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sitator.descriptors package


Module contents


	
class sitator.descriptors.ConfigurationalEntropy(acceptable_overshoot=0.0)

	Bases: object

Compute the S~ (S tilde) configurational entropy.

If the SiteTrajectory lacks type information, the summation is taken over
the sites rather than the site types.


	Reference:

	Structural, Chemical, and Dynamical Frustration: Origins of Superionic
Conductivity in closo-Borate Solid Electrolytes

Kyoung E. Kweon, Joel B. Varley, Patrick Shea, Nicole Adelstein,
Prateek Mehta, Tae Wook Heo, Terrence J. Udovic, Vitalie Stavila,
and Brandon C. Wood

Chemistry of Materials 2017 29 (21), 9142-9153
DOI: 10.1021/acs.chemmater.7b02902






	
compute(st)

	




	
s_tilde(p2, n_occupied_sites, n_sites_of_type)

	













          

      

      

    

  

    
      
          
            
  
sitator.dynamics package


Module contents


	
class sitator.dynamics.AverageVibrationalFrequency(min_frequency=0, max_frequency=inf)

	Bases: object

Compute the average vibrational frequency of indicated atoms in a trajectory.

Uses the method described in section 2.2 of this paper:


Klerk, Niek J.J. de, Eveline van der Maas, and Marnix Wagemaker.

Analysis of Diffusion in Solid-State Electrolytes through MD Simulations,
Improvement of the Li-Ion Conductivity in β-Li3PS4 as an Example.

ACS Applied Energy Materials 1, no. 7 (July 23, 2018): 3230–42.
https://doi.org/10.1021/acsaem.8b00457.





	Parameters

	
	(float, units (max_frequency) – timestep^-1): Compute mean frequency of power
spectrum above this frequency.


	(float, units – timestep^-1): Compute mean frequency of power
spectrum below this frequency.









	
compute_avg_vibrational_freq(traj, mask, return_stdev=False)

	Compute the average vibrational frequency.


	Parameters

	
	traj (ndarray n_frames x n_atoms x 3) – An MD trajectory.


	mask (ndarray n_atoms bool) – Which atoms to average over.






	Returns

	A frequency in units of (timestep)^-1














	
class sitator.dynamics.JumpAnalysis

	Bases: object

Given a SiteTrajectory, compute various statistics about the jumps it contains.


	Adds these edge attributes to the SiteTrajectory’s SiteNetwork:

	
	n_ij: total number of jumps from i to j.


	p_ij: being at i, the probability of jumping to j.


	
	jump_lag: The average number of frames a particle spends at i before jumping

	to j. Can be +inf if no such jumps every occur.











	And these site attributes:

	
	residence_times: Avg. number of frames a particle spends at a site before jumping.


	
	total_corrected_residences: Total number of frames when a particle was at the site,

	including frames when an unassigned particle’s last known site was this site.














	
jump_lag_by_type(sn, return_counts=False)

	Given a SiteNetwork with jump_lag info, compute avg. residence times by type.

Computes the average number of frames a mobile particle spends at each
type of site before jumping to each other type of site.


	Parameters

	
	sn (SiteNetwork) – 


	return_counts (bool) – Whether to also return a matrix giving the


	of each type of jump that occured. (number) – 






	Returns

	An (n_types, n_types) matrix. If no jumps of a given type occured,





the corresponding entry is +inf.


If return_counts, two such matrixes.









	
plot_jump_lag(sn, mode='site', min_n_events=1, ax=None, fig=None, **kwargs)

	Plot the jump lag of a site network.


	Parameters

	
	sn (SiteNetwork) – 


	mode (str) – If 'site', show jump lag between individual sites.
If 'type', show jump lag between types of sites (see :func:jump_lag_by_type)


	min_n_events (int) – Minimum number of jump events of a given type
(i -> j or type -> type) to show a jump lag. If a given jump has
occured less than min_n_events times, no jump lag will be shown.













	
run(st)

	Run the analysis.

Adds edge attributes to st’s SiteNetwork.


	Parameters

	st (SiteTrajectory) – 



	Returns

	st














	
class sitator.dynamics.MergeSitesByDynamics(connectivity_matrix_generator=None, distance_threshold=1.0, post_check_thresh_factor=1.5, check_types=True, markov_parameters={})

	Bases: sitator.network.merging.MergeSites

Merges sites using dynamical data.

Given a SiteTrajectory, merges sites using Markov Clustering.


	Parameters

	
	distance_threshold (float) – Don’t merge sites further than this
in real space. Zeros out the connectivity_matrix at distances greater than
this; a hard, step function style cutoff. For a more gentle cutoff, try
changing connectivity_matrix_generator to incorporate distance.


	post_check_thresh_factor (float) – Throw an error if proposed merge sites
are further than this * distance_threshold away. Only a sanity check; not
a hard guerantee. Can be None; defaults to 1.5. Can be loosely
thought of as how “normally distributed” the merge sites need to be, with
larger values allowing more and more oblong point clouds.


	check_types (bool) – If True, only sites of the same type are candidates to
be merged; if false, type information is ignored. Merged sites will only
be assigned types if this is True.


	iterlimit (int) – Maximum number of Markov Clustering iterations to run
before throwing an error.


	markov_parameters (dict) – Parameters for underlying Markov Clustering.
Valid keys are 'inflation', 'expansion', and 'pruning_threshold'.









	
static connectivity_jump_lag_biased(jump_lag_coeff=1.0, jump_lag_sigma=20.0, jump_lag_cutoff=inf, distance_coeff=0.5, distance_sigma=1.0)

	Bias the typical connectivity matrix p_ij with jump lag and distance contributions.

The jump lag and distance are processed through Gaussian functions with
the given sigmas (i.e. higher jump lag/larger distance => lower
connectivity value). These matrixes are then added to p_ij, with a prefactor
of jump_lag_coeff and distance_coeff.

