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Class Graph

The class graph doesn’t show the orphan classes (the ones with no parents or children). Those are listed separately.


	class graph


	orphan classes








          

      

      

    

  

    
      
          
            

   Python Module Index


   
   e
   


   
     		 	

     		
       e	

     
       	[image: -]
       	
       entanglish	
       

     
       	
       	   
       entanglish.DenMat	
       

     
       	
       	   
       entanglish.DenMatPertTheory	
       

     
       	
       	   
       entanglish.EntangCase	
       

     
       	
       	   
       entanglish.FormationEnt	
       

     
       	
       	   
       entanglish.MaxEntangState	
       

     
       	
       	   
       entanglish.OtherStates	
       

     
       	
       	   
       entanglish.PureStEnt	
       

     
       	
       	   
       entanglish.run_all_py	
       

     
       	
       	   
       entanglish.SquashedEnt	
       

     
       	
       	   
       entanglish.SymNupState	
       

     
       	
       	   
       entanglish.TwoQubitState	
       

     
       	
       	   
       entanglish.utilities	
       

   



          

      

      

    

  

    
      
          
            

Index



 _
 | A
 | B
 | C
 | D
 | E
 | F
 | G
 | H
 | I
 | K
 | L
 | M
 | N
 | O
 | P
 | R
 | S
 | T
 


_


  	
      	__add__() (entanglish.DenMat.DenMat method)


      	__getitem__() (entanglish.DenMat.DenMat method)


      	__iadd__() (entanglish.DenMat.DenMat method)


      	__imul__() (entanglish.DenMat.DenMat method)


      	__init__() (entanglish.DenMat.DenMat method)

      
        	(entanglish.DenMatPertTheory.DenMatPertTheory method)


        	(entanglish.EntangCase.EntangCase method)


        	(entanglish.FormationEnt.FormationEnt method)


        	(entanglish.MaxEntangState.MaxEntangState method)


        	(entanglish.PureStEnt.PureStEnt method)


        	(entanglish.SquashedEnt.SquashedEnt method)


        	(entanglish.SymNupState.SymNupState method)


      


  

  	
      	__isub__() (entanglish.DenMat.DenMat method)


      	__mul__() (entanglish.DenMat.DenMat method)


      	__repr__() (entanglish.DenMat.DenMat method)


      	__setitem__() (entanglish.DenMat.DenMat method)


      	__str__() (entanglish.DenMat.DenMat method)


      	__sub__() (entanglish.DenMat.DenMat method)


  





A


  	
      	add_const_to_diag_of_arr() (entanglish.DenMat.DenMat method)


  

  	
      	add_vec_to_diag_of_arr() (entanglish.DenMat.DenMat method)


  





B


  	
      	bell_key_set() (entanglish.TwoQubitState.TwoQubitState static method)


  





C


  	
      	check_max_entang_st() (entanglish.EntangCase.EntangCase static method)


      	clip() (in module entanglish.utilities)


      	clipped_log_of_vec() (in module entanglish.utilities)


  

  	
      	comb() (in module entanglish.utilities)


      	conj() (entanglish.DenMat.DenMat method)


      	copy() (entanglish.DenMat.DenMat method)


  





D


  	
      	DenMat (class in entanglish.DenMat)


      	DenMatPertTheory (class in entanglish.DenMatPertTheory)


      	depurify() (entanglish.DenMat.DenMat method)


      	diagonalize_del_dm_in_sbasis_in_degenerate_spaces() (entanglish.DenMatPertTheory.DenMatPertTheory method)


  

  	
      	dm_iop() (entanglish.DenMat.DenMat method)


      	dm_op() (entanglish.DenMat.DenMat method)


      	do_bstrap() (entanglish.DenMatPertTheory.DenMatPertTheory static method)


      	do_bstrap_with_separable_dm0() (entanglish.DenMatPertTheory.DenMatPertTheory static method)


  





E


  	
      	EntangCase (class in entanglish.EntangCase)


      	entanglish (module)


      	entanglish.DenMat (module)


      	entanglish.DenMatPertTheory (module)


      	entanglish.EntangCase (module)


      	entanglish.FormationEnt (module)


      	entanglish.MaxEntangState (module)


      	entanglish.OtherStates (module)


  

  	
      	entanglish.PureStEnt (module)


      	entanglish.run_all_py (module)


      	entanglish.SquashedEnt (module)


      	entanglish.SymNupState (module)


      	entanglish.TwoQubitState (module)


      	entanglish.utilities (module)


      	exp() (entanglish.DenMat.DenMat method)

      
        	(entanglish.EntangCase.EntangCase method)


      


  





F


  	
      	FormationEnt (class in entanglish.FormationEnt)


  

  	
      	fun_of_herm_arr() (in module entanglish.utilities)


      	fun_of_herm_arr_from_eigen_sys() (in module entanglish.utilities)


  





G


  	
      	get_bell_basis_diag_dm() (entanglish.TwoQubitState.TwoQubitState static method)


      	get_bell_basis_st_vec() (entanglish.TwoQubitState.TwoQubitState static method)


      	get_concurrence() (entanglish.TwoQubitState.TwoQubitState static method)


      	get_den_mat_with_bound_entang() (entanglish.OtherStates.OtherStates static method)


      	get_dm0() (entanglish.DenMatPertTheory.DenMatPertTheory method)


      	get_eigen_sys_of_marginals() (entanglish.DenMat.DenMat method)


      	get_eigenvalue_proj_ops() (entanglish.DenMat.DenMat method)


      	get_entang() (entanglish.EntangCase.EntangCase method)

      
        	(entanglish.PureStEnt.PureStEnt method)


        	(entanglish.SquashedEnt.SquashedEnt method)


      


      	get_entang_profile() (entanglish.EntangCase.EntangCase method)


      	get_entropy() (entanglish.DenMat.DenMat method)


      	get_entropy_from_probs() (in module entanglish.utilities)


  

  	
      	get_equiv_classes() (in module entanglish.utilities)


      	get_fun_of_dm_from_eigen_sys() (entanglish.DenMat.DenMat static method)


      	get_known_entang() (entanglish.MaxEntangState.MaxEntangState method)

      
        	(entanglish.SymNupState.SymNupState method)


      


      	get_known_formation_entang() (entanglish.TwoQubitState.TwoQubitState static method)


      	get_kron_prod_of_den_mats() (entanglish.DenMat.DenMat static method)


      	get_max_entag() (entanglish.EntangCase.EntangCase static method)


      	get_mutual_info() (entanglish.DenMat.DenMat method)


      	get_partial_tr() (entanglish.DenMat.DenMat method)


      	get_rho_xy() (entanglish.DenMat.DenMat method)


      	get_set_of_all_other_axes() (entanglish.DenMat.DenMat method)


      	get_st_vec() (entanglish.MaxEntangState.MaxEntangState method)

      
        	(entanglish.SymNupState.SymNupState method)


      


      	get_time_reversed_dm() (entanglish.TwoQubitState.TwoQubitState static method)


