

    
      
          
            
  
Bempp-cl

Welcome to the auto-generated documentation for Bempp. You may find the (reader friendly) documentation at bempp.com [http://www.bempp.com] more helpful.

Bempp is split into a user interface (bempp.api) and a fast computational core (bempp.core). The full documentation of each of these is included here.
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bempp

Bempp: Boundary element method Python package.

Bempp-cl is an open-source boundary element method library that
can be used to assemble all the standard integral kernels for
Laplace, Helmholtz, modified Helmholtz, and Maxwell problems.

Documentation can be found at https://bempp.com/documentation/index.html
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Classes







	DefaultParameters

	Default parameters for Bempp.



	MemProfiler

	Context manager to measure mem usage in bytes.



	Grid

	The Grid class.



	GridFunction

	Representation of functions on a grid.



	ZeroBoundaryOperator

	A boundary operator that represents a zero operator.



	MultiplicationOperator

	Returns a weak multiplication operator with a grid function.



	BlockedOperator

	Construct an m x n blocked boundary operator.



	GeneralizedBlockedOperator

	Construct a generalized blocked operator.



	Timer

	Context manager to measure time in Bempp.








Functions







	assign_parameters(parameters)

	Assign a parameter object based on input.



	import_grid(filename)

	Import a grid.



	export(filename[, grid, grid_function, data_type, ...])

	Export grids and grid functions.



	real_callable(*args[, jit])

	Wrap function as a real Numba callable.



	complex_callable(*args[, jit])

	Wrap function as a complex Numba callable.



	callable(*args[, complex, jit, parameterized, vectorized])

	Wrap a callable for Bempp.



	function_space(grid, kind, degree[, scatter])

	Initialize a function space.



	lu(A, b[, lu_factor])

	Perform an LU solve.



	compute_lu_factors(A)

	Precompute the LU factors of a dense operator A.



	gmres(A, b[, tol, restart, maxiter, use_strong_form, ...])

	Perform GMRES solve via interface to scipy.



	cg(A, b[, tol, maxiter, use_strong_form, ...])

	Perform CG solve via interface to scipy.



	as_matrix(operator)

	Convert a discrte operator into a dense matrix.



	clear_fmm_cache()

	Clean the FMM cache.



	create_device_pool(identifier[, buffer_size, log, ...])

	Create a pool based on a given platform identifer.



	_init_logger()

	Initialize the Bempp logger.



	log(message[, level, flush])

	Log including default flushing for IPython.



	flush_log()

	Flush all handlers. Necessary for Jupyter.



	enable_console_logging([level])

	Enable console logging and return the console handler.



	set_logging_level(level)

	Set the logging level.



	_gmsh_path()

	Find Gmsh.



	check_for_fmm()

	Return true of compatible FMM found.



	_get_version()

	Get version string.








Attributes







	CONSOLE_LOGGING_HANDLER

	



	DEFAULT_LOGGING_FORMAT

	



	DEBUG

	



	TIMING

	



	INFO

	



	WARNING

	



	ERROR

	



	CRITICAL

	



	LOG_LEVEL

	



	GLOBAL_PARAMETERS

	



	LOGGER

	



	BEMPP_PATH

	



	TMP_PATH

	



	GMSH_PATH

	



	__version__

	



	PLOT_BACKEND

	



	ipy

	



	USE_JIT

	



	CPU_OPENCL_DRIVER_FOUND

	



	GPU_OPENCL_DRIVER_FOUND

	



	DEFAULT_DEVICE_INTERFACE

	



	DEFAULT_PRECISION

	



	VECTORIZATION_MODE

	



	BOUNDARY_OPERATOR_DEVICE_TYPE

	



	POTENTIAL_OPERATOR_DEVICE_TYPE

	



	ALL

	







	
class bempp.api.DefaultParameters

	Bases: object

Default parameters for Bempp.






	
class bempp.api.MemProfiler

	Context manager to measure mem usage in bytes.


	
__enter__()

	Enter.






	
__exit__(*args)

	Exit.










	
bempp.api.assign_parameters(parameters)

	Assign a parameter object based on input.

If parameters is None return the global_parameters object.
Otherwise, return the parameters object again.






	
bempp.api.import_grid(filename)

	Import a grid.

This routine uses the meshio library to export grids.
A number of types are supported, including vtk, vtu,
gmsh, dolphin xml. For a full list see

https://github.com/nschloe/meshio






	
bempp.api.export(filename, grid=None, grid_function=None, data_type=None, transformation=None, write_binary=True)

	Export grids and grid functions.

This method internally uses the meshio library. For a full
list of supported data types see

https://github.com/nschloe/meshio

Note that export of domain indices is only possible for Gmsh (.msh)
format files.


Parameters


	filenamestring
	The name of the file to write out. The data type is
chosen based on the file ending.



	gridGrid object
	A grid object to export.



	grid_functionGridFunction object
	Grid function to export



	data_typestring
	Either ‘node’ for vertex data or ‘element’ for data
at element centers.



	transformationstring or callable
	One of ‘real’, ‘imag’, ‘abs’, ‘log_abs’,
None or a callable object. Transforms the
data on input. A callable must return numpy
arrays with the same number of dimensions as
the input. If transformation is None the data
is not modified.



	write_binaryBoolean
	Use binary format (write_binary=True) for the
data if supported by the file format.











	
class bempp.api.Grid(vertices, elements, domain_indices=None, grid_id=None, scatter=True)

	Bases: object

The Grid class.


	
property vertex_adjacency

	Vertex adjacency information.

Returns a matrix with 4 rows. Each column has the entries e0,
e1, ind0, ind1, which means that element e0 is connected to
element e1 via local vertex index ind0 in e0 and ind1 in e1.
Only returnes connectivity via a single vertex. For
connectivity via edges see edge_adjacency.






	
property edge_adjacency

	Edge adjacency information.

Returns a matrix with 6 rows. Each column has the entries e0,
e1, v00, v01, v11, v12, which means that element e0 is
connected to element e1. Vertex v00 in element e0 is
identical to vertex v11 in element e1, and vertex v01 in
element 0 is identical to vertex v12 in element e1.






	
property element_to_vertex_matrix

	Return the matrix mapping vertices to elements.






	
property element_to_element_matrix

	Return element to element matrix.

If entry (i,j) has the value n > 0, element i
and element j are connected via n vertices.






	
property element_neighbors

	Return named tuple (indices, indexptr).

The neighbors of element i are given as
element_neighbors.indices[


element_neighbors.indptr[i] : element_neighbors.indptr[i +1]].




Note that the element i is contained in the list of neighbors.






	
property number_of_vertices

	Return number of vertices.






	
property number_of_edges

	Return number of edges.






	
property number_of_elements

	Return number of elements.






	
property vertices

	Return vertices.






	
property elements

	Return elements.






	
property edges

	Return edges.






	
property centroids

	Return the centroids of the elements.






	
property domain_indices

	Return domain indices.






	
property element_edges

	Return an array of edge indices for each element.

element_edges[i, j] is the index of the ith edge
in the jth element.






	
property device_interfaces

	Return the dictionary of device interfaces for the grid.






	
property as_array

	Convert the grid to an array.

For a grid with N elements returns a 1d array with
9 * N entries. The three nodes for element with index e
can be found in [9 * e, 9 * (e + 1)].






	
property bounding_box

	Return the bounding box for the grid.

The bounding box is a 3x2 array box such that
box[:, 0] contains (xmin, ymin, zmin) and box[:, 1]
contains (xmax, ymax, zmax).






	
property volumes

	Return element volumes.






	
property diameters

	Return element diameters.






	
property maximum_element_diameter

	Return the maximum element diameter.






	
property minimum_element_diameter

	Return the maximum element diameter.






	
property normals

	Return normals.






	
property jacobians

	Return Jacobians.






	
property integration_elements

	Return integration elements.






	
property jacobian_inverse_transposed

	Return the jacobian inverse transposed.






	
property vertex_on_boundary

	Return vertex boundary information.






	
property edge_on_boundary

	Return edge boundary information.






	
property edge_neighbors

	Return for each edge the list of neighboring elements..






	
property vertex_neighbors

	Return for each vertex the list of neighboring elements.






	
property barycentric_refinement

	Return the barycentric refinement of this grid.






	
property id

	Return a unique id for the grid.






	
data(precision='double')

	Return Numba container with all relevant grid data.






	
_scatter()

	Initialise the grid on all workers.






	
entity_count(codim)

	Return the number of entities of given codimension.






	
plot()

	Plot the grid.






	
get_element(index)

	Return element with a given index.






	
entity_iterator(codim)

	Return an iterator for a given codim.






	
map_to_point_cloud(order=None, local_points=None, precision='double')

	Return a point cloud representation of the grid on quadratur points.

Return a representation of the grid as a point cloud using points on
each element either defined through a triangle Gauss qudrature order
or by directly specifying an array of local points.


Parameters


	orderInteger
	Optional parameter. Specify a quadrature order for the point
cloud generation.



	local_points: Numpy array
	A 2 x N array of N points in local reference coordinates that specify
the points to use for each triangle.



	precision: String
	Either ‘single’ or ‘double’.





If neither order nor local_points is specified the quadrature order is
obtained from the global parameters.

Returns a M x 3 array of M points that represent the grid on the specified
points.







	
refine()

	Return a new grid with all elements refined.






	
_compute_vertex_neighbors()

	Return all elements adjacent to a given vertex.






	
_normalize_and_assign_input(vertices, elements, domain_indices)

	Convert input into the right form.






	
_enumerate_edges()

	Enumerate all edges in a given grid.

Assigns a tuple (edges, element_edges) to
self._edges and self._element_edges.
element_edges is an array a such that a[i, j] is the
index of the ith edge in the jth elements, and edges
is a 2 x nedges array such that the jth column stores the
two nodes associated with the jth edge.






	
_get_element_adjacency_for_edges_and_vertices()

	Get element adjacency.

The array edge_adjacency has 6 rows, such that for index j the
element edge_adjacency[0, j] is connected with element
edge_adjacency[1, j] via the vertices edge_adjacency[2:4, j]
in the first element and the vertices edge_adjacency[4:6, j]
in the second element. The vertex numbers here are local
numbers (0, 1 or 2).

The array vertex_adjacency has 4 rows, such that for index j the
element vertex_adjacency[0, j] is connected with
vertex_adjacency[1, j] via the vertex vertex_adjacency[2, j]
in the first element and the vertex vertex_adjacency[3, j]
in the second element. The vertex numbers here are local numbers
(0, 1 or 2).






	
_compute_geometric_quantities()

	Compute geometric quantities for the grid.






	
_compute_boundary_information()

	Return a boolean array with boundary information.

Computes arr0, arr1 such that arr0[j] is True if
vertex j lies on the boundary and arr1[i] is True if edge
i lies on the boundary.






	
_compute_edge_neighbors()

	Get the neighbors of each edge.










	
class bempp.api.GridFunction(space, dual_space=None, fun=None, coefficients=None, projections=None, parameters=None, function_parameters=None)

	Bases: object

Representation of functions on a grid.


Attributes


	coefficientsnp.ndarray
	Return or set the vector of coefficients.



	component_countint
	Return the number of components of the grid
function values.



	spacebemp.api.space.Space
	Return the space over which the GridFunction is defined.



	gridbempp.api.grid.Grid
	Return the underlying grid.



	parametersbempp.api.ParameterList
	Return the set of parameters.



	representationstring
	Return ‘primal’ if the coefficients of the Gridfunction
are known. Return ‘dual’ if only the coefficients in the
dual space are known.






	
property space

	Return space.






	
property dtype

	Return type.






	
property parameters

	Return parameters.






	
property dual_space

	Return dual space.






	
property representation

	Return the representation of the grid function.

If the grid function is given in terms of coefficients in the
domain space return ‘primal’. If the function is given by its
projections return ‘dual’.






	
property coefficients

	Return coefficient vector.






	
property grid_coefficients

	Return grid coefficients.






	
property real

	Return a new grid function consisting of the real part of this function.






	
property imag

	Return a new grid function consisting of the imaginary part of this function.






	
property component_count

	Return number of components.






	
projections(dual_space=None)

	Compute the vector of projections onto the given dual space.


Parameters


	dual_spacebempp.api.space.Space
	A representation of the dual space. If not specified
then fun.dual_space is used.







Returns


	outnp.ndarray
	A vector of projections onto the dual space.











	
project_to_space(space)

	Return an L^2 projection on another space.






	
plot(mode=None, transformation=None)

	Plot the grid function.


Attributes


	modestring
	One of ‘element’ or ‘node’. If ‘element’ is chosen
the color is determined by the mid-point of the faces
of the grid. For ‘vertices’ the vertex values are
chosen



	transformationstring or object
	One of ‘real’, ‘imag’, ‘abs’, ‘log_abs’ or
‘abs_squared’ or a callable object.
Describes the data transformation
before plotting. For functions with vector values
only ‘abs’, ‘log_abs’ or ‘abs_squared’ are allowed.
If a callable object is given this is applied instead.
It is important that the callable returns numpy arrays
with the same number of dimensions as before.











	
evaluate(element_index, local_coordinates)

	Evaluate grid function on a single element.






	
evaluate_on_element_centers()

	Evaluate the grid function on all element centers.






	
evaluate_on_vertices()

	Evaluate the grid function on all vertices.

If a function is discontinuous across elements a weighted average
of the element values at the vertices is taken.






	
integrate()

	Integrate grid function over a grid.






	
l2_norm()

	Calculate the L^2 norm of the function.






	
__add__(other)

	Add two grid functions.






	
__mul__(alpha)

	Multiply a grid function.






	
__rmul__(alpha)

	Multiply a grid function.






	
__div__(alpha)

	Divide a grid function.






	
__truediv__(alpha)

	Divide a grid function.






	
__neg__()

	Negate a grid function.






	
__sub__(other)

	Subtract grid functions.






	
classmethod from_random(space)

	Create a random grid function normalized to unit norm.






	
classmethod from_ones(space)

	Create a grid function with all coefficients set to one.






	
classmethod from_zeros(space)

	Create a grid function with all coefficients set to one.











	
bempp.api.real_callable(*args, jit=True)

	Wrap function as a real Numba callable.






	
bempp.api.complex_callable(*args, jit=True)

	Wrap function as a complex Numba callable.






	
bempp.api.callable(*args, complex=False, jit=True, parameterized=False, vectorized=False)

	Wrap a callable for Bempp.






	
bempp.api.function_space(grid, kind, degree, scatter=True, **kwargs)

	Initialize a function space.


Parameters


	gridbempp.Grid
	The grid that the space is defined on.



	kindstr
	The space type



	degreeint
	The polynomial degree of the space



	support_elementsnp.array
	The element indices of elements that make up the part
of the mesh on which the space is defined.



	segmentslist
	The segment numbers of the part of the mesh on which the space is defined.



	swapped_normalsbool
	TODO



	scatterbool
	TODO



	include_boundary_dofsbool
	Should degrees of freedom on the boundary of the grid segments be included?



	truncate_at_segment_edgebool
	Should basis functions be truncated at the edge of the grid segment? If this is set to true,
continuous spaces will no longer be continuous across the segment edge.











	
bempp.api.lu(A, b, lu_factor=None)

	Perform an LU solve.

This function takes an operator and a grid function,
converts the operator into a dense matrix and solves
the system via LU decomposition. The result is again
returned as a grid function.


Parameters


	Abempp.api.BoundaryOperator
	The left-hand side boundary operator



	bbempp.api.GridFunction
	The right-hand side grid function



	lu_decomptuple
	Optionally pass the tuple (lu, piv)
obtained by the scipy method scipy.linalg.lu_factor











	
bempp.api.compute_lu_factors(A)

	Precompute the LU factors of a dense operator A.

This function returns a tuple of LU factors of A.
This tuple can be used in the lu_factor attribute
of the lu function so that the LU decomposition is
not recomputed at each call to lu.






	
bempp.api.gmres(A, b, tol=1e-05, restart=None, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Perform GMRES solve via interface to scipy.

This function behaves like the scipy.sparse.linalg.gmres function. But
instead of a linear operator and a vector b it takes a boundary operator
and a grid function or a blocked operator and a list of grid functions.
The result is returned as a grid function or as a list of grid functions
in the correct spaces.






	
bempp.api.cg(A, b, tol=1e-05, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Perform CG solve via interface to scipy.

This function behaves like the scipy.sparse.linalg.cg function. But
instead of a linear operator and a vector b it takes a boundary operator
and a grid function. The result is returned as a grid function in the
correct space.






	
bempp.api.as_matrix(operator)

	Convert a discrte operator into a dense matrix.


Parameters


	operatorscipy.sparse.linalg.interface.LinearOperator
	The linear operator to be converted into a matrix.







Notes

Note that this function may be slow depending on how the original
discrete operator was stored. In the case of a dense assembly simple
the underlying NumPy matrix is returned. For sparse matrices the
corresponding Scipy sparse matrix is returned. Otherwise, the operator needs
to be converted to an array, which can take a long time depending on
the assembler type.







	
class bempp.api.ZeroBoundaryOperator(domain, range_, dual_to_range)

	Bases: BoundaryOperator

A boundary operator that represents a zero operator.


Parameters


	domainbempp.api.space.Space
	Domain space of the operator.



	range_bempp.api.space.Space
	Range space of the operator.



	dual_to_rangebempp.api.space.Space
	Dual space to the range space.






	
_assemble()

	




	
__iadd__(other)

	Add.






	
__isub__(other)

	Subtract.











	
class bempp.api.MultiplicationOperator(grid_function, domain, range_, dual_to_range, parameters=None, mode='component')

	Bases: BoundaryOperator

Returns a weak multiplication operator with a grid function.

Given a grid function g, this operator assembles a sparse
matrix that implements weak multiplication with g in a given
basis.


	
_assemble()

	Assemble the operator.










	
class bempp.api.BlockedOperator(m, n)

	Bases: BlockedOperatorBase

Construct an m x n blocked boundary operator.


	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
__getitem__(key)

	Return a component operator with a key of the form (i, j).






	
__setitem__(key, operator)

	Set a component operator with a key of the form (i, j).






	
_fill_complete()

	Check if each row and  column contain at least one operator.






	
_assemble()

	Implement the weak form.










	
class bempp.api.GeneralizedBlockedOperator(array)

	Bases: BlockedOperatorBase

Construct a generalized blocked operator.

A generalized blocked operator has as components either


	Simple operators


	Blocked operators


	Generalized blocked operators


	Arrays of simple/blocked/generalized blocked operators





	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
_assemble()

	Implement the weak form.










	
bempp.api.clear_fmm_cache()

	Clean the FMM cache.






	
bempp.api.create_device_pool(identifier, buffer_size=100, log=False, log_level='info', max_workers=-1, precision=None)

	Create a pool based on a given platform identifer.


	identifierstring
	A unique identifier that is part of the platform name.
Used to find the correct platform.



	buffer_sizeint
	Shared memory buffer size in MB



	logBoolean
	Set to True to log workers.



	log_levelString
	Logging level. One of ‘debug’, ‘info’, ‘warning’, ‘error’, ‘critical’



	max_workersint
	Maximum number of workers. If max_workers=-1 (default)
the maximum number of workers is identical to the number
of devices in the pool.



	precisionstring or None
	Precision for the devices in the pool. If precision is None use
single precision for GPU devices and double precision for CPU devices.
If precision is ‘single’ or ‘double’ use the corresponding mode for the pool.










	
bempp.api.CONSOLE_LOGGING_HANDLER

	




	
bempp.api.DEFAULT_LOGGING_FORMAT = '%(name)s:%(levelname)s: %(message)s'

	




	
bempp.api.DEBUG

	




	
bempp.api.TIMING = 11

	




	
bempp.api.INFO

	




	
bempp.api.WARNING

	




	
bempp.api.ERROR

	




	
bempp.api.CRITICAL

	




	
bempp.api.LOG_LEVEL

	




	
bempp.api.GLOBAL_PARAMETERS

	




	
bempp.api._init_logger()

	Initialize the Bempp logger.






	
bempp.api.log(message, level='info', flush=True)

	Log including default flushing for IPython.






	
bempp.api.flush_log()

	Flush all handlers. Necessary for Jupyter.






	
bempp.api.enable_console_logging(level='info')

	Enable console logging and return the console handler.






	
bempp.api.set_logging_level(level)

	Set the logging level.






	
class bempp.api.Timer(enable_log=True, message='', level='timing')

	Context manager to measure time in Bempp.


	
__enter__()

	Enter.






	
__exit__(*args)

	Exit.










	
bempp.api.LOGGER

	




	
bempp.api.BEMPP_PATH

	




	
bempp.api.TMP_PATH

	




	
bempp.api._gmsh_path()

	Find Gmsh.






	
bempp.api.check_for_fmm()

	Return true of compatible FMM found.






	
bempp.api._get_version()

	Get version string.






	
bempp.api.GMSH_PATH

	




	
bempp.api.__version__

	




	
bempp.api.PLOT_BACKEND = 'gmsh'

	




	
bempp.api.ipy

	




	
bempp.api.USE_JIT = True

	




	
bempp.api.CPU_OPENCL_DRIVER_FOUND = False

	




	
bempp.api.GPU_OPENCL_DRIVER_FOUND = False

	




	
bempp.api.DEFAULT_DEVICE_INTERFACE = 'numba'

	




	
bempp.api.DEFAULT_PRECISION = 'double'

	




	
bempp.api.VECTORIZATION_MODE = 'auto'

	




	
bempp.api.BOUNDARY_OPERATOR_DEVICE_TYPE = 'cpu'

	




	
bempp.api.POTENTIAL_OPERATOR_DEVICE_TYPE = 'cpu'

	




	
bempp.api.ALL

	








            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly

Basic assembly data structures.


Submodules



	bempp.api.assembly.assembler

	bempp.api.assembly.blocked_operator

	bempp.api.assembly.boundary_operator

	bempp.api.assembly.discrete_boundary_operator

	bempp.api.assembly.grid_function

	bempp.api.assembly.potential_operator









            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly.assembler

Various assemblers to discretize boundary operators.


Module Contents


Classes







	AssemblerInterface

	Default Assembler interface object.



	AssemblerBase

	Base class for assemblers.



	PotentialAssembler

	Base class for potential assemblers.








Functions







	_create_assembler(domain, dual_to_range, identifier, ...)

	Create assembler based on string.



	select_potential_implementation(space, points, ...)

	Select a potential operator implementation.







	
bempp.api.assembly.assembler._create_assembler(domain, dual_to_range, identifier, parameters, device_interface=None)

	Create assembler based on string.






	
class bempp.api.assembly.assembler.AssemblerInterface(domain, dual_to_range, assembler, device_interface, precision, parameters=None)

	Bases: object

Default Assembler interface object.


	
property domain

	Return domain space.






	
property dual_to_range

	Return dual to range space.






	
property parameters

	Return parameters.






	
assemble(operator_descriptor, *args, **kwargs)

	Assemble the operator.










	
class bempp.api.assembly.assembler.AssemblerBase(domain, dual_to_range, parameters=None)

	Bases: object

Base class for assemblers.


	
property domain

	Return domain.






	
property dual_to_range

	Return dual to range.






	
property parameters

	Return parameters.






	
abstract assemble(operator_descriptor, *args, **kwargs)

	Assemble the operator.










	
class bempp.api.assembly.assembler.PotentialAssembler(space, points, operator_descriptor, device_interface, assembler, parameters)

	Bases: object

Base class for potential assemblers.


	
evaluate(x)

	Evaluate the potential.










	
bempp.api.assembly.assembler.select_potential_implementation(space, points, operator_descriptor, device_interface, assembler, parameters)

	Select a potential operator implementation.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly.blocked_operator

Definition of blocked operator structures.


Module Contents


Classes







	BlockedOperatorBase

	Base class for blocked operators.



	BlockedOperator

	Construct an m x n blocked boundary operator.



	GeneralizedBlockedOperator

	Construct a generalized blocked operator.



	MultitraceOperatorFromAssembler

	A multitrace operator from an assembler.



	SumBlockedOperator

	Represents the sum of two blocked boundary operators.



	ProductBlockedOperator

	Represents the Product of two blocked boundary operators.



	ScaledBlockedOperator

	Represents the scalar multiplication of a blocked operator.



	GeneralizedDiscreteBlockedOperator

	A discrete generalized blocked operator.



	BlockedDiscreteOperator

	Implementation of a discrete blocked boundary operator.








Functions







	_sum(op1, op2)

	Sum of two operators, allowing for one of them to be None.



	_prod(op1, op2)

	Product of two operators, allowing for one of them to be None.



	coefficients_from_grid_functions_list(grid_funs)

	Return a vector of coefficients of a list of grid functions.



	projections_from_grid_functions_list(grid_funs, ...)

	Return a vector of projections of a list of grid functions.



	grid_function_list_from_coefficients(coefficients, spaces)

	Create a list of grid functions from a long vector of coefficients.



	grid_function_list_from_projections(projections, spaces)

	Create a list of grid functions from a long vector of projections.







	
bempp.api.assembly.blocked_operator._sum(op1, op2)

	Sum of two operators, allowing for one of them to be None.






	
bempp.api.assembly.blocked_operator._prod(op1, op2)

	Product of two operators, allowing for one of them to be None.






	
class bempp.api.assembly.blocked_operator.BlockedOperatorBase

	Bases: object

Base class for blocked operators.


	
property ndims

	Return number of block rows and block columns.






	
abstract property range_spaces

	Return a list of range spaces of the blocked operator.






	
abstract property dual_to_range_spaces

	Return a list of dual to range spaces of the blocked operator.






	
abstract property domain_spaces

	Return a list of domain spaces of the blocked operator.






	
weak_form()

	Return cached weak form (assemble if necessary).






	
strong_form()

	Return a discrete operator that maps into the range space.


Parameters


	recomputebool
	Usually the strong form is cached. If this parameter is set to
true the strong form is recomputed.











	
__add__(other)

	Add two blocked operators.






	
__neg__()

	Multiply the blocked operator with -1.






	
__sub__(other)

	Subtract another blocked operator from this blocked operator.






	
__mul__(other)

	Multiply two blocked operators.






	
__matmul__(other)

	Multiply two operators.






	
__rmul__(other)

	Multiply two operators.










	
class bempp.api.assembly.blocked_operator.BlockedOperator(m, n)

	Bases: BlockedOperatorBase

Construct an m x n blocked boundary operator.


	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
__getitem__(key)

	Return a component operator with a key of the form (i, j).






	
__setitem__(key, operator)

	Set a component operator with a key of the form (i, j).






	
_fill_complete()

	Check if each row and  column contain at least one operator.






	
_assemble()

	Implement the weak form.










	
class bempp.api.assembly.blocked_operator.GeneralizedBlockedOperator(array)

	Bases: BlockedOperatorBase

Construct a generalized blocked operator.

A generalized blocked operator has as components either


	Simple operators


	Blocked operators


	Generalized blocked operators


	Arrays of simple/blocked/generalized blocked operators





	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
_assemble()

	Implement the weak form.










	
class bempp.api.assembly.blocked_operator.MultitraceOperatorFromAssembler(domain_spaces, range_spaces, dual_to_range_spaces, assembler, multitrace_operator_descriptor)

	Bases: BlockedOperatorBase

A multitrace operator from an assembler.


	
property range_spaces

	Return a list of range spaces of the blocked operator.






	
property dual_to_range_spaces

	Return a list of dual to range spaces of the blocked operator.






	
property domain_spaces

	Return a list of domain spaces of the blocked operator.






	
_assemble(*args, **kwargs)

	Assemble the operator.










	
class bempp.api.assembly.blocked_operator.SumBlockedOperator(op1, op2)

	Bases: BlockedOperatorBase

Represents the sum of two blocked boundary operators.


	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
_assemble()

	








	
class bempp.api.assembly.blocked_operator.ProductBlockedOperator(op1, op2)

	Bases: BlockedOperatorBase

Represents the Product of two blocked boundary operators.


	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
_assemble()

	








	
class bempp.api.assembly.blocked_operator.ScaledBlockedOperator(op, alpha)

	Bases: BlockedOperatorBase

Represents the scalar multiplication of a blocked operator.


	
property range_spaces

	Return the list of range spaces.






	
property dual_to_range_spaces

	Return the list of dual_to_range spaces.






	
property domain_spaces

	Return the list of domain spaces.






	
_assemble()

	Assemble operator.










	
class bempp.api.assembly.blocked_operator.GeneralizedDiscreteBlockedOperator(operators)

	Bases: bempp.api.assembly.discrete_boundary_operator._DiscreteOperatorBase

A discrete generalized blocked operator.


	
to_dense()

	Return dense matrix.






	
_matmat(other)

	Implement the matrix/vector product.










	
class bempp.api.assembly.blocked_operator.BlockedDiscreteOperator(ops)

	Bases: bempp.api.assembly.discrete_boundary_operator._DiscreteOperatorBase

Implementation of a discrete blocked boundary operator.


	
row_dimensions

	




	
column_dimensions

	




	
__getitem__(key)

	Return the object at position (i, j).