Site pairs with jump lags greater than jump_lag_cutoff have their bias
set to zero regardless of jump_lag_sigma. Defaults to inf.






	
static connectivity_n_ij(sn)

	Basic default connectivity scheme: uses n_ij directly as connectivity matrix.

Works well for systems with sufficient statistics.










	
class sitator.dynamics.MergeSitesByThreshold(attrname, relation=<built-in function ge>, directed=True, connection='strong', distance_threshold=inf, forbid_multiple_occupancy=False, **kwargs)

	Bases: sitator.network.merging.MergeSites

Merge sites using a strict threshold on any edge property.

Takes the edge property matrix given by attrname, applys relation to it
with threshold, and merges all connected components in the graph represented
by the resulting boolean adjacency matrix.

Threshold is given by a keyword argument to run().


	Parameters

	
	attrname (str) – Name of the edge attribute to merge on.


	(func, default (relation) – operator.ge): The relation to use for the
thresholding.


	connection (directed,) – Parameters for scipy.sparse.csgraph’s
connected_components.


	**kwargs – Passed to MergeSites.













	
class sitator.dynamics.RemoveUnoccupiedSites

	Bases: object

Remove unoccupied sites.


	
run(st, return_kept_sites=False)

	
	Parameters

	return_kept_sites (bool) – If True, a list of the sites from st
that were kept will be returned.



	Returns

	A SiteTrajectory, or st itself if it has no unoccupied sites.



















          

      

      

    

  

    
      
          
            
  
sitator.landmark.cluster package


Submodules




sitator.landmark.cluster.dotprod module

Cluster landmark vectors using the custom online algorithm from the original paper.


	
sitator.landmark.cluster.dotprod.do_landmark_clustering(landmark_vectors, clustering_params, min_samples, verbose)

	






sitator.landmark.cluster.mcl module

Cluster landmarks into sites using Markov Clustering and then assign each landmark vector.


	Valid clustering params include:

	
	
	"assignment_threshold" (float between 0 and 1): The similarity threshold

	below which a landmark vector will be marked unassigned.







	
	"good_site_normed_threshold" (float between 0 and 1): The minimum for

	the cosine similarity between a good site’s representative unit vector and
its best match landmark vector.







	
	"good_site_projected_threshold" (positive float): The minimum inner product

	between a good site’s representative unit vector and its best match
landmark vector.







	All other params are passed along to sitator.util.mcl.markov_clustering.









	
sitator.landmark.cluster.mcl.cov2corr(A)

	covariance matrix to correlation matrix.






	
sitator.landmark.cluster.mcl.do_landmark_clustering(landmark_vectors, clustering_params, min_samples, verbose)

	






Module contents







          

      

      

    

  

    
      
          
            
  
sitator.landmark package


Subpackages



	sitator.landmark.cluster package
	Submodules

	sitator.landmark.cluster.dotprod module

	sitator.landmark.cluster.mcl module

	Module contents












Submodules




sitator.landmark.errors module


	
exception sitator.landmark.errors.LandmarkAnalysisError

	Bases: Exception






	
exception sitator.landmark.errors.StaticLatticeError(message, lattice_atoms=None, frame=None, try_recentering=False)

	Bases: sitator.landmark.errors.LandmarkAnalysisError

Error raised when static lattice atoms break any limits on their movement/position.


	
lattice_atoms

	The indexes of the atoms in the static lattice that
caused the error.


	Type

	list, optional










	
frame

	The frame in the trajectory at which the error occured.


	Type

	int, optional










	
TRY_RECENTERING_MSG = 'Try recentering the input trajectory (sitator.util.RecenterTrajectory)'

	








	
exception sitator.landmark.errors.ZeroLandmarkError(mobile_index, frame)

	Bases: sitator.landmark.errors.LandmarkAnalysisError

Error raised when a landmark vector containing only zeros is encountered.


	
mobile_index

	Which mobile atom had the all-zero vector.


	Type

	int










	
frame

	At which frame it was encountered.


	Type

	int
















sitator.landmark.helpers module




Module contents


	
class sitator.landmark.LandmarkAnalysis(clustering_algorithm='dotprod', clustering_params={}, cutoff_midpoint=1.5, cutoff_steepness=30, minimum_site_occupancy=0.01, site_centers_method='real-weighted', check_for_zero_landmarks=True, static_movement_threshold=1.0, dynamic_lattice_mapping=False, relaxed_lattice_checks=False, max_mobile_per_site=1, force_no_memmap=False, verbose=True)

	Bases: object

Site analysis of mobile atoms in a static lattice with landmark analysis.


	Parameters

	
	cutoff_center (double) – The midpoint for the logistic function used
as the landmark cutoff function. (unitless)


	cutoff_steepness (double) – Steepness of the logistic cutoff function.


	minimum_site_occupancy = 0.1 (double) – Minimum occupancy (% of time occupied)
for a site to qualify as such.


	clustering_algorithm (str) – The landmark clustering algorithm. sitator
supplies two:



	
	"dotprod": The method described in our “Unsupervised landmark

	analysis for jump detection in molecular dynamics simulations” paper.







	"mcl": A newer method we are developing.










	clustering_params (dict) – Parameters for the chosen clustering_algorithm.


	site_centers_method (str) – The method to use for computing the real
space positions of the sites. Options:



	
	SITE_CENTERS_REAL_UNWEIGHTED: A spatial average of all real-space

	mobile atom positions assigned to the site is taken.







	
	SITE_CENTERS_REAL_WEIGHTED: A spatial average of all real-space

	mobile atom positions assigned to the site is taken, weighted
by the confidences with which they assigned to the site.







	
	SITE_CENTERS_REPRESENTATIVE_LANDMARK: A spatial average over

	all landmarks’ centers is taken, weighted by the representative
or “typical” landmark vector at the site.