  





H


  	
      	herm() (entanglish.DenMat.DenMat method)


  

  	
      	herm_arr_from_eigen_sys() (in module entanglish.utilities)


  





I


  	
      	inv() (entanglish.DenMat.DenMat method)


      	is_hermitian_arr() (in module entanglish.utilities)


      	is_nonnegative_arr() (in module entanglish.utilities)


  

  	
      	is_positive_arr() (in module entanglish.utilities)


      	is_prob_dist() (in module entanglish.utilities)


      	is_pure_state() (entanglish.DenMat.DenMat method)


      	is_unitary_arr() (in module entanglish.utilities)


  





K


  	
      	kron_prod() (in module entanglish.utilities)


  





L


  	
      	log() (entanglish.DenMat.DenMat method)

      
        	(entanglish.EntangCase.EntangCase method)


      


  





M


  	
      	mat_elem() (in module entanglish.utilities)


      	MaxEntangState (class in entanglish.MaxEntangState)


  

  	
      	mirror() (entanglish.EntangCase.EntangCase method)


      	mirror_many() (entanglish.EntangCase.EntangCase method)


  





N


  	
      	new_const_den_mat() (entanglish.DenMat.DenMat static method)


      	new_with_permuted_qudits() (entanglish.DenMat.DenMat static method)


      	new_with_separable_dm0() (entanglish.DenMatPertTheory.DenMatPertTheory static method)


  

  	
      	next_step() (entanglish.SquashedEnt.SquashedEnt method)


      	norm() (entanglish.DenMat.DenMat method)


      	normalize_diag_of_arr() (entanglish.DenMat.DenMat method)


      	normalize_entire_arr() (entanglish.DenMat.DenMat method)


  





O


  	
      	OtherStates (class in entanglish.OtherStates)


  





P


  	
      	positive_part() (entanglish.DenMat.DenMat method)

      
        	(in module entanglish.utilities)


      


      	positive_part_of_vec() (in module entanglish.utilities)


      	print_entang_profiles() (entanglish.EntangCase.EntangCase method)


  

  	
      	prob_hypergeometric() (in module entanglish.utilities)


      	pseudo_inv() (entanglish.DenMat.DenMat method)


      	purer_version() (entanglish.DenMat.DenMat method)


      	purer_version2() (entanglish.DenMat.DenMat method)


      	PureStEnt (class in entanglish.PureStEnt)


  





R


  	
      	random_st_vec() (in module entanglish.utilities)


      	random_unitary() (in module entanglish.utilities)


  

  	
      	regulate1() (entanglish.SquashedEnt.SquashedEnt method)


      	regulate2() (entanglish.SquashedEnt.SquashedEnt method)


      	replace_diag_of_arr() (entanglish.DenMat.DenMat method)


  





S


  	
      	scalar_prod() (in module entanglish.utilities)


      	set_arr_from_st_vec() (entanglish.DenMat.DenMat method)


      	set_arr_to_rand_den_mat() (entanglish.DenMat.DenMat method)


      	set_arr_to_zero() (entanglish.DenMat.DenMat method)


      	set_evas_of_dm_to_2nd_order() (entanglish.DenMatPertTheory.DenMatPertTheory method)


      	set_evec_cols_of_dm_to_2nd_order() (entanglish.DenMatPertTheory.DenMatPertTheory method)


  

  	
      	set_marginals() (entanglish.DenMat.DenMat method)


      	sqrt() (entanglish.DenMat.DenMat method)

      
        	(entanglish.EntangCase.EntangCase method)


      


      	SquashedEnt (class in entanglish.SquashedEnt)


      	switch_arr_basis() (entanglish.DenMat.DenMat method)

      
        	(in module entanglish.utilities)


      


      	SymNupState (class in entanglish.SymNupState)


  





T


  	
      	trace() (entanglish.DenMat.DenMat method)


  

  	
      	TwoQubitState (class in entanglish.TwoQubitState)


  







          

      

      

    

  

    
      
          
            
  
entanglish.DenMat module


	
class entanglish.DenMat.DenMat(num_rows, row_shape, arr=None)

	Bases: object

This class specifies a quantum mechanical Density Matrix. The class also
performs a large number of operations on the density matrix self.

Normally, a density matrix is a Hermitian matrix whose eigenvalues
define a probability distribution (i.e., the eigenvalues are real
numbers between zero and one and they sum to 1.) This class does not
automatically check that self is Hermitian, although you can do it
yourself with the method is_hermitian(). The class doesn’t check that
the trace is one either, although you can do it yourself with the method
trace(). It is often useful to use this class to hold an “un-normalized”
density matrix whose trace is not 1. So trace=1 is seldom assumed by the
functions of this class. On the other hand, many of the functions in
this class, especially the ones that involve finding eigenvalues,
do assume that self is Hermitian.

The attribute arr holds a numpy array of shape (num_rows, num_rows),
where num_rows is also an attribute. Another attribute is row_shape,
which is a tuple of integers whose product is num_rows. At any time,
arr can be reshaped from (num_rows, num_rows) to row_shape*2.

For example, suppose row_shape = (3, 4, 2). Then this density matrix
will be taken to represent a mixed state of 3 qudits with d=3, d=4 and
d=2 in that order. When we take a partial trace over the second (d=4)
qudit, we contract the second row index with the second column index.

To use this class in conjunction with Qubiter, replace self.arr in this
class with the output of Qubiter.StateVec.get_den_mat()

The marginals of self is defined as a list of partial traces of self.
The n’th item in the list of marginals is the partial trace of self,
traced over all qudits except the n’th. The Kronecker product of the
marginals of self is a “separable” density matrix, in the sense that
there is no correlation among its qudits.


	Variables

	
	arr (np.ndarray) – numpy array of shape (num_rows, num_rows) which contains entries of
a density matrix


	marginals (list[DenMat]) – 


	num_rows (int) – 


	row_shape (tuple[int]) – tuple of integers whose product is num_rows









	
__add__(right)

	Defines ‘+’ between self and another DenMat, the input ‘right’.


	Parameters

	right (DenMat) – 



	Returns

	



	Return type

	DenMat










	
__getitem__(key)

	Defines self[int1, int2] to be same as self.arr[int1, int2]


	Parameters

	key (tuple[int, int]) – 



	Returns

	



	Return type

	complex










	
__iadd__(right)

	Defines ‘+=’ between self and another DenMat, the input ‘right’.


	Parameters

	right (DenMat) – 



	Returns

	



	Return type

	DenMat










	
__imul__(right)

	Defines ‘*=’ as inplace matrix multiplication between self and
another DenMat or a scalar (either int, float or complex), the input
‘right’.


	Parameters

	right (DenMat|complex|float|int) – 



	Returns

	



	Return type

	DenMat










	
__init__(num_rows, row_shape, arr=None)

	Constructor


	Parameters

	
	num_rows (int) – 


	row_shape (tuple[int]) – 


	arr (np.ndarray) – shape=(num_rows, num_rows)













	
__isub__(right)

	Defines ‘-=’ between self and another DenMat, the input ‘right’.