	
_fill_complete()

	




	
_matvec(x)

	




	
_matmat(x)

	




	
_get_row_dimensions()

	




	
_get_column_dimensions()

	




	
to_dense()

	Return dense matrix.






	
abstract _transpose()

	Implement the transpose.






	
abstract _adjoint()

	Implement the adjoint.










	
bempp.api.assembly.blocked_operator.coefficients_from_grid_functions_list(grid_funs)

	Return a vector of coefficients of a list of grid functions.

Given a list [f0, f1, f2, …] this function returns a
single Numpy vector containing [f1.coefficients, f2.coefficients, …].


Parameters


	grid_funslist of GridFunction objects
	A list containing the grid functions











	
bempp.api.assembly.blocked_operator.projections_from_grid_functions_list(grid_funs, projection_spaces)

	Return a vector of projections of a list of grid functions.

Given a list [f0, f1, f2, …] this function returns a
single Numpy vector containing
[f0.projections(projection_spaces[0]),


f1.projections(projection_spaces[1])],
…].





Parameters


	grid_funslist of GridFunction objects
	A list containing the grid functions



	projection_spaceslist of projection spaces
	A list of projection spaces. Must have the same
length as grid_funs.











	
bempp.api.assembly.blocked_operator.grid_function_list_from_coefficients(coefficients, spaces)

	Create a list of grid functions from a long vector of coefficients.


Parameters


	coefficientsnp.ndarray
	One-dimensional array of coefficients



	spaceslist of Space objects
	The sum of the global dofs of the spaces must be equal to the
length of the coefficients vector.











	
bempp.api.assembly.blocked_operator.grid_function_list_from_projections(projections, spaces, dual_spaces=None)

	Create a list of grid functions from a long vector of projections.


Parameters


	coefficientsnp.ndarray
	One-dimensional array of coefficients



	spaceslist of Space objects
	The sum of the global dofs of the spaces must be equal to the
length of the coefficients vector.



	dual_spaceslist of Space objects
	The associated dual spaces. If None use the spaces as dual spaces.















            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly.boundary_operator

Implementation of boundary operators.


Module Contents


Classes







	BoundaryOperator

	A base class for boundary operators.



	BoundaryOperatorWithAssembler

	Implements a boundary operator together with an assembler.



	_SumBoundaryOperator

	Return the sum of two boundary operators.



	_ScaledBoundaryOperator

	Scale a boundary operator.



	_ProductBoundaryOperator

	Multiply two boundary operators.



	ZeroBoundaryOperator

	A boundary operator that represents a zero operator.



	MultiplicationOperator

	Returns a weak multiplication operator with a grid function.







	
class bempp.api.assembly.boundary_operator.BoundaryOperator(domain, range_, dual_to_range, parameters)

	Bases: object

A base class for boundary operators.


	
property domain

	Return the domain space of the operator.






	
property range

	Return the range space of the operator.






	
property dual_to_range

	Return the dual to range space of the operator.






	
property parameters

	Return the parameters associated with the operator.






	
weak_form()

	Return the weak form (assemble if necessary).






	
strong_form()

	Return a discrete operator that maps into the range space.






	
__mul__(other)

	Return product with a scalar, grid function or other operator.






	
__matmul__(other)

	Multiply by another operator.






	
__rmul__(other)

	Multiply by another operator.






	
__add__(other)

	Return sum of two boundary operators.






	
__neg__()

	Negate an operator.






	
__sub__(other)

	Subtract two operators.










	
class bempp.api.assembly.boundary_operator.BoundaryOperatorWithAssembler(domain, range_, dual_to_range, assembler, operator_descriptor, transpose=False)

	Bases: BoundaryOperator

Implements a boundary operator together with an assembler.


	
property assembler

	Return the assembler associated with this operator.






	
property descriptor

	Operator descriptor.






	
_assemble()

	Assemble the operator.






	
_transpose(_range)

	








	
class bempp.api.assembly.boundary_operator._SumBoundaryOperator(op1, op2)

	Bases: BoundaryOperator

Return the sum of two boundary operators.


	
_assemble()

	Implement the weak form.










	
class bempp.api.assembly.boundary_operator._ScaledBoundaryOperator(op, alpha)

	Bases: BoundaryOperator

Scale a boundary operator.


	
_assemble()

	Implement the weak form.










	
class bempp.api.assembly.boundary_operator._ProductBoundaryOperator(op1, op2)

	Bases: BoundaryOperator

Multiply two boundary operators.


	
_assemble()

	Implement the weak form.










	
class bempp.api.assembly.boundary_operator.ZeroBoundaryOperator(domain, range_, dual_to_range)

	Bases: BoundaryOperator

A boundary operator that represents a zero operator.


Parameters


	domainbempp.api.space.Space
	Domain space of the operator.



	range_bempp.api.space.Space
	Range space of the operator.



	dual_to_rangebempp.api.space.Space
	Dual space to the range space.






	
_assemble()

	




	
__iadd__(other)

	Add.






	
__isub__(other)

	Subtract.











	
class bempp.api.assembly.boundary_operator.MultiplicationOperator(grid_function, domain, range_, dual_to_range, parameters=None, mode='component')

	Bases: BoundaryOperator

Returns a weak multiplication operator with a grid function.

Given a grid function g, this operator assembles a sparse
matrix that implements weak multiplication with g in a given
basis.


	
_assemble()

	Assemble the operator.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly.discrete_boundary_operator

Data structures for assembled boundary operators.


Module Contents


Classes







	_DiscreteOperatorBase

	Discrete boundary operator base.



	_ScaledDiscreteOperator

	Return a scaled operator.



	_SumDiscreteOperator

	Return a sum operator.



	_ProductDiscreteOperator

	Product of two operators.



	GenericDiscreteBoundaryOperator

	Discrete boundary operator that implements a matvec routine.



	DenseDiscreteBoundaryOperator

	Main class for the discrete form of dense nonlocal operators.



	DiagonalOperator

	Main class for discrete diagonal operators.



	SparseDiscreteBoundaryOperator

	Main class for the discrete form of sparse operators.



	InverseSparseDiscreteBoundaryOperator

	Apply the (pseudo-)inverse of a sparse operator.



	ZeroDiscreteBoundaryOperator

	A discrete operator that represents a zero operator.



	DiscreteRankOneOperator

	Creates a discrete rank one operator.



	_Solver

	Actual solve of a sparse linear system.








Functions







	as_matrix(operator)

	Convert a discrte operator into a dense matrix.







	
class bempp.api.assembly.discrete_boundary_operator._DiscreteOperatorBase(dtype, shape)

	Bases: scipy.sparse.linalg.interface.LinearOperator

Discrete boundary operator base.


	
property A

	Return dense matrix.






	
__add__(other)

	Sum of two operators.






	
__neg__()

	Negation.






	
__sub__(other)

	Subtraction.






	
dot(other)

	Product with other objects.






	
__mul__(other)

	Product with other objects.






	
__rmul__(other)

	Reverse product.






	
abstract to_dense()

	Return dense matrix.






	
abstract to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator._ScaledDiscreteOperator(op, alpha)

	Bases: _DiscreteOperatorBase

Return a scaled operator.


	
_matvec(x)

	Matvec.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator._SumDiscreteOperator(op1, op2)

	Bases: _DiscreteOperatorBase

Return a sum operator.


	
_matvec(x)

	Evaluate matvec.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator._ProductDiscreteOperator(op1, op2)

	Bases: _DiscreteOperatorBase

Product of two operators.


	
_matvec(x)

	Evaluate matvec.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator.GenericDiscreteBoundaryOperator(evaluator)

	Bases: _DiscreteOperatorBase

Discrete boundary operator that implements a matvec routine.


	
_matvec(x)

	Mutliply the operator by a vector.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator.DenseDiscreteBoundaryOperator(impl)

	Bases: _DiscreteOperatorBase

Main class for the discrete form of dense nonlocal operators.

This class derives from
scipy.sparse.linalg.interface.LinearOperator
and thereby implements the SciPy LinearOperator protocol.


	
_matmat(x)

	Multiply the operator by a matrix or operator.






	
__add__(other)

	Add two operators.






	
__neg__()

	Negate the operator.






	
__mul__(other)

	Multiply.






	
dot(other)

	Form the product with another object.






	
__rmul__(other)

	Multiply.






	
_transpose()

	Transpose of the operator.






	
_adjoint()

	Adjoint of the operator.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator.DiagonalOperator(values, shape=None)

	Bases: _DiscreteOperatorBase

Main class for discrete diagonal operators.

This class derives from
scipy.sparse.linalg.interface.LinearOperator
and thereby implements the SciPy LinearOperator protocol.


	
get_diagonal()

	Get the diagonal values.






	
_matvec(x)

	Multiply the operator by a vector.






	
__add__(other)

	Add.






	
__neg__()

	Negate.






	
__mul__(other)

	Multiply.






	
dot(other)

	Product with other objects.






	
__rmul__(other)

	Multiply.






	
_transpose()

	Transpose of the operator.






	
_adjoint()

	Adjoint of the operator.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator.SparseDiscreteBoundaryOperator(impl)

	Bases: _DiscreteOperatorBase

Main class for the discrete form of sparse operators.

This class derives from
scipy.sparse.linalg.interface.LinearOperator
and thereby implements the SciPy LinearOperator protocol.


	
property A

	Return dense matrix.






	
_matmat(vec)

	Multiply the operator with a numpy vector or matrix x.






	
_transpose()

	Return the transpose of the discrete operator.






	
_adjoint()

	Return the adjoint of the discrete operator.






	
__add__(other)

	Add.






	
__neg__()

	Negate.






	
__mul__(other)

	Multiply.






	
dot(other)

	Product with other objects.






	
__rmul__(other)

	Multiply.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.










	
class bempp.api.assembly.discrete_boundary_operator.InverseSparseDiscreteBoundaryOperator(operator)

	Bases: _DiscreteOperatorBase

Apply the (pseudo-)inverse of a sparse operator.

This class uses a Sparse LU-Decomposition
(in the case of a square matrix) or a sparse normal
equation to provide the application of an inverse to
a sparse operator.

This class derives from
scipy.sparse.linalg.interface.LinearOperator
and thereby implements the SciPy LinearOperator protocol.


Parameters


	operatorbempp.api.SparseDiscreteBoundaryOperator
	Sparse operator to be inverted.






	
_matmat(vec)

	Implemententation of matvec.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.











	
class bempp.api.assembly.discrete_boundary_operator.ZeroDiscreteBoundaryOperator(rows, columns)

	Bases: _DiscreteOperatorBase

A discrete operator that represents a zero operator.

This class derives from
scipy.sparse.linalg.interface.LinearOperator
and thereby implements the SciPy LinearOperator protocol.


Parameters


	rowsint
	The number of rows in the operator.



	columnsint
	The number of columns in the operator.






	
_matmat(x)

	Multiply operator by a matrix.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.











	
class bempp.api.assembly.discrete_boundary_operator.DiscreteRankOneOperator(column, row)

	Bases: _DiscreteOperatorBase

Creates a discrete rank one operator.

This class represents a rank one operator given
by column * row, where column is column is
interpreted as a (m, 1) array and row as
a (1, n) array.


Parameters


	columnnp.array
	A column vector



	rownp.array
	A row vector






	
_matvec(x)

	Multiply operator by a vector.






	
_rmatvec(x)

	Multiply.






	
_transpose()

	Find the transpose.






	
_adjoint()

	Find the adjoint.






	
to_dense()

	Return dense matrix.






	
to_sparse()

	Return sparse matrix if operator is sparse.











	
bempp.api.assembly.discrete_boundary_operator.as_matrix(operator)

	Convert a discrte operator into a dense matrix.


Parameters


	operatorscipy.sparse.linalg.interface.LinearOperator
	The linear operator to be converted into a matrix.







Notes

Note that this function may be slow depending on how the original
discrete operator was stored. In the case of a dense assembly simple
the underlying NumPy matrix is returned. For sparse matrices the
corresponding Scipy sparse matrix is returned. Otherwise, the operator needs
to be converted to an array, which can take a long time depending on
the assembler type.







	
class bempp.api.assembly.discrete_boundary_operator._Solver(operator)

	Bases: object

Actual solve of a sparse linear system.


	
property shape

	Return the shape of the inverse operator.






	
property dtype

	Return the dtype.






	
solve(rhs)

	Solve with right-hand side mat.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly.grid_function

Definition of Grid functions in Bempp.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/api/grid_functions.html


Module Contents


Classes







	GridFunction

	Representation of functions on a grid.








Functions







	callable(*args[, complex, jit, parameterized, vectorized])

	Wrap a callable for Bempp.



	real_callable(*args[, jit])

	Wrap function as a real Numba callable.



	complex_callable(*args[, jit])

	Wrap function as a complex Numba callable.



	_integrate(coefficients, grid_data, support_elements, ...)

	Integrate a grid function over a grid.



	get_function_quadrature_information(grid_data, ...)

	Return vectorized version of quad_points, normals and domain_indices.



	_project_function(fun, grid_data, support_elements, ...)

	Project a Numba callable onto a grid.



	_project_function_vectorized(function_data, grid_data, ...)

	Project a Numba callable onto a grid.







	
bempp.api.assembly.grid_function.callable(*args, complex=False, jit=True, parameterized=False, vectorized=False)

	Wrap a callable for Bempp.






	
bempp.api.assembly.grid_function.real_callable(*args, jit=True)

	Wrap function as a real Numba callable.






	
bempp.api.assembly.grid_function.complex_callable(*args, jit=True)

	Wrap function as a complex Numba callable.






	
class bempp.api.assembly.grid_function.GridFunction(space, dual_space=None, fun=None, coefficients=None, projections=None, parameters=None, function_parameters=None)

	Bases: object

Representation of functions on a grid.


Attributes


	coefficientsnp.ndarray
	Return or set the vector of coefficients.



	component_countint
	Return the number of components of the grid
function values.



	spacebemp.api.space.Space
	Return the space over which the GridFunction is defined.



	gridbempp.api.grid.Grid
	Return the underlying grid.



	parametersbempp.api.ParameterList
	Return the set of parameters.



	representationstring
	Return ‘primal’ if the coefficients of the Gridfunction
are known. Return ‘dual’ if only the coefficients in the
dual space are known.






	
property space

	Return space.






	
property dtype

	Return type.






	
property parameters

	Return parameters.






	
property dual_space

	Return dual space.






	
property representation

	Return the representation of the grid function.

If the grid function is given in terms of coefficients in the
domain space return ‘primal’. If the function is given by its
projections return ‘dual’.






	
property coefficients

	Return coefficient vector.






	
property grid_coefficients

	Return grid coefficients.






	
property real

	Return a new grid function consisting of the real part of this function.






	
property imag

	Return a new grid function consisting of the imaginary part of this function.






	
property component_count

	Return number of components.






	
projections(dual_space=None)

	Compute the vector of projections onto the given dual space.


Parameters


	dual_spacebempp.api.space.Space
	A representation of the dual space. If not specified
then fun.dual_space is used.







Returns


	outnp.ndarray
	A vector of projections onto the dual space.











	
project_to_space(space)

	Return an L^2 projection on another space.






	
plot(mode=None, transformation=None)

	Plot the grid function.


Attributes


	modestring
	One of ‘element’ or ‘node’. If ‘element’ is chosen
the color is determined by the mid-point of the faces
of the grid. For ‘vertices’ the vertex values are
chosen



	transformationstring or object
	One of ‘real’, ‘imag’, ‘abs’, ‘log_abs’ or
‘abs_squared’ or a callable object.
Describes the data transformation
before plotting. For functions with vector values
only ‘abs’, ‘log_abs’ or ‘abs_squared’ are allowed.
If a callable object is given this is applied instead.
It is important that the callable returns numpy arrays
with the same number of dimensions as before.











	
evaluate(element_index, local_coordinates)

	Evaluate grid function on a single element.






	
evaluate_on_element_centers()

	Evaluate the grid function on all element centers.






	
evaluate_on_vertices()

	Evaluate the grid function on all vertices.

If a function is discontinuous across elements a weighted average
of the element values at the vertices is taken.






	
integrate()

	Integrate grid function over a grid.






	
l2_norm()

	Calculate the L^2 norm of the function.






	
__add__(other)

	Add two grid functions.






	
__mul__(alpha)

	Multiply a grid function.






	
__rmul__(alpha)

	Multiply a grid function.






	
__div__(alpha)

	Divide a grid function.






	
__truediv__(alpha)

	Divide a grid function.






	
__neg__()

	Negate a grid function.






	
__sub__(other)

	Subtract grid functions.






	
classmethod from_random(space)

	Create a random grid function normalized to unit norm.






	
classmethod from_ones(space)

	Create a grid function with all coefficients set to one.






	
classmethod from_zeros(space)

	Create a grid function with all coefficients set to one.











	
bempp.api.assembly.grid_function._integrate(coefficients, grid_data, support_elements, local2global, local_multipliers, normal_multipliers, evaluate_on_element, shapeset_evaluate, points, weights, codomain_dimension, number_of_shape_functions)

	Integrate a grid function over a grid.






	
bempp.api.assembly.grid_function.get_function_quadrature_information(grid_data, support_elements, normal_multipliers, quad_points)

	Return vectorized version of quad_points, normals and domain_indices.






	
bempp.api.assembly.grid_function._project_function(fun, grid_data, support_elements, local2global, local_multipliers, normal_multipliers, evaluate_on_element, shapeset_evaluate, points, weights, codomain_dimension, projections, function_parameters)

	Project a Numba callable onto a grid.






	
bempp.api.assembly.grid_function._project_function_vectorized(function_data, grid_data, support_elements, local2global, local_multipliers, normal_multipliers, evaluate_on_element, shapeset_evaluate, points, weights, codomain_dimension, projections, function_parameters)

	Project a Numba callable onto a grid.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.assembly.potential_operator

Definition of potential operators.


Module Contents


Classes







	PotentialOperator

	Provides an interface to potential operators.



	_ScaledPotentialOperator

	Scaled potential operator.



	_SumPotentialOperator

	Sum of two potential operators.







	
class bempp.api.assembly.potential_operator.PotentialOperator(potential_evaluator)

	Bases: object

Provides an interface to potential operators.

This class is not supposed to be instantiated directly.


	
property space

	Return the underlying function space.






	
property component_count

	Return number of components of the potential (1 for scalar potentials).






	
property evaluation_points

	Return the evaluation points.






	
evaluate(grid_fun)

	Apply the potential operator to a grid function.


Parameters


	grid_funbempp.api.GridFunction
	A GridFunction object that represents the boundary density to
which the potential is applied to.











	
_is_compatible(other)

	Check compatibility with other potential operator.






	
__add__(obj)

	Add.






	
__mul__(obj)

	Multiply.






	
__matmul__(obj)

	Multiply.






	
__rmul__(obj)

	Reverse multiply.






	
__neg__()

	Negate.






	
__sub__(other)

	Subtract.










	
class bempp.api.assembly.potential_operator._ScaledPotentialOperator(op, alpha)

	Bases: PotentialOperator

Scaled potential operator.


	
property space

	Return the underlying function space.






	
property component_count

	Return number of components of the potential (1 for scalar potentials).






	
property evaluation_points

	Return the evaluation points.






	
evaluate(grid_fun)

	Apply the potential operator to a grid function.


Parameters


	grid_funbempp.api.GridFunction
	A GridFunction object that represents the boundary density to
which the potential is applied to.















	
class bempp.api.assembly.potential_operator._SumPotentialOperator(op1, op2)

	Bases: PotentialOperator

Sum of two potential operators.


	
property space

	Return the underlying function space.






	
property component_count

	Return number of components of the potential (1 for scalar potentials).






	
property evaluation_points

	Return the evaluation points.






	
evaluate(grid_fun)

	Apply the potential operator to a grid function.


Parameters


	grid_funbempp.api.GridFunction
	A GridFunction object that represents the boundary density to
which the potential is applied to.



















            

          

      

      

    

  

    
      
          
            
  
bempp.api.external

Interfaces to external libaries.


Submodules



	bempp.api.external.fenics

	bempp.api.external.fenicsx

	bempp.api.external.viewers









            

          

      

      

    

  

    
      
          
            
  
bempp.api.external.fenics

Interface to DOLFIN for FEM-BEM coupling.


Module Contents


Classes







	FenicsOperator

	Wrap a FEniCS Operator into a Bempp operator.








Functions







	boundary_grid_from_fenics_mesh(fenics_mesh)

	Create a Bempp boundary grid from a FEniCS Mesh.



	fenics_to_bempp_trace_data(fenics_space)

	Return tuple (space,trace_matrix).



	fenics_space_info(fenics_space)

	Return tuple (family,degree) containing information about a FEniCS space.



	p1_trace(fenics_space)

	Return the P1 trace operator.



	nc1_tangential_trace(fenics_space)

	Return the NC1 (twisted) tangential trace operator.







	
bempp.api.external.fenics.boundary_grid_from_fenics_mesh(fenics_mesh)

	Create a Bempp boundary grid from a FEniCS Mesh.

Return the Bempp grid and a map from the node numberings of the FEniCS
mesh to the node numbers of the boundary grid.






	
bempp.api.external.fenics.fenics_to_bempp_trace_data(fenics_space)

	Return tuple (space,trace_matrix).






	
bempp.api.external.fenics.fenics_space_info(fenics_space)

	Return tuple (family,degree) containing information about a FEniCS space.






	
class bempp.api.external.fenics.FenicsOperator(fenics_weak_form)

	Bases: object

Wrap a FEniCS Operator into a Bempp operator.


	
weak_form()

	Return the weak form.










	
bempp.api.external.fenics.p1_trace(fenics_space)

	Return the P1 trace operator.

This function returns a pair (space, trace_matrix),
where space is a Bempp space object and trace_matrix is the corresponding
matrix that maps the coefficients of a FEniCS function to its boundary
trace coefficients in the corresponding Bempp space.






	
bempp.api.external.fenics.nc1_tangential_trace(fenics_space)

	Return the NC1 (twisted) tangential trace operator.

This function returns a pair (space, trace_matrix),
where space is a Bempp space object and trace_matrix is the corresponding
matrix that maps the coefficients of a FEniCS function to its boundary
trace coefficients in the corresponding Bempp space.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.external.fenicsx

Interface to DOLFINX for FEM-BEM coupling.


Module Contents


Classes







	FenicsOperator

	Wrap a FEniCS-X Operator into a Bempp operator.








Functions







	boundary_grid_from_fenics_mesh(fenics_mesh)

	Create a Bempp boundary grid from a FEniCS Mesh.



	fenics_to_bempp_trace_data(fenics_space)

	Return tuple (space,trace_matrix).



	fenics_space_info(fenics_space)

	Return tuple (family,degree) containing information about a FEniCS space.



	p1_trace(fenics_space)

	Return the P1 trace operator.







	
bempp.api.external.fenicsx.boundary_grid_from_fenics_mesh(fenics_mesh)

	Create a Bempp boundary grid from a FEniCS Mesh.

Return the Bempp grid and a map from the node numberings of the FEniCS
mesh to the node numbers of the boundary grid.






	
bempp.api.external.fenicsx.fenics_to_bempp_trace_data(fenics_space)

	Return tuple (space,trace_matrix).






	
bempp.api.external.fenicsx.fenics_space_info(fenics_space)

	Return tuple (family,degree) containing information about a FEniCS space.






	
bempp.api.external.fenicsx.p1_trace(fenics_space)

	Return the P1 trace operator.

This function returns a pair (space, trace_matrix),
where space is a Bempp space object and trace_matrix is the corresponding
matrix that maps the coefficients of a FEniCS function to its boundary
trace coefficients in the corresponding Bempp space.






	
class bempp.api.external.fenicsx.FenicsOperator(fenics_weak_form)

	Bases: object

Wrap a FEniCS-X Operator into a Bempp operator.


	
weak_form()

	Return the weak form.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.external.viewers

Define interfaces to external viewers.


Module Contents


Functions







	visualize(obj[, mode, transformation])

	Create a visualisation.



	visualize_with_jupyter_notebook(obj[, mode, ...])

	View a grid or grid function in an IPython Notebook.



	visualize_with_gmsh(obj[, mode, transformation])

	View a grid or grid function with Gmsh.



	visualize_with_paraview(obj[, mode, transformation])

	View a grid or grid function with Paraview.



	enable_gmsh_viewer()

	Change plotting default to Gmsh.



	enable_paraview_viewer()

	Change plotting default to Paraview.



	enable_jupyter_viewer()

	Change plotting default to IPython.







	
bempp.api.external.viewers.visualize(obj, mode=None, transformation=None)

	Create a visualisation.


Attributes


	objGrid or GridFunction object
	A grid or grid function to plot



	modestring
	One of ‘element’ or ‘node’. If ‘element’ is chosen
the color is determined by the mid-point of the faces
of the grid. For ‘node’ the vertex values are
chosen. Only used for grid functions.



	transformationstring or object
	One of ‘real’, ‘imag’, ‘abs’, ‘log_abs’ or
‘abs_squared’ or a callable object.
Describes the data transformation
before plotting. For functions with vector values
only ‘abs’, ‘log_abs’ or ‘abs_squared’ are allowed.
If a callable object is given this is applied instead.
It is important that the callable returns numpy arrays
with the same number of dimensions as before.











	
bempp.api.external.viewers.visualize_with_jupyter_notebook(obj, mode=None, transformation=None)

	View a grid or grid function in an IPython Notebook.






	
bempp.api.external.viewers.visualize_with_gmsh(obj, mode=None, transformation=None)

	View a grid or grid function with Gmsh.


Parameters


	objbempp.api.Grid or bempp.api.GridFunction
	Grid or grid function to visualize.



	modestring
	One of ‘element’ or ‘node’
(default ‘vertices’)



	transformationcallable
	A function object that is applied to the data before
writing it out







Notes

This function writes the data into a temp file and
visualizes it.







	
bempp.api.external.viewers.visualize_with_paraview(obj, mode=None, transformation=None)

	View a grid or grid function with Paraview.


Parameters


	objbempp.api.Grid or bempp.api.GridFunction
	Grid or grid function to visualize.



	modestring
	One of ‘element’ or ‘node’
(default ‘vertices’)



	transformationcallable
	A function object that is applied to the data before
writing it out







Notes

This function writes the data into a temp file and
visualizes it.







	
bempp.api.external.viewers.enable_gmsh_viewer()

	Change plotting default to Gmsh.






	
bempp.api.external.viewers.enable_paraview_viewer()

	Change plotting default to Paraview.






	
bempp.api.external.viewers.enable_jupyter_viewer()

	Change plotting default to IPython.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.fmm

Fast multipole method functionality.


Submodules



	bempp.api.fmm.exafmm

	bempp.api.fmm.fmm_assembler

	bempp.api.fmm.helpers









            

          

      

      

    

  

    
      
          
            
  
bempp.api.fmm.exafmm

Main interface class to ExaFMM.


Module Contents


Classes







	ExafmmInterface

	Interface to Exafmm.








Functions







	cleanup_fmm_tmp()

	Clean up the FMM tmp directory.








Attributes







	FMM_TMP_DIR

	







	
bempp.api.fmm.exafmm.FMM_TMP_DIR

	




	
bempp.api.fmm.exafmm.cleanup_fmm_tmp()

	Clean up the FMM tmp directory.






	
class bempp.api.fmm.exafmm.ExafmmInterface(source_points, target_points, mode, wavenumber=None, depth=4, expansion_order=5, ncrit=400, precision='double', singular_correction=None)

	Bases: object

Interface to Exafmm.


	
property number_of_source_points

	Return number of source points.






	
property number_of_target_points

	Return number of target points.






	
evaluate(vec, apply_singular_correction=True)

	Evalute the Fmm.






	
as_matrix()

	Return matrix representation of Fmm.






	
classmethod from_grid(source_grid, mode, wavenumber=None, target_grid=None, precision='double', parameters=None, device_interface=None)

	Initialise an Exafmm instance from a given source and target grid.


Parameters


	source_gridGrid object
	Grid for the source points.



	mode: string
	Fmm mode. One of ‘laplace’, ‘helmholtz’, or ‘modified_helmholtz’



	wavenumberreal number
	For Helmholtz or modified Helmholtz the wavenumber.



	target_gridGrid object
	An optional target grid. If not provided the source and target
grid are assumed to be identical.



	precisionstring
	Either ‘single’ or ‘double’. Currently, the Fmm is always
executed in double precision.



	parametersobject
	A bempp parameters object. If not provided, the GLOBAL_PARAMETERS will be used.



	device_interfacestring
	Either ‘numba’ or ‘opencl’. If not provided, the DEFAULT_DEVICE_INTERFACE
will be used for the calculation of local interactions.



















            

          

      

      

    

  

    
      
          
            
  
bempp.api.fmm.fmm_assembler

Implementation of an FMM Assembler.


Module Contents


Classes







	FmmPotentialAssembler

	Potential assembler for FMM.



	FmmAssembler

	Assembler for Fmm.








Functions







	get_mode_from_operator_identifier(identifier)

	Get the Fmm mode from the operator identifier.



	get_fmm_interface(domain, dual_to_range, mode, wavenumber)

	Get an Fmm instance.



	get_fmm_potential_interface(space, points, mode, ...)

	Get an Fmm potential instance.



	create_evaluator(operator_descriptor, fmm_interface, ...)

	Return an Fmm evaluator for the requested kernel.



	create_potential_evaluator(operator_descriptor, ...)