The “real” methods will generally be more faithful to the simulation,
but the representative landmark method can work better in cases with
short trajectories, producing a more “ideal” site location.




	check_for_zero_landmarks (bool) – Whether to check for and raise exceptions
when all-zero landmark vectors are computed.


	static_movement_threshold (float) – (Angstrom) the maximum allowed
distance between an instantanous static atom position and it’s ideal position.


	dynamic_lattice_mapping (bool) – Whether to dynamically decide each
frame which static atom represents each average lattice position;
this allows the LandmarkAnalysis to deal with, say, a rare exchage of
two static atoms that does not change the structure of the lattice.

It does NOT allow LandmarkAnalysis to deal with lattices whose structures
actually change over the course of the trajectory.

In certain cases this is better delt with by MergeSitesByDynamics.




	max_mobile_per_site (int) – The maximum number of mobile atoms that can
be assigned to a single site without throwing an error. Regardless of the
value, assignments of more than one mobile atom to a single site will
be recorded and reported.

Setting this to 2 can be necessary for very diffusive, liquid-like
materials at high temperatures.

Statistics related to this are reported in self.avg_mobile_per_site
and self.n_multiple_assignments.




	force_no_memmap (bool) – if True, landmark vectors will be stored only in memory.
Only useful if access to landmark vectors after the analysis has run is desired.


	verbose (bool) – Verbosity for the clustering_algorithm. Other output
controlled through logging.









	
CLUSTERING_CLUSTER_SIZE = 'cluster-size'

	




	
CLUSTERING_CONFIDENCES = 'cluster-confs'

	




	
CLUSTERING_LABELS = 'cluster-labels'

	




	
CLUSTERING_LANDMARK_GROUPINGS = 'cluster-landmark-groupings'

	




	
CLUSTERING_REPRESENTATIVE_LANDMARKS = 'cluster-representative-lvecs'

	




	
SITE_CENTERS_REAL_UNWEIGHTED = 'real-unweighted'

	




	
SITE_CENTERS_REAL_WEIGHTED = 'real-weighted'

	




	
SITE_CENTERS_REPRESENTATIVE_LANDMARK = 'representative-landmark'

	




	
cutoff

	




	
landmark_dimension

	Number of components in a single landmark vector.






	
landmark_vectors

	Landmark vectors from the last invocation of run()






	
run(sn, frames)

	Run the landmark analysis.

The input SiteNetwork is a network of predicted sites; it’s sites will
be used as the “basis” for the landmark vectors.

Wraps a copy of frames into the unit cell.


	Parameters

	
	sn (SiteNetwork) – The landmark basis. Each site is a landmark defined
by its vertex static atoms, as indicated by sn.vertices.
(Typically from VoronoiSiteGenerator.)


	frames (ndarray n_frames x n_atoms x 3) – A trajectory. Can be unwrapped;
a copy will be wrapped before the analysis.






















          

      

      

    

  

    
      
          
            
  
sitator.misc package


sitator.misc.oldio module


	
sitator.misc.oldio.from_file(file)

	Load a SiteNetwork from a tar file/file descriptor.






	
sitator.misc.oldio.save(sn, file)

	Save this SiteNetwork to a tar archive.








Module contents


	
class sitator.misc.GenerateAroundSites(n, sigma)

	Bases: object

Generate n normally distributed sites around each site.


	Parameters

	
	n (int) – How many sites to produce for each input site.


	sigma (float) – Standard deviation of the spatial Gaussian.









	
run(sn)

	








	
class sitator.misc.GenerateClampedTrajectory

	Bases: object

Create a real-space trajectory with the fixed site/static structure positions.

Generate a real-space trajectory where the atoms are clamped to the fixed
positions of the current site/their fixed static position.


	Parameters

	
	wrap (bool) – If True, all clamped positions will be in
the unit cell; if False, the clamped position will be the minimum
image of the clamped position with respect to the real-space position.
(This can generate a clamped, unwrapped real-space trajectory
from an unwrapped real space trajectory.)


	pass_through_unassigned (bool) – If True, when a
mobile atom is supposed to be clamped but is unassigned at some
frame, its real-space position will be passed through from the
real trajectory. If False, an error will be raised.









	
run

	Create a real-space trajectory with the fixed site/static structure positions.

Generate a real-space trajectory where the atoms indicated in clamp_mask –
any mixture of static and mobile – are clamped to: (1) the fixed position of
their current site, if mobile, or (2) the corresponding fixed position in
the SiteNetwork’s static structure, if static.

Atoms not indicated in clamp_mask will have their positions from
real_traj passed through.


	Parameters

	clamp_mask (ndarray, len(sn.structure)) – 



	Returns

	ndarray (n_frames x n_atoms x 3)














	
class sitator.misc.NAvgsPerSite(n, error_on_insufficient=True, weighted=True)

	Bases: object

Given a SiteTrajectory, return a SiteNetwork containing n avg. positions per site.

The site_types of sites in the output are the index of the site in the
input that generated that average.


	Parameters

	
	n (int) – How many averages to take


	error_on_insufficient (bool) – Whether to throw an error if n points cannot
be provided for a site, or just take all that are available.


	weighted (bool) – Use SiteTrajectory confidences to weight the averages.









	
run(st)

	
	Parameters

	st (SiteTrajectory) – 



	Returns

	A SiteNetwork.



















          

      

      

    

  

    
      
          
            
  
sitator.network package


Module contents


	
class sitator.network.DiffusionPathwayAnalysis(connectivity_threshold=1, true_periodic_pathways=True, minimum_n_sites=0)

	Bases: object

Find connected diffusion pathways in a SiteNetwork.


	Parameters

	
	connectivity_threshold (float|int) – The percentage of the total number of
(non-self) jumps, or absolute number of jumps, that must occur over an edge
for it to be considered connected.


	minimum_n_sites (int) – The minimum number of sites that must be part of
a pathway for it to be considered as such.


	true_periodic_pathways (bool) – Whether only to return true periodic
pathways that include sites and their periodic images (i.e. conductive
in the bulk) rather than just connected components. If True,
minimum_n_sites is NOT respected.









	
NO_PATHWAY = -1

	




	
run(sn, return_count=False, return_direction=False)

	Expects a SiteNetwork that has had a JumpAnalysis run on it.