	Parameters

	right (DenMat) – 



	Returns

	



	Return type

	DenMat










	
__mul__(right)

	Defines ‘*’ as np.dot() between self and another DenMat or a scalar
(either int, float or complex), the input ‘right’. Multiplication by
a scalar is defined only if scalar is on the right side of self.


	Parameters

	right (DenMat|complex|float|int) – 



	Returns

	



	Return type

	DenMat










	
__repr__()

	Returns str(self.arr).


	Returns

	



	Return type

	str










	
__setitem__(key, item)

	Defines assignment self[int1, int2] = item to be same as
self.arr[int1, int2] = item.


	Parameters

	
	key (tuple[int, int]) – 


	item (complex|float|int) – 






	Returns

	



	Return type

	None










	
__str__()

	Returns str(self.arr).


	Returns

	



	Return type

	str










	
__sub__(right)

	Defines ‘-‘ between self and another DenMat, the input ‘right’.


	Parameters

	right (DenMat) – 



	Returns

	



	Return type

	DenMat










	
add_const_to_diag_of_arr(const)

	Adds constant const to diagonal of self.arr.


	Parameters

	const (complex|float|int) – 



	Returns

	



	Return type

	None










	
add_vec_to_diag_of_arr(vec_arr)

	Adds vector vec_arr to diagonal of self.arr


	Parameters

	vec_arr (np.ndarray) – 



	Returns

	



	Return type

	None










	
conj()

	This method returns a DenMat which is the complex conjugate of self.


	Returns

	



	Return type

	DenMat










	
copy()

	This method returns a copy of self.


	Returns

	



	Return type

	DenMat










	
depurify(eps)

	If self is a pure state, this method returns a nearby density mat
that is mixed


	Parameters

	eps (float) – small positive number



	Returns

	



	Return type

	DenMat










	
dm_iop(right, arr_iop)

	Internal method used in magic methods __iadd__, __isub__, __imul__,
which define in-place binary operations between self and another
DenMat.


	Parameters

	
	right (DenMat) – 


	arr_iop (wrapper_descriptor) – This is going to be either
np.ndarray.[__iadd__, __isub__], np.dot






	Returns

	returns self



	Return type

	DenMat










	
dm_op(right, arr_op)

	Internal method used in magic methods __add__, __sub__, __mul__,
which define binary operations between self and another DenMat.


	Parameters

	
	right (DenMat) – 


	arr_op (wrapper_descriptor) – This is going to be either
np.ndarray.[__add__, __sub__], np.dot






	Returns

	



	Return type

	DenMat










	
exp(approx='eigen')

	This method returns a DenMat which is the matrix exponential of self.


	Parameters

	approx (str) – approx used to calculate exp. Either ‘eigen’ or ‘pade’.



	Returns

	



	Return type

	DenMat










	
get_eigen_sys_of_marginals()

	eva = eigenvalue, evec = eigenvector, sep = separable.

This method assumes self is Hermitian.

We will call an ‘eigensystem’ of a density matrix: a tuple, whose
first item is a 1D numpy array, call it evas, that carries the
eigenvalues of the density matrix, and the second item is a 2D numpy
array, call it eigen_cols, whose i’th columns is an eigenvector for
the i’th eigenvalue (i.e., evas[i]) of the density matrix.

This method returns a tuple of two lists. The first list contains
the first part (eigenvalues) of the eigensystem of each marginal of
self. The second list contains the second part (eigenvectors) of the
eigensystem of each marginal of self.


	Returns

	



	Return type

	tuple[list[np.ndarray], list[np.ndarray]]










	
get_eigenvalue_proj_ops(eps=1e-05)

	This method returns a tuple of 2 DenMat that carry Hermitian
projection operators:

proj_0 projects out the space of zero (abs < eps) eigenvalues. It is
obtained by replacing in the eigen decomposition of self.arr,
zero eigenvalues (abs < eps) by 1 and non-zero ones (abs > eps) by 0.

proj_1 projects out the space of non-zero (abs > eps) eigenvalues.
It is obtained by replacing in the eigen decomposition of self.arr,
zero eigenvalues (abs < eps) by 0 and non-zero ones (abs > eps) by 1.


	Parameters

	eps (float) – 0 < eps << 1



	Returns

	



	Return type

	DenMat, DenMat










	
get_entropy(approx='eigen')

	This method returns an exact entropy of density matrix self. Uses
natural log for entropy. Assumes eigenvalues of self are
non-negative and sum to 1.


	Parameters

	approx (str) – approx used to calculate log of array. Either ‘eigen’ or ‘pade’



	Returns

	



	Return type

	float










	
static get_fun_of_dm_from_eigen_sys(num_rows, row_shape, eigen_sys, fun_of_scalars, **fun_kwargs)

	If (evas, U) = eigen_sys and fun = fun_of_scalars, then this method
returns U.fun(evas).U^dag, where U^dag is the Hermitian conjugate of
the unitary matrix U.

The function calculated (for example, np.exp, np.log, etc.) is
passed in as the input ‘fun_of_scalars’. To get just an approx to dm
instead of an approx to fun of dm, use fun_of_scalars = lambda x: x


	Parameters

	
	num_rows (int) – 


	row_shape (tuple[int]) – 


	eigen_sys (tuple[np.ndarray, np.ndarray]) – 


	fun_of_scalars – function that can act on scalars or numpy arrays element-wise


	fun_kwargs (dict) – dict of keyword args that fun depends on






	Returns

	



	Return type

	DenMat










	
static get_kron_prod_of_den_mats(den_mat_list)

	Takes as input a list of DenMat’s and returns a DenMat which is the
Kronecker product of the items in the input list.


	Parameters

	den_mat_list (list[DenMat]) – 



	Returns

	



	Return type

	DenMat










	
get_mutual_info(traced_axes_set, approx='eigen')

	This method returns the mutual information for x_axes = list(
traced_axes_set) and y_axes = row axes not in x_axes. Uses natural
log for entropy. Assumes eigenvalues of self are non-negative and
sum to 1.


	Parameters

	
	traced_axes_set (set[int]) – 


	approx (str) – approx used to calculate log of array. Either ‘eigen’ or ‘pade’






	Returns

	



	Return type

	float










	
get_partial_tr(traced_axes_set)

	This method returns the partial trace of a density matrix den_mat.
It traces over the indices (a.k.a. axes) in the non-empty set
traced_axes_set. To get a full trace, just do den_mat.trace()


	Parameters

	traced_axes_set (set[int]) – Set of axes being traced over



	Returns

	



	Return type

	DenMat










	
get_rho_xy(x_axes, y_axes)

	The inputs ‘x_axes’ and ‘y_axes’ must be mutually exclusive lists
whose union, after sorting, is range(len(self.row_shape)),
which equals [0, 1, 2, …, number of row axes -1]. The output is a
DenMat in which the rows (and columns) of self.arr have been
permuted to the order x_axes + y_axes.