	Select an Fmm Potential Evaluator.



	make_scalar_hypersingular(operator_descriptor, ...)

	Create an evaluator for scalar hypersingular operators.



	make_default_scalar(operator_descriptor, ...)

	Create an evaluator for scalar operators.



	get_normals(space, npoints)

	Get the normal vectors on the quadrature points.



	compute_p1_curl_transformation(space, quadrature_order)

	Compute the transformation of P1 space coefficients to surface curl values.



	compute_p1_curl_transformation_impl(grid_data, ...)

	Implement the curl transformation.



	compute_rwg_basis_transform(space, quadrature_order)

	Compute the transformation matrices for RWG basis functions.



	compute_rwg_basis_transform_impl(grid_data, ...)

	Implement the RWG basis transformation.



	compute_rwg_div_transform(space, quadrature_order)

	Compute the div transformation matrices for RWG basis functions.



	compute_rwg_div_transform_impl(grid_data, ...)

	Implement the RWG basis div transformation.



	make_default_scalar_potential(operator_descriptor, ...)

	Make a scalar potential operator.



	make_maxwell_electric_field_boundary(...)

	Make a Maxwell electric field boundary operator.



	make_maxwell_magnetic_field_boundary(...)

	Make a Maxwell magnetic field boundary operator.



	make_maxwell_electric_field_potential(...)

	Make a Maxwell electric field potential operator.



	make_maxwell_magnetic_field_potential(...)

	Make a Maxwell magnetic field potential operator.



	clear_fmm_cache()

	Clean the FMM cache.








Attributes







	_FMM_CACHE

	



	_FMM_POTENTIAL_CACHE

	







	
bempp.api.fmm.fmm_assembler._FMM_CACHE

	




	
bempp.api.fmm.fmm_assembler._FMM_POTENTIAL_CACHE

	




	
bempp.api.fmm.fmm_assembler.get_mode_from_operator_identifier(identifier)

	Get the Fmm mode from the operator identifier.






	
bempp.api.fmm.fmm_assembler.get_fmm_interface(domain, dual_to_range, mode, wavenumber, parameters=None, device_interface=None)

	Get an Fmm instance.






	
bempp.api.fmm.fmm_assembler.get_fmm_potential_interface(space, points, mode, wavenumber)

	Get an Fmm potential instance.






	
bempp.api.fmm.fmm_assembler.create_evaluator(operator_descriptor, fmm_interface, domain, dual_to_range, parameters)

	Return an Fmm evaluator for the requested kernel.






	
bempp.api.fmm.fmm_assembler.create_potential_evaluator(operator_descriptor, fmm_interface, space, parameters)

	Select an Fmm Potential Evaluator.






	
class bempp.api.fmm.fmm_assembler.FmmPotentialAssembler(space, operator_descriptor, points, device_interface, parameters)

	Bases: object

Potential assembler for FMM.


	
evaluate(x)

	Actually evaluate the potential.










	
class bempp.api.fmm.fmm_assembler.FmmAssembler(domain, dual_to_range, parameters)

	Bases: bempp.api.assembly.assembler.AssemblerBase

Assembler for Fmm.


	
assemble(operator_descriptor, device_interface, precision, *args, **kwargs)

	Actually assemble.






	
matvec(x)

	Perform a matvec.










	
bempp.api.fmm.fmm_assembler.make_scalar_hypersingular(operator_descriptor, fmm_interface, domain, dual_to_range)

	Create an evaluator for scalar hypersingular operators.






	
bempp.api.fmm.fmm_assembler.make_default_scalar(operator_descriptor, fmm_interface, domain, dual_to_range)

	Create an evaluator for scalar operators.






	
bempp.api.fmm.fmm_assembler.get_normals(space, npoints)

	Get the normal vectors on the quadrature points.






	
bempp.api.fmm.fmm_assembler.compute_p1_curl_transformation(space, quadrature_order)

	Compute the transformation of P1 space coefficients to surface curl values.

Returns two lists, curl_transforms and curl_transforms_transpose. The jth matrix
in curl_transforms is the map from P1 function space coefficients (or extended space
built upon P1 type spaces) to the jth component of the surface curl evaluated at the
quadrature points, multiplied with the quadrature weights and integration element. The
list curl_transforms_transpose contains the transpose of these matrices.






	
bempp.api.fmm.fmm_assembler.compute_p1_curl_transformation_impl(grid_data, support_elements, normal_multipliers, quad_points, weights)

	Implement the curl transformation.






	
bempp.api.fmm.fmm_assembler.compute_rwg_basis_transform(space, quadrature_order)

	Compute the transformation matrices for RWG basis functions.






	
bempp.api.fmm.fmm_assembler.compute_rwg_basis_transform_impl(grid_data, shapeset_evaluate, basis_evaluate, support_elements, local_multipliers, normal_multipliers, quad_points, weights)

	Implement the RWG basis transformation.






	
bempp.api.fmm.fmm_assembler.compute_rwg_div_transform(space, quadrature_order)

	Compute the div transformation matrices for RWG basis functions.






	
bempp.api.fmm.fmm_assembler.compute_rwg_div_transform_impl(grid_data, shapeset_evaluate, basis_evaluate, support_elements, local_multipliers, normal_multipliers, quad_points, weights)

	Implement the RWG basis div transformation.






	
bempp.api.fmm.fmm_assembler.make_default_scalar_potential(operator_descriptor, fmm_interface, space)

	Make a scalar potential operator.






	
bempp.api.fmm.fmm_assembler.make_maxwell_electric_field_boundary(operator_descriptor, fmm_interface, domain, dual_to_range)

	Make a Maxwell electric field boundary operator.






	
bempp.api.fmm.fmm_assembler.make_maxwell_magnetic_field_boundary(operator_descriptor, fmm_interface, domain, dual_to_range)

	Make a Maxwell magnetic field boundary operator.






	
bempp.api.fmm.fmm_assembler.make_maxwell_electric_field_potential(operator_descriptor, fmm_interface, space)

	Make a Maxwell electric field potential operator.






	
bempp.api.fmm.fmm_assembler.make_maxwell_magnetic_field_potential(operator_descriptor, fmm_interface, space)

	Make a Maxwell magnetic field potential operator.






	
bempp.api.fmm.fmm_assembler.clear_fmm_cache()

	Clean the FMM cache.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.fmm.helpers

FMM helper functions.


Module Contents


Functions







	laplace_kernel(target_points, source_points, ...)

	Evaluate the Laplace kernel.



	modified_helmholtz_kernel(target_points, ...)

	Evaluate the modified Helmholtz kernel.



	helmholtz_kernel(target_points, source_points, ...)

	Evaluate the Laplace kernel.



	get_local_interaction_operator(grid, local_points, ...)

	Get the local interaction operator.



	get_local_interaction_evaluator_numba(grid_data, ...)

	Return an evaluator for the local interactions.



	numba_evaluate_local_interactions(grid_data, coeffs, ...)

	Get the local interaction matrix on the grid.



	get_local_interaction_matrix_impl(grid_data, ...)

	Get the local interaction matrix on the grid.



	map_space_to_points(space, local_points, weights[, ...])

	Return mapper from grid coeffs to point evaluations.



	map_space_to_points_impl(grid_data, local2global, ...)

	Numba accelerated computational parts for point map.



	grid_to_points(grid_data, local_points)

	Map a grid to an array of points.



	get_local_interaction_evaluator_opencl(grid, ...)

	Return an evaluator for the local interactions.



	debug_fmm(targets, sources, charges, mode, ...)

	Compare the result of an FMM result with the corresponding dense computation.



	dense_interaction_evaluator(targets, sources, charges, ...)

	Dense evaluation of interaction between sources and targets.



	dense_interaction_evaluator_impl(targets, sources, ...)

	Dense evaluation of interaction between sources and targets.








Attributes







	M_INV_4PI

	







	
bempp.api.fmm.helpers.M_INV_4PI

	




	
bempp.api.fmm.helpers.laplace_kernel(target_points, source_points, kernel_parameters, dtype, result_type)

	Evaluate the Laplace kernel.






	
bempp.api.fmm.helpers.modified_helmholtz_kernel(target_points, source_points, kernel_parameters, dtype, result_type)

	Evaluate the modified Helmholtz kernel.






	
bempp.api.fmm.helpers.helmholtz_kernel(target_points, source_points, kernel_parameters, dtype, result_type)

	Evaluate the Laplace kernel.






	
bempp.api.fmm.helpers.get_local_interaction_operator(grid, local_points, kernel_function, kernel_parameters, precision, is_complex, device_interface=None)

	Get the local interaction operator.






	
bempp.api.fmm.helpers.get_local_interaction_evaluator_numba(grid_data, local_points, kernel_function, kernel_parameters, dtype, result_type)

	Return an evaluator for the local interactions.






	
bempp.api.fmm.helpers.numba_evaluate_local_interactions(grid_data, coeffs, local_points, kernel_function, kernel_parameters, dtype, result_type)

	Get the local interaction matrix on the grid.






	
bempp.api.fmm.helpers.get_local_interaction_matrix_impl(grid_data, local_points, kernel_function, kernel_parameters, dtype, result_type)

	Get the local interaction matrix on the grid.






	
bempp.api.fmm.helpers.map_space_to_points(space, local_points, weights, return_transpose=False)

	Return mapper from grid coeffs to point evaluations.






	
bempp.api.fmm.helpers.map_space_to_points_impl(grid_data, local2global, local_multipliers, normal_multipliers, support_elements, numba_evaluate, shape_fun, local_points, weights, number_of_shape_functions)

	Numba accelerated computational parts for point map.






	
bempp.api.fmm.helpers.grid_to_points(grid_data, local_points)

	Map a grid to an array of points.

Returns a (N, 3) point array that stores the global vertices
associated with the local points in each triangle.
Points are stored in consecutive order for each element
in the support_elements list. Hence, the returned array is of the form
[ v_1^1, v_2^1, …, v_M^1, v_1^2, v_2^2, …], where
v_i^j is the ith point in the jth element in
the support_elements list.


Parameters


	grid_dataGridData
	A Bempp GridData object.



	local_pointsnp.ndarray
	(2, M) array of local coordinates.











	
bempp.api.fmm.helpers.get_local_interaction_evaluator_opencl(grid, local_points, kernel_function, kernel_parameters, dtype, result_type)

	Return an evaluator for the local interactions.






	
bempp.api.fmm.helpers.debug_fmm(targets, sources, charges, mode, kernel_parameters, fmm_result)

	Compare the result of an FMM result with the corresponding dense computation.






	
bempp.api.fmm.helpers.dense_interaction_evaluator(targets, sources, charges, mode, kernel_parameters)

	Dense evaluation of interaction between sources and targets.


Parameters


	targetsndarray
	M x 3 array of target points.



	sourcesndarray
	N x 3 array of source points.



	chargesndarray
	N array of charges.



	modestring
	Either ‘laplace’, ‘helmholtz’, ‘modified_helmholtz’



	kernel_parametersndarray
	Array with kernel parameters



	kernel_typedtype
	Type of the kernel (numpy.float64 or numpy.complex128)





Returns the dense evaluation of the interaction between sources
and targets with the given charges.







	
bempp.api.fmm.helpers.dense_interaction_evaluator_impl(targets, sources, charges, kernel, kernel_parameters, kernel_type)

	Dense evaluation of interaction between sources and targets.


Parameters


	targetsndarray
	M x 3 array of target points.



	sourcesndarray
	N x 3 array of source points.



	chargesndarray
	N array of charges.



	kernelNumba function object
	The kernel object (either helpers.laplace,
helpers.helmholtz or helpers.modified_helmholtz)



	kernel_parametersndarray
	Array with kernel parameters



	kernel_typedtype
	Type of the kernel (numpy.float64 or numpy.complex128)





Returns the dense evaluation of the interaction between sources
and targets with the given charges.











            

          

      

      

    

  

    
      
          
            
  
bempp.api.grid

The Grid classes.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/api/grids.html


Submodules



	bempp.api.grid.grid

	bempp.api.grid.io







Package Contents


Classes







	Grid

	The Grid class.








Functions







	union(grids[, domain_indices, swapped_normals])

	Return the union of a given list of grids.







	
class bempp.api.grid.Grid(vertices, elements, domain_indices=None, grid_id=None, scatter=True)

	Bases: object

The Grid class.


	
property vertex_adjacency

	Vertex adjacency information.

Returns a matrix with 4 rows. Each column has the entries e0,
e1, ind0, ind1, which means that element e0 is connected to
element e1 via local vertex index ind0 in e0 and ind1 in e1.
Only returnes connectivity via a single vertex. For
connectivity via edges see edge_adjacency.






	
property edge_adjacency

	Edge adjacency information.

Returns a matrix with 6 rows. Each column has the entries e0,
e1, v00, v01, v11, v12, which means that element e0 is
connected to element e1. Vertex v00 in element e0 is
identical to vertex v11 in element e1, and vertex v01 in
element 0 is identical to vertex v12 in element e1.






	
property element_to_vertex_matrix

	Return the matrix mapping vertices to elements.






	
property element_to_element_matrix

	Return element to element matrix.

If entry (i,j) has the value n > 0, element i
and element j are connected via n vertices.






	
property element_neighbors

	Return named tuple (indices, indexptr).

The neighbors of element i are given as
element_neighbors.indices[


element_neighbors.indptr[i] : element_neighbors.indptr[i +1]].




Note that the element i is contained in the list of neighbors.






	
property number_of_vertices

	Return number of vertices.






	
property number_of_edges

	Return number of edges.






	
property number_of_elements

	Return number of elements.






	
property vertices

	Return vertices.






	
property elements

	Return elements.






	
property edges

	Return edges.






	
property centroids

	Return the centroids of the elements.






	
property domain_indices

	Return domain indices.






	
property element_edges

	Return an array of edge indices for each element.

element_edges[i, j] is the index of the ith edge
in the jth element.






	
property device_interfaces

	Return the dictionary of device interfaces for the grid.






	
property as_array

	Convert the grid to an array.

For a grid with N elements returns a 1d array with
9 * N entries. The three nodes for element with index e
can be found in [9 * e, 9 * (e + 1)].






	
property bounding_box

	Return the bounding box for the grid.

The bounding box is a 3x2 array box such that
box[:, 0] contains (xmin, ymin, zmin) and box[:, 1]
contains (xmax, ymax, zmax).






	
property volumes

	Return element volumes.






	
property diameters

	Return element diameters.






	
property maximum_element_diameter

	Return the maximum element diameter.






	
property minimum_element_diameter

	Return the maximum element diameter.






	
property normals

	Return normals.






	
property jacobians

	Return Jacobians.






	
property integration_elements

	Return integration elements.






	
property jacobian_inverse_transposed

	Return the jacobian inverse transposed.






	
property vertex_on_boundary

	Return vertex boundary information.






	
property edge_on_boundary

	Return edge boundary information.






	
property edge_neighbors

	Return for each edge the list of neighboring elements..






	
property vertex_neighbors

	Return for each vertex the list of neighboring elements.






	
property barycentric_refinement

	Return the barycentric refinement of this grid.






	
property id

	Return a unique id for the grid.






	
data(precision='double')

	Return Numba container with all relevant grid data.






	
_scatter()

	Initialise the grid on all workers.






	
entity_count(codim)

	Return the number of entities of given codimension.






	
plot()

	Plot the grid.






	
get_element(index)

	Return element with a given index.






	
entity_iterator(codim)

	Return an iterator for a given codim.






	
map_to_point_cloud(order=None, local_points=None, precision='double')

	Return a point cloud representation of the grid on quadratur points.

Return a representation of the grid as a point cloud using points on
each element either defined through a triangle Gauss qudrature order
or by directly specifying an array of local points.


Parameters


	orderInteger
	Optional parameter. Specify a quadrature order for the point
cloud generation.



	local_points: Numpy array
	A 2 x N array of N points in local reference coordinates that specify
the points to use for each triangle.



	precision: String
	Either ‘single’ or ‘double’.





If neither order nor local_points is specified the quadrature order is
obtained from the global parameters.

Returns a M x 3 array of M points that represent the grid on the specified
points.







	
refine()

	Return a new grid with all elements refined.






	
_compute_vertex_neighbors()

	Return all elements adjacent to a given vertex.






	
_normalize_and_assign_input(vertices, elements, domain_indices)

	Convert input into the right form.






	
_enumerate_edges()

	Enumerate all edges in a given grid.

Assigns a tuple (edges, element_edges) to
self._edges and self._element_edges.
element_edges is an array a such that a[i, j] is the
index of the ith edge in the jth elements, and edges
is a 2 x nedges array such that the jth column stores the
two nodes associated with the jth edge.






	
_get_element_adjacency_for_edges_and_vertices()

	Get element adjacency.

The array edge_adjacency has 6 rows, such that for index j the
element edge_adjacency[0, j] is connected with element
edge_adjacency[1, j] via the vertices edge_adjacency[2:4, j]
in the first element and the vertices edge_adjacency[4:6, j]
in the second element. The vertex numbers here are local
numbers (0, 1 or 2).

The array vertex_adjacency has 4 rows, such that for index j the
element vertex_adjacency[0, j] is connected with
vertex_adjacency[1, j] via the vertex vertex_adjacency[2, j]
in the first element and the vertex vertex_adjacency[3, j]
in the second element. The vertex numbers here are local numbers
(0, 1 or 2).






	
_compute_geometric_quantities()

	Compute geometric quantities for the grid.






	
_compute_boundary_information()

	Return a boolean array with boundary information.

Computes arr0, arr1 such that arr0[j] is True if
vertex j lies on the boundary and arr1[i] is True if edge
i lies on the boundary.






	
_compute_edge_neighbors()

	Get the neighbors of each edge.










	
bempp.api.grid.union(grids, domain_indices=None, swapped_normals=None)

	Return the union of a given list of grids.


Parameters


	grids: list
	A list of grid objects.



	domain_indiceslist
	Attach a list of domain indices to the new
grid such that grid[j] received the domain
index domain_indices[j]



	swapped_normalslist of boolean
	A list of the form [False, True, …],
that specifies for each grid if the normals
should be swapped (True) or not (False). This
is helpful if one grid is defined to be inside
another grid.





This method returns a new grid object, which is
the union of the input grid objects.











            

          

      

      

    

  

    
      
          
            
  
bempp.api.grid.grid

The basic grid class.


Module Contents


Classes







	Grid

	The Grid class.



	GridDataDouble

	A Numba container class for the grid data.



	GridDataFloat

	A Numba container class for the grid data.



	ElementGeometry

	Provides geometry information for an element.



	Element

	Provides a view onto an element of the grid.



	Vertex

	Provides a view onto a vertex of the grid.



	EdgeGeometry

	Implementation of a geometry for edges.



	Edge

	Provides a view onto an edge of the grid.








Functions







	get_element_to_vertex_matrix(vertices, elements)

	Return the sparse matrix mapping vertices to elements.



	get_element_to_element_matrix(vertices, elements)

	Return element to element matrix.



	_compare_array_to_value(array, val)

	Return i such that array[i] == val.



	_find_first_common_array_index_pair_from_position(...)

	Return first index pair (i, j) such that array1[i] = array2[j].



	_find_two_common_array_index_pairs(array1, array2)

	Return two index pairs (i, j) such that array1[i] = array2[j].



	_get_shared_vertex_information_for_two_elements(...)

	Return tuple (i, j).



	_get_shared_edge_information_for_two_elements(...)

	Return 2x2 array of int32 indices.



	_find_vertex_adjacency(elements, test_indices, ...)

	Return for element pairs the vertex adjacency.



	_find_edge_adjacency(elements, elem0_indices, ...)

	Return for element pairs the edge adjacency.



	_get_element_to_element_vertex_count(...)

	Return a tuple of arrays (elements1, elements2, nvertices).



	_element_filter(elements1, elements2, nvertices, ...)

	Return element pairs according to a filter condition.



	_sort_values(val1, val2)

	Return a tuple with the input values sorted.



	_vertices_from_edge_index(element, local_index)

	Return the vertices associated with an edge.



	grid_from_segments(grid, segments)

	Return new grid from segments of existing grid.



	_create_barycentric_connectivity_array(vertices, ...)

	Return the vertices and elements of refined barycentric grid.



	barycentric_refinement(grid)

	Return the barycentric refinement of a given grid.



	union(grids[, domain_indices, swapped_normals])

	Return the union of a given list of grids.



	enumerate_vertex_adjacent_elements(grid, support_elements)

	Enumerate in anti-clockwise order all elements adjacent to all vertices in support.



	_numba_enumerate_edges(elements, edge_tuple_to_index)

	Enumerate all edges in a given grid.



	_grid_scatter_worker(grid_id, array_proxies)

	Assign a new grid on the worker.



	grid_to_points(grid_data, local_points)

	Map a grid to an array of points.








Attributes







	EDGES_ID

	



	VERTICES_ID

	



	_EDGE_LOCAL

	



	VertexGeometry

	







	
bempp.api.grid.grid.EDGES_ID = 2

	




	
bempp.api.grid.grid.VERTICES_ID = 1

	




	
bempp.api.grid.grid._EDGE_LOCAL

	




	
class bempp.api.grid.grid.Grid(vertices, elements, domain_indices=None, grid_id=None, scatter=True)

	Bases: object

The Grid class.


	
property vertex_adjacency

	Vertex adjacency information.

Returns a matrix with 4 rows. Each column has the entries e0,
e1, ind0, ind1, which means that element e0 is connected to
element e1 via local vertex index ind0 in e0 and ind1 in e1.
Only returnes connectivity via a single vertex. For
connectivity via edges see edge_adjacency.






	
property edge_adjacency

	Edge adjacency information.

Returns a matrix with 6 rows. Each column has the entries e0,
e1, v00, v01, v11, v12, which means that element e0 is
connected to element e1. Vertex v00 in element e0 is
identical to vertex v11 in element e1, and vertex v01 in
element 0 is identical to vertex v12 in element e1.






	
property element_to_vertex_matrix

	Return the matrix mapping vertices to elements.






	
property element_to_element_matrix

	Return element to element matrix.

If entry (i,j) has the value n > 0, element i
and element j are connected via n vertices.






	
property element_neighbors

	Return named tuple (indices, indexptr).

The neighbors of element i are given as
element_neighbors.indices[


element_neighbors.indptr[i] : element_neighbors.indptr[i +1]].




Note that the element i is contained in the list of neighbors.






	
property number_of_vertices

	Return number of vertices.






	
property number_of_edges

	Return number of edges.






	
property number_of_elements

	Return number of elements.






	
property vertices

	Return vertices.






	
property elements

	Return elements.






	
property edges

	Return edges.






	
property centroids

	Return the centroids of the elements.






	
property domain_indices

	Return domain indices.






	
property element_edges

	Return an array of edge indices for each element.

element_edges[i, j] is the index of the ith edge
in the jth element.






	
property device_interfaces

	Return the dictionary of device interfaces for the grid.






	
property as_array

	Convert the grid to an array.

For a grid with N elements returns a 1d array with
9 * N entries. The three nodes for element with index e
can be found in [9 * e, 9 * (e + 1)].






	
property bounding_box

	Return the bounding box for the grid.

The bounding box is a 3x2 array box such that
box[:, 0] contains (xmin, ymin, zmin) and box[:, 1]
contains (xmax, ymax, zmax).






	
property volumes

	Return element volumes.






	
property diameters

	Return element diameters.






	
property maximum_element_diameter

	Return the maximum element diameter.






	
property minimum_element_diameter

	Return the maximum element diameter.






	
property normals

	Return normals.






	
property jacobians

	Return Jacobians.






	
property integration_elements

	Return integration elements.






	
property jacobian_inverse_transposed

	Return the jacobian inverse transposed.






	
property vertex_on_boundary

	Return vertex boundary information.






	
property edge_on_boundary

	Return edge boundary information.






	
property edge_neighbors

	Return for each edge the list of neighboring elements..






	
property vertex_neighbors

	Return for each vertex the list of neighboring elements.






	
property barycentric_refinement

	Return the barycentric refinement of this grid.






	
property id

	Return a unique id for the grid.






	
data(precision='double')

	Return Numba container with all relevant grid data.






	
_scatter()

	Initialise the grid on all workers.






	
entity_count(codim)

	Return the number of entities of given codimension.






	
plot()

	Plot the grid.






	
get_element(index)

	Return element with a given index.






	
entity_iterator(codim)

	Return an iterator for a given codim.






	
map_to_point_cloud(order=None, local_points=None, precision='double')

	Return a point cloud representation of the grid on quadratur points.

Return a representation of the grid as a point cloud using points on
each element either defined through a triangle Gauss qudrature order
or by directly specifying an array of local points.


Parameters


	orderInteger
	Optional parameter. Specify a quadrature order for the point
cloud generation.



	local_points: Numpy array
	A 2 x N array of N points in local reference coordinates that specify
the points to use for each triangle.



	precision: String
	Either ‘single’ or ‘double’.





If neither order nor local_points is specified the quadrature order is
obtained from the global parameters.

Returns a M x 3 array of M points that represent the grid on the specified
points.







	
refine()

	Return a new grid with all elements refined.






	
_compute_vertex_neighbors()

	Return all elements adjacent to a given vertex.






	
_normalize_and_assign_input(vertices, elements, domain_indices)

	Convert input into the right form.






	
_enumerate_edges()

	Enumerate all edges in a given grid.

Assigns a tuple (edges, element_edges) to
self._edges and self._element_edges.
element_edges is an array a such that a[i, j] is the
index of the ith edge in the jth elements, and edges
is a 2 x nedges array such that the jth column stores the
two nodes associated with the jth edge.






	
_get_element_adjacency_for_edges_and_vertices()

	Get element adjacency.

The array edge_adjacency has 6 rows, such that for index j the
element edge_adjacency[0, j] is connected with element
edge_adjacency[1, j] via the vertices edge_adjacency[2:4, j]
in the first element and the vertices edge_adjacency[4:6, j]
in the second element. The vertex numbers here are local
numbers (0, 1 or 2).

The array vertex_adjacency has 4 rows, such that for index j the
element vertex_adjacency[0, j] is connected with
vertex_adjacency[1, j] via the vertex vertex_adjacency[2, j]
in the first element and the vertex vertex_adjacency[3, j]
in the second element. The vertex numbers here are local numbers
(0, 1 or 2).






	
_compute_geometric_quantities()

	Compute geometric quantities for the grid.






	
_compute_boundary_information()

	Return a boolean array with boundary information.

Computes arr0, arr1 such that arr0[j] is True if
vertex j lies on the boundary and arr1[i] is True if edge
i lies on the boundary.






	
_compute_edge_neighbors()

	Get the neighbors of each edge.










	
class bempp.api.grid.grid.GridDataDouble(vertices, elements, edges, element_edges, volumes, normals, jacobians, jac_inv_trans, diameters, integration_elements, centroids, domain_indices, vertex_on_boundary, element_neighbor_indices, element_neighbor_indexptr)

	Bases: object

A Numba container class for the grid data.


	
local2global(elem_index, local_coords)

	Map local to global coordinates.










	
class bempp.api.grid.grid.GridDataFloat(vertices, elements, edges, element_edges, volumes, normals, jacobians, jac_inv_trans, diameters, integration_elements, centroids, domain_indices, vertex_on_boundary, element_neighbor_indices, element_neighbor_indexptr)

	Bases: object

A Numba container class for the grid data.


	
local2global(elem_index, local_coords)

	Map local to global coordinates.










	
class bempp.api.grid.grid.ElementGeometry(grid, index)

	Bases: object

Provides geometry information for an element.


	
property corners

	Return corners.






	
property jacobian

	Return jacobian.






	
property integration_element

	Return integration element.






	
property jacobian_inverse_transposed

	Return Jacobian inverse transposed.






	
property normal

	Return normal.






	
property volume

	Return volume.






	
property diameter

	Return the diameter of the circumcircle.






	
property centroid

	Return the centroid of the element.






	
local2global(points)

	Map points in local coordinates to global.










	
class bempp.api.grid.grid.Element(grid, index)

	Bases: object

Provides a view onto an element of the grid.


	
property index

	Index of the element.






	
property grid

	Associated grid.






	
property geometry

	Return geometry.






	
property domain_index

	Return the domain index.






	
sub_entity_iterator(codim)

	Return iterator over subentitites.






	
__eq__(other)

	Check if elements are equal.










	
bempp.api.grid.grid.VertexGeometry

	




	
class bempp.api.grid.grid.Vertex(grid, index)

	Bases: object

Provides a view onto a vertex of the grid.


	
property index

	Index of the vertex.






	
property geometry

	Return geometry.










	
class bempp.api.grid.grid.EdgeGeometry(corners)

	Bases: object

Implementation of a geometry for edges.


	
property corners

	Return the corners.






	
property volume

	Return length of the edge.










	
class bempp.api.grid.grid.Edge(grid, index)

	Bases: object

Provides a view onto an edge of the grid.


	
property index

	Return the index of the edge.






	
property geometry

	Return geometry.










	
bempp.api.grid.grid.get_element_to_vertex_matrix(vertices, elements)

	Return the sparse matrix mapping vertices to elements.






	
bempp.api.grid.grid.get_element_to_element_matrix(vertices, elements)

	Return element to element matrix.

If entry (i,j) has the value n > 0, element i
and element j are connected via n vertices.






	
bempp.api.grid.grid._compare_array_to_value(array, val)

	Return i such that array[i] == val.