Adds information to sn in place.


	Parameters

	
	sn (SiteNetwork) – Must have jump statistics from a JumpAnalysis.


	return_count (bool) – Return the number of connected pathways.


	return_direction (bool) – If True and self.true_periodic_pathways,
return for each pathway the direction matrix indicating which
directions it connects accross periodic boundaries.






	Returns

	sn, [n_pathways], [list of set of tuple]














	
class sitator.network.MergeSitesByBarrier(calculator, barrier_threshold, n_driven_images=20, maximum_pairwise_distance=2, minimum_jumps_mergable=1, maximum_merge_distance=2, **kwargs)

	Bases: sitator.network.merging.MergeSites

Merge sites based on the energy barrier between them.

Uses a cheap coordinate driving system; this may not be sophisticated enough
for complex cases. For each pair of sites within the pairwise distance cutoff,
a linear spatial interpolation is applied to produce n_driven_images.
Two sites are considered mergable if their energies are within
final_initial_energy_threshold and the barrier between them is below
barrier_threshold. The barrier is defined as the maximum image energy minus
the average of the initial and final energy.

The energies of the mobile atom are calculated in a static lattice given
by coordinating_mask; if None, this is set to the system’s
static_mask.

For resonable performance, calculator should be something simple like
ase.calculators.lj.LennardJones.

Takes species of first mobile atom as mobile species.


	Parameters

	
	calculator (ase.Calculator) – For computing total potential energies.


	barrier_threshold (float, eV) – The barrier value above which two sites
are not mergable.


	(int, default (n_driven_images) – None): The number of evenly distributed
driven images to use.


	maximum_pairwise_distance (float, Angstrom) – The maximum distance
between two sites for them to be considered for merging.


	minimum_jumps_mergable (int) – The minimum number of observed jumps
between two sites for their merging to be considered. Setting this
higher can avoid unnecessary computations.


	maximum_merge_distance (float, Angstrom) – The maxiumum pairwise distance
among a group of sites chosed to be merged.













	
sitator.network.merging

	alias of sitator.network.merging











          

      

      

    

  

    
      
          
            
  
sitator.site_descriptors.backend package


Submodules




sitator.site_descriptors.backend.dscribe module


	
sitator.site_descriptors.backend.dscribe.dscribe_soap_backend(soap_params={})

	






sitator.site_descriptors.backend.quip module

quip.py: Compute SOAP vectors for given positions in a structure using the command line QUIP tool


	
sitator.site_descriptors.backend.quip.quip_soap_backend(soap_params={}, quip_path='quip')

	






Module contents







          

      

      

    

  

    
      
          
            
  
sitator.site_descriptors package


Subpackages



	sitator.site_descriptors.backend package
	Submodules

	sitator.site_descriptors.backend.dscribe module

	sitator.site_descriptors.backend.quip module

	Module contents












Submodules




sitator.site_descriptors.SOAP module


	
class sitator.site_descriptors.SOAP.SOAP(tracer_atomic_number, environment=None, soap_mask=None, backend=None)

	Bases: object

Abstract base class for computing SOAP vectors in a SiteNetwork.

SOAP computations are not thread-safe; use one SOAP object per thread.


	Parameters

	
	tracer_atomic_number (int) – The atomic number of the tracer.


	environment (list) – The atomic numbers or atomic symbols
of the environment to consider. I.e. for Li2CO3, can be set to [‘O’]  or [8]
for oxygen only, or [‘C’, ‘O’] / [‘C’, 8] / [6,8] if carbon and oxygen
are considered an environment.
Defaults to None, in which case all non-mobile atoms are considered
regardless of species.


	soap_mask – Which atoms in the SiteNetwork’s structure
to use in SOAP calculations.
Can be either a boolean mask ndarray or a tuple of species.
If None, the entire static_structure of the SiteNetwork will be used.
Mobile atoms cannot be used for the SOAP host structure.
Even not masked, species not considered in environment will be not accounted for.
For ideal performance: Specify environment and soap_mask correctly!


	soap_params = {} (dict) – Any custom SOAP params.


	backend (func) – A function that can be called with
sn, soap_mask, tracer_atomic_number, environment_list as
parameters, returning a function that, given the current soap structure
along with tracer atoms, returns SOAP vectors in a numpy array. (i.e.
its signature is soap(structure, positions)). The returned function
can also have a property, n_dim, giving the length of a single SOAP
vector.









	
backend_dscribe()

	




	
backend_quip(quip_path='quip')

	




	
get_descriptors(stn)

	Get the descriptors.


	Parameters

	stn (SiteTrajectory or SiteNetwork) – 



	Returns

	An array of descriptor vectors and an equal length array of labels
indicating which descriptors correspond to which sites.














	
class sitator.site_descriptors.SOAP.SOAPCenters(tracer_atomic_number, environment=None, soap_mask=None, backend=None)

	Bases: sitator.site_descriptors.SOAP.SOAP

Compute the SOAPs of the site centers in the fixed host structure.

Requires a SiteNetwork as input.






	
class sitator.site_descriptors.SOAP.SOAPDescriptorAverages(*args, **kwargs)

	Bases: sitator.site_descriptors.SOAP.SOAP

Compute many instantaneous SOAPs for each site, and then average them in SOAP space.

Computes the SOAP descriptors for mobile particles assigned to each site,
in the host structure as it was at that moment. Those descriptor vectors are
then averaged in SOAP space to give the final SOAP vectors for each site.

This method often performs better than SOAPSampledCenters on more dynamic
systems, but requires significantly more computation.


	Parameters

	
	stepsize (int) – Stride (in frames) when computing SOAPs. Default 1.


	averaging (int) – Number of SOAP vectors to average for each output vector.


	avg_descriptors_per_site (int) – Can be specified instead of averaging.
Specifies the _average_ number of average SOAP vectors to compute for each
site. This does not guerantee that number of SOAP vectors for any site,
rather, it allows a trajectory-size agnostic way to specify approximately
how many descriptors are desired.













	
class sitator.site_descriptors.SOAP.SOAPSampledCenters(*args, **kwargs)

	Bases: sitator.site_descriptors.SOAP.SOAPCenters

Compute the SOAPs of representative points for each site, as determined by sampling_transform.