	Parameters

	
	x_axes (list[int]) – 


	y_axes (list[int]) – 






	Returns

	



	Return type

	DenMat










	
get_set_of_all_other_axes(axes_set)

	This method returns the complement set wrt range(len(self.row_shape))
of the set of axes axes_set


	Parameters

	axes_set (set[int]) – 



	Returns

	



	Return type

	set[int]










	
herm()

	This method returns a DenMat which is the Hermitian conjugate of self.


	Returns

	



	Return type

	DenMat










	
inv(regulator=0.0)

	This method returns a DenMat which is the inverse matrix of self.

logs, exponentials and sqrt’s of matrices are calculated by various
methods. Inverses of matrices, on the other hand, are calculated a
single way.


	Parameters

	regulator (float) – this constant is added to diagonal of copy of self.arr before
taking the inverse of copy



	Returns

	



	Return type

	DenMat










	
is_pure_state()

	This method returns a bool which answers the question whether self
is a pure state or not.


	Returns

	



	Return type

	bool










	
log(approx='eigen', eps=None, clip_to_zero=False)

	This method returns a DenMat which is the matrix natural log of self.


	Parameters

	
	approx (str) – approx used to calculate the natural log. Either ‘eigen’ or ‘pade’.


	eps (float | None) – clips logs larger than log(eps) to log(eps) (or to zero if
clip_to_zero=True) if this is a float. Doesn’t clip if this is
None


	clip_to_zero (bool) – clips to zero iff this is True






	Returns

	



	Return type

	DenMat










	
static new_const_den_mat(num_rows, row_shape, const)

	This method returns a DenMat object with an arr which is a diagonal
matrix with ‘const’ in its diagonal.


	Parameters

	
	num_rows (int) – 


	row_shape (tuple[int]) – 


	const (int|float|complex) – 






	Returns

	



	Return type

	DenMat










	
static new_with_permuted_qudits(dm, perm)

	This method returns a DenMat in which the rows (and columns) of
dm.arr have been permuted according to perm.


	Parameters

	
	dm (DenMat) – 


	perm (list[int}) – perm is a permutation of range(len(self.row_shape))






	Returns

	



	Return type

	DenMat










	
norm()

	This method returns the 2-norm of self.arr


	Returns

	



	Return type

	float










	
normalize_diag_of_arr()

	Divides the diagonal of self.arr by the trace of self.arr.


	Returns

	



	Return type

	None










	
normalize_entire_arr()

	Divides all of self.arr by the trace of self.arr.


	Returns

	



	Return type

	None










	
positive_part(threshold=1e-05)

	This method returns a DenMat in which negative (< 0) eigenvalues of
self.arr are replaced by zero.


	Returns

	



	Return type

	DenMat










	
pseudo_inv(eps=1e-05)

	This method returns a DenMat which is the Penrose pseudo inverse
matrix of self. By pseudo inverse, we mean that it takes the inverse
of non-zero (abs > eps) eigenvalues only, but sets those eigenvalues
with abs < eps to exactly zero.


	Parameters

	eps (float) – 



	Returns

	



	Return type

	DenMat










	
purer_version()

	This method returns a DenMat in which all eigenvalues of self.arr
except the maximum one are replaced by zero.


	Returns

	



	Return type

	DenMat










	
purer_version2()

	This method returns a DenMat in which self.arr is replaced by (
self.arr^2)/sqrt(tr2) where tr2 is the trace of self.arr^2. This
transformation has no effect on self if self is an un-normalized
pure state.


	Returns

	



	Return type

	DenMat










	
replace_diag_of_arr(new_diag)

	Replaces diagonal of self.arr by new_diag.


	Parameters

	new_diag (np.ndarray) – 



	Returns

	



	Return type

	None










	
set_arr_from_st_vec(st_vec)

	Sets self.arr to st_vec*set_vec^dag where st_vec is a column vector
of shape (num_rows, ). For qubits, st_vec should be a traditional
state vector, meaning that when reshaped to [2]*num_qbits,
the components are .. |s_2>|s_1>|s_0> where s_i = 0, 1 corresponds
to the i’th qubit. s_0 is last so ZL (Zero Last) convention.


	Parameters

	st_vec (np.ndarray) – shape=(self.num_rows,)



	Returns

	



	Return type

	None










	
set_arr_to_rand_den_mat(evas)

	evas = eigenvalues.

This method sets self.arr to a random density matrix UDU^dag,
where U is a random unitary matrix, D is a non-random diagonal
matrix with diagonal equal to the input 1D array ‘evas’, and U^dag
is the Hermitian conjugate of U. This method checks that evas is a
probability distribution. The DenMat returned by this method is
useful for testing purposes.


	Parameters

	evas (np.ndarray) – evas stands for eigenvalues. 1D array of floats, of shape (
self.num_rows, )



	Returns

	



	Return type

	None










	
set_arr_to_zero()

	Sets self.arr to zero matrix.


	Returns

	



	Return type

	None










	
set_marginals()

	This method calculates the single-axis marginals of self and stores
them in self.marginals.


	Returns

	



	Return type

	None










	
sqrt(approx='eigen')

	This method returns a DenMat which is the matrix square root of self.


	Parameters

	approx (str) – approx used to calculate sqrt. Either ‘eigen’ or ‘pade’.



	Returns

	



	Return type

	DenMat










	
switch_arr_basis(umat, reverse=False)

	This method returns a new DenMat whose arr is U^dag(self.arr)U (or
the reverse, U(self.arr)U^dag, if the input bool parameter ‘reverse’
is set to True.) U = umat , U^dag = Hermitian conjugate of U


	Parameters

	
	umat (np.ndarray) – 


	reverse (bool) – 






	Returns

	



	Return type

	DenMat










	
trace()

	This method returns the real part of the full trace of self.


	Returns

	



	Return type

	float

















          

      

      

    

  

    
      
          
            
  
entanglish.DenMatPertTheory module


	
class entanglish.DenMatPertTheory.DenMatPertTheory(dm0_eigen_sys, del_dm, verbose=False)

	Bases: object

DenMat, dm, den_mat all stand for density matrix.

This class performs operations associated with perturbation theory (
more precisely, second order, time-independent perturbation theory in
quantum mechanics) of the eigenvalues and eigenvectors of a density
matrix.

In quantum mechanics, such perturbation theory is used to approximate
the eigenvalues and eigenvectors of a Hamiltonian H

H = H0 + V,

when the evas and evecs of H0 are known exactly. Pert theory only
depends on the fact that H is Hermitian. Since a density matrix dm

dm = dm0 + del_dm

is Hermitian too, pert theory can be used for density matrices as well
as for Hamiltonians. The question is, what to use for dm0? The
constructor of this class (__init__) leaves that question unanswered.
However, the static function DenMatPertTheory.new_with_separable_dm0()
answers this question. It takes a density matrix dm as input,
and returns an object of this class, i.e., DenMatPertTheory, assuming
that dm0 equals the Kronecker product of the one-axis marginals of dm.