If val not found return -1






	
bempp.api.grid.grid._find_first_common_array_index_pair_from_position(array1, array2, start=0)

	Return first index pair (i, j) such that array1[i] = array2[j].

Assumes that one index pair satisfying the equality
always exists. Method checks in array1 from position start
onwards.






	
bempp.api.grid.grid._find_two_common_array_index_pairs(array1, array2)

	Return two index pairs (i, j) such that array1[i] = array2[j].






	
bempp.api.grid.grid._get_shared_vertex_information_for_two_elements(elements, elem0, elem1)

	Return tuple (i, j).

The tuple has the property elements[i, elem0] == elements[j, elem1]






	
bempp.api.grid.grid._get_shared_edge_information_for_two_elements(elements, elem0, elem1)

	Return 2x2 array of int32 indices.

Each column in the return indices as a pair (i, j) such that
elements[i, elem0] = elements[j, elem1]






	
bempp.api.grid.grid._find_vertex_adjacency(elements, test_indices, trial_indices)

	Return for element pairs the vertex adjacency.

The return array vertex_adjacency has 4 rows, such that for index j
the element vertex_adjacency[0, j] is connected with
vertex_adjacency[1, j] via the vertex vertex_adjacency[2, j] in
the first element and the vertex vertex_adjacency[3, j] in the
second element. The vertex numbers here are local
numbers (0, 1 or 2).






	
bempp.api.grid.grid._find_edge_adjacency(elements, elem0_indices, elem1_indices)

	Return for element pairs the edge adjacency.

The return array edge_adjacency has 6 rows, such that for index
j the element edge_adjacency[0, j] is connected with
edge_adjacency[1, j] via the two vertices edge_adjacency[2:4, j]
in the first element and the vertices edge_adjacency[4:6, j]
in the second element. The vertex numbers here are local
numbers (0, 1 or 2).






	
bempp.api.grid.grid._get_element_to_element_vertex_count(element_to_element_matrix)

	Return a tuple of arrays (elements1, elements2, nvertices).

The element elements1[i] is connected with elements2[i] via
nvertices[i] vertices.






	
bempp.api.grid.grid._element_filter(elements1, elements2, nvertices, filter_type)

	Return element pairs according to a filter condition.

Takes an array (elements1, elements2, nvertices)
such that elements1[i] and elements2[i] are connected
via nvertices[i] vertices and returns a tuple
(new_elem1, new_elem2) of all element pairs connected via
vertices (filter_type=VERTICES) or edges (filter_type=EDGES).






	
bempp.api.grid.grid._sort_values(val1, val2)

	Return a tuple with the input values sorted.






	
bempp.api.grid.grid._vertices_from_edge_index(element, local_index)

	Return the vertices associated with an edge.

Element is 3-tupel with the vertex indices.
Sorts the returned vertices in ascending order.






	
bempp.api.grid.grid.grid_from_segments(grid, segments)

	Return new grid from segments of existing grid.






	
bempp.api.grid.grid._create_barycentric_connectivity_array(vertices, elements, element_edges, edges, number_of_edges)

	Return the vertices and elements of refined barycentric grid.






	
bempp.api.grid.grid.barycentric_refinement(grid)

	Return the barycentric refinement of a given grid.






	
bempp.api.grid.grid.union(grids, domain_indices=None, swapped_normals=None)

	Return the union of a given list of grids.


Parameters


	grids: list
	A list of grid objects.



	domain_indiceslist
	Attach a list of domain indices to the new
grid such that grid[j] received the domain
index domain_indices[j]



	swapped_normalslist of boolean
	A list of the form [False, True, …],
that specifies for each grid if the normals
should be swapped (True) or not (False). This
is helpful if one grid is defined to be inside
another grid.





This method returns a new grid object, which is
the union of the input grid objects.







	
bempp.api.grid.grid.enumerate_vertex_adjacent_elements(grid, support_elements, swapped_normals=None)

	Enumerate in anti-clockwise order all elements adjacent to all vertices in support.

Returns a list [neighbors_0, neighbors_1, …], where neighbors_i is a list
[(elem_index, local_ind1, local_ind2), …] of tuples, where elem_index is an
element in the support that as connected with vertex i. local_ind1 and local_ind2 are
the local indices of the two edges that are adjacent to vertex i. They are sorted in
anti-clockwise order with respect to the natural normal directions of the elements.
Moreover, all tuples represent elements in anti-clockwise order.






	
bempp.api.grid.grid._numba_enumerate_edges(elements, edge_tuple_to_index)

	Enumerate all edges in a given grid.

Assigns a tuple (edges, element_edges) to
self._edges and self._element_edges.
element_edges is an array a such that a[i, j] is the
index of the ith edge in the jth elements, and edges
is a 2 x nedges array such that the jth column stores the
two nodes associated with the jth edge.






	
bempp.api.grid.grid._grid_scatter_worker(grid_id, array_proxies)

	Assign a new grid on the worker.






	
bempp.api.grid.grid.grid_to_points(grid_data, local_points)

	Map a grid to an array of points.

Returns a (N, 3) point array that stores the global vertices
associated with the local points in each triangle.
Points are stored in consecutive order for each element
in the support_elements list. Hence, the returned array is of the form
[ v_1^1, v_2^1, …, v_M^1, v_1^2, v_2^2, …], where
v_i^j is the ith point in the jth element in
the support_elements list.


Parameters


	grid_dataGridData
	A Bempp GridData object.



	local_pointsnp.ndarray
	(2, M) array of local coordinates.















            

          

      

      

    

  

    
      
          
            
  
bempp.api.grid.io

Routines for import and export.


Module Contents


Functions







	import_grid(filename)

	Import a grid.



	export(filename[, grid, grid_function, data_type, ...])

	Export grids and grid functions.



	_transform_array(a[, mode])

	Transform a data array.







	
bempp.api.grid.io.import_grid(filename)

	Import a grid.

This routine uses the meshio library to export grids.
A number of types are supported, including vtk, vtu,
gmsh, dolphin xml. For a full list see

https://github.com/nschloe/meshio






	
bempp.api.grid.io.export(filename, grid=None, grid_function=None, data_type=None, transformation=None, write_binary=True)

	Export grids and grid functions.

This method internally uses the meshio library. For a full
list of supported data types see

https://github.com/nschloe/meshio

Note that export of domain indices is only possible for Gmsh (.msh)
format files.


Parameters


	filenamestring
	The name of the file to write out. The data type is
chosen based on the file ending.



	gridGrid object
	A grid object to export.



	grid_functionGridFunction object
	Grid function to export



	data_typestring
	Either ‘node’ for vertex data or ‘element’ for data
at element centers.



	transformationstring or callable
	One of ‘real’, ‘imag’, ‘abs’, ‘log_abs’,
None or a callable object. Transforms the
data on input. A callable must return numpy
arrays with the same number of dimensions as
the input. If transformation is None the data
is not modified.



	write_binaryBoolean
	Use binary format (write_binary=True) for the
data if supported by the file format.











	
bempp.api.grid.io._transform_array(a, mode=None)

	Transform a data array.


Parameters


	anp.ndarray
	Either a scalar array or a two dimensional data array.



	modestring, callable or None
	One of ‘real’, ‘imag’, ‘abs’, ‘log_abs’, ‘abs_squared’,
a transformation callable or None. The callable needs to take
an input array of dimension 2 and return an array of
dimension 2. If mode is None the input array is not modified.















            

          

      

      

    

  

    
      
          
            
  
bempp.api.integration

Module providing quadrature rules.


Submodules



	bempp.api.integration.duffy_collocation

	bempp.api.integration.duffy_galerkin

	bempp.api.integration.gauss

	bempp.api.integration.triangle_gauss









            

          

      

      

    

  

    
      
          
            
  
bempp.api.integration.duffy_collocation

Duffy type rules for collocation integrals.


Module Contents


Functions







	duffy_rule_on_reference_triangle(order)

	Return points and weights for Duffy rule on unit triangle.



	singular_collocation_rule_piecewise_const(order)

	Singular collocation integral for one singularity on unit triangle barycenter.







	
bempp.api.integration.duffy_collocation.duffy_rule_on_reference_triangle(order)

	Return points and weights for Duffy rule on unit triangle.

The triangle has coordinates (0, 0), (1, 0), and (1, 1). The
singularity is assumed to be at (0, 0).






	
bempp.api.integration.duffy_collocation.singular_collocation_rule_piecewise_const(order)

	Singular collocation integral for one singularity on unit triangle barycenter.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.integration.duffy_galerkin

Duffy transformation rules for singular integration for Galerkin integrals.


Module Contents


Functions







	number_of_quadrature_points(order, adjacency)

	Return the number of quadrature points for given adjacency.



	rule(order, adjacency)

	Create a singular quadrature rule.



	remap_points_shared_vertex(points, vertex_id)

	Remap triangle points for vertex adjacency.



	remap_points_shared_edge(points, shared_vertex1, ...)

	Remap triangle points for edge adjacency.







	
bempp.api.integration.duffy_galerkin.number_of_quadrature_points(order, adjacency)

	Return the number of quadrature points for given adjacency.

Possible cases for adjacency are “coincident”, “edge_adjacent”
or “vertex_adjacent”.






	
bempp.api.integration.duffy_galerkin.rule(order, adjacency)

	Create a singular quadrature rule.

Possible cases for adjacency are “coincident”,
“edge_adjacent” or “vertex_adjacent”.






	
bempp.api.integration.duffy_galerkin.remap_points_shared_vertex(points, vertex_id)

	Remap triangle points for vertex adjacency.

By default the Duffy rules assume that the two triangles meet
at vertex 0. This method transforms the Duffy integration
points depending on which vertex they meet.






	
bempp.api.integration.duffy_galerkin.remap_points_shared_edge(points, shared_vertex1, shared_vertex2)

	Remap triangle points for edge adjacency.

By default the Duffy rules assume that the two triangles meet
at edge 0. This method transforms the Duffy integration
points depending on which edge they meet.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.integration.gauss

Gauss integration rules.


Module Contents


Functions







	rule(order)

	Return Gauss of a given order.








Attributes







	coords

	



	weights

	







	
bempp.api.integration.gauss.coords

	




	
bempp.api.integration.gauss.weights

	




	
bempp.api.integration.gauss.rule(order)

	Return Gauss of a given order.

Orders between 1 and 30 are supported.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.integration.triangle_gauss

Gauss intergration rules.


Module Contents


Functions







	rule(order)

	Return the symmetric Gauss quadrature of given order.



	get_number_of_quad_points(order)

	Get number of quad points per order.








Attributes







	highest_order

	



	points_address

	



	points_per_order

	



	coords

	



	weights

	







	
bempp.api.integration.triangle_gauss.highest_order = 20

	




	
bempp.api.integration.triangle_gauss.points_address

	




	
bempp.api.integration.triangle_gauss.points_per_order

	




	
bempp.api.integration.triangle_gauss.coords

	




	
bempp.api.integration.triangle_gauss.weights

	




	
bempp.api.integration.triangle_gauss.rule(order)

	Return the symmetric Gauss quadrature of given order.

The order must be between 1 and 20.






	
bempp.api.integration.triangle_gauss.get_number_of_quad_points(order)

	Get number of quad points per order.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.linalg

Linear solvers.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/api/solvers.html


Submodules



	bempp.api.linalg.direct_solvers

	bempp.api.linalg.iterative_solvers







Package Contents


Functions







	gmres(A, b[, tol, restart, maxiter, use_strong_form, ...])

	Perform GMRES solve via interface to scipy.



	cg(A, b[, tol, maxiter, use_strong_form, ...])

	Perform CG solve via interface to scipy.



	lu(A, b[, lu_factor])

	Perform an LU solve.







	
bempp.api.linalg.gmres(A, b, tol=1e-05, restart=None, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Perform GMRES solve via interface to scipy.

This function behaves like the scipy.sparse.linalg.gmres function. But
instead of a linear operator and a vector b it takes a boundary operator
and a grid function or a blocked operator and a list of grid functions.
The result is returned as a grid function or as a list of grid functions
in the correct spaces.






	
bempp.api.linalg.cg(A, b, tol=1e-05, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Perform CG solve via interface to scipy.

This function behaves like the scipy.sparse.linalg.cg function. But
instead of a linear operator and a vector b it takes a boundary operator
and a grid function. The result is returned as a grid function in the
correct space.






	
bempp.api.linalg.lu(A, b, lu_factor=None)

	Perform an LU solve.

This function takes an operator and a grid function,
converts the operator into a dense matrix and solves
the system via LU decomposition. The result is again
returned as a grid function.


Parameters


	Abempp.api.BoundaryOperator
	The left-hand side boundary operator



	bbempp.api.GridFunction
	The right-hand side grid function



	lu_decomptuple
	Optionally pass the tuple (lu, piv)
obtained by the scipy method scipy.linalg.lu_factor















            

          

      

      

    

  

    
      
          
            
  
bempp.api.linalg.direct_solvers

Bempp direct solver interface.


Module Contents


Functions







	compute_lu_factors(A)

	Precompute the LU factors of a dense operator A.



	lu(A, b[, lu_factor])

	Perform an LU solve.







	
bempp.api.linalg.direct_solvers.compute_lu_factors(A)

	Precompute the LU factors of a dense operator A.

This function returns a tuple of LU factors of A.
This tuple can be used in the lu_factor attribute
of the lu function so that the LU decomposition is
not recomputed at each call to lu.






	
bempp.api.linalg.direct_solvers.lu(A, b, lu_factor=None)

	Perform an LU solve.

This function takes an operator and a grid function,
converts the operator into a dense matrix and solves
the system via LU decomposition. The result is again
returned as a grid function.


Parameters


	Abempp.api.BoundaryOperator
	The left-hand side boundary operator



	bbempp.api.GridFunction
	The right-hand side grid function



	lu_decomptuple
	Optionally pass the tuple (lu, piv)
obtained by the scipy method scipy.linalg.lu_factor















            

          

      

      

    

  

    
      
          
            
  
bempp.api.linalg.iterative_solvers

Iterative solver interfaces.


Module Contents


Classes







	IterationCounter

	Iteration Counter class.








Functions







	gmres(A, b[, tol, restart, maxiter, use_strong_form, ...])

	Perform GMRES solve via interface to scipy.



	cg(A, b[, tol, maxiter, use_strong_form, ...])

	Perform CG solve via interface to scipy.



	_gmres_single_op_imp(A, b[, tol, restart, maxiter, ...])

	Run implementation of GMRES for single operators.



	_gmres_block_op_imp(A, b[, tol, restart, maxiter, ...])

	Run implementation of GMRES for blocked operators.







	
class bempp.api.linalg.iterative_solvers.IterationCounter(store_residuals, iteration_is_cg=False, operator=None, rhs=None)

	Bases: object

Iteration Counter class.


	
property count

	Return the number of iterations.






	
property residuals

	Return the vector of residuals.






	
__call__(x)

	Call.










	
bempp.api.linalg.iterative_solvers.gmres(A, b, tol=1e-05, restart=None, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Perform GMRES solve via interface to scipy.

This function behaves like the scipy.sparse.linalg.gmres function. But
instead of a linear operator and a vector b it takes a boundary operator
and a grid function or a blocked operator and a list of grid functions.
The result is returned as a grid function or as a list of grid functions
in the correct spaces.






	
bempp.api.linalg.iterative_solvers.cg(A, b, tol=1e-05, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Perform CG solve via interface to scipy.

This function behaves like the scipy.sparse.linalg.cg function. But
instead of a linear operator and a vector b it takes a boundary operator
and a grid function. The result is returned as a grid function in the
correct space.






	
bempp.api.linalg.iterative_solvers._gmres_single_op_imp(A, b, tol=1e-05, restart=None, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Run implementation of GMRES for single operators.






	
bempp.api.linalg.iterative_solvers._gmres_block_op_imp(A, b, tol=1e-05, restart=None, maxiter=None, use_strong_form=False, return_residuals=False, return_iteration_count=False)

	Run implementation of GMRES for blocked operators.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators

Basic operator imports and definitions.


Subpackages



	bempp.api.operators.boundary
	bempp.api.operators.boundary.common

	bempp.api.operators.boundary.helmholtz

	bempp.api.operators.boundary.laplace

	bempp.api.operators.boundary.maxwell

	bempp.api.operators.boundary.modified_helmholtz

	bempp.api.operators.boundary.sparse





	bempp.api.operators.far_field
	bempp.api.operators.far_field.helmholtz

	bempp.api.operators.far_field.maxwell





	bempp.api.operators.potential
	bempp.api.operators.potential.helmholtz

	bempp.api.operators.potential.laplace

	bempp.api.operators.potential.maxwell

	bempp.api.operators.potential.modified_helmholtz











Package Contents


Functions







	_add_wavenumber(options, wavenumber[, identifier])

	Add a real/complex wavenumber to an options array.








Attributes







	OperatorDescriptor

	



	MultitraceOperatorDescriptor

	







	
bempp.api.operators.OperatorDescriptor

	




	
bempp.api.operators.MultitraceOperatorDescriptor

	




	
bempp.api.operators._add_wavenumber(options, wavenumber, identifier='WAVENUMBER')

	Add a real/complex wavenumber to an options array.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary

Functions for creating boundary integral operators.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/api/boundary_operators.html.


Submodules



	bempp.api.operators.boundary.common

	bempp.api.operators.boundary.helmholtz

	bempp.api.operators.boundary.laplace

	bempp.api.operators.boundary.maxwell

	bempp.api.operators.boundary.modified_helmholtz

	bempp.api.operators.boundary.sparse









            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary.common

Common helpers uses for all boundary operators.


Module Contents


Functions







	create_operator(identifier, domain, range_, ...)

	Create a generic operator.



	create_multitrace_operator(identifier, domain, range_, ...)

	Create a generic operator.



	pade_coeffs(order, angle)

	Calculate the coefficients of the Pade series expansion.







	
bempp.api.operators.boundary.common.create_operator(identifier, domain, range_, dual_to_range, parameters, assembler, operator_options, kernel_type, assembly_type, device_interface, precision, is_complex)

	Create a generic operator.






	
bempp.api.operators.boundary.common.create_multitrace_operator(identifier, domain, range_, dual_to_range, parameters, assembler, operator_options, multitrace_kernel, singular_contribution, device_interface, precision)

	Create a generic operator.






	
bempp.api.operators.boundary.common.pade_coeffs(order, angle)

	Calculate the coefficients of the Pade series expansion.


Parameters


	orderint
	The order of the expansion.



	anglefloat
	The branch-cut angle of the expansion.







Returns

c_0 : complex
a_j : numpy.ndarray[complex]
b_j : numpy.ndarray[complex]
r_0 : complex


The coefficients of the Pade expansion.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary.helmholtz

Interfaces to Helmholtz operators.


Module Contents


Classes







	_OsrcDtN

	Implementation of the OSRC DtN operator.



	_OsrcNtD

	Implementation of the OSRC NtD operator.








Functions







	single_layer(domain, range_, dual_to_range, wavenumber)

	Assemble the Helmholtz single-layer boundary operator.



	double_layer(domain, range_, dual_to_range, wavenumber)

	Assemble the Helmholtz double-layer boundary operator.



	adjoint_double_layer(domain, range_, dual_to_range, ...)

	Assemble the Helmholtz adj. double-layer boundary operator.



	hypersingular(domain, range_, dual_to_range, wavenumber)

	Assemble the Helmholtz hypersingular boundary operator.



	multitrace_operator(grid, wavenumber[, target, ...])

	Simplified version of multitrace operator assembly.



	osrc_dtn(space, wavenumber[, npade, theta, ...])

	Assemble the OSRC approximation to the DtN operator.



	osrc_ntd(space, wavenumber[, npade, theta, ...])

	Assemble the OSRC approximation to the NtD operator.







	
bempp.api.operators.boundary.helmholtz.single_layer(domain, range_, dual_to_range, wavenumber, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Helmholtz single-layer boundary operator.






	
bempp.api.operators.boundary.helmholtz.double_layer(domain, range_, dual_to_range, wavenumber, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Helmholtz double-layer boundary operator.






	
bempp.api.operators.boundary.helmholtz.adjoint_double_layer(domain, range_, dual_to_range, wavenumber, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Helmholtz adj. double-layer boundary operator.






	
bempp.api.operators.boundary.helmholtz.hypersingular(domain, range_, dual_to_range, wavenumber, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Helmholtz hypersingular boundary operator.






	
bempp.api.operators.boundary.helmholtz.multitrace_operator(grid, wavenumber, target=None, space_type='p1', parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Simplified version of multitrace operator assembly.


Parameters


	gridGrid
	Bempp grid object.



	wavenumbercomplex
	A real or complex wavenumber



	targetGrid
	The grid for the range spaces. If target is None then
target is set to the input grid (that is the domain
grid).



	space_typestring
	Currently only “p1” is supported, which means
that the operator is discretised with all P1 basis
functions.



	parametersParameters
	An optional parameters object.



	assemblerstring
	The assembler type.



	device_interfaceDeviceInterface
	The device interface object to be used.



	precisionstring
	Either “single” or “double” for single or
double precision mode.







Output

The Helmholtz multitrace operator of the form
[[-dlp, slp], [hyp, adj_dlp]], where
dlp : double layer boundary operator
slp : single layer boundary operator
hyp : hypersingular boundary operator
adj_dlp : adjoint double layer boundary operator.







	
bempp.api.operators.boundary.helmholtz.osrc_dtn(space, wavenumber, npade=2, theta=_np.pi / 3.0, damped_wavenumber=None, parameters=None, device_interface=None, precision=None)

	Assemble the OSRC approximation to the DtN operator.






	
class bempp.api.operators.boundary.helmholtz._OsrcDtN(space, parameters, operator_options, device_interface=None, precision=None)

	Bases: bempp.api.assembly.boundary_operator.BoundaryOperator

Implementation of the OSRC DtN operator.


	
property descriptor

	Operator descriptor.






	
_assemble()

	Assemble the operator.










	
bempp.api.operators.boundary.helmholtz.osrc_ntd(space, wavenumber, npade=2, theta=_np.pi / 3.0, damped_wavenumber=None, parameters=None, device_interface=None, precision=None)

	Assemble the OSRC approximation to the NtD operator.






	
class bempp.api.operators.boundary.helmholtz._OsrcNtD(space, parameters, operator_options, device_interface=None, precision=None)

	Bases: bempp.api.assembly.boundary_operator.BoundaryOperator

Implementation of the OSRC NtD operator.


	
property descriptor

	Operator descriptor.






	
_assemble()

	












            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary.laplace

Interfaces to Laplace operators.


Module Contents


Functions







	single_layer(domain, range_, dual_to_range[, ...])

	Assemble the Laplace single-layer boundary operator.



	double_layer(domain, range_, dual_to_range[, ...])

	Assemble the Laplace double-layer boundary operator.



	adjoint_double_layer(domain, range_, dual_to_range[, ...])

	Assemble the Laplace adjoint double-layer boundary operator.



	hypersingular(domain, range_, dual_to_range[, ...])

	Assemble the Laplace hypersingular boundary operator.







	
bempp.api.operators.boundary.laplace.single_layer(domain, range_, dual_to_range, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Laplace single-layer boundary operator.






	
bempp.api.operators.boundary.laplace.double_layer(domain, range_, dual_to_range, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Laplace double-layer boundary operator.






	
bempp.api.operators.boundary.laplace.adjoint_double_layer(domain, range_, dual_to_range, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Laplace adjoint double-layer boundary operator.






	
bempp.api.operators.boundary.laplace.hypersingular(domain, range_, dual_to_range, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Laplace hypersingular boundary operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary.maxwell

Interfaces to Maxwell operators.


Module Contents


Classes







	_OsrcMtE

	Implementation of the OSRC DtN operator.








Functions







	electric_field(domain, range_, dual_to_range, wavenumber)

	Assemble the electric field boundary operator.



	magnetic_field(domain, range_, dual_to_range, wavenumber)

	Assemble the magnetic field boundary operator.



	multitrace_operator(grid, wavenumber[, epsilon_r, ...])

	Simplified version of multitrace operator assembly.



	_multitrace_operator_impl(domain, range_, ...[, ...])

	



	osrc_mte(domains, ranges, dual_to_ranges, wavenumber)

	Assemble the OSRC approximation to the NtD operator.







	
bempp.api.operators.boundary.maxwell.electric_field(domain, range_, dual_to_range, wavenumber, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the electric field boundary operator.






	
bempp.api.operators.boundary.maxwell.magnetic_field(domain, range_, dual_to_range, wavenumber, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the magnetic field boundary operator.






	
bempp.api.operators.boundary.maxwell.multitrace_operator(grid, wavenumber, epsilon_r=1, mu_r=1, target=None, space_type='magnetic_dual', parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Simplified version of multitrace operator assembly.


Parameters


	gridGrid
	Bempp grid object.



	wavenumbercomplex
	A real or complex wavenumber



	epsilon_rfloat
	Relative permittivity with respect to vacuum.



	mu_rfloat
	Relative permeability with respect to vacuum.



	targetGrid
	The grid for the range spaces. If target is None then
target is set to the input grid (that is the domain
grid).



	space_typestring
	One of “all_rwg”, “all_bc”, “magnetic_dual” (default),
“electric_dual”. These lead to the following
choices of space, range, and dual_to_range:
default - (RWG, RWG), (BC, BC), (SNC, SNC)
all_dual - (BC, BC), (RWG, RWG), (RBC, RBC)
magnetic_dual - (RWG, BC), (RWG, BC), (RBC, SNC)
electric_dual - (BC, RWG), (BC, RWG), (SNC, RBC)



	parametersParameters
	An optional parameters object.



	assemblerstring
	The assembler type.



	device_interfaceDeviceInterface
	The device interface object to be used.



	precisionstring
	Either “single” or “double” for single or
double precision mode.







Output

The Maxwell multitrace operator of the form
[[M, E], [-E, M]], where M represens the magnetic
and E the electric field boundary operators in
the respective spaces defined through space_type.
Note that the operators in the first and second
row have different discretisations depending on
the type of spaces used.







	
bempp.api.operators.boundary.maxwell._multitrace_operator_impl(domain, range_, dual_to_range, wavenumber, epsilon_r=1, mu_r=1, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	




	
class bempp.api.operators.boundary.maxwell._OsrcMtE(type, domains, ranges, dual_to_ranges, parameters, operator_options, device_interface=None, precision=None)

	Implementation of the OSRC DtN operator.


	
property descriptor

	Operator descriptor.






	
_matvec1(v)

	




	
_matvec2(v)

	




	
_assemble()

	Assemble the operator.










	
bempp.api.operators.boundary.maxwell.osrc_mte(domains, ranges, dual_to_ranges, wavenumber, npade=2, theta=_np.pi / 2.0, type=1, damped_wavenumber=None, parameters=None, device_interface=None, precision=None)

	Assemble the OSRC approximation to the NtD operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary.modified_helmholtz

Interfaces to modified Helmholtz operators.


Module Contents


Functions







	single_layer(domain, range_, dual_to_range, omega[, ...])

	Assemble the Helmholtz single-layer boundary operator.



	double_layer(domain, range_, dual_to_range, omega[, ...])

	Assemble the mod. Helmholtz double-layer boundary operator.



	adjoint_double_layer(domain, range_, dual_to_range, omega)

	Assemble the mod. Helmholtz adj. double-layer boundary op.



	hypersingular(domain, range_, dual_to_range, omega[, ...])

	Assemble the mod. Helmholtz hypersingular boundary op.







	
bempp.api.operators.boundary.modified_helmholtz.single_layer(domain, range_, dual_to_range, omega, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the Helmholtz single-layer boundary operator.






	
bempp.api.operators.boundary.modified_helmholtz.double_layer(domain, range_, dual_to_range, omega, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the mod. Helmholtz double-layer boundary operator.






	
bempp.api.operators.boundary.modified_helmholtz.adjoint_double_layer(domain, range_, dual_to_range, omega, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the mod. Helmholtz adj. double-layer boundary op.






	
bempp.api.operators.boundary.modified_helmholtz.hypersingular(domain, range_, dual_to_range, omega, parameters=None, assembler='default_nonlocal', device_interface=None, precision=None)

	Assemble the mod. Helmholtz hypersingular boundary op.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.boundary.sparse

Interfaces to Laplace operators.


Module Contents


Functions







	identity(domain, range_, dual_to_range[, parameters, ...])

	Assemble the L^2 identity operator.



	_vector_grad_product(domain, range_, dual_to_range[, ...])

	Assemble the inner product between a vector field and grad of a P1 basis function.



	_curl_curl_product(domain, range_, dual_to_range[, ...])

	Assemble inner product between the surface curl of 2 SNC basis functions.



	multitrace_identity(multitrace_operator[, parameters, ...])

	Create a multitrace identity operator.



	mte_operators(domains_, ranges_, dual_to_ranges_, kappa)

	Create basic sparse operators to assemble Pade approximate MtE operators.



	lambda_1(mte_operators, beta, kappa_eps)

	Create and return block Pade approximate operator to Lambda1 = (I+Delta)^(1/2).



	lambda_2(mte_operators)

	Create and return Lambda2 = (I-curlcurl) operator.



	sigma_identity(domain, range_, dual_to_range[, ...])