Takes either a SiteNetwork or SiteTrajectory as input; requires that
sampling_transform produce a SiteNetwork where site_types indicates
which site in the original SiteNetwork/SiteTrajectory it was sampled from.

Typical sampling transforms are sitator.misc.NAvgsPerSite (for a SiteTrajectory)
and sitator.misc.GenerateAroundSites (for a SiteNetwork).


	
get_descriptors(stn)

	Get the descriptors.


	Parameters

	stn (SiteTrajectory or SiteNetwork) – 



	Returns

	An array of descriptor vectors and an equal length array of labels
indicating which descriptors correspond to which sites.
















Module contents


	
class sitator.site_descriptors.SiteCoordinationEnvironment(guess_ionic_bonds=True, full_chemenv_site_types=False, **kwargs)

	Bases: object

Determine site types based on local coordination environments.

Determine site types using the method from the following paper:


David Waroquiers, Xavier Gonze, Gian-Marco Rignanese,
Cathrin Welker-Nieuwoudt, Frank Rosowski, Michael Goebel, Stephan Schenk,
Peter Degelmann, Rute Andre, Robert Glaum, and Geoffroy Hautier

Statistical analysis of coordination environments in oxides

Chem. Mater., 2017, 29 (19), pp 8346–8360, DOI: 10.1021/acs.chemmater.7b02766




as implement in pymatgen’s
pymatgen.analysis.chemenv.coordination_environments.


	Adds three site attributes:

	
	
	coordination_environments: The name of the coordination environment,

	as returned by pymatgen. Example: "T:4" (tetrahedral, coordination
of 4).







	
	site_type_confidences: The ce_fraction of the best match chemical

	environment (from 0 to 1).







	coordination_numbers: The coordination number of the site.









	Parameters

	
	guess_ionic_bonds (bool) – If True, uses pymatgen’s bond valence
analysis to guess valences and only consider ionic bonds for
neighbor analysis. Otherwise, or if it fails, all bonds are fair game.


	full_chemenv_site_types (bool) – If True, sitator site types on the
final SiteNetwork will be assigned based on unique chemical
environments, including shape. If False, they will be assigned
solely based on coordination number. Either way, both sets of information
are included in the SiteNetwork, this just changes which determines
the site_types.


	**kwargs – passed to compute_structure_environments.









	
run(sn)

	
	Parameters

	sn (SiteNetwork) – 



	Returns

	sn, with type information.














	
class sitator.site_descriptors.SiteTypeAnalysis(descriptor, min_pca_variance=0.9, min_pca_dimensions=2, n_site_types_max=20)

	Bases: object

Cluster sites into types using a continuous descriptor and Density Peak Clustering.

Computes descriptor vectors, processes them with Principal Component Analysis,
and then clusters using Density Peak Clustering.


	Parameters

	
	descriptor (object) – Must implement get_descriptors(st|sn), which
returns an array of descriptor vectors of dimension (M, n_dim) and
an array of length M indicating which descriptor vectors correspond
to which sites in (site_traj.)``site_network``.


	min_pca_variance (float) – The minimum proportion of the total variance
that the taken principal components of the descriptor must explain.


	min_pca_dimensions (int) – Force taking at least this many principal
components.


	n_site_types_max (int) – Maximum number of clusters. Must be set reasonably
for the automatic selection of cluster number to work.









	
plot_clustering(fig=None, ax=None, **kwargs)

	




	
plot_dpc_decision_plot(ax=None, **kwargs)

	




	
plot_dpc_delta_density(ax=None, **kwargs)

	




	
plot_dvecs(fig=None, ax=None, **kwargs)

	




	
plot_voting(fig=None, ax=None, **kwargs)

	




	
run(descriptor_input, **kwargs)

	
	Parameters

	descriptor_input (SiteNetwork or SiteTrajectory) – 



	Returns

	SiteNetwork














	
class sitator.site_descriptors.SiteVolumes(error_on_insufficient_coord=True)

	Bases: object

Compute the volumes of sites.


	Parameters

	error_on_insufficient_coord (bool) – To compute an ideal
site volume (compute_volumes()), at least 4 coordinating
atoms (because we are in 3D space) must be specified in vertices.
If True, an error will be thrown when a site with less than four
vertices is encountered; if False, a volume of 0  and surface area
of NaN will be returned.






	
compute_accessable_volumes(st, n_recenterings=8)

	Computes the volumes of convex hulls around all positions associated with a site.

Uses the shift-and-wrap trick for dealing with periodicity, so sites that
take up the majority of the unit cell may give bogus results.

Adds the accessable_site_volumes attribute to the SiteNetwork.


	Parameters

	
	st (SiteTrajectory) – 


	n_recenterings (int) – How many different recenterings to try (the
algorithm will recenter around n of the points and take the minimal
resulting volume; this deals with cases where there is one outlier
where recentering around it gives very bad results.)













	
compute_volumes(sn)

	Computes the volume of the convex hull defined by each sites’ static verticies.

Requires vertex information in the SiteNetwork.

Adds the site_volumes and site_surface_areas attributes.

Volumes can be NaN for degenerate hulls/point sets on which QHull fails.


	Parameters

	sn (-) – 










	
run(st)

	For backwards compatability.















          

      

      

    

  

    
      
          
            
  
sitator.util package


Submodules




sitator.util.elbow module


	
sitator.util.elbow.index_of_elbow(points)

	Returns the index of the “elbow” in points.