The marginals of a square array arr is defined as a list of partial
traces of arr. The n’th item in the list of marginals is the partial
trace of arr, traced over all qudits except the n’th. The Kronecker
product of the marginals of arr is a “separable” density matrix, in the
sense that there is no correlation among its qudits.

Each marginal is the density matrix of a qudit, so it is a d x d matrix,
where d is the number of states of the qudit. If d is small for all the
marginals, it is much easier to diagonalize every marginal than to
diagonalize the whole density matrix dm. So it is reasonable to assume
that the evas and evecs of dm0 can be calculated easily exactly. We wish
to use those evas and evecs to approximate perturbatively the evas and
evecs of dm.

We will call an eigensystem of a density matrix: a tuple, whose first
item is a 1D numpy array, call it evas, with the eigenvalues of the
density matrix, and the second item is a 2D numpy array, call it
eigen_cols, whose i’th columns is an eigenvector for the i’th eigenvalue
(i.e., evas[i]) of the density matrix.

See Ref.1 for a more detailed explanation of the algos used in this class.

References
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	Variables

	
	del_dm (DenMat) – defined above


	del_dm_in_sbasis (DenMat) – del_dm is in inbasis. It is convenient to change it to sbasis (
separable basis) so that if v1 = dm0_eigen_sys[1][n1] and v2 =
dm0_eigen_sys[1][n2] then del_dm_in_sbasis[n1, n2] = <v1| del_dm
|v2>


	dm0_eigen_sys (tuple[np.ndarray, np.ndarray]) – eigensystem of density matrix dm0.


	evas_of_dm_to_2nd_order (np.ndarray) – 1D array of floats. Eigenvalues of dm to second order.


	evec_cols_of_dm_to_2nd_order (np.ndarray) – This is a unitary matrix with (a second order approx of) the
eigenvectors of dm as columns. If this matrix is U, the dm 
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entanglish.EntangCase module


	
class entanglish.EntangCase.EntangCase(num_row_axes, approx='eigen', num_bstrap_steps=1, verbose=False)

	Bases: object

This is an abstract class meant to be overridden. It is the parent class
of classes PureStEnt and SquashedEnt, which calculate quantum
entanglement for pure and mixed states using various methods. This class
contains methods useful to all of its children. For example, it contains
methods that construct an entanglement profile data structure and print
it.


	Variables

	
	approx (str) – approx used to calculate the (natural) log of a density matrix that
appears in the definition of the von Neumann entropy. This parameter
can be either ‘eigen’, ‘pade’, ‘pert’.


	num_bstrap_steps (int) – number bootstrap steps used in perturbation theory. Only used if
approx = ‘pert’


	num_row_axes (int) – number of row axes, same as number of qudits, equal to len(
row_shape) of a DenMat


	verbose (bool) – 









	
__init__(num_row_axes, approx='eigen', num_bstrap_steps=1, verbose=False)

	Constructor


	Parameters

	
	num_row_axes (int) – 


	approx (str) – 


	num_bstrap_steps (int) – 


	verbose (bool) – 













	
static check_max_entang_st(st)

	This method checks that the object st of class MaxEntangState does
indeed carry maximal entanglement. The entanglement is calculated 3
different ways (von Neumann entropy of 2 partial traces of density
matrix, and from known value) and the 3 values are checked to agree.


	Parameters

	st (MaxEntangState) – 



	Returns

	



	Return type

	None










	
exp(dm, approx=None)

	This method is a simple wrapper for dm.exp() so that all usages
inside the class utilize approx=self.approx if approx!=None.


	Parameters

	
	dm (DenMat) – 


	approx (str) – 






	Returns

	



	Return type

	DenMat










	
get_entang(axes_subset)

	This is an abstract method that should be overridden by the children
of the class.


	Parameters

	axes_subset (set[int]) – the entanglement is calculated for parts axes_subset and its
complement



	Returns

	



	Return type

	float










	
get_entang_profile()

	This method constructs a dictionary that we call an entanglement
profile. Given a state with num_row_axes qudits, this method
calculates a (bipartite) entanglement for each possible bi-partition
of range( num_row_axes). By a bi-partition we mean two nonempty
disjoint subsets whose union is range(num_row_axes). An entanglement
profile is a dictionary mapping bi-partition half-size to a
dictionary that maps each bi-partition of that half-size to its
entanglement.


	Returns

	



	Return type

	dict[int, dict[tuple[int], float]]










	
static get_max_entag(row_shape, x_axes, y_axes)

	This method returns the maximum possible entanglement with parts
x_axes, y_axes. x_axes, y_axes give a bi-partition of range( len(
row_shape)). If num_vals_min = min(num_vals_x, num_vals_y),
then max-entang is the log of num_vals_min.


	Parameters

	
	row_shape (tuple[int]) – 


	x_axes (list{int]) – 


	y_axes (list{int]) – 






	Returns

	



	Return type

	float










	
log(dm, approx=None, eps=None, clip_to_zero=False)

	This method is a simple wrapper for dm.log() so that all usages
inside the class utilize approx=self.approx if approx!=None.


	Parameters

	
	dm (DenMat) – 


	approx (str|None) – 


	eps (float | None) – 


	clip_to_zero (bool) – 






	Returns

	



	Return type

	DenMat










	
mirror(x)

	Given an element of the list range(self.num_row_axes), this method
returns the mirror image of x with respect to the center of the list.


	Parameters

	x (int) – 



	Returns

	



	Return type

	int










	
mirror_many(xx)

	This applies the method self.mirror() to each element of a list,
set, tuple


	Parameters

	xx (tuple[int]|set[int]|list[int]) – 



	Returns

	



	Return type

	tuple[int]|set[int]|list[int]










	
print_entang_profiles(profile_list, row_shape=None)

	This method takes as input a list of entanglement profiles. Each
element of that list can be generated with the method
get_entang_profile(). The method prints, side by side, all the
entanglement profiles in the input profile list. If a row_shape is
provided, the last column of the profile is the maximum entanglement.


	Parameters

	
	profile_list (list[dict[int, dict[tuple[int], float]]]) – 


	row_shape (tuple[int]) – 






	Returns

	



	Return type

	None










	
sqrt(dm, approx=None)

	This method is a simple wrapper for dm.sqrt() so that all usages
inside the class utilize approx=self.approx if approx!=None.


	Parameters

	
	dm (DenMat) – 


	approx (str) – 






	Returns

	



	Return type

	DenMat
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entanglish.FormationEnt module


	
class entanglish.FormationEnt.FormationEnt(*args, **kwargs)

	Bases: entanglish.SquashedEnt.SquashedEnt

This class is a child of class SquashedEnt. Its purpose is to calculate
the (bipartite) quantum entanglement Exy of a mixed state density matrix
Dxy with parts x and y. Exy is defined here as the entanglement of
formation

Exy = sum_alp w_a[alp]  min S(Dx_a[alp])

where S(Dx_a[alp]) is the von Neumann entropy for density matrix Dx_a[
alp] = tr_y Dxy_a[alp]. The minimum is over all Dxy_a[alp] such that
Dxy_a[alp] is a pure state |psi[alp]><psi[alp]|, and sum_alp w_a[ alp]
Dxy_a[ alp] = Dxy where Dxy is a given, fixed density matrix.