	Evaluate the sigma identity operator.



	laplace_beltrami(domain, range_, dual_to_range[, ...])

	Assemble the negative Laplace-Beltrami operator.







	
bempp.api.operators.boundary.sparse.identity(domain, range_, dual_to_range, parameters=None, device_interface=None, precision=None)

	Assemble the L^2 identity operator.






	
bempp.api.operators.boundary.sparse._vector_grad_product(domain, range_, dual_to_range, parameters=None, device_interface=None, precision=None)

	Assemble the inner product between a vector field and grad of a P1 basis function.






	
bempp.api.operators.boundary.sparse._curl_curl_product(domain, range_, dual_to_range, parameters=None, device_interface=None, precision=None)

	Assemble inner product between the surface curl of 2 SNC basis functions.






	
bempp.api.operators.boundary.sparse.multitrace_identity(multitrace_operator, parameters=None, device_interface=None, precision=None)

	Create a multitrace identity operator.


Parameters


	multitrace_operatorBempp Operator
	A 2 x 2 multitrace operator object whose spaces are used to define
the identity operator.







Output

A block-diagonal multitrace identity operator.







	
bempp.api.operators.boundary.sparse.mte_operators(domains_, ranges_, dual_to_ranges_, kappa)

	Create basic sparse operators to assemble Pade approximate MtE operators.


Parameters


	domains_
	Domain spaces



	ranges_
	Range spaces



	dual_to_ranges_
	Dual spaces







Output

Basic sparse operators to assemble Pade approximate MtE operators.


	IP
	Identity operator built with piecewise linear basis functions



	IC
	Identity operator built with Hcurl conforming basis functions



	N
	Scaled curlcurl operator



	L
	Grad u dot v operator



	LT
	Transpose of L











	
bempp.api.operators.boundary.sparse.lambda_1(mte_operators, beta, kappa_eps)

	Create and return block Pade approximate operator to Lambda1 = (I+Delta)^(1/2).


Parameters


	mte_operators
	Basic sparse Pade approximate MtE operators.



	beta
	Array containing the division between Pade coefficients: A_j/B_j



	kappa
	Damped wavenumber kappa_eps = kappa + i eps







Output

Block operator that approximates (I+Delta)^(1/2)







	
bempp.api.operators.boundary.sparse.lambda_2(mte_operators)

	Create and return Lambda2 = (I-curlcurl) operator.


Parameters

mte_operators



Output

IC-N = (I-curlcurl)







	
bempp.api.operators.boundary.sparse.sigma_identity(domain, range_, dual_to_range, parameters=None, device_interface=None, precision=None)

	Evaluate the sigma identity operator.

For Galerkin methods this operator is equivalent to .5 * identity. For
collocation methods the value may differ from .5 on piecewise smooth
domains.






	
bempp.api.operators.boundary.sparse.laplace_beltrami(domain, range_, dual_to_range, parameters=None, device_interface=None, precision=None)

	Assemble the negative Laplace-Beltrami operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.far_field

Far field operators.


Submodules



	bempp.api.operators.far_field.helmholtz

	bempp.api.operators.far_field.maxwell









            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.far_field.helmholtz

Helmholtz far-field operators.


Module Contents


Functions







	single_layer(space, points, wavenumber[, parameters, ...])

	Return a Helmholtz single-layer far-field potential operator.



	double_layer(space, points, wavenumber[, parameters, ...])

	Return a Helmholtz double-layer far-field potential operator.







	
bempp.api.operators.far_field.helmholtz.single_layer(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Helmholtz single-layer far-field potential operator.






	
bempp.api.operators.far_field.helmholtz.double_layer(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Helmholtz double-layer far-field potential operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.far_field.maxwell

Maxwell far-field operators.


Module Contents


Functions







	electric_field(space, points, wavenumber[, ...])

	Return a Maxwell electric far-field potential operator.



	magnetic_field(space, points, wavenumber[, ...])

	Return a Maxwell magnetic far-field potential operator.







	
bempp.api.operators.far_field.maxwell.electric_field(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Maxwell electric far-field potential operator.






	
bempp.api.operators.far_field.maxwell.magnetic_field(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Maxwell magnetic far-field potential operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.potential

Functions for creating potential operators.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/api/potential_operators.html.


Submodules



	bempp.api.operators.potential.helmholtz

	bempp.api.operators.potential.laplace

	bempp.api.operators.potential.maxwell

	bempp.api.operators.potential.modified_helmholtz









            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.potential.helmholtz

Helmholtz potential operators.


Module Contents


Functions







	single_layer(space, points, wavenumber[, parameters, ...])

	Return a Helmholtz single-layer potential operator.



	double_layer(space, points, wavenumber[, parameters, ...])

	Return a Helmholtz double-layer potential operator.







	
bempp.api.operators.potential.helmholtz.single_layer(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Helmholtz single-layer potential operator.






	
bempp.api.operators.potential.helmholtz.double_layer(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Helmholtz double-layer potential operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.potential.laplace

Laplace potential operators.


Module Contents


Functions







	single_layer(space, points[, parameters, assembler, ...])

	Return a Laplace single-layer potential operator.



	double_layer(space, points[, parameters, assembler, ...])

	Return a Laplace single-layer potential operator.







	
bempp.api.operators.potential.laplace.single_layer(space, points, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Laplace single-layer potential operator.






	
bempp.api.operators.potential.laplace.double_layer(space, points, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Laplace single-layer potential operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.potential.maxwell

Maxwell potential operators.


Module Contents


Functions







	electric_field(space, points, wavenumber[, ...])

	Return a Maxwell electric field potential operator.



	magnetic_field(space, points, wavenumber[, ...])

	Return a Maxwell magnetic field potential operator.







	
bempp.api.operators.potential.maxwell.electric_field(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Maxwell electric field potential operator.






	
bempp.api.operators.potential.maxwell.magnetic_field(space, points, wavenumber, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a Maxwell magnetic field potential operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.operators.potential.modified_helmholtz

Modified Helmholtz potential operators.


Module Contents


Functions







	single_layer(space, points, omega[, parameters, ...])

	Return a modified Helmholtz single-layer potential operator.



	double_layer(space, points, omega[, parameters, ...])

	Return a modified Helmholtz double-layer potential operator.







	
bempp.api.operators.potential.modified_helmholtz.single_layer(space, points, omega, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a modified Helmholtz single-layer potential operator.






	
bempp.api.operators.potential.modified_helmholtz.double_layer(space, points, omega, parameters=None, assembler='dense', device_interface=None, precision=None)

	Return a modified Helmholtz double-layer potential operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.shapes

Define various test shapes.


Submodules



	bempp.api.shapes.shapes







Package Contents


Functions







	regular_sphere(refine_level)

	Create a regular sphere with a given refinement level.



	cube([length, origin, h])

	Return a cube mesh.



	multitrace_cube([h])

	Definitition of a cube with an interface at z=.5.



	reference_triangle()

	Return a grid consisting of only the reference triangle.



	sphere([r, origin, h])

	Return a sphere grid.



	ellipsoid([r1, r2, r3, origin, h])

	Return an ellipsoid grid.



	cuboid([length, origin, h])

	Return a cuboid mesh.



	almond([h])

	Return the Nasa almond shape with element size h.



	reentrant_cube([h, refinement_factor])

	Create a reentrant corner in 3d.



	screen(corners[, h])

	Create a screen.



	cylinders([h, z, r, origin, square])

	Create a sequence of concentric cylindrical or cuboidal objects.



	multitrace_ellipsoid([r1, r2, r3, origin, h])

	Return an ellipsoid grid.



	multitrace_sphere([r, origin, h])

	Return a multitrace sphere grid.







	
bempp.api.shapes.regular_sphere(refine_level)

	Create a regular sphere with a given refinement level.

Starting from an octahedron with 8 elements the grid is
refined in each step by subdividing each element into
four new elements, to create a sphere approximation.

The number of elements in the final sphere is given as
8 * 4**refine_level.

The maximum allowed refinement level is 9.






	
bempp.api.shapes.cube(length=1, origin=(0, 0, 0), h=0.1)

	Return a cube mesh.


Parameters


	lengthfloat
	Side length of the cube.



	origintuple
	Coordinates of the origin (bottom left corner)



	hfloat
	Element size.











	
bempp.api.shapes.multitrace_cube(h=0.1)

	Definitition of a cube with an interface at z=.5.

The normal direction at the interface shows into the
positive z-direction and has the domain index
and has the domain index 11. The lower half of the cube
is given through the segments [1, 2, 3, 4, 5, 6]. The
top half of the cube is defined by the segments
[6, 7, 8, 9, 10, 11]. For the upper half the normal
direction of segment 6 shows in the interior of the domain.






	
bempp.api.shapes.reference_triangle()

	Return a grid consisting of only the reference triangle.






	
bempp.api.shapes.sphere(r=1, origin=(0, 0, 0), h=0.1)

	Return a sphere grid.


Parameters


	rfloat
	Radius of the sphere.



	origintuple
	Center of the sphere.



	hfloat
	Element size.











	
bempp.api.shapes.ellipsoid(r1=1, r2=1, r3=1, origin=(0, 0, 0), h=0.1)

	Return an ellipsoid grid.


Parameters


	r1float
	Radius of first major axis



	r2float
	Radius of second major axis



	r3float
	Radius of third major axis



	origintuple
	Tuple specifying the origin of the ellipsoid



	hfloat
	Element size.











	
bempp.api.shapes.cuboid(length=(1, 1, 1), origin=(0, 0, 0), h=0.1)

	Return a cuboid mesh.


Parameters


	lengthtuple
	Side lengths of the cube.



	origintuple
	Coordinates of the origin (bottom left corner)



	hfloat
	Element size.











	
bempp.api.shapes.almond(h=0.01)

	Return the Nasa almond shape with element size h.






	
bempp.api.shapes.reentrant_cube(h=0.1, refinement_factor=0.2)

	Create a reentrant corner in 3d.


Parameters


	hfloat
	Element size.



	refinement_factorfloat
	Fractional size with respect to h of elements close to reentrant
corner.











	
bempp.api.shapes.screen(corners, h=0.1)

	Create a screen.


Parameters


	cornersnp.ndarray
	A (4 x 3) array that defines four corners of the screen.



	hfloat
	A floating point number specifying the grid size.







Output


	gridbempp.Grid
	A structured grid.











	
bempp.api.shapes.cylinders(h=1.0, z=1.0, r=[0.5, 1, 1.5, 1.7], origin=(0.0, 0.0, 0.0), square=False)

	Create a sequence of concentric cylindrical or cuboidal objects.


Parameters


	hfloat
	A floating point number specifying the grid size.



	zfloat
	A floating point number specifying the extrusion parameter along z-axis.



	rincreasing sequence of floats
	A sequence definying the radius of each concentric cylinder.



	origin: tuple of floats
	The centre of the base of the cylinder.



	square: boolean
	Specifies whether the cylindrical shape is a sequence of squares or circles







Output


	gridbempp.Grid
	A structured grid.











	
bempp.api.shapes.multitrace_ellipsoid(r1=1, r2=1, r3=1, origin=(0, 0, 0), h=0.1)

	Return an ellipsoid grid.


Parameters


	r1float
	Radius of first major axis



	r2float
	Radius of second major axis



	r3float
	Radius of third major axis



	origintuple
	Tuple specifying the origin of the ellipsoid



	hfloat
	Element size.











	
bempp.api.shapes.multitrace_sphere(r=1, origin=(0, 0, 0), h=0.1)

	Return a multitrace sphere grid.


Parameters


	rfloat
	Radius of the sphere.



	origintuple
	Center of the sphere.



	hfloat
	Element size.















            

          

      

      

    

  

    
      
          
            
  
bempp.api.shapes.shapes

Various built-in test shapes.


Module Contents


Functions







	get_gmsh_file()

	Create a new temporary gmsh file.



	__generate_grid_from_gmsh_string(gmsh_string)

	Return a grid from a string containing a gmsh mesh.



	__generate_grid_from_geo_string(geo_string)

	Create a grid from a gmsh geo string.



	screen(corners[, h])

	Create a screen.



	regular_sphere(refine_level)

	Create a regular sphere with a given refinement level.



	multitrace_cube([h])

	Definitition of a cube with an interface at z=.5.



	reference_triangle()

	Return a grid consisting of only the reference triangle.



	ellipsoid([r1, r2, r3, origin, h])

	Return an ellipsoid grid.



	multitrace_ellipsoid([r1, r2, r3, origin, h])

	Return an ellipsoid grid.



	sphere([r, origin, h])

	Return a sphere grid.



	multitrace_sphere([r, origin, h])

	Return a multitrace sphere grid.



	rectangle_with_hole([a, b, hole_radius, h])

	Return a square shaped screen with a hole in the middle.



	reentrant_cube([h, refinement_factor])

	Create a reentrant corner in 3d.



	cuboid([length, origin, h])

	Return a cuboid mesh.



	cube([length, origin, h])

	Return a cube mesh.



	almond([h])

	Return the Nasa almond shape with element size h.



	cylinders([h, z, r, origin, square])

	Create a sequence of concentric cylindrical or cuboidal objects.








Attributes







	_almond_geo

	







	
bempp.api.shapes.shapes.get_gmsh_file()

	Create a new temporary gmsh file.

Return a 3-tuple (geo_file,geo_name,msh_name), where
geo_file is a file descriptor to an empty .geo file, geo_name is
the corresponding filename and msh_name is the name of the
Gmsh .msh file that will be generated.






	
bempp.api.shapes.shapes.__generate_grid_from_gmsh_string(gmsh_string)

	Return a grid from a string containing a gmsh mesh.






	
bempp.api.shapes.shapes.__generate_grid_from_geo_string(geo_string)

	Create a grid from a gmsh geo string.






	
bempp.api.shapes.shapes.screen(corners, h=0.1)

	Create a screen.


Parameters


	cornersnp.ndarray
	A (4 x 3) array that defines four corners of the screen.



	hfloat
	A floating point number specifying the grid size.







Output


	gridbempp.Grid
	A structured grid.











	
bempp.api.shapes.shapes.regular_sphere(refine_level)

	Create a regular sphere with a given refinement level.

Starting from an octahedron with 8 elements the grid is
refined in each step by subdividing each element into
four new elements, to create a sphere approximation.

The number of elements in the final sphere is given as
8 * 4**refine_level.

The maximum allowed refinement level is 9.






	
bempp.api.shapes.shapes.multitrace_cube(h=0.1)

	Definitition of a cube with an interface at z=.5.

The normal direction at the interface shows into the
positive z-direction and has the domain index
and has the domain index 11. The lower half of the cube
is given through the segments [1, 2, 3, 4, 5, 6]. The
top half of the cube is defined by the segments
[6, 7, 8, 9, 10, 11]. For the upper half the normal
direction of segment 6 shows in the interior of the domain.






	
bempp.api.shapes.shapes.reference_triangle()

	Return a grid consisting of only the reference triangle.






	
bempp.api.shapes.shapes.ellipsoid(r1=1, r2=1, r3=1, origin=(0, 0, 0), h=0.1)

	Return an ellipsoid grid.


Parameters


	r1float
	Radius of first major axis



	r2float
	Radius of second major axis



	r3float
	Radius of third major axis



	origintuple
	Tuple specifying the origin of the ellipsoid



	hfloat
	Element size.











	
bempp.api.shapes.shapes.multitrace_ellipsoid(r1=1, r2=1, r3=1, origin=(0, 0, 0), h=0.1)

	Return an ellipsoid grid.


Parameters


	r1float
	Radius of first major axis



	r2float
	Radius of second major axis



	r3float
	Radius of third major axis



	origintuple
	Tuple specifying the origin of the ellipsoid



	hfloat
	Element size.











	
bempp.api.shapes.shapes.sphere(r=1, origin=(0, 0, 0), h=0.1)

	Return a sphere grid.


Parameters


	rfloat
	Radius of the sphere.



	origintuple
	Center of the sphere.



	hfloat
	Element size.











	
bempp.api.shapes.shapes.multitrace_sphere(r=1, origin=(0, 0, 0), h=0.1)

	Return a multitrace sphere grid.


Parameters


	rfloat
	Radius of the sphere.



	origintuple
	Center of the sphere.



	hfloat
	Element size.











	
bempp.api.shapes.shapes.rectangle_with_hole(a=1, b=1, hole_radius=0.2, h=0.1)

	Return a square shaped screen with a hole in the middle.


	afloat
	Length of rectangle in the x-plane.



	bfloat
	Length of rectange in the y-plane.



	hole_radiusfloat
	Radius of the hole.



	hfloat
	Element size.










	
bempp.api.shapes.shapes.reentrant_cube(h=0.1, refinement_factor=0.2)

	Create a reentrant corner in 3d.


Parameters


	hfloat
	Element size.



	refinement_factorfloat
	Fractional size with respect to h of elements close to reentrant
corner.











	
bempp.api.shapes.shapes.cuboid(length=(1, 1, 1), origin=(0, 0, 0), h=0.1)

	Return a cuboid mesh.


Parameters


	lengthtuple
	Side lengths of the cube.



	origintuple
	Coordinates of the origin (bottom left corner)



	hfloat
	Element size.











	
bempp.api.shapes.shapes.cube(length=1, origin=(0, 0, 0), h=0.1)

	Return a cube mesh.


Parameters


	lengthfloat
	Side length of the cube.



	origintuple
	Coordinates of the origin (bottom left corner)



	hfloat
	Element size.











	
bempp.api.shapes.shapes.almond(h=0.01)

	Return the Nasa almond shape with element size h.






	
bempp.api.shapes.shapes._almond_geo = Multiline-String

	
Show Value"""
Function QuarterEllipse1
x = d*t*t_fact;
y = 4.83345 * d * ( Sqrt(1-(t * t_fact/2.08335)^2)-0.96);
z = 1.61115 * d * ( Sqrt(1-(t * t_fact/2.08335)^2)-0.96);

Point(point_number) = {x, 0, 0, cl};
CenterNumber = point_number;
Psi_array[] = {0.0, 15.0, 45.0, 90.0};

For i In {0:3}
point_number = newp;
thePointNumber[i] = point_number;
psi = Psi_array[i]/180.0*Pi;
Point(point_number) = {x, y*Cos(psi), z*Sin(psi), cl};
point_number = newp;
EndFor

For i In {0:2}
Ellipse(newreg) = {thePointNumber[i],CenterNumber,thePointNumber[3],thePointNumber[i+1]};
EndFor
Return

Function QuarterEllipse2
x = d*t * t_fact;
y = yfact * d * (Sqrt(1-(t*t_fact*3.0/1.25)^2));
z = zfact * d * (Sqrt(1-(t*t_fact*3.0/1.25)^2));

Point(point_number) = {x, 0, 0, cl};
CenterNumber = point_number;
Psi_array[] = {0.0, 15.0, 45.0, 90.0};

For i In {0:3}
point_number = newp;
thePointNumber[i] = point_number;
psi = Psi_array[i]/180.0*Pi;
Point(point_number) = {x, y*Cos(psi), z*Sin(psi), cl};
point_number = newp;
EndFor

For i In {0:2}
Ellipse(newreg) = {thePointNumber[i],CenterNumber,thePointNumber[3],thePointNumber[i+1]};
EndFor
Return

d = 9.936 * 0.0254;

t = 1.75/3.0;

Point(1) = {d*t, 0.0, 0.0, cl};
point_number = 2;

lc_fact = 0.1;
t_fact = 0.975;
Call QuarterEllipse1;

lc_fact = 0.75;
t_fact = 0.95;
Call QuarterEllipse1;

lc_fact = 1.0;
t_fact = 0.9;
For j In {1:10}
   Call QuarterEllipse1;
   t_fact -= 0.1;
EndFor

t = -1.25/3.0;
yfact = 0.58/3.0;
zfact = 0.58/9.0;

lc_fact = 1.0;
t_fact = 0.1;

For j In {1:9}
    Call QuarterEllipse2;
        t_fact += 0.1;
EndFor

lc_fact = 0.1;
t_fact = 0.95;
Call QuarterEllipse2;

lc_fact = 0.75;
t_fact = 0.99;
Call QuarterEllipse2;


Point(point_number) = {d*t, 0.0, 0.0, cl};
Spline(70) = {117, 115, 110};
Spline(71) = {111, 116, 117};
Spline(74) = {117, 113, 108};
Spline(75) = {117, 114, 109};
Spline(76) = {108, 103, 98};
Spline(77) = {109, 104, 99};
Spline(78) = {110, 105, 100};
Spline(79) = {111, 106, 101};
Spline(80) = {101, 96, 91};
Spline(81) = {91, 86, 81};
Spline(82) = {81, 76, 71};
Spline(83) = {71, 66, 61};
Spline(84) = {61, 56, 51};
Spline(85) = {51, 46, 41};
Spline(86) = {41, 36, 31};
Spline(87) = {31, 26, 21};
Spline(88) = {21, 16, 11};
Spline(89) = {11, 6, 1};
Spline(90) = {1, 5, 10};
Spline(91) = {10, 15, 20};
Spline(92) = {20, 25, 30};
Spline(93) = {30, 35, 40};
Spline(94) = {40, 45, 50};
Spline(95) = {50, 55, 60};
Spline(96) = {60, 65, 70};
Spline(97) = {70, 75, 80};
Spline(98) = {80, 85, 90};
Spline(99) = {90, 95, 100};
Spline(100) = {99, 94, 89};
Spline(101) = {89, 84, 79};
Spline(102) = {79, 74, 69};
Spline(103) = {69, 64, 59};
Spline(104) = {59, 54, 49};
Spline(105) = {49, 44, 39};
Spline(106) = {39, 34, 29};
Spline(107) = {29, 24, 19};
Spline(108) = {19, 14, 9};
Spline(109) = {9, 4, 1};
Spline(110) = {1, 3, 8};
Spline(111) = {8, 13, 18};
Spline(112) = {18, 23, 28};
Spline(113) = {28, 33, 38};
Spline(114) = {38, 43, 48};
Spline(115) = {48, 53, 58};
Spline(116) = {58, 63, 68};
Spline(117) = {68, 73, 78};
Spline(118) = {78, 83, 88};
Spline(119) = {88, 93, 98};
Symmetry {0, 1, 0, 0} {
  Duplicata { Line{65, 68, 67, 64, 69, 62, 66, 75, 74, 70, 71, 61, 63, 78, 59, 77, 58, 76, 60, 79, 56, 55, 57, 99, 53, 100, 52, 119, 54, 80, 50, 49, 98, 51, 101, 47, 118, 46, 48, 81, 44, 43, 97, 45, 41, 102, 40, 117, 82, 42, 38, 37, 96, 39, 103, 35, 34, 116, 83, 36, 32, 31, 33, 95, 29, 104, 28, 115, 30, 84, 26, 25, 27, 94, 105, 23, 22, 114, 24, 85, 20, 19, 21, 93, 17, 106, 113, 16, 86, 18, 14, 13, 15, 92, 11, 107, 10, 112, 12, 87, 8, 7, 9, 91, 108, 5, 4, 111, 88, 6, 2, 1, 3, 110, 109, 90, 89}; }
}
Symmetry {0, 0, 1, 0} {
  Duplicata { Line{65, 68, 67, 64, 69, 62, 66, 74, 75, 71, 70, 61, 124, 63, 121, 78, 122, 59, 77, 126, 129, 58, 76, 79, 60, 127, 120, 132, 56, 123, 128, 55, 125, 57, 99, 53, 100, 131, 133, 138, 52, 119, 54, 80, 50, 135, 134, 49, 142, 137, 136, 98, 51, 101, 47, 46, 118, 140, 148, 143, 48, 81, 44, 141, 43, 97, 153, 144, 145, 45, 41, 102, 146, 147, 117, 40, 152, 158, 42, 82, 38, 150, 37, 151, 96, 39, 163, 103, 35, 155, 154, 34, 116, 156, 157, 36, 83, 162, 169, 160, 32, 161, 31, 173, 165, 164, 33, 95, 167, 166, 104, 29, 172, 179, 115, 28, 170, 84, 30, 171, 174, 175, 182, 26, 25, 177, 176, 27, 180, 188, 183, 94, 23, 105, 181, 114, 22, 24, 85, 185, 184, 192, 187, 186, 20, 19, 21, 190, 193, 198, 191, 93, 17, 106, 16, 113, 195, 194, 202, 86, 18, 197, 196, 200, 14, 209, 203, 201, 13, 15, 204, 205, 206, 207, 212, 92, 107, 11, 112, 10, 12, 87, 210, 211, 218, 213, 214, 215, 217, 216, 8, 7, 9, 222, 220, 221, 91, 5, 108, 111, 4, 88, 6, 223, 229, 225, 224, 226, 227, 2, 1, 3, 232, 230, 231, 233, 234, 235, 110, 109, 90, 89}; }
}
Line Loop(458) = {70, 66, 71};
Ruled Surface(459) = {-458};
Line Loop(460) = {129, 126, 71};
Ruled Surface(461) = {460};
Line Loop(462) = {127, 120, -129};
Ruled Surface(463) = {462};
Line Loop(464) = {128, 123, -127};
Ruled Surface(465) = {464};
Line Loop(466) = {128, 265, -261};
Ruled Surface(467) = {-466};
Line Loop(468) = {256, -262, -261};
Ruled Surface(469) = {468};
Line Loop(470) = {245, 256, 255};
Ruled Surface(471) = {-470};
Line Loop(472) = {246, 242, 245};
Ruled Surface(473) = {472};
Line Loop(474) = {244, 236, -246};
Ruled Surface(475) = {474};
Line Loop(476) = {74, 239, -244};
Ruled Surface(477) = {476};
Line Loop(478) = {74, 64, -75};
Ruled Surface(479) = {-478};
Line Loop(480) = {70, -65, -75};
Ruled Surface(481) = {480};
Line Loop(482) = {78, 60, -79, -66};
Ruled Surface(483) = {-482};
Line Loop(484) = {65, 78, -59, -77};
Ruled Surface(485) = {484};
Line Loop(486) = {76, 58, -77, -64};
Ruled Surface(487) = {-486};
Line Loop(488) = {254, -257, -76, 239};
Ruled Surface(489) = {-488};
Line Loop(490) = {253, -251, -236, 254};
Ruled Surface(491) = {490};
Line Loop(492) = {260, -259, -242, 251};
Ruled Surface(493) = {492};
Line Loop(494) = {259, -275, -274, 255};
Ruled Surface(495) = {494};
Line Loop(496) = {274, -282, -281, 262};
Ruled Surface(497) = {496};
Line Loop(498) = {281, -286, -137, 265};
Ruled Surface(499) = {498};
Line Loop(500) = {137, 136, -135, -123};
Ruled Surface(501) = {500};
Line Loop(502) = {135, 134, -133, -120};
Ruled Surface(503) = {502};
Line Loop(504) = {133, 138, -79, -126};
Ruled Surface(505) = {504};
Line Loop(506) = {134, -143, -144, -145};
Ruled Surface(507) = {-506};
Line Loop(508) = {143, 138, 80, -148};
Ruled Surface(509) = {-508};
Line Loop(511) = {80, -54, 99, 60};
Ruled Surface(512) = {511};
Line Loop(513) = {99, -59, 100, 53};
Ruled Surface(514) = {-513};
Line Loop(515) = {100, -52, 119, 58};
Ruled Surface(516) = {515};
Line Loop(517) = {119, 257, 272, -276};
Ruled Surface(518) = {-517};
Line Loop(519) = {271, 270, -253, 272};
Ruled Surface(520) = {519};
Line Loop(521) = {278, -279, -260, -270};
Ruled Surface(522) = {521};
Line Loop(523) = {279, -294, 295, 275};
Ruled Surface(524) = {523};
Line Loop(525) = {295, -282, 304, 303};
Ruled Surface(526) = {-525};
Line Loop(527) = {304, -308, 147, 286};
Ruled Surface(528) = {527};
Line Loop(529) = {147, 136, 145, -146};
Ruled Surface(530) = {-529};
Line Loop(531) = {148, 81, -158, 152};
Ruled Surface(532) = {-531};
Line Loop(533) = {158, 82, -169, 162};
Ruled Surface(534) = {-533};
Line Loop(535) = {172, 169, 83, -179};
Ruled Surface(536) = {-535};
Line Loop(538) = {183, 179, 84, -188};
Ruled Surface(539) = {-538};
Line Loop(540) = {193, 188, 85, -198};
Ruled Surface(541) = {-540};
Line Loop(542) = {203, 198, 86, -209};
Ruled Surface(543) = {-542};
Line Loop(544) = {213, 209, 87, -218};
Ruled Surface(545) = {-544};
Line Loop(546) = {223, 218, 88, -229};
Ruled Surface(547) = {-546};
Line Loop(548) = {235, 229, 89};
Ruled Surface(549) = {-548};
Line Loop(550) = {89, 90, 6};
Ruled Surface(551) = {550};
Line Loop(552) = {6, -88, -12, -91};
Ruled Surface(553) = {-552};
Line Loop(554) = {92, 18, 87, -12};
Ruled Surface(555) = {554};
Line Loop(556) = {18, -86, -24, -93};
Ruled Surface(557) = {-556};
Line Loop(558) = {24, -85, -30, -94};
Ruled Surface(559) = {-558};
Line Loop(560) = {30, -84, -36, -95};
Ruled Surface(561) = {-560};
Line Loop(562) = {96, 42, 83, -36};
Ruled Surface(563) = {562};
Line Loop(564) = {97, 48, 82, -42};
Ruled Surface(565) = {564};
Line Loop(566) = {98, 54, 81, -48};
Ruled Surface(567) = {566};
Line Loop(568) = {98, -53, 101, 47};
Ruled Surface(569) = {-568};
Line Loop(570) = {97, -47, 102, 41};
Ruled Surface(571) = {-570};
Line Loop(572) = {96, -41, 103, 35};
Ruled Surface(573) = {-572};
Line Loop(574) = {104, 29, 95, -35};
Ruled Surface(575) = {-574};
Line Loop(576) = {105, 23, 94, -29};
Ruled Surface(577) = {-576};
Line Loop(578) = {106, 17, 93, -23};
Ruled Surface(579) = {-578};
Line Loop(580) = {107, 11, 92, -17};
Ruled Surface(581) = {-580};
Line Loop(582) = {108, 5, 91, -11};
Ruled Surface(583) = {-582};
Line Loop(584) = {109, 90, -5};
Ruled Surface(585) = {-584};
Line Loop(586) = {109, 110, 4};
Ruled Surface(587) = {586};
Line Loop(588) = {111, 10, 108, -4};
Ruled Surface(589) = {588};
Line Loop(590) = {112, 16, 107, -10};
Ruled Surface(591) = {590};
Line Loop(592) = {113, 22, 106, -16};
Ruled Surface(593) = {592};
Line Loop(594) = {114, 28, 105, -22};
Ruled Surface(595) = {594};
Line Loop(596) = {115, 34, 104, -28};
Ruled Surface(597) = {596};
Line Loop(598) = {116, 40, 103, -34};
Ruled Surface(599) = {598};
Line Loop(600) = {117, 46, 102, -40};
Ruled Surface(601) = {600};
Line Loop(602) = {118, 52, 101, -46};
Ruled Surface(603) = {602};
Line Loop(605) = {154, 155, 152, -144};
Ruled Surface(606) = {605};
Line Loop(607) = {165, 164, 162, -155};
Ruled Surface(608) = {607};
Line Loop(609) = {174, 175, 172, -164};
Ruled Surface(610) = {609};
Line Loop(611) = {185, 184, 183, -175};
Ruled Surface(612) = {611};
Line Loop(613) = {194, 195, 193, -184};
Ruled Surface(614) = {613};
Line Loop(615) = {205, 204, 203, -195};
Ruled Surface(616) = {615};
Line Loop(617) = {215, 214, 213, -204};
Ruled Surface(618) = {617};