Decently fast and pretty approximate. Performs worse with disproportionately
long “flat” tails. For example, in a dataset with a nearly right-angle elbow,
it overestimates the elbow by 1 starting at a before/after ratio of 1/4.








sitator.util.mcl module


	
sitator.util.mcl.markov_clustering(transition_matrix, expansion=2, inflation=2, pruning_threshold=1e-05, iterlimit=100)

	Compute the Markov Clustering of a graph.
See https://micans.org/mcl/.

Because we’re dealing with matrixes that are stochastic already,
there’s no need to add artificial loop values.

Implementation inspired by https://github.com/GuyAllard/markov_clustering








sitator.util.progress module




sitator.util.zeo module


	
class sitator.util.zeo.Zeopy(path_to_zeo)

	Bases: object

A wrapper for the Zeo++ network tool.


	Warning

	Do not use a single instance of Zeopy in parallel.






	
static ase2cuc(at)

	Convert an ase.Atoms to the CUC format.

See http://www.maciejharanczyk.info/Zeopp/input.html


	Returns

	A string in CUC format.










	
static parse_nt2(nt2lines)

	




	
static parse_v1_cell(v1lines)

	




	
voronoi(structure, radial=False)

	
	Parameters

	structure (Atoms) – The ASE Atoms to compute the Voronoi decomposition of.
















Module contents


	
class sitator.util.DotProdClassifier

	Bases: object

Assign vectors to clusters indicated by a representative vector using a cosine metric.

Cluster centers can be given through set_cluster_centers() or approximated
using the custom method described in the appendix of the main landmark
analysis paper (fit_centers()).


	Parameters

	
	threshold (float) – Similarity threshold for joining a cluster.
In cos-of-angle-between-vectors (i.e. 1 is exactly the same, 0 is orthogonal)


	max_converge_iters (int) – Maximum number of iterations. If the algorithm
hasn’t converged by then, it will exit with a warning.


	min_samples (float or int) – filter out clusters with low sample counts.
If an int, filters out clusters with fewer samples than this.
If a float, filters out clusters with fewer than
floor(min_samples * n_assigned_samples) samples assigned to them.









	
cluster_centers

	




	
cluster_counts

	




	
fit_centers

	




	
fit_predict

	Fit the data vectors X and return their cluster labels.






	
n_clusters

	




	
predict

	Return a predicted cluster label for vectors X.


	Parameters

	threshold (float) – alternate threshold. Defaults to None, when self.threshold
is used.



	Returns

	an array of labels. -1 indicates no assignment.



	Returns

	an array of confidences in assignments. Normalzied
values from 0 (no confidence, no label) to 1 (identical to cluster center).










	
set_cluster_centers

	








	
class sitator.util.PBCCalculator

	Bases: object

Performs calculations on collections of 3D points under PBC.


	
all_in_unit_cell()

	




	
average()

	Average position of a “cloud” of points using the shift-and-wrap hack.

Copies the points.

Assumes that the points are relatively close (within a half unit cell)
together, and that the first point is not a particular outsider (the
cell is centered at that point). If the average is weighted, the
maximally weighted point will be taken as the center.

Can be a weighted average with the semantics of :func:numpy.average.






	
cell_centroid

	




	
distances()

	Compute the Euclidean distances from pt1 to all points in
pts2, using shift-and-wrap.

Makes a copy of pts2 unless in_place == True.


	Returns ndarray len(pts2)

	distances










	
is_in_image_of_cell()

	




	
is_in_unit_cell()

	




	
min_image()

	Find the minimum image of pt relative to ref. In place in pt.

Uses the brute force algorithm for correctness; returns the minimum image.

Assumes that ref and pt are already in the same cell (though not
necessarily the <0,0,0> cell – any periodic image will do).


	Returns int[3] minimg

	Which image was the minimum image.










	
pairwise_distances()

	Compute the pairwise distance matrix of pts with itself.


	Returns ndarray (len(pts), len(pts))

	distances










	
time_average()

	Do multiple PBC correct means. Frames is n_frames x n_pts x 3.

Returns a time average the size of one frame.






	
to_cell_coords()

	Convert to cell coordinates in place.






	
to_real_coords()

	Convert to real coords from crystal coords in place.






	
wrap_point()

	Wrap a single point into the unit cell, IN PLACE. 3D only.






	
wrap_points()

	Wrap points into a unit cell, IN PLACE. 3D only.










	
class sitator.util.RecenterTrajectory

	Bases: object


	
run

	Recenter a trajectory.

Recenters traj on the center of mass of the atoms indicated by
static_mask, IN PLACE.


	Parameters

	
	structure (ase.Atoms) – An atoms representing the structure of the
simulation.


	static_mask (ndarray) – Boolean mask indicating which atoms to recenter on


	positions (ndarray) – (n_frames, n_atoms, 3), modified in place


	velocities (ndarray, optional) – Same; modified in place if provided


	masses (None or dict or ndarray) – The masses to use when computing
the center of mass.



	
	If None, masses from structure.get_masses() will

	be used.







	If a dict, expected to map chemical symbols to masses


	
	If an ndarray, must have n_atoms elements giving the

	masses of all atoms in the system.



































          

      

      

    

  

    
      
          
            
  
sitator.visualization package


Submodules




sitator.visualization.atoms module


	
sitator.visualization.atoms.plot_atoms(atoms, positions=None, hide_species=(), wrap=False, fig=None, ax=None, i=None)

	




	
sitator.visualization.atoms.plot_points(points, marker='x', fig=None, ax=None, i=None, **kwargs)

	






sitator.visualization.common module


	
sitator.visualization.common.color_for_species(species)

	




	
sitator.visualization.common.grid(*args, **kwargs)

	




	
sitator.visualization.common.layers(*args, **fax)

	




	
sitator.visualization.common.plotter(is3D=True, **outer)

	




	
sitator.visualization.common.set_axes_equal(ax)

	Make axes of 3D plot have equal scale so that spheres appear as spheres,
cubes as cubes, etc..  This is one possible solution to Matplotlib’s
ax.set_aspect(‘equal’) and ax.axis(‘equal’) not working for 3D.


	Input

	ax: a matplotlib axis, e.g., as output from plt.gca().