If we add to the definition of squashed entanglement the further
constraint that Dxy_a[alp] is a pure state for all alp, then the
squashed entanglement of Dxy becomes precisely the entanglement of
formation of Dxy.

In this class, most of the steps used for calculating entang of
formation are the same as those for calculating squashed entang. Those
steps that aren’t are turned on or off with the bool flag
calc_formation_ent

A closed exact formula is known, thanks to Wootters, for the
entang of formation of an arbitrary mixture of 2 qubits. Class
TwoQubitState of entanglish contains an implementation of said formula.

See Ref.1 for a detailed explanation of the algos used in this class.

References
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__init__(*args, **kwargs)

	Constructor


	Parameters

	
	args – list of args of SquashedEnt constructor


	kwargs – dictionary of kwargs of SquashedEnt constructor
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entanglish.MaxEntangState module


	
class entanglish.MaxEntangState.MaxEntangState(num_rows, row_shape, x_axes, y_axes)

	Bases: object

This class is designed to perform tasks related to a maximally entangled
pure state with parts x_axes, y_axes. x_axes, y_axes give a bi-partition
of range( len(row_shape)).

See Ref.1 for an explicit definition of the maximally entangled states
that we use. The basic requirement for a density matrix Dxy to be
maximally entangled is for its partial trace Dx to be a diagonal matrix
with all terms in the diagonal equal to the same constant. The sum of
the diagonal elements must of course be one. For example, Dx=diag(0.25,
0.25,0.25,0.25) (If num_vals_x !=  num_vals_y, this assumes that
num_vals_x is the smaller of the two.)

References

1. R.R. Tucci, “A New  Algorithm for Calculating Squashed Entanglement
and a Python Implementation Thereof”


	Variables

	
	num_rows (int) – equals product(row_shape)


	num_vals_min (int) – equals min( num_vals_x, num_vals_y)


	num_vals_x (int) – equals product(row_shape_x)


	num_vals_y (int) – equals product(row_shape_y)


	row_shape (tuple[int]) – 


	row_shape_x (tuple[int]) – subset of row_shape, only items indexed by x_axes


	row_shape_y (tuple[int]) – subset of row_shape, only items indexed by y_axes


	x_axes (list{int]) – 


	y_axes (list{int]) – 









	
__init__(num_rows, row_shape, x_axes, y_axes)

	Constructor


	Parameters

	
	num_rows (int) – 


	row_shape (tuple[int]) – 


	x_axes (list{int]) – 


	y_axes (list{int]) – 













	
get_known_entang()

	This method returns the known entanglement of the state, i.e. log(
self.num_vals_min)


	Returns

	



	Return type

	float










	
get_st_vec()

	This method returns the state vector of the state.


	Returns

	shape=(self.num_rows,)



	Return type

	np.ndarray
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entanglish.OtherStates module


	
class entanglish.OtherStates.OtherStates

	Bases: object

This class has no constructor. It contains only static methods. Its
methods return various quantum states which we decided were too simple
to merit their own individual class.


	
static get_den_mat_with_bound_entang(p)

	This method returns a DenMat with num_rows = 8 and row_shape = (2,
4) that is known to have bound entanglement.

https://arxiv.org/abs/quant-ph/9703004


	Parameters

	p (float) – a probability, 0 < p < 1



	Returns

	



	Return type

	DenMat
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entanglish.PureStEnt module


	
class entanglish.PureStEnt.PureStEnt(den_mat, approx='eigen', num_bstrap_steps=1, check_purity=True, verbose=False)

	Bases: entanglish.EntangCase.EntangCase

This class is a child of class EntangCase. Its purpose is to calculate
the ( bipartite) quantum entanglement E_xy of a pure state |psi_xy>
where x and y constitute a bi-partition of the set of all qudits.
E_xy is defined here as the von Neumann entropy S(dm_x) of a density
matrix dm_x, where dm_x = trace_y dm_xy, where dm_xy = |psi_xy><psi_xy|.


	Variables

	den_mat (DenMat) – 






	
__init__(den_mat, approx='eigen', num_bstrap_steps=1, check_purity=True, verbose=False)

	Constructor. If check_purity = True, checks that den_mat is a pure
state (has rank 1)


	Parameters

	
	den_mat (DenMat) – 


	approx (str) – 


	num_bstrap_steps (int) – 


	check_purity (bool) – 


	verbose (bool) – 













	
get_entang(axes_subset)

	This method returns the von Neumann entropy S(dm_x), where dm_x =
trace_y dm_xy, where x = axes_subset, and y is the set of all
other axes.


	Parameters

	axes_subset (set[int]) – 



	Returns

	



	Return type

	float
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entanglish.SquashedEnt module


	
class entanglish.SquashedEnt.SquashedEnt(den_mat, num_ab_steps, num_hidden_states=0, approx='eigen', recursion_init='eigen', verbose=False)

	Bases: entanglish.EntangCase.EntangCase

This class is a child of class EntangCase. Its purpose is to calculate
the (bipartite) quantum entanglement Exy of a mixed state density matrix
Dxy with parts x and y. Exy is defined here as the squashed
entanglement. (See Wikipedia Ref. 1 for more detailed description and
original references of squashed entanglement.)

Exy = (1/2)*min S(x : y | h)

where S(x : y | h) is the conditional mutual information (CMI,
pronounced “see me”) for a density matrix Dxyh. The minimum is over all
Dxyh such that Dxy = trace_h Dxyh, where Dxy is a given, fixed density
matrix.

The squashed entanglement reduces to (1/2)*[S(x) + S(y)] = S(x) = S(y)
when Dxy is a pure state. This is precisely the definition of
entanglement for pure states that we use in the class PureStEnt.

To calculate squashed entanglement, this class uses an algo which is a
generalization of the Arimoto Blahut (AB) algorithm of classical
information theory, where it is used to calculate channel capacities.

See Ref.2 for a more detailed explanation of the algos used in this class.
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2. R.R. Tucci, “A New  Algorithm for Calculating Squashed Entanglement
and a Python Implementation Thereof”


	Variables

	
	Dxy (DenMat) – The input density matrix den_mat, after permuting its axes so that
the axes are given in the precise order self.x_axes + self.y_axes.


	den_mat (DenMat) – 


	calc_formation_ent (bool) – True iff want to calculate entanglement of formation


	eps_w (float) – weights (probabilities) < eps_w are rounded to zero


	eps_log (float | None) – logs larger than log(eps_log) are clipped to log(eps_log)


	num_ab_steps (int) – number of iterations of Arimoto Blahut algo


	num_hidden_states (int) – number of hidden states indexed by alpha, so this is number of
alphas. In the above class docstring, alpha is denoted by h,
for hidden. This number is <= Dxy.num_rows^2.


	recursion_init (str) – How to initiate the recursion of Kxy_a.


	x_axes (list[int]) – This class calculates entanglement for 2 parts: x_axes and y_axes.
x_axes and y_axes are mutually disjoint lists whose union is range(
len( den_mat.row_shape))


	y_axes (list[int]) – 









	
__init__(den_mat, num_ab_steps, num_hidden_states=0, approx='eigen', recursion_init='eigen', verbose=False)

	Constructor


	Parameters

	
	den_mat (DenMat) – 


	num_hidden_states (int) – number of states of h in the Dxyh defined in class doc string


	num_ab_steps (int) – 


	approx (str) – 


	recursion_init (str) – 


	verbose (bool) – 













	
get_entang(axes_subset)

	This method returns the squashed entanglement Exy, where x =
axes_subset, and y is the set of all other axes.