Line Loop(619) = {224, 225, 223, -214};
Ruled Surface(620) = {619};
Line Loop(621) = {234, 235, -225};
Ruled Surface(622) = {621};
Line Loop(623) = {156, 146, 154, -157};
Ruled Surface(624) = {-623};
Line Loop(625) = {167, 157, 165, -166};
Ruled Surface(626) = {-625};
Line Loop(627) = {177, 166, 174, -176};
Ruled Surface(628) = {-627};
Line Loop(629) = {187, 176, 185, -186};
Ruled Surface(630) = {-629};
Line Loop(631) = {197, 186, 194, -196};
Ruled Surface(632) = {-631};
Line Loop(633) = {206, 196, 205, -207};
Ruled Surface(634) = {-633};
Line Loop(635) = {217, 207, 215, -216};
Ruled Surface(636) = {-635};
Line Loop(637) = {227, 216, 224, -226};
Ruled Surface(638) = {-637};
Line Loop(639) = {233, 226, 234};
Ruled Surface(640) = {-639};
Line Loop(641) = {452, 233, 443};
Ruled Surface(642) = {641};
Line Loop(643) = {442, -443, 227, 425};
Ruled Surface(644) = {643};
Line Loop(645) = {423, -425, 217, 409};
Ruled Surface(646) = {645};
Line Loop(647) = {407, -409, 206, 398};
Ruled Surface(648) = {647};
Line Loop(649) = {393, -398, 197, 379};
Ruled Surface(650) = {649};
Line Loop(651) = {375, -379, 187, 362};
Ruled Surface(652) = {651};
Line Loop(653) = {356, -362, 177, 345};
Ruled Surface(654) = {653};
Line Loop(655) = {340, -345, 167, 330};
Ruled Surface(656) = {655};
Line Loop(657) = {326, -330, 156, 308};
Ruled Surface(658) = {657};
Line Loop(659) = {312, -303, 326, 325};
Ruled Surface(660) = {-659};
Line Loop(661) = {333, -325, 340, 341};
Ruled Surface(662) = {-661};
Line Loop(663) = {348, -341, 356, 357};
Ruled Surface(664) = {-663};
Line Loop(665) = {366, -357, 375, 376};
Ruled Surface(666) = {-665};
Line Loop(667) = {366, 349, 353, -365};
Ruled Surface(668) = {667};
Line Loop(669) = {374, -385, 384, 365};
Ruled Surface(670) = {669};
Line Loop(671) = {395, -401, 402, 385};
Ruled Surface(672) = {671};
Line Loop(673) = {417, -420, 421, 401};
Ruled Surface(674) = {673};
Line Loop(675) = {437, -440, 439, 420};
Ruled Surface(676) = {675};
Line Loop(677) = {457, 453, 440};
Ruled Surface(678) = {677};
Line Loop(679) = {456, 438, 457};
Ruled Surface(680) = {-679};
Line Loop(681) = {455, 456, -433};
Ruled Surface(682) = {681};
Line Loop(683) = {110, 436, 455};
Ruled Surface(684) = {-683};
Line Loop(686) = {453, -441, 452};
Ruled Surface(687) = {-686};
Line Loop(689) = {432, 416, 437, -438};
Ruled Surface(690) = {-689};
Line Loop(691) = {411, 396, 417, -416};
Ruled Surface(692) = {-691};
Line Loop(693) = {387, 373, 395, -396};
Ruled Surface(694) = {-693};
Line Loop(695) = {434, 433, 432, -413};
Ruled Surface(696) = {695};
Line Loop(697) = {412, 413, 411, -388};
Ruled Surface(698) = {697};
Line Loop(699) = {389, 388, 387, -368};
Ruled Surface(700) = {699};
Line Loop(701) = {367, 354, 374, -373};
Ruled Surface(702) = {-701};
Line Loop(703) = {369, 368, 367, -347};
Ruled Surface(704) = {703};
Line Loop(705) = {346, 347, 343, -324};
Ruled Surface(706) = {705};
Line Loop(707) = {343, 331, 353, -354};
Ruled Surface(708) = {-707};
Line Loop(709) = {323, 324, 320, -306};
Ruled Surface(710) = {709};
Line Loop(711) = {320, 314, 332, -331};
Ruled Surface(712) = {-711};
Line Loop(713) = {307, 306, 301, -290};
Ruled Surface(714) = {713};
Line Loop(715) = {315, -314, 301, 296};
Ruled Surface(716) = {-715};
Line Loop(717) = {289, 290, 287, -271};
Ruled Surface(718) = {717};
Line Loop(719) = {287, 278, 297, -296};
Ruled Surface(720) = {-719};
Line Loop(721) = {393, 392, 384, -376};
Ruled Surface(722) = {-721};
Line Loop(723) = {407, 406, 402, -392};
Ruled Surface(724) = {-723};
Line Loop(725) = {423, 422, 421, -406};
Ruled Surface(726) = {-725};
Line Loop(727) = {439, -422, 442, 441};
Ruled Surface(728) = {-727};
Line Loop(729) = {312, 294, 297, -313};
Ruled Surface(730) = {729};
Line Loop(731) = {333, 313, 315, -334};
Ruled Surface(732) = {731};
Line Loop(733) = {348, 334, 332, -349};
Ruled Surface(734) = {733};
Line Loop(735) = {111, 415, 434, -436};
Ruled Surface(736) = {-735};
Line Loop(737) = {112, 390, 412, -415};
Ruled Surface(738) = {-737};
Line Loop(739) = {113, 372, 389, -390};
Ruled Surface(740) = {-739};
Line Loop(741) = {114, 351, 369, -372};
Ruled Surface(742) = {-741};
Line Loop(743) = {115, 327, 346, -351};
Ruled Surface(744) = {-743};
Line Loop(745) = {116, 311, 323, -327};
Ruled Surface(746) = {-745};
Line Loop(747) = {117, 291, 307, -311};
Ruled Surface(748) = {-747};
Line Loop(749) = {118, 276, 289, -291};
Ruled Surface(750) = {-749};
Physical Surface(1) = {518, 520, 750, 718, 516, 714, 748, 603, 491, 489, 487, 601, 710, 746, 477, 475, 479, 599, 485, 493, 514, 481, 473, 522, 706, 569, 744, 720, 597, 459, 471, 571, 716, 469, 483, 495, 573, 467, 712, 461, 465, 463, 704, 742, 595, 575, 512, 708, 524, 497, 505, 499, 567, 730, 577, 501, 503, 702, 700, 740, 526, 593, 509, 565, 732, 528, 579, 694, 563, 660, 530, 734, 507, 532, 561, 658, 668, 698, 738, 662, 591, 624, 606, 692, 581, 534, 559, 670, 656, 664, 626, 608, 557, 672, 536, 654, 666, 696, 736, 589, 555, 690, 674, 583, 628, 610, 684, 539, 585, 680, 553, 676, 652, 722, 678, 551, 682, 587, 549, 687, 642, 622, 640, 728, 724, 630, 547, 541, 612, 726, 650, 644, 638, 620, 545, 543, 646, 648, 632, 614, 636, 618, 634, 616};
"""













	
bempp.api.shapes.shapes.cylinders(h=1.0, z=1.0, r=[0.5, 1, 1.5, 1.7], origin=(0.0, 0.0, 0.0), square=False)

	Create a sequence of concentric cylindrical or cuboidal objects.


Parameters


	hfloat
	A floating point number specifying the grid size.



	zfloat
	A floating point number specifying the extrusion parameter along z-axis.



	rincreasing sequence of floats
	A sequence definying the radius of each concentric cylinder.



	origin: tuple of floats
	The centre of the base of the cylinder.



	square: boolean
	Specifies whether the cylindrical shape is a sequence of squares or circles







Output


	gridbempp.Grid
	A structured grid.















            

          

      

      

    

  

    
      
          
            
  
bempp.api.space

Definitions of finite element spaces.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/api/function_spaces.html


Submodules



	bempp.api.space.maxwell_spaces

	bempp.api.space.scalar_dual_spaces

	bempp.api.space.scalar_spaces

	bempp.api.space.shapesets

	bempp.api.space.space







Package Contents


Functions







	function_space(grid, kind, degree[, scatter])

	Initialize a function space.







	
bempp.api.space.function_space(grid, kind, degree, scatter=True, **kwargs)

	Initialize a function space.


Parameters


	gridbempp.Grid
	The grid that the space is defined on.



	kindstr
	The space type



	degreeint
	The polynomial degree of the space



	support_elementsnp.array
	The element indices of elements that make up the part
of the mesh on which the space is defined.



	segmentslist
	The segment numbers of the part of the mesh on which the space is defined.



	swapped_normalsbool
	TODO



	scatterbool
	TODO



	include_boundary_dofsbool
	Should degrees of freedom on the boundary of the grid segments be included?



	truncate_at_segment_edgebool
	Should basis functions be truncated at the edge of the grid segment? If this is set to true,
continuous spaces will no longer be continuous across the segment edge.















            

          

      

      

    

  

    
      
          
            
  
bempp.api.space.maxwell_spaces

Definition of Maxwell spaces.


Module Contents


Functions







	_is_screen(grid)

	Check if there is an edge only adjacent to one triangle.



	rwg0_function_space(grid[, support_elements, ...])

	Define a space of RWG functions of order 0.



	rwg0_barycentric_function_space(coarse_space)

	Define a space of RWG functions of order 0 over a barycentric grid.



	snc0_function_space(grid[, support_elements, ...])

	Define a space of SNC functions of order 0.



	snc0_barycentric_function_space(coarse_space)

	Define a space of SNC functions of order 0 over a barycentric grid.



	bc_function_space(grid[, support_elements, segments, ...])

	Define a space of BC functions.



	rbc_function_space(grid[, support_elements, segments, ...])

	Define a space of RBC functions.



	_compute_bc_space_data(grid, bary_grid, coarse_space, ...)

	Generate the BC map.



	_compute_rwg0_space_data(support, edge_neighbors, ...)

	Compute the local2global map for the space.



	generate_rwg0_map(grid_data, support_elements, ...)

	Actually generate the sparse matrix data.



	_numba_rwg0_evaluate(element_index, shapeset_evaluate, ...)

	Evaluate the basis on an element.



	_numba_snc0_evaluate(element_index, shapeset_evaluate, ...)

	Evaluate the basis on an element.



	_numba_snc0_surface_curl(element_index, ...)

	Evaluate the curl on an element.







	
bempp.api.space.maxwell_spaces._is_screen(grid)

	Check if there is an edge only adjacent to one triangle.






	
bempp.api.space.maxwell_spaces.rwg0_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=False, truncate_at_segment_edge=True)

	Define a space of RWG functions of order 0.






	
bempp.api.space.maxwell_spaces.rwg0_barycentric_function_space(coarse_space)

	Define a space of RWG functions of order 0 over a barycentric grid.






	
bempp.api.space.maxwell_spaces.snc0_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=False, truncate_at_segment_edge=True)

	Define a space of SNC functions of order 0.






	
bempp.api.space.maxwell_spaces.snc0_barycentric_function_space(coarse_space)

	Define a space of SNC functions of order 0 over a barycentric grid.






	
bempp.api.space.maxwell_spaces.bc_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=False, truncate_at_segment_edge=True)

	Define a space of BC functions.






	
bempp.api.space.maxwell_spaces.rbc_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=False, truncate_at_segment_edge=True)

	Define a space of RBC functions.






	
bempp.api.space.maxwell_spaces._compute_bc_space_data(grid, bary_grid, coarse_space, truncate_at_segment_edge, swapped_normals)

	Generate the BC map.






	
bempp.api.space.maxwell_spaces._compute_rwg0_space_data(support, edge_neighbors, edge_neighbors_ptr, element_edges, number_of_elements, number_of_edges, include_boundary_dofs, truncate_at_segment_edge)

	Compute the local2global map for the space.






	
bempp.api.space.maxwell_spaces.generate_rwg0_map(grid_data, support_elements, local_coords, coeffs)

	Actually generate the sparse matrix data.






	
bempp.api.space.maxwell_spaces._numba_rwg0_evaluate(element_index, shapeset_evaluate, local_coordinates, grid_data, local_multipliers, normal_multipliers)

	Evaluate the basis on an element.






	
bempp.api.space.maxwell_spaces._numba_snc0_evaluate(element_index, shapeset_evaluate, local_coordinates, grid_data, local_multipliers, normal_multipliers)

	Evaluate the basis on an element.






	
bempp.api.space.maxwell_spaces._numba_snc0_surface_curl(element_index, shapeset_gradient, local_coordinates, grid_data, local_multipliers, normal_multipliers)

	Evaluate the curl on an element.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.space.scalar_dual_spaces

Define scalar spaces on the dual grid.


Module Contents


Functions







	dual0_function_space(grid[, support_elements, ...])

	Define a space of DP0 functions on the dual grid.



	dual1_function_space(grid[, support_elements, ...])

	Define a space of DP1 functions on the dual grid.







	
bempp.api.space.scalar_dual_spaces.dual0_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=False, truncate_at_segment_edge=False)

	Define a space of DP0 functions on the dual grid.






	
bempp.api.space.scalar_dual_spaces.dual1_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=None, truncate_at_segment_edge=False)

	Define a space of DP1 functions on the dual grid.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.space.scalar_spaces

Definition of scalar function spaces.


Module Contents


Functions







	p0_discontinuous_function_space(grid[, ...])

	Define a space of piecewise constant functions.



	p0_barycentric_discontinuous_function_space(coarse_space)

	Define a space of piecewise constant functions over a barycentric grid.



	p1_discontinuous_function_space(grid[, ...])

	Define a discontinuous space of piecewise linear functions.



	p1_continuous_function_space(grid[, support_elements, ...])

	Define a space of continuous piecewise linear functions.



	p1_barycentric_continuous_function_space(coarse_space)

	Define a space of piecewise constant functions over a barycentric grid.



	generate_p1_map(grid_data, support_elements, coeffs)

	Actually generate the sparse matrix data.



	_compute_p1_dof_map(grid_data, support, ...)

	Compute the local2global and local_multipliers maps for P1 space.



	_numba_p0_surface_gradient(element_index, ...)

	Evaluate the surface gradient.



	_numba_p1_surface_gradient(element_index, ...)

	Evaluate the surface gradient.







	
bempp.api.space.scalar_spaces.p0_discontinuous_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=None, truncate_at_segment_edge=None)

	Define a space of piecewise constant functions.






	
bempp.api.space.scalar_spaces.p0_barycentric_discontinuous_function_space(coarse_space)

	Define a space of piecewise constant functions over a barycentric grid.






	
bempp.api.space.scalar_spaces.p1_discontinuous_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=None, truncate_at_segment_edge=None)

	Define a discontinuous space of piecewise linear functions.






	
bempp.api.space.scalar_spaces.p1_continuous_function_space(grid, support_elements=None, segments=None, swapped_normals=None, include_boundary_dofs=False, truncate_at_segment_edge=True)

	Define a space of continuous piecewise linear functions.






	
bempp.api.space.scalar_spaces.p1_barycentric_continuous_function_space(coarse_space)

	Define a space of piecewise constant functions over a barycentric grid.






	
bempp.api.space.scalar_spaces.generate_p1_map(grid_data, support_elements, coeffs)

	Actually generate the sparse matrix data.






	
bempp.api.space.scalar_spaces._compute_p1_dof_map(grid_data, support, include_boundary_dofs, truncate_at_segment_edge, vertex_neighbors, index_ptr)

	Compute the local2global and local_multipliers maps for P1 space.






	
bempp.api.space.scalar_spaces._numba_p0_surface_gradient(element_index, shapeset_gradient, local_coordinates, grid_data, local_multipliers, normal_multipliers)

	Evaluate the surface gradient.






	
bempp.api.space.scalar_spaces._numba_p1_surface_gradient(element_index, shapeset_gradient, local_coordinates, grid_data, local_multipliers, normal_multipliers)

	Evaluate the surface gradient.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.space.shapesets

Definition of shapesets on the reference element.


Module Contents


Classes







	Shapeset

	Definintion of a shapeset on a reference element.








Functions







	_p0_shapeset_evaluate(local_coordinates)

	Evaluate P0 shapeset.



	_p0_shapeset_gradient(local_coordinates)

	Evaluate P0 gradient.



	_p1_disc_shapeset_evaluate(local_coordinates)

	Evaluate P1 discontinuous shapeset.



	_p1_disc_shapeset_gradient(local_coordinates)

	Evaluate P1 discontinuous shapeset gradient.



	_rwg0_shapeset_evaluate(local_coordinates)

	Evaluate RWG 0 shapeset.



	_rwg0_shapeset_gradient(local_coordinates)

	Evaluate RWG 0 shapeset gradient.



	_snc0_shapeset_gradient(local_coordinates)

	Evaluate SNC 0 shapeset gradient.








Attributes







	_SHAPESETS

	







	
class bempp.api.space.shapesets.Shapeset(identifier)

	Bases: object

Definintion of a shapeset on a reference element.


	
property evaluate

	Evaluate the shapeset.






	
property gradient

	Evaluate the gradient of the shapeset.






	
property number_of_shape_functions

	Return the number of shape functions.






	
property identifier

	Return identifier of this shapeset.






	
property dimension

	Return the dimension of the shapeset.










	
bempp.api.space.shapesets._p0_shapeset_evaluate(local_coordinates)

	Evaluate P0 shapeset.






	
bempp.api.space.shapesets._p0_shapeset_gradient(local_coordinates)

	Evaluate P0 gradient.






	
bempp.api.space.shapesets._p1_disc_shapeset_evaluate(local_coordinates)

	Evaluate P1 discontinuous shapeset.






	
bempp.api.space.shapesets._p1_disc_shapeset_gradient(local_coordinates)

	Evaluate P1 discontinuous shapeset gradient.






	
bempp.api.space.shapesets._rwg0_shapeset_evaluate(local_coordinates)

	Evaluate RWG 0 shapeset.






	
bempp.api.space.shapesets._rwg0_shapeset_gradient(local_coordinates)

	Evaluate RWG 0 shapeset gradient.






	
bempp.api.space.shapesets._snc0_shapeset_gradient(local_coordinates)

	Evaluate SNC 0 shapeset gradient.






	
bempp.api.space.shapesets._SHAPESETS

	








            

          

      

      

    

  

    
      
          
            
  
bempp.api.space.space

Generic access to spaces.


Module Contents


Classes







	SpaceBuilder

	Configure and builds a space object.



	FunctionSpace

	Main class for function spaces.








Functions







	function_space(grid, kind, degree[, scatter])

	Initialize a function space.



	return_compatible_representation(*args)

	Return representation of spaces on same grid.



	check_if_compatible(space1, space2)

	Return true if two spaces are compatible.



	map_space_to_points(space[, quadrature_order, ...])

	Return mapper from grid coeffs to point evaluations.



	map_space_to_points_impl(grid_data, local2global, ...)

	Run Numba accelerated computational parts for point map.



	_process_segments(grid, support_elements, segments, ...)

	Process information from support_elements and segments vars.



	invert_local2global(local2global_map, local_multipliers)

	Obtain the global to local dof map from the local to global map.



	make_localised_space(space)

	Return the associated localised space.



	_space_scatter_worker(grid_id, space_id, kind, degree, ...)

	Copy a space to a worker.



	_numba_evaluate(element_index, shapeset_evaluate, ...)

	Evaluate the basis on an element.







	
bempp.api.space.space.function_space(grid, kind, degree, scatter=True, **kwargs)

	Initialize a function space.


Parameters


	gridbempp.Grid
	The grid that the space is defined on.



	kindstr
	The space type



	degreeint
	The polynomial degree of the space



	support_elementsnp.array
	The element indices of elements that make up the part
of the mesh on which the space is defined.



	segmentslist
	The segment numbers of the part of the mesh on which the space is defined.



	swapped_normalsbool
	TODO



	scatterbool
	TODO



	include_boundary_dofsbool
	Should degrees of freedom on the boundary of the grid segments be included?



	truncate_at_segment_edgebool
	Should basis functions be truncated at the edge of the grid segment? If this is set to true,
continuous spaces will no longer be continuous across the segment edge.











	
class bempp.api.space.space.SpaceBuilder(grid)

	Bases: object

Configure and builds a space object.


	
set_codomain_dimension(codomain_dimension)

	Set the codomain dimension.






	
set_support(support)

	Set the support.






	
set_normal_multipliers(normal_multipliers)

	Set normal multipliers.






	
set_order(order)

	Set the order of the space.






	
set_shapeset(shapeset)

	Set the shapeset string.






	
set_local2global(local2global)

	Set the local2global map.






	
set_global2local(global2local)

	Set the global2local map.






	
set_local_multipliers(local_multipliers)

	Set the local multipliers.






	
set_identifier(identifier)

	Set the identifier.






	
set_is_localised(is_localised)

	Set to true if space is localised.






	
set_dof_transformation(dof_transformation)

	Set the dof transformation.






	
set_is_barycentric(is_barycentric)

	Call to define space as barycentric.






	
set_numba_evaluator(basis_evaluator)

	Hand over Numba method that evaluates the basis.






	
set_numba_surface_gradient(surface_gradient)

	Hand over Numba method that evaluates surface gradient.






	
set_numba_surface_curl(surface_curl)

	Hand over Numba method that evaluates surface curl.






	
set_barycentric_representation(barycentric_representation)

	Set barycentric representation.






	
set_collocation_points(collocation_points)

	Define the collocation points.






	
build()

	Build a space object.










	
class bempp.api.space.space.FunctionSpace(grid, codomain_dimension, order, shapeset, local2global_map, global2local_map, local_multipliers, identifier, is_localised, support, normal_multipliers, requires_dof_transformation, is_barycentric, barycentric_representation, dof_transformation, numba_evaluator, numba_surface_gradient, numba_surface_curl, collocation_points)

	Bases: object

Main class for function spaces.

This class is not meant to be initialized on its
own. Rather there are functions for each type
of space that configure this object through a
builder pattern.


	
property grid

	Return the grid.






	
property grid_id

	Return id of base grid.






	
property codomain_dimension

	Return the codomain dimension.






	
property global_dof_count

	Return the global dof count.






	
property grid_dof_count

	Return the grid dof count.






	
property order

	Return order of the space.






	
property local2global

	Return local to global map.






	
property local_multipliers

	Return the multipliers for each local dof.






	
property normal_multipliers

	Return the normal multipliers for each grid element.






	
property global2local

	Return global to local map.






	
property number_of_shape_functions

	Return the number of shape functions on each element.






	
property number_of_support_elements

	Return the number of elements that form the support.






	
property support_elements

	Return the list of elements on which space is supported.






	
property identifier

	Return the identifier.






	
property support

	Return support of the space.






	
property id

	Return id string of the space.






	
property shapeset

	Return the shapeset.






	
property localised_space

	Return the elementwise defined space.






	
property is_localised

	Return true if space is localised.






	
property color_map

	Return a coloring of the grid associated with the space.

The coloring is defined such that if two elements have
the same color then their associated global degrees of
freedom do not intersect. This is important for the
efficient summation of global dofs during the assembly.






	
property map_to_localised_space

	Return a sparse matrix that maps dofs to localised space.






	
property map_to_full_grid

	Return a sparse matrix that maps dofs to localised space on full grid.






	
property dof_transformation

	Return transformation from global dofs to space dofs.






	
property requires_dof_transformation

	Return true if the dof transformation matrix is not the identity.






	
property is_barycentric

	Return true if space is defined over barycentric grid.






	
property hash

	Return hash string for space comparison.






	
property numba_evaluate

	Return the basis evaluator.






	
property numba_surface_gradient

	Return the surface gradient evaluator.






	
property numba_surface_curl

	Return the surface curl evaluator.






	
property has_surface_gradient

	Return True if surface gradient is defined.






	
property has_surface_curl

	Return True if surface curl is defined.






	
property collocation_points

	Return collocation points.






	
cell_dofs(cell_index)

	Return the DOF numbers associated with the cell.






	
barycentric_representation()

	Return barycentric_representation if it exists.






	
map_to_points(quadrature_order=None, return_transpose=False)

	Return a map from function space coefficients to point evaluations.

Creates a mapping from function space coefficients to Green’s fct.
coefficients. Needed mainly for FMM evaluations. The point definition
is the quadrature order of the underlying quadrature rule. If
‘return_transpose’ is true then then transpose of the operator is returned.






	
get_elements_by_color()

	Return color sorted elements and their index positions.

This method returns a tuple (sorted_indices, indexptr) so that
all element indices with color i are contained in
sorted_indices[indexptr[i]:indexptr[i+1]].






	
evaluate(element_index, local_coordinates)

	Evaluate the basis on an element.

Returns an array of the form
(codomain_dimension, number_of_shape_functions, number_of_eval_points)
that contains the basis functions evaluated at the given points.






	
surface_gradient(element_index, local_coordinates)

	Return the surface gradient.






	
surface_curl(element_index, element, local_coordinates)

	Return the surface gradient.






	
mass_matrix()

	Return the mass matrix associated with this space.






	
inverse_mass_matrix()

	Return the inverse mass matrix for this space.






	
_generate_hash()

	Generate a hash for the space object.






	
is_compatible(other)

	Check if space is compatible with other space.






	
_set_id(new_id)

	Assign a new id string to the space.






	
_compute_color_map()

	Compute the color map.






	
_sort_elements_by_color()

	Implement elements by color computation.






	
__eq__(other)

	Check if spaces are compatible.










	
bempp.api.space.space.return_compatible_representation(*args)

	Return representation of spaces on same grid.






	
bempp.api.space.space.check_if_compatible(space1, space2)

	Return true if two spaces are compatible.






	
bempp.api.space.space.map_space_to_points(space, quadrature_order=None, return_transpose=False)

	Return mapper from grid coeffs to point evaluations.






	
bempp.api.space.space.map_space_to_points_impl(grid_data, local2global, local_multipliers, normal_multipliers, support_elements, numba_evaluate, shape_fun, local_points, weights, number_of_shape_functions)

	Run Numba accelerated computational parts for point map.






	
bempp.api.space.space._process_segments(grid, support_elements, segments, swapped_normals)

	Process information from support_elements and segments vars.






	
bempp.api.space.space.invert_local2global(local2global_map, local_multipliers)

	Obtain the global to local dof map from the local to global map.






	
bempp.api.space.space.make_localised_space(space)

	Return the associated localised space.






	
bempp.api.space.space._space_scatter_worker(grid_id, space_id, kind, degree, kwargs)

	Copy a space to a worker.






	
bempp.api.space.space._numba_evaluate(element_index, shapeset_evaluate, local_coordinates, grid_data, local_multipliers, normal_multipliers)

	Evaluate the basis on an element.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils

Interface to various utility modules.


