lmr.append((l, mr))
        elif re.compile(r'l=(?P<l>[-]?\d),?(mr=(?P<mr>(\d,?)+))?').match(orbital):
            match = re.compile(r'l=(?P<l>[-]?\d),?(mr=(?P<mr>(\d,?)+))?').match(orbital)
            for mr in match.group('mr').split(','):
                orbitals_lmr.append((int(match.group('l')), int(mr)))
        else:
            raise ValueError('orbital specification "%s" not recognized' % orbital)

    # sort angular momentum states
    orbitals_lmr = sorted(orbitals_lmr)

    if len(parts) > 2:
        for part in parts[2:]:
            if part.startswith('z='):
                zaxis = np.fromstring(part.split('=')[1], sep=',')
            if part.startswith('x='):
                xaxis = np.fromstring(part.split('=')[1], sep=',')
            if part.startswith('r='):
                radial = int(part.split('=')[1])
            if part.startswith('zona='):
                zona = float(part.split('=')[1])

    projections_line = []
    if spinors:
        for c in center:
            for (l, mr) in orbitals_lmr:
                for s in spin:
                    proj = {
                        'center': c,
                        'l': l,
                        'mr': mr,
                        'z-axis': zaxis/np.linalg.norm(zaxis),
                        'x-axis': xaxis/np.linalg.norm(xaxis),
                        'r': radial,
                        'zona': zona,
                        'spin': s,
                        'spin-axis': quant_dir/np.linalg.norm(quant_dir),
                        'orbital': orbitals[(l, mr)],
                    }
                    projections_line.append(proj)
    else:
        for c in center:
            for (l, mr) in orbitals_lmr:
                proj = {
                    'center': c,
                    'l': l,
                    'mr': mr,
                    'z-axis': zaxis/np.linalg.norm(zaxis),
                    'x-axis': xaxis/np.linalg.norm(xaxis),
                    'r': radial,
                    'zona': zona,
                    'spin': None,
                    'spin-axis': None,
                    'orbital': orbitals[(l, mr)],
                }
                projections_line.append(proj)

    return projections_line



[docs]def read_projections(fname):
    with open(fname, 'r') as f:
        contents = f.read()
    contents = remove_comments(contents)

    spinors = spinors_regex.search(contents) is not None
    match = projections_regex.search(contents)

    if match.group('units') is not None:
        units = {'ANG': 'angstrom', 'BOHR': 'bohr'}[match.group('units').upper()]
    else:
        units = 'angstrom'
    dlv = read_dlv(fname, units)

    basis = read_atoms(fname)

    projections = []
    for line in match.group('projections').rstrip('\n').split('\n'):
        if line:
            projections.extend(read_proj_line(line, dlv, basis, spinors))

    return projections



[docs]def read_kgrid(fname):
    with open(fname, 'r') as f:
        match = kgrid_regex.search(f.read())
        if match is None:
            raise Exception

    kgrid = (int(match.group('nk1')), int(match.group('nk2')), int(match.group('nk3')))

    return kgrid



[docs]def read_kpoints(fname):
    with open(fname, 'r') as f:
        match = kpoints_regex.search(f.read())
        if match is None:
            raise Exception

    kpoints = np.fromstring(match.group('kpoints').strip(), sep='\n').reshape((-1, 3))

    return kpoints



[docs]def print_unit_cell(dlv, units='bohr', file=sys.stdout):
    units = units.upper()

    print('BEGIN UNIT_CELL_CART', file=file)
    #
    if units == 'BOHR' or 'ANG':
        print(units, file=file)
    else:
        raise ValueError('units must be "bohr" or "ang"')
    #
    np.savetxt(file, dlv, fmt='%18.12f')
    #
    print('END UNIT_CELL_CART', file=file)
    print('', file=file)



[docs]def print_atoms(atoms, units='crystal', file=sys.stdout):
    units = units.upper()

    if units == 'CRYSTAL':
        block_label = 'ATOMS_FRAC'
        print('BEGIN ATOMS_FRAC', file=file)
    elif units == 'BOHR' or units == 'ANG':
        block_label = 'ATOMS_CART'
        print('BEGIN ATOMS_CART', file=file)
        print(units, file=file)
    else:
        raise ValueError('units must be "CRYSTAL", "BOHR", or "ANG"')
    #
    for symbol, tau in atoms:
        print('%-5s  ' % symbol, end='', file=file)
        np.savetxt(file, np.asarray(tau).reshape((1, 3)), fmt='%18.12f')
    #
    print('END %s' % block_label, file=file)
    print('', file=file)



[docs]def print_kgrid(kgrid, file=sys.stdout):
    print('MP_GRID %3d %3d %3d' % tuple(kgrid), file=file)



[docs]def print_kpoints(kpoints, mp_grid=None, file=sys.stdout):
    if mp_grid is not None:
        nkpts = np.prod(mp_grid)
        if nkpts != len(kpoints):
            raise Exception
        print('MP_GRID %3d %3d %3d' % tuple(mp_grid), file=file)
    print('BEGIN KPOINTS', file=file)
    np.savetxt(file, kpoints, fmt='%18.12f')
    print('END KPOINTS', file=file)





          

      

      

    

  

    
      
          
            
  Source code for w90utils.io.wout

"""Wannier90 I/O routines pertaining to WOUT files"""

import numpy as np


[docs]def read_centers_xyz(fname):
    with open(fname, 'r') as f:
        contents = f.readlines()

    centers = []
    for line in contents[2:]:
        symbol = line.split()[0]
        tau = np.array(list(map(float, line.split()[1:])))

        centers.append((symbol, tau))

    return centers



[docs]def read_conv(fname):
    with open(fname, 'r') as f:
        lines = f.readlines()

    conv_data = []
    data_lines = []
    for line in lines:
        if line.strip().endswith('CONV'):
            data_lines.append(line)

    conv_data = np.array([list(map(float, line.split()[:4])) for line in data_lines[3:]])
    conv_data = dict(list(zip(['iter', 'delta', 'gradient', 'spread', 'time'], conv_data.T)))
    conv_data['iter'] = conv_data['iter'].astype(int)

    return conv_data



[docs]def read_sprd(fname):
    with open(fname, 'r') as f:
        lines = f.readlines()

    sprd_data = {'D': [], 'OD': [], 'TOT': []}
    for line in lines:
        if line.strip().endswith('SPRD'):
            data = line.split()
            sprd_data['D'].append(float(data[1]))
            sprd_data['OD'].append(float(data[3]))
            sprd_data['TOT'].append(float(data[5]))

    return sprd_data
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