Module contents


	
class sitator.visualization.SiteNetworkPlotter(site_mappings={'marker': 'site_types'}, edge_mappings={}, markers=['x', '+', 'v', '<', '^', '>', '*', 'd', 'h', 'p'], plot_points_params={}, minmax_linewidth=(1.5, 7), minmax_edge_alpha=(0.15, 0.75), minmax_markersize=(20.0, 80.0), min_color_threshold=0.0, min_width_threshold=0.0, title='')

	Bases: object

Plot a SiteNetwork.

Note that for edges, the average of the edge property for i -> j and j -> i
is often used for visual clarity; if your edge properties are not almost symmetric,
the visualization might not be useful.


	Parameters

	
	site_mappings (dict) – defines how to show different properties. Each
entry maps a visual aspect (‘marker’, ‘color’, ‘size’) to the name
of a site attribute including ‘site_type’. The markers can also be
arbitrary text (key “text”) in which case the value can also be a
2-tuple of an attribute name and a % format string.


	edge_mappings (dict) – each key maps a visual property (‘intensity’,
‘color’, ‘width’, ‘linestyle’) to an edge attribute in the SiteNetwork.


	markers (list of str) – What matplotlib markers to use for sites.


	plot_points_params (dict) – User options for plotting site points.


	minmax_linewidth (2-tuple) – Minimum and maximum linewidth to use.


	minmax_edge_alpha (2-tuple) – Similar, for edge line alphas.


	minmax_markersize (2-tuple) – Similar, for markersize.


	min_color_threshold (float) – Minimum (normalized) color intensity for
the corresponding line to be shown. Defaults to zero, i.e., all
nonzero edges will be drawn.


	min_width_threshold (float) – Minimum normalized edge width for the
corresponding edge to be shown. Defaults to zero, i.e., all
nonzero edges will be drawn.


	title (str) – Title for the figure.









	
DEFAULT_LINESTYLES = ['--', ':', '-.', '-']

	




	
DEFAULT_MARKERS = ['x', '+', 'v', '<', '^', '>', '*', 'd', 'h', 'p']

	




	
DEFAULT_SITE_MAPPINGS = {'marker': 'site_types'}

	




	
EDGE_GROUP_COLORS = ['b', 'g', 'm', 'crimson', 'lightseagreen', 'darkorange', 'sandybrown', 'gold', 'hotpink', 'gray']

	








	
class sitator.visualization.SiteTrajectoryPlotter

	Bases: object

Produce various plots of a SiteTrajectory.


	
plot_frame(st, frame, **kwargs)

	Plot sites and instantaneous positions from a given frame.


	Parameters

	
	st (SiteTrajectory) – 


	frame (int) – 













	
plot_particle_trajectory(st, particle, ax=None, fig=None, **kwargs)

	Plot the sites occupied by a mobile particle over time.


	Parameters

	
	st (SiteTrajectory) – 


	particle (int) – 













	
plot_site(st, site, **kwargs)

	Plot all real space positions associated with a site.


	Parameters

	
	st (SiteTrajectory) – 


	site (int) – 






















          

      

      

    

  

    
      
          
            
  
sitator.voronoi package


Module contents


	
class sitator.voronoi.VoronoiSiteGenerator(zeopp_path='network', radial=False)

	Bases: object

Given an empty SiteNetwork, use the Voronoi decomposition to predict/generate sites.


	Parameters

	
	zeopp_path (str) – Path to the Zeo++ network executable


	radial (bool) – Whether to use the radial Voronoi transform. Defaults to,
and should typically be, False.









	
run(sn)

	
	Parameters

	sn (SiteNetwork) – Any sites will be ignored; needed for structure
and static mask.



	Returns

	A SiteNetwork.



















          

      

      

    

  

    
      
          
            
  
sitator package


Subpackages
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class sitator.SiteNetwork(structure, static_mask, mobile_mask)

	Bases: object

A network of mobile particle sites in a static lattice.

Stores the locations of sites (centers) for some indicated mobile atoms
(mobile_mask) in a structure (structure). Optionally includes their
defining static atoms (vertices) and “types” (site_types).

Arbitrary data can also be associated with each site and with each edge
between sites. Site data can be any array of length n_sites; edge data can be
any matrix of shape (n_sites, n_sites) where entry i, j is the value for the
edge from site i to site j (edge attributes can be asymmetric).

Attributes can be marked as “computed”; this is a hint that the attribute
was computed based on a SiteTrajectory. Most sitator algorithms that
modify/process SiteTrajectory``s will clear "computed" attrbutes,
assuming that they are invalidated by the changes to the ``SiteTrajectory.


	
centers

	(n_sites, 3) coordinates of each site.


	Type

	ndarray










	
vertices

	list of lists of indexes of static atoms defining each
site.


	Type

	list, optional










	
site_types

	(n_sites,) values grouping sites into types.


	Type

	ndarray, optional










	Parameters

	
	structure (ase.Atoms) – an ASE Atoms containging whatever atoms exist
in the MD trajectory.


	static_mask (ndarray) – Boolean mask indicating which atoms make up the
host lattice.


	mobile_mask (ndarray) – Boolean mask indicating which atoms’ movement we
are interested in.









	
ATTR_NAME_REGEX = re.compile('^[a-zA-Z][a-zA-Z0-9_]*$')

	




	
add_edge_attribute(name, attr, computed=True)

	Add an edge attribute.


	Parameters

	
	name (str) – 


	attr (ndarray) – Must be of shape (n_sites, n_sites).


	computed (bool) – Whether to mark this attribute as “computed”.













	
add_site_attribute(name, attr, computed=True)

	Add a site attribute.


	Parameters

	
	name (str) – 


	attr (ndarray) – Must be of length n_sites.


	computed (bool) – Whether to mark this attribute as “computed”.













	
centers

	The positions of the sites.






	
clear_attributes()

	Remove all site and edge attributes.






	
clear_computed_attributes()

	Remove all attributes marked “computed”.






	
copy(with_computed=True)

	Returns a (shallowish) copy of self.