Submodules



	bempp.api.utils.data_types

	bempp.api.utils.helpers

	bempp.api.utils.interpolation

	bempp.api.utils.octree

	bempp.api.utils.parameters

	bempp.api.utils.pool

	bempp.api.utils.remote_operator

	bempp.api.utils.timing

	bempp.api.utils.which







Package Contents


Classes







	DefaultParameters

	Default parameters for Bempp.



	Octree

	Data structure for handling Octrees.








Functions







	which

	A Python implemenation of the Unix which command.







	
bempp.api.utils.which(program)

	Run the Unix which command in Python.






	
class bempp.api.utils.DefaultParameters

	Bases: object

Default parameters for Bempp.






	
class bempp.api.utils.Octree(lbound, ubound, maximum_level, vertices)

	Bases: object

Data structure for handling Octrees.


	
property diameter

	Return diameter of the Octree in each dimension.






	
property lower_bound

	Return lower bound of Octree in each dimension.






	
property upper_bound

	Return upper bound of Octree in each dimension.






	
property maximum_level

	Return the maximum level.






	
property vertices

	Return the vertices.






	
property non_empty_leaf_nodes

	Return the non-empty leaf nodes.






	
property sorted_indices

	Return the indices sorted by leaf node.






	
property leaf_nodes_ptr

	Return the index pointers for the leaf node elements.

Returns an array index_ptr, such that the indices
from the jth non-empty leaf node can be obtained
by self.sorted_indices[index_ptr[j]:index_ptr[j+1]]
and the associated node index through
self._non_empty_leaf_nodes[j].






	
property non_empty_nodes_by_level

	Return the non-empty nodes by level.






	
property non_empty_nodes_ptr

	Return the index pointers for non-empty nodes by level.

Returns an array index_ptr, such that the non-empty nodes
of the jth level are given by
self.non_empty_nodes_by_level[index_ptr[j]:index_ptr[j+1]].






	
property near_field_nodes

	Return near field nodes.






	
property near_field_nodes_ptr

	Return an index ptr to the near field nodes.

Returns an array index_ptr, such that
self.near_field_nodes[index_ptr[j]:index_ptr[j+1]]
contains the near field nodes for all nodes in level j.
There are 27 entries for each near field node. The
sequence of nodes is the same as for the array
non_empty_nodes_by_level.






	
parent(node_index)

	Return the parent index of a node.






	
children(node_index)

	Return an iterator over the child indices.






	
nodes_per_side(level)

	Return number of nodes along each dimension.






	
nodes_per_level(level)

	Return the number of nodes in a given level.






	
leaf_containing_point(point)

	Return the Morton index of a node containing the point.






	
node_bounds(morton_index, level)

	Return the lower/upper bound of a node by Morton index.

The method returns a tuple (lbound, ubound) which define
the lower and upper corners of a node given by its Morton index.






	
neighbors(node_index, level)

	Return a list of indices of the neighbors of a node.






	
node_diameter(level)

	Return node diameter in a given level.






	
_assign_nodes(vertices)

	Compute leaf-nodes and parents.






	
_compute_nearfields()

	Compute near fields of all non empty nodes.

Each node can have at most 27 near field nodes (including
the node itself). If a near field node does not exist or is empty
then the value -1 is stored, otherwise the node number.






	
_compute_interaction_list()

	Compute the interaction list for each non empty node.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.data_types

Data type checks.


Module Contents


Functions







	check_type(name[, default])

	Try to convert input into a numpy.dtype object.



	combined_type(dtype1, dtype2)

	Return a type that is compatible with dtype1 and dtype2.







	
bempp.api.utils.data_types.check_type(name, default='float64')

	Try to convert input into a numpy.dtype object.






	
bempp.api.utils.data_types.combined_type(dtype1, dtype2)

	Return a type that is compatible with dtype1 and dtype2.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.helpers

Various helper routines.


Module Contents


Classes







	MemProfiler

	Context manager to measure mem usage in bytes.








Functions







	create_unique_id()

	Create a unique id.



	align_array(arr, dtype, order)

	Make sure that an array is contiguous and aligned with the right type.



	assign_parameters(parameters)

	Assign a parameter object based on input.



	promote_to_double_precision(array)

	Convert an array to real or complex double precision.



	serialise_list_of_lists(array)

	Serialise a list of lists (or other iterable).



	get_type(precision)

	Return a TypeContainer depending on the given precision.



	numba_decorate(fun)

	Decorate a function for Numba.



	get_mass_matrix(domain, dual_to_range)

	Directly get a mass matrix.



	get_inverse_mass_matrix(domain, dual_to_range)

	Quickly get an inverse mass matrix operator.








Attributes







	TypeContainer

	







	
bempp.api.utils.helpers.create_unique_id()

	Create a unique id.






	
bempp.api.utils.helpers.align_array(arr, dtype, order)

	Make sure that an array is contiguous and aligned with the right type.

If order=’F’ use Fortran order. If order=’C’ use
C order.






	
bempp.api.utils.helpers.assign_parameters(parameters)

	Assign a parameter object based on input.

If parameters is None return the global_parameters object.
Otherwise, return the parameters object again.






	
bempp.api.utils.helpers.promote_to_double_precision(array)

	Convert an array to real or complex double precision.






	
bempp.api.utils.helpers.serialise_list_of_lists(array)

	Serialise a list of lists (or other iterable).

Returns a tuple (new_array, index_ptr), such
that array[j] = new_array[index_ptr[j] : index_ptr[j + 1]]






	
bempp.api.utils.helpers.TypeContainer

	




	
bempp.api.utils.helpers.get_type(precision)

	Return a TypeContainer depending on the given precision.






	
class bempp.api.utils.helpers.MemProfiler

	Context manager to measure mem usage in bytes.


	
__enter__()

	Enter.






	
__exit__(*args)

	Exit.










	
bempp.api.utils.helpers.numba_decorate(fun)

	Decorate a function for Numba.






	
bempp.api.utils.helpers.get_mass_matrix(domain, dual_to_range)

	Directly get a mass matrix.

Frequently, operations need a discrete mass matrix.
This method provides it and if possible uses the
mass matrix attribute from the corresponding function
space in order to allow quick caching.






	
bempp.api.utils.helpers.get_inverse_mass_matrix(domain, dual_to_range)

	Quickly get an inverse mass matrix operator.

Uses the cached version from a function space if
possible.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.interpolation

Helper routines for Chebychev interpolation.


Module Contents


Classes







	ChebychevInterpolation

	Class providing methods for Chebychev interpolation.








Functions







	chebychev_nodes_and_weights_second_kind(order)

	Return the Chebychev nodes and weights for a given order.



	evaluate_kernel_on_interpolation_points(kernel_type, ...)

	Return a kernel evaluation on Chebychev points.



	evaluate_laplace_kernel_on_interpolation_points(...)

	Evaluate the Laplace kernel at the given points.



	evaluate_helmholtz_kernel_on_interpolation_points(...)

	Evaluate the Laplace kernel at the given points.



	chebychev_tensor_points_3d(lbound, ubound, nodes)

	Create Chebychev points associated with a 3d tensor grid.



	evaluate_interp_polynomial(nodes, weights, values, ...)

	Evaluate an interpolation polynomial.



	evaluate_tensor_interp_polynomial(nodes, weights, ...)

	Evaluate a tensor interpolation polynomial.



	chebychev_differentiation_matrix(nodes, weights)

	Return a Chebychev differentiation matrix.







	
class bempp.api.utils.interpolation.ChebychevInterpolation(order)

	Bases: object

Class providing methods for Chebychev interpolation.


	
property nodes

	Return nodes.






	
property weights

	Return weights.






	
property differentiation_matrix

	Return Chebychev differentiation matrix.






	
evaluate(values, evaluation_points)

	Evaluate interpolation polynomial.

Evaluates the interpolation polynomial with data
given in the array values at the points in
the array evaluation_points.






	
differentiate(values)

	Differentiate the polynomial defined by values.










	
bempp.api.utils.interpolation.chebychev_nodes_and_weights_second_kind(order)

	Return the Chebychev nodes and weights for a given order.

This function computes the Chebychev nodes of the second
kind defined as x_j = cos (pi * j / order) for j = 0 .. order.

The corresponding weights w_j are required for the evaluation
of the associated interpolation polynomial via barycentric
interpolation. For the Chebychev nodes of the second kind
it holds that w_j = (-1)^j * d_j with d_j = 1/2 for j = 0
or j = order and d_j = 1 otherwise.






	
bempp.api.utils.interpolation.evaluate_kernel_on_interpolation_points(kernel_type, lboundx, uboundx, lboundy, uboundy, nodes, device_interface=None, precision='double', **kwargs)

	Return a kernel evaluation on Chebychev points.

This routine supports the evaluation of Laplace and
Helmholtz kernels of the form k(x, y) on 3d Tensor grids.
It returns a matrix (k(x,_i, y_j)), where the x_i
are points in the box defined by lboundx and uboundx and
y_i are points in the box defined by lboundy and uboundy.

The x_i and y_i are obtained from the 1d array of nodes by
iterating the nodes array over the three space dimensions
and scaling them appropriately to fit in the boxes.
The points are generated in the same order as the following
code snippet (scaling excluded for simplicity):

npoints = len(nodes)
tensor_points = _np.empty((npoints**3, 3), _np.float64)
for i in range(npoints):



	for j in range(npoints):
	
	for k in range(npoints):
	tensor_points[i * npoints**2 + j * npoints + k, :] =                     nodes[i], nodes[j], nodes[k]












Hence, the inner dimension is the fastest changing one.


Attributes


	kernel_typestring
	Either ‘laplace’ or ‘helmholtz’ to specify whether to
evaluate a Laplace or a Helmholtz kernel.



	lboundxNumpy array
	An array specifying the lower bound for the x-component
box.



	uboundxNumpy array
	An array specifying the upper bound for the x-component box.



	lboundyNumpy array
	An array specifying the lower bound for the y-component
box.



	uboundyNumpy array
	An array specifying the upper bound for the y-component box.



	nodesarray
	An array of 1d nodes defined in the interval [-1, 1] which are
used as basis for the tensor points.



	kwargskeyword arguments
	The currently supported keyword argument is wavenumber
to specify the wavenumber for Helmholtz kernels.











	
bempp.api.utils.interpolation.evaluate_laplace_kernel_on_interpolation_points(pointsx, pointsy)

	Evaluate the Laplace kernel at the given points.






	
bempp.api.utils.interpolation.evaluate_helmholtz_kernel_on_interpolation_points(pointsx, pointsy, wavenumber)

	Evaluate the Laplace kernel at the given points.






	
bempp.api.utils.interpolation.chebychev_tensor_points_3d(lbound, ubound, nodes)

	Create Chebychev points associated with a 3d tensor grid.






	
bempp.api.utils.interpolation.evaluate_interp_polynomial(nodes, weights, values, evaluation_points)

	Evaluate an interpolation polynomial.

This function uses barycentric evaluation for
stability. The data values are assumed to be real.






	
bempp.api.utils.interpolation.evaluate_tensor_interp_polynomial(nodes, weights, values, evaluation_points)

	Evaluate a tensor interpolation polynomial.

This function evaluates a tensor chebychev basis with
specified weights at a given set of evaluation points.


Attributes


	nodesNumpy array
	1d array of interpolation points



	weightsNumpy array
	Associated array of barycentric weights



	valuesNumpy array
	3d array of values at interpolation points.
The dimensions specify the values along the
(x, y, z) axis with z being the inner most axis.
For k interpolation nodes there are k values along
each dimension.



	evaluation_pointsNumpy array
	(N x 3) array of N evaluation points in 3 dimension.











	
bempp.api.utils.interpolation.chebychev_differentiation_matrix(nodes, weights)

	Return a Chebychev differentiation matrix.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.octree

Implementation of an octree in Python.


Module Contents


Classes







	Octree

	Data structure for handling Octrees.








Functions







	_make_unique(ar)

	Find unique elements.



	_in_range(n1, n2, n3, bound)

	Check if 0 <= n1, n2, n3 < bound.



	morton(indices)

	Encode an integer tuple (i1, i2, i3) via Morton encoding.



	de_morton(index)

	Decode a Morton index.



	_neighbors(node_index, level)

	Return a list of neighbors of a given node.



	_dilate(number)

	Dilate an integer for the Morton encoding.



	_contract(number)

	Undo dilation.







	
class bempp.api.utils.octree.Octree(lbound, ubound, maximum_level, vertices)

	Bases: object

Data structure for handling Octrees.


	
property diameter

	Return diameter of the Octree in each dimension.






	
property lower_bound

	Return lower bound of Octree in each dimension.






	
property upper_bound

	Return upper bound of Octree in each dimension.






	
property maximum_level

	Return the maximum level.






	
property vertices

	Return the vertices.






	
property non_empty_leaf_nodes

	Return the non-empty leaf nodes.






	
property sorted_indices

	Return the indices sorted by leaf node.






	
property leaf_nodes_ptr

	Return the index pointers for the leaf node elements.

Returns an array index_ptr, such that the indices
from the jth non-empty leaf node can be obtained
by self.sorted_indices[index_ptr[j]:index_ptr[j+1]]
and the associated node index through
self._non_empty_leaf_nodes[j].






	
property non_empty_nodes_by_level

	Return the non-empty nodes by level.






	
property non_empty_nodes_ptr

	Return the index pointers for non-empty nodes by level.

Returns an array index_ptr, such that the non-empty nodes
of the jth level are given by
self.non_empty_nodes_by_level[index_ptr[j]:index_ptr[j+1]].






	
property near_field_nodes

	Return near field nodes.






	
property near_field_nodes_ptr

	Return an index ptr to the near field nodes.

Returns an array index_ptr, such that
self.near_field_nodes[index_ptr[j]:index_ptr[j+1]]
contains the near field nodes for all nodes in level j.
There are 27 entries for each near field node. The
sequence of nodes is the same as for the array
non_empty_nodes_by_level.






	
parent(node_index)

	Return the parent index of a node.






	
children(node_index)

	Return an iterator over the child indices.






	
nodes_per_side(level)

	Return number of nodes along each dimension.






	
nodes_per_level(level)

	Return the number of nodes in a given level.






	
leaf_containing_point(point)

	Return the Morton index of a node containing the point.






	
node_bounds(morton_index, level)

	Return the lower/upper bound of a node by Morton index.

The method returns a tuple (lbound, ubound) which define
the lower and upper corners of a node given by its Morton index.






	
neighbors(node_index, level)

	Return a list of indices of the neighbors of a node.






	
node_diameter(level)

	Return node diameter in a given level.






	
_assign_nodes(vertices)

	Compute leaf-nodes and parents.






	
_compute_nearfields()

	Compute near fields of all non empty nodes.

Each node can have at most 27 near field nodes (including
the node itself). If a near field node does not exist or is empty
then the value -1 is stored, otherwise the node number.






	
_compute_interaction_list()

	Compute the interaction list for each non empty node.










	
bempp.api.utils.octree._make_unique(ar)

	Find unique elements.

An implementation of Numpy unique for Numba.






	
bempp.api.utils.octree._in_range(n1, n2, n3, bound)

	Check if 0 <= n1, n2, n3 < bound.






	
bempp.api.utils.octree.morton(indices)

	Encode an integer tuple (i1, i2, i3) via Morton encoding.






	
bempp.api.utils.octree.de_morton(index)

	Decode a Morton index.






	
bempp.api.utils.octree._neighbors(node_index, level)

	Return a list of neighbors of a given node.






	
bempp.api.utils.octree._dilate(number)

	Dilate an integer for the Morton encoding.






	
bempp.api.utils.octree._contract(number)

	Undo dilation.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.parameters

Define the default parameters object.


Module Contents


Classes







	_Verbosity

	Verbosity Parameters.



	_Output

	Output parameters.



	_Quadrature

	Quadrature orders.



	_Fmm

	Fmm options.



	_DenseAssembly

	Dense assembly options.



	_Assembly

	Assembly options.



	DefaultParameters

	Default parameters for Bempp.







	
class bempp.api.utils.parameters._Verbosity

	Bases: object

Verbosity Parameters.






	
class bempp.api.utils.parameters._Output

	Bases: object

Output parameters.






	
class bempp.api.utils.parameters._Quadrature

	Bases: object

Quadrature orders.






	
class bempp.api.utils.parameters._Fmm

	Bases: object

Fmm options.






	
class bempp.api.utils.parameters._DenseAssembly

	Bases: object

Dense assembly options.






	
class bempp.api.utils.parameters._Assembly

	Bases: object

Assembly options.






	
class bempp.api.utils.parameters.DefaultParameters

	Bases: object

Default parameters for Bempp.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.pool

Routines to administrate a process pool.


Module Contents


Classes







	Pool

	A simple pool.








Functions







	worker(in_queue, out_queue, worker_id, nworkers, buf, ...)

	Definition of a worker.



	as_array(dtype, offset, shape)

	Return part of the buffer as array.



	to_buffer(*args)

	Save a number of numpy arrays to a buffer.



	from_buffer(arrays)

	Retrieve arrays from buffer.



	_raise_if_not_worker(name)

	Raise exception if not in worker.



	number_of_workers()

	Return number of workers.



	insert_data(key, data)

	Insert data.



	is_initialised()

	Return true if pool is initialised.



	clear_data()

	Clear the data in all workers.



	get_data(key)

	Return data.



	get_id()

	Return my id.



	remove_key(key)

	Remove data from pool.



	has_key(key)

	Return if key exists in pool data.



	is_worker()

	Return true if called from worker process.



	create_device_pool(identifier[, buffer_size, log, ...])

	Create a pool based on a given platform identifer.



	create_pool(nworkers[, buffer_size, log, log_level])

	Create a pool.



	nworkers()

	Get number of workers.



	map(fun, args)

	Corresponds to multiprocessing map.



	starmap(fun, args)

	Corresponds to multiprocessing map.



	execute(fun, *args)

	Execute function with the same arguments on all workers.



	_assign_ids(nworkers)

	Assign pool ids.



	shutdown()

	Shutdown the pool.



	_execute_function_without_arguments(fun)

	Execute function without arguments.



	_remove_key_worker(key)

	



	_init_device_worker(identifier, precision)

	Worker to initialise device.



	_clear_data_worker()

	Clear worker.








Attributes







	_DATA

	



	_MY_ID

	



	_USE_THREADS

	



	_POOL

	



	_NWORKERS

	



	_IN_WORKER

	



	_BUFFER

	







	
bempp.api.utils.pool._DATA

	




	
bempp.api.utils.pool._MY_ID

	




	
bempp.api.utils.pool._USE_THREADS

	




	
bempp.api.utils.pool._POOL

	




	
bempp.api.utils.pool._NWORKERS

	




	
bempp.api.utils.pool._IN_WORKER = False

	




	
bempp.api.utils.pool._BUFFER

	




	
bempp.api.utils.pool.worker(in_queue, out_queue, worker_id, nworkers, buf, log, log_level)

	Definition of a worker.






	
bempp.api.utils.pool.as_array(dtype, offset, shape)

	Return part of the buffer as array.


Parameters


	dtypeNumpy dtype object
	The type of the array



	offsetint
	Start index in buffer



	nitemsint
	Number of items of type dtype











	
bempp.api.utils.pool.to_buffer(*args)

	Save a number of numpy arrays to a buffer.






	
bempp.api.utils.pool.from_buffer(arrays)

	Retrieve arrays from buffer.

arrays is a list of tuples
[(dtype1, shape1), (dtype2, shape2), …],
where dtype is the type of the array and shape
is a shape tuple.






	
class bempp.api.utils.pool.Pool(nworkers, buffer_size=100, log=False, log_level='info')

	Bases: object

A simple pool.

This pool is different from the multiprocessing pool
in that map operations are guaranteed to execute on
all processes, and we can directly target individual
processes.


	
property number_of_workers

	Return number of workers.






	
_map_impl(fun, args, options)

	Map implementation.






	
map(fun, args=None)

	Map function onto workers.






	
starmap(fun, args)

	Map function onto workers.






	
shutdown()

	Shutdown all workers.










	
bempp.api.utils.pool._raise_if_not_worker(name)

	Raise exception if not in worker.






	
bempp.api.utils.pool.number_of_workers()

	Return number of workers.






	
bempp.api.utils.pool.insert_data(key, data)

	Insert data.






	
bempp.api.utils.pool.is_initialised()

	Return true if pool is initialised.






	
bempp.api.utils.pool.clear_data()

	Clear the data in all workers.






	
bempp.api.utils.pool.get_data(key)

	Return data.






	
bempp.api.utils.pool.get_id()

	Return my id.






	
bempp.api.utils.pool.remove_key(key)

	Remove data from pool.






	
bempp.api.utils.pool.has_key(key)

	Return if key exists in pool data.






	
bempp.api.utils.pool.is_worker()

	Return true if called from worker process.






	
bempp.api.utils.pool.create_device_pool(identifier, buffer_size=100, log=False, log_level='info', max_workers=-1, precision=None)

	Create a pool based on a given platform identifer.


	identifierstring
	A unique identifier that is part of the platform name.
Used to find the correct platform.



	buffer_sizeint
	Shared memory buffer size in MB



	logBoolean
	Set to True to log workers.



	log_levelString
	Logging level. One of ‘debug’, ‘info’, ‘warning’, ‘error’, ‘critical’



	max_workersint
	Maximum number of workers. If max_workers=-1 (default)
the maximum number of workers is identical to the number
of devices in the pool.



	precisionstring or None
	Precision for the devices in the pool. If precision is None use
single precision for GPU devices and double precision for CPU devices.
If precision is ‘single’ or ‘double’ use the corresponding mode for the pool.










	
bempp.api.utils.pool.create_pool(nworkers, buffer_size=100, log=False, log_level='info')

	Create a pool.






	
bempp.api.utils.pool.nworkers()

	Get number of workers.






	
bempp.api.utils.pool.map(fun, args)

	Corresponds to multiprocessing map.






	
bempp.api.utils.pool.starmap(fun, args)

	Corresponds to multiprocessing map.






	
bempp.api.utils.pool.execute(fun, *args)

	Execute function with the same arguments on all workers.






	
bempp.api.utils.pool._assign_ids(nworkers)

	Assign pool ids.






	
bempp.api.utils.pool.shutdown()

	Shutdown the pool.






	
bempp.api.utils.pool._execute_function_without_arguments(fun)

	Execute function without arguments.






	
bempp.api.utils.pool._remove_key_worker(key)

	




	
bempp.api.utils.pool._init_device_worker(identifier, precision)

	Worker to initialise device.






	
bempp.api.utils.pool._clear_data_worker()

	Clear worker.










            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.remote_operator

Implementation of MPI based remote operators.


Module Contents


Classes







	Message

	Messages for remote workers.



	RemoteManager

	Manage remote worker execution.



	RemoteBlockedOperator

	Define a remote blocked operator.



	RemoteBlockedDiscreteOperator

	Implementation of a discrete blocked boundary operator.








Functions







	get_remote_manager()

	Initialize remote manager.








Attributes







	MPI_SIZE

	



	MPI_RANK

	



	COMM

	



	_REMOTE_MANAGER

	







	
bempp.api.utils.remote_operator.MPI_SIZE

	




	
bempp.api.utils.remote_operator.MPI_RANK

	




	
bempp.api.utils.remote_operator.COMM

	




	
bempp.api.utils.remote_operator._REMOTE_MANAGER

	




	
class bempp.api.utils.remote_operator.Message(status, operator_tag=None, is_complex=False, nelements=None)

	Messages for remote workers.






	
class bempp.api.utils.remote_operator.RemoteManager

	Manage remote worker execution.


	
property tags

	Return tags.






	
register(op)

	Register operator for remote execution.






	
execute_worker()

	Execute on workers.






	
send_data(msg, dest, operator_tag=None, data=None)

	Send data to destination rank.






	
send_error(msg, operator_tag)

	Send error message to master.






	
receive_data(source)

	Receive data.






	
submit_computation(op, x)

	Submit computation to operator.






	
receive_result(op)

	Receive result from a specific operator.






	
assemble(op)

	Assemble a given remote operator.






	
barrier()

	Use barrier operation for workers.






	
get_operator_dtype(tag)

	Get dtype of remote operator.






	
shutdown()

	Shutdown all workers.






	
_group_by_rank(tags)

	Group tags by for parallel computation.

Given a list of tags (with possible repetitions).
Return a list of list of positions in the tags list
that is sorted so that each sublist does not have repeating
ranks. This allows to distribute the computations effectively
on the ranks.






	
assemble_parallel(ops)

	Assemble a list of operators in parallel.






	
compute_parallel(tasks)

	Compute in parallel.


Parameters


	taskslist
	A list [(op1, data1), (op2, data2), …]
of operators and associated vectors.





Returns a list [result1, result2, …]
of the results of the computation.

Operators are allowed to appear repeatedly in the list
and are scheduled correctly.











	
bempp.api.utils.remote_operator.get_remote_manager()

	Initialize remote manager.






	
class bempp.api.utils.remote_operator.RemoteBlockedOperator(m, n)

	Bases: bempp.api.assembly.blocked_operator.BlockedOperator

Define a remote blocked operator.


	
_assemble()

	Assemble the operator.










	
class bempp.api.utils.remote_operator.RemoteBlockedDiscreteOperator(ops)

	Bases: bempp.api.assembly.discrete_boundary_operator._DiscreteOperatorBase

Implementation of a discrete blocked boundary operator.


	
abstract property A

	Return as dense Numpy array.






	
row_dimensions

	




	
column_dimensions

	




	
__getitem__(key)

	Return the object at position (i, j).






	
_get_shape(op)

	Get shape of boundary operator.






	
_fill_complete()

	Check if the fill is complete.






	
_matvec(x)

	Perform matrix vector multiplication.






	
_get_row_dimensions()

	Return the number of rows.






	
_get_column_dimensions()

	Return the number of columns.






	
abstract _transpose()

	Implement the transpose.






	
abstract _adjoint()

	Implement the adjoint.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.timing

Timing functions.


Module Contents


Classes







	Timer

	Context manager to measure time in Bempp.








Functions







	timeit(message)

	Time a method in Bempp.







	
bempp.api.utils.timing.timeit(message)

	Time a method in Bempp.






	
class bempp.api.utils.timing.Timer

	Context manager to measure time in Bempp.


	
__enter__()

	Enter.






	
__exit__(*args)

	Exit.














            

          

      

      

    

  

    
      
          
            
  
bempp.api.utils.which

A Python implemenation of the Unix which command.


Module Contents


Functions







	which(program)

	Run the Unix which command in Python.







	
bempp.api.utils.which.which(program)

	Run the Unix which command in Python.










            

          

      

      

    

  

    
      
          
            
  
bempp.core

Core Bempp assembly routines.

Documentation of the functionality of this module and examples
can be found at https://bempp.com/handbook/core/assembling_operators.html


Submodules



	bempp.core.dense_assembler

	bempp.core.dense_potential_assembler

	bempp.core.diagonal_assembler

	bempp.core.dispatcher

	bempp.core.numba_assemblers

	bempp.core.numba_kernels

	bempp.core.opencl_assemblers

	bempp.core.opencl_kernels

	bempp.core.singular_assembler

	bempp.core.sparse_assembler









            

          

      

      

    

  

    
      
          
            
  
bempp.core.dense_assembler

Dense assembly.


Module Contents


Classes







	DenseAssembler

	Implementation of a dense assembler for integral operators.








Functions







	assemble_dense(domain, dual_to_range, parameters, ...)

	Assembles the operator and returns a dense matrix.







	
class bempp.core.dense_assembler.DenseAssembler(domain, dual_to_range, parameters=None)

	Bases: bempp.api.assembly.assembler.AssemblerBase

Implementation of a dense assembler for integral operators.


	
assemble(operator_descriptor, device_interface, precision, *args, **kwargs)

	Dense assembly of the integral operator.










	
bempp.core.dense_assembler.assemble_dense(domain, dual_to_range, parameters, operator_descriptor, device_interface)

	Assembles the operator and returns a dense matrix.










            

          

      

      

    

  

    
      
          
            
  
bempp.core.dense_potential_assembler

Implementation of potential operators.


Module Contents


Classes







	DensePotentialAssembler

	Implementation of a potential assembler.







	
class bempp.core.dense_potential_assembler.DensePotentialAssembler(space, operator_descriptor, points, device_interface, parameters=None)

	Bases: object

Implementation of a potential assembler.


	
evaluate(x)

	Call the potential evaluator.














            

          

      

      

    

  

    
      
          
            
  
bempp.core.diagonal_assembler

Diagonal assembly.


Module Contents


Classes







	DiagonalAssembler

	Implementation of a diagonal assembler for integral operators.







	
class bempp.core.diagonal_assembler.DiagonalAssembler(domain, dual_to_range, parameters=None)

	Bases: bempp.api.assembly.assembler.AssemblerBase

Implementation of a diagonal assembler for integral operators.


	
assemble(operator_descriptor, device_interface, precision, *args, **kwargs)

	Diagonal assembly of the integral operator.














            

          

      

      

    

  

    
      
          
            
  
bempp.core.dispatcher

Dispatch kernel calls to different implementations.