	Parameters

	axes_subset (set[int]) – 



	Returns

	



	Return type

	float










	
next_step(Kxy_a)

	This method is used self.num_ab_steps times, internally, in the
method self.get_entang(). Given the current Kxy_a as input,
it returns the next estimate of Kxy_a , Exy , err

Kxy_a is a list of un-normalized density matrices such that Kxy_a[
alp]=Dxy_a[alp]*w_a[alp] and sum_alp Kxy_a[alp] = Dxy.

Exy is the entanglement for parts x and y.

If

Delta_xy[alp]= log Dxy_a[alp] - log(Dx_a[alp]Dy_a[alp]),

then err is a float that measures the variance in the
Delta_xy[alp] matrices. This variance tends to zero as num_ab_steps
tends to infinity

mean_alp x[alp] = weighted average (with weights w_a) over alp of x[
alp]

err = mean_alp norm(Delta_xy[alp] - mean_alp Delta_xy[alp])


	Parameters

	Kxy_a (list[DenMat]) – 



	Returns

	



	Return type

	list[DenMat], float, float










	
regulate1(Kxy_a)

	This internal method returns a list new_Kxy_a which is constructed
by replacing each item Kxy_alp of list Kxy_a by its positive_part(),
and then dividing the result by sum_alp tr_xy new_Kxy_a[alp]

Some items of list Kxy_a may be None (those with very small w_alp).
None items are not changed, they are left as None


	Parameters

	Kxy_a (list[DenMat|None]) – 



	Returns

	



	Return type

	list[DenMat|None]










	
regulate2(Kxy_a)

	This internal method returns a list new_Kxy_a which is constructed
by replacing each item Kxy_alp of list Kxy_a by root*Kxy_alp*root^H,
where root = sqrt(Dxy)* (sum_alp Kxy_alp)^(-1/2).

Some items of list Kxy_a may be None (those with very small w_alp).
None items are not changed, they are left as None


	Parameters

	Kxy_a (list[DenMat|None]) – 



	Returns

	



	Return type

	list[DenMat|None]
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entanglish.SymNupState module


	
class entanglish.SymNupState.SymNupState(num_up, num_qbits)

	Bases: object

This class is designed to perform tasks related to a SymNupState.
SymNupState is an abbreviation for Symmetrized N-qubits-up State,
which is a special, very convenient for testing purposes, type of
quantum state vector. Note, this is a pure state of qubits only. No
qudits with d != 2 in this state. The state contains a total of
num_qbits qubits. num_up of them are up (in state |1>) and num_qbits
- num_up are down (in state |0>). To build such a state, we first
create any ( normalized) initial state vector with the required number
of up and down qubits, and then we apply a total symmetrizer to that
initial state vector.

It turns out that SymNupState’s have a (bipartite) entanglement that is
known and has a simple analytical expression given by the classical
entropy of a hyper-geometric distribution.

See Ref.1 for a more detailed explanation of the algos used in this class.
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	Variables

	
	num_qbits (int) – total number of qubits in the state


	num_up (int) – should be <= num_qbits. The number of qubits that is up (in state
|1>). The other num_qbits - n_up are down (in state |0>)









	
__init__(num_up, num_qbits)

	Constructor


	Parameters

	
	num_up (int) – 


	num_qbits (int) – 













	
get_known_entang(num_x_axes)

	This method calculates the (bipartite) entanglement analytically,
from a known formula, not numerically.

E(x_axes, y_axes)=E(y_axes, x_axes) (order of x_axes and y_axes
arguments doesn’t matter)

len(x_axes)= num_x_axes, and len(y_axes)= num_row_axes - num_x_axes.
After the symmetrization of the state, E(x_axes, y_axes) only
depends of the numbers of x_axes and y_axes.

One can prove that E(x_axes, y_axes) is given by the hyper-geometric
distribution (see Ref.1)

References
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	Parameters

	num_x_axes (int) – 



	Returns

	



	Return type

	float










	
get_st_vec()

	This method outputs the (pure) state vector for the SymNupState
object.


	Returns

	shape=(2^self.num_qbits, )



	Return type

	np.ndarray
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entanglish.TwoQubitState module


	
class entanglish.TwoQubitState.TwoQubitState

	Bases: object

This class has no constructor. It contains only static methods. Its
methods deal with entanglement of 2 qubit states. In particular,
this class implements Wootters formula for the formation entanglement of
an arbitrary mixed state of 2 qubits.


	
static bell_key_set()

	This method returns a set of 4 strings which label the 4 Bell basis
states.


	Returns

	



	Return type

	set[str]










	
static get_bell_basis_diag_dm(fid, prob_dict=None)

	This method returns a DenMat which is constructed as a linear
combination, with coefficients prob_dict, of the Bell basis state
projection operators. So the den matrix returned is diagonal in the
Bell basis.

If prob_dict is not None, use it and ignore value of fid. If
prob_dict is None, use prob_dict for an “isotropic” Werner state
with fidelity fid. That is, prob_dict[ “==+”]=fid, prob_dict[x]=(
1-fid)/3 for all x other than ‘==+”


	Parameters

	
	fid (float) – fidelity.


	prob_dict (dict[str, float]|None) – 






	Returns

	



	Return type

	DenMat










	
static get_bell_basis_st_vec(key)

	This method returns one Bell basis state out of 4 possible ones. The
4 Bell basis states are orthonormal, maximally entangled, 2 qubit
states.:

|==+> = 1/sqrt(2)[|00> + |11>]
|==-> = 1/sqrt(2)[|00> - |11>]
|!=+> = 1/sqrt(2)[|01> + |10>]
|!=-> = 1/sqrt(2)[|01> - |10>]






	Parameters

	key (str) – either ‘==+’, ‘==-‘, ‘!=+’, or ‘!=-‘



	Returns

	shape = (4,)



	Return type

	np.ndarray










	
static get_concurrence(dm)

	This method returns the concurrence of a DenMat dm for 2 qubits.


	Parameters

	dm (DenMat) – 



	Returns

	



	Return type

	float










	
static get_known_formation_entang(dm)

	This method returns the known formation entanglement for a DenMat dm
for 2 qubits.