	Parameters

	with_computed (bool) – If False, attributes marked “computed” will
not be included in the copy.



	Returns

	A SiteNetwork.










	
edge_attributes

	The names of the SiteNetwork’s edge attributes.






	
get_edge(edge)

	Get all info for the edge identified by (i, j)


	Parameters

	edge (tuple) – which edge to get data on.



	Returns dict

	









	
get_site(site)

	Get all info about a site.


	Parameters

	site (int) – 



	Returns dict

	









	
get_structure_with_sites(site_atomic_number=None)

	Get an ase.Atoms with the sites included.

Sites are appended to the static structure; the first np.sum(static_mask)
atoms in the returned object are the static structure.


	Parameters

	site_atomic_number – If None, the species of the first mobile
atom will be used.



	Returns

	ase.Atoms and final site_atomic_number










	
has_attribute(attr)

	Whether the SiteNetwork has a given site or edge attrbute.


	Parameters

	attr (str) – 



	Returns

	bool










	
n_sites

	The number of sites.






	
n_total

	The total number of atoms in the system.






	
n_types

	The number of site types in the SiteNetwork.






	
number_of_vertices

	The number of vertices of each site.






	
of_type(stype)

	Returns a subset of this SiteNetwork with only sites of a certain type.


	Parameters

	stype (int) – 



	Returns

	A SiteNetwork.










	
plot(*args, **kwargs)

	Convenience method – constructs a defualt SiteNetworkPlotter and calls it.






	
remove_attribute(attr)

	Remove a site or edge attribute.


	Parameters

	attr (str) – 










	
site_attributes

	The names of the SiteNetwork’s site attributes.






	
site_ids

	Convenience property giving the index of each site.






	
site_types

	The type IDs of each site.






	
types

	The unique site type IDs in the SiteNetwork.






	
update_centers(newcenters)

	Update the SiteNetwork’s centers without reseting all other information.


	Parameters

	newcenters (ndarray) – Must have same length as current number of sites.










	
vertices

	The static atoms defining each site.










	
class sitator.SiteTrajectory(site_network, particle_assignments, confidences=None)

	Bases: object

A trajectory capturing the dynamics of particles through a SiteNetwork.


	
SITE_UNKNOWN = -1

	




	
assign_to_last_known_site(frame_threshold=1)

	Assign unassigned mobile particles to their last known site.


	Parameters

	frame_threshold (int) – The maximum number of frames between the last
known site and the present frame up to which the last known site
can be used.



	Returns

	information dictionary of debugging/diagnostic information.










	
check_multiple_occupancy(max_mobile_per_site=1)

	Count cases of “multiple occupancy” where more than one mobile share the same site at the same time.

These cases usually indicate bad site analysis.


	Returns

	the total number of multiple assignment incidents; and
float: the average number of mobile atoms at any site at any one time.



	Return type

	int










	
compute_site_occupancies()

	Computes site occupancies.

Adds site attribute occupancies to site_network.

In cases of multiple occupancy, this will be higher than the number of
frames in which the site is occupied and could be over 1.0.


	Returns

	ndarray of occupancies (length n_sites)










	
confidences

	




	
copy(with_computed=True)

	Return a copy.


	Parameters

	with_computed (bool) – See SiteNetwork.copy().










	
jumps(**kwargs)

	Iterate over all jumps in the trajectory, jump by jump.

A jump is considered to occur “at the frame” when it first acheives its
new site. For example,



	Frame 0: Atom 1 at site 4


	Frame 1: Atom 1 at site 5







will yield a jump (1, 1, 4, 5).


	Parameters

	unknown_as_jump (bool) – If True, moving from a site to unknown
(or vice versa) is considered a jump; if False, unassigned
mobile atoms are considered to be at their last known sites.



	Yields

	tuple – (frame_number, mobile_atom_number, from_site, to_site)










	
jumps_by_frame(**kwargs)

	Iterate over all jumps in the trajectory, frame by frame.

A jump is considered to occur “at the frame” when it first acheives its
new site. For example,



	Frame 0: Atom 1 at site 4


	Frame 1: Atom 1 at site 5







will yield a jump (1, 1, 4, 5).


	Parameters

	unknown_as_jump (bool) – If True, moving from a site to unknown
(or vice versa) is considered a jump; if False, unassigned
mobile atoms are considered to be at their last known sites.



	Yields

	tuple – (frame_number, mob_that_jumped, from_sites, to_sites)










	
n_assigned

	The total number of times a mobile particle was assigned to a site.






	
n_frames

	The number of frames in the trajectory.






	
n_unassigned

	The total number of times a mobile particle is unassigned.






	
percent_unassigned

	Proportion of particle positions that are unassigned over all time.






	
plot_frame(*args, **kwargs)

	




	
plot_particle_trajectory(*args, **kwargs)

	




	
plot_site(*args, **kwargs)

	




	
real_positions_for_site(site, return_confidences=False)

	Get all real-space positions assocated with a site.


	Parameters

	
	site (int) – 


	return_confidences (bool) – If True, the confidences with which
each real-space position was assigned to site are also
returned.






	Returns

	ndarray (N, 3)[, ndarray (N)]










	
real_trajectory

	The real-space trajectory this SiteTrajectory is based on.






	
remove_real_traj()

	Forget associated real trajectory.






	
set_real_traj(real_traj)

	Assocaite this SiteTrajectory with a trajectory of points in real space.

The trajectory is not copied.


	Parameters

	real_traj (ndarray of shape (n_frames, n_total)) – 










	
site_network

	




	
traj

	The site assignments over time.






	
trajectory_for_particle(i, return_confidences=False)

	Returns the array of sites particle i is assigned to over time.


	Parameters

	
	i (int) – 


	return_confidences (bool) – If True, also return the confidences
with which those assignments were made.






	Returns

	ndarray (int) of length n_frames``[, ndarray (float) length ``n_frames]
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