Module Contents


Functions







	singular_assembler_dispatcher(device_interface, *args)

	Dispatch the singular assembler to the different implementations.



	dense_assembler_dispatcher(device_interface, *args)

	Dispatcher for dense assemblers.



	potential_dispatcher(device_interface, *args)

	Potential assembler dispatcher.







	
bempp.core.dispatcher.singular_assembler_dispatcher(device_interface, *args)

	Dispatch the singular assembler to the different implementations.






	
bempp.core.dispatcher.dense_assembler_dispatcher(device_interface, *args)

	Dispatcher for dense assemblers.






	
bempp.core.dispatcher.potential_dispatcher(device_interface, *args)

	Potential assembler dispatcher.










            

          

      

      

    

  

    
      
          
            
  
bempp.core.numba_assemblers

Actual implementation of Numba assemblers.


Module Contents


Functions







	singular_assembler(device_interface, ...)

	Numba assembler for the singular part of integral operators.



	dense_assembler(device_interface, operator_descriptor, ...)

	Numba based dense assembler.



	potential_assembler(device_interface, space, ...)

	Return an evaluator function to evaluate a potential.







	
bempp.core.numba_assemblers.singular_assembler(device_interface, operator_descriptor, grid, domain, dual_to_range, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, kernel_options, result)

	Numba assembler for the singular part of integral operators.






	
bempp.core.numba_assemblers.dense_assembler(device_interface, operator_descriptor, domain, dual_to_range, parameters, result)

	Numba based dense assembler.






	
bempp.core.numba_assemblers.potential_assembler(device_interface, space, operator_descriptor, points, parameters)

	Return an evaluator function to evaluate a potential.










            

          

      

      

    

  

    
      
          
            
  
bempp.core.numba_kernels

Kernels for assembly using Numba.


Module Contents


Functions







	select_numba_kernels(operator_descriptor[, mode])

	Select the Numba kernels.



	get_piola_transform(grid_data, elements, local_points)

	Compute the Piola transform.



	get_edge_lengths(grid_data, elements)

	Compute the edge lengths for the given elements.



	get_global_points(grid_data, elements, local_points)

	Get global points.



	get_normals(grid_data, nrepetitions, elements, multipliers)

	Get normals to be repeated n times per element.



	elements_adjacent(elements, index1, index2)

	Check if two elements are adjacent.



	laplace_single_layer_regular(test_point, trial_points, ...)

	Evaluate Laplace single layer for regular kernels.



	laplace_double_layer_regular(test_point, trial_points, ...)

	Evaluate Laplace double layer for regular kernels.



	laplace_adjoint_double_layer_regular(test_point, ...)

	Evaluate Laplace adjoint double layer for regular kernels.



	laplace_single_layer_singular(test_points, ...)

	Evaluate Laplace single layer for singular kernels.



	laplace_double_layer_singular(test_points, ...)

	Evaluate Laplace double layer for singular kernels.



	laplace_adjoint_double_layer_singular(test_points, ...)

	Evaluate Laplace adjoint double layer for singular kernels.



	helmholtz_single_layer_regular(test_point, ...)

	Evaluate Helmholtz single layer for regular kernels.



	helmholtz_double_layer_regular(test_point, ...)

	Evaluate Helmholtz double layer for regular kernels.



	helmholtz_adjoint_double_layer_regular(test_point, ...)

	Evaluate Helmholtz adjoint double layer for regular kernels.



	helmholtz_far_field_single_layer(test_point, ...)

	Evaluate Helmholtz single layer for regular kernels.



	helmholtz_far_field_double_layer(test_point, ...)

	Evaluate Helmholtz single layer for regular kernels.



	helmholtz_single_layer_singular(test_points, ...)

	Evaluate Helmholtz single layer for regular kernels.



	helmholtz_double_layer_singular(test_points, ...)

	Evaluate Helmholtz double layer for singular kernels.



	helmholtz_adjoint_double_layer_singular(test_points, ...)

	Evaluate Helmholtz adjoint double layer for singular kernels.



	modified_helmholtz_single_layer_regular(test_points, ...)

	Evaluate Modified Helmholtz single layer for regular kernels.



	modified_helmholtz_single_layer_singular(test_points, ...)

	Evaluate Modified Helmholtz single layer for singular kernels.



	modified_helmholtz_double_layer_regular(test_points, ...)

	Evaluate Modified Helmholtz double layer for regular kernels.



	modified_helmholtz_double_layer_singular(test_points, ...)

	Evaluate Modified Helmholtz double layer for singular kernels.



	modified_helmholtz_adjoint_double_layer_regular(...)

	Evaluate Modified Helmholtz adjoint double layer for regular kernels.



	modified_helmholtz_adjoint_double_layer_singular(...)

	Evaluate Modified Helmholtz adjoint double layer for singular kernels.



	l2_identity_kernel(grid_data, nshape_test, ...)

	Evaluate kernel for L2 identity.



	_vector_grad_product_kernel(grid_data, nshape_test, ...)

	



	_curl_curl_product_kernel(grid_data, nshape_test, ...)

	Evaluate kernel for L2 identity.



	laplace_beltrami_kernel(grid_data, nshape_test, ...)

	Evaluate kernel for Laplace-Beltrami.



	default_sparse_kernel(grid_data, nshape_test, ...)

	Evaluate default sparse kernel.



	default_scalar_regular_kernel(test_grid_data, ...)

	Evaulate default scalar kernel.



	laplace_hypersingular_regular(test_grid_data, ...)

	Evaluate Laplace hypersingular kernel.



	helmholtz_hypersingular_regular(test_grid_data, ...)

	Evaluate Helmholtz hypersingular kernel.



	modified_helmholtz_hypersingular_regular(...)

	Evaluate Modified Helmholtz hypersingular kernel.



	default_scalar_singular_kernel(grid_data, test_points, ...)

	Evaluate singular kernel.



	laplace_hypersingular_singular(grid_data, test_points, ...)

	Evaluate Laplace hypersingular singular kernel.



	helmholtz_hypersingular_singular(grid_data, ...)

	Evaluate Helmholtz hypersingular singular kernel.



	modified_helmholtz_hypersingular_singular(grid_data, ...)

	Singular evaluator.



	default_scalar_potential_kernel(dtype, result_type, ...)

	Implement a scalar potential kernel.



	maxwell_efield_regular_assembler(test_grid_data, ...)

	Evaluate Maxwell electric field kernel.



	maxwell_efield_singular(grid_data, test_points, ...)

	Singular evaluator.



	maxwell_mfield_singular(grid_data, test_points, ...)

	Singular evaluator.



	maxwell_mfield_regular_assembler(test_grid_data, ...)

	Evaluate Maxwell magnetic field kernel.



	maxwell_efield_potential(dtype, result_type, ...)

	Implement the Maxwell electric field potential.



	maxwell_mfield_potential(dtype, result_type, ...)

	Implement the Maxwell magnetic field potential.



	maxwell_efield_far_field(dtype, result_type, ...)

	Implement the Maxwell electric far-field potential.



	maxwell_mfield_far_field(dtype, result_type, ...)

	Implement the Maxwell magnetic far-field potential.








Attributes







	M_INV_4PI

	







	
bempp.core.numba_kernels.M_INV_4PI

	




	
bempp.core.numba_kernels.select_numba_kernels(operator_descriptor, mode='regular')

	Select the Numba kernels.






	
bempp.core.numba_kernels.get_piola_transform(grid_data, elements, local_points)

	Compute the Piola transform.






	
bempp.core.numba_kernels.get_edge_lengths(grid_data, elements)

	Compute the edge lengths for the given elements.






	
bempp.core.numba_kernels.get_global_points(grid_data, elements, local_points)

	Get global points.






	
bempp.core.numba_kernels.get_normals(grid_data, nrepetitions, elements, multipliers)

	Get normals to be repeated n times per element.






	
bempp.core.numba_kernels.elements_adjacent(elements, index1, index2)

	Check if two elements are adjacent.






	
bempp.core.numba_kernels.laplace_single_layer_regular(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Laplace single layer for regular kernels.






	
bempp.core.numba_kernels.laplace_double_layer_regular(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Laplace double layer for regular kernels.






	
bempp.core.numba_kernels.laplace_adjoint_double_layer_regular(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Laplace adjoint double layer for regular kernels.






	
bempp.core.numba_kernels.laplace_single_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Laplace single layer for singular kernels.






	
bempp.core.numba_kernels.laplace_double_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Laplace double layer for singular kernels.






	
bempp.core.numba_kernels.laplace_adjoint_double_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Laplace adjoint double layer for singular kernels.






	
bempp.core.numba_kernels.helmholtz_single_layer_regular(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Helmholtz single layer for regular kernels.






	
bempp.core.numba_kernels.helmholtz_double_layer_regular(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Helmholtz double layer for regular kernels.






	
bempp.core.numba_kernels.helmholtz_adjoint_double_layer_regular(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Helmholtz adjoint double layer for regular kernels.






	
bempp.core.numba_kernels.helmholtz_far_field_single_layer(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Helmholtz single layer for regular kernels.






	
bempp.core.numba_kernels.helmholtz_far_field_double_layer(test_point, trial_points, test_normal, trial_normals, kernel_parameters)

	Evaluate Helmholtz single layer for regular kernels.






	
bempp.core.numba_kernels.helmholtz_single_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Helmholtz single layer for regular kernels.






	
bempp.core.numba_kernels.helmholtz_double_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Helmholtz double layer for singular kernels.






	
bempp.core.numba_kernels.helmholtz_adjoint_double_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Helmholtz adjoint double layer for singular kernels.






	
bempp.core.numba_kernels.modified_helmholtz_single_layer_regular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Modified Helmholtz single layer for regular kernels.






	
bempp.core.numba_kernels.modified_helmholtz_single_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Modified Helmholtz single layer for singular kernels.






	
bempp.core.numba_kernels.modified_helmholtz_double_layer_regular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Modified Helmholtz double layer for regular kernels.






	
bempp.core.numba_kernels.modified_helmholtz_double_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Modified Helmholtz double layer for singular kernels.






	
bempp.core.numba_kernels.modified_helmholtz_adjoint_double_layer_regular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Modified Helmholtz adjoint double layer for regular kernels.






	
bempp.core.numba_kernels.modified_helmholtz_adjoint_double_layer_singular(test_points, trial_points, test_normal, trial_normal, kernel_parameters)

	Evaluate Modified Helmholtz adjoint double layer for singular kernels.






	
bempp.core.numba_kernels.l2_identity_kernel(grid_data, nshape_test, nshape_trial, element_index, elements, quad_points, quad_weights, test_normal_multipliers, trial_normal_multipliers, test_multipliers, trial_multipliers, test_shapeset, trial_shapeset, test_basis_evaluate, trial_basis_evaluate, result)

	Evaluate kernel for L2 identity.






	
bempp.core.numba_kernels._vector_grad_product_kernel(grid_data, nshape_test, nshape_trial, element_index, elements, quad_points, quad_weights, test_normal_multipliers, trial_normal_multipliers, test_multipliers, trial_multipliers, test_shapeset, trial_shapeset_gradient, test_basis_evaluate, trial_basis_gradient, result)

	




	
bempp.core.numba_kernels._curl_curl_product_kernel(grid_data, nshape_test, nshape_trial, element_index, elements, quad_points, quad_weights, test_normal_multipliers, trial_normal_multipliers, test_multipliers, trial_multipliers, test_shapeset_gradient, trial_shapeset_gradient, test_basis_curl, trial_basis_curl, result)

	Evaluate kernel for L2 identity.






	
bempp.core.numba_kernels.laplace_beltrami_kernel(grid_data, nshape_test, nshape_trial, element_index, elements, quad_points, quad_weights, test_normal_multipliers, trial_normal_multipliers, test_multipliers, trial_multipliers, test_shapeset_gradient, trial_shapeset_gradient, test_basis_gradient, trial_basis_gradient, result)

	Evaluate kernel for Laplace-Beltrami.






	
bempp.core.numba_kernels.default_sparse_kernel(grid_data, nshape_test, nshape_trial, elements, quad_points, quad_weights, test_normal_multipliers, trial_normal_multipliers, test_multipliers, trial_multipliers, test_shapeset, trial_shapeset, test_basis_evaluate, trial_basis_evaluate, kernel_evaluator, result)

	Evaluate default sparse kernel.






	
bempp.core.numba_kernels.default_scalar_regular_kernel(test_grid_data, trial_grid_data, nshape_test, nshape_trial, test_elements, trial_elements, test_multipliers, trial_multipliers, test_global_dofs, trial_global_dofs, test_normal_multipliers, trial_normal_multipliers, quad_points, quad_weights, kernel_evaluator, kernel_parameters, grids_identical, test_shapeset, trial_shapeset, result)

	Evaulate default scalar kernel.






	
bempp.core.numba_kernels.laplace_hypersingular_regular(test_grid_data, trial_grid_data, nshape_test, nshape_trial, test_elements, trial_elements, test_multipliers, trial_multipliers, test_global_dofs, trial_global_dofs, test_normal_multipliers, trial_normal_multipliers, quad_points, quad_weights, kernel_evaluator, kernel_parameters, grids_identical, test_shapeset, trial_shapeset, result)

	Evaluate Laplace hypersingular kernel.






	
bempp.core.numba_kernels.helmholtz_hypersingular_regular(test_grid_data, trial_grid_data, nshape_test, nshape_trial, test_elements, trial_elements, test_multipliers, trial_multipliers, test_global_dofs, trial_global_dofs, test_normal_multipliers, trial_normal_multipliers, quad_points, quad_weights, kernel_evaluator, kernel_parameters, grids_identical, test_shapeset, trial_shapeset, result)

	Evaluate Helmholtz hypersingular kernel.






	
bempp.core.numba_kernels.modified_helmholtz_hypersingular_regular(test_grid_data, trial_grid_data, nshape_test, nshape_trial, test_elements, trial_elements, test_multipliers, trial_multipliers, test_global_dofs, trial_global_dofs, test_normal_multipliers, trial_normal_multipliers, quad_points, quad_weights, kernel_evaluator, kernel_parameters, grids_identical, test_shapeset, trial_shapeset, result)

	Evaluate Modified Helmholtz hypersingular kernel.






	
bempp.core.numba_kernels.default_scalar_singular_kernel(grid_data, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, test_normal_multipliers, trial_normal_multipliers, nshape_test, nshape_trial, test_shapeset, trial_shapeset, kernel_evaluator, kernel_parameters, result)

	Evaluate singular kernel.






	
bempp.core.numba_kernels.laplace_hypersingular_singular(grid_data, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, test_normal_multipliers, trial_normal_multipliers, nshape_test, nshape_trial, test_shapeset, trial_shapeset, kernel_evaluator, kernel_parameters, result)

	Evaluate Laplace hypersingular singular kernel.






	
bempp.core.numba_kernels.helmholtz_hypersingular_singular(grid_data, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, test_normal_multipliers, trial_normal_multipliers, nshape_test, nshape_trial, test_shapeset, trial_shapeset, kernel_evaluator, kernel_parameters, result)

	Evaluate Helmholtz hypersingular singular kernel.






	
bempp.core.numba_kernels.modified_helmholtz_hypersingular_singular(grid_data, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, test_normal_multipliers, trial_normal_multipliers, nshape_test, nshape_trial, test_shapeset, trial_shapeset, kernel_evaluator, kernel_parameters, result)

	Singular evaluator.






	
bempp.core.numba_kernels.default_scalar_potential_kernel(dtype, result_type, kernel_dimension, points, x, grid_data, quad_points, quad_weights, number_of_shape_functions, shapeset_evaluate, kernel_function, kernel_parameters, normal_multipliers, support_elements)

	Implement a scalar potential kernel.






	
bempp.core.numba_kernels.maxwell_efield_regular_assembler(test_grid_data, trial_grid_data, nshape_test, nshape_trial, test_elements, trial_elements, test_multipliers, trial_multipliers, test_global_dofs, trial_global_dofs, test_normal_multipliers, trial_normal_multipliers, quad_points, quad_weights, kernel_evaluator, kernel_parameters, grids_identical, test_shapeset, trial_shapeset, result)

	Evaluate Maxwell electric field kernel.






	
bempp.core.numba_kernels.maxwell_efield_singular(grid_data, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, test_normal_multipliers, trial_normal_multipliers, nshape_test, nshape_trial, test_shapeset, trial_shapeset, kernel_evaluator, kernel_parameters, result)

	Singular evaluator.






	
bempp.core.numba_kernels.maxwell_mfield_singular(grid_data, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, test_normal_multipliers, trial_normal_multipliers, nshape_test, nshape_trial, test_shapeset, trial_shapeset, kernel_evaluator, kernel_parameters, result)

	Singular evaluator.






	
bempp.core.numba_kernels.maxwell_mfield_regular_assembler(test_grid_data, trial_grid_data, nshape_test, nshape_trial, test_elements, trial_elements, test_multipliers, trial_multipliers, test_global_dofs, trial_global_dofs, test_normal_multipliers, trial_normal_multipliers, quad_points, quad_weights, kernel_evaluator, kernel_parameters, grids_identical, test_shapeset, trial_shapeset, result)

	Evaluate Maxwell magnetic field kernel.






	
bempp.core.numba_kernels.maxwell_efield_potential(dtype, result_type, kernel_dimension, points, x, grid_data, quad_points, quad_weights, number_of_shape_functions, shapeset_evaluate, kernel_function, kernel_parameters, normal_multipliers, support_elements)

	Implement the Maxwell electric field potential.






	
bempp.core.numba_kernels.maxwell_mfield_potential(dtype, result_type, kernel_dimension, points, x, grid_data, quad_points, quad_weights, number_of_shape_functions, shapeset_evaluate, kernel_function, kernel_parameters, normal_multipliers, support_elements)

	Implement the Maxwell magnetic field potential.






	
bempp.core.numba_kernels.maxwell_efield_far_field(dtype, result_type, kernel_dimension, points, x, grid_data, quad_points, quad_weights, number_of_shape_functions, shapeset_evaluate, kernel_function, kernel_parameters, normal_multipliers, support_elements)

	Implement the Maxwell electric far-field potential.






	
bempp.core.numba_kernels.maxwell_mfield_far_field(dtype, result_type, kernel_dimension, points, x, grid_data, quad_points, quad_weights, number_of_shape_functions, shapeset_evaluate, kernel_function, kernel_parameters, normal_multipliers, support_elements)

	Implement the Maxwell magnetic far-field potential.










            

          

      

      

    

  

    
      
          
            
  
bempp.core.opencl_assemblers

Actual implementation of OpenCL assemblers.


Module Contents


Functions







	singular_assembler(device_interface, ...)

	Assemble singular part of integral operators with OpenCL.



	dense_assembler(device_interface, operator_descriptor, ...)

	Assemble dense with OpenCL.



	potential_assembler(device_interface, space, ...)

	Assemble dense with OpenCL.








Attributes







	WORKGROUP_SIZE_GALERKIN

	



	WORKGROUP_SIZE_POTENTIAL

	







	
bempp.core.opencl_assemblers.WORKGROUP_SIZE_GALERKIN = 16

	




	
bempp.core.opencl_assemblers.WORKGROUP_SIZE_POTENTIAL = 128

	




	
bempp.core.opencl_assemblers.singular_assembler(device_interface, operator_descriptor, grid, domain, dual_to_range, test_points, trial_points, quad_weights, test_elements, trial_elements, test_offsets, trial_offsets, weights_offsets, number_of_quad_points, kernel_options, result)

	Assemble singular part of integral operators with OpenCL.






	
bempp.core.opencl_assemblers.dense_assembler(device_interface, operator_descriptor, domain, dual_to_range, parameters, result)

	Assemble dense with OpenCL.






	
bempp.core.opencl_assemblers.potential_assembler(device_interface, space, operator_descriptor, points, parameters)

	Assemble dense with OpenCL.










            

          

      

      

    

  

    
      
          
            
  
bempp.core.opencl_kernels

OpenCL routines.


Module Contents


Functions







	select_cl_kernel(operator_descriptor, mode)

	Select OpenCL kernel.



	get_kernel_compile_options(options, precision)

	Create compiler options from parameters and precision.



	build_program(assembly_function, options, precision[, ...])

	Build the kernel and return it.



	get_kernel_from_operator_descriptor(...[, ...])

	Return compiled kernel from operator descriptor.



	get_kernel_from_name(name, options[, precision, ...])

	Return compiled kernel from name.



	get_vector_width(precision[, device_type])

	Return vector width.



	get_vec_string(precision[, device_type])

	Return vectorisation string.



	default_cpu_device()

	Return the default CPU device.



	default_gpu_device()

	Return the default GPU device.



	default_device([device_type])

	Return default device.



	default_context([device_type])

	Return the default context



	default_cpu_context()

	Return default CPU context.



	default_gpu_context()

	Return default GPU context.



	find_cpu_driver([name])

	Find the first available CPU OpenCL driver.



	find_gpu_driver([name])

	Find the first available GPU OpenCL driver.



	set_default_cpu_device_by_name(name)

	Set default CPU device by name.



	set_default_cpu_device(platform_index, device_index)

	Set the default CPU device.



	set_default_gpu_device_by_name(name)

	Set default GPU device by name.



	set_default_gpu_device(platform_index, device_index)

	Set the default GPU device.



	show_available_platforms_and_devices()

	Print available platforms and devices.



	get_native_vector_width(device, precision)

	Get default vector width for device.








Attributes







	_CURRENT_PATH

	



	_INCLUDE_PATH

	



	_KERNEL_PATH

	



	_DEFAULT_CPU_DEVICE

	



	_DEFAULT_CPU_CONTEXT

	



	_DEFAULT_GPU_DEVICE

	



	_DEFAULT_GPU_CONTEXT

	







	
bempp.core.opencl_kernels._CURRENT_PATH

	




	
bempp.core.opencl_kernels._INCLUDE_PATH

	




	
bempp.core.opencl_kernels._KERNEL_PATH

	




	
bempp.core.opencl_kernels._DEFAULT_CPU_DEVICE

	




	
bempp.core.opencl_kernels._DEFAULT_CPU_CONTEXT

	




	
bempp.core.opencl_kernels._DEFAULT_GPU_DEVICE

	




	
bempp.core.opencl_kernels._DEFAULT_GPU_CONTEXT

	




	
bempp.core.opencl_kernels.select_cl_kernel(operator_descriptor, mode)

	Select OpenCL kernel.






	
bempp.core.opencl_kernels.get_kernel_compile_options(options, precision)

	Create compiler options from parameters and precision.






	
bempp.core.opencl_kernels.build_program(assembly_function, options, precision, device_type='cpu')

	Build the kernel and return it.






	
bempp.core.opencl_kernels.get_kernel_from_operator_descriptor(operator_descriptor, options, mode, force_novec=False, device_type='cpu')

	Return compiled kernel from operator descriptor.






	
bempp.core.opencl_kernels.get_kernel_from_name(name, options, precision='double', device_type='cpu')

	Return compiled kernel from name.






	
bempp.core.opencl_kernels.get_vector_width(precision, device_type='cpu')

	Return vector width.






	
bempp.core.opencl_kernels.get_vec_string(precision, device_type='cpu')

	Return vectorisation string.






	
bempp.core.opencl_kernels.default_cpu_device()

	Return the default CPU device.






	
bempp.core.opencl_kernels.default_gpu_device()

	Return the default GPU device.






	
bempp.core.opencl_kernels.default_device(device_type='cpu')

	Return default device.






	
bempp.core.opencl_kernels.default_context(device_type='cpu')

	Return the default context






	
bempp.core.opencl_kernels.default_cpu_context()

	Return default CPU context.






	
bempp.core.opencl_kernels.default_gpu_context()

	Return default GPU context.






	
bempp.core.opencl_kernels.find_cpu_driver(name=None)

	Find the first available CPU OpenCL driver.






	
bempp.core.opencl_kernels.find_gpu_driver(name=None)

	Find the first available GPU OpenCL driver.






	
bempp.core.opencl_kernels.set_default_cpu_device_by_name(name)

	Set default CPU device by name.

This method looks for the given string in the available OpenCL
drivers and picks the first one that contains the given search
string.






	
bempp.core.opencl_kernels.set_default_cpu_device(platform_index, device_index)

	Set the default CPU device.






	
bempp.core.opencl_kernels.set_default_gpu_device_by_name(name)

	Set default GPU device by name.

This method looks for the given string in the available OpenCL
drivers and picks the first one that contains the given search
string.






	
bempp.core.opencl_kernels.set_default_gpu_device(platform_index, device_index)

	Set the default GPU device.






	
bempp.core.opencl_kernels.show_available_platforms_and_devices()

	Print available platforms and devices.






	
bempp.core.opencl_kernels.get_native_vector_width(device, precision)

	Get default vector width for device.










            

          

      

      

    

  

    
      
          
            
  
bempp.core.singular_assembler

Singular assembly.


Module Contents


Classes







	SingularAssembler

	Assembler for the singular part of boundary integral operators.



	_SingularQuadratureRuleInterfaceGalerkin

	Interface for a singular quadrature rule.








Functions







	assemble_singular_part(domain, dual_to_range, ...)

	Actually assemble the Numba kernel.








Attributes







	_SingularQuadratureRule

	







	
class bempp.core.singular_assembler.SingularAssembler(domain, dual_to_range, parameters=None)

	Bases: bempp.api.assembly.assembler.AssemblerBase

Assembler for the singular part of boundary integral operators.


	
assemble(operator_descriptor, device_interface, precision, *args, **kwargs)

	Assemble the singular part.










	
bempp.core.singular_assembler.assemble_singular_part(domain, dual_to_range, parameters, operator_descriptor, device_interface)

	Actually assemble the Numba kernel.






	
bempp.core.singular_assembler._SingularQuadratureRule

	




	
class bempp.core.singular_assembler._SingularQuadratureRuleInterfaceGalerkin(grid, order, test_support, trial_support)

	Bases: object

Interface for a singular quadrature rule.


	
property order

	Return the order.






	
property coincident_rule

	Return coincident rule.






	
property edge_adjacent_rule

	Return edge adjacent rule.






	
property vertex_adjacent_rule

	Return vertex adjacent rule.






	
property grid

	Return the grid.






	
property edge_adjacency

	Return the grid edge adjacency information.






	
property vertex_adjacency

	Return vertex adjacency.






	
property number_of_elements

	Return the number of elements of the underlying grid.






	
property index_count

	Return the index count.






	
property test_indices

	Return the test indicies of all singular contributions.






	
property trial_indices

	Return the trial indicies of all singular contributions.






	
number_of_points(adjacency)

	Return the number of quadrature points for given adjacency.






	
get_arrays()

	Return the arrays.






	
_collect_remapped_quad_points_for_edge_adjacent_rule(quad_points)

	Remap quad points for edge adjacent quadrature rules.

Given a 2xN array of quadrature points, return all possible
combinations of remapped rules, according to the following
order
0: edge (index 0, 1)
1: edge (index 1, 0)
2: edge (index 1, 2)
3: edge (index 2, 1)
4: edge (index 0, 2)
5: edge (index 2, 0)






	
_collect_remapped_quad_points_for_vertex_adjacent_rule(quad_points)

	Remap quad points for vertex adjacent quadrature rules.

Given a 2xN array of quadrature points, return all possible
combinations of remapped rules, according to the following
order
0: vertex (index 0)
1: vertex (index 1)
2: vertex (index 2)






	
_compute_edge_offsets()

	Compute offsets for the edge based rule.






	
_compute_vertex_offsets()

	Compute offsets for the vertex based rules.






	
_vectorize_indices()

	Return vector of test and trial indices for sing. integration.






	
_get_number_of_quad_points()

	Compute an array of local numbers of integration points.






	
_vectorize_points()

	Return an array of all quadrature points for all different rules.






	
_vectorize_weights()

	Vectorize the quadrature weights.






	
_vectorize_offsets()

	Vectorize the offsets.














            

          

      

      

    

  

    
      
          
            
  
bempp.core.sparse_assembler

Sparse assembly.


Module Contents


Classes







	SparseAssembler

	Implementation of a sparse assembler.








Functions







	assemble_sparse(domain, dual_to_range, parameters, ...)

	Actually assemble the operator.







	
class bempp.core.sparse_assembler.SparseAssembler(domain, dual_to_range, parameters=None)

	Bases: bempp.api.assembly.assembler.AssemblerBase

Implementation of a sparse assembler.


	
assemble(operator_descriptor, device_interface, precision, *args, **kwargs)

	Sparse assembly of operators.










	
bempp.core.sparse_assembler.assemble_sparse(domain, dual_to_range, parameters, operator_descriptor, numba_assembly_function, numba_kernel_function)

	Actually assemble the operator.










            

          

      

      

    

  

    
      
          
            
  
bempp.helpers

Basic helpers that should be available independent of the api.

This is for module level helpers that should be available without importing
bempp.api first.


Module Contents


Functions







	timeit(fun)

	Time a method in Bempp.



	jit_logger(name)

	Emit a log message whenever Numba jits something.








Attributes







	IndexList

	







	
bempp.helpers.timeit(fun)

	Time a method in Bempp.






	
bempp.helpers.IndexList

	




	
bempp.helpers.jit_logger(name)

	Emit a log message whenever Numba jits something.










            

          

      

      

    

  

    
      
          
            
  
bempp.version

Set the version number.


Module Contents


	
bempp.version.__version__ = '0.3.1'
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