	Parameters

	dm (DenMat) – 



	Returns

	



	Return type

	float










	
static get_time_reversed_dm(dm)

	This method returns a DenMat which is the time reversed version of a
DenMat dm for 2 qubits.


	Parameters

	dm (DenMat) – 



	Returns

	



	Return type

	DenMat
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entanglish.classgraph module
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entanglish.run_all_nb module
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entanglish.run_all_py module
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entanglish.utilities module


	
entanglish.utilities.clip(x, limits)

	This method clips x between limits[0] and limits[1]


	Parameters

	
	x (int|float) – 


	limits (list[int|float]) – 






	Returns

	



	Return type

	int|float










	
entanglish.utilities.clipped_log_of_vec(vec, eps=1e-10, clip_to_zero=False)

	This method takes as input a int|float or a 1D array of floats. It
returns the log element-wise of that array, except when an element of
the array is < eps, where eps is a positive but << 1 float. In that
exceptional case, the method “clips the log”, meaning that it returns
log(eps) if clip_to_zero=False and 0 if clip_to_zero=True


	Parameters

	
	vec (int|float|np.ndarray) – 


	eps (float) – 


	clip_to_zero (bool) – 






	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.comb(n, k)

	This method returns the number of combinations of k picks (with return)
out of n possible choices, “n choose k” = n!/[(n-k)! k!]


	Parameters

	
	n (int) – 


	k (int) – 






	Returns

	



	Return type

	int










	
entanglish.utilities.fun_of_herm_arr(fun_of_evas, herm_arr, **fun_kwargs)

	This method does the same as the method ut.fun_of_herm_arr_from_eigen(),
except that it calculates evas and eigen_cols from the matrix herm_arr
which it has as input.


	Parameters

	
	fun_of_evas (function) – np function acting on 1d array


	herm_arr (np.ndarray) – Hermitian array


	fun_kwargs (dict) – dict of keyword args that fun depends on






	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.fun_of_herm_arr_from_eigen_sys(fun_of_evas, evas, evec_cols, **fun_kwargs)

	eigen_sys= eigensystem= (eigenvalues, eigenvectors as columns)= (evas,
evec_cols)

This method returns a function fun of a Hermitian matrix mat. This is
calculated as fun(mat) = U.D.U^dag, where U=evec_cols is a unitary
matrix with the eigenvectors of mat as columns, U^dag is the Hermitian
conjugate of U, D= diag(fun(evas)) is a diagonal matrix whose diagonal
is obtained by applying element-wise the function fun=fun_of_evas  to
the 1D array of eigenvalues evas.


	Parameters

	
	fun_of_evas (function) – 


	evas (np.ndarray) – 


	evec_cols (np.ndarray) – 


	fun_kwargs (dict) – dict of keyword arguments that fun depends on






	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.get_entropy_from_probs(probs)

	This method returns the classical entropy of the probability
distribution probs. It checks that probs is a prob distribution.


	Parameters

	probs (np.ndarray) – 



	Returns

	



	Return type

	float










	
entanglish.utilities.get_equiv_classes(li)

	This method is given as input a list li of floats, some of which may be
equal within epsilon = 1e-6. The method then returns a list of
equivalence classes, where each equivalence class is a list of the int
positions in li of those floats that are equal to each other within
epsilon.


	Parameters

	li (list[float]|np.ndarray) – 



	Returns

	



	Return type

	list[list[int]]










	
entanglish.utilities.herm_arr_from_eigen_sys(evas, evec_cols)

	Same as fun_of_herm_arr_from_eigen_sys() but for special case when
fun_of_evas() is identity.


	Parameters

	
	evas (np.ndarray) – 


	evec_cols (np.ndarray) – 






	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.is_hermitian_arr(arr)

	Returns True iff arr is a Hermitian matrix.


	Returns

	



	Return type

	bool










	
entanglish.utilities.is_nonnegative_arr(arr)

	This method checks that all elements of arr are > -1e-6.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	bool










	
entanglish.utilities.is_positive_arr(arr)

	This method checks that all elements of arr are > 0.


	Parameters

	arr (np.ndarray) – 



	Returns

	



	Return type

	bool










	
entanglish.utilities.is_prob_dist(prob_dist)

	This method checks that the elements of arr define a probability
distribution.


	Parameters

	prob_dist (np.ndarray) – 



	Returns

	



	Return type

	bool










	
entanglish.utilities.is_unitary_arr(umat)

	Returns True iff umat is a unitary matrix


	Parameters

	umat (np.ndarray) – 



	Returns

	



	Return type

	bool










	
entanglish.utilities.kron_prod(mat_list)

	This method returns the Kronecker product of the list of matrices which
is has as input.


	Parameters

	mat_list (list[np.ndarray]) – 



	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.mat_elem(v1, a, v2)

	This method returns the matrix element <v1|a|v2>, where v1 and v2 are
column vectors and ‘a’ a matrix.


	Parameters

	
	v1 (np.ndarray) – 


	a (np.ndarray) – 


	v2 (np.ndarray) – 






	Returns

	



	Return type

	complex










	
entanglish.utilities.positive_part(x)

	This method returns max(0, x)


	Parameters

	x (int|float) – 



	Returns

	



	Return type

	int|float










	
entanglish.utilities.positive_part_of_vec(vec)

	This method takes as input a int|float or a 1D array of floats. It
returns the array, with negative items replaced by zero


	Parameters

	vec (int|float|np.ndarray) – 



	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.prob_hypergeometric(x, xx, n, nn)

	This method returns

P(x | xx, n, nn) = comb(xx, x)*comb(nn-xx, n-x)/comb(nn, n)

where:

0 <= x <= xx
0 <= n-x <= nn-xx
0 <= n <= nn





This P(x | ) defines the hypergeometric distribution

References


	https://en.wikipedia.org/wiki/Hypergeometric_distribution





	Parameters

	
	x (int) – 


	xx (int) – 


	n (int) – 


	nn (int) – 






	Returns

	



	Return type

	float










	
entanglish.utilities.random_st_vec(dim)

	This method returns a random complex 1D numpy array, normalized, of size
dim.


	Parameters

	dim (int) – 



	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.random_unitary(dim)

	This method returns a random unitary matrix of size dim x dim


	Parameters

	dim (int) – 



	Returns

	



	Return type

	np.ndarray










	
entanglish.utilities.scalar_prod(scalars_list)

	This method returns the product of the list of scalars which it has as
input.


	Parameters

	scalars_list (list[int|float|complex] | tuple[int|float|complex]) – 



	Returns

	



	Return type

	complex|float|int










	
entanglish.utilities.switch_arr_basis(arr, umat, reverse=False)

	This method takes as input a square array ‘arr’ and returns a new array
which is a similarity transformation U^dag(arr)U of ‘arr’ that changes
the basis of arr from inbasis to sbasis (or the reverse, U(arr)U^dag,
from sbasis to inbasis if the input bool parameter ‘reverse’ is set to
True.) U = umat , U^dag = Hermitian conjugate of U


	Parameters

	
	arr (np.nda